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Abstract: Background and Objectives: In the Western world, back pain and sciatica are among the
main causes of disability and absence from work with significant personal, social, and economic
costs. This prospective observational study aims to evaluate the effectiveness of a rehabilitation
program combined with the administration of Alpha Lipoic Acid, Acetyl-L-Carnitine, Resveratrol,
and Cholecalciferol in the treatment of sciatica due to herniated discs in young patients in terms of
pain resolution, postural alterations, taking painkillers, and quality of life. Materials and Methods: A
prospective observational study was conducted on 128 patients with sciatica. We divided the sample
into 3 groups: the Combo group, which received a combination of rehabilitation protocol and daily
therapy with 600 mg Alpha Lipoic Acid, 1000 mg Acetyl-L-Carnitine, 50 mg Resveratrol, and 800 UI
Cholecalciferol for 30 days; the Reha group, which received only a rehabilitation protocol; and the
Supplement group, which received only oral supplementation with 600 mg Alpha Lipoic Acid, 1000
mg Acetyl-L-Carnitine, 50 mg Resveratrol, and 800 UI Cholecalciferol. Clinical assessments were
made at the time of recruitment (T0), 30 days after the start of treatment (T1), and 60 days after the end
of treatment (T2). The rating scales were as follows: the Numeric Rating Scale (NRS); the Oswestry
Disability Questionnaire (ODQ); and the 36-item Short Form Health Survey (SF-36). All patients
also underwent an instrumental stabilometric evaluation. Results: At T1, the Combo group showed
statistically superior results compared to the other groups for pain (p < 0.05), disability (p < 0.05), and
quality of life (p < 0.05). At T2, the Combo group showed statistically superior results compared
to the other groups only for pain (p < 0.05) and quality of life (p < 0.05). From the analysis of the
stabilometric evaluation data, we only observed a statistically significant improvement at T2 in the
Combo group for the average X (p < 0.05) compared to the other groups. Conclusions: The combined
treatment of rehabilitation and supplements with anti-inflammatory, pain-relieving, and antioxidant
action is effective in the treatment of sciatica and can be useful in improving postural stability.

Keywords: sciatica; rehabilitation; postural balance; alpha lipoic acid; acetyl-l-carnitine

1. Introduction

The most common cause of low back pain (LBP) and sciatica is represented by lumbar
disc herniation (LDH) [1].

About 9% of all people in the world are affected. It has a substantial impact on quality
of life and represents a significant economic burden. In the Western world, back pain and
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sciatica are among the main causes of disability and absence from work with significant
personal, social, and economic costs. In recent years, lifestyle changes have led to a gradual
increase in the incidence of LDH and a reduction in the average age of onset [2].

Finally, it has been shown that people with back pain have worse physical and mental
health than the healthy population. It has also been shown that there is a close relationship
between pathology and psychosocial stress [3].

The approach to this pathology is multidisciplinary and includes medical therapy
(NSAIDs, Glucocorticoids, Opioids, Muscle Relaxants, and Antiepileptics), interventional
techniques such as intraforaminal injection of corticosteroids, physiotherapy in all its forms,
and finally, surgery only for selected patients. The prolonged use of drugs or infiltrations
is not recommended due to the numerous side effects or, in the second case, adverse
events [4].

The updated 2017 LBP guidelines from the American College of Physicians recommend
the use of nonpharmacologic treatments for patients with low back pain. Physical exercise
is recommended in combination with other non-pharmacological therapies such as massage
therapy and physical therapy [5].

Physiotherapy is considered the first-line treatment for patients with symptoms caused
by a lumbar disc herniation, both in the acute and chronic phases. Some blind random-
ized controlled studies have demonstrated the effectiveness of the McKenzie method,
mobilizations, and vertebral tractions, even in the acute phases [6].

Furthermore, some physical therapies such as cryotherapy, electrotherapy, laser ther-
apy, etc., have been indicated as very sensitive initial accompanying treatments [7–9].

While in the chronic phases, the effectiveness of resistance exercises for muscle
strengthening of the paravertebral and abdominal muscles has been demonstrated [10].

Some nutraceuticals are considered effective in neuroprotection and pain [1–7], al-
though controlled studies in this regard are lacking. Alpha-lipoic acid (ALA), Acetyl-
L-Carnitine (ALC), and palmitoylethanolamide (PEA) are effective in the treatment of
neuropathic pain from root irradiation, as is Cholecalciferol, which has recognized anal-
gesic properties [11–15].

This prospective observational study aimed to evaluate the effectiveness of a reha-
bilitation program combined with the administration of ALA, ALC, Resveratrol, and
Cholecalciferol in the treatment of sciatica due to herniated discs in young patients in terms
of pain resolution, postural alterations, taking painkillers, and quality of life.

2. Materials and Methods

2.1. Trial Design

We conducted a randomized controlled trial on outpatients who attended the U.O.C.
outpatient clinics of Functional Recovery and Rehabilitation of the A.O.U. P. Paolo Giaccone
of Palermo for lumbosciatica. The study period was between September 2022 and June 2023.

The study received approval from the local ethical committee “Palermo 1” (approval
no. 08/2022) of the A.O.U.P. Paolo Giaccone of Palermo and was conducted in accordance
with the declaration of Helsinki. The processing of information and data has been carried
out according to the guidelines of Good Clinical Practice (GCP). Clinical trials registration
number NCT06078163.

2.2. Participants

The inclusion criteria used were as follows: age 18–45 years; lower back pain with
NRS scale score between 5 and 7 points; symptoms attributable to sciatica which occurred
no more than 4 weeks ago; pharmacological washout of NSAIDs and/or corticosteroids
for at least a week; lumbar MRI examination performed no more than 3 months ago; and
written consent for participation in the study. Patients were excluded if they had altered
states of consciousness; sciatic pain of non-disc origin; septic states in progress; presence of
scoliosis >20◦ of Cobb; previous spinal surgery; or were pregnant and/or breastfeeding.
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2.3. Intervention

The recruited patients were randomly divided into three groups through a system
of computer-generated random numbers: the Combo group (CG), composed of patients
subjected to a combination of a rehabilitation protocol of 20 sessions and daily therapy with
600 mg ALA, 1000 mg ALC, 50 mg Resveratrol, and 800 UI Cholecalciferol for 30 days; the
Reha group (RG), made up of patients subjected only to a rehabilitation protocol lasting
20 sessions; and the Supplement group (SG), made up of patients who took 600 mg ALA,
1000 mg ALC, 50 mg Resveratrol, and 800 IU Cholecalciferol daily for 30 consecutive days.

All patients were asked to avoid taking NSAIDs during the study period but were
given the option of 500 mg of Paracetamol in combination with 30 mg of Codeine as needed
in case of excessive pain.

