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Preface to "Low Back Pain (LBP)”

Low back pain (LBP) is a major public health problem, being the most commonly reported
musculoskeletal disorder (MSD) and the leading cause of compromised quality of life and work
absenteeism. Indeed, LBP is the leading worldwide cause of years lost to disability, and its burden is
growing alongside the increasing and aging population.

The etiology, pathogenesis, and occupational risk factors of LBP are still not fully understood.
It is crucial to give a stronger focus to reducing the consequences of LBP, as well as preventing its
onset. Primary prevention at the occupational level remains important for highly exposed groups.
Therefore, it is essential to identify which treatment options and workplace-based intervention
strategies are effective in increasing participation at work and encouraging early return-to-work to
reduce consequences of LBP.

The present Special Issue updates many of the recent advances and perspectives of this health
problem. A number of topics are covered here, including the following major areas: prevalence
and epidemiological data, etiology, prevention, assessment and treatment approaches, and health

promotion strategies for LBP.

Vincenzo Denaro, Sergio Iavicoli, Fabrizio Russo, and Gianluca Vadala
Editors
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Abstract: Low back pain (LBP) is currently the leading cause of disability worldwide and the most
common reason for workers” compensation (WC) claims. Studies have demonstrated that receiving
WC is associated with a negative prognosis following treatment for a vast range of health conditions.
However, the impact of WC on outcomes after spine surgery is still controversial. The aim of this
meta-analysis was to systematically review the literature and analyze the impact of compensation
status on outcomes after lumbar spine surgery. A systematic search was performed on Medline,
Scopus, CINAHL, EMBASE and CENTRAL databases. The review included studies of patients
undergoing lumbar spine surgery in which compensation status was reported. Methodological
quality was assessed through ROBINS-I and quality of evidence was estimated using the GRADE
rating. A total of 26 studies with a total of 2668 patients were included in the analysis. WC patients
had higher post-operative pain and disability, as well as lower satisfaction after surgery when
compared to those without WC. Furthermore, WC patients demonstrated to have a delayed return to
work. According to our results, compensation status is associated with poor outcomes after lumbar
spine surgery. Contextualizing post-operative outcomes in clinical and work-related domains helps
understand the multifactorial nature of the phenomenon.

Keywords: disability; insurance; low back pain; lumbar decompression; lumbar fusion; muscu-
loskeletal disorders; occupational health; pain; return to work; satisfaction

1. Introduction

Musculoskeletal disorders (MSDs) are the highest contributor to global disability
and represent a substantial portion of occupational injury claims with a steadily rising
incidence [1]. Low back pain (LBP) is the single worldwide leading cause of disability, has a
strong relationship with years lived with disability (YLDs) and, since it was first measured
in 1990 [1], it is the most common reason for workers” compensation (WC) claims [2]. It
causes limitations of daily activity and work capacity, with high rates of work absenteeism
and considerable economic and health consequences, therefore representing a major critical
issue in the context of occupational medicine and public health [3].

Surgical procedures are quite commonly used as a treatment for LBP unresponsive to
conservative treatments or associated with worsening neurological deficits [4]. The success
of a surgical intervention in orthopaedic medicine is influenced by several key factors, the
most important of which are the appropriateness of the surgical indication and surgeon’s
experience with the specific procedure. However, in this regard, the patient’s compensation
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status has also been suggested as a potential factor influencing surgical outcomes. Indeed,
additional elements including demographic and socioeconomic variables, such as lower
degree of education, higher body mass index, smoking and lower annual wages, have been
described to negatively impact outcomes following surgery [5].

In countries with modern social safety and welfare systems, an integrated compen-
sation policy is guaranteed for disabled people or workers who experience accidents at
work or occupational diseases. Compensation strategies and methodologies are extremely
variable among nations, but commonly all of them provide workers with healthcare ser-
vices, wage-replacement support, and other social benefits [6]. Usually, a government
authority or a private sector organization acting on its behalf, carry out the administra-
tive decision-making process which, after verifying the possession of eligibility criteria
for claims, certifies the release of the different compensation services. Compensation ap-
proaches can be basically divided into two broad categories: cause-based systems typically
require a correlation between occupational risk factors or work environment/activities and
the resulting adverse health effects, whereas disability-based approaches provide benefits
and services regardless of cause [7]. Therefore, WC benefits support the injured/sick
workers by providing temporary aid, although in the most serious cases involving a high
disability degree the type of compensation can also be permanent, until they can meet
their respective clinical goals and return to work (RTW) as soon as possible with the least
amount of disability. In this regard, it is important to note that the ability to RTW is one of
the most clinically important outcomes in workers, in association with scores for disability,
satisfaction and pain.

Nevertheless, it should be considered that available literature data provided evidence
that the nature of compensation services and related methods of administration might
adversely impact on health and work outcomes [8]. Indeed, several studies have demon-
strated that receiving WC is associated with a negative prognosis following treatment for a
vast range of health conditions [9-14]. Moreover, interactions of claimants with compensa-
tion authorities are often referred to by workers as stressful experiences that might induce
poor mental health [8]. On the other hand, several procedural and bureaucratic features
(e.g., delays in the claim processing times, strict and rigid procedures, lack of communica-
tion between workers and authorities) of the WC administrative process can increase the
disability duration, thus delaying the reintegration of people into the workforce [15].

However, the influence of WC on the treatment of LBP is still controversial. Indeed,
only a few studies have analyzed the impact of WC on outcomes after spine surgery,
highlighting the importance of considering WC as a determining factor when evaluating
outcomes of different spinal procedures [5,6,16]. Indeed, the reported strength of this asso-
ciation has widely varied from odds ratios of 1.31 to 7.22 among published studies [8,17,18].
The purpose of this meta-analysis is to systematically review the literature and analyze the
impact of compensation status on lumbar spine surgery outcomes.

2. Materials and Methods

We focused our research on studies concerning the effect of WC on outcomes after
lumbar spine surgery, comparing them to non-workers’ compensation (NWC) patients. The
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines
were used to improve the reporting of the review.

2.1. Eligibility Criteria

The research question was formulated using a PICOS-approach: Patient (P); Interven-
tion (I); Comparison (C); Outcome (O) and Study design (S). The aim of this systematic
review was to select those articles which described “if patients undergoing lumbar spine
surgery (P) with a known WC status (I) have worse results in terms of LBP, disability,
satisfaction and time to RTW (O) compared to the NWC population (C)”. For this purpose,
only randomized control trials (RCT) and non-randomized controlled studies (NRCT) such
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as prospective (PS), retrospective (RS) observational studies (OS), case-series (CS) and
case-control (CC) studies were included.

Inclusion and Exclusion Criteria
Inclusion criteria were:

e  Peer-reviewed studies of every level of evidence according to the Oxford Classification.
We included in our research RCT and NRCT.

Studies including working patients with no limitations of age and type of work.
Studies that reported outcomes for patients undergoing any type of surgical procedure
involving the lumbar spine.

e  Studies that included at least one assessment for each type of outcome (LBP, disability,
satisfaction after surgery and RTW). The pain outcome had to be evaluated by one or
more of the following scales: numerical pain rating scale (NRS) and visual analogue
scale (VAS). The disability outcome needed to be evaluated by one or more of the
following scales: Oswestry Disability Index (ODI); 36-Item Short Form Health Survey
(SF-36); 12-Item Short Form Health Survey (SF-12); Roland Morris Disability Question-
naire (RMDQ); functional status (FS) and Lumbar Back Outcome Scale (LBOS). RTW
was evaluated as the number of patients that went back to their previous working
activities at the time of the last follow-up. The satisfaction rate after surgery was
assessed in patients as follows: “Excellent”, “Good”, “Almost complete relief”, “Good
deal of relief”, and “Satisfied” were considered as satisfactory outcomes, whereas
“Fair”, “Poor”, “Only a little relief”, “No relief or worse” and “Unsatisfied” were con-
sidered unsatisfactory. Moreover, in studies where the satisfaction rate was expressed
in a numeric scale, values between 0 and 4 were considered unsatisfactory, whilst
values between 5 and 10 were considered satisfactory.

e Only articles written in English and Italian were included.

We excluded case reports, technical notes, letters to editors, instructional courses, in vitro
and cadaver studies, as well as studies including cervical or thoracic spine procedures.

2.2. Search

The articles included in the study were screened from inception to May 2020 through
a systematic search of Medline, Scopus, CINAHL, EMBASE and CENTRAL databases. For
the search strategy we decided to use the following string: (workers compensation [MeSH
Terms]) AND ((spine) OR (lumbar) OR (spine surgery)). We used the keywords isolated or
combined. We searched for more studies among the reference lists of the selected papers
and systematic reviews.

2.3. Study Selection

We accepted only English and Italian publications. The initial search of the article was
conducted by two reviewers (S.D.S. and L.A.). In case of disagreements, the consensus
of a third reviewer (ER.) was asked. The research was conducted using the CADIMA
software [19]. The researchers used the following research order: titles were screened first,
then abstracts and full papers. A paper was considered potentially relevant, and its full
text reviewed, if following a discussion between the two independent reviewers, it could
not be unequivocally excluded based on its title and abstract. The full text of all papers not
excluded on the basis of abstract or title, was evaluated. The number of articles excluded
or included were registered and reported in a PRISMA flowchart (Figure 1). For designing
the PRISMA we followed the rules by Moher et al. [20].
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c 592 records identified through database " R "
2 . R 0 additional records identified
-] searching (Medline, Scopus, CINAHL,
kil through other sources
£ EMBASE, and CENTRAL)
]
]
335 records after duplicate removal
» 282 records excluded, with reasons:
‘s
@
g Case reports, technical notes, letters to
@ editors, instructional courses, in vitro

335 records screened at studies and cadaver investigation (n=212)
title/abstract level
Studies including cervical or thoracic spine

procedures (n=55)

No full-text accessible (n=15)

53 full-text articles assessed 27 full-text articles excluded, with
for eligibility reasons:

No lumbar surgery (n=3)
No surgical intervention (n=3)
Not defined Work Compensation
26 full-text articles included group (n=5)
Sample population includes non
operative treatment (n=1)
Outcomes unclear (n=5)
Results not estimable (n=10)

-
5]
°
3
]
£

Figure 1. PRISMA flowchart.

26 studies included

2.4. Data Extraction

General study characteristics extracted were author, year of publication, country of
origin, type of study, level of evidence [21] (LOE), sample size (divided in WC and NWC),
mean age (divided in WC, NWC and mean of both groups), last or average follow-up (in
case of multiple time points, only the last follow-up was considered), type of surgery, type
of comparison group (NWC), outcome measures (LBP, disability, satisfaction and RTW)
and differences between groups.

2.5. Individual Study Quality

Given the observational design of included studies, we used the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I) tool to assess the quality of each study [22]
(Figure 2). In order to avoid imprecisions, selected papers were rated independently by
two reviewers (S.D.S. and L.A.) and verified by a third one (ER.).

wc NwC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, d 95% CI M-H, Random, 95% CI
1.1.1 VAS and NRS
Asch 2002 25 78 23 134 19.6% 1.87[1.14, 3.06] -
Atlas 2000 36 56 39 120 27.7% 1.98[1.43, 2.73] —
Carreon 2010 45 58 34 58 31.4% 1.32[1.02, 1.71] -
Gum 2013 12 37 8 37 11.2% 1.50[0.69, 3.24] -1
Klekamp 1998 19 27 5 27 10.1% 3.80[1.66, 8.70] e —
Rouben 2011 0 14 0 155 Not estimable
Subtotal (95% CI) 270 531 100.0% 1.79 [1.32, 2.42] >
Total events 137 109

Heterogeneity: Tau” = 0.06; Chi* = 8.83, df = 4 (P = 0.07); I’ = 55%
Test for overall effect: Z = 3.74 (P = 0.0002)

Total (95% CI) 270 531 100.0% 1.79 [1.32, 2.42] L 2
Total events 137 109
ity: Tau? = 0.06; Chi® = —4pP= = - - - -
?eterfogenellv“Tz;r = 3263 (;zl P7_868g(,)g£ =4(P=0.07); 1 =55% 0.02 o1 10 )
est for overall effect: Z = 3.74 (P = 0. ) WC influences positively WC influences negatively

Test for subgroup differences: Not applicable

Figure 2. Cont.
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wC NwWC Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Pelton 2012 (1) 5.58 1.21 13 5.28 1.36 20 62.9% 0.30[-0.59, 1.19] ]
Pelton 2012 (2) 4.11 1.84 11 3.82 2.22 22 24.3% 0.29[-1.14,1.72] —
Penta 1997 4 5 61 4 5 42 12.8% 0.00[-1.96, 1.96]
Total (95% CI) 85 84 100.0% 0.26 [-0.44, 0.96] ’
Heterogeneity: Chi? = 0.08, df = 2 (P = 0.96); I* = 0% 714 Jz ) 21 j‘

Test for overall effect: Z = 0.72 (P = 0.47) WC influences positively WC influences negatively

Footnotes
(1) Open technique
(2) PLIF technique

(B)

wC NwC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 ODI
Asch 2002 23 63 15 111 5.4% 2.70[1.52, 4.79]
Carreon 2010 53 58 39 58 12.3% 1.36 [1.12, 1.65] -
Deutsch 2006 1 4 2 16 0.6% 2.00 [0.24, 16.93]
Gum 2013 27 37 12 37 6.3% 2.25[1.36, 3.73] —
Madan 2003 5 9 2 26 1.2% 7.22[1.69, 30.92]
Madan 2003 6 12 2 27 1.2% 6.75 [1.59, 28.74] e
Phan 2017 7 24 27 90 4.1% 0.97 [0.48, 1.96] I —
Rouben 2011 0 14 0 155 Not estimable
Subtotal (95% Cl) 221 520 31.1% 2.11[1.31, 3.39] -
Total events 122 99
Heterogeneity: Tau? = 0.22; Chi? = 20.38, df = 6 (P = 0.002); I> = 71%
Test for overall effect: Z = 3.09 (P = 0.002)
1.2.2 Functional status
Albert 2000 21 39 18 39 7.2% 1.17[0.75, 1.82] B
Taylor 2000 22 47 59 186  8.5% 1.48[1.02, 2.14] —
Subtotal (95% Cl) 86 225 15.7% 1.34[1.01, 1.78] o
Total events 43 77
Heterogeneity: Tau? .00; Chi? = 0.63, df = 1 (P = 0.43); I* = 0%
Test for overall effect: 2.02 (P = 0.04)
1.2.3 RMDQ
Montgomery 2015 91 120 35 49 12.1% 1.06 [0.87, 1.30] -
Subtotal (95% CI) 120 49 12.1% 1.06 [0.87, 1.30] >
Total events 91 35
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.57)
1.2.4 SF-36 and SF-12
Carreon 2010 51 58 37 58  11.9% 1.38[1.11, 1.71] -
Gum 2013 28 37 22 37 9.5% 1.27[0.92, 1.76] N
Phan 2017 13 24 41 90 7.4% 1.19[0.77, 1.83] I
Subtotal (95% CI) 119 185 28.8% 1.32[1.12, 1.56] E 3
Total events 92 100
Heterogeneity: Tau? = 0.00; Chi? = 0.45, df = 2 (P = 0.80); I* = 0%
Test for overall effect: Z = 3.29 (P = 0.001)
1.2.5 LBOS
Montgomery 2015 90 120 36 49 12.3% 1.02 [0.84, 1.24] -
Subtotal (95% Cl) 120 49 12.3% 1.02 [0.84, 1.24] S
Total events 90 36
Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)
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Total events 438 347
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wc NwC Mean Difference Mean Difference
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Penta 1997 38 18.3 61 45 18.3 42 89.5% -7.00 [-14.19, 0.19]
Sanderson 1999 45.1 26.3 12 67.4 26.3 12 10.5% -22.30[-43.34, -1.26] — ]
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100

Test for subgroup differences: Not applicable

Figure 2. Forest plots depicting the effect of WC on post-operative pain measured by dichotomous (A) and continuous data
(B) and the effect of WC on post-operative disability measured by dichotomous (C) and continuous data (D).
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2.6. Quality of Evidence

We used the GRADE approach (Tables S1 and S2) to rate the overall quality of evidence.
The GRADE approach classifies the quality of evidence for each outcome by grading the
following domains: study design, risk of bias, inconsistency, indirectness, imprecision,
publication bias, magnitude of the effect. The quality of evidence was then classified
as follows:

e  High Quality of Evidence: among 75% of articles included are considered with a
low risk bias. Further research is useful to change either the estimate or confidence
in results.

e Moderate Quality of Evidence: one of the GRADE domains is not met. Further studies
are required to improve the quality of the study and the evidence.

e Low Quality of Evidence: two of the GRADE domains are not met. Further research
is critical.

e Very Low Quality of Evidence: three of the GRADE domains are not met. The results
of the study are very uncertain. In the case of studies with a sample size inferior to
300 subjects, the quality of the study is considered very low if there was also a high
risk of bias (assessed with the ROBINS-I in the present study).

The outcomes assessed were LBP, disability, satisfaction after surgery and RTW evalu-
ated at the end of the treatment. Furthermore, the outcomes were subgrouped per scales.
To avoid imprecisions and considering the limited number of studies with continuous data,
we considered for GRADE analysis only studies with dichotomous data.

2.7. Summary Measures

The summary measures of effect size considered in the study were the risk ratio
(RR) for dichotomous data and the mean difference (MD) for continuous variables of data
on outcome after surgery in terms of LBP, disability, satisfaction and RTW in WC and
NWC populations.

2.8. Synthesis of Results

The Mantel-Haenszel method of meta-analysis was performed using Review Manager
Software 5.0 (RevMan 5.0, Cochrane Collaborations, London, UK). For dichotomous data,
risk ratio was applied using a 5% level of significance. Heterogeneity was assessed by
a funnel plot and chi-square test, and inconsistency across studies was quantified using
the I? statistic. An I > 50% or a p value of chi-squared test > 0.05 were suggestive of a
substantial heterogeneity. Random effects model was used in all analyses.

3. Results
3.1. Study Selection

We found a total of 592 studies (no additional studies were found in gray literature
and no unpublished studies were retrieved). We obtained 335 studies following duplicate
removal, 282 of which were excluded through title and abstract screening. Then, 53 full-text
articles were screened. Out of these studies, 27 were excluded (no lumbar surgery, n = 3;
no surgical intervention, # = 3; not defined WC group, 1 = 5; sample population including
non-operative treatment, n = 1; unclear outcomes, n = 5 and results not estimable, 7 = 10).
After this process, 26 articles were included in our study [16,18,23—46].

3.2. Study Characteristics

A summary of the characteristics of the included studies is reported in Tables 1 and 2
(see abbreviations explained below each Table). We did not find any RCTs eligible for this
study. The articles selected included 26 NRCT (9 RS, LOE 3; 14 PS, LOE 2; 2 CC, LOE 3 and
1 CS, LOE 4). Studies were published between 1994 [29] and 2017 [40]. A total of 2668 patients
(1045 WC and 1623 NWC) were assessed for outcomes after lumbar spine surgery. Of these
studies, 3 were performed in Australia, 1 in New Zealand, 1 in Switzerland, 3 in the United
Kingdom and 18 in the United States. Pain evaluation in these studies was performed using
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NRS (3 studies [26,27,32]) and VAS (5 studies [16,25,38,39,41]) scores. The disability outcome
was evaluated by one or more of the following scales: ODI (7 studies [16,18,25,27,28,40,41]);
SF-36 (2 studies [16,27]); SF-12 (1 study [40]); RMDQ (1 study [36]); FS (2 studies [24,45])
and LBOS (3 studies [36,39,42]). RTW was evaluated in 9 studies [25,26,28,29,33,41,43,44,46]
and satisfaction rate in 15 studies [23,25,26,29-31,33-35,37,39,43—-46]. The studies cited in this
review show a moderate heterogeneity between groups (50% < I < 70%, except for the
ODI subgroup with a I? = 71%) and differences in terms of study design, interventions, and
outcome variables. Follow-ups were different and ranged from 6 months [38] to 16 years [36].

3.3. Methodological Quality

The ROBINS-I tool for NRCT was used to assess the methodological quality of each
study. We found 7 studies with an overall risk of bias identified as “low” [18,25,29,30,34,35,40],
14 studies with a “moderate” risk [16,24,26-28,31-33,38,41-43,45,46] and 5 studies with a
“serious” risk [23,36,37,39,44]. The quality of evidence of the studies included in the GRADE
was classified as “low”. Methodological quality assessments of each study are summarized
in Supplementary Figure S1. The quality of evidence of full data was performed using the
GRADE approach (Supplementary Tables S1 and 52). The analysis of the data of the study
was reported using the RR for studies included dichotomous data and using the MD for
studies with continues data. RevMan5 (version 5.3) was used to calculate the RR the MD
of the included studies and the heterogeneity between studies using I? and Chi-squared
test. The results of the meta-analysis are summarized using forest plots.

3.4. Results of Individual Studies

The intervention methods were usually well described in all the included studies.
Moderate heterogeneity in the length of follow-up and the surgical procedure were
reported in all the studies. We included all types of lumbar spine surgery: discec-
tomy [25,26,31-35,45], laminectomy [31,45], hemilaminotomy [34], lumbar spine fusion [36],
minimally invasive surgery or open approach for transforaminal lumbar interbody fusion
(TLIF) [16,28,38,41], posterior lumbar interbody fusion (PLIF) [18,23], posterior lumbar
fusion (PLF) [18,23,27,30,37,43], anterior lumbar interbody fusion (ALIF) [29,39,40,44],
anteroposterior fusion [24] and uninstrumented posterolateral fusion [46]. The authors
divided the description of intervention per outcome (LBP, disability, satisfaction rate and
RTW). Disability outcomes were subgrouped per measure scale: ODI, SF-12 and SF-36,
LBOS and FS. The results of each outcome are reported in Table 2.

3.5. Outcome: Pain

Eight observational studies were included (4 PS [25,26,38,39], 2 RS [32,41] and
2 CC [16,27]). They examined the influence of WC on pain modifications in patients
undergoing lumbar surgery. Three studies used the NRS scale [26,27,32] and five studies
used the VAS scale [16,25,38,39,41] to assess pain. Single studies were assessed for risk
of bias using ROBINS-I tool. One study was classified as “serious risk” [39], six as
“moderate” [16,26,27,32,38,41] and one as “low risk” [25].

The overall quality of evidence in these studies was assessed as “low” according to
GRADE. The quantitative effect estimate was reported as RR in studies with dichotomous
data (Figure 2A) and as the MD between and within studies (when possible) in case
of continuous data (Figure 2B). The overall RR was 1.79, 95% CI 1.32 to 2.42; I? = 55%.
2 studies [38,39] reported the pain outcome as continuous data with a MD between WC
and NWC of 0.26, 95% (CI —0.44 to 0.96; 2= 0%), showing a moderate negative influence
of WC on pain improvement.



IJERPH 2021, 18, 6165

‘uofesuaduwod | 1IOM-UOU = DMN ‘U0ResUadWod ,SISNIOM = M POUIPIAD JO [9A] = JO'T “[qe} Y3 UT PAJRISNT SE SLI0YO0D JUSIHIP 0M] JO Pasoduod ST ‘[e 39 U039 woxy Apmis ayJ, g

(05-¥2) 8¢ 6€ /£ 1 €r i SILIdS aSBD) vsn 1661 [9%] Te 10 oxedORA
9% - - 681 Vi 4 aanoadsorg vsn 0002 [s7] Te 39 101Ae],
(86-1¢) 8'8¢ - - 09 €L € aanoadsonay vsn 000T [7¥] Te 30 TeSOTS
(LL~¥2) ¥es - - 143 0¢C € aanoadsoney vsn £661 [€7] Te 39 @auyg
THLF TEE - - 43 48 ¢ aanoadsoney erensny 6661 [¢¥] Te 30 uosiapueg
601 F SH - - Gs1 ! € aanoadsoney vsn 110 [1%] Te 30 uaqnoy
- 6CL F 209 0L F €9 06 ¥C T aandadsorg erensny £10¢ [0%] Te 3o ueyq
(€4-82) 8% - - W 19 4 aandadsorg erensny L661 [6€] “Te 30 e3uag
L0L F 667 - - 0¢ €L 4 aandadsorg vsn Troe 5 [8¢€] Te 30 uoIpg
TIULF LIS - - w 11 4 aanoadsorg vsn 7102 5 [8¢€] Te 10 uoIpg
(96-T2) 17 - - €T 01 C aandadsorg vsn 9661 [£€] Te 30 1oTRq
- (Ts-19) 19 (18-¥0) €5 67 0zt [4 aandadsoig pueEdz MON  GI0C P b%wuwéoE
- - - S 18 € aandadsonay vsn 000¢ [ge] e 1o sy
(£9-60) v - - Yrd 48 4 aandadsorg N €00T [81] e 30 uepey
(6£-02) 0% - - 801 9 4 aandadso1g vsn G661 [¥€] Te 32 LeyoeN
- 801 F £0S 86 F L6 18 01 € aanoadsonay vsn 100C [e€] Te e ma]
- 0CL F 6 I'LF0se T €T € aanoadsonay vsn 8661 [z€] Te 3o duresary
(£8-61) €% - - 981 68 4 aanoadsorg vsn 9661 [1€] Te 30 voroy
- T f4i 8¢ 8¢ € [oxu0d-ase) vsn €10T [91] ‘T 10 wno
- - - 9 99 4 aanoadsorg N 8661 [0€] 'Te 32 ySnousarn
- - - [ 901 4 aanoadsorg sl F661 [6¢] 'Te 32 ySnousarny
6 - - 91 i 4 aanoadsorg vsn 9002 [82] Te 30 yosimag
- 76 F8LY ¥6F6LF 8¢ 8¢ € [013u0d-as8) vsn 010z [£2] Te 30 uoaLre)
- T £8¢ 0cL 95 4 aanoadsorg vsn 0002 [92] Te 1o sepy
CILF 1P - - 438 08 T aanoadsorg vsn 00T [sZ] ‘e 1o yosy
0L F €0F - - 6 8T ¢ aandadsonay vsn 000¢ [¥2] Te 10 1q1y
- - - 18 ¢ ¢ aandadsonay PUeIZIMS 6661 [eT] Te 1@ 1zzely
(£) 38y ued\ omwwu: W\WWM uwAQ ﬂw\w\wz - mU RMWW es uN_mUuBEmm 401 Apmg jo adAy, Anpuno) Tedx oyny

*STSATeUR-2JOW JJ} UT PIPN[OUT SATPNJS Y} JO SOSLI)ORIRD UTeN “T d[qeL



IJERPH 2021, 18, 6165

*JIJoUR( [EDTUI[ [erjueIsqns

(20070

=d) 68 F 6€ DMN L6 F €1~ DM

Suraanpe sjusned jo roquunu 9¢-15
93 se [[om se ‘9¢-4S pue [dO (6000 .
S9 £ 9 u0d
uI 93U UBSUW 3Oq UL SIUWO0DINO =d) L1 F €ELDMNTFL F 67 OM A 41d ¢ Lzl e 3o uoatted
Testurd Jo juauraAoxduur ssaf 1dO
ApueoyruSis aaey DM uo suaned  (££0°0=4) LTF STOMNTEF LTOM
3}Peq SAN
‘s1eak Inoy 1ayye
Bunyrom 2q 03 A1 ssaT AIyS1[S
Aquo a1om auraseq ye HA SUTATEdRI
U29(q pey oYM 3SOU} pue ‘snjejs . o
e - (%¥) 061/L DMN “(%E€T) €ET/LT DM
SI0Mm 0} pauinjar syuaryed (1) >>HWMO )
JSOU “SSI[}OUON] "dUT[aseq 1L) 68 cUo\“\wuZ&.mMMmmw ¥COM Awr0300sTp
1@ DM Suraredar usaq Jou pey oym — U.>>Z \.m.m\ M Sox snoauenorad £y [92] Te 10 sepy
syueryed ueyy dn-mof[oy reak-1moy o ) “Awr03oaostp uad
ay jo awun Yy Je 941y jo Ayrpenb (%89) n:\vw )
ur yuowaoxdurr pue swoyduks 7%689) 18 IMN *(7%9€) 0 OM
: : ured woiy Jor[ey
woy Jora1 310dar 03 ATONI] SSI] o1oM
pue syyouaq AJIqesip Suraredar aq
0} AToNI[ I0WI 9I9M SUT[IsE( 1€ DM
BurATeDaI UDDQ dARY OUM SJURTIE ]
(100°0 > d) %S T4 DMN ‘%1'2F DM
“JOU ST 31 YDIYM UT 35013 pue MIY
1Y3nos 3uaq ST DM YDIM Ul S5 (100°0 > d) %S'€8 DMN “%T€9 DM
U29.MJ9q SaW0dINO Ul Ajrredsip £A198ms 1933e UOTIORISTIES (reuzayur) £ .
W0}090STPOIOT £ 1FERVAN
Y} SWIJUOD pue s (g-a3e] 2y 03 dn (100°0 > d) %S'98 DMN “%S°€9 DM DN ! PO € [sc] e sy
a3e juanyed Surseardour YiIm Indd0 (%0¥ >) re1 ss900nS [(1O
sawodino 1a100d A[oArssardo1 (500 > d) %878 DMN ‘%629 DM
)L $SDINS JOI[I UTe ]
‘JuedyTudIs , .
Alreonsness jou sem uoneaLiod o U\SZ\. carom MMMHM”H (rewtoyur) uorsng 1orv)sodorojr £ “Te 39 312
B —— £2/6 DMN “LT/81 DM S sax 1sny 10112} uy 4 [rzl 1o 10 1eqry
SNje)s [euoroun,
JO 2OURD A} PASLAIdDUT DA
*aWw0dIN0 Jo s103edrpur opsouord 0€/¥¢ DMN “€€/TOM N
JuedhTUSIS 9 0} WIDS SANSST . . >>rw\mo . u - ) A1d A¢ [¢7] Te 10 1zZely
M PUE S1030¢§ JWOUOIIONOS (%¥8) LE/TE :DMN “(%LF) /91 : DM X
9[EdS [PUONOUNJ PUE DIWOU0 O[OL]
suoISNPUoD) SIINSEIA] SAWO0dINQO uostreduwo) A1381mg jyo adA], mD.«MM“—om Toymy

*SISATeure-ejaw ay} Ul papN[OUL SAIpNIs ay} Aq paureiqo sSurpuly urewr pue JAMN PUe JA U paInseaur sauwrod)no ‘Aradims aurds requuny jo sadAJ, g a1qer,



IJERPH 2021, 18, 6165

*sawooino 100d aAey 03 A[I

(%1) T DOMN “(%¥2) 1T DM 1004
(%S) 0T DMN “(%8T1) 9T DM Ireg

Aw0309s1p

ar0wW AJJUedyTUSdIS 919M SINSST (956) PLL SMN “©689) ZG M :po0S) (reurayur) sox pue AwoseuTwe] £y [1€] 'Te 30 vorrOl]
UOBEBAI 10 DM M SURnE] (00°0 = d) dwooyno Ted1dIng
(6€2°0=4d) 607 DMN 69T DM
“UOISNJ JeqUIN| I9}je SIWO0IN0 a8ueYy ueaw 9¢-45
Teoturpd o00d jo uondediad (6000 mmwwﬁummeRﬂDWm oM SO J1d 0 AT1L £z [91] 'Te 39 umo)
P 248U DM Butat@oar Suaped (T10°0 =4d) Mm‘m DMN %60 DM
SVA
200>d
68900MS [eoTUYP3} £q 30U (29 =101-0) S DMN (£ = 1 01-1) 9 OM
mq DM Aq paouanpyur Ajpuedyrudis Nomm&v/ d
QI S)[NSAI A ], "UOT}RIPISUOD (65 = 1 ‘6-0) {06 = 11 '6-0) - £ (0] T 10 ySnousos
[njoxes paou ainpasoid 69 €-0) TOMN (99 €-0)TOM A 41d C ocl ePY D
A198ms 1033e UOTORISTIEG
ayj 105 suonedrpur pue 100d 1000 > d A.mo :
218 A1 POIOIIASILO SISod =1'G/~/) G€ DMN “(£8 = U '¢L~L) STOM
SO4d1
T — (%L1 '£) DMN (%82 77) DM 100d
Jusged pue swodmo o (%ST 201) DMN ‘(%0 F€) DM “1ed
o g5 punoyoid € pey morass (%ST 0T) DMN “(%2T ‘61) DM :POOD
Je 2dURqIMSIp [ed130[OYPAS] (%€7 €D U\/A\WWH o?v\amvﬁ wmeq\S et
‘s1030€§ onysougord jueoyTuls SO ATV Ag [62] Te 32 y8nousarn)
; eI (%2 '€) DMN “(%¥ ‘7) DM ‘10
arom uonejuasard je soueqmysip ?\M \m.v SMN 4 @ mﬁ .\wC U>>. ez
refBojoupfsd pue snyess ?\cﬂ ‘8) DMN ! Aow 0F ‘£€) DM £~
DM "IER OM o oudsard aup Aq (% M@ ‘87 DMN' Ao\o L€ 'SE) DM ‘01-8
POOUSNTJUT SeM UOISNJ JO )l Y], (0°0 > d) K1981ns J937e UORILISLS
. ¥/T:OM
ue Ajiqest
S P MIY paulop 41d X .
03 SUILLIZIUOI PIOCDRT 919M OMN sypuowr 9 je pasoxdwi syusned /¢ :DM  A[IRI J0U INg ‘SAX UM JTTL [erere[un 1 [82] 123 wsinaq
pue DA U29MJD( SIOUDIFIP ON HDO. : ' : :
suoISNPUoD) SIINSEIA] SAWO0dINQO uostreduwo) A1381mg jyo adA], mD.«MM“—om Toymy

Ju0) "¢ d1qelL

10



IJERPH 2021, 18, 6165

§0°0 < d‘“(31qeqreae

*SOUI0DINO S} dULNTJUT 10U BjeP) SIOUIIIIP OU DMN PUe DM pauep Awr0300sTp . . .
JOU S0P snjeis DM suoTedTPaW Apreapd jou Jng ‘sox SNOdULINIIDJ W6LL T L0E [s€] e 30 SHeN
‘SUOTIOLISAI TLDISAYJ “UondUny qof ‘ureJ
(££) TOMN (S°SS) G :DM paysnesun
(€26) 72 :DMN “(SF) ¥ :DM paysnes
“Aypqesip 03 (#900°0 = d) A11d € 1e-2)
Supuieouod sdnoi8 DMN PUe DM (#£) T:DMN “(09) 9 :DM paysaesun (reussyur) sax dI'ld Pue 31d Lyg [81] Te 30 wepey
U92.M39( SIOUSIIHTP OU SI9M SId L, (926) ST:DOMN “(0S) 9 :DM PaysHes
(9500°0 = d) dnos8 411v
1do
%8 :DMN ‘%LE DM :A1010RfSTIRSUN
*dnoi8 HMN 03 paredwod (100070 > d) Aw03090s1p .
der ssa0ons JomoJ e pey dnoxd Han %26 DMN “%€9 DM :A1030€]ST)EG SO ‘AwojouTuIe T A1 [rel ‘e 3o Aedpen
9eds 0]01 ]
S7'0 = d %86 2DMN ‘%06 :DM
MI¥
0=d(9) T2 DMN(0€) € DM 100d
'sdnoi8 yyoq ur (o, QuTejUTeW €00
som o hod wﬁ 1o06) Pateis 29°0=4d (¥'5) T:DMN (0) 0 DM Treg
el ML YSTY B “SSO[aIIoAsN 0=d(g) 11 00 z: 00 (W 16-F)
Apmys sy ur syueryed 19130 oy £0=a10e) 11 ‘U>>2 02) T:OM POOD SO Awoyoaosi(] Eﬁm v [£¢] Te 10 Mo
ey Sawooino asiom Apuedyrudis —d(9) 2z .ngwwwomv G M KT 8l
souarradxe syuardax - ’ ) )
Pt TR oM zr0 =4 (68)
€€ 2DMN *(04) £ :DM POOS 10 Ju[[PX5
(%) A1981ns 19)€ UOTIORJSTIEG
synsax
‘dnoi8 HpAN 03 paredurod poo8 pasanyoe syuaned jo 9,18 :DMN .
Ssj[nsa1 as1om pasdryde dnoid Ha synsax SR Awopadsiq Wi [ce] 1o 3o dweyopy
pood paaaryoe syuarjed Jo 967 ;DM
suoISNPUoD) SIINSEIA] SAWO0dINQO uostreduwo) A1381mg jyo adA], mD.«MM“—om Toymy

Ju0) "¢ d1qelL

11



IJERPH 2021, 18, 6165

*S9WI0DINO [edTur] “suoryedrduwod

(2€T°0 =) 7'€€ 2 DMN ‘€97 DM

‘S9jeI UOISNJ JO SULId) 1ao sox TV Lz (07] e 30 weyd
ur syuened HMN pUe HM usemIaq (169°0 = ) T'6 DMN ‘€'TT DM 1239 He
PUNOJ SIOUSIJJIP JULIYTUSIS ON 21-1S
“pareaddesip 1ay50 sty dn mofjoy (60 = d) (01-0) ¥ :DMN “(6-0) ¥ :DM
JO s1edA (T 19JV *(STedA 0M1) SVA - £ TR 15 BIUS
pouad 3s1yy oy ur Auo sawonno (900 = d) (S4-TT) §F :DMN ‘(¥/4F) 8€ DM A drv ot [6€] T2 39 eruead
uo 09Jj0 aAn3edaU B pey DM 5091
“JUSWIUIOIIAUD DAA B Ul
U949 4171 uado ue snsIvA AT T1-SIN (1720 = d)
e JIM Sawodno pasoxduur DMN PUB DA\ U99MI9q SIDUDIIFI(]
ur parmdd0 saduatalI “(uado /SIAY) (31040 g171 uado) SYA AL )
anbruypa) [ea131ms jo sso[predar (z12:0=4d) SR uado pue J11I-SIA we [8¢] e 3 uoId
1331p j0u prp suonemdod Ha JMN PUE DM Ud2MIDq SOOUDII(]
puE DMN usam3aq suonezjejdsoy (310409 4TTI-SIIN) SVA
pUE SSWIODINO JeIPUILU]
symsax zood €7/ 11
*dnoi8 HpN 03 “ITey €7/ € “YUS[90Xd 10 pool €7 /6 :DMN
paredurod sawodNo [EdTUID 9SIOM symsaz 100d (01 /6 “PooS 0T/T : DM SO I1d (W $8-/7) Wi /% [£€] 'Te 30 13IR g
pamoys dnoid Hp\ ur spuane g san1anoe snoraaid jo swmsax
pue ‘suorjedTpaw ‘ured aWOdINO [edTUID)
(00 <d)
0€l F 0%7 DMN/S'IL F 9'TF DM
dn moroy wirsy Suog
Cras
suopatpstn/ e SO0 DT EG
uopesuaduwod [eLIBSISAPE UL vag .%\SZ\ vOSSEy 0Ly oM
n-MOT[0J wixd) uo]
syuaryed DAA UT paAdIYde Jey) uey) ) ) .
1o119q £ (500> d) 665787
q A[qeIapISu0d ST Jetj} uonouny S ) = vev £51-9) [o¢]
QASIYOE OS[e A3, "9INJRINT] 76 DOMN/0'87-6'6€ ‘6'€7 :OM SO uorsny reurds requun- A+ 3
: : aanerado-ysod 1eak | : : Ag ‘Te 39 ArowroSjuoN
paystqnd ay ur 1ad se syusned :
JMN pue sjusryed HHyy-uou mqu
01 pareduios syuswoxduy <d)ge-618¢ Auﬁm\mm\ L/~L¥7'6'S DM
juareamba passmyoe syusned DOV dn-mo[[0j wws)-8uo] 3y
(so0
>d) §9-8T 97 DMN/T6-89 0°8 : DM
aanjeradoysod reak-|
oand
G pliGe) SIINSEITA] SAWOdINQO uostreduwo) A1381mg jyo adA], mD.«MM“—om Ioymy

Juo) T 91qelL

12



IJERPH 2021, 18, 6165

‘uonjesuadurod s1asrom = A\ ‘areds andoreue
[eNsIA = GYA ‘UoIsny ApoqIojul Jequim| [eUTWeIOjsuer) = J[] ‘A9AING Y]] WLIO] HOUS WRII-9¢ = 9¢-4G ‘A9AING YI[eSH] WLIO] }I0US WdYI-ZT = ¢S SIOM 0} UINJAI = A [ ‘dIreuuonsang)
AITIqesi(] ST pue pueoy = OIAR ‘UoIsny Apoqrajut [eraje[or)sod = 1 ‘uotsny [exdje[oraisod = J7J xopuf AN[iqesi(q AnsamsQ = [JO “Uonesuaduod , I3 I0M-Uou = JMN [0S
Suner suewnu = QYN ‘A1981ns dAISEAUT A[[EWTUIU = GJA] ‘DI0JS SWODINO Mg MO] = SO ‘UO0ISNJ APOoqIajur Jequiny JoLLIUe = J[Ty ‘uonerodio) uonesusdwo)) jUapooy = DOV

‘stsayystjo[Apuods SIoMm
apei8-mof ypm syuarjed ynpe 03 paurnjaz syuaryed HAA O3 JO SUON
ur Jg'7 Jo yuowaSeurwr aanerado jo MII ON A71d pajuswnisurun (w $9-91) w /¢ [9%] ‘Te 32 oxeddRA
symsaz z00d 7 DMN ‘€T :DM :symsar 100d /e
1M pajenosse A13uons st M A198ms 1933e UOTORISTIES
-omoead Ayrunuruod s dot): vy e
ur A1081NS ydeq MOJ I9)Je SIU0dINO §0°0 > 4 %LL 2DOMN %L ' OM
: juawjear) Ay Jnoge aansod A1op paunep uoTSny 10 ‘Aurojoaurure| .
100d j0 s10301pard jueyroduur 1> do/ao: P £1160T 10 AUO159081 w gt [g7] ‘e 30 1074e],
om3 oxe uonedn pue spuswAed 500> d %89 :DMN ‘%Ts DM 1489 JON 193511
R Guruonouny 191399 PPN
DM 1ey) 21ed1pur s)nsax Apnys ay [,
‘suarred JMN PUE DM USOMIA] o?\amc 6 uzzmm\&.@ Wx oM
A1981ms Surmor[oy uonoeysyes ( o\ oo.Nv NVH OMN \\OH.S PLOM Hm paunap W e 15 1650
N (%€€5) T€ DMN “(€'67) 9¢ OM ‘T Apreap 10U 3nq 63K d1d + 411V (43 [v¥] Te 3 1S
A[eouSHES © 10U Sem SO (%£TT) £ DMN “(%9'6) £ DM :(3529) T
o (50°0 < d) A1981ms 1935 UOLORSTIES
‘6G Jo a3e DMN JO %18
ayy epun syusned ur Afremonred ur uaas aram sj[nsax ured pooo) (10000
‘sajes uorsny Y3y ayrdsop = d) DM JO S109JJ0 dsIaApE JULdYIUSIG paunap (w .
synsaz ured pue juswkordurs 9eds 0]01 ] AJ1eapd J0N d1d £79¢-9) w 9'gT [€7] 'Te 30 99t
y10q uo spedwr asioape Juedyrudis  Sased JO % HQ :DMN [PAULIP JOU DM
A19A pey Sumyowrs pue swred DA MIN
A1981ms 10)je s d) o o
SaWI02IN0 A} paduanyur ApAnIsod (§0°0> d) 7°£9 DMN ‘T'SF 2OM SO uonexy Juaw3as 110G £1¢ [2#] 'Te 19 uosiapueg
wrep DM e jo aduasaxd ay [, sOd1
(1000 > d)
syuaryed DA Juswresoxdwr juedyrudig
SVA 2ane1ado-3soJ
‘Juawjear) edrdins (100°0 > d) %¥¢ Jo a3ueyd ueal ; .
03 ;oM papuodsaz syusryed Ipm 1ao (reuzeyur) sax ATTL-SIN w 0g [17] "Te 32 uaqnoy
(s>peam
/1 :owm ueawr) syuarjed HAA JO 9%,/S
MIY
SUOISNPU0)) SIINSEITA] SAWOdINO uostredwo) A1381mg jyo adA], mD.«MM“—om Ioymy

Juo) T 91qelL

13



IJERPH 2021, 18, 6165

3.6. Outcome: Disability

Twelve observational studies were included (7 PS [18,25,28,36,39,40,45]; three RS [24,41,42]
and two CC [16,27]). They examined the influence of WC on disability modifications in patients
undergoing lumbar surgery. Seven studies [16,18,25,27,28,40,41] used the ODI scale, two [16,27]
used the FS, one [36] used the RMDQ, one [40] used the SF-12, two [16,27] used the SF-36
and three [36,39,42] used the LBOS to assess disability. Single studies were assessed for risk
of bias using ROBINS-I tool. Two studies were classified as “serious risk” [36,39], seven as
“moderate” [16,24,27,28 41,42,45] and three as “low risk” [18,25,40].

The overall quality of evidence in these studies was assessed as “low” according
to GRADE. The quantitative effect estimate was reported as RR in studies with dichoto-
mous data (Figure 2C) and as MD between and within studies (when possible) in case of
continuous data (Figure 2D).

The overall RR was 1.38 (95% CI 1.17 to 1.63; I? = 62%), suggesting an overall negative
influence of WC on disability improvement. The ODI subgroup had a RR of 2.11 (95% CI
1.31 to 3.39; I2 = 71%); the FS subgroup reported a RR of 1.34 (95% CI 1.01 to 1.78; 2 = 0%);
the RMDQ subgroup reported a RR of 1.06 (95% CI 0.87 to 1.30; I? = 0%); the SF-12 and
SF-36 subgroup showed a RR of 1.32 (95% CI 1.12 to 1.56; 2= 0%); the LBOS subgroup
reported a RR of 1.02 (95% CI 0.84 to 1.24; 1? = 0%). 2 studies [39,42] reported the disability
outcome as continuous data with a MD between WC and NWC of —8.60 (95% CI —15.41 to
—1.79; 2 = 45%); showing that WC decreased LBOS postoperative values (the lower the
value of LBOS, the higher disability of the patient).