2.4. Outcomes

All recruited patients were evaluated three times: at the time of recruitment (T0),
30 days after the start of treatment (T1), and 60 days after the end of treatment (T2). During
the initial clinical evaluation, demographic information (age, sex, BMI, education level) and
clinical information (smoking habits and daily working hours) were collected. For each
clinical evaluation, some rating scales were administered by the same physiatrist, such
as the Numeric Rating Scale (NRS) [16], to evaluate the extent of the pain; the Oswestry
Disability Questionnaire (ODQ) [17], to evaluate the degree of disability caused by low back
pain; and the 36-item Short Form Health Survey (SF-36) questionnaire, to assess quality of
life [18].

Patients were also asked to fill in a diary where they noted any daily intake of the
combination of Paracetamol and Codeine and its frequency of intake during the day.

Finally, all patients will be subjected to stabilometric analysis using a baropodomet-
ric platform that uses the FreeMed posturography system (produced by Sensor Medica,
Guidonia Montecelio, Roma, Italy). During the stabilometric examination, the length of the
beam (mm) was considered, which is the size of the section drawn by the oscillation of the
center of gravity (CoP) during the test; the surface of the ellipse (mm2), which includes 90%
of the CoP section; the X-mean (mm), which indicates the average position maintained on
the frontal plane during lateral oscillations; and the Y-mean (mm), which is the midpoint of
the center of gravity on the sagittal plane during the anteroposterior oscillations [19].

2.5. Rehabilitation Protocol

The rehabilitation protocol to which the patients in the two groups (Combo and Reha)
underwent was the same. It included daily sessions, 5 days a week, with a duration of
60 min, and for a total of 4 consecutive weeks. The rehabilitation protocol provided was
carried out under the supervision of an experienced physiotherapist. We proceeded with
an initial cardiorespiratory training phase lasting 15 min on a cycle ergometer (produced
by Chinesport SPA, Udine, Italy). In the central part of the training, we proceeded with
muscle strengthening exercises for the muscles of the trunk and the upper and lower part
of the body and stretching exercises of the posterior kinetic chains. Each exercise was
performed with 3 sets of 15 repetitions and at an intensity of 60% of the maximum. The
third phase of the protocol involved therapy with physical agents, such as transcutaneous
electronervous stimulation (TENS) for 20 min by stimulation with biphasic rectangular
pulses of 100 microseconds and a frequency of 110 Hz, with a maximum output amplitude
of 100 mA; and low power laser for 10 min with a stable, paravertebral, lumbar method
with total daily doses of 18 J.

2.6. Rating Scales

The NRS scale is a quantitative rating scale by which patients are asked to rate their
pain on a defined scale, from 0 to 10 [16].

The Oswestry Low Back Pain Disability Questionnaire (ODQ) (File S1) is a self-
completed questionnaire with ten items covering pain intensity, ability to care for oneself,
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lifting and carrying, ability to walk, ability to sit, the ability to stand, the quality of sleep,
social life, sexuality, and the ability to travel. Each item has six statements describing
possible situations in the patient’s life. The most applicable statement is checked by the
patient. Questions are scored on a scale of 0 to 5. We adapted the questionnaire by omitting
an item regarding sexual function. The MCID for this scale is 10 points per second [17].

The SF-36 is a questionnaire comprising eight multiple-choice questions that can be
divided into two large subgroups: the physical component of the disease and the mental
component of the disease. A score is assigned to each scale; the higher the score, the better
the state of mental and physical health. The score ranges from 0 (worst state of health) to
100 (best state of health). The MCID for this scale is 4.9 points [18].

2.7. Statistical Methods

The data collected were indexed in Excel. The aim was to detect a mean difference
in NRS (0–10) between the two groups. A power analysis was conducted with the type I
error set at 0.05 and the type II error at 0.15 (85% power). The estimated sample size was
45 patients from each group to detect the minimal clinically significant difference in NRS of
2.6 units [20]. The follow-up loss was estimated to be 20%. For this reason, the numbers of
44 patients for the Combo group, 43 patients for the Reha group, and 41 for the Supplement
group were considered sufficient to demonstrate our thesis.

Through the use of the Shapiro–Wilk test, the normality of our collected data was
verified. In the text and the tables, we have reported continuous variables, expressed as
means and standard deviations, and categorical variables, expressed as absolute numbers
and percentages.

Regarding the statistical analysis of the data, we used the t-test for the comparison
of the means between the quantitative variables, while Mood’s median test was used for
the comparison of the medians between the categorical variables. Finally, to evaluate the
statistically significant difference between the NRS and lesion diameter variables examined
between the two groups, ANOVA was used. R statistical software (R Core Team, Vienna,
Austria, 2021) was used to analyze the collected data. A priori results showing p < 0.05
were considered statistically significant.

3. Results

Table 1 shows the general characteristics of the 128 patients who were included in the
study. Participants were mainly women (59.8%), with an average age of 37.4 ± 3.4 years and
an average BMI of 25.6 ± 2.8 kg/m2. A total of 48.3% (n = 42) had a primary school diploma,
32.2% (n = 28) had a secondary school diploma, and 19.5% (n = 17) had a university degree.
More than half of the participants (63.2%) were smokers. The average daily working hours
of the recruited sample were 9.6 ± 3.2 h. The mean perceived pain was 6.2 ± 0.6 points
according to the NRS scale, with a mean score on the ODQ scale of 39.6 ± 5.1 and the SF-36
scale of 56.7 ± 7.2. There were no significant differences between the participants of the
three study groups regarding the different baseline characteristics analyzed (Table 1).

Table 2 shows the changes in the variables examined in the three groups at T1. In
the Combo group, we observed statistically significant improvements for perceived pain
(6.4 ± 0.5 vs. 3.6 ± 0.3; p < 0.05) and for disability (40.2 ± 4.3 vs. 33.1 ± 3.7; p < 0.05). In
the Reha group, statistically significant improvements were observed only for disability
(38.8 ± 5.2 vs. 36.3 ± 4.2; p < 0.05). In the Supplement group, only pain showed statisti-
cally significant improvements after 30 days of treatment for pain reduction (6.4 ± 0.6 vs.
5.5 ± 0.5; p < 0.05).

Table 3 shows the changes in the variables examined in the three groups at T2. The
Combo group showed statistically significant improvements for pain (6.4 ± 0.5 vs. 3.2 ± 0.4;
p < 0.05), disability (40.2 ± 4.3 vs. 34.4 ± 4.2; p < 0.05), and quality of life (56.4 ± 5.8 vs.
81.6 ± 6.2; p < 0.05). The Reha group showed statistically significant improvements for
pain (6.2 ± 0.7 vs. 4.1 ± 0.6; p < 0.05) and disability (38.8 ± 5.2 vs. 36.1 ± 3.9; p < 0.05). A
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statistically significant improvement was also observed in the Supplement group for pain
(6.4 ± 0.6 vs. 4.8 ± 0.3; p < 0.05) and for disability (43.5 ± 3.2 vs. 37.2 ± 4.9; p < 0.05).

Table 1. General patient characteristics.

Characteristics
Total

(n = 128)
Combo Group

(n = 44)
Reha Group

(n = 43)
Supplement

Group (n = 41)
p-Value

Age, mean ± SD 37.4 ± 3.4 37.7 ± 2.8 37.2 ± 4.1 37.3 ± 3.1 0.69
Sex, no. (%)

Male 50 (39.1) 16 (36.4) 19 (44.2) 15 (36.5)
0.71Female 78 (60.9) 28 (63.6) 24 (55.8) 26 (63.5)

BMI, mean ± SD 25.6 ± 2.8 25.8 ± 2.1 26.3 ± 2.2 25.6 ± 3.2 0.13
Education, no. (%)

Primary school 60 (46.8) 22 (50) 20 (46.5) 18 (43.9)
0.56Secondary school 38 (29.7) 15 (34.1) 13 (30.2) 10 (24.4)

Degree 30 (23.5) 7 (15.9) 10 (23.3) 13 (31.7)
Smoker, no. (%)

Yes 84 (65.6) 26 (59.1) 29 (67.4) 29 (70.7)
0.43No 44 (34.4) 18 (40.9) 14 (32.6) 12 (29.3)

Work hours,
mean ± SD 9.6 ± 3.2 9.9 ± 3.1 9.5 ± 2.9 9.7 ± 2.8 0.53

NRS, mean ± SD 6.2 ± 0.6 6.4 ± 0.5 6.2 ± 0.7 6.3 ± 0.6 0.13
ODQ, mean ± SD 39.6 ± 5.1 40.2 ± 4.3 38.8 ± 5.2 39.5 ± 4.9 0.7
SF-36, mean ± SD 56.7 ± 7.2 56.4 ± 5.8 57.8 ± 6.9 55.8 ± 7.7 0.31

Table 2. Effects of the different treatments in the Combo group, in the Reha group, and in the
supplement group at T1.

Characteristics Combo Group Reha Group Supplement Group

NRS, mean ± SD
T0 6.4 ± 0.5 6.2 ± 0.7 6.3 ± 0.6
T1 3.6 ± 0.3 5.3 ± 0.5 5.5 ± 0.5

p-value <0.05 0.13 <0.05
ODQ, mean ± SD

T0 40.2 ± 4.3 38.8 ± 5.2 39.5 ± 4.9
T1 33.1 ± 3.7 36.3 ± 4.2 42.3 ± 4.2

p-value <0.05 <0.05 0.81
SF-36, mean ± SD

T0 56.4 ± 5.8 57.8 ± 6.9 55.8 ± 7.7
T1 64.6 ± 4.3 60.2 ± 7.2 58.2 ± 6.5

p-value 0.19 0.12 0.48

Table 3. Effects of the different treatments in the Combo group, in the Reha group, and in the
supplement group at T2.

Characteristics Combo Group Reha Group Supplement Group

NRS, mean ± SD
T0 6.4 ± 0.5 6.2 ± 0.7 6.3 ± 0.6
T1 3.2 ± 0.4 4.1 ± 0.6 4.8 ± 0.3

p-value <0.05 <0.05 <0.05
ODQ, mean ± SD

T0 40.2 ± 4.3 38.8 ± 5.2 39.5 ± 4.9
T1 36.1 ± 3.9 36.1 ± 3.9 37.2 ± 4.9

p-value <0.05 <0.05 <0.05
SF-36, mean ± SD

T0 56.4 ± 5.8 57.8 ± 6.9 55.8 ± 7.7
T1 81.6 ± 6.2 61.5 ± 8.2 58.5 ± 7.2

p-value <0.05 0.21 0.39
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Table 4 shows the comparison between the results obtained in the three groups. At
T1, the Combo group showed statistically superior results compared to the other groups
regarding pain (p < 0.05), disability (p < 0.05), and quality of life (p < 0.05). At T2, the
Combo group showed statistically superior results compared to the other groups only in
terms of pain (p < 0.05) and quality of life (p < 0.05). No statistically significant differences
were present between the three groups at T2 for disability.

Table 4. Comparison of results at T1 and T2 between the three groups.

Characteristics T1 T2

TG CG SG p-Value TG CG SG p-Value

NRS, mean ± SD 3.6 ± 0.3 5.3 ± 0.5 5.5 ± 0.5 <0.05 3.2 ± 0.4 4.1 ± 0.6 4.8 ± 0.3 <0.05
ODQ, mean ± SD 33.1 ± 3.7 36.3 ± 4.2 42.3 ± 4.2 <0.05 34.4 ± 4.2 36.1 ± 3.9 37.2 ± 4.9 0.18
SF-36, mean ± SD 78.6 ± 4.3 60.2 ± 7.2 58.2 ± 6.5 <0.05 81.6 ± 6.2 61.5 ± 8.2 58.5 ± 7.2 <0.05

Table 5 shows the results of the stabilometric examination in the three groups at T1 and
T2. From the analysis of these data, we only observed a statistically significant improvement
at T2 in the Combo group for the average X (p < 0.05) compared to the other groups.

Table 5. Results of the stabilometric evaluation in the three groups.

Characteristics T1 T2

CG RG SG p-Value CG RG SG p-Value

Sphere length,
mean ± SD 372.1 ± 124.8 374.3 ± 118.1 373.7 ± 114.5 0.93 366.2 ± 102.4 368.4 ± 105.2 368.6 ± 107.2 0.92

Ellipse surface,
mean ± SD 131.1 ± 99.6 128.4 ± 98.7 129.5 ± 89.5 0.79 125.5 ± 92.5 124.6 ± 96.4 125.6 ± 94.5 0.96

Maximum oscillation,
mean ± SD 2.5 ± 1.6 2.3 ± 1.5 2.3 ± 1.3 0.55 2.3 ± 1.1 2.2 ± 1.6 2.3 ± 1.4 0.73

X-media, mean ± SD 0.3 ± 7.1 0.5 ± 5.9 0.4 ± 6.3 0.98 0.2 ± 2.4 0.5 ± 5.2 0.4 ± 4.6 <0.05
Y-media, mean ± SD −18.2 ± 11.9 −16.5 ± 10.6 −17.1 ± 10.2 0.48 −17.8 ± 10.6 −16.4 ± 10.4 −17.2 ± 9.8 0.53

Regarding the number of days of Paracetamol and Codeine intake, we observed a
statistically significant reduction at T2 compared to T1 only in the treatment group (3.4 ± 0.8
vs. 1.8 ± 0.6; p < 0.05). At T2, however, no statistically significant difference was observed
between the three groups.

4. Discussion

During this study, we tried to evaluate the effectiveness of the rehabilitation treatment
combined with the administration of ALA, ALC, Resveratrol, and Cholecalciferol in the
treatment of sciatica due to herniated discs in young patients. Efficacy was evaluated in
terms of pain resolution, postural alterations, intake of painkillers, and quality of life.

From the results obtained, we observed how the rehabilitation treatment combined
with the administration of supplements (ALA, ALC, Resveratrol, Cholecalciferol) showed
statistically superior improvements in terms of reduction in pain and disability related to
back pain, in the short term and above all in the long term, in the latter case also observing
a significant improvement in terms of quality of life.