3.7. Outcome: Return to Work

Nine observational studies were included (four PS [25,26,28,29]; four RS [33,41,43,44]
and one CS [46]). They examined how WC influence RTW in patients after lumbar surgery
(Figure 3A). RTW was considered at the time of the last follow-up. Single studies were
assessed for risk of bias using ROBINS-I tool. One study was classified as “serious risk” [44],
6 as “moderate” [26,28,33,41,43,46] and 2 as “low risk” [25,29].

wC NwC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Asch 2002 44 76 37 130 24.4% 2.03 [1.46, 2.84] =
Atlas 2000 17 80 99 459 26.2% 0.99[0.62, 1.56] —
Deutsch 2006 2 4 0 [ Not estimable
Greenough 1994 42 85 10 40 12.1% 1.98[1.11, 3.52] —
Lew 2001 1 10 2 28 0.9% 1.40[0.14, 13.82]
Rouben 2011 6 14 5 155 0.7% 13.29 [4.63, 38.09]
Schnee 1997 0 0 27 32 Not estimable
Slosar 2000 57 73 26 60 25.5%  1.80[1.32,2.47] —-—
Vaccaro 1997 13 13 10 11 101%  1.10[0.87, 1.40] T
Total (95% CI) 355 915 100.0% 1.68 [1.41, 1.99] &
Total events 182 216
Heterogeneity: Chi2 = 33.96, df = 6 (P < 0.00001); I* = 82% o1 o v Tod
Test for overall effect: Z = 5.81 (P < 0.00001) WC influences positively WC influences negatively

(A)

wC NwC Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Agazzi 1999 18 34 6 37 3.5% 3.26 [1.47, 7.25]
Asch 2002 28 76 22 133 9.7% 2.23[1.38,3.61]
Atlas 2000 32 56 35 120 13.6% 1.96 [1.37, 2.81] _—
Greenough 1994 27 85 8 40 6.6% 1.59[0.79, 3.18] T
Greenough 1998 24 56 18 59  10.7% 1.40 [0.86, 2.29] T
Herron 1996 (1) 37 89 12 186 4.7%  6.44[3.54,11.74] -
Lew 2001 3 10 4 37 1.0% 2.77[0.74, 10.43] -
Mackay 1995 17 46 9 108 3.3% 4.43[2.14,9.21] e
Marks 2000 23 51 14 51 8.5% 1.64[0.96, 2.82] —
Parker 1996 9 10 9 13 4.8% 1.30[0.86, 1.97] T
Penta 1997 10 61 5 42 3.6% 1.381[0.51, 3.74] I B
Schnee 1997 10 20 2 32 0.9%  8.00[1.95, 32.82]
Slosar 2000 32 73 21 60 14.0% 1.25[0.81, 1.93] T
Taylor 2000 20 47 54 185 13.3% 1.46 [0.98, 2.18] =
Vaccaro 1997 13 13 2 11 1.6% 4.63[1.53, 14.01]
Total (95% CI) 727 1114 100.0% 2.10 [1.82, 2.44] *
Total events 303 221
Heterogeneity: Chi? = 42.91, df = 14 (P < 0.0001); I = 67% o1 00

Test for overall effect: Z = 9.96 (P < 0.00001)

01 10
WC influences positively WC influences negatively

(B)

Figure 3. Forest plots depicting the effect of WC on return to work (A) and satisfaction (B) following lumbar spine surgery.
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The overall quality of evidence in these studies was assessed as “low” according to
GRADE. The quantitative effect estimate was reported as RR. The overall RR was 1.68 (95%
CI 1.41 to 1.99; 1? = 82%). The studies reported an overall negative influence of WC on RTW
in patients after lumbar surgery.

3.8. Outcome: Satisfaction

Fifteen observational studies were included (nine PS [25,26,29-31,34,37,39,45]; five
RS[23,33,35,43,44] and one CS [46]). They examined the influence of WC on satisfaction mod-
ifications in patients undergoing lumbar surgery (Figure 3B). Single studies were assessed for
risk of bias using ROBINS-I tool. Four studies were classified as “serious risk” [23,37,39,44],
six as “moderate” [26,31,33,43,45,46], and five as “low risk” [25,29,30,34,35].

The overall quality of evidence in these studies was assessed as “low” according to
GRADE. The quantitative effect estimate was reported as RR. The overall RR was 2.10 (95%
CI 1.82 to 2.44; I2 = 67%). The studies reported an overall negative influence of WC on
satisfaction of patients after lumbar surgery.

4. Discussion

The association between compensation status and poor clinical outcomes after or-
thopaedic surgery has already been described in the literature. In a meta-analysis from
Harris et al. [5], WC patients presented with an approximately four times higher odds of
worse outcomes after common orthopaedic procedures including shoulder acromioplasty,
carpal tunnel release, lumbar fusion and lumbar discectomy compared to NWC patients.
Similarly, in a recent meta-analysis from Cheriyan and colleagues [47], outcomes related
to patient satisfaction and RTW were investigated in WC and NWC subjects after spine
surgery. In this study, authors concluded that WC patients showed a 2.10 RR of unsatis-
factory outcomes and a 1.68 RR of delayed RTW after surgical procedures involving the
cervical, thoracic, and lumbar spine. These data are congruous with the meta-analysis of de
Moraes et al. [48], who reported that compensated patients undergoing lumbar discectomy
with or without fusion presented a 1.90 RR of unsatisfactory outcomes after surgery.

In the present study, we analyzed the effect of WC on clinical (pain, disability, and
patient satisfaction) and work-related outcomes (RTW) following lumbar spine surgery.
Consistently with previous studies, we reported that WC patients tended to exhibit higher
post-operative pain (RR = 1.79) and disability (RR = 1.38) as well as lower satisfaction after
surgery (RR = 2.10) compared to NWC patients. WC patients demonstrated also a delayed
RTW (RR = 1.68) with a significant socioeconomic burden on both work insurances and
employers [49]. This latter data is particularly important when considering that the annual
expenditure for treating LBP in the United States is greater than $100 billion, with lost wages
and reduced productivity accounting for approximately two thirds of the amount [50].
Furthermore, lumbar injuries resulting in spine surgery are among the most expensive WC
claims [51]. However, the total cost may not be strictly related to the type of surgery alone
but seems also affected by the time between the injury and the surgical treatment. Indeed,
Lavin et al. have found that more prolonged and costly WC claims were associated with
an interval of more than a year between injury and surgery, hence concluding that timeline
of surgical indication is equally important in this subset of patients [52].

It is also important to note that several studies have demonstrated that lumbar spine
surgery and particularly fusion procedures are characterized by a variable rate of suc-
cess [53-56]. Therefore, inadequate patient selection and/or surgical indication may nega-
tively affect patients” outcomes independent of their compensation status.

Differences between clinical and work-related outcomes among WC and NWC pa-
tients may have multiple explanations and depend on both clinical and nonclinical fac-
tors. First, work accidents and/or occupational diseases usually have particularly serious
adverse health consequences, and they are associated with high and severe degrees of
temporary or permanent disability [57,58]. For example, WC patients are more likely to de-
pend on opioids for pain relief [59] and present with worse symptoms, probably due to the
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increased injury severity in work environments [60]. The use of narcotics after occupational
acute low back injury has been associated with an increased risk of chronic disability [2].
In a retrospective study by Anderson et al. [61], only 11% of WC subjects assuming chronic
opioids (>1 year after surgery) sustainedly returned to work compared to individuals using
opioids in the short post-operative term. Moreover, these patients showed an increased
risk of psychiatric comorbidities, failed-back syndrome, and additional surgery, with sub-
stantially higher medical costs. In a recent study conducted by Kukreja and colleagues,
41.3% patients within a WC cohort underwent reoperation after lumbar discectomy and/or
laminectomy following an on-the-job injury [62]. Thence, increased reoperation rate may
additionally contribute to worsen surgical outcome and satisfaction in this population.

Moreover, the relevance of the psychological status in patients undergoing lumbar
spine surgery has been outlined by recent studies and may thus have a significant role
in this specific subset of patients [63]. Indeed, WC subjects undergoing lumbar fusion
and diagnosed with depression demonstrated higher rates of other psychiatric disorders,
narcotic utilization and additional lumbar surgery compared to patients without depression.
These individuals required significantly higher medical expenses due to their condition,
with a very low RTW rate [64]. However, the aforementioned clinical factors are not
sufficient on their own to explain why in WC subjects are observed worse results both in
clinical and work-related terms.

Indeed, in this regard, the available literature data call into question also numerous
nonclinical factors that mainly include demographic and socioeconomic variables such as
male gender [65], lower degree of education [66], higher body mass index [67], smoking
history [68], longer working hours [65], higher physical demands [69], civil litigation, legal
representation [50,61,64], lower annual income and need for financial assistance [70,71].
Furthermore, longer compensation periods and higher compensation costs in WC patients
may also depend on the fact that these subjects are more likely to conduct risky activities
with higher chances of injury. A recent study by Khor et al. [72] proposed a prediction model
for pain and functional outcomes following lumbar spine fusion surgery. Interestingly,
they found that patients with worse improvements in pain and disability were more
likely covered by WC and presenting with better preoperative ODI and NRS scores. In
this regard, identifying presurgical risk factors and optimizing subject selection criteria
for lumbar spine surgery in WC patients may help provide the most appropriate care
for these individuals as well as to reduce the economic burden on national institutions
providing WC.

At the same time, disputed and complex claims also represent an impeding condition
for a prompt RTW. Indeed, they induce a sort of conflict of interest in workers since it is
not in the claimant’s interest to resume his working activity until the claim is resolved [70].
Several studies showed that a WC claim delays RTW [73,74]. In detail, data provided by
our meta-analysis are in good agreement with previous published findings supporting
the evidence that NWC returned fully to work at a faster rate than workers with recog-
nized claims, especially after the request is denied [73]. However, studies on this topic
commonly refer to NWC patients simply as individuals with no form of compensation,
without specifying they did not possess the eligibility criteria or if, despite having made
a claim, it was denied by the compensation authority. This is a substantial element to
adequately understand the complex interaction between compensation status and health
or work-related outcomes. Therefore, rather than comparing workers solely based on
their compensation status, it would be useful to consider also claim processing time or
any possible appeals made by workers in case of claim rejection. Indeed, some studies
suggested that the observed negative association with the recognition of a compensation
state could depend on an inefficient, long, and overly bureaucratic claim management [75].
Furthermore, claim processing times (and consequently RTW) might be also influenced by
other factors related to the worker, workplace or the nature/severity of the work accident
or occupational disease. For example, in the case of cause-based system compensations, it
is not always easy or obvious to define a link between adverse effects suffered by workers
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and their working activities or exposure to certain occupational risk factors, especially
when workers are elderly and have often important comorbidities [76,77].

On the other hand, it can be postulated that these patients, thanks to the financial
support provided by WC and prolonged abstention from work, may be more likely to
experience a full recovery without undertaking harmful activities.

This study has some limitations. Firstly, the overall level of evidence of the studies
included is low due to the absence of RCTs comparing WC and NWC populations. More-
over, the NRCTs included were classified as “low quality” according to GRADE and single
studies ranged from “low” to “high” risk of bias according to ROBINS-I. The small sample
size of some included articles and the high heterogeneity among studies (I = 55%, 62%, 82%
and 67% for pain, disability, RTW and satisfaction outcomes, respectively), downgraded
the overall quality of our results and may have led to an overestimation of their effects.
As observational studies constituted the main source of our analysis, selection bias and
confounding due to diverse expectations in WC patients should be taken in consideration.
In addition, the different definition of RTW and heterogeneous lengths of follow-up in the
examined studies may generate further inconsistencies. Moreover, as regulations of WC in
terms of expense coverage, compensation amount, claim duration profoundly differ among
countries, it is difficult to generalize our results to all compensation systems [78]. This is
particularly true when considering the extreme fragmentation of the American compensa-
tion systems, especially in terms of coverage, benefit adequacy, disability determination
and complexity of claims [79]. Furthermore, having excluded studies in languages other
than English and Italian could have limited our understanding of the relationship between
WC and surgical outcomes in different nations.

5. Conclusions

To our knowledge, this is the first systematic review and meta-analysis totally focused
on the effect of WC on patients after lumbar spine surgery and the most updated report on
the topic. Differently from previous studies, we have stratified post-operative outcomes in
clinical (pain, disability, and satisfaction) and work-related (RTW) domains. This reflects the
multifactorial nature of the phenomenon and may contribute to clarify which factors (and to
what extent) are likely involved in reducing the clinical efficacy of surgery in such a specific
population. Indeed, our findings are in good agreement with those already published in the
literature, further confirming that the compensation status negatively affects both clinical
and work-related outcomes. In this regard, the confounding bias induced by subjects
receiving a compensation is a quite common drawback in lumbar spine surgery research
investigating the effectiveness and the results of the therapeutic interventions adopted
to deal with work-related diseases, conditions, and injuries. However, it is important to
underline that it is not yet clear whether the negative effects on the different outcomes
are a direct consequence of the compensation status itself or rather are more related to
some specific aspects that are necessary to obtain the compensation status (i.e., time, claims,
administrative and bureaucratic process). Therefore, it would be necessary to obtain
a better understanding of the different aspects and intrinsic characteristics that govern
the compensation recognition. In this regard, future studies on this topic should in our
opinion focus not so much on the comparison between WC and NWC but rather on the
analysis (within the WC group) of the different variables that can influence the timing and
modalities with which the compensation status is recognized or not.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph18116165/s1, Figure S1: Methodological quality assessments of each study assessed
using ROBINS, Table S1: GRADE profile of evidence, Table S2: GRADE Summary of findings.
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Abstract: This systematic review and meta-analysis aimed to analyze the effects of workplace
interventions (WI) on clinical outcomes related to low back pain (LBP) in a worker population, and to
assess socio-economic parameters as participants on sick leave, days of sick leave, and return to work
following WI. A systematic literature search was performed to select randomized clinical trials that
investigated the effectiveness of WI on return to work, sick leave, and working capacity of workers
affected by nonspecific LBP. Fourteen articles were included in the review and meta-analysis. The
meta-analysis showed improvements in pain (p = 0.004), disability (p = 0.0008), fear-avoidance for
psychical activity (p = 0.004), and quality of life (p = 0.001 for physical scale and p = 0.03 for mental
scale) for patients who underwent WI compared to controls. Moreover, the pain reduction following
WI was statistically significant in the healthcare workers” group (p = 0.005), but not in the other
workers’ group. The participants on sick leave and the number of days of sick leave decreased in the
WI group without statistical significance (p = 0.85 and p = 0.10, respectively). Finally, LBP recurrence
was significantly reduced in the WI group (p = 0.006). WI led to a significant improvement of clinical
outcomes in a workers’ population affected by LBP.

Keywords: workplace interventions; low back pain; workers; work ability; systematic review;
meta-analysis

1. Introduction

Non-specific low back pain (LBP) is a common worldwide disorder with a significant
impact on productivity, work ability, and quality of life [1]. Indeed, LBP is characterized by
persisting pain, muscle weakness, reduction of physical activity [2], and sleep disorders,
which have serious consequences on a person’s quality of life by limiting daily life and
work activities [3]. The etiopathogenesis of nonspecific LBP is multifactorial including
lifestyle risk factors (i.e., excess weight) [4] but also, according to the type of job, several
occupational risk factors such as manual handling of heavy loads, awkward and prolonged
postures (i.e., sustained sedentary work), whole-body mechanical vibrations, and work-
related stress (i.e., psychosocial factors) [5]. The lifetime prevalence of LBP in the general
population is high and was estimated at about 60-70% in industrialized countries [6].
Notably, in the literature, there is evidence that the prevalence of this disorder in particular
working populations and/or industrial / productive fields such as construction, forestry
or fishing, agriculture, and healthcare sectors is significantly higher than in the general
population [7]. In particular, healthcare workers represent a job category easily susceptible
to LBP biomechanical risk factors [8] with an annual prevalence of 40-50% [9], while the
prevalence of LBP is estimated at about 34% in office workers [10]. LBP frequently causes
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sick leave and persistent or recurrent disability, representing an important socioeconomic
burden [11].

Therefore, the prevention of work absenteeism due to LBP recurrence has become a
public and occupational health priority worldwide [12]. The treatments for non-specific
LBP usually consisted of non-surgical procedures, such as physical exercise, cognitive
behavioral therapy, and pharmacological treatment [13-15]. Physical exercise at the work-
place is considered an activity able to prevent occupational musculoskeletal disorders
being able to enhance the physical capacity of workers. However, previous studies re-
garding occupational interventions showed contrasting results about the reduction of LBP
symptoms following only physical exercise at the workplace [16-18]. This should not be
surprising since, considering the numerous and different variables in workplaces that can
play an important role in the onset of this disorder, it is likely that its prevention needs
a multidisciplinary approach that exploits the simultaneous adoption of technical, orga-
nizational, procedural, and training measures. In this regard, several studies developed,
applied, and evaluated this type of preventive strategies in different work environments
consisting of workplace interventions (WI) that include workplace assessment, educational
programs with ergonomic posture training sessions, physical activity at the workplace, and
cognitive-behavioral therapy for the treatment of physical, psychological, occupational,
and ergonomic risk factors. WI aim to prevent and/or manage LBP, reduce disabilities
and fears for work and psychical activity, promote personalized action plans, and improve
outcomes regarding work ability and quality of life.

Nevertheless, our current knowledge of the real effectiveness of WI remains rather
fragmented and, at the same time, the understanding of the key factors or best combination
of WI for achieving significant prevention or reduction of work-related LBP is equally
limited. For this reason, in this context, we performed this systematic review and meta-
analysis in order to critically evaluate the effects of WI on LBP in workers. In detail, the
primary aim was to analyze the effects on clinical and occupational outcomes related to
LBP in workers after the implementation of specific WI programs. The secondary endpoint
was to assess the impact of WI on socio-economic parameters as participants on sick leave,
days of sick leave, and return to work.

2. Materials and Methods

This study was carried out according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) (Table S1) guidelines [19]. In this systematic review,
we included randomized clinical trials (RCTs) that evaluated the effects of workplace
interventions for workers suffering from LBP.

2.1. Inclusion Criteria

The inclusion criteria were RCTs in the English language published in the last twenty
years, which investigated the effectiveness of workplace interventions on return to work,
sick leave, and the working capacity of workers affected by nonspecific LBP. The work-
place interventions include technical interventions, physical exercise programs, behavioral
training, educational programs, and participatory ergonomics. Exclusion criteria were
represented by studies that enrolled patients with neurodegenerative diseases, previous
spinal or brain surgery, or following spinal cord infections or injuries. We excluded studies
that analyzed only physical or psychosocial activities as an intervention, and that only
evaluated reducing sitting time as an outcome or the impact of a sit-stand workstation.

2.2. Search Methods

A systematic literature search was executed using PubMed-Medline, Cochrane Cen-
tral, Scopus, and Google Scholar. We used the following search strings: (“workplace”
[MeSH Terms] or “workplace” [All Fields] or “workplaces” [All Fields] or “workplaces”
[All Fields]) and (“interventions” [All Fields] or “interventions” [All Fields] or “interven-
tive” [All Fields] or “methods” [MeSH Terms] or “methods” [All Fields] or “intervention”
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[All Fields] or “interventional” [All Fields]) and (“low back pain” [MeSH Terms] or (“low”
[All Fields] and “back” [All Fields] and “pain” [All Fields]) or “low back pain” [All Fields]).
The reference lists of the included RCTs were detected to obtain further eligible studies. Af-
ter removing duplicates, two independent investigators reviewers (G.P. and ER.) checked
the abstracts of potentially included studies. Any divergence was discussed with the third
review author (G.V.). Finally, two review authors (G.P. and F.R.) read the full articles in
order to select the included studies for this review and meta-analysis.

2.3. Data Collection, Analysis, and Outcomes

Two independent reviewers (G.P. and ER.) conducted data extraction. The following
data were extracted from the included studies: Authors, year of publication, type of study,
level of evidence, numbers of participants in study and control groups, age and sex of
participants, types of workers, intervention in the experimental and in the control group,
follow-up, and results. LBP, disability, fear-avoidance beliefs, quality of life, and work
ability were assessed as outcomes in the included studies. Finally, participants on sick
leave, days of sick leave, LBP recurrence, and return to work were compared between
workplace intervention and control groups.

2.4. Risk of Bias Assessment

The risk of bias of the included RCTs was evaluated by two authors (G.P. and FR.)
by the guideline for systematic reviews in the Cochrane Back and Neck Group [20]. This
tool assesses the following types of biases: selection bias, performance bias, attrition bias,
detection bias, and reporting bias. The trials were judged at low, unclear, or high risk of
bias in relation to the risk of bias of the various domains.

2.5. Statistical Analysis

A meta-analysis was performed using the Review Manager (RevMan) software Ver-
sion 5.4.1 (The Nordic Cochrane Center, The Cochrane Collaboration, 2014, Copenhagen,
Denmark). Low back pain, disability, fear-avoidance beliefs, quality of life, and work
ability between the experimental and the control groups were calculated as continuous
outcomes. Instead, participants on sick leave, days of sick leave, LBP recurrence, and return
to work were evaluated as dichotomous outcomes. The continuous data are presented as
the standard mean difference (SMD) with 95% confidence intervals due to the adoption
of diverse scores in the included studies. The outcomes expressed with negative mean
values of SMD present a higher improvement with lower values. Dichotomous data are
shown as odds ratio (OR) with 95% confidence intervals. For the calculation of the weight
of the samples of the trials, for the days of sick leave, we used mean days of sick leave per
participant as events and the total number of days of follow-up per participant as the total.
A subgroup analysis was performed to evaluate LBP in healthcare workers and other kinds
of workers. The heterogeneity was calculated using the I? test. A fixed-effect model was
adopted for low heterogeneity (I> < 55%); otherwise, a random-effect model was involved.
The statistical significance of the results was set at p < 0.05.

2.6. Quality Assessment

The quality of the evidence and strength of recommendation of the selected outcomes
were analyzed by the GRADE (Grading of Recommendations Assessment, Development,
and Evaluation) assessment. Five elements (risk of bias, inconsistency, indirectness, im-
precision, and publication bias) were assessed for each result and were categorized as not
serious, serious, or very serious. The outcomes for RCTs received an initial ranking of high
quality of evidence, which could be downgraded to moderate, low, or very low concerning
the valuation of the five items.
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3. Results
3.1. Results of the Search

The literature search generated 691 articles. After removing duplicates, the reviewers
screened titles and abstracts of 673 papers, and chose 41 eligible articles that were read
in full. Afterwards, 27 studies were excluded for the following reasons: Not reporting
selected outcomes (1 = 9), not evaluating workplace interventions (1 = 6), not specific
for LBP (n = 4), patients with mental disorders (n = 3), validation of work rehabilitation
program (1 = 2), subgroup analysis of previous study (1 = 2), and protocols of RCT (1 = 2).
Finally, 14 articles were included in the review and meta-analysis (Figure 1).

Records removed before screening:
Records identified from:

Duplicate records removed (n = 457)
Databases (n = 1362)

Other sources (n = 42}

Identification
Y

Records removed for other reasons (n = 6)

Records screened Records excluded
L "
(n=941) (n =892
Y
Reports sought for retrieval Reports not retrieved
(n = 49) =g

Screening

l

Reports assessed for eligibility
(n =49)

*| Reports

Mot reporing selected outcomes (n=10)

Mot evaluating workplace intervention (n = )

Mot gpecific for low back pain (n = 8)

-

Participants with mental disord (n=4)
Validation of work rehabilitation program (n = 3)
Subgroup analysis of previcus study (n = 2)
Protocols of RCT {n = 2)

H Studies included in review

% (n=14)

&

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flow diagram.

3.2. Demographic Data

The total number of participants in all the studies was 3197, divided into 1837 in the
study group and 1360 in the control group (Table 1). Patients” ages ranged from 29.6 to
52 years in the study groups, and from 26.6 to 51 in the control groups. The percentages of
men in the studies ranged from 99% to 0% in the intervention groups and from 98.4% to 0%
in the control groups. Therefore, important heterogeneity in the gender of the participants
of the included studies was reported. The workers analyzed were distributed as follows:
Nursing assistants or healthcare workers in six studies (43%), office workers in two studies
(14%), employees in the automotive industry in one study (7%), workers at a manufacturing
company in one study (7%), physically demanding workers in one study (7%), and workers
(without specification of the type of job) in three studies (22%).
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3.3. Workplace Intervention Program

Workplace intervention protocols including multidisciplinary interventions consisted
of a combination of the following programs: Work-related evaluation and a workplace
assessment with work modifications (four studies); an educational program and ergonomic
posture training sessions (six studies); a supervised intervention of exercise sessions of
muscle strengthening, flexibility, segmental stabilization, and endurance training on the
workplace (six studies); and behavioral counseling and cognitive-behavioral therapy for
LBP or stress self-management (two studies). The mean follow-up was 11.3 months and
ranged from 3 to 24 months.

3.4. Clinical Outcome Data

Clinical outcomes were diversified in the included studies. LBP was assessed in 10 studies,
using the Visual Analogue scale (VAS) [21-25], Numeric Rating Scale (NRS) [26,27], Multidi-
mensional Pain Inventory (MPI-D) [28], and Cornell musculoskeletal discomfort question-
naire [29]. Disability was evaluated in five trials, by the Quebec Disability Scale [23,24,27]
and Oswestry Disability Index (ODI) [25,30]. The work subscale of Fear-Avoidance Beliefs
Questionnaire (FABQ-W) was assessed in four studies [22,24,26,28], while the physical
activity subscale (FABQ-P) was assessed in three studies [24,26,28]. Work ability was
reported in two studies, using the Work Ability Index (WAI) [22] and subjective working
capacity [30]. Quality of life was assessed in three studies [24,26,28] using physical and
mental scales of the Short-Form-36 (SF-36) or Short-Form-12 (SF-12) Health Survey.

3.5. Methodological Evaluation

Through the guideline for systematic reviews in the Cochrane Back and Neck Group,
four studies (28.6%) were at low risk of bias (A), eight studies (57.1%) were judged at
unclear risk of bias (B), and only two studies (14.3%) were at a high risk of bias (C) (Table 2).
Precisely, random sequence generation was adequate in all the studies (100%). Allocation
concealment was graded as adequate in all the studies except one (93%). Blinding for
patients and care providers was not adequate in all studies, due to the modality of the
interventions. Blinding for outcome assessment resulted in being adequate in all the studies
(100%). Selective reporting was evaluated as adequate in six studies (43%). Other sources
of bias were adequate in four trials (28.6%).

3.6. Effect of Intervention

The meta-analysis demonstrated the effectiveness of workplace interventions on LBP,
disability, the Fear-Avoidance Beliefs Questionnaire for work and psychical activity, work
ability, and quality of life compared to controls (Figure 2). Pain decreased significantly in
the intervention group in comparison with the control group (SMD —0.16, 95% CI —0.26
to —0.05, p = 0.004). Disability scores showed significant improvements for workplace
interventions compared to controls (SMD —0.28, 95% CI —0.45 to —0.12, p = 0.0008). FABQ-
W demonstrated lower fear-avoidance beliefs about work in workers who underwent WI
compared to controls (SMD —0.07, 95% CI —0.21 to 0.07), but no significant differences
(p = 0.32). FABQ-P showed a significant reduction of fear-avoidance beliefs about physical
activity in the experimental group (SMD —0.21, 95% CI —0.35 to —0.07, p = 0.004). Work
ability presented improvements in favor of the intervention group (SMD —0.17, 95% CI
—0.52 to 0.17), without significant differences (p = 0.31). Short-Form Health Survey results
showed statistically significant improvements in quality of life for both the scales for the
participants in the workplace intervention group (SMD —0.23, 95% CI —0.38 to —0.09,
p =0.001 for physical scale, and SMD —0.16, 95% CI —0.30 to —0.01, p = 0.03 for mental
scale, respectively). Finally, evaluating the clinical outcomes in totality, a significant
difference was reported in favor of the workplace intervention group compared to the
controls (p < 0.00001).
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Table 2. Cont.

Risk of Bias

Other Sources
of Bias

Timing of
Outcome Assessment

Compliance

Cointerventions
Avoided

Groups Similar
at Baseline

Free of
Selective Reporting

All Randomized
Participants Analyzed
in the Group

Drop-Out Rate

Outcome
Assessor Blinded

Care Provider
Blinded

Patient Blinded

Allocation

Randomization

Study

Ewert

Hansen

Kaapa
Kajiki

Karjalainen

Nassif

Ree

Shariat

32

Shojaei

Y: Yes; N: No; U: Unsure.
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Workplace Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
2.1.1 Pain
Anema 2007 3.2 2.6 96 3.4 2.7 100 3.9% -0.08 [-0.36, 0.21] —
Chaléat-Valaye 2016 36.2 21 139 36.7 21 141 5.5% -0.02 [-0.26, 0.21]) —_—
Coole 2012 5.19 1.87 19 533 217 19 0.7% -0.07[-0.70, 0.57) —
Ewert 2009 1.08 0.93 83 1.3 0.98 86 3.3% -0.23 [-0.53, 0.07) —_—1
Gibbs 2018 1.9 1.4 13 2.2 2 14 0.5% -0.17 [-0.92, 0.59] —
Hansen 2019 3.86 5.84 153 4 5.2 152 6.0% -0.03 [-0.25, 0.20] -
Kaapa 2006 3.5 2.6 49 4 29 46 1.9% -0.18 (-0.58, 0.22] S
Nassif 2011 3.15 23 29 3.53 2.47 23 1.0% -0.16 (-0.71, 0.39] —
Shariat 2017 2.07 124 34 8.63 13 28 1.2% -0.51[-1.02, -0.00]
Shojaei 2017 3.42 253 63 5.03 2.13 62 2.3% -0.68 [-1.04, -0.32]
Subtotal (95% CI) 678 671 26.3% -0.16 [-0.26, -0.05] L 2
Heterogeneity: Chi* = 13.24, df = 9 (P = 0.15); I = 32%
Test for overall effect: Z = 2.88 (P = 0.004)
2.1.2 Disability
Chaléat-Valaye 2016 19.8 15.8 139 244 16.4 141 5.5% -0.28 [-0.52, -0.05] —
Gibbs 2018 12.3 9 13 20.1 14.2 14 0.5% -0.63 [-1.41, 0.15] [~
Kaapa 2006 19.7 143 49 19.3 13.1 46 1.9% 0.03 [-0.37, 0.43] S —
Nassif 2011 27.15 13.78 29 30.21 17.26 23 1.0% -0.20 [-0.74, 0.35) —
Shojaei 2017 21.33 19.37 63 30.33 18.03 62 2.4% -0.48 (-0.83, -0.12]
Suhtatal (95% CI) 2932 286 11.2% -0.28[-045, -0.12] 3
Heterogeneity: Chi* = 4.33, df = 4 (P = 0.36); I = 8%
Test for overall effect: Z = 3.36 (P = 0.0008)
2.1.3 FABQ-W
Chaléat-Valaye 2016 144 10.2 139 15.7 9.9 141 5.5% -0.13 [-0.36, 0.11] ===
Coole 2012 18.61 10.8 19 20.67 9.7 19 0.7% -0.20 [-0.83, 0.44) —
Ewert 2009 2.2 1.36 83 229 1.31 86 3.3% -0.07 [-0.37, 0.23] —
Hansen 2019 21.36 20.5 153 21.43 18.6 152 6.0% -0.00 [-0.23, 0.22] )
Subtotal (95% CI) 394 398 15.6% -0.07 [-0.21, 0.07] <>
Heterogeneity: Chi* = 0.73, df = 3 (P = 0.87); I = 0%
Test for overall effect: Z = 0.99 (P = 0.32)
2.1.4 FABQ-P
Chaléat-Valaye 2016 8.5 5.8 139 11.7 6.1 141 5.3% -0.54[-0.77, -0.30] —
Ewert 2009 2,59 1.1§ 83 2.66 1.22 86 3.3% -0.06 [-0.36, 0.24) =
Hansen 2019 21.36 20.5 153 21.43 18.6 152 6.0% -0.00 [-0.23, 0.22] i
Subtotal (95% CI) 375 379 14.7% -0.21[-0.35, -0.07] <>
Heterogeneity: Chi* = 11.40, df = 2 (P = 0.003); I = 82%
Test for overall effect: Z = 2.86 (P = 0.004)
2.1.5 Work ability
Coole 2012 -7 28 19 -678 25 19 0.7% -0.08[-0.72,0.56] —
Kaapa 2006 29 28 49 3.5 2.8 46 1.9% -0.21[-0.62,0.19) —_—
Subtotal (95% CI) 68 65 26% -0.17 [-0.52,0.17] T
Heterogeneity: Chi* = 0.12, df = 1 (P = 0.73); ¥ = 0%
Test for overall effect: Z = 1.01 (P = 0.31)
2.1.6 SF physical
Chaléat-Valaye 2016 -47.4 7.7 139 -45.1 8.3 141 5.5% -0.29 [-0.52, -0.05] e
Ewert 2009 -51.74 6.37 83 -49.73 7.89 86 3.3% -0.28 [-0.58, 0.02] ——
Hansen 2019 -45.64 19.75 153 -42.11 24.4 152 6.0% -0.16 [-0.38, 0.07) —s
Subtotal (95% CI) 379 14.8% -0.23 [-0.38, -0.09] <>
Heterogeneity: Chi* = 0.70, df = 2 (P = 0.70); I’ = 0%
Test for overall effect: Z = 3.18 (P = 0.001)
2.1.7 5F meniai
Chaléat-Valaye 2016 -45.8 11.7 139 -44 11 141 5.5% -0.16 (-0.39, 0.08] —
Ewert 2009 -49.45 9.45 83 -49.06 8.67 86 3.3% -0.04 [-0.34, 0.26) e
Hansen 2019 -51.84 27.5 153 -45.35 32.6 152 6.0% -0.21[-0.44,0.01] —
Subtotal (95% CI) 375 379 14.8% -0.16 [-0.30, -0.01] L 2
Heterogeneity: Chi* = 0.80, df = 2 (P = 0.67); I’ = 0%
Test for overall effect: Z = 2.12 (P = 0.03)
Total (95% CI) 2558 2557 100.0% -0.18 [-0.23, -0.12] 4
Heterogeneity: Chi* = 36.10, df = 29 (P = 0.17); I = 20% B e
Test for overall effect: Z = 6.29 (P < 0.00001) c :
Test for subgroup differences: Chi* = 4.78, df = 6 (P = 0.57), I’ = 0% Favours [workplace] Favours [control]

Figure 2. Outcome measurements.
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The analysis of the participants on sick leave showed a reduction for patients who
underwent intervention programs (OR 0.98, 95% CI 0.76 to 1.26) but no significant differ-
ences (p = 0.85) (Figure 3). The number of total days of sick leave decreased in the WI
group (OR 0.80, 95% CI 0.62 to 1.04) without statistical significance (p = 0.10) (Figure 4).
Return to work was analyzed in only one study, which reported a better result in favor of
the study group (OR 0.77, 95% CI 0.57 to 1.04, p = 0.08) (Figure 5). Finally, LBP recurrence
was significantly reduced in the intervention group compared to controls (OR 0.38, 95% CI
0.19 to 0.76, p = 0.006) (Figure 6).

Workplace Control 0Odds Ratio 0Odds Ratio
Study or Sub Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chaléat-Valaye 2016 35 147 31 151 19.1% 1.21(0.70, 2.09])
Hansen 2019 97 153 93 152 28.0% 1.10(0.69, 1.75) -
Kaapa 2006 16 49 17 46 9.7%  0.83(0.36, 1.93]
Ree 2016 110 646 42 211 43.1% 0.83(0.56, 1.23] —_—
Total (95% CI) 995 560 100.0%  0.98 [0.76, 1.26]
Total events 258 183

Heterogeneity: Chi* = 1.68, df = 3 (P = 0.64); I’ = 0%
Test for overall effect: Z = 0.19 (P = 0.85)

0.5

0.7 i ]
Favours [workplace] Favours [control]

Figure 3. Participants on sick leave.

Workplace Control 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, d 95% CI
Anema 2007 8064 34560 10500 36000 25.1% 0.74 (0.71, 0.76) -
Hansen 2019 2836 27540 2354 27360 24.9% 1.22 [1.15, 1.29] -
Karjalainen 2004 3975 77040 3534 41040 25.0% 0.58 [0.55, 0.61) -
Ree 2016 5982 116280 2416 37980 25.0% 0.80 [0.76, 0.84] —-
Total (95% CI) 255420 142380 100.0% 0.80 [0.62, 1.04] ——
Total events 20857 18804
Heterogeneity: Tau® = 0.07; Chi* = 398.19, df = 3 (P < 0.00001); I = 99% 0:5 0:7 1:5 $
Test for overall effect: Z = 1.65 (P = 0.10) Favours [workplace] Favours [control]
Figure 4. Days of sick leave.
Workplace Control 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, 95% CI M-H, 95% CI
Anema 2007 77 34560 104 36000 100.0% 0.77 [0.57, 1.04) ——F
Total (95% CI) 34560 36000 100.0% 0.77 [0.57, 1.04] — T e
Total events 774 104
Heterogeneity: Not applicable o' o T t
Test for overall effect: Z = 1.73 (P = 0.08) Favours [workplace] Favours [control]
Figure 5. Return to work.
Workplace Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% CI M-H, d 95% CI
Abdollahi 2020 8 37 24 37 24.7% 0.15 [0.05, 0.42) —_—
Chaléat-Valaye 2016 121 133 129 138 28.5% 0.70 [0.29, 1.73]) —_——
Kajiki 2017 205 301 262 315 46.9% 0.43 [0.29, 0.63) ——
Total (95% CI) 471 490 100.0% 0.38 [0.19, 0.76] —
Total events 334 415
i 2 _ S Chi? = _ _ . . ' . '
Heterogeneity: Tau® = 0.23; Chi* = 5.12,df = 2 (P = 0.08); I’ = 61% 0.05 ob )

Test for overall effect: Z = 2.72 (P = 0.006)

Favour§ [workplace] Favours [control]

Figure 6. Low back pain recurrence.

In conclusion, the test for subgroup differences showed no statistically significant
subgroup effect for LBP (p = 0.29). However, the pain reduction after WI was statistically
significant in the healthcare workers’ group (p = 0.005), but no difference was reported in
the other workers’ group (Figure 7).
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Test for overall effect: Z = 2.88 (P = 0.004)
Test for subgroup differences: Chi* = 1.12, df = 1 (P = 0.29), I’ = 10.8%

Favours (workplace] Favours

Figure 7. Subgroup analysis for low back pain.

3.7. Quality Assessment

0.5
[control]

Workplace Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
3.1.1 Healthcare workers
Chaléat-Valaye 2016 36.2 21 139 36.7 21 141 21.0% -0.02(-0.26,0.21] —
Ewert 2009 1.08 0.93 83 1.3 0.98 86 12.6% -0.23(-0.53,0.07) T E
Kaapa 2006 3.5 26 49 4 29 46 7.1% -0.18 [-0.58, 0.22] —
Shojaei 2017 3.42 2.53 63 5.03 2.13 62 8.8% -0.68 [-1.04, -0.32]
Subtotal (95% CI) 334 335 49.4% -0.22[-0.37, -0.06] <>
Heterogeneity: Chi* = 9.07, df = 3 (P = 0.03); I’ = 67%
Test for overall effect: Z = 2.78 (P = 0.005)
3.1.2 Other workers
Anema 2007 3.2 26 96 3.4 2.7 100 14.7% -0.08([-0.36,0.21) —_—T
Coole 2012 5.19 1.87 19 5.33 2.17 19 2.8% -0.07[-0.70, 0.57]
Gibbs 2018 1.9 14 13 22 2 14 2.0% -0.17 [-0.92, 0.59]
Hansen 2019 3.86 5.84 153 4 52 152 22.8% -0.03[-0.25,0.20] —
Nassif 2011 3.1 23 29 3.53 2.47 23 3.8% -0.16 [-0.71, 0.39] —
Shariat 2017 2.07 12.4 34 8.63 13 28 4.4% -0.51[-1.02, -0.00]
Subtotal (95% CI) 344 336 50.6% -0.10 [-0.25, 0.05] <>
Heterogeneity: Chi* = 3.05, df = 5 (P = 0.69); I’ = 0%
Test for overall effect: Z = 1.31 (P = 0.19)
Total (95% CI) 678 671 100.0% -0.16 [-0.26, -0.05] L 2
Heterogeneity: Chi* = 13.24, df = 9 (P = 0.15); I’ = 32% _:1 _d' 3 ) + i

GRADE was applied to evaluate the quality of the evidence given in the included RCTs
(Table 3). It produced seven comparisons for continuous data and three for dichotomous
data. Regarding clinical outcomes, disability, SF physical, and SF mental maintained a
high quality of evidence, while pain obtained high-quality evidence because it received an
upgrade due to the large effect. FABQ-W and FABQ-P were downgraded by one level for
risk of bias and inconsistency, thus reporting a moderate quality of evidence. Finally, work
ability presented a low quality of evidence, due to risk of bias and imprecision. In contrast,
the outcomes of participants on sick leave and days of sick leave achieved low quality of
evidence, while LBP recurrence reported a very low quality of evidence.

Table 3. GRADE.
N. of .
Outcomes Participants Risk of Bias Inconsistency Indirectness Imprecision Other (.Ion51d- Quality
i erations
(Studies)
Pain 1349 (10 RCT) serious not serious not serious not serious not serious ©ODD high *
Disability 579 (5 RCT) not serious not serious not serious not serious not serious GBS high
. . . . . SODO
FABQ-W 792 (4 RCT) serious not serious not serious not serious not serious
moderate
. . . . . DODO
FABQ-P 754 (3 RCT) not serious serious not serious not serious not serious
moderate
Work ability 133 (2 RCT) serious not serious not serious serious not serious SBO0 low
SF physical 754 (3 RCT) not serious not serious not serious not serious not serious ©OOO high
SF mental 754 (3 RCT) not serious not serious not serious not serious not serious GHB@ high
Par’flclpants on 1555 (4 RCT) serious not serious not serious serious not serious BDOO low
sick leave
Days of sick . . . . . .
leave 1526 (4 RCT) serious serious not serious not serious not serious BDOO low
. . . . . SO000
LBP recurrence 961 (3 RCT) serious serious not serious serious not serious
very low

N.: Number; FABQ-W: Fear-Avoidance Beliefs Questionnaire Work subscale; FABQ-P: Fear-Avoidance Beliefs Questionnaire Physical
activity subscale; SF: Short Form; LBP: Low Back Pain; RCT: Randomized clinical trial. * Upgrade due to large effect.
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4. Discussion

The primary aim of this systematic review and meta-analysis was to assess the ef-
fects of WI on workers in terms of clinical outcomes. The secondary endpoint was the
interpretation of socio-economic parameters as participants on sick leave, days of sick
leave, LBP recurrence, and return to work following specific workplace programs. Studies
that analyzed only physical or psychosocial activities at the workplace or evaluated the
effectiveness of a sit-stand workstation were not included since WI must be analyzed in
its entirety in order to provide the best support to workers and obtain the best benefits in
terms of LBP, work ability, and return to work.

Employees who underwent WI experienced improvements in LBP, disability, fear-
avoidance beliefs, quality of life, and work ability compared to controls, with a significant
increase for all the reported scores. The meta-analysis proved that the scores regarding
LBP, disability, FABQ-P, and SF physical and mental obtained the most statistical signifi-
cance compared to controls, showing the best improvements after WI. On the other hand,
FABQ-W and work ability outcomes did not show significant differences compared to
control groups. Therefore, it has been shown that WI led to excellent results in symptom
reduction, daily living activities, and quality of life, but it remains a subjective limitation for
workers to perform their job activities. Moreover, the meta-analysis showed non-significant
improvements in participants on sick leave, days of sick leave, and return to work after
WI. This could further demonstrate that workers did not feel able and ready to undergo
workloads, although they have experienced a significant reduction in LBP and a global
increase in quality of life. The subgroup analysis for LBP, even if in absence of a significant
subgroup effect, showed a greater reduction of pain after WI in healthcare workers com-
pared to other workers. Therefore, workplace interventions seem to ensure greater benefits
for a population of nurses and healthcare workers, but further and more specific trials are
needed to demonstrate these results. However, for the other clinical outcomes, it was not
possible to observe a difference between the different kinds of works.

Furthermore, all the clinical outcomes showed high (pain, disability, SF physical,
and SF mental) or moderate (FABQ-W and FABQ-P) quality of evidence and strength of
recommendation at GRADE—except for work ability, which had a low quality of evidence—
justifying a recommendation of workplace interventions in workers with LBP. On the other
hand, GRADE reported a low quality of evidence for participants on sick leave and days
of sick leave and very low quality for LBP recurrence. Finally, it should be noted that
by the guideline for systematic reviews in the Cochrane Back and Neck Group, only two
studies have been judged at a high risk of bias, showing an acceptable overall quality of
the included studies. Almost all the studies showed a low risk of bias for random sequence
generation and allocation concealment. However, in all studies, the risk of bias was high
for blinding for patients and care providers, due to the impossibility to blind patients to the
interventions that they were receiving. Instead, in all the trials, the outcomes were reported
by assessors blinded to the group allocation.

In their review, Gobbo et al. [16] showed that exercise programs in the workplace
reduce LBP symptoms, improve muscle strength and flexibility, and increase the quality
of life in office workers. Contrarily, the meta-analysis performed by Maciel et al. [17]
showed that physical exercise at the workplace did not reduce the occurrence of LBP
(p < 0.4). Sowah et al. [18] evaluated occupational interventions as treatments for the
prevention of LBP and demonstrated that exercise interventions, with or without educa-
tional interventions in the workplace, have the potential to prevent LBP. More specifically,
Roman-Liu et al. [32] proved strong differences in effects among intervention strategies. In
fact, they showed that technical modifications of the workstand and education based on
practical training represent more effective strategies for LBP prevention than behavioral
and physical training. Finally, in a meta-analysis conducted by Parry et al. [33], they did
not show evidence that interventions to increase standing or walking in the workplace
reduce musculoskeletal symptoms in sedentary workers.
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Certain limitations may hinder the interpretation of data. The limitations of this study
are related to the heterogeneity in the population of workers of the included RCTs. Indeed,
three studies [21,22,25] did not specify the job of the participants, six studies involved nurs-
ing assistants or healthcare workers [23,24,28,30,31,34], while the patients in the remaining
five trials [26,27,29,35,36] practiced other kinds of jobs. Other heterogeneities concerned
the age and sex of the participants. In fact, the mean age, ranging from 26.6 to 52 years,
correlated with different grades of LBP, which may need diverse treatments. Moreover,
two studies showed a clear predominance of women [28,30], one study enrolled almost all
men [35], and two studies did not report the gender distribution of the participants [29,36].
Due to the multiple works analyzed and the differences in the population groups, the
workplace interventions performed in the various trials were very miscellaneous and not
homogeneous. Moreover, two studies showed a clear predominance of women [26,28], one
study enrolled almost all men [33] and two studies did not report the gender distribution
of the participants [27,34]. Due to the multiple works analyzed and to the differences
in the population groups, the follow-up was one year or less in 11 studies (78.5%), not
allowing the comprehension of long-term effects of WI on LBP, disability, quality of life,
and work ability.

The evaluation of findings provided by the studies included in this review clearly
showed that different types of WI determine a beneficial effect both on clinical outcomes
and socio-economic parameters related to LBP in workers. However, in consideration
of the considerable heterogeneity (in terms of working population, socio-demographic
characteristics, and diversification of WI) of the studies, trying to establish which is the best
approach in terms of effectiveness in preventing LBP (and therefore in reducing its multiple
negative effects) is a rather challenging task that can also lead to drawing conclusions that
are not entirely correct. Indeed, in this regard, it should be taken into account that the
degree of effectiveness of the different WI strategies may be affected by numerous factors
such as the socio-demographic characteristics of the working population (e.g., gender,
age, education level, presence of chronic degenerative diseases), the working activities
carried out by employees, which determine a greater or lesser exposure to occupational risk
factors for LBP (e.g., manual handling of heavy loads, awkward and prolonged postures,
whole-body mechanical vibrations, work-related stress), and the number and type of
WI (e.g., technical interventions, procedural measures, organizational tools, educational
programs) [5]. Consequently, even if the literature data suggest, for example, that an
engineering redesign of workstations is more effective than participatory ergonomics or
that a tailored physical exercise achieves better results when coupled with cognitive and
behavioral training or even that strength exercise is more beneficial than cardiorespiratory
exercise, it is not obvious that a WI strategy based on the aforementioned indications
will achieve the same level of effectiveness in all workplaces or working populations.
Therefore, in our opinion, a prevention program based on WI to be truly decisive in
reducing the negative effects of LBP in workers cannot be limited to replicating the same
intervention strategy in all workplaces. In this regard, we believe that the design of
an adequate WI approach must be based on a flexible decision-making process, which,
starting from the occupational risk assessment and taking into account the characteristics
of the working population, identifies, on the basis of the evidence of the literature, the
best possible combination of the use of the different WI. Indeed, WI should be targeted
for a specific work, with the simultaneous and combined presence of all the programs,
such as a technical intervention, physical exercise, behavioral training, and educational
and participatory ergonomics, in order to treat and prevent the LBP in the totality of its
manifestations at workplace.

5. Conclusions

This systematic review demonstrated that workplace interventions led to a significant
improvement of clinical outcomes in a worker population affected by LBP. The meta-
analysis showed strong evidence that WI improved LBP, disability, and quality of life
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in workers. However, a statistical increase in purely working parameters has not been
described, testifying to the fact that despite the pain decreased, workers were still afraid to
fully return to work. W1 should be practiced in order to prevent and treat musculoskeletal
symptoms, which could reduce the work ability and increase the number of sick leave
days for the workers. However, workplace interventions standardized for specific works
are needed, and the follow-up should be longer to evaluate the long-term effects of WI on
clinical and working outcomes.
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Abstract: (1) Background: The purpose of this review is to study the role of radiomics as a support-
ing tool in predicting bone disease status, differentiating benign from malignant bone lesions, and
characterizing malignant bone lesions. (2) Methods: Two reviewers conducted the literature search in-
dependently. Thirteen articles on radiomics as a decision support tool for bone lesions were selected.
The quality of the methodology was evaluated according to the radiomics quality score (RQS).
(3) Results: All studies were published between 2018 and 2021 and were retrospective in de-
sign. Eleven (85%) studies were MRI-based, and two (15%) were CT-based. The sample size was
<200 patients for all studies. There is significant heterogeneity in the literature, as evidenced by the
relatively low RQS value (average score = 22.6%). There is not a homogeneous protocol used for MRI
sequences among the different studies, although the highest predictive ability was always obtained in
T2W-ES. Six articles (46%) reported on the potential application of the model in a clinical setting with
a decision curve analysis (DCA). (4) Conclusions: Despite the variability in the radiomics method
application, the similarity of results and conclusions observed is encouraging. Substantial limits
were found; prospective and multicentric studies are needed to affirm the role of radiomics as a
supporting tool.

Keywords: MRL; CT; bone metastasis; bone cancer; lung cancer; prostate cancer; machine learning;
radiomics; signature

1. Introduction

Bone is the third most frequent site for metastatic localization, after lung and liver [1],
with breast and prostate cancer accounting for almost 70% of primary tumors [2]. In
most cases, bone metastases influence a patient’s short-term prognosis, as bone lesions
can rarely be completely eradicated. Patients with bone metastases have the option of
undergoing palliative care to reduce the size of the lesions, slow their growth, or allow for
improvement in symptoms. Bone metastases lead to a sharp reduction in life expectancy:
average survival in patients with bone metastases from melanoma is 6 months; from breast
cancer, 19-25 months; and from prostate cancer, 53 months [3].

The improvement of therapeutic strategies to deal with the various forms of cancer
has led to an increase in life expectancy and, consequently, a lengthening of the time a
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patient can coexist with metastatic disease [4]. The most frequent site of bone metastasis
is the axial skeleton because of its high red marrow content [1,2,5,6], which is therefore
frequently responsible for the increased morbidity and decreased quality of life of patients.

The spectrum of clinical manifestations is very heterogeneous, ranging from com-
plete absence of symptoms to severe pain, reduced mobility, pathologic fractures, spinal
cord compression, bone marrow aplasia, and hypercalcemia. Hypercalcemia is in turn
responsible for constipation, polyuria, polydipsia, and fatigue [2,7]. In the final stages,
hypercalcemia may lead to cardiac arrhythmias and acute renal failure [1].

Therefore, to identify a proper course of treatment, it is essential to differentiate
metastatic lesions from any primary or benign lesions of the bone. In order to assess the
patient’s prognosis and choose the most appropriate medical treatment according to their
life expectancy, bone metastases should be diagnosed at the time of the diagnosis of the
primary tumor: the aim is to reduce the incidence of complications and improve the quality
of life.

Bone scintigraphy, computed tomography (CT), magnetic resonance imaging (MRI),
and positron emission tomography (PET) are all capable of assessing the presence of bone
metastases [8]. The sensitivity and specificity of bone scintigraphy are 78% and 48%,
respectively, but despite its relatively low specificity which may require further imaging
examinations, it is still the most widely available technique and the most suggested by the
guidelines for the study of bone disease. The CT exam, with a sensitivity and specificity
of 74% and 56%, respectively, can be used as a guide during interventional diagnostic
procedures. In addition, CT allows simultaneous evaluation of bone and systemic staging,
reducing the burden of imaging for patients. MRI shows a sensitivity and specificity of
95% and 90%, respectively. It is a radiation-free technique and is considered the imaging
modality of choice for assessing metastatic spread in the bone marrow. 18F FDG-PET
(fluorodeoxyglucose) has a sensitivity and specificity of 98% and 56%, respectively: the
sensitivity may vary among different histologies, as some well-differentiated tumors can
go undetected because of their low metabolism [9].

Radiomics is an emerging branch of artificial intelligence (AI) that involves converting
digital medical images that contain information related to tumor pathophysiology, also
known as features, into measurable and quantifiable data. These data, combined with
clinical and qualitative imaging-derived data, can improve medical decision making [10].

The field of radiomics is constantly and rapidly evolving. The purpose of Al is to
aid the physician in the assessment of lesions beyond subjective visual interpretation in
order to obtain additional information about tumor behavior and pathophysiology that is
otherwise not inferable by the human eye with currently used techniques.

As a topic of relatively recent emergence and application, there is considerable variabil-
ity in the workflow that determines the results of radiomics-related studies. For traditional
radiomics approaches, the workflow is divided into specific steps: data selection, medical
imaging evaluation/segmentation, feature extraction, exploratory analysis, and modeling.
The acquisition technical specifications and medical image reading modalities, the software
and how the segmentation of the regions of interest (ROIs) is produced, the feature extrac-
tion, and the algorithm of the predictive model are all subject to numerous factors, making
the research, and therefore the literature on it, highly heterogeneous. The radiomics quality
score (RQS) was introduced in order to evaluate the past and future radiomics studies by
achieving homogeneity in study reporting [11].

The purpose of this review is to investigate the potential role of radiomics as a decision-
supporting tool in predicting bone disease status, differentiating benign from malignant
bone lesions, and characterizing malignant lesions at the genetic level.

2. Materials and Methods

MEDLINE databases, such as PubMed and Web of Science, were employed for the
research, using the following strings: ((“radiomics” OR “machine learning”) AND (metas-
tases OR metastasis) AND (“bone” OR “spine” OR “spinal”)).
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No limitations were applied to the search strategy. The following criteria were used
for the inclusion of the studies: (a) imaging analysis involved only CT and MRI modalities;
(b) the studies addressed the ability of radiomics to predict, diagnose, or characterize bone
lesions; (c) the studies involved humans only; (d) the articles were accessible through our
institution; and (e) the publications were in English.

Case studies, abstracts, reviews, letters to editors, editorials, and commentaries were
excluded. We completed the search by manually reviewing the bibliography of all se-
lected articles.

Two reviewers conducted the search, selected the studies, and extracted data from
each study independently. From a total of 100 articles, 13 research articles were considered
suitable and then collected.

The quality of the methodology was assessed according to the RQS as described by
Lambin et al. [11].

Each of the 16 criteria, covering individual aspects of the radiomics workflow, was
assigned a different maximum score in relation to its importance. The absence of feature
selection and validation results in a reduction in the final score by —3 and —5 points,
respectively. The two reviewers assigned, in agreement, the RQS to the selected studies in
absolute and percentage values (maximum value of 36, representing 100%).

The following data were extracted from each study: title, authors, year and journal of
publication, study objective, study design (retrospective or prospective), number of patients,
CT and MRI technical information, software used for segmentation and feature selection,
number and type of radiomics features considered, algorithms used for classification,
summary of results, and RQS.

3. Results

Our search found 13 publications on radiomics as a decision support tool regarding
bone lesions. All studies were published between 2018 and 2021 and were retrospective in
design. Study characteristics, as recorded by the reviewers, are shown in Table 1.

Eleven (85%) studies were MRI-based, whereas two (15%) were CT-based. Four
(30%) studies were focused on whether radiomics could predict epidermal growth factor
receptor (EGFR) mutation in spinal metastases of primary lung adenocarcinoma. Three
(23%) studied bone metastases from prostate cancer: two aimed to predict the presence of
bone metastases from prostate cancer, one studied the prognostic role in terms of overall
survival (OS) and cause-specific survival (CSS) of radiomics in prostate cancer patients
with bone metastases. Four (30%) studies aimed to differentiate bone metastases from other
pathological conditions: two studies evaluated the ability of radiomics to differentiate bone
metastases from benign vertebral bone disease, and two studies evaluated the ability of
radiomics to differentiate bone metastases from other pathological bone lesions. One (7%)
study aimed to differentiate between metastatic and nonmetastatic vertebral bodies, and
one aimed to differentiate between metastatic lesions in the spine originating from lung
cancer and other nonpulmonary cancers.

3.1. EGFR Mutation Prediction in Spinal Metastasis from Primary Lung Adenocarcinoma

Jiang et al. [12] analyzed MRI-based multiparametric radiomics for EGFR mutation
prediction on T2-weighted (T2W), T2-weighted fat-saturated (T2W-FS), and T1-weighted
(T1W) images: both traditional handcrafted and deep learning-based features were derived
from each MRI sequence. For each of the two types of approach, radiomics models showed
better results using combined features from all the MRI sequences than those with features
extracted from each individual sequence. A fusion model created by integrating traditional
handcrafted and deep learning-based features from the three sequences achieved the best
prediction performance. A radiomics nomogram was obtained by integrating the best
performing radiomics features: a decision curve analysis (DCA) confirmed the potential
clinical utility of the radiomics nomogram.
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Ren et al. [13] produced a nomogram using an MRI-based radiomics signature and
smoking status to classify patients with EGFR mutation and wild-type EGFR through anal-
ysis of spinal metastases on T2W, T2W-FS, and T1W images. In addition to the radiomics
model, a deep learning approach was considered: the combined signature generated higher
AUCs than either feature type alone. Four different machine learning classifiers were de-
veloped and compared, with logistic regression outperforming the others. The nomogram
achieved an AUC of 0.821 (SEN = 0.667, SPE = 0.909): DCA showed that the nomogram
had a higher net benefit than all treatment and nontreatment strategies when the threshold
was greater than 0.013.

Fan et al. [14] proposed a predictive model that could determine the presence of
EGFR mutation in spinal metastasis subregions. Spinal metastases were divided into
subregions based on patient- and population-level clustering: marginal, fragmentary, and
internal subregions and the total tumor region. Radiomics features were extracted from
the subregions” T2W-FS and T1W images. For both sequences, the radiomics signature
derived from the inner subregions outperformed other subregions or the entire tumor
regions in terms of AUC: the multiregion radiomics signature derived from merging the
inner subregion from TIW and T2W-FS MRI achieved the best detection capabilities. The
results suggest that the inner region is biologically more aggressive than the others.

Ran et al. [15] further investigated the predictive ability of the EGFR mutation in spinal
metastases by constructing a radiomics model that could identify the mutation subtype in
exon 19 and exon 21. The radiomics signature derived from the T2ZW-FS MRI consistently
outperformed the T1W-derived signature in terms of AUC, ACC, sensitivity, and specificity.
A nomogram model was constructed by incorporating the combined radiomic signature,
age, and CEA level, achieving an AUC of 0.881 in the validation set: a decision curve
analysis (DCA) confirmed that the model potentially guides individual treatments for
patients with lung adenocarcinoma.

3.2. Bone Metastasis from Prostate Cancer

Wang et al. [16] determined that multiparametric prostate MRI predicted the pres-
ence/absence of bone metastasis in prostate cancer patients using radiomics features alone
and combined with free PSA level and Gleason score. The combined MRI features derived
from T2W and DCE showed higher prognostic performance than features derived from
the single sequence and Gleason score. The radiomics MRI model combined with clini-
copathological features (free PSA level, age, and Gleason score) yielded the highest AUC
(AUC = 0.916), further improving predictive performance.

Hayakawa et al. [17] investigated the potential prognostic value of clinical risk factors
(anamnestic and laboratory data and histological prostate cancer characteristics), imaging
features, and radiomics of pelvic bone metastases in patients with newly diagnosed prostate
cancer: patients were studied for OS and CSS. Only shape-based features were detected
as risk factors for OS, and “maximum 2D diameter”, defined as the largest tumor surface
dimension in the axial plane, was detected as a risk factor for OS after multivariate analysis
(HR = 1.007). None of the radiomics features were detected as a risk factor for CSS in
the uni- and multivariate analysis. After multivariate analysis, LDH, hemoglobin, and
“maximum 2D diameter” were detected as risk factors for OS, whereas total Gleason score,
LDH, and maximum 2D diameter were detected as a risk factors for CSS. Radiation therapy
to the prostate gland and bone metastases did not significantly improve both OS and CSS.

Zhang et al. [18] established and validated a radiomics model that combined prostate
multiparametric MRI-based radiomics signature and clinical risk factors to predict bone
metastasis in patients with prostate cancer before treatment. The radiomics signature
constructed from features extracted from DWI, T2W-FS, and DCE images showed good
predictive efficiency. The nomogram, which incorporated the radiomics signature based
on MRI and clinical risk factors, had an AUC of 0.92 in the validation set. DCA also
demonstrated the clinical use of the radiomics model, which had better discriminatory
efficiency than t-PSA or radiomics signature alone.
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3.3. Differentiation of Bone Metastases from Other Bone Diseases

Sun et al. [19] proposed a CT-based nomogram able to distinguish between benign
and malignant bone tumors. The nomogram, obtained by combining the radiomics signa-
ture and clinical model (consisting of demographics and CT characteristics), had higher
diagnostic performance than the clinical model, but there was no statistical difference
compared with the radiomics signature (AUC = 0.823 in the validation set). The DCA
showed that the nomogram had higher diagnostic performance than the clinical model
and achieved greater net clinical benefits than the clinical and radiomics signature models
when considered alone.

Xiong et al. [20] evaluated the discrimination ability in TIW and T2W-FS MRI se-
quences between bone lesions from multiple myeloma and metastasis through several
machine learning models: support vector machine (SVM), k-nearest neighbor (KNN),
random forest (RF), artificial neural networks (ANNSs), and naive Bayes (NB). The ANN
classifier from T2W images showed the best performance, both in differentiating myeloma
from metastases and for classifying metastasis subtypes.

Yin et al. [21] developed and validated a multiparametric prostate MRI-based ra-
diomics model to differentiate primary sacral chordoma, giant cell sacral tumor, and
metastatic sacral tumor. Radiomics features extracted from the combined T2W-FS and CE
T1IW images exceeded those from the T2W-FS or TIW images alone, but T2W-FS outper-
formed T1W images. The highest radiomics model AUC was achieved when clinical and
imaging data were combined.

Zhong et al. [22] proposed an MRI-based radiomics nomogram to differentiate cervical
spine osteoradionecrosis from metastasis in patients with nasopharyngeal carcinoma after
radiotherapy. The nomogram model demonstrated good calibration and discrimination,
and DCA indicated that, if the threshold probability of a lesion for diagnosis as osteora-
dionecrosis is >12%, the radiomics nomogram adds net benefit when compared to either
the treat-all-patients scheme or the treat-none scheme.

3.4. Other Studies

The study of Filograna et al. [23] is the only study that demonstrated the ability
of radiomics-based MRI to differentiate between metastatic and nonmetastatic vertebral
bodies in non-radiotherapy-treated cancer patients with metastatic bone marrow disease
from primary tumors of different nature (three lung cancers, one prostate cancer, one
esophageal cancer, one nasopharyngeal cancer, one hepatocarcinoma, and one breast
cancer). Internal cross-validation showed an AUC of 0.814 for TIW images and 0.911 for
T2W images. One histogram feature (minimum gray level) and one textural feature (joint
variance of the gray level co-occurrence matrix) were found to be the best-fitting features in
TIW and T2W images, respectively.

Lang et al. [24] aimed to differentiate metastatic spine cancer derived from primary
lung cancer and other nonpulmonary cancers (breast, thyroid, prostate, liver, kidney)
using an ROI-based model, radiomics, and deep learning. The accuracy of the radiomics
model when histogram and texture features were combined was higher than that when
histogram and texture features were evaluated alone. By increasing the number of features
from three to five, the accuracy showed slightly higher values (from 0.68 to 0.71 in the
histogram + texture model). The accuracy of the radiomics model was worse than that
of the hot-spot ROI-based (ACC = 0.79) and deep learning (ACC = 0.71 £ 0.043 and
0.81 + 0.034) methods.

3.5. RQS Assessment and Study Limitations

The average recorded RQS was 22.6% (0-38.8%). This low score confirms what has
been reported in other reviews in the field of radiomics, representing a relatively low
quality of research methodology [25-30]. None of the reviewed studies were prospective
in design, no external validation on a dataset from another institution was performed,
no cost-effectiveness of the clinical application of the radiomic models was reported, and
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no datasets were made publicly available (although four authors allowed access to the
datasets upon request). Two articles (15%) did not perform any validation of their results.
In only four (30%) of the articles, multiple segmentations were performed to assess the
robustness of features to segmentation variabilities. The majority of articles (12/13, 92%)
performed a feature reduction to decrease the risk of overfitting. Eight (61%) studies
reported discrimination statistics (such as ROC curve and/or AUC), and six (46%) studies
reported calibration statistics. Six articles (46%) reported on the potential application of the
model in a clinical setting with a DCA.

4. Discussion

The application of radiomics in the diagnosis and characterization of bone lesions is
recent and constantly evolving, as is the entire field of radiomics. The articles identified by
our two researchers are few in number and were all published within the period between
2018 and 2021, with approximately 70% in the period immediately after 2020. Reflecting
the relative freshness of this area of research, all studies are retrospective, performed at a
single center, and with a small study population, ranging from 8 to 176 patients.

Radiomics can not only predict the presence of bone metastases and differentiate
skeletal regions without lesions from those containing metastases, but its application is
able to determine the primary tumor, differentiate metastases from other bone lesions
(both benign and malignant), and predict mutation status (such as EGFR). Apart from
MRI and FDG-PET, which have high predictive values, the other imaging methods have
relatively low sensitivity and specificity values, although they are easily accessible and
widespread [8,9]. Despite the predictive capabilities of the traditional imaging methods,
there is some clinical information regarding bone metastases, including the genetic status
or the primary tumor, that the naked eye is not able to perceive, due to similar clinical and
imaging manifestations. Complete pathological confirmation and histological analysis are
currently only possible by sampling through bone biopsy, which is associated with relatively
high procedural risks (such as vertebral artery or spinal cord damage) [31]. Radiomics
models, by inferring quantifiable data from the features, allow obtaining information that,
once applied in the clinical setting, can be decisive for the specific therapeutic treatment
choice. Because data are extracted from noninvasive methods, and in most cases radiation-
free methods, radiomics is a further step towards the reduction in a patient diagnostic
burden, and at the same time towards a patient-centered medicine. Some studies have also
constructed nomograms in order to graphically represent the mathematical relationship
between radiomics features and other prognostic factors, both clinical and diagnostic, in
order to improve the clinical applicability of a field still difficult for nonexperts to interpret.

All articles included among their limitations the relatively small sample size
(<200 patients), the single-center nature of the study, and the selection bias introduced by
the retrospective design. Even in studies in which validation was performed on an internal
dataset, the absence of external validation leads to reduced evidence of the possible clinical
application of the research: multicenter studies are necessary to validate radiomics models
and nomograms. Some articles complained about the tediousness of manual segmentation,
which, in addition to being time-consuming, is not free of human error despite the option
of multiple segmentation: the hope is that the spread of automatic, or semiautomatic,
segmentation will speed up the process and further reduce the margin of error.

Our review confirms the considerable heterogeneity in current radiomics research, as
evidenced by the relatively low RQS value obtained when analyzing the reviewed studies
(22.6%). There is not a homogeneous protocol used for MRI sequences among the different
studies, although the highest predictive ability was always obtained in T2W-FS. Wide
variability also exists in the software used for image segmentation and feature extraction;
the number and the type of features explored, with and without feature selection method
application; and even the models used to classify the final features. All of these elements
contribute to the reduced reproducibility of the results, even if none of them are considered
integral to the RQS assessment.
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As described above, the most critical limitation concerns the small sample size, which
leads to selection bias. A possible way to overcome this important limit is to increase the
number of patients under investigation or to extend the research and results validation to
other centers. In fact, it is well known that, after a first validation of a radiomic model, a
subsequent path of validation through multicenter studies is necessary to allow radiomics
to get closer and closer to widespread clinical applicability, even and especially through
prospective studies.

This review has some important limitations. To our knowledge, no other review
has exclusively investigated the role of radiomics in the analysis and prediction of bone
metastases, particularly the spine localization. Even within the field of radiomics, this
is a niche subfield, as is evident from the low number of studies analyzed. This novelty,
in addition to the high variability of the included studies, both in methodology and in
objectives, prevented us from pursuing a robust meta-analysis. We expect that as radiomics
evolves and becomes more widespread, there will be an increase in the number of patients
included and more extensive validation of existing datasets. Another critical issue at this
early stage of research is the ability to share data across public datasets that have already
been validated, as currently none of the papers publicly released their data.

In addition, we have deliberately eliminated from the research the studies based on
scintigraphy and PET (we have not detected studies that have used ultrasound) and papers
in non-English language or not accessible from our institution, reducing the number of
the articles included. Due to an implicit publication bias, most articles on this topic focus
on the use of MRI. This implies that many other methods, on which there are no current
studies, do not result in a significant contribution to research in the radiomics field, a
phenomenon that introduces further bias into our review. Furthermore, at the time of
publication, it is safe to assume that there are additional feature extraction software and
classification models currently in development that we are unaware of in the literature,
which are therefore protected from our review.

5. Conclusions

In spite of the variability in the radiomics method application, the similarity of re-
sults and conclusions observed is encouraging. Furthermore, all six studies that have
measured the possible application of the radiomics model in the clinical setting through
DCA have shown a net benefit compared to the use of the other strategies alone, confirm-
ing the promising role of radiomics in guiding the choice of treatments for individual
cancer patients.
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Abstract: Chronic Low Back Pain (LBP) is a symptom that may be caused by several diseases, and it
is currently the leading cause of disability worldwide. The increased amount of digital images in
orthopaedics has led to the development of methods related to artificial intelligence, and to computer
vision in particular, which aim to improve diagnosis and treatment of LBP. In this manuscript, we
have systematically reviewed the available literature on the use of computer vision in the diagnosis
and treatment of LBP. A systematic research of PubMed electronic database was performed. The
search strategy was set as the combinations of the following keywords: “Artificial Intelligence”,
“Feature Extraction”, “Segmentation”, “Computer Vision”, “Machine Learning”, “Deep Learning”,
“Neural Network”, “Low Back Pain”, “Lumbar”. Results: The search returned a total of 558 articles.
After careful evaluation of the abstracts, 358 were excluded, whereas 124 papers were excluded
after full-text examination, taking the number of eligible articles to 76. The main applications of
computer vision in LBP include feature extraction and segmentation, which are usually followed by
further tasks. Most recent methods use deep learning models rather than digital image processing
techniques. The best performing methods for segmentation of vertebrae, intervertebral discs, spinal
canal and lumbar muscles achieve Serensen—-Dice scores greater than 90%, whereas studies focusing
on localization and identification of structures collectively showed an accuracy greater than 80%.
Future advances in artificial intelligence are expected to increase systems’ autonomy and reliability,
thus providing even more effective tools for the diagnosis and treatment of LBP.

Keywords: low back pain; orthopaedics; artificial intelligence; computer vision; digital image
processing; deep learning; decision support systems; computer aided diagnosis

1. Introduction

In the last decade, a significant increase in the use of Artificial Intelligence (AI) has been
experienced in the most disparate fields, ranging from vocal assistants commonly employed
during our daily life to self-driving cars. Thanks to the unique ability of intelligent machines
to be trained and automatically acquire new tasks based on previous experience or provided
data, the use of Al is being increasingly investigated for applications in medical research [1].
Indeed, Al-based computers have already shown to potentially revolutionize drug design
and discovery [2,3], automatic segmentation and relevant data extraction from radiological
datasets [4] as well as the formulation of diagnosis, outcome prediction and treatment
planning in different medical fields [5-7]. The adoption of this ground-breaking technology
is being explored in spine surgery as well [1]. Indeed, thanks to its interdisciplinary nature
and the wide utilization of radiological images to inspect the anatomical structures of the
spine, the use of Al may be of particular value in determining, for example, which are the
pathological discs [8], classifying a scoliotic curve [9] and predict its progression [10]. In
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this study, we have systematically reviewed the available literature on the use of Al, and
more specifically computer vision, in the prevention, diagnosis, and treatment of chronic
Low Back Pain (LBP).

LBP is mainly caused by intervertebral disc degeneration, and it is currently the
leading cause of disability worldwide, as well as the most common reason for workers’
compensation claims [11]. AI has improved the clinical practice with regards to the
treatment, prevention and outcome prediction of subjects suffering from LBP. This is
mainly due to the ever-growing amount of clinical data available to practitioners, which
allow to train and develop increasingly sophisticated AI methodologies. With particular
regards to LBP, a huge amount of digital clinical images are gathered daily in order to
detect signs of disease in the spinal structures. For this reason, several machine learning
algorithms have been developed in recent years in order to speed-up the diagnostic process
and to optimize patients’ recovery. The latest Al improvements were accompanied by the
outbreak of deep learning and by an increase of computing capacity, which allow to develop
models that are getting more and more autonomous and accurate. In particular, computer
vision techniques applied to clinical images allow to detect some image features that are
invisible to the human eye. The importance of computer vision in relation to LBP is multi-
faceted: it allows to perform a plethora of tasks that may improve the clinical practice, such
as automatically localizing and detecting lumbar structures with segmentation. Moreover,
it allows to extract a set of features from the image that can be used as an input for further
machine learning algorithms in order to provide a decision support to the physician or,
in other cases, directly suggest the most appropriate diagnosis. For this reason, we have
systematically reviewed the available literature on the application of computer vision
on the diagnosis and treatment of LBP in order to describe the state of the art of such
technology and its potential applications.

2. Materials and Methods

In order to perform an exhaustive research of Al articles related to LBP, we per-
formed a query research on PubMed (Query research used: (((Artificial intelligence [Ti-
tle/ Abstract]) OR ((feature extraction[Title/ Abstract]) OR ((segmentation[Title/Abstract])
OR (Computer Vision[Title/ Abstract]) OR (Machine learning[Title/ Abstract])) OR (deep
learning[Title/ Abstract]) OR (neural network[Title/Abstract]))) AND ((Low Back Pain
[Title/ Abstract]) OR (lumbar[Title/ Abstract]))). All the search words had to be included
in the title or in the abstract of the articles: the terms “low back pain” and “lumbar” were
considered for the pathological part, and the terms “artificial intelligence”, “feature ex-
traction”, “segmentation”, “computer vision”, “machine learning”, “deep learning” and
“neural network” were considered for the Al part. We selected all the articles that included
at least one term of the pathological part and at least one term of the artificial intelligence
part in their title or abstract.

2.1. Inclusion and Exclusion Criteria

The aim of this work was to gather all the works concerning the utilization of Al, and
particularly of computer vision, in the diagnosis, prevention, and treatment of chronic
LBP and related diseases. Straightforwardly, all the selected articles had to meet all the
following inclusion criteria:

e Chronic LBP or lumbar diseases must have been among the main topics of the article.
We included works on the prevention, diagnosis or treatment of chronic LBP and
treating at least one of the structures involved in LBP (i.e., vertebrae, discs, muscles);

e Al'must have been used in the work with application to clinical images. We included
articles exploiting Al methods falling in the areas of computer vision, machine learning
and artificial Neural Networks (NNs);

®  Subjects of the study: all the articles must have been based on studies of human
low back and related pathology, regardless of the age or employment of the subjects
included in the study;
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e Language: all articles must have been written in English.

Conversely, articles that were excluded did not meet the inclusion criteria for one of
the following reasons:

e A different medical problem was considered: we excluded articles which did not
consider chronic LBP and its related physical structures and medical data. For example,
we excluded studies that considered only cervical or thoracic vertebrae, or that focused
on osteoporosis, metastases, traumatic LBP, and other causes of non-discogenic LBP;

e Al was not considered: some articles in the search results proposed definitions and
practice for LBP based only on medical observation without utilization of Al;

e  Computer vision and clinical images were not considered in the study, regardless of
whether Al was utilized for developing diagnosis or support systems;

e Animal studies: we excluded studies based on vertebral structures of animals;

e Embryonal studies: we excluded studies performed on embryos and concerning the
embryogenesis of spinal structures.

A preliminary screening of the article selection allowed us to define three main
categories in which the utilization of Al in LBP might be split, namely computer vision,
computer aided diagnosis, and decision support systems (DSSs) (Figure 1). Computer
vision is the field of Al that deals with how computers can gain high-level understanding
from digital images or videos. With regards to LBP, its main applications concern feature
extraction and image segmentation. Feature extraction is a dimensionality reduction
process which is applied to images obtained using Magnetic Resonance Imaging (MRI),
ultrasound, X-rays, and Computed Tomography (CT). The main goal of feature extraction is
to retrieve a restricted number of relevant features from an image without losing important
information, in order to facilitate subsequent tasks such as classification or regression.

Image segmentation is the task of dividing an image into subregions corresponding
to different elements of the image. More in depth, the goal of image segmentation is
the labeling of each pixel of an image with a corresponding class, e.g., foreground or
background, in order to detect the relevant elements of an image. It mainly resorts to two
principal techniques: deep learning, in which the image is directly given as input to an
artificial NN which is trained on other images to automatically identify subregions, and
digital image processing (DIP) techniques, which process digital images to find the edges
of different regions based on semantic characteristics, exploiting methods such as gradient
thresholding or statistical shape models.

Computer aided diagnosis is a group of techniques which help medical practitioners
in identifying a pathology or in quantifying the grade of a disease. It can be split into
classification and regression, in which machine or deep learning models are used to assign
a predefined label or to generate a numeric output, respectively. In practice, classification
is used to identify or categorize a pathology, whereas regression is used to produce a
quantitative evaluation of some measure.

Decision support systems (DSSs) are software systems that allow medical practitioners
to enhance the decision making and improve the outcome of patients suffering from a
specific disease. The goal of the vast majority of DSSs is the outcome prediction, i.e., the
prediction of the improvement that a patient would experience after exposure to a defined
therapy. By predicting the extent to which a patient would benefit from a specific treatment,
DSSs provide the physician with practical tools to assess whether or not surgery may be
preferable to conservative treatment. Finally, DSSs can be used for prevention, e.g., by
providing the user with recommendations or correct practice for preventing the onset of a
disease. It is worth noting that computer vision techniques can be used as preprocessing
for developing a DSS, as well as a for computer aided diagnosis.
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Deep Learning
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Computer Vision < Digital image processing
T Feature extraction

e . b . Classification
Artificial Intelligence / Computer Aided

in Low Back Pain *._Diagnosis (CAD) )
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-
Decision Support

Systems —— Outcome prediction

Figure 1. Schematic partitioning of the works concerning the application of Al in LBP.

2.2. Evaluation Metrics

Different tasks use different metrics to evaluate the performance of Al systems. How-
ever, considering the large amount of works reported in this review, different metrics
were also considered within the same task. With regards to the feature extraction task, no
specific evaluation metric was considered. This is because, in most cases, feature extraction
is exploited as a preliminary step for further tasks such as classification and regression, and
most papers only report the performance for the latter.

With regards to the classification task, we reported the results in terms of accuracy
(Acc), where available. For brevity purposes, let us consider a binary classification task, e.g.,
positive vs. negative. Given a test set composed of N samples, defined the True Positives
(TP) as the number of positive samples correctly classified, and the True Negatives (T'N) as
the number of negative samples correctly classified, then accuracy is defined as:

Acc% = w x 100 1)

Thus, greater values correspond to a better performance. For each class, recall and
precision can be computed as well. Defined the False Positives (FP) and False Negatives

(FN) as the number of misclassified positive/negative samples, then recall and precision
are computed as:

Tpiipl-"N Precision = %fl—"l’ 2)
In binary problems, recall is also called True Positive Rate and corresponds to sensitivity,
whereas the True Negative Rate is also called specificity. In the case of multi-class problems,
accuracy is computed by considering the TP for each class, and recall and precision per
class can be computed. For imbalanced datasets, the F1-Score can be computed for each
class. The F1-Score for class c is defined as:

Recall =

2 - Recall. - Precision,

F1-S = —
coree Recall. + Precision.

®)

and takes into account both recall and precision of the class. Another widely used evalua-
tion metric is the Area Under the Curve (AUC), which corresponds to the area under the
Receiver Operating Characteristic (ROC) curve showing the performance of a classification
model at all classification thresholds, which is plotted considering the True Positive Rate
against the False Positive Rate. Its values range from 0 to 1 (the closer to 1, the better the
performance).

With regards to the regression task, let us consider a sequence of original values x(t)
and a sequence of predicted values %(t). The Mean Absolute Error (MAE) for a sequence
of N timestamps is defined as:

o Jx(t) —x(1)]
MAE =y IR XU 4
t; N 4)
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Thus, the closer to 0 the value, the better the performance. In some cases, percentage
error values are used to evaluate performance, the meaning of which varies with the
investigated task.

With regards to the segmentation task, two main percent performance indices are used
which evaluate to what extent the segmentation result is close to the desired segmentation.
As stated, segmentation consists in labeling each pixel of an image. Given two sets of data
A and B, corresponding to the desired and the effective segmented areas, the Serensen-Dice
coefficient (DICE) is defined as:

2-|ANB|

DICE(A,B) = AT

()
where |A| and |B| are the cardinalities of the two sets. It divides the number of common
elements of the two sets by the total number of elements of the two sets. When applied to
binary data, it is equivalent to the FI-Score. Differently, the Jaccard index is defined as:

_JAnB|
- |AUB|
and is also known as Intersection Over Union. For both indices, the closer to 100% the
value, the better the performance. It is worth noting that DICE(A, B) > Jaccard(A, B) for
any couple of sets (A, B), and the relation Jaccard = DICE /(2 — DICE) exists to compute
one value from the other.

Jaccard(A, B)

(6)

3. Quality of Evidence

The methodological quality of the included studies was graded independently by two
reviewers (L.A. and FR.), and any disagreement was resolved by the intervention of a third
reviewer (G.V.) The risks of bias and applicability of the included studies were assessed
by using customized assessment criteria based on the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) [12]. This tool is based on 4 domains: patient selection,
index test, reference standard, and flow and timing. Each domain is evaluated in terms
of risk of bias, and the first 3 domains are also assessed in terms of concerns regarding
applicability. Sixty-eight studies were rated on a 3-point scale, reflecting concerns about
risk of bias and applicability as low, unclear or high, as shown in Figure 2 (the details of
analysis are presented in Tables S1 and S2).

FLOW AND TIMING | )

£

5

£ REFERENCE STANDARD [] | |
8

3

g INDEX TEST |

3

PATIENT SELECTION [ [
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Proportion of studies with low, high or unclear Proportion of studies with low, high, or unclear
RISK of BIAS CONCERNS regarding APPLICABILITY

Figure 2. Summary of the methodological quality of included studies regarding the 4 domains
assessing the risk of bias (A) and the 3 domains assessing applicability concerns (B) of the QUADAS-
2 score. The portion of studies with a low risk of bias are highlighted in green, studies with an unclear
risk of bias are depicted in blue and studies with a high risk of bias are represented in orange.
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4. Results

The search was performed on 18 March 2021, and resulted in 558 articles. Nonetheless,
many of these articles focused on a different topic from that of this review, so after a first
screening based on the article titles and abstracts we reduced the number of eligible articles
to 200. A second screening phase was performed after having read the full text of each
article, which led the total amount of included articles to 76. We created a flow-chart
diagram according to the PRISMA protocol that shows the selection process of the studies
(Figure 3). The articles were screened by two independent reviewers and, in the event of
discrepancies regarding the inclusion or exclusion of an article, they discussed together
until consensus was reached.

Records identified through
database searching: PubMed
[n=558)

Full-text articles excluded with
reasons (n=358):

* LBP was not considered

* * Al was not considered

* Animal studies

* Embryonal studies

* Notin English

Full-text articles assessed for
eligibility (n=200)

Eligibility ][ Screening J[ identification]

Full-text articles excluded with
b » reason (n=124):
¥ * Clinical images not considered
-
Q
-g Studies included in the review
‘_é (n=76)

—

Figure 3. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)

flow diagram.

It is worth noting how the amount of published work is increasing year by year, and
that the number of articles published in 2020 is almost double that of 2019. This may be
due to two main reasons: first, the ever-increasing amount of clinical images and data
available to researchers and, secondly, the improvement of computing capacity observed
in recent years. The final results of the search also include five reviews. One of them,
published in 2020 by Tagliaferri et al. [13], is specifically focused on LBP, but considers only
the diagnosis and prognosis capability of Al in comparison with the McKenzie and the
STarT Back methods, and without taking into account works that exploit clinical images.
The other four reviews do not focus specifically on LBP. In detail, in 2019 Tack [14] focused
on musculoskeletal medicine in general, and determined in which fields Al had reached
human prediction levels; in 2020, Azimi et al. [15] focused on the use of NNs for the
treatment of the whole spine; in 2019, Galbusera et al. [1] described the application of
Al to problems related to the whole spine; finally, in 2016 Yao et al. [16] performed a
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multi-center milestone comparative study for vertebral segmentation methods based on
CT images. Two articles presenting databases were also found: LUMINOUS, which is a
database of ultrasound images from 109 patients for multifidus muscle segmentation [17],
and MyoSegmentum, which includes MRI images of 54 patients for the segmentation of
lumbar muscles and vertebral bodies [18].

The remainder of this section reports the results of the search that include works
concerning computer vision. In particular, we have listed manuscripts that performed a
feature extraction task or that performed semantic segmentation, and we have described
papers that used DIP/NN approaches in two different subsections.

4.1. Feature Extraction

Feature extraction is a dimensionality reduction process aimed at identifying a re-
stricted set of relevant features in order to improve the predictive capability of a system. In
this review, we identified a total of 8 papers, whose main characteristics are reported in
Table 1, aiming to extract relevant features from several types of LBP-related images. In
detail, we included:

e six articles on MRI (1 of which considers 3D MRI);
®  one article on 3D images of the back surface;
®  one article on X-ray imaging.

Table 1. Feature extraction. For each work, it is reported whether or not other tasks are performed following feature
extraction. The reported results are related to the task following feature extraction. Abbreviations are used for Magnetic
Resonance Imaging (MRI), Low Back Pain (LBP), Accuracy (Acc), Mean Absolute Error (MAE), Machine Learning (ML),
Support Vector Machine (SVM).

Author/Year Data Type #Patients  Structures Involved Results Model

Adankon, 2012 [19] Feature Extraction and Classification 3D image of the back surface 165 Vertebrae Acc Local Geometric Descriptors and SVM
Castro-Mateos, 2014 [20] Feature Extraction and Segmentation 3D MRI 59 Discs DICE = 88.4% Statistical shape model space and B-Spline space
Raudner, 2020 [21] Feature Extraction MRI 58 Discs / GRAPPATINI

Abdollah, 2020 [22] Feature Extraction MRI 28 Discs, Vertebrae / Random Forest and texture analysis

Yang 2020 [8] Feature Extraction and Classification MRI 109 Discs Acc = 88.3% Gabor wavelet transformation and KLT feature tracker
Ruiz-Esparia, 2015 [23] Feature Extraction and Classification MRI 67 Discs Acc >90% Gradient Vector Flow, several ML models
Ketola, 2020 [24] Feature Extraction and Classification MRI 518 LBP Acc =83% Texture feature extraction and Logistic Regression
Garcia-Cano, 2018 [10] Feature Extraction and Regression X-rays 150 Vertebrae Cobb angle MAE = 4.79° Independent component analysis and Random Forest

Intervertebral discs (IVDs) are the most investigated lumbar structures (five papers),
followed by vertebrae (three papers), whereas one paper evaluated LBP without focusing
on a specific structure. It is worth noting that only two out of eight articles have exclu-
sively focused on feature extraction, i.e., the work of Raudner et al. [21] in which the
GRAPPATINI method is presented for IVD feature extraction from MRI, and the work of
Abdollah et al. [22] in which a Random Forest and a Texture analysis are exploited on MRI
for feature extraction from IVDs and vertebrae, respectively. The remaining six articles
described the performance of further tasks after feature extraction. In detail, four of them
performed classification, one performed regression, and one performed segmentation tasks.

All the works that performed further tasks following feature extraction exploited ma-
chine learning techniques rather than deep learning: this is one of the advantages of feature
extraction, as it allows to achieve results using much faster and less computationally-
expansive methods. With regards to classification, Adankon et al. [19] were the only ones
to use 3D images of the surface of the human back: they extracted features for 165 pa-
tients using local geometric descriptors, and fed them to a least-squares Support Vector
Machine (SVM) for the classification of scoliosis curve types, achieving 95% accuracy.
Yang et al. [8] used a Gabor wavelet transform to extract features from MRI of 109 subjects,
and a Kanade-Lucas-Tomasi (KLT) feature tracker to identify lumbar degenerative changes
with an accuracy of 88.3%. Ruiz-Espana et al. [23] extracted features from MRI of 67 pa-
tients using Gradient Vector Flow, and tested several machine learning models to classify
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degenerated IVDs achieving accuracies greater than 90%. Ketola et al. [24] performed tex-
ture feature extraction from 518 MRI and used Logistic Regression to discriminate between
symptomatic and asymptomatic LBP with an accuracy of 83%.

With regards to the regression task, Garcia-Cano et al. [10] extracted features from
X-ray images of 150 patients through the medium of Independent Component Analysis,
and used Random Forest Regression to predict the spinal curve progression in adolescents
with idiopathic scoliosis, achieving a MAE of 4.79° for the Cobb angle.

With regards to the segmentation task, Castro-Mateos et al. [20] extracted features
from 3D MRI of 59 subjects and performed IVDs segmentation using statistical shape
model space and B-Spline space, achieving an average DICE score of 88.4%.

4.2. Segmentation

Image segmentation is the task of dividing an image into sub-regions corresponding
to different elements of the image, with the aim of accurately identifying the borders
of different elements in the image. This approach usually exploits manually-segmented
images to train an Al model. Several manuscripts included in the reviewed performed a
segmentation task, and some used segmentation as a preliminary step for further tasks.
For this reason, in the next sections we report, where applicable, not only the segmentation
results, but also those of the successive tasks for which segmentation is used with the aim
of localizing and/or identifying structures. In this review, we refer to the task of detecting
specific components (e.g., vertebrae) as “localization”, whereas we refer to the task of
assigning a label to specific components (e.g., L1, L2, etc.) as “identification”. Moreover,
we have differentiated included papers based on whether they exploited DIP techniques
or NNs. In this review, we identified 38 manuscripts using DIP techniques, and 23 using
NNs. However, it is worth noting how most recent research efforts are moving towards
deep learning techniques: taking into account the articles published in the last 5 years
(2016-2021), this review includes 16 papers using DIP, and 23 using NNs.