There are many non-pharmacological therapies for sciatic pain, and these include
acupuncture, physical therapy, massage therapy, yoga, cognitive behavioral therapy or
progressive relaxation, spinal manipulation, and intensive interdisciplinary rehabilitation.
These treatments aim to control pain and above all to functionally recover patients, and
although the level of evidence supporting the different therapies is discreet, at the moment,
there is no consensus on their indication as first-choice treatments [21,22].

In addition to this, agents with antioxidant action, such as ALA and Resveratrol, have
recently been identified as first-line treatment for chronic neuropathic pain [23–25] thanks
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to the proven efficacy compared to placebo in the treatment of neuropathic pain [26,27].
Oxidative stress that develops after peripheral neuropathic injury is considered a relevant
factor responsible for neuropathic pain. It activates an inflammatory pathway that involves
the entire peripheral nerve up to the spinal dorsal horn, causing sensitization and chronic
neuropathic pain in the spinal column [28].

ALA can neutralize free radicals, but it also increases glutathione synthesis, regenerates
other important antioxidants, and prevents the formation of glycosylated end products
and mitochondrial damage from oxidative stress. Several studies have reported that ALA
prevents oxidative damage to nerve tissue and nerve degeneration. Furthermore, ALA
counteracts proinflammatory factors (including IL-6 and TNFα), thus reducing the overall
inflammatory load. Indeed, recent reviews provide convincing evidence of the usefulness
of ALA as an anti-inflammatory ally in several conditions such as acute and chronic pain,
neuropathy, and ulcerative colitis [10].

Resveratrol is a widely used inhibitor of the WNT/β-catenin pathway, which plays a
crucial role in many biological processes. It has shown anti-inflammatory effects in a rat
arthritis model and also has well-described antioxidant properties [14].

ALC has important physiological and pharmacological actions due to its wide distribu-
tion in many tissues, including the brain [29]. Evidence from randomized controlled trials
suggests that ALC is an effective agent for pain management in patients with peripheral
neuropathies. The protective effects of ALC against nerve damage and pain associated with
peripheral neuropathies include changes in the sensitivity of nerve growth factor (NGF)
receptors, activation of M1 cholinergic muscarinic receptors in the CNS, and upregulation
of glutamate receptors metabotropic type 2 (mGlu2) in dorsal root ganglion (DRG) neu-
rons. More recently, activation of the phospholipase C (PLC)/inositol-1,4,4-triphosphate
(PLC-IP 3) pathway and modulation of the transcriptional activity of nuclear factor (NF)-κB
transcription factors through acetylation of the p65 subunit have been added to the list of
potential mechanisms mediating the analgesic activity of ALC [13].

In line with our results, numerous studies have demonstrated how combinations
of antioxidant (ALA and Resveratrol) and neurotrophic (LAC) agents can contribute to
pain control, reducing the use of analgesic drugs and improving the safety profile of the
treatments used [30–33].

An important observation from our research was the significant short-term reduction
in the intake of painkillers. This is an important aspect to underline considering the multiple
side effects resulting from their use. Among these, the most common are constipation,
nausea, sedation, vomiting, and dizziness. Furthermore, with prolonged use of these
drugs, many patients develop a physical and psychological dependence on opioids and the
sudden cessation of the drug causes an unpleasant withdrawal syndrome (with agitation,
insomnia, diarrhea, rhinorrhea, piloerection, and hyperalgesia) [34].

In the second part of our study, through stabilometric evaluation, we investigated any
postural alterations that may be found in patients with sciatica. Recent studies indicate
that patients with chronic low back pain have a decrease in postural control, manifesting
balance problems. Postural balance is controlled by sensory information, central processing,
and neuromuscular responses. Alterations in proprioception are identified as one of the
possible causes of alterations in postural balance in subjects with low back pain. This type
of pain is associated with decreased proprioception and muscle strength, which can affect
the quality of information and compromise the relationship between postural responses
and sensory responses to information [35].

Our data showed that the group subjected to the rehabilitation treatment combined
with the administration of ALA, Resveratrol, LAC, and Cholecalciferol presented fewer
perturbations in the frontal plane in the long term, without showing particularly significant
improvements in all the other stabilometric parameters, both short and long term.

Pain represents the main factor responsible for changes in postural control, regardless
of the intensity of the pain. This determines an alteration of the upright position which
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determines an increased activation of the lumbar muscles, with consequent increase in
muscle fatigue [35–37].

In addition to pain, the impaired postural control found in patients with sciatic pain
could result from a reduction in proprioceptive acuity, restrictive trunk movement, and
protective trunk muscle strategies [38]. With the development of chronicity, a progressive
decrease in variability and an increase in rigidity would lead to an increase in postural
sway [38].

Several systematic reviews [35,38] suggest that low back pain leads to a shift in postural
control from the lumbar spine to the ankles, and postural control at the ankles increases
the magnitude of swing. However, other studies have reported smaller and slower CoP
movements during quiet standing with eyes closed and eyes open [39].

Lemos et al. [40] analyzed the influence of low back pain on the balance of athletes of
the Brazilian women’s canoe team and found an increase in the extent of displacement of
the CoP in the horizontal plane in athletes with the presence of pain. Park et al. observed
that, compared to controls, individuals with cLBP showed increased postural sway during
quiet standing. In contrast, we did not find strong support for an effect of cLBP on postural
swing velocity.

Our study was not without limitations. The first is represented by the small sample
size which does not allow the results obtained to be generalized. Another limitation may
be represented by the lack of evaluation between the different entities of lumbar pain and
the postural alterations present in patients with sciatica. Finally, a further limitation may
be represented by the failure to evaluate the stabilometric examination with eyes closed.

5. Conclusions

For the treatment of sciatica, the combined treatment with rehabilitation and sup-
plements with anti-inflammatory, pain-relieving, and antioxidant action is effective in
reducing pain and improving disability in the short term, compared to a single rehabili-
tation treatment or with supplements. In the long term, the combination also allows an
improvement in the quality of life. Finally, the intake of natural substances reduces the
need for painkillers.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina59122197/s1, File S1: The Oswestry Low Back Pain
Disability Questionnaire (ODQ).
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Abstract: Background and Objectives: This study focused on investigating sarcopenic factors and
immune cells in older adulthood. To achieve this, the variables related to sarcopenia and immune
cells in people living in the same community were analyzed. Materials and Methods: A total of
433 elderly individuals aged 61 to 85 years were randomly categorized as follows in 5-year intervals:
68 in the youngest-old group (aged 61–65), 168 in the young-old group (aged 66–70), 127 in the
middle-old group (aged 71–75), 46 in the old-old group (aged 76–80), and 19 in the oldest-old group
(aged 81–85). Results: With the progression of age, calf circumference (−8.4 to −11.05%; p = 0.001)
and grip strength (−9.32 to −21.01%; p = 0.001) exhibited a noticeable reduction with each successive
5-year age bracket. Conversely, the capability to complete the five-time chair stand demonstrated a
clear incline (32.49 to 56.81%; p = 0.001), starting from the middle-aged group. As for appendicular
skeletal muscle mass, there was an evident tendency for it to decrease (−7.08 to −26.62%; p = 0.001)
with increasing age. A gradual decline in natural killer cells became apparent within the old-old and
oldest-old groups (−9.28 to −26.27%; p = 0.001). The results of the post hoc test revealed that CD3 T
cells showcased their peak levels in both the youngest-old and young-old groups. This was followed
by the middle-old and old-old groups, with slightly lower levels. This pattern was similarly observed
in CD4 T cells, CD8 T cells, and CD19 B cells. Conclusions: This study reaffirmed that sarcopenia and
immune cell function decline with each successive 5-year increase in age. Considering these findings,
the importance of implementing programs aimed at ensuring a high-quality extension of life for the
elderly is strongly underscored.

Keywords: sarcopenia; calf circumference; grip strength; appendicular skeletal muscle mass; natural
killer cell; immune cells

1. Introduction

By the year 2030, it is estimated that the number of people aged 60 years and older
will reach 1.4 billion, and by 2050, it is expected to further grow to 2.1 billion [1]. Because
of this aging population, there is a growing need for policies and initiatives that cater to the
specific needs and challenges faced by older adults to ensure their well-being and quality
of life [2]; this is viewed as a significant step towards prioritizing efforts to promote the
well-being and health of older adults worldwide [3].

Adjusting age group categorization is one way to ensure that healthcare and research
efforts align with the specific needs and characteristics of older individuals within distinct
age ranges [4]. Given the wide range of health conditions and the rising prevalence of
chronic diseases, it can be recommended that most research employing 5-year age intervals
may yield beneficial outcomes [5]. By using 5-year age intervals, researchers and healthcare
practitioners can better account for the emergence of various chronic conditions and the
potential differences in health status within specific age ranges. For instance, considering
the survival rate of cancer survivors is essential, as it can impact the health status and
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needs of older adults within specific age brackets to improve the health condition of
older adults [6].

Sarcopenia, which involves the loss of muscle mass and strength, can significantly
reduce quality of life if left untreated or poorly managed. Sarcopenia can lead to mobility
issues and increased dependency, which can adversely affect an individual’s physical
fitness and performance. Addressing sarcopenia and other age-related health conditions
becomes crucial to mitigate their negative impact on quality of life [7]. Understanding the
factors contributing to sarcopenia’s progression can pave the way for the development
of more effective preventive and treatment strategies. By taking proactive measures and
intervening early, healthcare providers can potentially reduce the burden of sarcopenia and
enhance the quality of life of older adults, promoting healthier and more fulfilling lives
as people age. Sarcopenia can be categorized as a geriatric syndrome, which is defined
by the Asian Working Group for Sarcopenia (AWGS) as an “age-related loss of skeletal
muscle mass plus loss of muscle strength and/or reduced physical performance” [7,8]. It is
also considered a generalized and progressive skeletal muscle disorder that is associated
with an increased likelihood of adverse outcomes by the European Working Group on
Sarcopenia in Older People 2 (EWGSOP2) [9]. In particular, the decrease in muscle mass
that occurs with sarcopenia is accompanied by a decline in immune cell function, leading
to an increased susceptibility to various infections [10].

The immune system has been suggested to play a role in affecting myogenesis, as indi-
cated in many studies [11,12]. While significant progress has been made in understanding
the interaction between the skeletal muscle and the immune system, the impact of health
status within specific age ranges on this relationship remains relatively unexplored. Further
research in this area could provide valuable insights into the underlying mechanisms of
sarcopenia and the immune system in aged adults. Consequently, it is essential to investi-
gate variations in sarcopenia and immunocytes based on various age categorizations. Such
detailed age-specific categorization can make it easier to prevent muscle atrophy in the
elderly and can be considered a proactive measure to prevent the decline in immune cell
function that comes with aging. This can contribute to maintaining a high quality of life
and extending the lifespan. Therefore, the primary objective of this study was to examine
and compare the characteristics of sarcopenia and immunocytes by categorizing the elderly
into age groups with intervals of 5 years.

2. Materials and Methods

2.1. Study Design and Participants

This research took place in June and July 2023. This single-blind, randomized, prospec-
tive cohort study was conducted in a research center at Seoul Seniors Towers, Korea.
Through promotional activities at the Seoul Senior Tower, individuals who voluntarily
enlisted in the study were expected to be between the ages of 60 and 100 and capable of
independent living. Participants were unaware of the randomization results. The variables
to be investigated in this study were determined at the time of analysis. The randomization
list was generated by a computer using block randomization with five blocks. Prior to
the study, the principal investigator explained all the procedures to the participants in
detail. All participants read and signed an informed consent form. This study followed the
principles of the Declaration of Helsinki and received approval from the institutional ethics
committee (HS23-08-02, 2 November 2022 to 1 November 2023). This study was also regis-
tered with the Clinical Research Information Service, reference KCT0008712. This study
determined the required sample size for the ANOVA (fixed effects, omnibus, one-way)
using G*Power software (ver. 3.1.9.7; Heinrich-Heine-Universität Düsseldorf, Düsseldorf,
Germany). The levels of sarcopenia factors and immune cells were then examined. The
inclusion criteria comprised individuals without cancer or severe illnesses, those capable
of performing a certain level of physical activity, and individuals who had not undergone
surgery within the past 3 months. Older adults with severe musculoskeletal disorders, lung
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disease, cancer, and cachexia, which could potentially influence muscle mass and function,
were excluded from the study [13].

After eliminating 139 individuals from the initial pool of 572 eligible participants,
the remaining 433 participants (males, 53.5%; females, 46.5%) were distributed across
five distinct groups. Among the 69 individuals belonging to the youngest-old category (aged
61–65 years), 1 person was unavailable during the follow-up stage. Within the young-old
group (aged 66–70 years), consisting of 169 individuals, 1 participant was also lost during
the follow-up phase. In the middle-old group, which consisted of 128 individuals aged
71–75 years, 1 individual was also not included in the follow-up phase. Notably, there were
no dropouts in the old-old group (aged 76–80 years), which consisted of 46 individuals.
Among the 21 individuals in the oldest-old group (aged 81–85 years), 2 participants were
lost during the follow-up phase, as illustrated in Figure 1.

 

Figure 1. Participants’ allocation (consolidated standards for reporting of trials flow diagram).

2.2. Daily Physical Activity Measurements

The participants’ daily physical activity levels were assessed and quantified using
the International Physical Activity Questionnaire (IPAQ)—shortened form version [14].
Participants filled out questionnaires based on their weekly physical activity records, and
daily calorie expenditure was determined by calculating metabolic equivalent minutes.