4.2.1. Digital Image Processing

DIP segmentation techniques process digital images to find the edges of different
regions based on semantic characteristics, exploiting methods such as gradient thresholding
or statistical shape models. In this review, we identified a total of 38 papers that performed
DIP segmentation on different types of images (Table 2):

e 15articles on MRI (2 of which considered 3D MRI);
. 15 articles on CT images;

e 1 articles on both MRI and CT images;

e 3 articles on fluoroscopic images;

. 2 articles on ultrasound images;

®  2articles on X-ray images.

Vertebrae are the most investigated lumbar structures (26 papers), followed by IVDs
(10 papers) and muscles (6 papers). It is worth noting that only one [25] out of the 21 works
using CT, X-ray or fluoroscopic images did not involve segmentation of vertebral struc-
tures. In total, 20 articles focused only on segmentation without further tasks. Among
the others, 12 performed successive structure localization, 6 conducted successive struc-
ture identification (4 of which performed both localization and identification), whereas
regression, tracking, and 3D reconstruction were investigated by 1 manuscript for each
task, respectively.
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With regards to the papers that focused exclusively on segmentation, Haq et al. [26]
used shape-aware models on 3D MRI of 21 patients for the segmentation of IVDs, achieving
an average DICE of 91.7%. In addition, in a successive article Haq et al. [25] utilized a shape
statistical deformable model for the segmentation of IVDs on CT images of 18 subjects
from the SpineWeb dataset, achieving DICE scores ranging from 91.7 to 95.4%. Li et al. [28]
applied a threshold to the results of a Gaussian Mixture Model for segmenting vertebrae
on a total of 115 CT images from the SpineWeb and the Microsoft Research datasets, with
an average DICE of 92.1%. Ibragimov et al. [29] used landmark detection and deformable
models for segmenting 30 vertebrae on CT images, with a DICE of 84.7%. Yu et al. [30]
utilized bone-sheet assisted grid cut to segment vertebrae from 21 CT images, achieving
an average DICE of 93.9%. Korez et al. [31] applied a shape-constrained deformable
model for vertebrae segmentation from CT images of 220 patients, with a DICE of 94.6%.
Al-Helo et al. [32] combined Active-shape models and GVF-snake for the segmentation
of vertebrae from CT images of 50 subjects, assessing the segmentation quality by visual
evaluation. Ruiz-Espaiia et al. [33] used a Selective Binary Gaussian Filtering Regularized
Level Set to segment vertebrae on CT images of 10 subjects, achieving an average DICE of
95%. Huang et al. [34] exploited Otsu thresholding, Edge- and Region-based level sets to
segment vertebrae on CT images of 56 subjects, with a 94% DICE. Mastmeyer et al. [38]
utilized volume growing and morphological operations to segment vertebrae on CT images
of 41 subjects, achieving DICE scores greater than 98.6%. Zhang et al. [53] applied Hough
transform and Fourier descriptors for vertebrae segmentation on one fluoroscopic image,
assessing the segmentation quality by visual evaluation. Michopoulou et al. [45] used an
Atlas-robust-fuzzy C-Means for segmenting IVDs on MRI of 34 subjects, achieving a 90%
DICE. Fallah et al. [46] exploited Hierarchical Conditional Random Fields and a Random
Forest for the segmentation of IVDs and vertebrae, respectively, on MRI of 34 subjects,
achieving a DICE of 92.5 and 91.4%, respectively. Ghosh et al. [47] combined Random
Forest and context features for the segmentation of IVDs and vertebrae, respectively, on
MRI of 212 subjects, achieving a DICE of 87 and 84%, respectively. Kim et al. [48] used
graph-based and line-based segmentation algorithms for segmenting vertebrae on MRI of
19 patients, achieving a 90% DICE. Gaonkar et al. [49] applied a multi-parametric ensemble
to segment vertebrae on MRI of 63 subjects, with an average DICE of 83%. Gawel et al. [50]
combined a cascade classifier and an Active Appearance Model to segment vertebrae
on 50 MRI, achieving a DICE of 91.4%. Engstrom et al. [51] used a Statistical Shape
model for the segmentation of the quadratus lumborum muscle on MRI of 20 patients,
achieving a DICE of 87%. Baum et al. [52] exploited an Average Shape model and a Dual
Feature model for paraspinal muscle segmentation on MRI of 10 subjects, with a DICE
of 83%. Jurcak et al. [54] applied Probabilistic atlases and Geodesic Active Contours for
the segmentation of quadratus lumborum muscle on MRI of 20 subjects with a 77% DICE.
Ribeiro et al. [61] used Gabor Filters and an ANN to segment vertebrae on X-ray images of
41 patients, achieving a DICE of 91.7%.

With regards to the articles that performed localization following segmentation,
Mahdy et al. [35] used a threshold method followed by an adaptive K-Means for the
segmentation and localization of lumbar vertebrae on CT images of 10 subjects in order to
identify degenerated IVDs, and evaluated the performance by visual evaluation. Courbot
et al. [36] exploited a Hidden Markov Chain for semi-automated segmentation of vertebrae
on CT images of 15 subjects, achieving a localization accuracy of 89.4%. Rasoulian et
al. [37] developed a multi-object shape model for vertebrae localization on 32 CT images,
correctly localizing the centers of mass with a MAE of 2 mm with the aim of identifying the
optimal location for spinal needle injection. Stern et al. [42] performed an analysis of the
geometry of the spinal structures to localize the centers of IVDs and vertebrae on 13 MRI
and 29 CT images, respectively, with a localization error of 2.8 and 1.8 mm, respectively.
Neubert et al. [56] used an Active Shape model to segment IVDs on MRI of 44 subjects
achieving a DICE of 92.3%, and an AUC of 0.98 for localization of degenerated IVDs using
Linear Discriminant Analysis and SVM. Kim et al. [59] exploited Fuzzy C-Means Clustering
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for the localization of lumbar multifidus muscle on ultrasound images of 50 subjects, with
a 2 mm localization discrepancy. Lui et al. [60] utilized Decoupled Active Contour for the
localization of lumbar multifidus muscle on ultrasound images of 10 subjects, achieving
an F1-Score of 90.9%. Sa et al. [62] used Gradient Vector Flow Snake and SVM for the
localization of vertebrae on X-ray images of 30 subjects, achieving a True Positive Rate
of 75%.

With regards to the papers that performed identification following segmentation,
Neubert et al. [27] used a Statistical Shape model on 3D MRI of 28 subjects to segment and
identify IVDs and vertebrae, achieving segmentation DICE of 89 and 91%, respectively,
and 98.3% specificity and 100% sensitivity for the identification of degenerated IVDs.
Castro-Mateos et al. [58] described an Active Contour Model for the segmentation and a
Feedforward NN for the identification and classification of IVDs on MRI of 48 subjects,
achieving 87% Sensitivity.

With regards to the papers that performed both localization and identification, Jimenez-
Pastor et al. [39] used a Decision Forest and morphological image processing to localize
and identify vertebrae on 272 CT images, achieving a localization error of 13.7 mm and an
accuracy of 74.8%. Lee et al. [40] exploited threshold and thinning-based integrated cost on
CT images of 19 subjects, for the localization and identification of lumbar pedicles in order
to increase accuracy and safety during transpedicular screw placement, with a localization
error of 0.14 mm and 93.2% accuracy. Klinder et al. [41] used a Triangulated Shape model
on CT images of 64 subjects, achieving a vertebrae localization error of 1.1 mm and 92%
accuracy. Oktay et al. [57] combined a Probabilistic model with an SVM to localize and
detect IVDs on MRI of 40 subjects, achieving a localization rate of 95.4% and an accuracy
of 97%.

In addition, Wong et al. [43] used Wavelets and a Shape-Active Contour-Based model
for vertebrae segmentation and Tracking on 2 videos of fluoroscopic images, evaluating
the performance by visual evaluation. Zheng et al. [44] utilized Statistical Shape models
for vertebrae segmentation and 3D reconstruction on 4 fluoroscopic images, achieving a
mean reconstruction error of less than 1.6 mm. Finally, Fortin et al. [55] used a threshold
algorithm for segmentation and quantification of paraspinal muscle composition with a
reliability coefficient ranging between 97 and 99%.

4.2.2. Deep Learning

Deep learning is a class of Al algorithms based on Artificial Neural Networks. More
in detail, an NN is said to be “deep” if it is composed of more than 2 hidden layers.
Deep learning techniques for segmentation take as an input the whole original image,
and perform feature extraction, feature selection, segmentation and any further step (e.g.,
classification, regression) in one single model. In this review, we identified a total of 23
papers that performed deep learning segmentation, and their main characteristics are
reported in Table 3. In detail:

e 13 articles on MRI (2 of which considered 3D MRI and 1 with the addition of clinical
notes);

e  5articles on CT images;

o 4 articles on X-ray images (1 of which in combination with Moire images);

e 1 article on ultrasound images.

Vertebrae were the most investigated lumbar structures (16 papers), followed by IVDs
(11 papers), spinal canal (7 papers), and muscles (5 papers). In total, 9 articles focused
exclusively on segmentation without further tasks. Among the others, 5 manuscripts
performed successive structure identification, 3 carried out a regression task, 3 performed
successive structure reconstruction, 1 work performed classification, 1 performed structure
localization, and 1 carried out both structure localization and identification. It is worth
noting that the vast majority of the works included in this section exploited Convolutional
Neural Networks (CNNs) or models that derive from them.
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With regards to the articles that focused exclusively on segmentation, Iriondo et al. [63]
used a Coarse-to-fine context memory NN to segment IVDs on 3D MRI of 31 subjects,
achieving a DICE greater than 85%. Malinda et al. [67] utilized Generative Adversarial
Networks (GANSs) for vertebrae segmentation on CT images of 120 subjects, achieving a
DICE of 94.2%. Kim et al. [71] exploited a BSU-net for IVDs segmentation on 20 MRI from
the SpineWeb dataset, achieving a DICE of 89.4%. Shen et al. [72] used a Feedforward NN
on MRI of 120 subjects, achieving a Jaccard index for the segmentation of IVDs, spinal canal
and muscles of 87, 82 and 85%, respectively. Gaonkar et al. [73] applied a U-net to segment
IVDs on 39295 MRI images, achieving an 88% DICE; they also combined an SVM with a
Regression Tree to segment the spinal canal with a DICE of 87%. Huang et al. [74] used a
U-net to segment IVDs and vertebrae on 100 MRI achieving a Jaccard index of 92.6 and
94.7%, respectively. Li et al. [75] utilized a CNN to segment vertebrae and spinal canal on
MRI of 120 patients achieving an overall DICE of 92.5%. Moreover, they used a deformed
U-net [76] for the segmentation of paraspinal muscles on 120 MRI achieving an overall
DICE greater than 91.3%. Zhou et al. [77] utilized a U-net for vertebrae segmentation on
MRI of 57 subjects, achieving a DICE of 84.9%.

With regards to the papers that performed structure identification following segmen-
tation, Siemionow et al. [68] used a CNN to identify vertebrae on CT images of 45 subjects,
with an overall accuracy ranging from 96 to 99%. Zhou et al. [80] combined a CNN and
similarity with a beforehand lumbar image for vertebrae identification on MRI images of
1318 healthy and unhealthy subjects, achieving an accuracy of 98.9%. Forsberg et al. [81]
combined a CNN and graph-based graphical models on MRI enriched with clinical notes
to identify vertebrae of 475 patients, achieving an accuracy of 97%. Baka et al. [82] utilized
a CNN and a matching strategy for vertebrae identification on ultrasound images from
19 datasets, achieving an accuracy of 92%. Li et al. [84] were the only to perform verte-
brae identification on X-ray images. They applied a CNN on 110 images, achieving an
80.4% accuracy.

With regards to the articles that performed a regression task, Watanabe et al. [70]
used a CNN to estimate spinal alignment on 1996 Moire images, with a Cobb angle MAE
of 3.42°. Natalia et al. [79] combined a SegNet and a Contour Evolution Algorithm to
measure anteroposterior diameter and foraminal widths on MRI of 515 patients suffering
from lumbar spinal stenosis with a mean error of 0.9 mm. Cho et al. [83] used a U-net
for the automated segmentation and measurement of lumbar lordosis on X-ray images of
629 patients, achieving a DICE of 82.1% and a MAE of 8.06°.

With regards to the articles performing a Reconstruction task, Staartjes et al. [64]
developed a CNN to segment and reconstruct the lumbar structures from 3D MRI of 3
patients, evaluating the performance by visual evaluation. Lee et al. [65] used GANs to
generate synthetic spine lumbar structures MRI from 280 CT images, with a MAE of 21
pixels. Fan et al. [66] axploited a U-net to reconstruct lumbar structures from CT images of
108 subjects, with a Kambin triangle of 161 mm?.

With regards to the articles performing a classification task, Jamuladin et al. [78] used a
CNN for classification of IVDs and vertebrae on MRI of 2009 subjects achieving an accuracy
of 95.6%.

In addition, Sa et al. [85] fine-tuned a Faster Region-based CNN (R-CNN) for IVD
localization on 1081 X-ray images with a 90.5% precision. Finally, Netherton et al. [69]
used an X-net ensemble to localize and identify vertebrae on 330 CT images, achieving a
localization error of 2.2 mm and an accuracy of 94%.

5. Discussion

Due to the extensive use of advanced imaging modalities and the complexity of
anatomical structures involved in the development of LBP and its sequelae, a vast body of
research has been investigating the utilization of Al in the elaboration of digital images
for different purposes. The vast majority of the works in the literature exploit MRI or CT
imaging, whereas a minority of works exploit X-ray, fluoroscopic or ultrasound imaging.
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It is worth noting that vertebral structures are the main focus of articles performing
segmentation, both with DIP and deep learning techniques; conversely, articles performing
feature extraction are mainly focused on IVDs.

With regards to feature extraction, which is the capacity of a system to recognize a
specific set of relevant features, all included studies collectively showed an accuracy > 80%
in identifying the location of vertebrae [24] and IVDs [8,20-24], with the ability to even
detect annular tears and lumbar disc herniation [21-23]. Although the majority of the
studies were conducted on MRI images [8,20-24], one study utilized X-ray imaging [10]
and another study built a 3D model of patients’ backs using a noninvasive surface acqui-
sition technology [19]. Moreover, some of these studies also reported the capacity of the
described systems to perform classification and regression tasks on extracted data, such as
estimating the degree of IVD degeneration [8,22-24], scoliosis curve type classification [19]
and prediction of curve progression [10], the presence of spinal stenosis [23] and to explore
the correlation between degenerative changes and the presence of LBP [24].

However, most studies focused on segmentation, which is the differentiation of specific
subregions of an image based on distinct parameters. Traditionally, segmentation tasks
have been performed by DIP systems via subdivision of elements within an image based
on gradient thresholding or statistical shape models, which fall under the definition of
semantic segmentation [86]. However, recent research has been exploring the use of
deep learning-based Al systems which are able to perform multiple tasks at the basic
and advanced level in a single model [1]. Vertebrae are by far the most investigated
structure, with Al systems reaching > 90% DICE and > 90% accuracy in the majority
of studies included in our review, both using DIP [28-41,43,44,48-50,53,61,62] and deep
learning models [67,69,77,80-84]. In particular, a study from Lee et al. [40] proposed a
model to obtain an automated segmentation of lumbar pedicles from CT images in order
to increase accuracy and safety during transpedicular screw placement. On the other
hand, a study from Watanabe and colleagues [70] described a CNN able to estimate spinal
alignment, vertebral rotation and Cobb angle with a mean absolute error of 3.6 pixels
for vertebral position, 2.9° for vertebral rotation and 3.42° with regards to the estimated
Cobb angle. Similarly, Cho et al. [83] presented a CNN capable of segmenting lumbar
vertebrae and subsequently calculate lumbar lordosis, with a mean absolute error of 8.055°.
In this manuscript, Several Al systems for automated segmentation of IVDs have been
described as well [25,26,45,48,56-58,63] with a reported DICE > 90% in nearly all studies.
Besides, performance of systems developed for the segmentation of paraspinal muscles
have reported a higher variability compared to other structures [51,52,54,55,60,71], with
higher DICE values for systems based on deep learning models [76]. In addition, some
studies evaluated the simultaneous segmentation of multiple structures, in particular IVDs
and vertebrae [27,42,46,56,74,78], with a DICE > 90% in DIP-based systems [27,42,46,56]
and a reported accuracy > 95% in most deep learning-based systems [68,71,74,78,85].
Furthermore, some of the latter have been used in order to synthesize CT images from MRI
and vice versa. For example, Staartjes et al. [64] introduced a CNN-based system able to
generate synthetic CT images from spine MRI, so as to acquire more precise information
about osseous structures compared to traditional MRI without the need to expose patients
to additional radiation. On the other hand, Lee and colleagues [65] presented a model
based on GANs capable of producing a synthetic MRI from spine CT scans, which resulted
in a mean overall similarity with real MRI scans of 80.2%. This study demonstrated the
possibility to extract accurate information about soft tissues from spine CT without the
necessity to order an MRI, which is often expensive and time-consuming. Other studies
have also shown the possibility to automatically calculate the spinal canal area [73] as well
as segmenting and reconstructing multiple structures at the same time [47,66,72,75,79] with
an elevate degree of accuracy.

Figure 4 shows a boxplot that summarizes the results for the segmentation of IVDs,
vertebrae and lumbar muscles, and the identification accuracy for different lumbar struc-
tures. With regards to the segmentation of IVDs and vertebrae, it is worth noting that DIP
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and deep learning techniques achieve very similar results, with DIP methods perform-
ing slightly better. This is mainly due to the regular and homogeneous surface of such
structures, whose well-defined edges can be effectively identified using DIP techniques
such as threshold and region-growing methods. Conversely, lumbar muscle segmentation
performance of deep learning techniques is sensitively better than that of DIP methods.
Indeed, the structure of muscles is irregular and more challenging to detect properly, and
deep NNs provide a better tool for such a task. With regards to the identification accuracy,
deep learning provides generally better results; nonetheless, DIP methods followed by
machine learning techniques are typically faster and less computationally expensive, and,
in some cases, provide similar performance.
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Figure 4. Boxplot summarizing the results for different structures and tasks. The three left columns
refer to the DICE scores for the segmentation of IVDs, vertebrae and muscles; the right column refers
to the identification accuracy for different structures.

Although the application of computer vision to the elaboration of radiological images
of the spine is continuously increasing, some concerns still exist. Indeed, system validation
still largely depends on multiple user interventions and cannot replace the human counter-
part for obvious reasons, from both clinical and ethical perspectives. Furthermore, the best
performing methods are based on the application of NNs, which usually require a large
amount of images and computational capacity for training, which are not available to all
researchers. However, some DIP techniques provide equal or better performance in the
segmentation of regular-shaped structures such as vertebrae and IVDs, while requiring
a smaller amount of data for training and limiting the computational burden. Moreover,
some methods already exist for the automatic detection and grading of conditions such as
spondylolisthesis, disc herniation and scoliosis.

6. Conclusions

In the last decade, the utilization of Al has increased considerably in all fields, and
medical research made no exception. Indeed, Al-based computers have already shown the
potential to revolutionize the medical field, including spine surgery. In this study, we have
systematically reviewed the available literature on the use of Al, and more specifically com-
puter vision, in the prevention, diagnosis, and treatment of LBP. In conclusion, computer
vision techniques bear promises for effectively improving clinical practice in coming years,
thanks to the availability of public datasets and to the natural upcoming increase of the
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computational capacity. Furthermore, steps are being taken towards the interpretability
of Al and, in particular, of deep learning models. Such improvements will lead to the
development of systems that will not require multiple user interventions, thus providing
a valid assessment tool for physicians. LBP diagnosis and treatment often require the
utilization and integration of advanced imaging modalities. In addition, several structural
alterations, often subtle and nonunivocal to interpret, concur to define the clinical scenario.
In this picture, the use of Al and computer vision may effectively assist and implement the
diagnostic process, thus possibly improving clinical outcomes and diagnostic accuracy.
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Abstract: Low back pain represents a significant socioeconomic burden. Several nonsurgical medical
treatments have been proposed for the treatment of this disabling condition. Epidural steroid
injections (ESIs) are commonly used to treat lumbosacral radicular pain and to avoid surgery. Even
though it is still not clear which type of conservative intervention is superior, several studies have
proved that ESIs are able to increase patients’ quality of life, relieve lumbosacral radicular pain
and finally, reduce or delay more invasive interventions, such as spinal surgery. The aim of this
narrative review is to analyze the mechanism of action of ESIs in patients affected by low back pain
and investigate their current application in treating this widespread pathology.

Keywords: epidural steroid injections; low back pain; lumbosacral radicular pain; disk herniation;
canal stenosis; review

1. Introduction

Low back pain (LBP) and lumbosacral radicular pain are common causes of physical
and mental morbidity and they are also a significant economic burden, causing an expendi-
ture of more than USD 100 billion per year in the United States alone [1,2]. In the medical
literature, low back pain is referred to as sciatica, lumbosacral radicular syndrome, lumbar
radiculopathy, nerve root pain and nerve root entrapment/irritation, and is commonly
described as a pain starting in the back and radiating to the legs. The etiological cause of
low back pain is first represented by intervertebral disk disease. The pathophysiological
changes involved in the intervertebral disk disease may lead to disk herniation or degener-
ative diseases, such as canal stenosis or chronic instability of the diseased segments. The
most common cause of sciatica is the herniation of the nucleus pulposus, a component of
the intervertebral disk in the lumbar region, which causes stenosis and inflammation [3,4].
Some estimate that sciatica caused by herniation of the lumbar disk has a prevalence of
9.8 out of 1000 [5], meaning that of all reported cases of sciatica it appears that 90% are
caused by herniation of the lumbar disk [6].

Several nonsurgical medical treatments have been proposed for lumbosacral radicular
pain, from lifestyle changes, exercise and physical therapy to analgesic local/oral drugs
and epidural steroid injections (ESIs) [7,8]. The conservative management of LBP aims
to delay or avoid surgery. As a matter of fact, LBP can improve spontaneously or with
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conservative treatment. Cases which do not respond to treatment are candidates for
surgical intervention.

An ESI is a common and minimally invasive procedure, performed to successfully
treat lumbosacral radicular pain, which has also proved its effectiveness in the treatment
of back acute pain and leg symptoms. The injections are used to deliver steroids, and
sometimes local anesthetics, to the epidural space, directly to the site that causes the pain
using a caudal, interlaminar or transforaminal approach [9]. The epidural injection is a
well-founded anesthetic and analgesic technique; moreover, nowadays, new technological
devices can help anesthesiologists to learn and to administer it [10-16]. Even though
it is still not clear which type of conservative intervention is superior, several studies
have proved that an ESI is able to increase patients” quality of life, relieve lumbosacral
radicular pain and finally, reduce or delay more invasive interventions, such as spinal
surgery. Although ESIs should represent a treatment of choice in the case of acute LBP or
leg pain, in our research we focused on the efficacy of ESIs in the treatment of chronic LBP.

The aim of this narrative review is to analyze the mechanism of action of ESIs in
chronic lumbar pain patients and to understand their current use, application and success
in treating this significant widespread pathology.

2. Materials and Methods

A literature review using online databases was carried out regarding the use of
epidural steroid injections for lumbar canal stenosis and disk herniation. Articles were
extracted from PubMed, Google Scholar, MEDLINE, UpToDate, Embase and Web of Science,
combining the terms “spinal disease,” “radicular pain,” “spinal stenosis,” “canal stenosis,”
“disk herniation” and “epidural steroid injection” as keywords for the research. Only
papers in the English language and regarding human studies were taken into consideration.
Non-English language studies were excluded. Scientific publications up to September
2021were included. Only papers focusing on epidural steroid injections for lumbar canal
stenosis or disk herniation were included. All reference lists of the relevant studies were
then screened to identify any missing publications. The search and the study selection
were performed by two investigators (G.P; A.S.) working independently. At the first level,
the titles and abstracts of identified studies were screened. At the second level, the full
texts were retrieved and assessed. Ethical approval and patient informed consent were not
required because this was a review of previously published studies and did not involve
direct contact with patients or alterations to patient care. Any discrepancies were resolved
by a third author (M.C.) through consensus. The following data were extracted from each
eligible study: first author’s name; publication year; study design; intervention protocol
type (the type and amount of steroid and local anesthetic used for the ESI and therapies
or medication used for conservative treatment); outcome parameters including Visual
Analogic Scale (VAS), Numeric Rating Scale (NRS), Oswestry Disability Index (ODI) and
successful events; and the summary of findings.

”ou ”ou

3. Results
3.1. Mechanism of Lumbosacral Radicular Pain

Low back pain and radicular pain are caused by interrelated biomechanical and
biochemical factors. With the advancement of age and the presence of chronic diseases such
as diabetes, obesity, smoking and overload, a series of degenerative processes occur inside
the intervertebral disk [17]. The intervertebral disk is approximately 7 to 10 mm thick and
4 cm in diameter and is formed of two different components: the nucleus pulposus, rich in
water and glycopeptides, and the anulus fibrosus, constituted of a series of 15 to 25 rings,
or lamellae, with collagen fibers parallel to the lamellae in addition to elastin fibers. A thin
hyaline cartilage endplate is the interface between the disk and the superior and inferior
vertebrae bodies. When the nucleus becomes less elastic and the anulus less continent
due to aging, dehydration, inflammatory conditions and/or prolonged misusage of the
back, a part of the nucleus can herniate, usually backward. This causes an inflammatory
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state in the epidural space and the increase in cytokines and other inflammation mediators.
This condition, on the one hand favors the ulterior herniation of the nucleus pulposus and
on the other, it compresses and stimulates the spinal nerve roots, resulting in back and
radicular pain [18,19].

Generally, sciatica from lumbar disk herniation is a self-limiting condition that im-
proves in weeks or months without medical intervention; in some cases, rest, analgesic
drugs and a structured exercise program may be needed. Usually, the inflammatory state is
more important than the mechanical compression in the pathogenesis and the chronicity
of the disease, unless there are no neurological deficits [20]. However, in patients who are
refractory to conservative treatment, surgery is usually recommended.

Lumbar spinal canal stenosis is a process that could be part of the aging process and
can be related to herniation of an intervertebral disk. Other common causes of stenosis
are: congenital deformities; spondylolisthesis; osteophytes; arthritic degeneration; synovial
cysts; hypertrophy of the facet joints; hypertrophy of the ligamentum flavum; epidural lipo-
matosis; spondylosis of the intervertebral disk margins; previous surgery; and neoplastic
diseases. All these factors could cause lumbar nerve root compression with microvascular
ischemia, axonal injury, intraneural fibrosis and an inflammatory state, leading to chronic
back pain [21].

3.2. Rationale of Epidural Steroid Injections

Epidural injections are performed using a Tuohy needle with the tip placed inside
the epidural space, which is located between the ligamentum flavum and the dura mater.
Usually, the epidural space is localized thanks to the loss of resistance (LOR) technique,
where the needle is advanced between the spinal processes of the vertebras with the help
of a syringe full of air or saline solution, which is used to continuously test the pressure on
the piston of the syringe. The needle passes through the ligamentum flavum and, when the
epidural space is reached, a loss of resistance is felt by the operator on the syringe piston.
Moreover, epidural injections can also be performed rapidly under CT and navigation
guidance (Figure 1). These techniques can be used to precisely guide needle placement,
allowing for the visualization of the optimal needle path and identification of potential
problems, such as narrow intralaminar spaces and spinal stenosis, before needle insertion
(Figure 2).

Figure 1. Representative images of (A) intraoperative setting for CT and navigation guided epidural
injection and (B) navigated needle insertion.
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Figure 2. Representative images of (A,B) navigated planning of needle path to the epidural space
and (C,D) evidence of injection in the epidural space by the use of a contrast agent.

Corticosteroids are widely used in regional anesthesia and chronic pain procedures,
such as epidural injections, intraarticular injections and nerve blocks. Corticosteroids have
a similar structure and activity to the endogenous produced hormone cortisol, which has
an anti-inflammatory, immunosuppressive, vasoconstrictive and antiproliferative effect.
They work by preventing the enzyme PLA2 from liberating arachidonic acid from the
cells. This inhibits the cyclo-oxygenase and lipoxygenase production, which is responsible
for the level of prostaglandins, thromboxanes and leukotrienes, before finally decreasing
the inflammatory state [22]. They also inhibit the nerve transmission in nociceptive C
fibers and reduce vasal permeability, which decreases intraneural and perineural oedema.
Local anesthetics have been administered in the epidural space since 1901; however, the
epidural use of corticosteroids has only been documented since 1952 [23]. Their efficacy
when administrated via epidural injections has been demonstrated in various studies and a
stronger effect has been proven in patients with a higher protein count in the cerebrospinal
fluid, which is usually associated with an inflammatory state [24]. The prolonged use of
corticosteroids at high doses has many systemic side effects and can also result in iatrogenic
adrenal gland suppression; however, the epidural administration limits the systemic side
effects because a smaller dose is necessary to reach the pharmacological target and its
diffusion into systemic circulation is more difficult than in other types of administration [25].
In the Yang et al. [26] meta-analysis regarding lumbosacral radicular pain due to any cause,
the use of ESIs resulted in the more effective in control of lumbosacral pain compared to
pure conservative treatment, both in short and intermediate terms. However, two other
recent meta-analyses have shown a similarity in efficacy and duration, in terms of pain
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reduction and functional gain, between local anesthetic alone or local anesthetic with a
corticosteroid epidural injection [27,28].

3.3. Epidural Steroid Injections for Disk Herniation Lumbar Pain

The epidural administration of corticosteroids is one of the most common mini-
invasive medical treatments for chronic spinal pain caused by disk herniation [29,30].
In fact, in the absence of chronic severe pain or neurological deficit, epidural steroid injec-
tions may be the treatment of choice for disk herniation. As mentioned before, it reduces
the concentration of inflammatory mediators in the epidural space and vascular perme-
ability [31]; it also reduces the damage of C fibers, which diminishes the pain [32,33]. In
particular, the anesthetic effect of methylprednisolone over other steroids and non-steroid
anti-inflammatory drugs has been proven when injected into the epidural space [34].

In clinical practice, both corticosteroids and local anesthetics are used [35,36]; the
former are used to reduce the inflammation for a prolonged time, while the latter are used
to mitigate the discomfort of the procedure and immediately decrease pain.

The difference in the use of a local anesthetic alone or local anesthetic with a corticos-
teroid in the epidural administration to treat disk herniation pain has been indagated in
numerous papers without a clear result [37,38], although a meta-analysis written by Lee at
al. evidenced a small difference between the epidural injection of lidocaine and lidocaine
plus corticosteroids [39].

However, a good number of studies have described significant pain relief and improve-
ment of functional status after an ESI, especially in short-medium terms [40-45] (Table 1).
In fact, Kennedy and colleagues have found a high rate of success of ESIs at 6 months in
their study, but there was also a recurrence of the symptoms during the 5 years follow-up
after the injection [46]. In a similar way, Buchner et al. found a significant improvement in
patients treated with epidural steroid injections for a very short period after the treatment
but no improvement was seen after 6 weeks and 6 months, compared to the control group
who did not receive the injection [47]. A response to the treatment after 1 h of having
the procedure has been suggested as predictive for favorable medium-term success [48].
Interestingly, Buttermann et al. suggested that ESIs could be more effective in patients who
presented magnetic resonance imaging of inflammatory endplate changes [49].

On the other hand, the Spine Patient Outcomes Research Trial (SPORT) [50], a prospec-
tive multi-center study of the operative versus nonoperative treatment of lumbar interver-
tebral disk herniation, found no improvement in short- or long-term outcomes in patients
who received ESIs compared to patients who did not. However, it is important to say
that an increased rate of surgical avoidance was observed in the group treated with ESIs;
this could underline the role of conservative treatments, also considering the high inci-
dence of the spontaneous reabsorption of lumbar disk herniation (66.66% according to
Zhong et al.) [51].

Finally, Kreiner et al. [52], in their guideline for the diagnosis and treatment of disk
herniation with radicular pain, stated that an ESI is indicated for a proportion of patients
with lumbar disk herniation to provide symptom relief in the short term (2-4 weeks) with
a grade A recommendation. Additionally, at the moment, no sufficient evidence exists to
make a recommendation regarding the 12-month, or more, efficacy of ESIs.
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3.4. Epidural Steroid Injections for Canal Stenosis Lumbar Pain

The administration of steroids via epidural injection as a nonsurgical treatment for
lumbar spinal stenosis (LSS) has been analyzed in various studies but, again, there is not
a clear consensus regarding their efficacy in relieving the symptoms, especially in the
long-term follow-ups. It is important to notice that a consistent number of studies have
reported some degree of benefit, especially regarding short-term improvements [53-59]
(Table 2). A more favorable response seems to be associated with relative youth, female
sex and patients with single level stenosis, while BMI, MRI severity and the dimension
of the spinal canal are probably not predictive [55,60,61]. Additionally, individual pain
sensitivity does not seem to influence the outcome of an ESI in the patients affected by
LSS [62]. Interestingly, Milburn and colleagues, in a randomized study, suggested that the
response to the treatment is maximized when the ESI is performed at the intervertebral
level of maximal stenosis [63], and their result was confirmed by the trial conducted a few
years later by Bajpai et al. [64].

A randomized, double-blind controlled trial with a 2-year follow-up was conducted
by Manchikanti et al., which compared the epidural injection of local anesthetic alone to
local anesthetic plus steroids, and the authors found a significant relief of the symptoms in
a convincing percentage of the patients treated, but without significant difference between
the two groups [65]. Accordingly, another large randomized trial on 400 patients, conducted
by Friedly and colleagues, found minimal or no short-term benefits in adding steroids to a
local anesthetic epidural injection for the treatment of LSS [66].

Moreover, some other studies did not find any significant improvement in symptoms
or quality of life after an ESI for the treatment of LSS [67-70]. Tran et al. wrote a review
regarding the nonsurgical treatment of LSS and concluded that the literature could pro-
vide only limited evidence to formulate recommendations pertaining to the nonsurgical
treatment of LSS [71].

Finally, Liu et al., in their systematic review and metanalysis, also concluded that there
is minimal evidence to show that epidural steroids are better than local anesthetic alone in
the treatment of LSS patients [72].
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3.5. Image-Guided Epidural Injections

Special consideration should be given to image-guided techniques that may help
the clinician in performing epidural injections, although no significant difference has
been shown regarding outcomes. The use of ultrasound in performing an interlaminar
approach could help to estimate the distance from the skin to the epidural space and
the optimal needle direction [73,74]. However, although it is a radiation-free technique,
ultrasound is limited by the operator’s experience and the real-time visualization of needle
tip advancement could be challenging, especially in obese patients [75]. Fluoroscopy
(x-rays) and computerized tomography (CT) have both proved to be effective and safe
techniques for guiding transforaminal epidural injections, although the former provides
less radiation exposure for patients [76,77]. Moreover, new generation CT devices may
integrate neuronavigation systems that are able to perform a computerized analysis in
order to best define the needle’s path towards the epidural space. Its use has been described
for spinal surgery but it may be expanded to transforaminal epidural injections as well,
although the high cost of these devices should be considered [78]. Future studies are
expected to determine the best technique in terms of efficacy and safety for both patients
and clinicians.

4. Discussion

Chronic lumbar pain is a widespread problem, which affects a large part of population
at some point of their life. Disk herniation and canal stenosis are the most common causes
and they need to be treated due to the high impact of the symptoms on patients’ quality of
life, especially because they could affect walking and ability to work [18].

Surgical intervention has been proven to be effective but is not usually considered as
the first option [7]. On the other hand, nonsurgical treatments, such as epidural steroid
injections, do not have clear literature consensus. Fully understanding whether ESIs would
be able to relieve symptoms and delay or prevent surgery could be a crucial step, especially
because chronic back pain patients are typically elderly and multimorbid who could be
more affected by the impact of surgery.

In this narrative review, we tried to analyze the existing literature regarding the use
ESIs for these kinds of patients, considering randomized controlled studies as well as
reviews, meta-analyses and guidelines.

Overall, ESIs seem to be safe and quite effective in relieving the main symptoms,
especially in short-term follow-ups, and in delaying surgery, according to a consistent
number of studies and to the guideline written by Kreiner and colleagues [52]. Moreover,
ESIs could be more powerful in the case of patients with disk herniation than patients with
canal stenosis [61]. Attention should also be paid to the technique and to the vertebral level
of the injection, at least for spinal stenosis [63,64].

As mentioned before, literature consensus is still missing and numerous studies did
not find significative improvements, especially in long-term follow-ups. In addition, it
seems to be difficult to find significative differences between using local anesthetics alone
or local anesthetics plus steroids in the injection.

Due to the anti-inflammatory action of steroids, patients with high local inflammatory
status could probably benefit more from using steroids [49]. However, epidural steroid
injections have also been associated with potential adverse effects, including acute neuro-
logical symptoms [79,80], in addition to other possible complications related to the epidural
technique, i.e., inadvertent dural puncture, hematomas and infection. [81]

In this context, the identity of the patients who could benefit the most from this
procedure has not been completely established yet and could be a crucial future goal.

This narrative review has some limitations. Firstly, the studies taken into consideration
did have different epidural injection approaches. Secondly, the heterogeneity of the enrolled
patients, analyzed parameters and data collection in the studies taken into consideration
could be an important bias. Lastly, the heterogeneity of the purposes of the studies, such
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as the comparison of steroid injections versus nothing or local anesthetic injections versus
local anesthetic plus steroids, could make global analysis difficult.

Surely, more randomized studies with larger numbers of patients are needed to fully
understand the efficacy of ESIs and define which patients could benefit more from the
procedure, especially in order to delay or prevent surgery.

5. Conclusions

According to the literature analyzed in this narrative review, there is no consensus on
the use of ESIs for patients with chronic lumbar pain. ESIs seem to be effective in relieving
symptoms in the short term and delaying surgery, while evidence of any long-terms benefits
is still lacking. More studies are needed to better understand which patients could benefit
more from epidural steroid injections.
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Abstract: Chronic low back pain (CLBP) is the most common cause of disability worldwide, affecting
about 12% to 30% of the adult population. Psychological factors play an important role in the
experience of pain, and may be predictive of pain persistence, disability, and long-term sick leave.
The aim of this meta-analysis was to identify and to describe the most common psychological
approaches used to treat patients who suffer from CLBP. A systematic search was performed on
PubMed /MEDLINE and Cochrane Central. Overall, 16 studies with a total of 1058 patients were
included in the analysis. Our results suggest that cognitive behavioral therapy (CBT) and mindfulness-
based stress reduction (MBSR) interventions are both associated with an improvement in terms of
pain intensity and quality of life when singularly compared to usual care. Disability also improved
in both groups when compared to usual care. Significant differences in fear-avoidance beliefs were
noted in the CBT group compared to usual care. Therefore, psychological factors are related to and
influence CLBP. It is crucial to develop curative approaches that take these variables into account.
Our findings suggest that CBT and MBSR modify pain-related outcomes and that they could be
implemented in clinical practice.

Keywords: low back pain; cognitive behavioral therapy; mindfulness-based stress reduction; depres-
sion; disability; fear-avoidance beliefs

1. Introduction

Chronic low back pain (CLBP) is the most common cause of disability worldwide [1,2],
affecting about 12% to 30% of the adult population [3,4]. It is estimated that 50% to 80% of
adults feel at least one episode of back pain during their lifetime [5]. Therefore, managing
CLBP becomes crucial for both individuals and health care systems [1]. Chronic pain has
a multidimensional nature and in addition to nociceptive and physiological aspects, it
also includes aspects relating to the emotional and cognitive sphere [6]. Low back pain
pathogenesis can also be diverse, including organic, non-specific etiology, and psychological
causes [7,8]. Psychological factors play an important role in the experience of pain [9,10],
as patients with CLBP who experience anxiety tend to exacerbate the painful sensation
and increase illness behavior [11], catastrophizing pain [12-14]. These factors can make the
pain experience, as well as the mechanical and physiological processes, last longer [15,16],
causing physical and psychosocial disability [9]. In this regard, it has been shown that
patients with CLBP suffering from depression experience higher levels of pain, functional
disability, and lower levels of health-related quality of life (QoL) [16]. So, all psychological
variables may be predictive of pain persistence, disability, long-term sick leave [11,15],
significantly influencing the quality of life perceived by patients. Therefore, it is crucial
to assess and address the psychological sphere as much as the other aspects, designing a
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holistic and integrative framework to treat patients affected by LBP [7,17]. The American
Pain Society (APS) published specific evidence-based guidelines for an interdisciplinary
treatment and rehabilitation (defined as an integrated intervention with rehabilitation plus
a psychological and/or social /occupational component) as a treatment option for patients
with chronic LBP [18]. With the advancements in health psychology, several approaches
were implemented in the care of patients with chronic pain. To our knowledge, there exist
different systematic reviews in literature [16,19-22] that analyze psychological approaches
to treating patients who suffer from CLBP. These studies do not evaluate which approach is
most used. Moreover, a comparison between different types of psychological approaches,
in order to evaluate the effectiveness in terms of improvement of clinical outcomes, has
not been performed. The objectives of this systematic review and meta-analysis are (1) to
identify and to describe the most common psychological approaches used to treat patients
who suffer from Chronic LBP, and (2) to study the effectiveness of these approaches in
terms of reduction of pain, disability, fear-avoidance behaviors, anxiety, depression, and of
increase in quality of life of patients with Chronic LBP.

2. Materials and Methods

This systematic review was performed in agreement with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [23]. The protocol
was previously registered on PROSPERO (registration number CRD42021255687). This
review included only randomized clinical trials (RCTs) that assessed the effectiveness of
the most common psychological approaches on quality of life (QoL), pain, disability and
fear-avoidance behaviors in adult patients suffering from chronic low back pain (CLBP).

2.1. Inclusion Criteria

We included RCTs published in the last 25 years that included adult patients with
CLBP; compared psychological interventions with either comparator (usual care such as
health education, physical exercise, information package and waiting list); and assessed
reduction of pain, disability, fear-avoidance behaviors, anxiety, depression, and increase
in quality of life. Studies were excluded if they were not RCTs, if they analyzed acute or
sub-acute low back pain and if they included back-surgery patients.

2.2. Search Methods

We performed a systematic literature search on the following databases: PubMed/
MEDLINE, Scopus and Cochrane Central. No language restrictions were set. The search
strategy was checked by three reviewers (G.P., G.EP. and F.R.). We developed a specific
question defining the intervention, the population, and outcomes to analyze (according
with PICO method).

PICO methods. Definition of elements.

e  Population: the reference population included not hospitalized patients suffering from
chronic low back pain. The patients included should be at least 18 years old, and they
did not have to undergo surgery.
Interventions: Selected psychological approaches
Comparison Intervention: usual care, education program, supportive care, physical
exercise, physiotherapy and waiting list

e Outcomes: pain, disability, fear-avoidance, anxiety and depression reduction and the
improvement of quality of life

The search string included the following keywords (both Mesh and free-terms in
PubMed/MEDLINE): Low back pain OR “Low back pain *” OR lumbago OR “lower
back pain” OR “lower back pain *” OR “Low Back Ache” OR “Low Back Ache *” OR
“Low Backache” OR “Low Backache *”; cognitive behavioral therapy OR “behavioral
treatment” OR “behavior treatment” OR “behavior therapy” OR “cognitive behavior
treatment” OR “cognitive treatment” OR “cognitive therapy”, Mindfulness OR Meditation

v

OR “mindfulness meditation”, “operant behavioral therapy”, hypnotism OR hypnoanalysis
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OR hypnotherapy, “acceptance and commitment therapy”. The reference lists of the
included RCTs were examined to choose additional studies for inclusion. After removing
duplicates, two reviewers (G.P. and G.EP.) independently analyzed the abstracts. Conflicts
of opinion were solved discussing with a third reviewer (ER.). In the end, the full texts
were read and checked by two reviewers (G.P. and G.EP.), choosing the studies to include
in the review and meta-analysis.

2.3. Data Collection, Analysis, and Outcomes

Two authors (G.P. and G.EP.) independently extracted the following data from the
studies selected: authors, year of publication, country, sample size, patients’ age and sex,
intervention (s) in the experimental and in the control group, follow-up period, outcomes
analyzed, tools used and conclusions.

2.4. Risk of Bias Assessment

Two independent reviewers (G.P. and G.EP) evaluated the risk of bias of the included
RCTs using the Cochrane risk-of-bias tool [24]. Possible differences in the assessment were
checked by a third reviewer (ER.). Each item was classified with a low, unclear, or high risk
of bias. Thus, the studies present low risk of bias in case of six or seven domains at low risk
of bias, unclear risk of bias in presence of four or five domains at low risk of bias, and high
risk of bias if fewer than four domains were reported at low risk of bias.

2.5. Statistical Analysis

A meta-analysis was produced by Review Manager (RevMan) software Version 5.4.1.
Pain, disability, quality of life, depression and fear-avoidance beliefs were assessed between
CBT, MBRS and control groups as continuous outcomes. In presence of different scores, the
relative outcome was presented as standard mean difference (SMD) with 95% confidence
intervals, while we adopted mean difference (MD) for the outcomes assessed by the same
score. Instead, days without pain was calculated as a dichotomous outcome using odds
ratio (OR) with 95% confidence intervals. The evaluation of the samples’ weight for this
outcome was assessed by the mean value of days without pain per number of patients as
events and the number of patients per number of weeks of follow-up as total. The I? test
was adopted to check the heterogeneity of studies included. In case of low heterogeneity
(12 < 55%), a fixed-effect model was used, otherwise, we adopted a random-effect model.
The statistical significance of the results was set at p < 0.05.

3. Results
3.1. Results of the Literature Search

The literature search yielded 3277 articles. After removal of duplicates, the reading
of titles and abstracts led to 48 eligible papers. All 48 full-texts were read. Afterwards,
32 studies were eliminated for these reasons: patients who suffered from acute pain
(n = 8), patients who suffered from sub-acute low back pain (1 = 7), not reporting selected
outcomes (n = 5), back surgery patients (n = 5), inpatients (n = 4), pediatric patients (n = 2),
and hypochondriacal patients (1 = 1). At the end of selection, 16 RCTs were included in the
systematic review and meta-analysis (Figure 1).