2.3. Anthropometric Measurements

All participants underwent an assessment of their height, body weight, body mass in-
dex (BMI), lean mass, and fat mass. These measurements were conducted using a body com-
position analyzer known as the Inbody 770 (Biospace Co., Ltd., Seoul, Republic of Korea).
This analyzer employs the bioelectrical impedance analysis (BIA) technique to offer insight
into the distribution of various tissues within the body.

2.4. Sarcopenia Measures

Following the AWGS guidelines [7], the first step involved evaluating calf circumfer-
ence. The participants’ left knees were bent to achieve a 90-degree angle, and a measuring
tape was placed around the calf area. The tape was then gently moved along the calf
to identify the point of greatest circumference, with care taken to avoid compressing the
subcutaneous tissue [15]. The calf circumference values were collected from both sides
and averaged to establish the ultimate calf circumference measurement. The established
cutoff values were <34 cm for males and <33 cm for females. Next, the assessment involved
measuring grip strength, accomplished using a grip dynamometer (TKK 5401; Takei, Tokyo,
Japan). Participants were instructed to stand with their feet at shoulder width and com-
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fortably adjust the dynamometer to fit their hand’s length, and then squeeze it with their
maximum force. Each participant’s right and left hands underwent two tests each, and
the average of these values was employed for subsequent analysis. The established cutoff
values for assessing sarcopenia based on grip strength were <28 kg for males and <18 kg
for females, as indicated by previous studies [7,16]. In the third step, the participants’
physical performance was gauged through the five-time chair stand test. In this assessment,
participants were required to rise from a chair five times sequentially, with their arms
folded across their chest. The time taken to complete the task was recorded in seconds [16].
The established diagnostic criterion for identifying sarcopenia using this test is a duration
of ≥12 s for both males and females, as outlined in prior research [7]. The dual-energy
X-ray absorptiometry (DXA) technique (Lunar Co., Madison, WI, USA), was employed
to determine the appendicular skeletal muscle (ASM) mass and subsequently diagnose
sarcopenia. In this procedure, elderly participants assumed a comfortable lying position,
and a full-body scan was conducted. The scanning process generally spanned around
15 to 20 min. To compute the ASM mass using DXA, the muscle masses from both the arms
and legs were aggregated and subsequently divided by the square of the participant’s
height in meters. The established criteria for diagnosing sarcopenia based on ASM mass
are 7 kg/m2 or below for males and 5.4 kg/m2 or below for females [7].

2.5. Immunocyte Measures

The blood collection and analysis process in the study involved several steps and
utilized specific tubes and techniques for different measurements. (1) Blood Collection:
Participants underwent a fasting period of 10 h before blood samples were collected from
the median cubital vein. (2) Differential Blood Cell Counts. (3) Flow Cytometric Assays:
Flow cytometry was performed to assess cellular immune function. (4) Serum Sample
Processing: After collection, the serum samples were allowed to clot for 30–45 min in
an upright position; they were then subjected to centrifugation to separate the serum
from the blood cells. (5) Quantification of Immunocytes: To evaluate cellular immune
function, the quantification of immunocytes was performed using flow cytometry; specific
antibodies were used to target different cell types, including CD56+ NK cells, CD3+ T-cells,
CD4+ helper T-cells, CD8+ cytotoxic T-cells, and CD19+ B-cells. The use of specific tubes
and techniques ensured accurate and reliable measurements of different parameters [17].
Natural killer cells have the ability to identify infected or cancerous cells, binding to them,
and then releasing enzymes and other substances that effectively break down the outer
membrane of these cells [18]. These cells play a significant role in the early defense against
viral infections. At birth, acquired immunity is not present; instead, it develops through
a learning process. This learning process begins when an individual’s immune system
encounters a foreign intruder and identifies its antigen. Subsequently, the adaptive immune
components learn the most effective way to combat this antigen and commence building
a memory for it [19]. Acquired immunity is also known as specific immunity because it
orchestrates a tailored response against specific antigens encountered in the past. As we
grow older, our immune system tends to lose some of its ability to differentiate between
self and non-self. Consequently, autoimmune diseases may manifest more frequently. For
instance, the quantity of white blood cells and their subsets capable of responding to new
antigens diminishes, which, in turn, diminishes the body’s capacity to retain memory and
mount a defense when encountering new antigens [20].

2.6. Data Analyses

The data were analyzed using SPSS software (version 25; IBM Corp., Armonk, NY,
USA). Graphical representations of the results were generated using GraphPad Prism
10.0 (La Jolla, CA, USA). Descriptive statistics, such as mean and standard deviation,
were used to summarize the data. Categorical variables were presented as counts (n)
and percentages (%) and compared using the χ2 test. The Shapiro–Wilk test was utilized
to evaluate the regularity of anthropometric and clinical measurements. The equality
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of variances was assessed, and the mean values were analyzed using one-way ANOVA
when assuming equal variances. In cases where equal variances were not assumed, the
Kruskal–Wallis test was employed. Additionally, ANCOVA verification was performed to
assess the factors related to sarcopenia and immune cell variables with respect to age. To
identify noteworthy protocol impacts, the Scheffe test was performed for further analysis.
In addition, this study calculated delta values to assess differences between the youngest-
old and young-old groups, between the young-old and middle-old groups, between the
middle-old and old-old groups, and between the old-old and oldest-old groups, respectively.
Furthermore, this study conducted an analysis using the Kruskal–Wallis test to examine
intergroup differences in these delta values. Effect sizes were determined by converting
partial eta-squared to Cohen’s d [21]; values were classified as small (0.00 ≤ d ≤ 0.49),
medium (0.50 ≤ d ≤ 0.79), and large (d ≤ 0.80). A significance level of p ≤ 0.05 was used
to determine significance.

3. Results

3.1. Demographic, Anthropometric, and Clinical Characteristics

As indicated in Table 1, there was a notable variation in the age of the participants
across the groups. In the youngest-old category group, there were 44 males and 24 females.
The young-old group had 89 males and 79 females. Within the middle-old group, there
were 62 males and 65 females. The old-old group had 25 males and 21 females. Among the
19 individuals in the oldest-old group, there were 9 males and 10 females. The gender distri-
bution did not display any significant divergence among the five groups. In a characteristic
manner, lean mass exhibited a decline with increasing age, whereas fat mass demonstrated
no distinction between the youngest-old and young-old groups. Subsequently, there was
an upswing in fat mass after the middle-old group.

Table 1. Demographic, anthropometric, and clinical characteristics of the old population.