95



IJERPH 2022, 19, 60

Identification

Records removed before

Records identified from: screening:
Pubmed (n = 596) - Duplicate records removed (n
Cochrane (n = 378) ” =537)
Scopus (n=2303) Records removed for other

reasons (n = 6)

Screening

Records screened » Records excluded
(n=2734) (n = 2686)

Reports sought for retrieval Reports not retrieved

v

(n=48) (n=0)
A4

Reports assessed for eligibility

(n=48) — "

Reports excluded:

Included

Acute pain (n = 8)

Sub-acute pain (n = 7)

Not reported selected
outcomes (n = 5)

v Back surgery patients (n = 5)

Inpatients participants (n = 4)
Pediatric Patients (n = 2)
Studies included in review Hypochondriacal Patients (n
(n=16) =1)

Figure 1. Preferred reporting items for systematic review and meta-analysis (PRISMA 2020).

3.2. Demographic Data

The total sample consisted of 2038 adults with CLBP reviewed—1058 were in the
intervention group and 980 were in the control group. Most studies were published in the
USA (n = 8; 50%), two studies were published in UK (12.5%) and Germany (12.5%), one
study was published in Italy (6.25%), in The Netherlands (6.25%), in Pakistan (6.25%) and
in Sweden (6.25%). The age of the patients ranged from 40.7 to 78 years in the experimental
groups, and from 40.5 to 75.6 in the control groups. The percentage of women in the studies
ranged from 13% to 80% in the intervention groups and from 6% to 87% in the control
groups. In Table 1 the main characteristics of included studies and samples are reported.
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Table 1. Main characteristics of the included studies and samples.

Author Year Country Study Group Control Group
N. Age Sex N. Age (Years) Sex
o,
116 50 + 11.9 710/° F
29% M 87% F
Cherkin et al. 2016 USA o 113 489 £12.5 o
12 w91+126  E°F 1% M
' ’ 34% M
Monticone et al. 2013 Ttaly 45 49 +38 éf(g)"//ol\ljl 45 497 +7 f;,//( )ISI
Johnson et al. 2007 UK 116 47.3 £10.9 36910/0151 118 485+114 5280/0151
58.6% F 41.5% F
58 425+97 41.4% M 53 427 £9.1 58.5% M
The
Smeetsetal. 2006 \oiherlands 37.7% F 37.3%F
. o B o
61 40.7 £10.1 62.3% M 51 405+ 11.2 62.7% M
13% F 6% F
Rutledge et al. 2018 USA 30 62.5+11.3 87% M 31 64.3 +12.7 92% M
37.5%F 39.4%F
Rutledgeetal. 2018 USA 33 544148 O 33 506+ 125 6% M
0, 0,
Lindenetal. 2014 Germany 5 504+69 3628//15[ 50 49747 3628//151
0 0
o, o,
Khan et al. 2016 Pakistan 27 39.61 £5.3 4564"//0151 27 39.61 £53 45:0//0151
o 0
. 60% F 38.6% F
Pincus et al. 2015 UK 45 43.7 £16.3 40% M 44 454 +15.8 61.4% M
75.6% F 75.6% F
Basler et al. 1997 Germany 36 493 +9.7 24.4% M 40 493 +9.7 24 4%M
o,
70 45 710/0 F
_ 70% F 29% M
Linton et al. 2000 Sweden 107 44 30% M 74% F
(] (]
66 44 26% M
0, 0,
Zgierska et al. 2016 USA 21 51.8+£9.7 28(?0//015[ 14 51.8+9.7 2880//015[
Morone et al. .2008 USA 19 741+6.1 f;"//ol\ljl 18 756 £5 36910//05/[
Morone et al. 2009 USA 16 78 +£7.1 3619"/0151 19 73+ 6.2 4;5280/0151
Morone et al. 2016 USA 140 75+72 3646"//0151 142 74 £ 6.0 36460//0;[
o 0
0,
23 481+ 16.1 520/ oF
61% F 48% M
Day et al. 2019 USA 23 499 +£11.9 39% M 44% F
’ 23 543 4+ 14.9 °
56% M
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3.3. Type of Interventions

The psychological approaches most used are the cognitive behavioral therapy (CBT)
and mindfulness-based stress reduction (MBSR). CBT was evaluated in eleven studies,
while the remaining three studies [25-27] examined MBSR. Two studies evaluated both
CBT and MBSR [9,28] versus usual care (Table 2). The mean follow-up was 7.8 months and
ranged from 3 weeks to 15 months.

3.4. Clinical Outcome Data

The outcomes were analyzed by different tools. Disability was assessed using the
Roland and Morris Disability Questionnaire (RMDQ) in 11 studies [9,13,26,27,29-34], the
Oswestry Disability Index (ODI) in one study [35], the pain-related disability (PRD) in one
study [36], the Dusseldorf disability scale in one study [37], and the PROMIS—physical
function in one study [28]. Intensity of pain was assessed using the Numeric Rating Scale
(NRS) in six studies [27-31,37], the Visual Analogue Scale (VAS) in four studies [12,31,35,37],
the Brief Pain Inventory (BPI) in two studies [34,35], and the McGill pain Questionnaire
Short Form and SF-36 pain scale in two studies [25,26]. Quality of life was assessed
using the Short-Form Health Survey (SF-36) in five studies [25-27,29,34], the EQ-5D in
two studies [32,34], and the Short Form Health Survey (SF-12) in one study [9]. Fear-
avoidance behaviors were assessed using the Fear-Avoidance Belief Questionnaire (FABQ)
in two studies [36,38], and the Tampa Scale of Kinesiophobia (TSK) in two studies [29,34].
Psychological disorders were assessed using the Generalized Anxiety Disorder 2-item
(GAD-2) in three studies [8,33,37], the Personal Health Questionnaire Depression Scale
(PHQ-8) in one study [9], the Hospital Anxiety and Depression Scale (HADS) in one
study [34], the Beck’s Depression Inventory (BDI) in two studies [13,31] and the PROMIS—
depression in one study [28].

3.5. Methodological Evaluation

After the application of the Cochrane risk-of-bias tool, nine studies (56%) were at
moderate risk of bias, four studies (25%) were at low risk of bias and three studies were
determined to be at high risk of bias (Table 3).
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Table 3. Cochrane risk-of-bias tool for randomized controlled trials.

Random

Blinding Blinding

Sequence Allocation (Participants (Outcome Incomplete Selective Other  Risk of
Genera- Conceal- and Assess- Outcome Reporting Bias Bias
tion ment Personnel) ment) Data

Cheré(éI;;t al, L L H L L L H U
Mo . Lot
]ohn;((;r(;;t al., L L H H L L H U
Sme;(t;) gt al., L L H L L L H u
Rutle;:logle; etal., L L H L L L H U
BT L . S
Lindze(r)r; Zt al., L U H L L L H U
Kh:;r(; 1e6t al., L U H L L L H u
Pincztz)slgt al, L L H U L L H u
Basllegrge; al, L L H L L L H U
Lintzogogt al, L U H U L L H H
Zgierzsé(;et al., L U H H L L H H
Mor(;(‘)lg 8et al., L U U H L L H H
Morc;(;(e) 9et al, L L U L H L L L
Mor(;g;z gzt al., L U L L L

Day et al., 2019 L H L

L: low; U: unclear; H: high.

3.6. Effect of Intervention

The meta-analysis analyzed the effectiveness of CBT and MBSR in terms of pain,
disability, quality of life, depression and Fear-Avoidance Beliefs compared to controls.

3.6.1. Pain

Pain showed a significant decrease both in CBT and MBSR group compared with the
control group, respectively SMD —0.73, 95% CI —1.20 to —0.26, p = 0.002 for CBT (Figure 2)
and SMD —0.30, 95% CI —0.47 to —0.13, p = 0.0005 for MBSR (Figure 3). No significant pain
reduction was demonstrated (MD —0.05, 95% CI —0.50 to 0.39, p = 0.81) when comparing
MBSR and CBT (Figure 4).
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CBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Basler 1997 4.08 2.11 36 4.18 1.37 40 9.3%  -0.06 [-0.51, 0.39] -
Cherkin 2016 4.24 1.8 92 4.9 1.9 106 9.8% -0.35[-0.64, -0.07] =
Day 2019 33 1.4 14 3.88 1.4 13 8.0%  -0.40[-1.17,0.36] —
Johnson 2007 279 26.1 102 36.4 273 94 9.8% -0.32[-0.60, -0.04] =
Khan 2014 2.66 1.39 27 525 119 27 8.4% -1.97[-2.63,-1.31] —_—
Linden 2014 3.06 1.6 53 4.1 22 50 9.5% -0.54[-0.93, -0.15] -
Linton 2000 3.9 2 92 4.8 26 121 9.8% -0.38[-0.65, -0.11] =
Monticone 2013 1.47 1.1 45 6.24 0.85 45 7.7% -4.81[-5.64,-3.98] ——
Rutledge 2018 (1) 4 19 30 3.8 2.1 31 9.1% 0.10 [-0.40, 0.60] -
Rutledge 2018 (2) 4.1 1.8 33 4.1 1.5 33 9.2% 0.00 [-0.48, 0.48] -+
Smeets 2006 15.82 14.6 55 17.28 10.48 50 9.5%  -0.11[-0.50, 0.27] -
Total (95% CI) 579 610 100.0% -0.73 [-1.20, -0.26] k3

Heterogeneity: Tau? = 0.56; Chi? = 142.23, df = 10 (P < 0.00001); I> = 93%
Test for overall effect: Z = 3.06 (P = 0.002)

Figure 2. Pain: CBT versus control.

I

-4

y | 4
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Favours [CBT] Favours [control]

MBSR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Cherkin 2016 4.15 1.6 92 49 19 106 35.8% -0.42[-0.71,-0.14] —_—
Day 2019 3.4 14 16 3.88 1.4 13 5.3%  -0.33 [-1.07, 0.40]
Morone 2008 13.7 7.9 19 15.7 9.1 18 6.8% -0.23 [-0.88, 0.42] e
Morone 2016 9.5 5.1 140 10.6 4.7 142 52.1% -0.22 [-0.46, 0.01] —i
Total (95% CI) 267 279 100.0% -0.30[-0.47,-0.13] <>
Heterogeneity: Chi? = 1.19, df = 3 (P = 0.76); I> = 0% t t t t

Test for overall effect: Z = 3.49 (P = 0.0005)

Figure 3. Pain: MBSR versus control.
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i 0 3
Favours [MBSR] Favours [control]

MBSR CBT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Cherkin 2016 4.15 1.6 92 4.24 1.8 92 80.6% -0.09[-0.58, 0.40]
Day 2019 34 14 16 33 14 14 19.4% 0.10[-0.90, 1.10]
Total (95% CI) 108 106 100.0% -0.05 [-0.50, 0.39]

Heterogeneity: Chi? = 0.11, df = 1 (P = 0.74); I* = 0%

Test for overall effect: Z = 0.24 (P = 0.81)

Figure 4. Pain: MBSR versus CBT.

3.6.2. Disability

-1 05 0 05 1
Favours [MBSR] Favours [CBT]

Disability scores demonstrated significant improvements after CBT in comparison
with controls (SMD —0.88, 95% CI —1.50 to —0.26, p = 0.005) (Figure 5). Instead, the
reduction of disability after MBSR was not statistically significant compared to controls
(MD —0.71, 95% CI —1.53 to —0.11, p = 0.09) (Figure 6).

CBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Cherkin 2016 6.72 4.2 92 7.47 46 106 11.8% -0.17[-0.45,0.11] -
Johnson 2007 6.7 5.6 101 & 55 94 11.8% -0.23 [-0.52, 0.05] =
Khan 2014 5.33 2.67 27 9.88 1.84 27 10.6% -1.96 [-2.61, -1.30] —
Linden 2014 19.94 12.1 53 21.14 14.8 50 11.5% -0.09 [-0.47, 0.30] -1
Monticone 2013 1.4 1.19 45 11.07 2.22 45 9.6% -5.38[-6.29,-4.48] ——
Pincus 2015 7.1 4.1 23 8.8 5.64 22 10.9% -0.34 [-0.93, 0.25] T
Rutledge 2018 (1) 9.4 6.1 30 9.1 5.2 31 11.2% 0.05 [-0.45, 0.55] =F=
Rutledge 2018 (2) 7.6 5 33 7.8 5 33 11.2% -0.04 [-0.52, 0.44] -
Smeets 2006 10.69 6.6 55 13.88 4.78 50 11.5% -0.55[-0.94,-0.16] -
Total (95% CI) 459 458 100.0% -0.88 [-1.50, -0.26] <o
Heterogeneity: Tau? = 0.83; Chi® = 150.53, df = 8 (P < 0.00001); I* = 95% _¢4 _52 ) 1 i

Test for overall effect: Z = 2.78 (P = 0.005)

Figure 5. Disability: CBT versus control.
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MBSR Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Cherkin 2016 6.5 4.1 92 7.47 46 106 45.7% -0.97[-2.18,0.24] —a
Morone 2008 9.4 5.1 19 10.6 5.3 18 6.0% -1.20 [-4.55, 2.15] —
Morone 2016 12.2 5.1 140 126 S5 142 48.3% -0.40[-1.58,0.78] ——
Total (95% CI) 251 266 100.0% -0.71[-1.53,0.11] <>
Heterogeneity: Chi? = 0.52, df = 2 (P = 0.77); I = 0% _34 _52 ) t j‘

Test for overall effect: Z = 1.69 (P = 0.09)

Favours [MBSR] Favours [control]
Figure 6. Disability: MBSR versus control.

3.6.3. Quality of Life

Quality of life showed significant improvement in CBT and MBSR group compared
to controls, respectively SMD 0.69, 95% CI 0.00 to 1.37, p = 0.05 for CBT (Figure 7) and
MD 2.84,95% CI0.31 to 5.37, p = 0.03 for MBSR (Figure 8). Moreover, comparing the two
intervention groups, a significant difference in quality of life was shown in favor of MBSR
(MD 2.54, 95% CI 0.84 to 4.24, p = 0.003) (Figure 9).

CBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Cherkin 2016 42.2 6.4 92 41.6 7.2 106 27.3% 0.09 [-0.19, 0.37] b
Day 2019 43.79 5.4 14 38.17 5.4 13 20.4% 1.01 [0.20, 1.82] E —
Johnson 2007 0.75 0.23 89 0.71 0.23 81 27.1% 0.17 [-0.13, 0.47] b
Monticone 2013 86.33 13.24 45 63.11 15.01 45  25.1% 1.63 [1.15, 2.11] —_—
Total (95% CI) 240 245 100.0% 0.69 [0.00, 1.37] —_—
Heterogeneity: Tau? = 0.42; Chi? = 34.31, df = 3 (P < 0.00001); I* = 91% _:2 _?1 51 é

Test for overall effect: Z = 1.97 (P = 0.05)

0
Favours [control] Favours [CBT]

Figure 7. Quality of Life: CBT versus control.

MBSR Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Cherkin 2016 45.28 6.7 92 416 7.2 106 34.6% 3.68 [1.74, 5.62] =
Day 2019 44.1 5.3 16 38.17 5.4 13 21.3% 5.93 [2.01, 9.85] —_—
Morone 2008 44.7 8.9 19 429 10.7 18  11.6% 1.80 [-4.56, 8.16]
Morone 2016 42.4 9.2 140 42.1 9.8 142 32.5% 0.30[-1.92,2.52) —
Total (95% CI) 267 279 100.0% 2.84 [0.31, 5.37] ~
Heterogeneity: Tau® = 3.83; Chi® = 8.16, df = 3 (P = 0.04); I’ = 63% + t t t

Test for overall effect: Z = 2.20 (P = 0.03)

-5 0 5 10
Favours [control] Favours [MBSR]

Figure 8. Quality of Life: MBSR versus control.

MBSR CBT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Cherkin 2016 4528 6.7 92 422 6.4 92 80.4% 3.08[1.19,4.97) ——
Day 2019 441 53 16 43.79 5.4 14 19.6% 0.31[-3.53, 4.15]
Total (95% CI) 108 106 100.0% 2.54 [0.84, 4.24] i
Heterogeneity: Chi? = 1.61, df = 1 (P = 0.20); I = 38% _54 t t j‘

Test for overall effect: Z = 2.93 (P = 0.003)

-2 2
Favours [CBT] Favours [MBSR]

Figure 9. Quality of Life: MBSR versus CBT.

3.6.4. Depression

Depression scales did not show significant differences between the groups. More
precisely, depression did not report statistical improvements between CBT and controls
(SMD —0.26, 95% CI —0.72 to 0.19, p = 0.26) (Figure 10), MBRS and controls (SMD —1.55,
95% CI —4.53 to 1.43, p = 0.31) (Figure 11), and also MBRS and CBT (SMD 0.00, 95% CI
—0.27 to 0.27, p = 1.00) (Figure 12).
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CBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Rand 95% CI 1V, Random, 95% CI
Cherkin 2016 3.98 26 92 442 29 106 23.7% -0.16 [-0.44, 0.12]
Day 2019 46.14 4.1 14 57.54 43 13 10.7% -2.63[-3.71, -1.56]
Linton 2000 39 3.5 92 3.95 3 121 23.9% -0.02 [-0.29, 0.26]
Rutledge 2018 (1) 15 13.6 30 103 9.9 31 19.7% 0.39 [-0.12, 0.90]
Smeets 2006 8.8 6.7 55 9.42 7.81 50 22.0% -0.08 [-0.47, 0.30]
Total (95% ClI) 283 321 100.0% -0.26 [-0.72,0.19]
Heterogeneity: Tau? = 0.21; Chi? = 25.64, df = 4 (P < 0.0001); I’ = 84% + + t +
-4 =2 0 2 4
Test for overall effect: Z = 1.14 (P = 0.26) Favours [CBT] Favours [control]
Figure 10. Depression: CBT versus control.
MBSR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Day 2019 44.08 4.1 16 57.54 4.3 13 483% -3.12[-4.25,-1.99] —
Cherkin 2016 4.19 2.8 92 442 29 106 51.7% -0.08 [-0.36, 0.20]
Total (95% CI) 108 119 100.0%  -1.55[-4.53, 1.43]
Heterogeneity: Tau? = 4.45; Chi? = 26.12, df = 1 (P < 0.00001); I = 96% _io _fs ) % 150

Test for overall effect: Z = 1.02 (P = 0.31) Favours [MBSR] Favours [control]

Figure 11. Depression: MBSR versus control.

MBSR CBT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Cherkin 2016 4.19 2.8 92 3.98 2.6 92  86.4% 0.08 [-0.21, 0.37]
Day 2019 44.08 4.1 16 46.14 4.1 14 13.6% -0.49 [-1.22, 0.24]
Total (95% CI) 108 106 100.0% 0.00 [-0.27,0.27] *

Heterogeneity: Chi’ = 2.00, df = 1 (P = 0.16); I> = 50% t t T + +
Test for overall effect: Z = 0.00 (P = 1.00) -1 -0.5 0 0.5 1
s S i Favours [MBSR] Favours [CBT]

Figure 12. Depression: MBSR versus CBT.

3.6.5. Fear-Avoidance Beliefs

The meta-analysis demonstrated lower fear-avoidance beliefs in patients who un-
derwent CBT compared to control group (SMD —2.17, 95% CI —4.22 to —012, p = 0.04)
(Figure 13).

CBT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Linden 2014 34.28 17.9 53 46.1 20.3 50 34.0% -0.61[-1.01,-0.22] -
Linton 2000 8 47 92 8.7 5.8 121 34.2% -0.13 [-0.40, 0.14] iz
Monticone 2013 17.67 1.62 45 40.96 5.17 45 31.8% -6.03[-7.02, -5.04] —a—
Total (95% CI) 190 216 100.0% -2.17 [-4.22,-0.12] B
Heterogeneity: Tau? = 3.18; Chi? = 126.69, df = 2 (P < 0.00001); I> = 98% _=4 _12 ) i t

Test for overall effect: Z = 2.08 (P = 0.04)

Figure 13. Fear-Avoidance beliefs: CBT versus control.

3.6.6. Days without Pain

Finally, the number of days without LBP increased in CBT group compared to controls,
but without statistical significance (OR 1.38, 95% CI 0.73 to 2.61, p = 0.32) (Figure 14).
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CBT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Basler 1997 21 1872 11 2080 35.9% 2.13 [1.03, 4.44] —
Linton 2000 193 4784 235 6292 64.1% 1.08 [0.89, 1.32]
Total (95% CI) 6656 8372 100.0% 1.38 [0.73, 2.61]

Total events

Heterogeneity: Tau® = 0.16; Chi? = 3.08, df = 1 (P = 0.08); I’ = 67% t
Test for overall effect: Z = 0.99 (P = 0.32)

246

0.2 0.5 1 2 5
Favours [control] Favours [CBT]

Figure 14. Days without pain: CBT versus control.

4. Discussion

The link between psychological factors and CLBP has been widely demonstrated in
several studies. The aims of this Systematic Review and Meta-Analysis were (1) to identify
and describe the most frequently used psychological approaches to treat patients affected
by CLBP, and (2) to study the effectiveness of these approaches in terms of reduction of pain,
disability, fear-avoidance behaviors, anxiety, depression, and of increase in quality of life.
According to the literature [16,19,21], the most common psychological approaches used
to treat CLBP are cognitive behavioral therapy and mindfulness-based intervention. CBT
demonstrated its effectiveness for different chronic pain conditions [7]. This approach helps
patients with maladaptive emotions, behaviors, and cognitions through a goal-oriented
and systematic process. CBT was initially used to treat disorders like insomnia, anxiety, and
depression, and was later implemented to manage chronic pain [39]. The CBT intervention
consists in several sessions guided by a skilled therapist, with different frequency and
duration. In these sessions, activities like pain education, relaxation training, managing
of automatic thoughts, stress reduction, problem solving and sleep education [39] are
performed. MBSR is also becoming increasingly popular and available in the United
States [9]. With this treatment, patients are educated about the psychophysiology of
stress and are provided opportunities to apply MBSR skills to specific situations [40].
This approach has several contemporary interpretations, based on formal and informal
systematic meditation training, patient education, yoga exercises, and individual and group
dialogue [41].

The findings of this systematic review and meta-analysis suggest that CBT and MBSR
interventions were both associated with an improvement in terms of pain intensity and
quality of life when singularly compared to usual care. Disability also improved in both
groups when compared to usual care, although it was only statistically significant in
patients treated with CBT, which may be due to the paucity of studies that analyzed MBSR
intervention. Significant differences in fear-avoidance beliefs were noted in the CBT group
compared to usual care. However, no studies analyzed this outcome for the MBSR approach.
No meaningful results were noted for depression in both MBSR and CBT groups. Moreover,
only two RCT compared CBT to MBSR, showing no significant improvements in pain
intensity and depression along with a better quality of life for the MBSR intervention [9,28].

Another meta-analysis [20] studied several psychosocial interventions to treat patients
affected by CLBP. This study demonstrated an improvement in pain, QoL and work-related
disability in the intervention group towards the waiting list group.

Our results agree with those by Gotink et al. [22], who studied MBSR applied to
chronic illness. Their review shows the large use of this treatment with patients affected by
cancer, cardiovascular diseases, mental disorders, and non-specific chronic pain. Indeed, an
improvement in depressive symptoms and physical health and a decrease in pain burden,
intensity and disability are reported in patients affected by non-specific chronic pain.

Regarding the implementation of CBT, Richmond et al. [19] shows its effectiveness for
non-specific low back pain, with improvement of pain, functional disability, and quality of
life. In addition, Morley et al. [42] show the improvement of pain and functional disability
in patients with chronic pain.
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Psychological factors in people affected by LBP are associated with increased risk of
developing disability [43]. For instance, the symptom of depression and the catastrophizing
of pain predict poor low back pain-related outcomes [44,45]. Therefore, cognitive and
emotional factors have a crucial impact on pain perception and, in line with the litera-
ture [46], it is fundamental to identify and take care of psychological factors, through a
multidisciplinary approach in patients with chronic pain. Indeed this approach should be
considered because each aspect requires specific interventions [47].

This review has several limitations. Firstly, there is some difference in heterogeneity be-
tween studies regarding CBT and MBSR. In particular, the studies involving CBT presented
high heterogeneity due to the greater number of studies included, the different types of CBT
performed, the different duration of interventions, and the tools used. Instead, the studies
investigating MBSR used the same tools for the analyzed outcomes, resulting therefore in
lower heterogeneity. Additionally, demographic characteristics of the participants were
different in the included studies, with various gender and age distribution. However, this
did not influence the statistical analysis of the studies. There are differences regarding the
quality of the studies; indeed, the major number of the studies included were of moderate
quality (n = 9), whereas four studies had a low risk of bias, and three studies had a high risk
of bias. We also decided to include in the meta-analysis the studies with a high risk of bias,
which is another limitation regarding the number of studies included. The participants of
most studies, except for three studies [25-27], were not blind to treatment allocation, given
the nature of the intervention. Another limitation of this study is the heterogeneity of the
types of treatment in the control groups. Indeed, we found different types of treatments in
the control groups such as physiotherapy, physical exercises, educational programs and
drug treatments. In only two studies we found the waiting list, and we suppose it may
be the most adequate control group for the reduction of bias, hence the need to develop
RCTs with waiting lists as a control group for an appropriate analysis of the effectiveness
of psychological interventions. To reduce the heterogeneity in the analysis of outcomes as
pain, it would be appropriate to develop RCTs that use the same tools.

5. Conclusions

In the present study we analyzed the most used and effective psychological approaches
to treat patients affected by chronic LBP. CBT and MBSR have proven their significant
effectiveness to improve pain intensity and quality of life compared to controls. These
approaches also demonstrated their efficacy in reducing disability and fear-avoidance, but
without significant results. The importance of treating psychological aspects is widely
proven, but the paucity and heterogeneity of the studies included cannot make us confident
to affirm which is the most effective treatment. Further studies are needed to compare CBT
and MBSR.
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Abstract: This study with 40 office workers investigated (a) the effect of time spent standing on low-
back and lower limb pain during a 1-h laboratory-based task; (b) the standing time after which a
significant increase in pain is likely; and (c) the individual, physical and psychosocial factors that
predict pain. The primary outcome was bodily location of pain and pain intensity on a 100-mm
Visual Analogue Scale recorded at baseline and every 15 min. Physical measures included trunk
and hip motor control and endurance. Self-report history of pain, physical activity, psychosocial job
characteristics, pain catastrophizing and general health status were collected. Univariate analysis
and regression models were included. The prevalence of low-back pain increased from 15% to 40%
after 30 min while feet pain increased to 25% from 0 at baseline. The intensity of low-back and
lower limb pain also increased over time. A thirty-minute interval was identified as the threshold for
the development and increase in low-back and feet pain. Modifiable factors were associated with
low-back pain intensity—lower hip abductor muscle endurance and poorer physical health, and with
feet symptoms—greater body mass index and less core stability.

Keywords: low-back pain; standing position; musculoskeletal pain; lower extremity

1. Introduction

Office workers are known to adopt sedentary behaviors at work [1]. Although the
available evidence has not confirmed a consistent causal relationship between occupational
sitting and musculoskeletal pain [2-4], a growing body of evidence suggests that prolonged
sitting is a major concern for the development of several chronic diseases, such as cardiovas-
cular disease, diabetes type 2 and premature mortality [5]. Thus, it is no surprise that there
is heightened interest in workplace initiatives to reduce the amount of sitting time for office
workers [6,7] with alternatives such as sit-stand workstations or breaking up seated-work
with standing-work. However, some concerns have been expressed that substituting sitting
with standing may expose workers to new hazards and/or other health consequences.
Two systematic reviews with meta-analysis in laboratory [8] and occupational [9] settings
suggested that prolonged standing is associated with the occurrence of low-back and lower
extremity symptoms, although the conclusions are inconclusive for the association with
lower extremity symptoms. Similarly, causality between occupational standing and LBP
has not been resolved, and not all people who are exposed to prolonged standing will
develop LBP [2,10].
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Experimental laboratory studies which simulate occupational standing have used
an induced pain paradigm to identify factors which could be associated with developing
low-back and/or lower extremity pain [8]. Some factors suggested to predispose a person
to the development of LBP during prolonged standing are: (i) fatigue of the trunk and
hip muscles [11-13]; (ii) movement control dysfunction [13-16]; and (iii) postural stiffness
through increased levels of coactivation of hip and trunk muscles [14,17]. Specific factors
associated with an increase in LBP during prolonged standing are unknown. Discomfort
experienced in the feet and lower limbs during standing is often attributed to reductions in
venous return and muscular fatigue [18]. The flowmetry, leg circumference, skin tempera-
ture, force through feet, and lower limb and trunk muscle activity have been reported as
the main outcomes to study the possible mechanisms for lower limb symptoms; although
the underlying mechanisms require further investigation [8,9,18].

Evidence for determining thresholds of excessive standing has not been elucidated.
In a 2-year prospective study, Andersen et al. [19] demonstrated that standing at work
for 30 min or more every hour elevated the odds for LBP by a factor of 2.1, and for pain in
the hip, knee or foot by a factor of 1.7. A meta-analysis [9] suggested a statistically significant
association between 2 or 4 h/workday of occupational standing and the occurrence of low
back/lower extremity symptoms, although the authors highlighted that conclusions on the
dose-response association cannot be drawn.

The aims of this laboratory study in office workers were to determine: (i) the effect
of time spent standing on pain status during a 1-h laboratory-based standing task; (ii) the
point after which significant increases in pain are likely; and (iii) the individual (e.g., age,
sex, history of LBP, self-rated health), physical (e.g., deficits in motor control, muscle
endurance) and psychosocial (e.g., job demands) factors that are associated with higher
levels of low-back and lower limb pain after a 1-h standing task. Given the findings of
previous studies, it was hypothesized that there would be a significant effect of time spent
standing on the prevalence and intensity of low-back and lower limb pain, with a common
threshold time when significant increases occur. We expect that specific individual (health
status, BMI), physical (deficits in muscle endurance) and psychosocial (e.g., low job control)
factors would be associated with higher scores of low-back and lower limb pain after a
one-hour standing task.

2. Materials and Methods
2.1. Participants

A convenience sample of forty office workers, aged > 18 years, who performed mostly
sedentary work for >30 h per week were recruited. Participants were excluded if they:
(i) were pregnant or less than six months postpartum, (ii) had any major trauma or surgery
to the spine or lower limb in the last 12 months or (iii) had a diagnosis of neurological or
systemic pathology. The recruitment process and sample size are described elsewhere [13].

The University of Queensland Human Research Ethics Committee B approved this
study (Approval Number: #2017000666) and all participants provided informed consent
prior to study participation. This study was registered in the Protocol Registration and
Results System (PRS) (NCT03678623).

2.2. Study Procedure

Participants completed self-reported measures, undertook a physical examination
conducted by a trained physiotherapist, and then participated in a 1-h standing task. These
self-report measures were administered via an online survey completed the day prior or
the same day as the laboratory testing session.

2.3. Measurements

Self-reported measures included (i) demographics; (ii) history of LBP (7-day preva-
lence); (iii) location of any bodily pain assessed with the Nordic Musculoskeletal Question-
naire [20] and pain assessed with a 100-mm Visual Analogue Scale (VAS) anchored with
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“no pain” at 0 and “worst pain imaginable” at 100 mm for each body location [21]; (iv) total
and occupational physical activity assessed with the International Physical Activity Ques-
tionnaire (IPAQ) (MET-min/week) [22] and the Occupational Sitting and Physical Activity
Questionnaire (OSPAQ) (minutes) [23], respectively; (v) psychosocial job characteristics
evaluated through the Job Content Questionnaire (JCQ) which includes four domains
(job control, psychological job demands, social support and physical demands) (4-point
Likert) [24]; (vi) propensity for pain catastrophizing assessed with the Pain Catastrophizing
Scale (PCS-total) (scores ranged from 0 to 52 with greater scores indicate a greater degree of
catastrophizing) [25]; and (vii) general health status evaluated with the SF-12 through the
Physical (PCS) and Mental (MCS) Component Summary scores [26].

At the start of the laboratory session, participants were given 15 min of seated rest
while the testing protocol was explained. Physical testing was then undertaken in the
following order: (i) height and weight; (ii) three motor control impairment tests: the
active hip abduction test (AHAbd) (ranging from 0-5 as rated by participants and 0-3
by the examiner, with lower scores indicating better motor control for both ratings) [27],
and the active straight leg raise test (ASLR) (ranging from 0-10 as the summed score of
participant and examiner ratings, with lower scores indicating better motor control) [28];
(iii) endurance tests of the following trunk and hip muscles (measured as seconds able
to holding a static position): abdominal endurance [29], supine bridge [30], isometric hip
abduction [31] and Biering-Sorensen test [29]. The specific methodology on how each of
these tests was applied is explained elsewhere [13].

The standing paradigm consisted of participants standing for an hour while perform-
ing their usual computer-based work. Participants stood within a rectangular floor space
(122 x 61 cm) with their body fist-width away from the edge of a height-adjustable work-
station. The workstation was standardized to each participant so that the desk height was
5-6 cm below the lateral epicondyle, the computer monitor was at arm’s length from the
body, and the top of the computer monitor was at eye level. Participants were allowed to
shift their weight as often as desired but were asked to keep both feet on the ground the
majority of the time. The participant was not allowed to lean on the workstation with their
arms, legs or trunk [13].

The primary outcome was pain status (yes/no) and severity of pain (VAS, 0-100 mm)
in the low back and lower extremity (Figure 1). The workers self-reported the location
of their pain on the body map and indicated pain intensity on the VAS at baseline, every
15 min during, and at the end of the standing test. The investigator verbally asked the
participants to rate their pain. Participants were not given access to their previous scores.

2.4. Statistical Analysis

Descriptive statistics were computed for pain ratings over the 1-h task (0, 15, 30, 45
and 60 min). At each timepoint, prevalence of pain for each location was computed, and
VAS scores were summarized as mean + standard deviation and median.

For hip-thigh and knee-calf regions, the number of subjects who developed pain
was small, and only descriptive analyses were performed. Therefore, only low-back and
ankle-feet regions were analyzed in more detail. For those locations, an increment of
>10 mm in VAS pain at any time between start and end of the test was considered to
classify participants as Pain Developers (PD) or Non-Pain Developers (NPD) [9,32], and
both groups were analyzed independently.

Since repeated pain evaluations were obtained for each subject at different timepoints,
appropriate tests for paired data were employed in bivariate analysis. McNemar’s test
for paired data was used to analyze the significance of changes in the prevalence of pain
for each location during the 1-h task. In the same way, Wilcoxon’s signed-rank test was
employed to compare pain scores between different timepoints.
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Please place a line perpendicular {as the example) at the point that represents your
pain intensity during NOW, for each part of your body.
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Figure 1. Body Pain Diagram and Visual Analogue Scale used every 15 min for reporting location
and intensity of pain during the standing task.

Association of the different individual, physical and psychosocial factors recorded
with pain ratings during the 1-h task was explored. First, the maximum change in VAS
score from baseline and during the task was considered as the outcome using univariate
and multivariate analyses. Spearman’s correlations were used to determine the strength
of the relationship between each of the individual, physical and psychosocial factors
included and the increase in low-back and ankle-feet pain during the task. Then, a stepwise
multivariate linear regression model was adjusted, including as covariates those with the
highest associated correlations in the univariate analysis, both for the whole group of
workers and for the PD group. Finally, in order to compare the consistency of the results,
univariate and multivariate linear mixed-effects random-slope repeated measures models
were also adjusted [33]. This type of model assumes that time effects (changes in pain rating
over time) are random among individuals, considering the correlation among repeated
measures in the same subject. Regression coefficients were estimated for the interaction
between each of the covariates and time, allowing the rate of change to vary for different
baseline characteristics.

Statistical analyses were performed using software SPSS version 25.0 (SPSS Inc.,
Chicago, IL, USA) and R version 4.0.5 (R Foundation for Statistical Computing, Vienna,
Austria), with a bilateral significance level set at p < 0.05.

3. Results

Forty office workers (22 females; mean age: 37.4 & 6.6 years; BMI: 26.3 + 5.7 and
58% considered within healthy weight range) were included in the study. All participants
completed the laboratory testing (physical testing and 1-h standing task) with no adverse
events reported.

3.1. Standing-Time Effect on Pain Status: Any Reported Pain

The number of workers who reported pain in the low back and lower limb, throughout
the task, increased over time (Table 1). At the beginning of the standing task (0 min), 15%
of the participants reported some degree of LBP, increasing up to 30% at 15 min (p = 0.070)
and reaching 40% (p = 0.006) and 42.5% (p = 0.003) at 30 and 45 min, respectively (Figure 2a).
None of the participants had ankle-feet pain at the beginning of the task. Prevalence of

116



IJERPH 2022, 19, 2221

ankle-feet pain was 10% after 15 min, increasing to 25% at 30 min (p = 0.031) and reaching
35.0% both at 45 min (p = 0.006) and 60 min (p = 0.002) (Figure 2b). Low-back and ankle-feet
pain prevalence did not significantly increase after 30 min. While there was an increase
in the number of participants who reported lower limb pain between baseline and 60 min
(2.5% to 15% for the hip-thigh region and 5% to 27.5% for the knee-calf), this did not reach
statistical significance.

Table 1. Prevalence of any low-back and lower extremity pain at 0, 15, 30, 45 and 60 min throughout
the 1-h standing task.

Low Back
Pain 0 min 15 min 30 min 45 min 60 min
n % n % n % n % n %
No 34 85.0 28 70.0 24 60.0 23 57.5 23 57.5
Yes 6 15.0 12 30.0 16 40.0 17 425 17 425
Total 40 100.0 40 100.0 40 100.0 40 100.0 40 100.0
Hip-Thigh
Pain 0 min 15 min 30 min 45 min 60 min
n % n Y% n n % n Y%
No 39 97.5 39 97.5 35 87.5 34 85.0 34 85.0
Yes 1 2.5 1 2.5 5 12.5 6 15.0 6 15.0
Total 40 100.0 40 100.0 40 100.0 40 100.0 40 100.0
Knee-Calf
Pain 0 min 15 min 30 min 45 min 60 min
n % n % n n % n Y%
No 38 95.0 36 90.0 33 82.5 30 75.0 29 72.5
Yes 2 5.0 4 10.0 7 17.5 10 25.0 11 275
Total 40 100.0 40 100.0 40 100.0 40 100.0 40 100.0
Ankle-feet
Pain 0 min 15 min 30 min 45 min 60 min
n % n % n % n % n %
No 40 100 36 90.0 30 75.0 26 65.0 26 65.0
Yes - - 4 10.0 10 25.0 14 35.0 14 35.0
Total 40 100.0 40 100.0 40 100.0 40 100.0 40 100.0

3.2. Standing-Time Effect on Pain Status: Intensity of Pain

Of the 40 participants, 14 office workers were considered low-back pain developers
and 9 were ankle-feet-pain developers (abbreviated as ankle-feet-PD onwards). For the
hip-thigh and knee-calf regions, the number of participants who reported having a change
of >10 on the VAS was small (3 and 6, respectively) preventing analysis.

The raw VAS score and VAS score increased over time for the total sample, PD and
NPD groups, both for low-back and ankle-feet regions, are shown in Table 2 and Supple-
mentary Material Figure S1 There was a significant standing-time effect, with individuals
identified as PD showing increased levels of pain over time and the NPD group remaining
at a very low level. The low-back-PD group averaged a mean VAS score of 30.8 4= 20.5 mm
and the ankle-feet-PD group averaged a mean VAS score of 22.6 = 9.7 mm at the end
of standing. In addition, these results show that after 30 min of standing, significant
differences in pain scores appear from the baseline.
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Figure 2. Prevalence and time-based changes of any reported pain (VAS scores > 0) for each area:
(a) for low back; (b) for ankle-feet. p: McNemar test.
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Table 2. VAS scores (0-100) and change in VAS scores from baseline at the low-back and ankle-
feet regions at 0, 15, 30, 45 and 60 min of the 1 h standing task for all study participants, PD and

NPD groups.
Low Back
VAS Scores Increase from
VAS Scores (0-100 mm) Baseline (0-100 mm) *
Mean + SD Median Mean + SD Median p*
Total (1 = 40)
0 min 1.63 +45 0 - -
15 min 3.57 £ 87 0 194+ 64 0 0.050
30 min 7.54 £13.2 0 590 +11.8 0 0.004
45 min 10.01 £ 17.6 0 8.38 + 16.4 0 0.002
60 min 11.64 £ 19.0 0 997 £17.5 0 0.001
PD (n =14)
0 min 29+59 0.0 - - -
15 min 8.7 +13.3 4.0 59 +8.1 3.0 0.050
30 min 20.5 + 15.5 19.0 17.6 £12.7 19.0 0.004
45 min 27.0 +21.1 18.0 24.1 +19.0 18.0 0.002
60 min 30.8 +20.5 23.5 27.9 +18.1 23.5 0.001
NPD (n = 26)
0 min 1.0 £ 3.5 0.0 - - -
15 min 0.8 +2.1 0.0 —-02+4.0 0.0 0.999
30 min 0.6+ 1.6 0.0 —04+39 0.0 0.684
45 min 09+21 0.0 —0.1+4.1 0.0 0.916
60 min 09 +3.1 0.0 —-0.1+3.6 0.0 0.715
Ankle-feet
Total (n = 40)
0 min 0.0 + 0.0 0 - -
15 min 1.5+54 0 1.5+54 0.0 0.068
30 min 32+63 0 32+63 0.0 0.005
45 min 50+79 0 50479 0.0 0.001
60 min 58 +70.4 0 5.8 +10.4 0.0 0.001
PD(n=9)
0 min 0.0 £0.0 0.0 - - -
15 min 6.8 +10.1 0.0 6.8 +£10.1 0.0 0.068
30 min 11.6 +72 12.0 116+72 12.0 0.012
45 min 15.7 + 4.6 17.0 15.7 £ 4.6 17.0 0.008
60 min 226 £9.7 21.0 22.6 £9.7 21.0 0.008
NPD (n = 31)
0 min 0.0 +0.0 0.0 - - -
15 min 0.0 + 0.0 0.0 0.0 +0.0 0.0 0.999
30 min 0.8+3.3 0.0 0.8+33 0.0 0.180
45 min 1.8 £55 0.0 1.8 +55 0.0 0.027
60 min 09+23 0.0 09+23 0.0 0.026

* p-values from two-sided Wilcoxon's signed-rank test comparing VAS score at each moment relative to baseline
VAS pain. # Positive scores indicate an increase in VAS; PD: pain developers; NPD: non-pain developers.

3.3. Association of Individual, Physical and Psychosocial Factors with Pain Ratings over Time

Table 3 shows the Spearman’s rho correlation coefficients between the maximum
increment of VAS scores for the low back and ankle-feet during the task and different
individual, physical and psychosocial factors in the whole sample. Correlations for PD and
NPD groups are shown in Supplementary Material Table S1.
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Table 3. Spearman correlation coefficients between the maximum increment at VAS scores at low-
back and ankle-feet regions throughout of the standing task and variables for the entire sample
(n = 40).

Low Back Ankle-Feet
Total 1 = 40 Total 1 = 40
Rho P Rho P

Age (years) 0.162 0.318 —0.008 0.961

BMI (kg/mz) —0.098 0.546 0.379 * 0.016

IPAQ, during de .la.st 7 days, how much time f;hd you usually 0,002 0.988 0284 0.076
spend sitting on a weekend day (minutes)

IPAQ, during de la§t 7 days, how much time did you usually 0142 0.381 0.025 0.878

spend sitting on a weekday (minutes)

IPAQ, MET min/week 0.005 0.975 0.067 0.690

LBP severity, last 7 days (0-100) 0.538 * 0.000 —0.046 0.777

OSPAQ, minutes sitting at work per week —0.268 0.094 0.283 0.077

OSPAQ, minutes standing at work per week 0.028 0.862 —0.009 0.956

OSPAQ, minutes walking at work per week —0.083 0.612 —0.208 0.198

JCQ, Job Control —0.085 0.601 —0.068 0.679

JCQ, Psychological Job Demands —0.140 0.390 —0.220 0.172

JCQ, Social Support 0.009 0.957 0.104 0.523

JCQ, Physical Demands 0.158 0.329 0.010 0.953

PCS, Rumination 0.222 0.168 —0.121 0.455

PCS, Magnification 0.141 0.386 —0.224 0.164

PCS, Helplessness 0.263 0.101 0.041 0.801

PCS-total 0.249 0.122 —-0.121 0.458

SF-12, Mental Component Summary 0.278 0.083 —0.387 * 0.014

SF-12, Physical Component Summary —0.345* 0.029 0.168 0.299

ASLR, total examiner-score (0-10) 0.210 0.193 0.051 0.755

ASLR, total participant-score (0-10) 0.346 * 0.029 —0.058 0.724

AHADbd, right side, examiner-score (0-3) 0.038 0.816 0.025 0.881

AHADd, left side, examiner-score (0-3) 0.129 0.426 0.033 0.839

AHADbd, right side, participant-score (0-5) 0.226 0.162 0.115 0.479

AHADd, left side, participant-score (0-5) 0.325* 0.041 0.008 0.960

Abdominal (s) —0.269 0.094 —0.156 0.337

Side Bridge right side (s) —0.254 0.114 —0.097 0.550

Side Bridge left side (s) —0.246 0.126 —0.069 0.671

Supine Bridge (s) —0.298 0.062 —0.327 * 0.040

Isometric hip abduction (right leg) (s) —0.472* 0.002 —0.003 0.985

Isometric hip abduction (left leg) (s) —0.484 * 0.002 0.045 0.782

Sorensen (s) —0.290 0.070 —0.315* 0.048

* p < 0.05; BMI, Body Mass Index; MET, Metabolic Equivalent of Task (computed as the sum of walking,
moderate-intensity, and vigorous-intensity physical activity); OSPAQ, Occupational Sitting and Physical Activity
Questionnaire; JCQ, Job Content Questionnaire; ASLR, Active Straight Leg Raise; AHAbd, Active Hip Abduction;
s, seconds.