Groups

p η2Youngest-Old Young-Old Middle-Old Old-Old Oldest-Old
Items (n = 68) (n = 168) (n = 127) (n = 46) (n = 19)

Age (y) 64.46 ± 1.11 67.57 ± 1.32 73.17 ± 1.38 77.61 ± 1.27 83.00 ± 1.53 0.001 0.933
Height (cm) 170.18 ± 4.30 169.32 ± 4.30 168.85 ± 5.00 167.85 ± 4.73 167.01 ± 4.13 0.003 0.039
Body weight (kg) 70.60 ± 6.37 73.84 ± 7.66 73.24 ± 7.96 73.55 ± 7.28 69.29 ± 8.04 0.009 0.032
BMI (kg/m2) 24.39 ± 2.23 25.79 ± 2.85 26.07 ± 3.39 25.84 ± 2.80 24.87 ± 3.06 0.002 0.038
Lean mass (kg) 48.65 ± 6.08 47.25 ± 5.21 47.20 ± 5.85 45.65 ± 4.36 41.71 ± 4.57 0.001 0.061
Fat mass (kg) 22.98 ± 3.46 22.60 ± 2.82 24.39 ± 3.32 26.37 ± 2.82 26.21 ± 3.16 0.001 0.156
OV/OB 0.44 ± 0.50 0.49 ± 0.50 0.55 ± 0.50 0.61 ± 0.49 0.63 ± 0.50 0.285 0.012
DM 0.18 ± 0.38 0.21 ± 0.41 0.18 ± 0.39 0.13 ± 0.34 0.16 ± 0.37 0.741 0.005
HTN 0.24 ± 0.43 c 0.35 ± 0.48 b 0.53 ± 0.50 b 0.61 ± 0.49 a 0.63 ± 0.50 a 0.001 0.069
HLD 0.31 ± 0.47 0.30 ± 0.46 0.33 ± 0.47 0.22 ± 0.42 0.32 ± 0.48 0.717 0.005
ARTH 0.32 ± 0.47 0.51 ± 0.50 0.54 ± 0.50 0.54 ± 0.50 0.58 ± 0.51 0.041 0.023
LBP 0.26 ± 0.44 d 0.32 ± 0.47 bc 0.54 ± 0.50 bc 0.61 ± 0.49 b 0.68 ± 0.48 a 0.001 0.078

All data represent mean ± standard deviation. Symbols a, b, c, and d represent post hoc results from the
Scheffe test. BMI, body mass index; OV, overweight; OB, obesity; DM, diabetes mellitus; HTN, hypertension;
HLD, hyperlipidemia; ARTH, arthritis; LBP, low back pain.

The older adults who took part in this study commonly shared conditions such as over-
weight, obesity, diabetes mellitus, hypertension, hyperlipidemia, arthritis, and low back pain.
Regarding clinical traits, only hypertension, arthritis, and low back pain displayed noteworthy
variations between the groups. In contrast, no substantial disparities were observed between
the groups in relation to obesity, diabetes, and hyperlipidemia. The outcomes of the post
hoc test revealed that hypertension was least prevalent within the youngest-old group and
that it displayed a gradual escalation with advancing age. This trend indicated a rise in
the frequency of hypertension cases following the old-old group. With the progression of
age, there is a corresponding increase in the occurrence of low back pain among elderly
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individuals, with the highest prevalence observed within the oldest-old group. In terms
of daily calorie expenditure from physical activities, the average calories burned through
these activities were as follows: 1740.35 ± 289.28 MET·min/week for the youngest-old group,
1627.90 ± 233.20 MET·min/week for the young-old group, 1343.36 ± 187.45 MET·min/week
for the middle-old group, 1211.28 ± 289.28 MET·min/week for the old-old group, and
1132.58 ± 208.81 MET·min/week for the oldest-old group. Significant differences were ob-
served among these groups (X2 = 181.708; p = 0.001; η2 = 0.422).

3.2. Comparative Results of Sarcopenic Factors

As indicated in Table 2, every assessed parameter associated with sarcopenia exhibited
notable distinctions across all five groups. Notably, there was a discernible decline in calf
circumference and grip strength with each successive 5-year increment in age. Conversely,
the ability to perform the five-time chair stand displayed evident deterioration from the
middle-aged group onwards. Regarding ASM, there was a noticeable tendency for it to
diminish with advancing age. Importantly, a significant reduction was observed, starting
from the young-old group and beyond. When analyzing calf circumference with age as
a covariate, there was no significant difference observed among the groups (F = 1.743;
p = 0.140). However, handgrip strength exhibited a significant difference among the groups
(F = 7.891; p = 0.001). When analyzing the five-time chair stand with age as a covariate, a
significant difference was observed among the groups (F = 2.763; p = 0.027); similarly, the
ASM also displayed a significant difference among the groups (F = 36.898; p = 0.001).

Table 2. Age-dependent disparities in sarcopenic factors.

Groups

p η2Youngest-Old Young-Old Middle-Old Old-Old Oldest-Old
(n = 68) (n = 168) (n = 127) (n = 46) (n = 19)

Calf circumference (cm) 29.44 ± 4.03 26.92 ± 3.18 24.66 ± 3.17 21.93 ± 3.46 19.90 ± 2.84 0.001 0.357
Grip strength (kg) 28.74 ± 5.97 22.89 ± 5.47 20.75 ± 5.13 16.39 ± 4.21 13.65 ± 2.05 0.001 0.348
5-time chair stand test (sec) 12.40 ± 1.63 16.43 ± 3.33 25.77 ± 6.04 30.65 ± 5.68 39.16 ± 4.30 0.001 0.723
ASM (kg/m2) 10.69 ± 2.05 7.84 ± 1.44 6.65 ± 1.16 6.67 ± 1.32 6.20 ± 0.51 0.001 0.488

All data represent mean ± standard deviation. ASM, appendicular skeletal muscle mass.

After post hoc analysis, calf circumference was the thickest in the youngest-old group
and gradually decreased significantly with increasing age groups (Figure 2A). Grip strength
also showed similar results to calf circumference (Figure 2B). On the other hand, the five-
time chair stand showed the opposite results to calf circumference, being fastest in the
youngest-old group (Figure 2C). ASM was highest in the youngest-old group, followed
by the young-old group, and there were no significant differences among the middle-old,
old-old, and oldest-old groups (Figure 2D).

In detail, the calf circumference showed differences between the youngest-old and
young-old groups, with a decrease of −8.58%. Similarly, there was a −8.40% difference be-
tween the young-old and middle-old groups, a −11.05% difference between the middle-old
and old-old groups, and a −9.27% difference between the old-old and oldest-old groups.
These differences were statistically significant (Z = 140.957, p = 0.001, η2 = 0.357). Grip
strength exhibited variations across age groups: there was a −20.36% decline between
the youngest-old and young-old groups, a −9.32% difference between the young-old and
middle-old groups, a −21.01% difference between the middle-old and old-old groups, and
a −16.72% difference between the old-old and oldest-old groups. These disparities were
statistically significant (Z = 142.088, p = 0.001, η2 = 0.348). The performance in the five-time
chair stand test displayed variations among age groups: there was a 32.49% increase be-
tween the youngest-old and young-old groups, a 56.81% difference between the young-old
and middle-old groups, an 18.95% difference between the middle-old and old-old groups,
and a 27.75% difference between the old-old and oldest-old groups. These differences were
statistically significant (Z = 319.322, p = 0.001, η2 = 0.723). The ASM exhibited disparities
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among age groups: there was a −26.62% decrease between the youngest-old and young-old
groups, a −15.19% difference between the young-old and middle-old groups, a 0.33% dif-
ference between the middle-old and old-old groups, and a −7.08% difference between the
old-old and oldest-old groups. These differences were statistically significant (Z = 176.718,
p = 0.001, η2 = 0.488).