Considering the whole sample, the maximum increase in VAS scores at the low back
throughout of the 1-h standing task was significantly correlated with (i) history of LBP
measured as the severity of LBP in the last 7 days (Rho = 0.54, p = 0.000); (ii) SF-12
(physical component summary) (Rho = —0.35, p = 0.029); (iii) ASLR, total participant-
score (Rho =0.35, p = 0.029); (iv) AHADd left side, participant-score (Rho = 0.33, p = 0.04);
(v) isometric hip abduction (right leg) (Rho = —0.47, p = 0.002); (vi) isometric hip abduction
(left leg) (Rho = —0.48, p = 0.002). In the feet area, the maximum increase in VAS scores
was significantly correlated with (i) BMI (Rho = 0.38, p = 0.016); (ii) SF-12 (mental com-
ponent summary) (Rho = 0.39, p = 0.014); (iii) Supine Bridge (Rho = —0.33, p = 0.04); and
(iv) Biering-Sorensen test (Rho = —0.32, p = 0.048).
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3.4. Regression Analysis-Predicting the Magnitude of Low-Back Pain throughout of 1-h
Standing Task

A multivariate linear regression model was adjusted with the maximum increment in
VAS scores throughout of standing as the dependent variable and the magnitude of the
highest and significant correlated variables (determined using Spearman’s correlation) as
covariates (Table 4). Lower hip abductor muscle endurance (B = —0.23, p = 0.007) and lower
physical health (PCS-SF-12) (B = —0.86, p = 0.008) predicted higher level of LBP throughout
of the 1-h standing task for the entire sample. These two variables explained 41% of the
variability in the increment of the pain (R% = 0.41).

Table 4. Multivariate lineal and mixed regression models for the prediction of low-back pain through-
out of the 1-h standing task.

Lineal Regression Analysis

Model B SE 14 95% CI
Lower Upper
Intercept 74.661 15.375 0.000 43.507 105.814
Isometric Hip Abduction endurance test —0.233 0.081 0.007 —0.397 —0.069
Physical Component Summary (SF-12) —0.864 0.309 0.008 —1.489 —0.239
Mixed Regression Analysis
B SE p
Fixed effects
Intercept —8.07 6.31 0.203
Time 0.79 0.42 0.068
Age 0.076 0.076 0.322
TimexAge 0.009 0.005 0.078
Isometric Hip Abduction endurance test —0.002 0.025 0.939
Time*Isometric Hip Abduction endurance test —0.004 0.002 0.022
Physical Component Summary (SF-12) 0.132 0.098 0.177
Time*Physical Component Summary (SF-12) —0.012 0.006 0.062
Estimate SE
Random effects
Linear slope (time) 0.073 0.270
Residual 32.30 5.68

SE: Standard error; CI: Confidence Interval.

The mixed regression model reinforced these results, with the interaction time x min-
imum isometric hip abduction and time x PCS-SF-12 being significant predictors of the
highest level of LBP during the task. These results indicate that workers with lower hip
abductor muscle endurance and lower physical health experience a higher rate of increase
of LBP during the task.

4. Discussion

This study showed significant time-based changes for the reported prevalence and
severity of pain in the low back and ankle-feet regions of the body, with 30 min identified
as the threshold for observing these differences. The regression models demonstrated that
less hip abductor muscle endurance and less physical health (as measured with the SF-12)
predicted a greater increase of LBP at the end of a 1-h standing task. The correlation analysis
suggested that the maximum increase in VAS score in the ankle-feet area was associated
with higher BMI, less back and hip muscle endurance (Supine Bridge and Biering—Sorensen
test) and mental health (SF-12).

There was a significant effect of standing at a workstation for 1-h on the presence and
intensity of pain in the low-back and ankle-feet regions. This has consistently been reported
for the low back [9,11,14,17,34], but has been less commonly investigated in the ankle-feet
region [9,18,35]. The percentage of office workers who developed LBP at the end of the
1-h standing task (42.5%) was similar to the average of 44% reported in the systematic
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review of Coenen et al. [8]; but lower than other studies which reported rates of 81% [34],
71% [11] and 65% [17]. The VAS level of pain reported by low-back PD in this study was
within the range of what has been reported previously (19 mm [34] to 32 mm [11]), despite
most previous work using populations of students without a history of LBP and using
a longer standing task. The average increase in pain scores from baseline in our study
was 27.9 £ 18.1 mm which is lower than clinical low back populations but higher than the
absolute cut-off value of 15 points for the minimal important change (MIC) on the VAS for
LBP patients [36].

Lower limb pain was commonly reported during the standing task by our participants,
with 15% reporting hip-thigh pain, 27.5% reporting pain in the knee-calf region and 35%
developing ankle-feet pain at the end of standing. It should be noted that no participants
had ankle-feet pain at the beginning of the standing task. The increase in ankle-feet-PD
pain was 22.6 4= 21 mm. Although this level of pain could be interpreted as low, it is higher
than the MIC (9.3 mm) reported for the clinical interpretation of results in patients with
foot or ankle pathologies [37]. This pain intensity for the ankle-feet region is similar to that
reported by Antle and Cote [18] after 34 min of standing (3.5 out of 10) and Smith et al. [35]
after 2 h of standing (1.8 out of 10).

Our results demonstrate that 30 min of standing affects the prevalence and severity
of pain at the low-back and ankle-feet regions in office workers. After 30 min, the PD
group reported pain scores which exceeded the MIC [36,37]. It has been demonstrated
that in PD low back usually begins to develop within 30-60 min of standing [11,14,17,35].
Prolonged periods of occupational standing (greater than 30 min each hour), was one of
the strongest predictors of LPB in employees [19] and low-back symptoms were reached
after 71 min with this reduced to 42 min in those considered PD, after pooled data from
laboratory studies [8]. Dose-response associations for lower extremity symptoms are more
heterogeneous in the literature [8], with one study showing lower limb discomfort after
34 min of standing [18]. While a significant interaction of time on pain development during
standing has been illustrated [11,14,17], most studies did not determine the point of time
when the significant increase in pain occurred. Consequently, based on our results, we
recommend that office workers restrict their maximum standing time to no more than
30 min which is less than the suggested time of 40 min [8].

Few studies have considered the predictors of pain intensity during standing. Multi-
variate regression modelling demonstrated that lower hip abductor muscle endurance and
lower physical health were independently associated with a higher level of LBP, explaining
41% of the variability in pain in our study. In turn, mixed regression modelling demon-
strated a significant interaction for time xisometric hip abduction and time x SF-12 (physical
component summary), reinforcing the importance of these two factors as predictors of
the highest-level LBP during the 1-h standing task. Hip abductor muscle endurance has
previously suggested to be associated with LBP development during standing. Viggiani
and Callaghan [12] determined that hip abductor fatigability (measured using isometric
hip abduction) differentiated those PD from NPD, with PD having lower hip abductor
endurance. Marshall et al. [11] showed that low-back PD had lower gluteus medius en-
durance (measured with a side-bridge test), there was no association between the side
bridge test and pain levels in linear regression analysis. Finally, Hwang et al. [38] identified
that hip abductor muscle strength (measured in the similar way as this study) was the
variable that most contributed to VAS scores in workers with LBP who performed occupa-
tional standing. While causality between LBP and hip abductor muscle function cannot be
confirmed from existing research, the negative slope in our analysis indicates that low-back
VAS scores decrease as endurance of the hip abductors muscles increases. Together, data
suggest that hip abduction muscle weakness and fatiguability may be important to consider
in preventing or managing standing-induced LBP.

To our knowledge, this is the first study to investigate self-perceived physical health,
measured through Physical Component Summary (SF-12), as predictor of higher pain
intensity during a prolonged standing task. In the calculation of the PCS summary score,
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the highest weights were given to four domains: physical functioning, role physical, bodily
pain, and general health. Bodily Pain was the domain with the lowest scores for our
sample (mean: 49.6, IQR: 46.9-57.5, data not shown previously) and for the LBP-PD group
(47.4 £ 10.5). This is consistent with previous reports stating that the presence of pain (in
the low back and/or other sites) may be associated with the incidence and prevalence of
LBP [39,40].

Factors associated with ankle-feet pain have not previously been investigated in
relation to occupational standing in office workers. While regression analysis was not
undertaken for the maximum VAS for ankle-feet pain due to small proportion of partici-
pants with this pain, ankle-feet region VAS was moderately correlated with greater BMI,
lower trunk/hip muscle function (lower supine bridge and Biering-Sorensen test ability)
and mental health. There is a strong association between high BMI and non-specific foot
pain in the general population [41] and in people with plantar heel pain [42]. Mechanical
loading with increased body mass is a possible mechanism for this relationship, as well as
metabolic and psychological factors [41]. Trunk/hip stability is thought to be important
for the production, transfer and control of force throughout the entire kinetic chain [43].
Gluteus maximus and medius muscles weakness has been identified in people with ankle
injuries [44,45], and it has been hypothesized that deficits in core stability may increase
risk of lower extremity injury [46,47]. Altered loading throughout the lower kinetic due to
hip/trunk muscle deficits may contribute to ankle-feet pain during prolonged standing at
a standing workstation. The association between better mental health and ankle-feet pain
could be due to a spurious finding and a consequence of the small sample size.

There are limitations to this study that must be considered. First, the study has a
relatively small sample size (1 = 40), with only a small proportion of subjects classified as
low-back or ankle-feet PD. Although previous studies have had similar sample sizes [12,14],
this sample size may have led to two important issues: (i) failing to detect a real effect
on pain development for any of the variables studied, and (ii) finding effects that seem
supported by the data but are spurious. The use of alternative statistical methods would
have been preferred [48] but were difficult due to the small sample. The results of this
study should be confirmed in future studies involving more individuals and more analysis
techniques. Second, this study did not include outcomes to identify potential vascular
mechanisms that may be associated with the development of musculoskeletal ankle-feet
symptoms [8,18]. We recommend that future research include such measures.

This study has shown that there is an impact of 1 h-standing exposure on several
aspects of pain status in office workers, determined the significant dose-response relation-
ship for standing, and clarified the factors associated with the intensity of low-back and
ankle-feet pain. Based on the findings of our study, practitioners and clinicians should
advise office workers to avoid standing for more than 30 min in light of the dose-response
relationship for standing and pain. Due to the relationship between hip abductor muscle
endurance, physical health status and intensity of LBP, future research is needed to deter-
mine if improving these factors decreases LBP intensity during standing. Similarly, further
investigation is needed to understand the relationship between BMI, trunk/hip muscle
function and mental health on ankle-feet pain during standing.

5. Conclusions

This study in office workers demonstrated that the prevalence and intensity of low-
back and ankle-feet pain increased during a 1-h laboratory-based standing task, with
30 min identified as the threshold for the development/provocation of pain. Lower hip
abductor muscle endurance and physical health predicted the low-back pain intensity. In
the ankle-feet area, results suggest that the increase in pain scores was correlated with
greater BMI and lower trunk /hip muscle function.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/1jerph19042221/s1, Figure S1: Pain development during 1 h-standing
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for PD and NPD groups: (a) at low-back; (b) at ankle-feet areas; Table S1: Spearman correlation
coefficients between the maximum increment at VAS scores at low-back and ankle-feet regions
throughout of the standing task and measured variables for PD groups.
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Abstract: To enhance stature recovery, lumbar spine stabilization by stimulating the deep trunk
muscle activation for compensation forces originating from the upper body was introduced. The
abdominal drawing-in maneuver (ADIM) technique has been found mainly to activate deep trunk
muscles. The purpose of the current study was to determine whether 5 weeks of training of deep
trunk muscles using the ADIM technique could improve stature recovery, delay trunk muscle fatigue,
and decrease pain intensity during prolonged sitting. Thirty participants with chronic low back
pain (CLBP) conducted a core stabilization exercise (CSE) with the ADIM technique for 5 weeks.
Participants were required to sit for 41 min before and after the exercise intervention. Stature change
was measured using a seated stadiometer with a resolution of +0.006 mm. During sitting, the
stature change, pain intensity, and trunk muscle fatigue were recorded. A comparison between
measurements at baseline and after 5 weeks of training demonstrated: (i) stature recovery and pain
intensity significantly improved throughout the 41 min sitting condition; (ii) the bilaterally trunk
muscle showed significantly decreased fatigue. The CSE with the ADIM technique was shown to
provide a protective effect on detrimental reductions in stature change and trunk muscle fatigue
during prolonged sitting in young participants under controlled conditions in a laboratory. This
information may help to prevent the risk of LBP from prolonged sitting activities in real life situations.

Keywords: spinal load; core stability; ergonomics

1. Introduction

Sedentary behavior is characterized by an energy expenditure less than or equal to
1.5 metabolic equivalents (METs) while in a sitting or reclining position when awake [1].
Today, increasing numbers of individuals spend extended periods in a seated position at
work as well as during leisure time [2,3]. Recently, sedentary workers in Thailand reported
recurring low back pain, with 63% showing that their low back pain was aggravated by
sitting during working hours [4]. Chronic low back pain (CLBP) has a global prevalence
of 11-23% among people with low back pain [5,6]. The socioeconomic burden of CLBP
stems from a prolonged loss of function, which consequently results in decreased work
productivity and increased medical costs [5,7].

Deep trunk muscle fatigue may arise from continuous contraction of the trunk muscles
during prolonged sitting [8-10]. This fatigue reduces muscular support to the spine
and increases stress on ligaments and intervertebral discs [9,10]; consequently, it reduces
intervertebral disc height [11,12]. Reductions in disc height could increase compressive
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stress on sensitive spinal structures [13,14] and may stimulate nociceptor activity, leading
to pain [14]. Stature change measurement is a method used to reflect alterations in spinal
length, and the reduction of spinal length is known as spinal shrinkage or stature loss [15].
Prolonged sitting postures could lead to stature reduction and ultimately to low back
pain [9,16,17].

Trunk muscles play an essential role in contributing to spinal stability [18]. There are
two types of trunk muscle systems: superficial and deep [19,20]. The internal oblique (I0),
transversus abdominis (TrA), and lumbar multifidus (LM) muscles represent a deep muscle
system that compensates for forces on the upper body of the spine and increases lumbar
stability [18,21]. Previous studies reported changes in the muscle recruitment pattern and
timing of muscle onset in people with low back pain [22,23]. Increased superficial trunk
muscle activation occurs to compensate for deep trunk muscle dysfunction [24,25], in
which the neural control subsystem attempts to maintain spinal stability [18,26]. Increased
activation of the superficial trunk muscle can compress the spinal structure and lead to
delayed stature recovery [25,27].

Previous research reported that superficial trunk muscle activity can be reduced by
activating the deep trunk muscles using the abdominal drawing-in maneuver (ADIM)
technique [15,28,29]. The ADIM technique is known to elicit preferential recruitment of the
transversus abdominis muscle with minimal activation of the superficial trunk muscles. For
this technique, participants are instructed to ‘gently draw in their lower abdomen toward
the spine’ [13]. Saiklang et al. (2020) investigated the change in stature recovery in patients
with CLBP following the immediate effect of the ADIM technique for 1 min repeated three
times throughout a 41 min prolonged sitting period. The results demonstrated that the
ADIM technique significantly improved stature recovery and increased TrA and IO muscle
activities and TrA and IO/RA ratios compared with upright sitting without exercise [15].

To date, no investigation has reported the effect of the long-term impact of the core
stabilization exercise (CSE) with the ADIM technique program focusing on deep trunk
muscle on stature recovery during prolonged sitting. The CSE with ADIM technique aims
to improve neuromuscular control skills, relearn normal function, and enhance endurance
of the deep muscles around the lumbar spine, such as the TrA and LM muscles [28,30].

The aim of the current study was to investigate differences in stature change, pain,
and trunk muscle fatigue during prolonged sitting in seated sedentary workers with CLBP
between baseline and the first day after a 5-week CSE with the ADIM technique. We
hypothesized that the 5-week CSE with the ADIM technique can improve deep trunk
muscle endurance, reduce pain, and delay stature reduction during prolonged sitting.

2. Materials and Methods
2.1. Design and Setting

The study used a within-subject repeated-measures design. It was conducted at
the research center of the Back, Neck, Other Joint Pain and Human Performance (BNO-
JPH) laboratory, Khon Kaen University, Thailand. Ethics approval for this research was
granted before the study by the Human Research Ethics Committee (HE612220) of Khon
Kaen University. The study was registered at clinicaltrials.in.th (registration number:
TCTR20180823004).

2.2. Participants

Thirty participants, aged 20-39 years, were recruited via posters on bulletin boards
at Khon Kaen University. Fifteen males and fifteen females were recruited to reduce the
influence of gender. Inclusion criteria for the participants were established as follows:
CLBP lasting more than three months, mild to moderate levels of pain on the numerical
rating scale (NRS; <7 score) [31,32], low levels of activity limitation on the Roland Morris
disability questionnaire (RMDQ; <12 score) [33], and reported sitting for at least two hours
on any working day [9]. Participants were excluded if they had previous vertebral surgery,
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had been identified with a medical condition that affected spinal soft tissues, or were
pregnant [32,34].

2.3. Sample Size Determination

The sample size was calculated after preliminary data collection from 12 participants
(six male and six female) who performed the CSE with ADIM for 5 weeks. The mean
difference of the stature changes before and after the exercise intervention was set at 3 mm.
A significance level of 0.05 (Zx (0.05) = 1.96) and a power of 90% (Zf (0.1) = 1.28) were
used in the calculation. After an additional 15% correction for dropouts, the number of
subjects was 21. Thus, the current study required at least 30 participants (15 males and
15 females for balanced gender) to achieve sufficient statistical power for the analyses.

2.4. Outcome Measurements
2.4.1. Stature Change Response

Stature change response was measured using a seated stadiometer device (certified
Thai petty-patent No. 5607; Figure 1) [15,34]. The Digimatic Indicator identifies variations
in stature change with a resolution of +0.006 mm and was used to measure stature change.
The device displays real-time data and repeatedly records data up to 5 Hz (ID-C 150,
1050 Digimatic Indicator, Manual No. 3061, Series No. 543, Mitutoyo, Kawasaki, Japan).

Connected to <« pjigimetric indicator
computer software

Alphabet chart Light diode feedback
' \\ ca

Head support — |‘. _____________ - O "

C4 e |y

<2 / (@) B
Spinal sensors [\ m | Q c

T2 B Light diode D

feedback

ol v . | @ LC

Sacral support ————|] o
E] Alphabet chart
Wooden seat -]
Adjustable footrest
L ===

t 20m |

Figure 1. A seated stadiometer device: (A) participant position, (B) feedback chart. Source: [15].

The position of the participants was controlled during the measurements as follows:

(i) The Digimatic Indicator settings allowed the distal end to rest directly on the highest
apex of the skull to ensure its consistent positioning throughout participant repositioning
(Figure 1) [15,34].

(i) Head positioning with the eyes kept level was maintained by coaching the partici-
pants to concentrate on a visual cue, a letter on an alphabet chart, placed at eye level on the
opposite end (Figure 1B) [15,34].

(iii) The wooden seat platform and footrest were adjustable so that the participants’
ankle, knee, and hip joints were positioned at 90° throughout the measurements. Heels
touched the back of the footrest [35]. The head and sacral supports were adjustable to
accommodate the participants’ spinal posture [35]. A pillow was placed on the participants’
lap to support their forearms positioned at 90° to their upper arms (Figure 1A).

(iv) The spinal alignment was controlled by sensors placed on the spinous processes
of the following vertebrae: cervical spine 4, thoracic spine 4, thoracic spine 12, and lumbar
spine 3. These sensors were connected to a light diode feedback located opposite the seated
participant (Figure 1B) [12,15]. These sensors were used as a measure for control to ensure
that the participants maintained the same posture throughout the experiment period. The
process of stature change measurement was performed by Researcher P.S.

2.4.2. Trunk Muscle Fatigue

Eight pairs of Ag-AgCl disposable surface electromyography (SEMG) electrodes (EL
503) with electrical contact surface areas of 1 cm? and a center-to-center spacing of 2.5 cm
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were attached parallel to each muscle on both sides: to the rectus abdominis muscle
(RA) [36], the internal oblique and transversus abdominis (IO and TrA) [37], the iliocostalis
lumborum pars thoracis (ICLT) [38], and the lumbar multifidus (LM) [30] after skin abrasion
and cleaning with alcohol. Electromyography (EMG) data were recorded at 2000 Hz using
the Wireless Bipolar Cometa Mini Wave Plus 16-channel EMG system (Cometa, Bareggio,
Italy), an online band-pass filter (10-500 Hz), and a 60 Hz notch filter (power line in
Thailand). The raw EMG signal was first visually checked for electrocardiac artifacts. The
raw EMG signal was processed with fast Fourier transformation to determine the median
frequency (MDF) value (Hz). The decrease in the MDF of the EMG signal was taken as an
indirect measure of muscle fatigue [6]. Trunk muscle fatigue was collected by Researcher
PS.

2.4.3. Pain Rating Scale

Pain intensity was assessed using an 11-point numerical rating scale (0-10 NRS).
Subjective measures of pain were obtained from the NRS, employed to assess pain on a scale
ranging from 0 (no pain) to 10 (worst possible pain) [31,39]. This outcome measurement
was evaluated by Researcher T.C.

2.4.4. Functional Disability

The Roland Morris disability questionnaire (RMDQ) Thai version was used to assess
functional disability due to low back pain [40]. This questionnaire includes 24 items [41],
which were rated by Researcher T.C.

2.5. Procedure

The flowchart of the current study is presented in Figure 2. Thirty-three participants
were recruited from the advertisements. After the screening process, 30 participants were
included in the study. Three participants were excluded due to experiencing low back pain
>7 based on the NRS. Thirty participants meeting the inclusion criteria were asked to visit
the research laboratory.

‘ 33 participants enrolled to the study ‘

3 excluded due to experiencing
LBP >7 on NRS

Enrolment

30 participants participated to the study ‘

1%t day of familiarization with the stature
change measurement

l

274 day, baseline outcome assessment (n = 30):
- Pain at rest - Disability score (RMDQ)

- Stature change - Pain during sitting

- Muscle fatigue

30 participants performed CSE with
ADIM exercise throughout 5-week

l

15 day, after exercise outcome assessment (n = 30):
- Pain at rest - Disability score (RMDQ)
- Stature change - Pain during sitting
- Muscle fatigue

Before exercise

Data analysis

Analysis After exercise Exercise

Figure 2. Flowchart of the study.
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On the first day, the participants were familiarized with the stature change measure-
ment. These involved participants practiced stepping in and out of the stadiometer until
a standard deviation (SD) of <0.5 mm was achieved over ten repeated stature measure-
ments [12,42]. Then, they were asked about their disability score (RMDQ) and pain intensity
at rest (NRS).

On the second day, all participants arrived within an hour of waking, between 8 and
10 a.m. [42,43] to avoid stature loss before the test trial. They were requested to sleep for at
least 8 h each night before the days of the experiment [44]. They were asked to undertake
normal activities of daily living, refrain from vigorous physical activities, and refrain from
alcohol consumption for 24 h before the experimental sessions [45]. After the application of
surface electrodes, the participants were asked to maintain the Fowler’s position (lying)
for 20 min to eliminate any abnormal spinal loading that may have been present before
arrival [34,45]. Then, they were asked to sit for 41 min, and the outcome measurements
were collected, as shown in Figure 3.

Upright sitting Upright sitting Upright sitting

1 minute 1 minute 1 minute
Time (code) T0 Tsit | T1 jvi T3
Time (minute) 0 1012 1315 26 28 3941

Prefered sitting Prefered sitting Prefered sitting
10 minutes 10 minutes 10'minutes

Stature change 1 0 4
Pain intensity 4 + t
Muscle fatigue It 4 B

Total sitting
41 minutes

Figure 3. Overview of the prolonged sitting condition. The upright sitting periods (back zone) are
presented below the axis. Arrows illustrate times of outcome measurement: stature change, pain
intensity, and muscle fatigue. Participants sit in the seated stadiometer and perform the upright
sitting three times (at 12-13, 25-26, and 38-39 min) throughout the prolonged sitting time of 41 min.
Stature change measurements are collected at Tsit (10-12 min), T1 (13-15 min), T2 (2628 min),
T3 (3941 min). Pain intensity measurements are collected at T1 (13-15 min), T2 (26-28 min), and
T3 (39-41 min). Muscle fatigue measurements are collected at 0-10, 15-25, and 28-38 min.

Next, the participants were asked to practice CSE using the ADIM technique with the
researcher R.P. When they could perform this correctly, they were required to exercise CSE
with ADIM for 5 weeks. After 5 weeks of training, all participants were asked to stop their
exercises completely. The outcomes were re-measured on the first day after the 5-week CSE
with the ADIM technique.

2.6. Prolonged Sitting Condition

An overview of the prolonged sitting condition, with time points and their outcome
measurements, is shown in Figure 3. Participants sat in the seated stadiometer, according
to conditions described in 2.4.1, with the Digimatic Indicator in contact with the skull apex,
marked by a waterproof pen. During the measurements, the participants remained in the
same posture without speaking. To reduce errors in the spinal change measurements due
to involuntary movements and slight differences in the breathing phase, all measurements
were taken at the end of the expiration phase of the breathing cycle [35,46]. Each measure-
ment set, consisting of 75 data points sampled over 15 s, was considered at time 0 and at
the end of a 2 min interval, which reduced the effect of variations in the stature change
assessment due to both breathing patterns and uncontrolled movements [12,34,35].
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A baseline stature measurement set was recorded (T(). During the test trials, the
participants remained in a freestyle sitting position, which did not require a straight back,
without a backrest for 10 min. Then, the stature change (Tsit) in the participants was
measured to be used as a normalized value. Next, the participant was asked to sit upright
for 1 min. The stature change and pain intensity were measured at the end of each session
(T1 [at 13-15 min], T2 [at 2628 min], and T3 [at 39-41 min]). The raw sEMG signal was
processed using the triangle-Bartlett method of fast Fourier transformation to determine
the median frequency (MDF) value. The sSEMG data were retrieved every 10 min block
of sEMG data from the 41 min sitting period (at 0-10, 15-25, and 28-38 min) for analysis,
Figure 3. The total time for each test trial was 41 min. Participants were not allowed to
stand during the test trials.

2.7. Core Stabilization Exercise (CSE) with ADIM Technique

The exercise program was supervised by a physical therapist with 30 years of experi-
ence (RP). This exercise program was modified from Puntumetakul et al. [28]. The details
of the CSE each week are appended (Table Al). Researcher R.P. trained this exercise to
all participants face-to-face in a 20 min session. The participants were re-assessed with
researcher R.P. twice a week for 5 weeks at the laboratory to determine whether they could
successfully perform the previous exercise. As the CSE with the ADIM technique was a
milestone exercise, if the participants failed to perform the previous exercise accurately,
they were retrained in the previous exercise until they succeeded. The participants were
required to perform a daily set of home exercises of the same level, position, and frequency
as those demonstrated during the exercise session with the physical therapist. The par-
ticipants were asked to record in their logbook a daily home exercise program, including
position, duration, and frequency of the exercise, as well as a record of their drug and
alternative treatment throughout the study period and any adverse effects of the exercise.
During the exercise, one of the researchers contacted the participants by telephone every
week to motivate them to continue their daily home exercises. After 5 weeks of training, all
participants were asked to stop their exercises completely.

2.8. Data Analysis

The mean and standard deviation (SD) were used to assess participants’ demographics
and data of stature change at each time of measurement and were calculated from the
reference point of Tg. Differences in stature within a condition were assessed using a
one-way repeated measure ANOVA for time effect (Ty, Ty, and T3) with the Bonferroni
post-hoc analysis (significant at p < 0.017; 0.05/3).

The differences in trunk muscle fatigue and pain intensity within the condition for
non-normally distributed data were analyzed using the Friedman test, and post hoc tests
were conducted using Wilcoxon signed-rank tests. A significance level was set at p < 0.05
for trunk muscle fatigue and pain intensity.

Data comparisons before and after the first day of the 5-week CSE regarding pain at
rest and functional disability were analyzed using the paired f-test (p < 0.05). During the
prolonged sitting condition, the data comparison before and after the first day of 5 weeks
of the exercise on stature change was analyzed using the paired t-test (p < 0.05). Further,
the pain intensity and trunk muscle fatigue were analyzed using Wilcoxon signed-rank
tests (p < 0.05).

All analyses were performed using SPSS version 19.0 software (SPSS Inc., Chicago, IL,
USA). The Shapiro-Wilk test was performed to check the data distribution.

3. Results
3.1. Participant Characteristics

All participants achieved the preferred level of repeatability for the stature change
measurements (SD < 0.5 mm). The participants reported that they did not use any drug for
reducing their low back pain and had no adverse repercussions of the exercise throughout
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the 5 weeks of the training. The demographic data and clinical characteristics are presented

in Table 1.

Table 1. Demographic characteristics of participants.

Characteristics Male (n = 15) Female (n =15)  Total (n = 30)
Age (years), mean + SD 25.67 £3.35 26.07 £ 3.37 25.87 £3.31
Weight (kg), mean + SD 63.93 +7.94 52.80 + 4.84 58.37 + 8.59
BMI (kg m~?2), mean + SD 2211 +£1.90 20.95 + 1.28 21.53 + 1.70
Sitting height (cm), mean 4 SD 87.93 £5.38 84.50 + 3.39 86.22 +4.75
Standing height (cm), mean 4 SD 169.80 + 5.16 158.67 + 4.70 164.23 +7.45
Smoking status no no no
Occupation, n (%)

-Student 12 (80) 13 (86.67) 25 (83.33)

-Office worker 3(20) 2(13.33) 5 (16.67)
Working time (hours/day), mean + SD 8.60 + 2.95 7.60 +2.13 8.10 +2.58
Period of LBP (month), mean + SD 10.73 + 6.18 10.53 + 4.60 10.63 + 5.35
Disability index score, mean + SD 420 +1.82 4.80 +1.82 450 + 1.81
Pain scale 24 h (score), mean + SD 427 +£1.33 447 +1.36 4.37 +1.33

Note: SD = Standard deviation; BMI = Body mass index.

3.2. Pain Intensity at Rest and Functional Disability

The results showed a significant reduction in pain intensity (mean difference:
2.14 + 1.50 (95% CI: 1.57 to 2.69) at p < 0.001) and functional disability (mean difference:
2.33 + 1.81 (95% CI: 1.66 to 3.01) at p < 0.001) between baseline and the 5-week CSE with

the ADIM, as shown in Figures 4 and 5, respectively.

4.37

Ak

score
w

Baseline 5 weeks of CSE

Figure 4. Mean and standard deviation (SD) of pain intensity from baseline to 5 weeks of CSE

(** p < 0.001).
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Figure 5. Mean and standard deviation (SD) of functional disability from baseline to 5 weeks of CSE
(** p <0.001).

3.3. Stature Changes during Sitting

The stature changes during sitting before and after CSE are shown in Table 2. The
result of stature change after sitting for 10 min (T;;) showed no significant differences
between baseline and after the 5-week CSE with the ADIM technique (p = 0.458). This result
indicates that T between baseline and after the 5-week CSE with the ADIM technique
was comparable and could be used as a reference point for the stature changes calculation
at Ty, Tp, and T;.

Table 2. The stature change during sitting before and after CSE with ADIM.

Mean Change from Tg;; (mm)

Tsit (mm) o
Mean + SD Mean + SD (95%CI)
(95%CI) T, T, T,
—42664+2221  —3999+ 1482  —5782+1.605  —7.365+ 2.180
Baseline (—5.095 to (—4.553 to (—6.382 to (—8.179 to
—3.437) —3.446) 8 —5.183) fh* —6.552) 8"
After 5weeks of  —3.864 + 1986  —2538+1.004  —4.027 +1.306  —5.367 + 1.258
CSE with ADIM (—4.605 to (—2.913 to (—4.515 to (—5.837 to
technique -3.122) —2.163) 80 —3.539) fh —4.897) 78"
p-value
Between 0.458 0.001 0.001 0.001

Note: Data presented as Mean + standard deviation (SD), Tsj; = after sitting for 10 min, Ty = 13th-15th min,
T, = 26th-28th min, T3 = 39th—41st min, f = significant difference from T;, g = significant difference from
T,, h = significant difference from T3 (* significant difference at p-value < 0.008, ** significant difference at
p-value < 0.001).

At baseline, the results of the current study illustrated that the baseline showed a
significant reduction in stature due to time (T, Tp, and T3) (p < 0.017). In the same pattern,
the results illustrated that after the 5-week CSE with the ADIM technique, there was a
significant reduction in stature due to time.

Comparing baseline and the 5-week CSE with the ADIM technique, the stature changes
at Ty, Ty, and T3 were significantly improved in the 5-week CSE with the ADIM technique
(Table 2).

3.4. Pain Intensity during Sitting

At baseline, the pain intensity of T, and T3 were significantly increased compared to
other time of measurements (T and T1). After the 5-week CSE with the ADIM technique,

134



IJERPH 2022, 19, 1904

the pain intensity of T, (p < 0.05) and T3 (p < 0.001) was significantly increased from Tgj;.
At T3, pain intensity was significantly increased from Ty and T; (p < 0.05).

Comparing baseline and the 5-week CSE with the ADIM technique, the pain intensity
at Ty, Tp, and T3 was significantly decreased in the 5-week CSE with the ADIM technique,
as shown in Table 3.

Table 3. Comparisons pain intensity during sitting before and after received CSE with ADIM.

fp Times p-Value
Conditions within
Tsi (T (T2) (T3) Conditions
3.00 3.00 3.50 3.50
Baseline (2.00-5.00) (3.00-5.00) (3.00-6.00) (3.00-6.00) 0.001
frgashss exgxhx exxfx exxfx
":‘)fftecrsi";:ﬁis 1.00 1.00 1.50 2.00
(0.00-2.00) (0.00-2.25) (0.00-3.00) (0.00-3.00) 0.001
ADIM gxhss gxhx exhx exsfrgs
technique
p-value
Between 0.632 0.001 0.001 0.001

Note: Data presented as Median (interquartile range), p-value from the Friedman test, ** significant difference
at p-value < 0.001, * significant difference at p-value < 0.05 by the Wilcoxon signed-rank test), Ts;; = after sitting
for 10 min, Ty = 13th-15th min, T, = 26th-28th min, T3 = 39th—41st min, e = significant difference from T,
f = significant difference from Ty, g = significant difference from T, h = significant difference from T3.

3.5. Trunk Muscle Fatigue during the Experiment

At baseline, the MDF in the sitting condition is shown in Table 4. The Friedman test
revealed a significant difference in the MDF values in the muscles and both sides at each
time of measurement during prolonged sitting. The Wilcoxon signed-rank tests showed a
significant difference between the measurement times. For both sides of the TrA and IO
muscles, the MDF value at the 15th-25th min was significantly decreased compared to that
of the 0-10th min. A further reduction in the MDF value was observed at the 28th-38th min.

Table 4. Comparison muscle fatigue between before and after performed CSM with ADIM exercise

during prolong sitting.
Right Left
Muscle Fatigue Baseline After 5 Weeks of CSE p-Value Baseline After 5 Weeks of CSE p-Value
(Hz.) Median Median Median Median
(Interquartile Range)  (Interquartile Range) (Interquartile Range)  (Interquartile Range)

RA
(0-10th min) 25.71 (24.99-27.25) 25.70 (25.69-25.71) 0.713 25.71 (15.72-28.95) 25.70 (25.12-25.71) 0.128
(15th-25th min) 25.70 (917.29-27.64) 25.70 (23.91-25.71) 0.992 25.71 (16.95-27.34) 25.71 (25.69-25.72) 0.926
(28th-38th min) 25.72 (25.70-28.69) 25.71 (25.69-25.72) 0.144 25.71 (25.69-28.70) 25.70 (24.72-25.71) 0.130
p-value 0.177 0.441 0.852 0.084
TrA & IO
(0-10th min) 4259 (3;15?42‘72) 1671 (46.63-4832) o001+ 4270 (35;3342‘73) 1671 (44.88-48.69)  0.001**
(15th-25th min) 45.30 (40.80-47.96) 0.001 ** 45.45 (41.49-47.23) 0.001 **

B . 35.99 (35.69-37.99) a* - 36.15 (34.19-37.32) a* -
(28th-38th min) 3571 (33.21-36.45) a* 45.70 (41.99-48.71) 0.001 35.95 (33.53-37.21) a* 45.99 (43.45-48.65) 0.001
p-value 0.001 0.058 0.001 * 0.503
ICLT
(0-10th min) 35.70 (33.21-36.03) 36.14 (35.69-37.94) 0.060 35.70 (34.81-35.72) 35.71 (34.39-37.76) 0.524
(15th-25th min) 35.69 (33.28-35.72) 35.72 (35.30-37.33) 0.206 35.69 (33.66-36.21) 35.71 (35.66-36.47) 0.289
(28th-38th min) 35.70 (33.85-35.71) 36.70 (33.85-35.71) 0.153 35.69 (33.58-35.71) 35.71 (35.69-37.05) 0.360

p-value

0.873

0.644

0.721

0.594
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Table 4. Cont.

Right Left

Muscle Fatigue Baseline After 5 Weeks of CSE p-Value Baseline After 5 Weeks of CSE p-Value
(Hz.) Median Median Median Median

(Interquartile Range)  (Interquartile Range) (Interquartile Range)  (Interquartile Range)
M
(0-10th min) 49.04 (46.42-52.79) 52.65 (47.71-53.57) 0.185 49.36 (45.71-52.38) 51.90 (48.22-53.57) 0.175
(15th—25th min) 49.41 (46.96-53.57) 52.74 (48.71-53.57) 0.098 49.21 (47.71-55.70) 52.33 (48.15-55.40) 0.544
(28th-38th min) 49.21 (47.71-55.69) 52.34 (48.72-55.72) 0.082 49.84 (48.00-55.69) 52.42 (48.68-55.71) 0.237
p-value 0.695 0.341 0.273 0.125

Note: Data presented as Median (interquartile range). Significant difference at * p-value < 0.05, ** p-value < 0.001
by Wilcoxon signed-rank test. a = significant difference from 0-10th, b = significant difference from 15th-25th,
¢ = significant difference from 28th-38th.

After the 5-week CSE with the ADIM technique, the Friedman test did not reveal a
significant difference in the MDF value in trunk muscles and both sides at all times of
measurement. Compared with baseline values, the 5-week CSE with the ADIM technique
showed a significant improvement in the MDF values (both sides of TrA and IO, the MDF
value of 15th-25th and 28th-38th min).

4. Discussion

The aim of this study was to investigate differences in stature change, pain, and
trunk muscle fatigue during prolonged sitting conditions in sedentary workers with CLBP
between baseline and the 1st day after the 5-week CSE with the ADIM technique.

The results of the current study showed that the 5-week CSE with the ADIM technique
provided a significant decrease in resting pain (mean difference: 2.14 + 1.50; p < 0.001)
and improvement in functional disability (mean difference: 2.33 4 1.81; p < 0.001). The
result of the current study agreed with those of previous studies that reported the potential
of CSE to improve functional disability in patients with CLBP [47—49]. The results of the
current study demonstrated that the CSE program might be clinically advantageous for
CLBP patients with functional disability improvement by reducing pain.

During prolonged sitting, forces from bodyweight cause deformation of the elastic
components of the disc and increased intra-discal pressure [50,51]. Fluid loss is known
to occur when the pressure inside the disc increases and can be indicated as the major
mechanism to account for the reduction in disc height and consequent stature loss [52,53].
Prolonged sitting in CLBP participants induced stature loss (mean difference —7.365 mm)
at 41 min (T3) (Table 2).

The current study revealed that bilateral TrA and IO muscle fatigue occurred earlier
during sitting (approximately 15-25 min after sitting) (Table 3). Sitting for prolonged
periods has been partly attributed to trunk muscle fatigue resulting from the continuous
contraction of deep trunk muscles in seated postures [9,10]. During prolonged sitting, the
lumbar multifidus is passively stretched, resulting in increased co-contraction of the TrA
and IO muscles to balance the back muscle forces. Consequently, the TrA and IO muscles
become fatigued over time [9,10].

A significant increase in low back pain in the sitting condition was found in this
study, suggesting that static loading of the lumbar spine during prolonged sitting may be
associated with disc compression [54,55]. Healey et al. (2005) and Rodacki et al. (2003)
proposed that persistent contraction of the superficial paraspinal muscles in patients with
CLBP may produce greater compressive loading, increasing disc compression and reducing
stature [25,27]. Moreover, the results of the current study demonstrate that the sitting
condition reduced deep trunk muscle activation. These results may explain increased low
back pain [14,56]. The results of the present study align with previous studies showing that
perceived body discomfort increased significantly during prolonged sitting [56].

After the 5-week CSE with the ADIM technique, participants showed significantly
improved stature changes during prolonged sitting. The stature change at the T; (mean
difference: 1.462 + 1.752 mm; p < 0.001), T, (mean difference: 1.756 4 1.752 mm; p < 0.001),
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and T3 occasion (mean difference: 1.998 + 2.653 mm; p < 0.001) was significantly improved
before and after the 5-week CSE with the ADIM technique. Although our mean difference
in stature change was only 1.99 mm, which did not reach the minimal clinically important
stature change of 3 mm [12], there is evidence that changes in stature of a magnitude above
0.985 mm can be attributed to intervention effects in CLBP participants [57].

Thus, we show that the 5-week CSE with the ADIM technique can enhance recovery
of disc height and reduce the loading on other spinal structures, which may facilitate a
reduction in symptoms in patients with low back pain during prolonged sitting. This is
consistent with the findings of Healey et al. (2005) and Lewis et al. (2014). They reported
significant positive correlations between delayed stature recovery and higher levels of pain
and disability [27,32].

Our results demonstrated that the 5-week CSE could improve trunk muscle endurance
during prolonged sitting when compared with baseline. The results showed that both
sides of TrA and IO significantly improved the MDF (at 0-10, 15-25th, and 28-38th min)
when compared with baseline values. These revealed that muscle endurance increased
after the 5-week CSE with the ADIM technique, which could be related to the specific
effects of CSE with the ADIM technique on deep muscle activities. Macdonald et al. (2006)
indicated that deep trunk muscles have a high percentage of type I muscle fibers, blood
vessels, and mitochondria [58]. Therefore, CSE with the ADIM technique can improve
the endurance of deep trunk muscles during prolonged sitting. Increased activity of the
deep trunk muscle is thought to raise intra-abdominal pressure [59], resulting in decreased
spinal loading [60,61]. This suggests that the CSE with the ADIM technique can increase
deep trunk muscle activity in CLBP participants by reducing compression forces on the
spine during prolonged sitting [8], leading to improved stature recovery.

The results of the five weeks of CSE with the ADIM technique significantly improved
low back pain at all measurement time points (T;, T, and T3) when compared with
the baseline. However, the participants reported significantly increased pain intensity
throughout the increased sitting time. Static loading of the lumbar spine increases stress
in spinal structures [54,55]. These results may increase low back pain [14,56]. Thus, in
addition to performing CSE with the ADIM technique, participants should perform the
movement during the working day to prevent lower back pain during prolonged sitting.

The current study has some limitations. First, the investigation was conducted in a
laboratory; the findings of this study may have limited ecological validity, and a real-life
situation may be required in future investigations. Second, the participants were young,
with a small age range (aged 21-29 years). Thus, the results might not be applicable to other
age groups due to the variation in degenerative stage. Third, the current study was limited
to the immediate effects of the 5-week CSE with the ADIM technique. Future studies
should investigate the long-term follow-up effects of this program. Fourth, although the
participants in this study reported a significant increase in low back pain during prolonged
sitting, a history of previous injury did not meet our exclusion criteria. Therefore, low
back pain may be due to other reasons besides prolonged sitting. Adding a history of
previous injury in the exclusion criteria may better clarify the cause of low back pain in
future studies. Lastly, the current study included only one group that performed the pre-
and post-exercise interventions. Future investigations should include a control group or a
comparison of CSE with other exercises to strengthen the findings.

5. Conclusions

This study demonstrated that a 5-week CSE with the ADIM technique affects the pain
at rest and functional disability in sedentary workers with CLBP. Our result showed that
CSE with the ADIM technique provides a protective effect on detrimental reductions in
stature change and trunk muscle fatigue during prolonged sitting in young participants
under controlled conditions in a laboratory. Based on these findings, we recommend that
CLBP patients (aged 21-29 years) should perform CSE with the ADIM technique at home
to reduce low back pain problems due to prolonged sitting activities.
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Appendix A

Table Al. Program of the CSE with ADIM technique.

Week

Exercise Protocol

The participants were given the instructions on how to isolate activation of the TrA muscles correctly. After that, they
were asked to draw their lower abdomen gently in towards the spine (ADIM) with normal breathing control, and no
movement of the spine and pelvis while in a prone lying position on a couch with a small pillow placed beneath their
ankles. In addition, a pressure biofeedback device set at 70 mmHg was placed under the lower abdomen of the
participants. If they were able to lower pressure 4 to 10 mmHg, it represented successful activation of the transversus
abdominis muscle. The exercises progressed until the participants could perform muscle contractions for 10 s holds
with 10 repetitions/set 10 sets/day.

The participants performed co-contraction of the TrA and LM muscles while in a crooked lying position with both hips
at 45 degrees and both knees at 90 degrees. They were asked to perform the ADIM technique with floor muscles,
normal breathing control, and no movement of the spine and pelvis. Furthermore, they used their index and middle
fingers to palpate contraction of the TrA muscle and opposite 2 fingers palpated contraction of LM muscle. If the
participants performed correctly, they could feel the tight contraction of each muscle under their fingers. The exercises
progressed until the participants could perform muscle contractions for 10 s holds with 10 repetitions/set 10 sets/day.

The participants performed co-contraction of the TrA and LM muscles in a crooked lying position with both hips at
45 degrees and both knees at 90 degrees. Then, they abducted one leg to 45 degrees of hip abduction and held it for 10 s.
After that, they adducted their leg to the starting position. After repeating this movement 5 times, they did it with the
other leg/set 10 sets/day. The next exercise in this week was to train co-contraction of these muscles in a crooked lying
position with both hips at 45 degrees and both knees at 90 degrees. Then, they slid a single leg down until the knee was
straight, maintained it for a 10 s hold, and then slid it back up to the starting position. After repeating this movement
10 times, they did it with the other leg/set 10 sets/day.
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Table A1. Cont.

Week Exercise Protocol

The participants performed co-contraction of the TrA and LM muscles while sitting on a chair. They were asked to
perform the ADIM technique with normal breathing control, and no movement of the spine and pelvis. Furthermore,
they used their index and middle fingers to palpate contraction of the TrA muscle and opposite 2 fingers palpated
contraction of the LM muscle. If the participants performed correctly, they could feel the tight contraction of each

4 muscle under their fingers. The exercises progressed until the participants could perform muscle contractions for 10 s
holds with 10 repetitions/set 10 sets/day. The next exercise in this week was to train co-contraction of these muscles
with the trunk forward and backward while sitting on a chair and keeping their lumbar spine and pelvis in a neutral
position. The second exercise in this week required 10 s holds with 10 repetitions/set 10 sets/day.

The participants performed co-contraction of the TrA and LM muscles during sitting on a balance board. They were

5 asked to perform co-contraction of the muscles with the trunk forward and backward while sitting on a balance board
and keeping their lumbar spine and pelvis in a neutral position. They performed each pose for 10 s holds with
10 repetitions/set 10 sets/day.
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Abstract: This study aimed to explore effective measurement angles for pelvic incidence (PI) clas-
sification and to develop a quick, noninvasive assessment tool for PI classification. We defined
five variation types of hip—knee line (HKL) angles and tested the discrimination ability of the receiver
operating characteristic (ROC) analysis using 125 photographs of upright standing posture from the
right lateral side. ROC analysis revealed an applicable HKL angle defined by the line connecting the
most raised part of the buttock and the central point of the knee and the midthigh line. The acceptable
cut-off points for discriminating small or large PIs in terms of HKL angle were 18.5° for small PI
(sensitivity, 0.91; specificity, 0.79) and 21.5° for large PI discrimination (sensitivity, 0.74; specificity,
0.72). In addition, we devised a quick noninvasive assessment tool for PI classification using the
cut-offs of the HKL angle with a view to practical application. The results of intra- and inter-rater
reliability ensured a substantial/moderate level of the tool (Cohen’s kappa coefficient, 0.79; Fleiss’s
kappa coefficient, 0.50-0.54). These results revealed that the HKL angle can distinguish the size
of the PI with a high/moderate discrimination ability. Furthermore, the tool indicated acceptable
inter-/intra-rater reliability for practical applications.

Keywords: pelvic incidence; low back pain; hip-knee line; anthropometry; ROC curve; reliability

1. Introduction

Low back pain (LBP) is one of the most common health problems worldwide. Accord-
ing to a systematic review, the lifetime prevalence in the general population is 60-80% [1].
The one-year prevalence in the general population is 38%, the one-month prevalence is
23-26%, and the point prevalence is 12-14% [2—4]. According to the Global Burden of
Diseases study, the average disability-adjusted life years (DALY) for all generations of LBP
increased from 1.7 years to 2.5 years as of 2019 compared to 1990 [5]. Out of 310 diseases,
LBP was the leading cause of the years lived with disability in 2017 [6]. Furthermore, the
DALY of LBP in the working generation is at a high level of 3.9 years. Hence, LBP, the most
commonly reported work-related musculoskeletal disorder, has also received attention in
terms of outcomes leading to a decline in labor productivity and economic loss [7,8].

Effective measures for LBP are still controversial. Although a recent meta-analysis [9]
showed some intervention effects such as exercise in combination with education, there is
no solid evidence found for others such as back belts, ergonomic adjustments, or training
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on manual material handling [10]. One of the possible reasons for such a discrepancy in
the effect of LBP can be found in nonpersonalized countermeasures without considering
individual biomechanical features of the lumbar spine.

For example, pelvic incidence (PI), which is measured by lateral spine radiography,
has been attracting attention as a determinant of LBP. P is an important clinical parameter
generally applied in the field of spinal surgery after Legaye et al. reported it in 1993 [11].
Since then, it has been used for PI-based spinal surgery alignment design and analysis
of clinical outcomes [12,13]. PI has some features representing an angle that: (1) defines
the lumbar lordosis [14,15], (2) indicates the inclination of the sacrum in the pelvis [16],
(3) is fixed during puberty [17], and (4) is a constant independent of posture changes [18].
Recent research shows that PI also has no differences in any age groups and sex [19],
but there are differences in ethnicity [20]. PI represents the physiological lordosis of the
lumbar spine, inducing differences in mechanical stress on the intervertebral discs and
facet joints depending on the degree of angle. If we could successfully grasp the angle
of PIin a simple way without exposure to X-rays, PI may be available as a personalized
preventive measure for LBP according to the angle of individual PIs. Thus, we devised
a noninvasive indirect measurement using surrogate indicators to estimate the PI using
anthropometric landmarks on the body surface. Our previous studies [21,22] revealed a
surrogate angle on the body surface reflecting the PI. The surrogate angle of the PI can be
defined as “the angle between the line connecting the upper edges of the greater trochanter
and iliac crest, and the line connecting the upper edge of the iliac crest and the buttock at
the same height as the greater trochanter”. It has sufficient practical reliability to estimate
the PI (R? = 0.63), although the measurement method requires substantial time (about
15 min/person) and physiotherapist skill for palpation. Another possible approach that
can more easily determine the classification of PI might be to use a body silhouette. As
shown in a commentary paper by Ramchandran et al. providing a theoretical interpretation
of PI, changing PI visually reflects the waistline and buttocks due to increasing pelvic
overhang with increasing sacroiliac joint angulation [23]. For further simplification, we can
hypothesize that those with an anatomically large PI will have raised buttocks; in contrast,
those with a small PI will have a smaller bulge in the buttocks. However, little research has
been conducted to determine whether the thickness of the buttocks (silhouette) may reflect
the actual size of the PI.

Therefore, we focused on the thickness of the buttocks on the silhouette to find an
easy, noninvasive way to classify the stage of the PIs. The purpose of this study was to
explore effective measurement angles for PI classification in terms of discrimination ability
using receiver operating characteristic (ROC) curve analysis, and to identify the availability
of visual buttock silhouettes (Study 1). Furthermore, the intra- and inter-rater reliability
of a devised tool for simple PI classification focusing on the visual buttock silhouette was
assessed (Study 2).

2. Materials and Methods (Study 1: Exploring Effective Surrogate Angles for PI
Classification Focusing on the Buttocks)

2.1. Measurement Angular Definition

We discussed potential landmarks applicable for the estimation of PI based on anatom-
ical, anthropometric, and physiotherapy aspects: (1) the most raised part of the buttock;
(2) top of the head; (3) the anterior (patella), central, and posterior points of the sagittal
knee; and (4) center of the thigh (the anterior-posterior diameter of the transition between
the buttocks and the thigh). To verify the PI with the appearance of the body silhouette,
the posterior and anterior surfaces of the knee are landmarks that can be easily confirmed,
and have been used in many studies in ergonomics and clinical practice. Furthermore, the
lines at the center of the knee and the center of the thigh on the lateral side (sagittal plane)
are used to measure the range of motion of the hip and knee joints in clinical situations.
The parietal point was adopted as a frequently used landmark for cervical and standing
posture analyses.
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1) the most raised 4
part of the buttock

3) anterior, central,
and posterior
points of knee

The hip-knee line (HKL) angles were defined as the angle between the following
two intersecting lines on the sagittal plane: the line connecting the most raised part of the
buttock and either the anterior, central, or posterior knee; and the line connecting either
knee point and either of vertical lines as the parietal, vertical, or the midthigh line. The
midthigh line was defined as the femoral axis (the central part of the anterior—posterior
diameter of the knee and the center of the thigh). As a combination of the lines, five variation
types of HKL angles (A1, A2, B1, B2, and C) were defined as shown in Figure 1.

2} top of the head vertical line mid-thigh line
¥ v v

i

43 center |

> é b of thigh

Types of HKL angles Al B2 C
knee anterior s s
poiﬁ.t posterior v v
central point v
vertical top of the head v v
. vertical line from floor v v
point
central of femur v

Figure 1. Five variation types of hip-knee line (HKL) angles.

2.2. Procedures

The 125 voluntary participants (71 males, 54 females; average age 55.9 & 18.9 years)
were recruited in line with the following inclusion criteria: (1) normal spinal alignment
with sagittal vertical axis less than 40mm, (2) standing alignment without knee flexion
contracture, (3) no difference in leg length, and (4) maintained postural standing stability.
We provided a sufficient explanation for this study (IRB No. 60-21-0072, Nagoya City
University). They were then asked to assume a neutral posture in an upright position.
Subsequently, a photograph of their upright standing posture from the right lateral side
was taken using a digital camera (Power Shot S5, Canon Inc., Tokyo, Japan) fixed on a
camera tripod at a height of 60 cm, with the focus distance to the subject set to 3 m.

2.3. Measurement of HKL Angles and Outcome Variable

The landmarks in each picture were obtained using the Image] ver. 1.48 software (NIH,
Bethesda, MD, USA), and five types of HKL angles (A1, A2, B1, B2, and C) were measured
using the landmarks.
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The surrogate angle correlating with PI [21,22] was used to measure the outcome. The
surrogate angle of the PI can be defined as “the angle between the line connecting the upper
edges of the greater trochanter and iliac crest, and the line connecting the upper edge of
the iliac crest and the buttock at the same height as the greater trochanter”. The details of
the measurement and reliability of the landmarks used to estimate the surrogate angle by
palpation have been described elsewhere [22]. The surrogate angle has sufficient practical
reliability for estimating PI (R? = 0.63).

2.4. Data Analysis and Statistical Analyses

The surrogate angles of PI obtained from the 125 photographs were classified by
using quartiles: small (“S”, less than 42°, indicating the first quartile), medium (“M”,
between 42° and 51°, the first and third quartile range), or large (“L”, more than 51°, the
third quartile). To explore effective measurement angles for PI classification in terms of
discrimination ability using ROC analysis, the outcome variables were further converted to
the two dichotomous variables determining S/ML and SM/L.

To assess the discriminating ability of the HKL angles relative to S/ML and SM/L of PI,
ROC curves were created by plotting values of sensitivity for the y-axis and 1-specificity for
the x-axis to calculate the area under the curve (AUC). Discriminating ability was assessed
by the AUC of the ROC curve by the following criteria: 0.5-0.7 as low accuracy, 0.7-0.9 as
moderate accuracy, and >0.9 as high accuracy. We considered the HKL angle with the
highest AUC out of the five HKL angles as a candidate angle applicable for a practical PI
classification tool using the thickness of the buttocks. Focusing on the candidate angle
with the highest AUC, the Youden index of the candidate angle, indicating the maximum
difference between sensitivity and specificity, was calculated to assess the optimal threshold
value (cut-off point) of S/ML and SM/L for HKL angles. These analyses were conducted
using SPSS version 26.0 (IBM Corp., Armonk, NY, USA).

2.5. Criteria for Selecting Cut-Off Points Applicable to Practical PI Classification Tools Using
Buttock Thickness

To devise a practical PI classification tool, we empirically considered that at least the
following levels were needed as an acceptable range of cut-off points: >0.7 sensitivity and
specificity. The acceptable range should include the maximum value of the Youden index.
Furthermore, to ensure the availability of visual buttock silhouettes, angular differences
between thresholds of S/ML and SM/L for PI classification should be set at least more
than 3°.

3. Results (Study 1)
3.1. AUCs of HKL Angles Discriminating Small or Large Pls

The average value of surrogate angles of PI was 47.0 & 6.2° (male 45.4 + 5.1°; female,
49.1 £ 7.0°) and BMI was 23.4 + 3.4kg/m?. Figure 2 shows the AUCs of the HKL angles
discriminating small (<42°) or large (>51°) PIs. The HKL angle with the highest AUC value
was the HKL angle C, reaching a high accuracy of 0.93 for the small and moderate PIs, and
0.82 for the large PIs. On the other hand, the HKL angle with the lowest AUC was A2,
which had low accuracies of 0.61 for the small PIs and 0.58 for the large Pls.

3.2. Cut-Off Points Applicable to Practical PI Classification Tool Using the Thickness of the Buttocks

In terms of the AUC value, the HKL angle C was considered to be an appropriate
candidate for a practical PI classification tool using the thickness of the buttocks. Table 1
shows the results of the sensitivity, specificity, and Youden index of the HKL angle C.
Columns that are shaded in gray in the table mean out of criteria (unacceptable range of
cut-off points); namely, sensitivity and specificity of >0.7. The acceptable cut-off angles
relative to S/ML discrimination ranged from 18.5° to 19.5° based on the criteria for selecting
the cut-off points. The acceptable range also included a maximum Youden index value of
0.74 at 19.5°. Similar trends were observed in the strata of males and females.
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Figure 2. AUCs and HKL angles discriminating small (<42°) or large (>51°) PIs.
Table 1. The results of sensitivity, specificity, and Youden index of the HKL angle C.
HKL Cut-Off Total (n = 125) Male (n = 71) Female (n = 54)
Angle C ut sen. spec. Y. I sen. spec. Y. 1 sen. spec. Y. I
13.0 1.00 0.00 0.00 1.00 0.00 0.00 - - -
14.5 1.00 0.04 0.04 1.00 0.05 0.05 1.00 0.00 0.00
15.5 0.98 0.32 0.30 1.00 0.38 0.38 0.96 0.10 0.10
16.5 0.97 0.36 0.33 1.00 0.57 043 - - -
17.5 0.97 0.57 0.54 1.00 0.71 0.71 0.94 0.08 0.08
18.5 091 0.79 0.69 0.98 0.81 0.79 0.83 0.71 0.54
19.5 0.81 0.93 0.74 0.90 0.95 0.85 0.72 0.86 0.58
S/ML 20.5 0.70 0.96 0.66 0.76 0.95 0.71 0.63 1.00 0.63
21.5 0.50 1.00 0.49 0.54 1.00 0.54 0.44 1.00 0.44
22.5 0.32 1.00 0.32 0.32 1.00 0.32 0.33 1.00 0.33
23.5 0.16 1.00 0.16 0.14 1.00 0.14 0.17 1.00 0.17
24.5 0.09 1.00 0.08 0.08 1.00 0.08 0.09 1.00 0.09
25.5 0.02 1.00 0.02 0.02 1.00 0.02 0.02 1.00 0.02
26.5 0.01 1.00 0.01 0.00 1.00 0.00 = - .
28.0 0.00 1.00 0.00 - - - 0.00 1.00 0.00
13.0 1.00 0.00 0.00 1.00 0.00 0.00 - - -
145 1.00 0.01 0.01 1.00 0.02 0.02 1.00 0.00 0.00
155 1.00 0.11 0.11 1.00 0.13 0.13 1.00 0.08 0.08
16.5 1.00 0.13 0.13 1.00 0.15 0.15 - = -
17.5 1.00 0.20 0.20 1.00 0.25 0.25 1.00 0.11 0.11
18.5 1.00 0.32 0.32 1.00 0.30 0.30 1.00 0.36 0.36
19.5 0.93 0.43 0.36 1.00 0.41 0.41 0.88 0.47 0.36
SM/L 20.5 0.89 0.55 0.44 1.00 0.53 0.53 0.82 0.58 0.41
215 0.74 0.72 0.46 0.90 0.70 0.61 0.65 0.75 0.40
225 0.59 0.84 0.44 0.80 0.87 0.67 0.47 0.81 0.28
235 0.37 0.95 0.32 0.50 0.97 0.47 0.29 0.92 0.21
24.5 0.19 0.97 0.15 0.30 0.98 0.28 0.12 0.94 0.06
255 0.07 1.00 0.07 0.10 1.00 0.10 0.06 1.00 0.06
26.5 0.04 1.00 0.04 0.00 1.00 0.00 - - -
28.0 0.00 1.00 0.00 - - - 0.00 1.00 0.00

Note: sen., sensitivity; spec., specificity; Y. I, Youden index, S/ML, thresholds of HKL C angles discriminating
between small (<42°) and more than medium (>42°) pelvic incidence; SM/L, thresholds of HKL C angles
discriminating between less than medium (<51°) and large (>51°) pelvic incidence. Columns shaded in gray in
the table mean out of criteria (unacceptable range of cut-off points); namely, sensitivity and specificity of >0.7.

147



IJERPH 2022, 19, 1387

The acceptable cut-off angle for SM/L discrimination was 21.5°, with a maximum
Youden index value of 0.46. For male participants, the acceptable range was from 21.5° to
22.5°, while no acceptable range was found for female participants.

3.3. Devised PI Classification Tool Using the HKL Angle

Emphasizing the ease of use and quick assessment, we developed a practical PI
classification tool using the HKL angle, focusing on the thickness of the buttocks (Figure 3).
The tool, which was printed on a transparent film, can be used to estimate the HKL angle
sizes of S, M, and L by looking through it at the standing posture of the lateral side. Based
on the acceptable range of cut-off points, the thresholds were set to 18.5° for S/ML and
21.5° for SM/L discrimination. In terms of the Youden index, the optimal cut-off angle was
19.5°; however, we applied an acceptable cut-off angle of 18.5° relative to S/ML. Angular
differences between thresholds of S/ML and SM/L for PI classification should be set at
least more than 3° in order to ensure the availability of visual buttock silhouettes. The tool
enables quick assessment following two steps. First, align the points of (a) the central point
of the anterior—posterior diameter of the knee and (b) the center of the thigh in the tool
with those on the body surface of the subject. Depending on the focal length, measurement
points A, B, and C were selected. Then, we determined where the most-raised point of the
buttock was placed in the S, M, or L areas of the HKL angle.

a) the central point of the anterior-
posterior diameter of the knee

b) center of thigh
measurement points A, B, and C are used
depending on the focal length.

c) threshold of HKL angle discriminating
S/ML (18.5)

d) threshold of HKL angle discriminating
SM/L (21.5)

----- : femoral axis

Figure 3. Practical PI classification tool using the HKL angle.
4. Materials and Methods (Study 2: Assessing Intra-/Inter-Rater Reliability of the PI
Classification Tool Using the HKL Angle)
4.1. Participants

A total of 14 healthy persons (working/studying at university /hospital, mean age
37.3 4+ 10.0 years, 7 males and 7 females) voluntarily participated in this study as examiners
for evaluating intra- and inter-rater consistency. Informed consent was obtained from the
participants after an explanation of the study.

4.2. Materials Used for the Assessment

Of the 125 photos used in Survey 1, three sets of 24 photos were randomly selected
for testing. Of these test materials, one was intended for use in prior training, and the
other two were used for the assessment of intra-and inter-rater reliability. The ratio of
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classification was 1:2:1 for S:M:L. The developed PI classification tool using the HKL angle

(Figure 3) was printed on a transparent film with a length of 14.8 cm and width of 21 cm
(A5 size).

4.3. Procedures

The photos of the material were randomly projected on the screen and reduced to
1/2 of the actual subject size. This means that the focal distance between the examiner and
the screen needed to be converted to 1/2 size. Therefore, the examiner was requested to sit
in front of the screen 75 cm away at a focal distance of 1.5 m. Subsequently, the examiners
were trained in advance on how to use the tool using the photo material for prior training.

In the training session, the examiners sitting in front of the screen were instructed
to hold the tool and keep their eye level horizontal with the height of the subject on the
screen. In addition, they were asked to place their eyes and the tool on a vertical line to
the screen. After the setting, the researchers instructed them by showing 24 prior training
photos one by one on how to use the tool already represented in Section 4.3. Examples of
applications of the tool for practice are shown in Figure 4. Each examiner evaluated the
materials for the assessment twice, with intervals for rest after training.
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Figure 4. Application examples of the practical PI classification tool. Left photo shows in case of HKL
angle classified “S”, meaning small (<42°) PIL. Similarly, the center photo shows in case of the HKL

angle classified “M”, meaning medium (42-51°) PI. The right photo shows in case of the HKL angle
classified “L”, meaning large (>51°) PL

4.4. Data Analysis and Statistical Analysis

As one of the usability metrics, we measured the required time of first and second ses-
sions to complete the classification of PI. The mean time (s/photo) of classifying 24 photos
in each session was calculated. Furthermore, the correct rate was calculated as an effective-
ness metric. The correct rate represented the extent to which examiners’ responses agreed
with an external criterion for the classification of the HKL angle. We applied the surrogate
angle of the PI as an external criterion, calculated in Study 1. A paired t-test was conducted
to show the significant differences in the means for each metric between sessions.

Cohen’s kappa coefficient was calculated to examine the intra-rater reliability of
measurements, showing the test-retest reliability of each examiner within the first and
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second sessions. Fleiss’s kappa coefficient (quadratic) was applied as a weighted inter-rater
reliability, meaning reliability between the initial test (first session) and retest (second
session) measurements obtained from all examiners. Both coefficients were estimated using
95% confidence intervals (CIs). According to Landis’s criteria [24], reliability levels of kappa
coefficients were defined as 0 for poor, 0.01-0.20 for slight, 0.21-0.40 for fair, 0.41-0.60 for
moderate, 0.61-0.80 for substantial, and 0.81-1.00 for almost perfect. These analyses were
conducted using SPSS version 26.0 (IBM Corp., Armonk, NY, USA).

5. Results (Study 2)
5.1. Usability Metrics

The mean time (sec/photo) was 17.0 & 4.7 for the first session and 13.6 £ 2.9 for
the second session (Table 2); this difference was significant (mean difference, 3.4; 95% CI,
1.6-5.2; t(13) = 4.1, p = 0.001). The correct rate (%) reached 77.1 £ 6.9 for the first session and
79.8 + 6.9 for the second session; no significant difference was found (¢#(13) = 1.0, p = 0.32).

Table 2. Results of usability metrics and intra-/inter-rater reliability of the PI classification tool using
the HKL angle.

Mean Time Correct Rate Intrarater Reliability Inter-Rater
Sub. (s/photo) (%) Cohen Kappa (95% CI) Fleiss’s Kappa (95% CI)
No. 1st 2nd 1st 2nd (:Zt;i) (:/[:;Z) (F:I:;g; 1st 2nd
! 00 138 88 83 (0.72?17.00) (0.7(;?300) (0.33?.00) total total
2 175138 7 88 (0.6?i3(()).99) (0.5?3?.00) (0.3%—6300) (0.407'58.53) (0.5%%1.57)
3 131 129 8 71 (0.6(;—8(?.97) (0.5%—7(;1.96) (1.0%)'?300)
4 a6 12079 8 (0.72'—817.00) (0.6%—7389) (0.3%—7?00) ?11; IS?;i)e
5 96 17167 83 (0.5225.94) (0.5325.99) (0.3(1)3f19.00) (O-04n 027050
6 16.0 14.0 8 8 (0.6(())'—7(5);.97) (0.4(%)32(}.95) (0.6(;5515.00) female female
7 132 126 8 71 (044(;'—607490) (0.2%—5(5);.88) (0.4?5?.00) (0.4%5368) (0.5%%.73)
8 s e 7 88 (045(;—75494) (04425(}499) (0.5%—719400)
? 25 W37 7 (046(;55500) (0442'—7899) (1.013'9?.00)
oo Asdl 67 79 (0.4%—607.88) (0,4(;'_6395) (o.zgfg.%)
e 183 7l 67 (0.6(4)35.99) (0.7(;?11.00) (o.s%fg.s&
2217 108 67 88 (0.6%%.97) (0.73,'—819.00) (o.s%fg.sg)
13263 198 8 8 (0.532595) (0.6(ii313.00) (0.4gfg.87)
Mooon2s 1047 75 (0.6(5)3%99) (o.agis.om (0.42216.00)
mean 170 136 771 798 0.79 0.78 0.75
sd)  @7) 29 (69 (69  (061-096)  (0.59-0.97)  (0.50-0.97)

Note: 95% CI, 95% confidence interval; sub., subject; s, second.

5.2. Intra-/Inter-Rater Reliability

Table 2 also shows the results of intra- and inter-rater reliability of the PI classification
tool using the HKL angle. The mean Cohen'’s kappa coefficient as intra-rater reliability was
0.79 (95% (I, 0.61-0.96), indicating “substantial” levels of test-retest consistency. No sex
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difference was found in intra-rater reliability, even when focusing on the differences in the
stratified analysis of the male and female subjects in the photos.

The mean Fleiss’s kappa coefficient as inter-rater reliability was 0.50 (95% CI, 0.47-0.53)
for the first session and 0.54 (95% CI, 0.51-0.57) for the second session, both indicating
“moderate” levels of consistency between examiners. We also conducted a stratified anal-
ysis, showing that raters tended to do better with female subjects than male ones (first
session, 0.43 for males and 0.56 for females; second session, 0.50 for males and 0.57 for
females, respectively).

6. Discussion

This was the first study to show that the HKL angle formed by lateral body landmarks
focusing on the area of the femur and buttock can discriminate the classification of small or
large PIs. We examined the optimal cut-off points for discriminating small or large PIs in
terms of HKL angle, leading to an acceptable cut-off angle of 18.5° for S/ML and 21.5° for
SM/L discrimination, considering a threshold range of more than 3° or larger angle. In
addition, we devised a quick noninvasive assessment tool for PI classification using the
cut-offs of the HKL angle with a view to practical application. The results of intra- and
inter-rater reliability indicated certain limitations, but ensured a substantial /moderate level
of the tool, meaning that it has sufficient potential for practical use. We will discuss the
relationship between the HKL angle and PI, as well as the intra-and inter-rater reliability of
the tool, in the following sections.

6.1. Relationship between the HKL Angle and PI Using the Visual Buttock Silhouette

HKL angle C reached a high accuracy of 0.93 for the small and moderate of 0.82 for
the large PIs, whereas the HKL angle A2 showed the lowest AUC among all types of HKL
angles. This difference deserves careful attention when interpreting the rationale for the
HKL angles reflecting PL

The HKL angles Al and A2 shown in Figure 1 used the line connecting the top
of the head and anterior/posterior knee points. The line was intended to reflect the
alignment of the whole body, because whole-body alignment is a key clinical parameter
generally applied in the field of spinal surgery to evaluate the bending characteristics of
the spinal column from the standing posture of the sagittal plane. In addition, the Kendall
classification [25], which is known as a representative of the classification of whole-body
alignment, can be generally used to study muscle shortening and weakness in the clinical
field of physiotherapy, and to correlate the relationship between the type of Kendall posture
and lumbar pain [26]. Furthermore, PI is anatomically considered to have tendencies to be
larger in the order of flat-back (S), sway-back (M), and ideal (L) and kyphosis-lordosis (LL)
in the Kendall postures [27].

On the other hand, whole-body alignment maintains a standing posture under the
influence of the movement control of many joints, such as the large angular displacement of
the hip joint in a static standing position and curvature of the spinal column [28]. Moreover,
the spinal column alignment compensates to maintain the whole-body balance of the head,
chest, lumbar region, and lower limbs [29]. These findings provide an insight that the use
of the line connecting the top of the head and anterior/posterior knee points for estimating
PI, which is a part of spinal alignment indicating the inclination of the sacrum in the pelvis,
might have disadvantages. This might also be explained by the differences between the
HKL angles A and B. In fact, the HKL angles B1/B2 were intended to exclude the effect
of whole-body alignment by using the line connecting the reference vertical line and the
knee points. In addition, the HKL angle B1/B2 formed by the line connecting the raised
part of the buttocks and either the anterior/posterior knee point or the reference vertical
line can be considered to be an angle that simply indicates the degree of the uplift of the
buttocks (sacrum). The AUCs of HKL angle B1/B2, excluding body alignment effects,
were relatively high compared to HKL angle A2, regardless of the anterior/posterior knee
positions. Moreover, the effect of compensation on body alignment is expected to be smaller

151



IJERPH 2022, 19, 1387

for Al than A2, owing to a relatively smaller angle, and leading to a relatively high AUC of
Al compared to that of A2. Therefore, it seems reasonable to suppose that HKL angle A2
showed a relatively low discriminating ability of PI due to these findings.

What needs to be emphasized here is that the HKL angle C focuses not on the whole
spinal alignment, but on the limited area of the femur and buttock. It should be noted
that HKL angle C defines an angle using a line connecting the central point of the anterior—
posterior diameter of the transition between the buttocks and the thigh and the midpoint
of the lateral joint space of the knee. This indicates the equivalent line connecting the
great trochanter and the epicondyle of the femur used in the measurement of the flex-
ion/extension angle of the hip and knee joint defined in the range of motion, or the line
connecting the femoral epicondyle and the hip joint center of rotation defined in the
International Society of Biomechanics’ recommendation [30].

This equivalent line has the following advantages: First, humans have a strategy of
maintaining standing balance, the so-called “cone of economy” with the feet as the fulcrum;
in other words, standing posture can be maintained in the conical space with the foot as
the apex [31]. To compensate for changes in spinal alignment, the central line of the femur
plays an important role in a stable standing posture. Humans compensate for age-related
changes in spinal alignment by increasing posterior pelvic tilt and changing leg alignments
to maintain the gravity line over the feet [32]. This indicates the possibility that the central
line of the femur sensitively represents the extent of the PI. Second, according to a recent
study that investigated the correlation between the sway of the center of gravity and spinal
alignment such as PI, the larger the PI, the more the center of gravity moved forward [33].
This indicated that the axis of the thigh, when viewed from the lateral side, had shifted
forward, and the larger the PI, the larger the angle of the HKL angle C. Thus, the HKL
angle C reflecting the central line of the femur may be linked to postural fluctuations due
to anterior—posterior bending of the body, which might have resulted in the highest AUC
of HKL angle C sensitively reflecting P1.

6.2. Optimal Cut-Off Points Applicable to Practical PI Classification Tool

The acceptable cut-off values of the HKL angle C were 18.5° (sensitivity, 0.91; speci-
ficity, 0.79) for S/ML and 21.5° (sensitivity, 0.74; specificity, 0.72) for SM/L discrimination.
Although it seemed to be sufficient for discriminating abilities in terms of application to a
quick, noninvasive tool in practical use, some challenges remain.

The first thing we noticed was that Youden index value at 18.5° of the HKL angle for
discriminating small (<42°) PI showed 0.69, whereas the value for large (>51°) PI was as
low as 0.46 at 21.5° of the HKL angle. One of the reasons for this is the PI characteristics of
the Japanese population. Asians such as Japanese or Koreans generally have smaller PI
values than Caucasians; for example, Kanemura reported Japanese PI as 46.7 & 8.7° [34],
and another similar study showed 46.7 4- 8.9° in 86 Japanese healthy adults aged from 23 to
59 years [35], and 47.8 £ 9.3° for the Korean population [36]. In contrast, 52.0 &= 9.0° was
reported from the United States [12], 50.6 4= 10.2° [37] and 54.7 £ 10.6° [38] from France,
and 50.2 & 10.0° [11] from Belgium. Thus, the Japanese population not only has a smaller
PI, but also a narrower range of standard deviation than Caucasians. Another reason might
be the feature of the Japanese physique with relatively flat, smaller swelling of the buttocks
compared to Westerners [35]. This means that even if the PI was large, the HKL angle
tended to be underestimated in the case of focusing on the visual buttock silhouette.

Second, we should focus on the differences in the stratified analysis of male and female
participants. The Youden index is relatively smaller in females than in males, indicating
that the HKL angle might have disadvantages when applied to female patients. This might
be due to the anatomical sex difference in the pelvis. The female pelvis has a large lateral
diameter and is circular, and the anterior—posterior direction of the female is also larger
than that of the male [39]. In this study, since we defined and assessed the HKL angle
from the lateral side, such an anatomical feature may have biased the HKL angle in female
participants. Another possibility may depend on the sample population used in this study.
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In general, it is believed that there is no sex difference in PI itself, although the samples of
participants included in this study had a slight tendency to have a larger PI of 49.1 4+ 7.0°
in females, as compared to 45.4 &= 5.1° for males. The PI obtained from the 125 photographs
were classified by quartiles regardless of sex, and the large PI was tentatively defined as
>51° using the threshold in the third quartile. The large PI category consequently resulted
in more females than males. Such biases might have led to a relatively low discriminating
ability under the condition of SM/L.

6.3. Intra-/Inter-Rater Reliability of Tool Using HKL Angle

As shown in Table 2, the mean Cohen’s kappa coefficient as intra-rater reliability was
0.79 (95% CI, 0.61-0.96), indicating “substantial” levels of test-retest consistency. No sex
difference was found in intra-rater reliability, even when focusing on the differences in the
stratified analysis of the male and female subjects in the photos.

In contrast, some challenges seem to be in the inter-rater reliability in the results of
Fleiss’s kappa coefficients, which might be considered insufficient levels due to “moderate”
consistency between examiners. However, it should be noted that Fleiss’s kappa coefficient
contains a paradox, meaning that the kappa statistic may behave inconsistently in case
of strong agreement between raters, since this index assumes lower values than would
have been expected [40]. Second, the stratified analysis showed tendencies to be better
for female subjects than male subjects (first session, 0.43 for males and 0.56 for females;
second session, 0.50 for males and 0.57 for females). This might be related to the points
previously discussed regarding the anatomical sex difference of the pelvis and sampling
biases resulting in the inclusion of more females in the large PI category. Third, we
should focus on improving the inter-rater reliability in the second session compared to
the first session. We provided sufficient training to examiners using the 24 prior training
photos individually. Nevertheless, we observed a tendency to be better in the 2nd session.
Furthermore, a significant improvement in the meantime was observed between sessions.
These results indicated that they did not reach a plateau, so further improvements in the
inter-rater reliability could be expected.

Considering the results comprehensively, the devised assessment tool for PI classifica-
tion using the cut-offs of the HKL angle has sufficient potential for practical use.

6.4. Practical Implication and Limitation

This study provides useful information about how to estimate PI using the HKL angle
in a validated, noninvasive way. PI is considered to be one of the possible determinants
of low back pain, and has been attracting attention as a new countermeasure considering
individual biomechanical features of the lumbar spine. This knowledge can contribute
not only to improving the new insight of occupational health research, but also to de-
veloping new noninvasive technologies for measuring PI using image recognition with
artificial intelligence.

This study had some limitations. First, the values of PI were estimated by using the
surrogate angle, not measured by X-rays. The surrogate angle has sufficient reliability for
estimating PI under practical use (R? = 0.63); however, the remaining variation of R? can
lead to misclassification into small, medium, or large PIs. Second, the study population
was limited to Japanese adults, so the proposed acceptable range of cut-off points might
vary with ethnicity [41]. Third, the small sample size may lead to imbalanced distributions
of the target variable so that the sample size would need to be even larger in terms of the
robustness of the results [42]. Fourth, a morbidly obese patient and an underweight patient
with the same PI will likely have a different HKL angle; however, this study could not
provide any evidence of the effect of BMI on the HKL angles. Japanese have a relatively
low BMI compared to other ethnicities; morbidly obese patients (BMI > 35) are rare in the
Japanese population, and none were in the current study population. In addition, there
were only five underweight participants (BMI < 18.5). Further research is warranted in
various populations. Fifth, the results of the AUC and Youden index showed that the
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discriminating ability of HKL angles for detecting large PIs was relatively low, as was the
case for female patients. Such cases may require multiple measurements with different
examiners to ensure the reliability of the PI classification tool. Sixth, standard procedures
for training manuals should be prepared using various photos with a wide range of ages
and/or multiple features of curvature of the spinal column. Further improvement is
warranted to enhance the intra- and inter-rater reliability of the tools for practical use.

7. Conclusions

To explore effective measurement angles for PI classification, we determined the
applicable HKL angle defined as the angle of two intersecting lines on the sagittal plane,
the line connecting the most raised part of the buttock and central point of the knee, and the
midthigh line (the femoral axis). This study revealed that the HKL angle could distinguish
the size of PI with high/moderate discrimination ability. Furthermore, a quick, noninvasive
assessment tool devised for PI classification using the cut-offs of the HKL angle indicated
acceptable inter- and intra-rater reliability, enough for practical application.
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Abstract: Musculoskeletal disorders are the most common work-related health problems. Aslow back
disorders (LBD) are the most problematic, the aim of this study was to provide an in-depth analysis
of the nationwide data on sick leaves due to work-related LBDs among workers in Slovenia in 2015—
2019 by gender, age and various economic activities (NACE Rev 2 classification). We retrospectively
analyzed the Slovene national data for sick leave (SL) rates due to the LBDs between 2015 and
2019. The analyzed SL outcomes were (i) index of temporary disability as a diagnosis-specific loss
of calendar days (all calendar days except Sundays) per employee, (ii) frequency of spells as the
number of SL cases per 100 employees in one year and (iii) severity as the average duration of
one absence from work due to a health condition. A high prevalence of sick leaves due to LBDs
in Slovenia was present among young male workers in “mining and quarrying”. In the next age
group (20.0-44.9 years), LBD is most frequent in “water supply; sewerage, waste management and
remediation activities”. Particular attention should be paid to “agriculture, forestry and fishing”
which shows a large average sick leave duration and probably a more demanding course of LBDs.

Keywords: musculoskeletal pain; absenteeism; epidemiology; workplace; back pain

1. Introduction

Musculoskeletal disorders (MSDs) are the most common work-related health problem
in the European Union (EU) [1]. According to the Centre for Disease Control and Prevention,
work-related MSDs are injuries or disorders of the muscles, nerves, tendons, joints, cartilage
and spinal discs in which (i) the work environment and performance of work contribute
significantly to the condition and/or (ii) the condition is made worse or persists longer
due to work conditions [2]. Various factors may contribute to MSDs, such as physical,
organizational, psychosocial, sociodemographic and individual factors [1]. Psychosocial
risks, especially in combination with physical risks, may cause or aggravate MSDs [3].

In 2015, three out of five workers in the EU-28 reported MSDs. Sixty-three percent
of workers in Slovenia reported that they suffered from one or more MSDs in the past 12
months [1]. While the prevalence of musculoskeletal conditions increases with age, younger
people are also affected [4]. In addition to the normal degenerative aging process, poor
work environment and performance of work contribute significantly to the condition [2].
MSDs concern workers in all sectors and occupations, but a high prevalence of self-reported
MSDs is most often reported by workers employed in the sector of construction, water
supply and agriculture, forestry and fishing, and is above average among human health
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and social work activities [1]. MSDs are one of the most significant diseases contributing to
work disability [5] and they lead to high costs to enterprises and society [1].

With an aim to reduce the incidence of MSDs and thus the economic and social
consequence of MSDs and according to the objectives of the EU Strategic Framework of
Health and Safety at Work 20142020 [6], in 2020, the project “Promotion of activities to
prevent musculoskeletal disorders and psychosocial risk in the workplace (2020-2021)”
(OP20.05955) in Slovenia was established. This national project that is jointly run by the
National Institute of Public Health (lead partner) and the University of Primorska, Faculty
of Health Science (project partner) implements a holistic approach to preventing and man-
aging the incidence of work-related MSDs and psychosocial risk using a range of systematic
activities: workplace ergonomics, physical activity and psychological interventions, all
included in a friendly e-tool (www.pkmo.si, accessed on 11 November 2021).

In the project’s first phase, a retrospective analysis of sick leave (SL) incidence due to
the most common work-related MSDs was carried out based on health statistics. In the
period 2015-2019, the average loss of calendar days due to work-related MSDs was 2.3 per
employee, with eight annual cases per 100 employees. The average duration of one MSDs
related SL was 33.5 days. Within MSDs, the highest percentage of SL was detected for
work-related low back disorders (LBDs) (56.6% of all lost working days). In the observed
period, the average loss of calendar days due to LBDs was 1.3 per employee with four
annual cases per 100 employees. The average duration of one LBD-related sick leave (SL)
was 30.7 days. The loss of calendar days per employee was higher in females than in males
(1.53 and 1.38, respectively) and reached its peak (2.7) in the 45-64 age group [7,8].

LBDs are common in all age groups [9], with the lifetime prevalence as high as 75 to
84% [10] and point prevalence ranging from 1.4 to 20.0% across populations and geographi-
cal locations [11]. Risk factors for work-related musculoskeletal disorders are psychosocial,
individual and biomechanical [12]. Although LBDs may occur as a result of specific
pathologies, such as damage to the intervertebral disc, damage to the intervertebral joints
or nerve impingements [13], in most cases, the underlying cause remains unknown [14,15].
Therefore, the prevention and treatment of LBDs remain a huge challenge [16,17]. Chronic
pain syndromes have a severe negative impact on the patients and people around them,
affecting their social life and overall life quality [18,19]. Medical conditions also represent
a large burden for healthcare systems. For instance, reports from Sweden estimated the
annual costs due to LBDs at 740 million euros [20]. Studies from around the world have
reported that the majority of the costs related to LBDs are indirect (i.e., due to sick leaves
and reduced work ability) [21,22]. In the working-age population, between 20 and 40%
of persons suffer from LBDs annually [23]. Effective interventions for the prevention and
rehabilitation of LBDs would likely unload the public healthcare systems across the world,
in addition to helping the patients directly. Several studies have already shown a great
potential of physical activity and exercise in the treatment and prevention of LBDs [24-26].
In addition to exercise, educating workers has also been suggested as an effective approach
to preventing LBDs [27]. However, given the abovementioned impacts of LBDs on the
individual, their family and society, further work needs to be done to prevent and treat
LBDs more effectively.

As LBDs are evidently the most common work-related MSDs, the aim of this study
was to provide an in-depth analysis of the nationwide data on sick leaves due to work-
related LBDs among workers in Slovenia in 2015-2019 by gender, age and various economic
activities. The scope was to identify and latterly present the standing out data that could be
useful to decision-making in developing LBDs control strategies in Slovenia and globally.

2. Materials and Methods
2.1. Study Population and Data Collection

We retrospectively analyzed the Slovene national data for sick leave (SL) rates due
to the most common work-related low back disorders (LBDs) in relation to gender, four
age groups (15-19.9 years, 20-44.9 years, 45-64.9 years and 65+ years) and following
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the incidence of LBDs across different economic activities according to the NACE Rev 2
classification [28]. Table 1 shows the study sample (i.e., the number of employed personnel
across calendar years for both genders). In Table 2, the data is further broken down by age
groups, gender and economic activities. Persons from the group over 65 years in our study
are still employed. The right to an old age pension in Slovenia is regulated by the Pension
and Disability Insurance Act. The law lays down the conditions under which a person who
satisfies them joins compulsory pension. In order to qualify for an old age pension, one
must meet the following general conditions: (i) 60 years of age and 40 years of pensionable
service without purchase or (ii) 65 years of age and a 15-year insurance period [29]. It is
not mandatory that the employee must also terminate the employment relationship under
these conditions. An employment contract may be concluded by persons who have reached
the age of 15 [30]. Within young workers (15.0-19.9 years and 20.0-44.9 years), persons
performing student work are compulsorily insured [29].

Table 1. Active workers included in the study by gender, age and calendar year.

Male Female All
2015 443,641 360,996 804,637
2016 446,863 370,346 817,209
2017 463,451 382,003 845,454
2018 478,148 394,624 872,772
2019 492,475 401,754 894,229

Data regarding SL represent an important source of information on the health status
of the working population. The purpose of data collection is to monitor and analyze the
pattern of sick leave or temporary absence from work as a result of disease, injury or
other health conditions. The National Institute for Public Health (NIJZ) is the institution
responsible for collecting official data on SL in the working population in which employed
and self-employed persons working in Slovenia are included (Table 1). Data collection has
a legal basis in the Health Care Databases Act (ZZPPZ—UTr. 1. RS 65/00, database NIJZ3)
and Personal Data Protection act (ZVOP-1—Ur. 1. RS 94/07), which gives the basis for
further processing of data for scientific research or historical or statistical purposes. The
source of data is the Certificate of justified abstinence from work due to health conditions
(eBOL). The data is obtained from health care providers regarding the decisions of personal
general practitioners who ensure the need of absence from work. After the 30th day of SL,
the decision must be confirmed by an appointed doctor from the Health Insurance Institute
of Slovenia [31]. All data were anonymous at all stages of the study.

2.2. Classification of Economic Activities

The study population was segregated according to the NACE Rev 2—Statistical clas-
sification of economic activities in the European Community [28]. According to this
classification, the activities are separated into 21 categories: (A) Agriculture, forestry and
fishing, (B) Mining and quarrying, (C) Manufacturing, (D) Electricity, gas, steam and air
conditioning supply, (E) Water supply; sewerage, waste management and remediation
activities, (F) Construction, (G) Wholesale and retail trade; repair of motor vehicles and
motorcycles, (H) Transportation and storage, (I) Accommodation and food service activi-
ties, (J) Information and communication, (K) Financial and insurance activities, (L) Real
estate activities, (M) Professional, scientific and technical activities, (N) Administrative
and support service activities, (O) Public administration and defense; compulsory social
security, (P) Education, (Q) Human health and social work activities, (R) Arts, entertain-
ment and recreation, (S) Other service activities, (T) Activities of households as employers;
undifferentiated goods- and services-producing activities of households for own use and
(U) Activities of extraterritorial organizations and bodies.
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Table 2. The average size of the study population by age, gender and economic activities from 2015
to 2019.

Age gr. 15-19.9 20-44.9 45-64.9 65+
Ec. Act. M F TOTAL M F TOTAL M F TOTAL M F TOTAL
A—agriculture, forestry 5 2 45 4629 2054 6683 5759 3474 9233 35 8 3
and fishing
B—mining and 12 0 12 1238 178 1416 800 164 965 6 1 7
quarrymg
C—manufacturing 755 90 845 79124 32,639 111,763 55898 30,735 86,633 399 58 457
D—electricity, gas, 5 0 5 3017 814 3831 3128 791 3920 49 6 55
steam, air cond. supply
E—water suppl; sewer, 17 1 18 3562 1014 4576 3816 1025 4841 21 2 23
wst. manag., remed. act
F—construction 371 12 383 33094 3211 36305 22196 2085 24281 191 6 197
G—wholesale, retail; 237 110 347 33306 36835 70,140 19,618 20971 40,589 252 87 339
repair of mot. vehicles
H—transportation 73 6 79 24050 4898 28,948 18268 4401 2269 236 9 25
and storage
I—accommodationand ., 114 236 9819 13,389 23,157 4401 7881 12,283 73 56 129
food ser. activities
J—information and 8 2 10 12572 5810 18,383 5477 279 8272 76 21 97
communication
K—financial and
) . 10 0 1 4483 7140 11,622 3385 6430 9816 27 12 39
insurance activities
L—real estate activities 5 1 6 1558 1063 2620 2367 1087 3454 40 9 49
M-—professional, 31 10 41 17,762 16527 34289 11552 9365 20917 449 144 593
scientific, technical act
N—administrative and
! 192 67 259 12,806 10487 23293 7418 6702 14,120 58 2 80
support service act;
O—public 11 2 13 11,872 13,080 24952 11,286 13,528 24,815 169 69 239
admin, defense
P—education 15 18 33 8604 30,541 39,145 8151 27,914 36065 305 125 430
Q—human health and 65 140 204 7304 27,087 34391 4543 23215 27,757 333 233 566
social work; activities;
R—arts, entertainment ¢, 5 72 4429 4653 9082 3376 3169 6544 ) 28 120
and recreation
S—other 2 93 119 2715 6938 9625 2033 3735 5766 63 59 121

service activities

M—male; F—female; A—agriculture, forestry and fishing; B—mining and quarrying; C—manufacturing;
D—electricity, gas, steam, air cond. supply; E—water suppl; sewer., wst. manag., remed. act; F—construction;
G—wholesale, retail; repair of mot. vehicles; H—transportation and storage; I—accommodation and food ser.
activities; J—information and communication; K—financial and insurance activities; L—real estate activities;
M—professional, scientific, technical act.; N—administrative and support service act; O—public admin, defense;
compulsory soc. sec.; P—education; Q—human health and social work; activities; R—arts, entertainment and
recreation; S—other service activities.

2.3. Outcome Measures

For the analysis, we received anonymous data as numbers representing SL rates by
gender, age and NACE Rev 2 classification of economic activities. The analyzed SL rates
were: (i) index of temporary disability as a diagnosis-specific loss of calendar days (all
calendar days except Sundays) per employee, (ii) frequency of spells as the number of
SL cases per 100 employees in one year and (iii) severity as the average duration of one
absence from work due to a health condition. The number of SL cases is considered to
be the number of completed SL duo to LBDs in a calendar year (1 January—31 December)
regardless of when SL started [31,32]. The average values for SL rates from 2015 till 2019
were used for analysis.

160



IJERPH 2022,19,131

According to the MKB-10-AM, diagnoses for the most common work-related LBDs are
classified as follows: (i) lumbar spine intervertebral disc defects (M51.0-M51.9), (ii) ischialgia
(M54.3), (iii) lumboischialgia (M54.4) and (iv) lumbalgia (M54.5) [8].

3. Results

The overall results for days of absence, number of cases and average case duration
because of sick leave due to low back disorders are presented separated by age, gender and
NACE Rev 2 classification of economic activities, in Table S1. For clarity, we separated the
graphical results by age groups.

Figure 1 presents the data for the 15-19.9 age group. Regarding the loss of calendar
days, males working in “mining and quarrying” (B) and “public administration and
defence; compulsory social security” (O) activities presented by far the largest numbers
(2.70 and 1.81 days per individual, respectively). For the males in other activities, as
well as females in all activities, much lower values were documented (all < 0.5). The
males in the abovementioned activities (B and O) also had the highest SL frequency (6.5
and 5.5 per 100 persons, respectively). Additionally, both males (4.4) and females (2.4) in
“administrative and support service activities (N)” also presented with high numbers of
annual cases of sick leaves. In the remaining activities, the number of annual cases was
<2.0. Finally, the average severity of the sick leave was also the highest in the previously
mentioned activities (B and O) in males (42.0 and 33.3, respectively). For the remaining
groups that had documented cases, the severity of sick leaves was 4.5-11.3 days. Note that
some activities did not have any documented cases in this age group (refer to the middle
section of Figure 1, depicting the number of cases, and Table S1 for details).

Figure 2 presents the data for the 20-44.9 age group. Regarding the sick leave days,
“the male “mining and quarrying” (B) group stood out, with 2.57 days per person. The
results for the remaining activities ranged from 0.25 to 1.35 in males and from 0.35 to 1.30
in females. It seems that the groups that had no cases in the 15.0-19.9 group tended to
be less affected in this group as well (i.e., activities “agriculture, forestry and fishing” (A),
“electricity, gas, steam and air conditioning supply” (D), “’information and communication”
(J), “financial and insurance activities” and (K) and “real estate activities” (L)). Males in
“mining and quarrying” (B) again had the highest number of cases (8.2 cases per 100 per-
sons). Moreover, both genders in “administrative and support service activities” (N) and
“public administration and defence; compulsory social security” (O) also had high numbers
of cases (5.5 and 7.1 for males, and 4.3 and 5.6 for females). Another group with a high
number of cases were males in “water supply; sewerage, waste management and remedia-
tion activities” (E), with 5.5 cases per 100 persons. Interestingly, the average duration of the
sick leave was the highest in “agriculture, forestry and fishing” (A) (43.8 days for males
and 49.9 days for females). Females tended to be on sick leave for a slightly longer time in
most groups. No other group stood out with a particularly low or high average duration of
sick leave compared to others, although the range of data was fairly wide (13.8-31.2 days
for males and 15.7-37.2 days for females).

Figure 3 presents the data for the 45.0-64.9 age group. As in the two previous age
groups, males in “mining and quarrying” (B) had the most sick leave days (5.0 days per
person). However, contrary to the previous age groups, the next highest scores were present
in 4 groups for females: “manufacturing” (C), “accommodation and food service activities”
(I), “administrative and support service activities” (N) and “human health and social work
activities” (Q) (3.3, 3.1, 3.5 and 2.9 days per person, respectively). Several groups presented
with a high number of cases, often exceeding 5.0 per 100 persons. Three groups presented
with a notably lower number of cases in both genders: “agriculture, forestry and fishing”
(A) (2.4 and 3.1 cases for males and females, respectively), “professional, scientific and
technical activities” (M) (1.8 and 2.1 cases for males and females, respectively) and “other
service activities” (S) (1.6 and 2.4 cases for males and females, respectively). As in the
previous age group, the average duration of sick leave was the highest in “agriculture,
forestry and fishing” (A) (86.3 days for males and 82.4 days for females). While the average
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duration of sick leave was fairly similar across other groups, somewhat higher numbers
were documented for both genders in “construction” (F) (50.6 days for males, 61.2 days for
females), “accommodation and food service activities” (I) (55.2 days for males, 53.6 days
for females), “other service activities” (S) (56.5 days for males, 65.2 days for females) as
well as in “mining and quarrying” (B) for males (58.1 days).
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Figure 1. Sick leave days per person (index of temporary disability,) frequency of cases and severity
(average case duration) of sick leave across genders and activities in 15.0-19.9-year-old group. A—
agriculture, forestry and fishing; B—mining and quarrying; C—manufacturing; D —electricity, gas,
steam, air cond. supply; E—water suppl; sewer., wst. manag., remed. act; F—construction; G—
wholesale, retail; repair of mot. vehicles; H—transportation and storage; I—accommodation and
food ser. activities; J—information and communication; K—financial and insurance activities; L—real
estate activities; M—professional, scientific, technical act.; N—administrative and support service act;
O—public admin, defense; compulsory soc. sec.; P—education; Q—human health and social work;
activities; R—arts, entertainment and recreation; S—other service activities.
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Figure 2. Sick leave days per person (index of temporary disability,) frequency of cases and severity
(average case duration) of sick leave across genders and activities in 20.0-44.9-year-old group. A—
agriculture, forestry and fishing; B—mining and quarrying; C—manufacturing; D —electricity, gas,
steam, air cond. supply; E—water suppl; sewer., wst. manag., remed. act; F—construction; G—
wholesale, retail; repair of mot. vehicles; H—transportation and storage; I—accommodation and
food ser. activities; J—information and communication; K—financial and insurance activities; L—real
estate activities; M—professional, scientific, technical act.; N—administrative and support service act;
O—public admin, defense; compulsory soc. sec.; P—education; Q—human health and social work;
activities; R—arts, entertainment and recreation; S—other service activities.
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Figure 3. Sick leave days per person (index of temporary disability,) frequency of cases and severity
(average case duration) of sick leave across genders and activities in 45.0-64.9-year-old group.
A—agriculture, forestry and fishing; B—mining and quarrying; C—manufacturing; D —electricity,
gas, steam, air cond. supply; E—water suppl,‘ sewer., wst. manag., remed. act; F—construction;
G—wholesale, retail; repair of mot. vehicles; H—transportation and storage; I—accommodation and
food ser. activities; J—information and communication; K—financial and insurance activities; L—real
estate activities; M—professional, scientific, technical act.; N—administrative and support service act;
O—public admin, defense; compulsory soc. sec.; P—education; Q—human health and social work;
activities; R—arts, entertainment and recreation; S—other service activities.
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Figure 4 presents the data for the >65 age group. In this group, the females in “ad-
ministrative and support service activities” (N) presented with particularly high numbers
of sick leave days (15.2 days per person). In addition, high numbers were observed for
females in “construction” (F) (4.2 days per person) and the males in “administrative and
support service activities” (N) and “agriculture, forestry and fishing” (A) (5.1 and 4.6 days
per person, respectively). The frequency of cases was more comparable across activities,
with the highest number of cases for both genders reported for “public administration and
defence; compulsory social security” (O) (5.8 and 5.2 cases per 100 persons for males and
females, respectively). An extremely high average of severity of sick leave was observed for
males in “agriculture, forestry and fishing” (A) and females in “administrative and support
service activities” (N) (401.0 and 411.5 days, respectively).
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Figure 4. Sick leave days per person (index of temporary disability,) frequency of cases and sever-
ity (average case duration) of sick leave across genders and activities in >65-year-old group. A—
agriculture, forestry and fishing; B—mining and quarrying; C—manufacturing; D —electricity, gas,
steam, air cond. supply; E—water suppl; sewer., wst. manag., remed. act; F—construction; G—
wholesale, retail; repair of mot. vehicles; H—transportation and storage; I—accommodation and
food ser. activities; J—information and communication; K—financial and insurance activities; L—real
estate activities; M—professional, scientific, technical act., N—administrative and support service act;
O—public admin, defense; compulsory soc. sec.; P—education; Q—human health and social work;
activities; R—arts, entertainment and recreation; S—other service activities.
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Figure 5 presents the cumulative data across all economic activities. Sick leave days
and frequency of cases seem to show very similar patterns, with the 45.0-64.9 years old
group being affected the most and the 15.0-19.0 group being affected the least. However, in
terms of the duration of sick leave, there is a clear increasing trend with age. There seem to
be very few differences between sexes. Males in the older two groups tend to have slightly
longer average sick leave, while the opposite is the case in the younger two groups.
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Figure 5. Sick leave days per person (index of temporary disability,) frequency of cases and severity
(average case duration) of sick leave across genders and age groups across all economic activities.

4. Discussion
Musculoskeletal disorders are the most common work-related health problems in the
EU [1] and are one of the most significant diseases contributing to work disability [5]. In
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addition to aging [4], poor working environments are also responsible for the occurrence of
MSDs [2]. Low back disorders are the most predominant MSDs over the world [23,33] and
in Slovenia as well [7,8]. The aim of this study was to provide an in-depth analysis of the
nationwide data on sick leave rates due to work-related LBDs in 2015-2019 by gender, age
and various economic activities.

Among young employees (15.0-19.9 years), males working in “mining and quarrying”
and “public administration and defence; compulsory social security” activities presented
by far the largest numbers for LBDs specific loss of calendar days per employee and the
number of cases per 100 employees (Figure 1). These activities also show the longest
average duration of LBD-related sick leave. This is understandable, given that in other
activities of this age group, there are little or no cases of sick leave. However, it should be
pointed out that the number of young male workers in “mining and quarrying” and “public
administration and defence; compulsory social security” is very low (Table 2); therefore,
the sick leave duration in these activities is largely determined by a small number of
individual cases. “Public administration and defence; compulsory social security” includes
activities of a governmental nature, normally carried out by the public administration. It
covers legislative activities, taxation, national defense, public order and safety, immigration
services, foreign affairs and the administration of government programs [28]. In this activity,
several physical and psychosocial risk factors for MSDs have been reported [34].

According to the larger number of young employees in “administrative and support
service activities” compared to, for example, “mining and quarrying” (Table 2), the pre-
sented higher frequency of cases (Figure 1 is somewhat contradictory regarding LBDs cases
among young workers in this activity. “Administrative and support services” are covering
activities that support general business [28]. According to LBDs in sub-activities, we can
find those that involve physically demanding work, e.g., cleaning activities, those linked
to sedentary working environment e.g., office administrative support and those which
could be connected to an elevated psychosocial risk e.g., travel agency and private security
activities. Interestingly, “administrative and support service activities” remain endangered
for LBDs in all age groups (Figures 2—4), but the prevalence and severity of sick leave seem
to be increasing in females during aging. We advise finding out what are the risk factors for
LBDs in “administrative and support service activities” starting from the very beginning in
young employees.

Returning to “mining and quarrying,” accompanied by unfavorable sick leave rates
due to LBDs in males for almost all age groups, we might assume that demanding physical
work increases the risk for LBDs in this activity. The high incidence of low back pain
among miners is believed to be due to frequent awkward postures, manual handling
and other heavy work and exposure to vibrations in the working environment [35,36].
Because of the demanding physical work, miners in Slovenia are included in occupational
insurance. Under the terms of Pension and Disability Insurance Act ZPIZ-2 legislation [29],
occupational insurance includes insured persons who perform particularly difficult and
unhealthy work and persons who perform work that cannot be successfully performed
professionally after a certain age. On the basis of collected funds, those insured acquire
the right to count the insurance period with an added period, meaning to acquire the right
of earlier retirement. Therefore, at age 65+ we can find no sick leave cases (Figure 4) in
“mining and quarrying,” which means that sick leave cases are not documented but LBDs
in elderly miners probably persist.

Compared to the younger (15.0-19.0 age) group, sick leave rates for LBDs in workers
from the 20.0-44.9 age group are expressed in all NACE Rev2 economic activities (Figure 2).
In addition to the previously mentioned activities (that have evidently high SL rates for
LBDs in almost all age groups), an increased frequency of cases for males in “water supply;
sewerage, waste management and remediation activities” occurs in the 20.0-44.9 age group.
Studies related to waste management reported forced postures in waste collection move-
ments, mainly in lifting and unloading tasks [37]. In this age group, as in 45.0-64.9 years
old (Figure 3), we found interesting the large increase in the average duration of sick
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leave due to LBDs in both genders for “agriculture, forestry and fishing” in contrast to
the relatively low number of recorded LBDs cases in this activity (Figure 2). From the
Republic of Slovenia statistical office (SiStat) data for December 2019 [38], it is evident that
a large proportion (82.3%) of the 24.364 employees in “agriculture, forestry and fishing” are
self-employed. It could be assumed that due to the socio-economic circumstances arising
from their form of employment, fewer workers utilize sick leave for LBDs or only when
the disease is already advanced, which is reflected in a low frequency but a high duration
of sick leave (Figure 2). A similar deviation (low frequency, but long duration of sick
leaves) (Figure 2) was found in “construction,” a primarily physically demanding working
environment; however, a relatively lower percentage (37%) of people were self-employed
in this activity [38]. Workers in “agriculture, forestry, and fishing” are exposed to MSDs
risk factors such as repetitive movements, lifts, vibrations and awkward postures [39].

Female workers in the 20.0-44.9 age group with LBDs mostly remain on sick leave
longer than males (Figure 2). This observation could reflect a more demanding course
of the disease in female workers at this age. Female gender was identified as a predictor
for longer sick leave in acute low back pain [40]. This was not the case in our study at
age 45.0-64.9 years in “manufacturing” and in “human health and social work activities,”
where an increase in the frequency of sick leaves due to LBDs occurs mainly among females,
but the average duration of sick leaves remains comparable between genders (Figure 3).
It seems that 45.0-64.9-year-old females in these activities are more susceptible to LBDs
than age-matched males but do not show a more severe course of the disease. In “human
health and social work activities,” risk factors for LBDs could be linked to physically
demanding work, e.g., handling patients and psychosocial risk factors, which are both
reported frequently in the healthcare sector [41]. In “manufacturing,” forceful physical
activity and material handling tasks represent the main risk [42].

The average sick leave episode duration due to LBDs increases for both genders in
this group as well as in “accommodation and food service activities and “other service
activities”. “Accommodation and food service activities” are particularly demanding due
to physical factors, e.g., manual handling, repetitions, awkward and static postures and
psychosocial risk factors [43].

In the transition between different age groups, we found that activities with no sick
leave cases—"information and communication,” “financial and insurance activities” and
“real estate activities” (Figure 1)—in younger workers tended to be less affected in all age
groups (Figures 2—4), with the exception of the number of sick leave cases for “’information
and communication” and “financial and insurance activities” in the oldest group (Figure 4);
however, these data are to be interpreted with caution due to the small number of em-
ployees (Table 2). Although there is an expected increase of musculoskeletal condition
with age [4], this does not appear to be reflected in sick leave due to LBDs within the
aforementioned activities. It would make sense to follow these activities to identify good
practices that inhibit the growth of LBDs during workers aging and translate them into
more critical activities.

In the oldest group (65+ age), we found some outstanding sick leave rates for LBDs in
economic activities such as “administrative and support service activities,” “construction,”
“agriculture, forestry and fishing,” and “public administration and defence; compulsory
social security” (Figure 4), but we focused on SL rates related to LBDs only for economic
activities in which more than 300 workers remain employed. Among such activities are
manufacturing; wholesale and retail trade and repair of motor vehicles and motorcycles;
professional, scientific, technical activities; education; and human health and social work
activities (Table 2). The highest frequency due to LBDs was found for females in education
and human health and social work activities. The reason is most likely a higher number
of females compared to males who remain employed in these activities even after the age
of 65 (Table 2) and in connection with the expected increase in musculoskeletal condition
with age [4] and the duration of exposure to the working environment [2].
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Comparisons to previous studies are difficult because this is the first nationwide
data analysis on LBDs that used NACE Rev 2 classification. A large 2010 survey in the
Netherlands identified the following groups to have an increase of incurring LBDs: male
healthcare practitioners, female and younger healthcare support workers and female
farming, fishing and forestry workers [44]. While some previous studies have indicated
possible sex differences [23], our study shows that (a) the differences in LBD prevalence
between sexes are negligible in the overall population and (b) large differences between the
sexes may be seen in certain economic activities, which deserves further attention. Other
research has been focusing on specific risk factors rather than individual economic activities.
These include psychosocial, individual and biomechanical factors. For instance, load lifting,
trunk bending and awkward postures have been associated with LBDs [45,46]. It can be
speculated that performing such tasks heavily contributes to LBD incidence and severity in
certain activities, as observed in this study (e.g., agriculture, forestry and fishing). Moreover,
studies have linked LBDs to several psychosocial variables, such as job satisfaction, support
in the workplace, job freedom and overtime work [47,48], which can be important in any
economic activity. While risk factors for LBDs seem to be well documented, this study
reveals which economic activities seem to be the most problematic and deserve further
attention in terms of extensive research and practical implementation.

We must consider that individual NACE Rev2 economic activities cover different
sub-activities that are not necessarily similar in type of work performed. Nevertheless, the
results of our study can help decision-makers target the proper economic activity when
developing strategies for reducing LBDs. The main aim of our study was not to provide
a list of risk factors but to identify the most problematic economic activates that deserve
immediate attention. Within the individual activities, it could be useful to identify the most
exposed sub-activities in the future. However, we did not have available data to determine
this in our study.

It is known from the existing literature that a. higher prevalence of LBDs is associated
with a physically demanding or sedentary type of work, especially if psychosocial risk
factors are also present. The added value of our study is the magnitude of the data
regarding the sick leave due to LBDs as we used nationwide data to analyze LBDs in
various economic activities. The results of our study are useful in developing LBD control
strategies in Slovenia and globally focusing on individual economic activities.

Limitations of the Study

The main limitation of the study is that we do not know the exact number of workers
working at particular types of workplaces within an individual NACE Rev2 economic
activity. For example, in “mining and quarrying,” we do not know the exact number
of miners as this activity includes all the workers who work in mining and quarrying,
including, for example, office workers in mining companies.

Another limitation is that we do not know when the retirement of workers occurs.
Worse sick leave rates in a particular activity for older workers could indicate that they
retire later, thus having more LBDs than those already retired from other activities.

5. Conclusions

The purpose of the present study was to provide national data on sick leaves related to
LBDs in order to identify economic activities that deserve the most attention in the future.
A high prevalence of sick leave due to LBDs in Slovenia was present among young male
workers in “mining and quarrying”. They are joint in the next age group (20.0-44.9 years) in
the frequent occurrence of LBDs by men from “water supply; sewerage, waste management
and remediation activities”. In the activities “administrative and support service activities,”
a higher frequency in LBD-related sick leave is already manifested among younger employ-
ees and later followed by a longer average absence from work, especially in females. To
better understand this phenomenon, further research is needed to identify biopsychological
influences on the incidence of LBDs in “administrative and support service activities”.
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Abstract: Lumbar instability (LI) comprises one subgroup of those with chronic low back pain
(CLBP); it indicates the impairment of at least one of the spinal stabilizing systems, and radiographic
criteria of translation and rotation are used for its diagnosis. Previous studies have developed
and tested a screening tool for LI where patients with sub-threshold lumbar instability (STLI) were
detected in the initial stage of lumbar pathology using radiographs as a gold standard for diagnosis.
The radiographic measurement in STLI lies between the range of translation and rotation of the
LI and asymptomatic lumbar motion. However, there are no studies indicating the validity and
cut-off points of the screening tool for STLI. The current study aimed to determine the validity of
an LI screening tool to support the diagnostic process in patients with STLI. This study design was
cross-sectional in nature. A total of 135 participants with CLBP, aged between 20 and 60 years, who
had undergone flexion and extension radiographs, answered a screening tool with 14 questions. The
cut-off score for identifying STLI using the screening tool was at least 6/14 positive responses to the
LI questions. The findings suggested that the LI screening tool we tested is effective for the detection
of STLI. The tool can be used in outpatient settings.

Keywords: sub-threshold lumbar instability; non-radiological lumbar instability; lumbar instability;
radiography; lumbar translation; lumbar rotation; screening tool; X-ray; sensitivity; specificity

1. Introduction

Lumbar instability (LI) is defined as excessive translation and rotation motion values
of each lumbar segment compared with normal values [1], and dysfunction of one of
the spinal stabilizing systems, which consist of three subsystems: passive, active, and
neural [2,3]. LI is considered to be a subgroup of mechanical low back pain (MLBP) [4].
Previous articles have demonstrated that 12-57% [1,5-9] of patients with CLBP have
lumbar instability. Patients with LI report a number of symptoms, including: pain [10],
muscle spasms [11,12], abnormal movement quality [13], functional disability [5,10,12],
and diminished quality of life [12]. The severity of LI can evolve and may require surgical
stabilization [14].

LI can be measured using a flexion-extension radiograph as the gold standard for
diagnosis. Patients with LI were defined by White and Panjabi (1990) using flexion—
extension radiographic characteristics. Their criteria were: a sagittal plane translation
greater than 4.5 mm, or sagittal plane rotation of greater than 15° at L1/L2, L2/L3, or
L3/L4, greater than 20° at L4 /L5, or greater than 25° at L5/51 [15].

Staub and colleagues reported that, for asymptomatic volunteers, with an age range
of 18 to 82 years, the value of sagittal translation at each lumbar segment was: 1.9 mm
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at L1/L2, 2.4 mm at L2/L3, 2.7 mm at L3/4, 2.8 mm at L4/L5, and 0.5 mm at L5/S1.
The sagittal plane rotation ranges were 11.0° at L1/L2, 12.6° at L2/L3, 13.3° at L3/4,
14.7° at 1L4/L5, and 12.8° at L5/S1 [16]. However, there remains a gap in the current
clinical knowledge about the range of segmental motion in asymptomatic participants
and those with a diagnosis of LI which has not yet been studied. This was the reason
for developing the new concept of the “sub-threshold level of lumbar instability (STLI)”,
defined as the sagittal translation and rotation of each lumbar segment that lies between
the asymptomatic or normal range and the range leading to an X-ray diagnosis of LI. The
STLI prevalence was reported as 78% amongst participants with CLBP in a previous study
that was reported at an international conference on integrative medicine in 2019 at Mae
Fah Luang University (Arisa Leungbootnak) [17]. This group of patients with STLI has not
been reviewed, although a review is necessary as they are at risk of developing LI, as LI is
rarely addressed by conservative treatment. The early detection of patients with STLI may
facilitate early appropriate treatment and thereby slow the patient’s progression to LL

The gold-standard radiograph measurement has some limitations in terms of assess-
ment, including the cost of radiograms, time required for examination and interpretation,
and radiation exposure [18,19]. The detection of patients with STLI in the community
remains difficult due to the limitations of X-ray assessment. Thus, a screening tool (ques-
tionnaire) for LI patients was developed. The signs and symptoms of LI were studied
originally in 1982 by Kirkaldy-Willis and Farfan [20]. More recently, a specific lumbar
instability screening tool was first reported by Cook et al. (2006), who performed a Delphi
study with 168 physical therapists [21] and developed a screening tool based on subjective
signs and symptoms. The screening was also associated with clinical lumbar instability,
and was used to inform the diagnosis in many studies where the criteria related to LI were
of interest [9,21-25]. A Thai version was subsequently created by a group of Thai physical
therapists [26], who evaluated its construct validity; in 2020, the same group used the ques-
tionnaire as a tool for screening patients with LI among CLBP patients [23]. They found
that a score of at least 7/14 correlated with having LI; this score was used as an inclusion
criterion for participants with LI among patients with CLBP. The tool was also translated
(from English into Brazilian-Portuguese) [22] and tested for reliability [9,21,22,24-26].

Questionnaires to evaluate the signs and symptoms of patients with lumbar instability
are easy to use in clinical practice [21]; however, to date, no studies have used a specific
LI screening tool for patients with STLI in the early STLI stages. The results of this study
could be beneficial for the early detection of STLI in patients with CLBP using minimally
invasive assessment methods; these patients may be at the pre-stage of LI

2. Materials and Methods
2.1. Design and Setting

The study design was cross-sectional in nature. Participant testing was conducted
at the Department of Associated Medical Science, Khon Kaen University, Thailand. The
study was approved by the Ethics Committee for Human Research (HE582228) approved
on 12 September 2018 at Khon Kaen University, Thailand. This study has been registered
in Thai Clinical Trials at http:/ /www.thaiclinicaltrials.org/show /TCTR20180920003 (ac-
cessed on 20 September 2019).

2.2. Participants

Participants with CLBP were recruited via poster and social media announcements.
The inclusion criteria were: (1) having intermittent low back pain for at least 12 weeks,
(2) participant age range 20 to 60 years, and (3) a pain numeric rating scale (NRS) score
between 4 and 7 [27-29]. Participants were excluded if they had: (1) a contraindication to
radiographic assessment, such as pregnancy, (2) acute fracture, tumor, or infection, (3) a
history of serious neurological or psychiatric disease, (4) previous lumbar fusion surgery,
or (5) a diagnosis of radiological lumbar instability (LI), spondylolisthesis, or lumbar disc
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herniation [1,5,30]. The investigators gained informed written consent from the participants
prior to assessment.

2.3. Sample Size Determination

This is the first study to specifically investigate STLI, so the rate of disease came from
the results of our previous study, reported at an international conference on integrative
medicine (Arisa Leungbootnak, 7 October 2019) in 2019 at Mae Fah Luang University,
Thailand (prevalence of STLI = 78%) [17]. The sample size calculation was conducted based
on a significance level () of 0.01 and a precision of estimation value (e) of 0.10. According
to acceptable sensitivity in the physical therapy field, (P) was set as 80% [31], meaning 135
participants were required.

2.4. Instruments
2.4.1. Radiographic Assessment and Measurement

Flexion—extension radiography is the most common form of examination used in
studies to provide an imaging diagnosis of lumbar intervertebral instability [32]. The
method of measuring the sagittal translation and rotation in the radiographs was previously
described by Iguchi [30]. The sagittal translation and rotation were measured during full
flexion and extension, and calculated using the formula (sagittal rotation (degrees) = A —
(—a) and translation (mm) = B — (—b)), as shown in Figures 1 and 2.

Sagittal rotation (degree) = A-(-a)

Figure 1. Sagittal rotation: a baseline is drawn passing the anterior and posterior endplate of the
upper and lower vertebrae where the difference between the flexion and extension radiograph is
measured and calculated.

The measurement of sagittal translation and rotation motion of each lumbar segment
level from L1 to S1 was compared with ranges set for diagnosing STLI. Values for STLI
were defined as: translation range from 1.9 to 4.5 mm at L1/L2, 2.4 to 4.5 mm at L2/L3,
2.7 to 4.5 mm at L3/4, 2.8 to 4.5 mm at L4/L5, and 0.5 to 4.5 mm at L5/S1, or a sagittal
plane rotation range from 11.0° to 15° at L1/L2, 12.6° to 15° at L2/L3, 13.3° to 15° at L3/4,
14.7° to 20° at L4/L5, or 12.8° to 25° at L5/51 [15,16]. The diagnosis of LI required showing
either rotation or translation in two segments or rotation and translation in one segment to
be classified as STLI [1]. This definition was used to reduce the false-positive rates from
the X-ray measurement process [23].

A trained observer (researcher A.L.), who was blinded to other information, measured
the translation and rotation of each lumbar segment in all participants using digitalized
radiographs from a picture archive and communication (PACS) on a computer at Srina-
garind Hospital, Khon Kaen, Thailand. The researcher (A.L.) was trained qualified to assess
the radiographs by a radiologist with 30 years of experience. The evaluation practice of
A.L.s X-ray measurement consisted of using the program, pinpointing margins and spinal
borders, and drawing the measurement line. The measurement process was practiced until
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A.L.s accuracy was rated as satisfactory by the radiologist. Next, A.L. measured each
level of the lumbar spine three times. The mean of each of the three measurements was
compared with the STLI diagnostic criteria. The intra-rater reliability of X-ray measures
was assessed based on the radiographs of 10 participants selected at random. The within
researcher ICC (A.L.), measured three times, was 0.998 (95%CI: 0.994-0.999) in translation
and 0.994 (95%CI: 0.982-0.998) in rotation. The standard error of measurement (SEM) was
0.025 for translation and 0.058 for rotation. These were a lesser variation than the X-ray
measurement [33].

Sagittal translation (mm) = B-(-b)

Figure 2. Sagittal translation: a horizontal line is drawn passing the superior endplate of the lower
vertebra. Two vertical lines are drawn passing the posterior edge of the upper vertebra and lower
vertebra. The distance between the two vertical lines is considered during flexion and extension,
and the difference between the two distances from flexion and extension is used in the formula to
calculate the segmental translation.

2.4.2. Screening Tool

The specific lumbar instability screening tool had 14 questions and was written in
English (Table 1) [23]. This tool was translated and tested for content validity, criteria-
related validity, and rater reliability in relation to lumbar instability as reported in previous
studies [23,26]. The possible total questionnaire scores ranged from 0 (not correlated with
instability) to 14 (strongly correlated with instability). The questions relate to participants’
pain characteristics, positional alteration, muscle spasms, and injury history.

2.5. Measurement Procedure

The 135 participants, all diagnosed with CLBP, were split into two groups: those with
and without STLI based on X-ray findings. Data were collected from March 2019 through
July 2019. The participants were assessed at one visit. On that day, participants signed an
informed consent form before starting the study and were evaluated for LBP symptoms.
Researcher R.P. asked participants for their demographic information: age, gender, BMI,
duration of low back pain, pain scale rating, and smoking history, and then the 14 screening
tool questions. Then, participants were evaluated by an orthopedic doctor who ordered an
X-ray assessment. X-rays were taken in the full lateral flexion and extension positions, and
were performed by a radiologist. The X-ray images were measured by the trained observer
(A.L.) after data collection was completed. A.L. was blinded to all other information about
the patients.

2.6. Statistical Analyses

The data were analyzed and grouped based on participants with and without STLI.
Descriptive statistics were used, involving calculations of the mean, standard deviation,
and percentage. Significance was set at a p-value of less than 0.05 when comparing between
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groups. Intra-observer reliability was measured using the intraclass correlation coefficient
(ICC) for the radiographic measurements.

The receiver operating characteristic (ROC) curve was used to determine the possible
cut-off score of lumbar instability screening. Sensitivity, specificity, positive likelihood ratio
(LR+), and negative likelihood ratio (LR-) for each cut-off score were calculated. The cut-off
score that reached the maximum of sensitivity was taken as the maximum score. The area
under the ROC curve (AUG) was used to evaluate the discriminatory ability of the 14 items
of the screening tool. Statistical analysis was conducted using STATA ver. 10.0 (StataCorp,
College Station, TX, USA).

Table 1. Lumbar instability screening tool.

Question 14 items Yes (1) No (0)

1. Patient reports his/her back has collapsed.

2. Patient frequently self-manipulates to
decrease their symptoms.

3. Patient’s back pain symptoms alternate
periodically.

4. Patient has a history of complaints of stiffness
and sudden back pain when twisting or bending
their back.

5. Patient’s back pain has been provoked by
changing posture, for example standing up from
sitting, etc.

6. Patient has increased back pain when
returning to upright after forward bending.

7. Sudden or minor movements increase
patient’s back pain.

8. Patient gets worse when sitting on a chair
without a backrest and gets better when sitting
on a chair with backrest.

9. Patient reports being in a static posture for a
long time has an effect on their back problem.

10. Patient’s back pain is worsening.

11. Patient wears a brace or corset to temporarily
alleviate back pain.

12. Patient with back problems regularly
experiences muscle spasms.

13. Patient avoids or hesitates to move when
they have back symptoms.

14. Patient has a past history of back injury.

Total score

3. Results
3.1. Participant Characteristics

Of the 135 participants recruited, 113 participants (83.70%) had STLIL. The mean age of
all the participants was 35.58 4= 12.02 years. The participants’ gender was 60.74% female.
The average age of the participant groups with STLI and without STLI was 35.60 & 12.46
and 35.45 + 9.70 years old, respectively. All the continuous data were similar between the
groups (p > 0.05), as shown in Table 2.
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Table 2. Demographic characteristics of participants.

Total With STLI Without STLI

Variable (1 = 135) (1 =113) (1 =22) p-Value
Age (years) 35.58 = 12.02 35.60 = 12.46 35.45 £ 9.70 0.95
Gender (%)

Male 53 (39.26) 45 (39.82) 8 (36.36) 0.82
Female 82 (60.74) 68 (60.18) 14 (63.64)
BMI (kg/m?) 22.16 4+ 2.10 22.29 +2.10 21.48 4 2.04 0.10
Duration of
Sycllr‘gfis 27.33 4 27.07 26.40 + 27.54 32.14 + 24,57 0.37
(months)
NRS (pain) 4.63 +0.94 457 +0.88 495 +1.21 0.17
Smoking history
(%)
Yes 12 (8.89) 10 (8.85) 2 (9.09) 1.00
No 123 (91.11) 103 (91.15) 20 (90.91)

Note: STLI: sub-threshold level of lumbar instability; BMI: body mass index; NRS: numeric rating scale.

3.2. The Screening Tool-Specific STLI Cut-Off Scores

The current study showed that the cut-off score for identifying STLI requires a total
of at least six positive responses of a possible score of 14 from the screening tool-specific
questions. The sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio
were 99.12%, 18.18%, 1.21, and 0.05, respectively, as shown in Table 3. The high sensitivity
indicates the potential screening value because the measure rarely misses subjects who
have the condition [34]. The area under the ROC curve was 0.73, reflecting sufficient
diagnostic accuracy [35].

Table 3. The screening tool-specific STLI cut-off scores.

C\l;;‘?eff Sensitivity (%) Specificity (%) LR+ LR— ( 91;}/'5 SI)
>5 100.00 0.00 1.00
>6 99.12 18.18 121 0.05
>7 90.27 31.82 1.32 0.31
>8 69.91 68.18 2.20 0.44
>9 46.02 72.73 1.69 0.74 0.73
>10 31.86 95.45 7.01 0.71 © 61.—0 84)
>11 17.70 100.00 0.82 ' ’
>12 5.31 100.00 0.95
>13 2.65 100.00 0.97
>14 0.88 100.00 0.99
14 0.00 100.00 1.00

4. Discussion

The impairment or dysfunction of the active, passive, or neural control subsystems in
CLBP patients causes LI. Delayed detection of patients with LI can lead to more structural
degeneration, which is challenging to improve with conservative treatment. The early-
stage detection of LI by physical therapists may help the patient by preventing further
structural damage early on; for example, exercise stabilization, which focuses on deep
trunk muscle training, can improve or delay the development of lumbar instability [36-38].
In the present study, a subjective questionnaire cut-off score for identifying STLI was found
tobe 6/14.
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The Delphi survey results from Cook et al. (2006) listed 14 screening questions to
determine the clinical lumbar instability in the CLBP participants [21]. The current study
results showed that at least six positive answers to the fourteen listed lumbar instability
questions among the CLBP participants led to a diagnosis of STLI. This result was similar
to Kumar (2018) and Puntumetakul et al. (2014), who selected 7/13 positive responses to
similar screening questions that could act as the criteria for diagnosing lumbar segmental
instability [9,24]. However, when compared with the study by Chatprem et al. in 2020, our
result was lower than their cutoff score (7/14) [23]. This may be because the participants in
this study had less translation and rotation (STLI) than those in their (LI) study.

In the current study, three key symptoms were frequently reported by the participants
with CLBP, that led to a positive diagnosis of STLI: (1) back pain alternating occasionally
(97.35%); (2) worsening pain when sitting on a chair without a backrest and less pain
when sitting on a chair with a backrest (96.46%); and (3) increasing back pain when
maintaining prolonged static postures (95.58%) (Figure 3). The symptom of back pain
alternating periodically may arise from the spinal unit moving together while the passive
subsystem is in fixed alignment. During spinal movement, the passive subsystem is
unable to restrain shear forces that arise from muscle contraction and gravity. A possible
reason underlying this symptom is that one or more of the spinal subsystems that cause
instability may be dysfunctional due to injury or degeneration [6]. In the sitting position,
many people experience musculoskeletal discomfort, principally in the lower back and
buttock areas, where the discomfort increases significantly during prolonged sitting [39].
The responses in the current study differed from some of those reported in a farming
population by Puntumetakul et al. (2014) [9]. The responses in that study consisted of:
(1) frequent episodes of muscle spasm (93%); (2) worsening symptoms with sustained
postures (90%); and (3) frequent episodes of symptoms (88%). The differences between
these two studies included: the participant occupation, number and age of participants, and
use of different criteria to determine the presence of lumbar instability (clinical symptoms in
the former study but X-ray evaluation in the current study). Nevertheless, the characteristic
of worsening symptoms with sustained postures was the same in both studies.

An optimal cut-off point for LI patients of at least 7 of 14 scores was reported by
Chatprem et al. in 2020 [23]. The 7/14 score was based on the maximum summation of
sensitivity and specificity, which differed by one point from the current study in choosing
the highest sensitivity for screening [34]. However, they reported three items as receiving
100% positive responses in LI, and two out of their three fit with the top responses in
our study. These symptoms were prolonged sitting and sustained posture. The possible
reasons for the lower score in the STLI participants may be twofold. First, the number of
lumbar instability participants (STLI, 113 or 83.70%) was higher in the current study than
the number of patients with LI in Chatprem’s study. Second, the STLI criteria in the current
study required less translation and rotation compared with LI. Less severe LI may lead to a
lower score when comparing LI and STLI. However, considering their study in terms of
the highest sensitivity for screening, a score of at least 7 of 14 remains the cut-off point.

Our participant demographic characteristics, particularly gender, have no difference
between those with chronic low back pain with STLI and without STLI. Therefore, this
minimizes other factors that may influence our results. The current study demonstrated
that a screening tool specific for LI is beneficial in accurately identifying STLI among
CLBP participants. In a clinical setting, choosing the cut-off scores of at least 6/14 positive
points can be used to screen patients with CLBP for STLI responses. Interestingly, patients
with positive STLI also had positive results on items 3, 8, and 9 of the screening tool
questionnaire. Moreover, the effect size was large [40].

This study has useful implications for clinicians; however, there are some limitations.
First, the participants experiencing pain while the flexion-extension radiographs were
taken may have shown a lower range of instability than they actually had. Second, the
sample size was small. Third, our participants had a wide age range, meaning they may
have had a varied state of disc degeneration. Fourth, there may have been an overlap with
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Figure 3. Comparison of the percentage of positive answers to the lumbar instability screening tool questions in chronic low
back pain patients with and without the sub-threshold level of lumbar instability.

5. Conclusions

The findings of the current study revealed useful information for identifying STLI
using a specific screening tool for patients with LI. Although this screening tool is effective
for assessing the lumbar spinal instability in an outpatient clinic without the need for
sophisticated and expensive equipment, high specificity tests, such as the passive lumbar
extension test (PLE), are still recommended to confirm the diagnosis of STLIL.
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Abstract: This study examined a cross-sectional association between self-reported low back pain
(LBP) and unemployment among working-age people, and estimated the impact of self-reported LBP
on unemployment. We used anonymized data from a nationally representative survey (24,854 men
and 26,549 women aged 20-64 years). The generalized estimating equations of the multivariable
Poisson regression models stratified by gender were used to estimate the adjusted prevalence ratio
(PR) and 95% confidence interval (CI) for unemployment. The population attributable fraction
(PAF) was calculated using Levin’s method, with the substitution method for 95% CI estimation.
The prevalence of self-reported LBP was 9.0% in men and 11.1% in women. The prevalence of
unemployment was 9.3% in men and 31.7% in women. After adjusting for age, socio-economic
status, lifestyle habits, and comorbidities, the PR (95% CI) for the unemployment of the LBP group
was 1.32 (1.19-1.47) in men and 1.01 (0.96-1.07) in women, compared with the respective non-LBP
group. The PAF (95% CI) of unemployment associated with self-reported LBP was 2.8% (1.6%, 4.2%)
in men. Because the total population of Japanese men aged 20-64 in 2013 was 36,851 thousand, it
was estimated that unemployment in 1037 thousand of the Japanese male working population was
LBP-related.

Keywords: low back pain; unemployment; gender difference; population attributable fraction;
cross-sectional studies

1. Introduction

The Global Burden of Disease Study 2016 reported that low back pain (LBP) has
become the leading cause of years lived with disability [1]. Additionally, LBP has a high
economic burden. In Japan, musculoskeletal disorders, including LBP, account for 7.7% of
the total medical expenses (about JPY 2.3 trillion) in 2016, ranking third after cardiovascular
diseases and neoplasms [2]. According to a recent report in the United States, the annual
cost of LBP in 2016 was an estimated USD 134.5 billion of the total healthcare spending [3].
According to a systematic review on the overall costs associated with LBP, indirect costs
(sick leave, early retirement, lost household productivity, and presenteeism, etc.) are
estimated to be approximately six times higher than direct medical costs [4]. Therefore,
LBP is considered to be a major global health problem.

Occupation is a worldwide cause of LBP; globally, 37% of LBP is attributed to occu-
pational risk factors [5]. A large number of studies report that work-related LBP is more
prevalent in occupations with heavy lifting, whole-body vibration, forceful movements,
and awkward postures [5,6], such as nursing [7], caregiving [8], transport [9], construc-
tion [10], and manufacturing [11]. However, it is difficult to determine whether LBP is
associated with unemployment through a workplace survey of workers only.
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Previous studies reveal that the prevalence of self-reported LBP is significantly higher
in the unemployed than in working people [12], and that self-reported LBP is a predictor of
health-related job resignations [13] or sickness absences [14]. However, the findings of prior
research did not quantify the importance of unemployment associated with LBP as a public
health issue. Additionally, previous studies [12-14] did not perform stratified analyses by
gender. Gender-specific analyses are essential in evaluating the impact of self-reported
LBP on unemployment because of the differences in the percentage of employment [14,15]
and the prevalence of LBP [5,6] by gender. Therefore, we made an attempt to estimate the
gender-specific burden of unemployment attributable to LBP. Our study will be able to
demonstrate how important it is to improve the workplace for people with LBP and to
enhance LBP care in terms of employment assistance.

In this study, we used anonymized data from the Comprehensive Survey of Living
Conditions (CSLC); the CSLC is a representative sample of Japanese people including
both the employed and the unemployed, and the CSLC 2013 is the latest data available,
as of the end of August 2021 [16]. The aims of this study were twofold. The first was to
investigate a cross-sectional association between self-reported LBP and unemployment
among working-age people. The second was to estimate the fraction and number of
unemployed people associated with self-reported LBP in Japanese working-age people. To
clarify gender difference in the association between self-reported LBP and unemployment
and its impact, we performed stratified analyses by gender.

2. Materials and Methods
2.1. Data and Study Participants

We used anonymized data from the CSLC 2013 conducted by the Ministry of Health,
Labour and Welfare of Japan [16]. The CSLC is a cross-sectional nationwide survey which
collects data on national lifestyle, health, and welfare. The details of the CSLC 2013 are
explained elsewhere [17]. Briefly, the CSLC 2013 targeted all households (approximately
300,000 households) and household members (approximately 740,000 persons) in the
5530 districts stratified and randomly selected from the 2010 census ward. The proportion of
respondents was 79.6%. Anonymized data had confidentiality measures such as resampling
and top coding. Resampling referred to a survey technique that re-extracts approximately
one-sixth of the data from the original CSLC using the same procedure as the original survey.
The purpose of resampling was to eliminate concerns about identification of individuals,
through shrinking the data and deleting dates of birth and addresses. In the CSLC 2013,
questions about lifestyle habits were limited to people aged over 20. Additionally, people
in hospital or with a long-term need of care were exempt from answering questions about
health status and lifestyles. Therefore, among 97,345 anonymized data, we excluded
45,942 persons from our analys