Figure 2. Post-hoc results of sarcopenic factors. Symbols a, b, c, d, and e represent post hoc results from
the Scheffe test. (A) means ‘calf circumference’, (B) means ‘grip strength’, (C) means ‘5-time chair
stand’, and (D) means ‘appendicular skeletal muscle mass’.

3.3. Comparative Results of Lymphocyte Subsets

As depicted in Table 3, the white blood cell count, serving as an indicator of immune
cells, did not exhibit noteworthy variances between the groups. Nevertheless, significant
distinctions were observed among the groups in relation to NK cells, as well as CD3, CD4,
and CD8 T cell markers. Additionally, there were discernible variations in CD19, a marker
for B cells, across the groups. When analyzing NK cells with age as a covariate, a significant
difference was observed among the groups (F = 5.630; p = 0.001). Similarly, when analyzing
CD3 T cells with age as a covariate, a significant difference was found among the groups
(F = 3.796; p = 0.005), and CD4 T cells also exhibited a significant difference among the
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groups (F = 7.688; p = 0.001). Similarly, CD8 T cells (F = 7.947; p = 0.001) and CD9 B cells
(F = 9.565; p = 0.001) also displayed significant differences among the groups.

Table 3. Age-dependent disparities in lymphocyte subsets.

Groups

p η2Youngest-Old Young-Old Middle-Old Old-Old Oldest-Old
(n = 68) (n = 168) (n = 127) (n = 46) (n = 19)

WBC (×103 cells/μL) 5.99 ± 0.91 5.88 ± 0.71 5.71 ± 0.84 5.78 ± 0.82 5.80 ± 0.66 0.277 0.016
NK cells (%) 23.26 ± 4.67 17.92 ± 6.18 14.02 ± 5.12 10.33 ± 3.15 9.37 ± 3.02 0.001 0.371
CD3 T cells (%) 62.05 ± 8.76 59.52 ± 8.23 55.27 ± 7.16 53.74 ± 6.83 47.31 ± 7.46 0.001 0.170
CD4 T cells (%) 40.17 ± 7.60 38.94 ± 8.24 33.04 ± 6.56 27.93 ± 4.62 27.03 ± 3.65 0.001 0.274
CD8 T cells (%) 27.06 ± 6.41 22.07 ± 5.51 19.51 ± 4.46 15.68 ± 3.02 13.82 ± 1.28 0.001 0.328
CD19 B cells (%) 13.71 ± 2.83 13.18 ± 3.35 10.54 ± 2.78 9.56 ± 2.60 7.98 ± 2.07 0.001 0.253

All data represent mean ± standard deviation. WBC, white blood cells; NK, natural killer; CD, cluster differentiation.

Following the post hoc test, it was established that NK cells were most abundant
within the youngest-old group. Notably, there was no discernible distinction in NK cell
levels between the young-old and middle-old groups. Subsequently, a gradual decrease in
NK cell levels was evident in the old-old and oldest-old groups (Figure 3). In detail, the
NK cells showed variations across age groups: there was a −22.95% decline between the
youngest-old and young-old groups, a −21.79% difference between the young-old and
middle-old groups, a −26.27% difference between the middle-old and old-old groups, and
a −9.28% difference between the old-old and oldest-old groups. These differences were
statistically significant (Z = 159.849, p = 0.001, η2 = 0.371).

Figure 3. Post-hoc results of innate immune cells. Symbols a, b, c, d, and e represent post hoc results
from the Scheffe test.

The outcomes of the post hoc test revealed that CD3 T cells exhibited their highest
levels in both the youngest-old and young-old groups. Subsequently, the middle-old and
old-old groups followed suit with slightly lower levels. The lowest levels of CD3 T cells
were observed in the oldest-old group (Figure 4A). This tendency was similarly observed
in CD4 T cells (Figure 4B), CD8 T cells (Figure 4C), and CD19 B cells (Figure 4D).
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Figure 4. Post-hoc results of adaptive immune cells. Symbols a, b, c, and d represent post hoc results
from the Scheffe test. (A) means ‘CD3 T cells’, (B) means ‘CD4 T cells’, (C) means ‘CD8 T cells’, and
(D) means ‘CD19 B cells’.

In detail, the CD3 T cells displayed differences across age groups: there was a −4.07%
decrease between the youngest-old and young-old groups, a −7.13% difference between
the young-old and middle-old groups, a −2.78% difference between the middle-old and
old-old groups, and a −11.95% difference between the old-old and oldest-old groups.
These disparities were statistically significant (Z = 68.006, p = 0.001, η2 = 0.170). The CD4
T cells exhibited disparities among age groups: there was a −3.08% decrease between
the youngest-old and young-old groups, a −15.15% difference between the young-old
and middle-old groups, a −15.45% difference between the middle-old and old-old groups,
and a −3.24% difference between the old-old and oldest-old groups. These differences
were statistically significant (Z = 119.355, p = 0.001, η2 = 0.274). The CD8 T cells displayed
differences across age groups: there was a −18.43% decrease between the youngest-old and
young-old groups, an −11.61% difference between the young-old and middle-old groups, a
−19.64% difference between the middle-old and old-old groups, and an −11.83% difference
between the old-old and oldest-old groups. These differences were statistically significant
(Z = 135.165, p = 0.001, η2 = 0.328). The CD19 B cells showed differences across age groups:
there was a −3.89% decrease between the youngest-old and young-old groups, a −20.04%
difference between the young-old and middle-old groups, a −9.26% difference between
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the middle-old and old-old groups, and a −16.55% difference between the old-old and
oldest-old groups. These differences were statistically significant (Z = 112.429, p = 0.001,
η2 = 0.253).

4. Discussion

This study effectively identified distinct alterations in both sarcopenia-related factors
and immune cell functionalities when individuals aged 61 to 85 were categorized into
five-year groups. The findings revealed that lean mass, as measured by BIA, displayed
no significant differences among the youngest-old, young-old, middle-old, and old-old
groups. However, a notable decrease was evident after the age of 81 and above. Conversely,
fat mass exhibited an increase in all groups older than the middle-old group. On a different
note, concerning clinical conditions, there was a noticeable decline in the health status
of individuals as age advanced. Specifically, hypertension, arthritis, and low back pain
exhibited clear signs of deterioration. Furthermore, it was verified that the daily physical
activity levels of the elderly progressively declined with advancing age.

Among the various factors associated with sarcopenia that were examined in this study,
both calf circumference and the ability to perform the five-time chair stand consistently
exhibited a decline with each successive 5-year age increment. Conversely, grip strength
demonstrated a steady reduction after the group reached the age of 66 years or older.
Meanwhile, there was a general tendency for ASM levels to decrease as age advanced.
Notably, no significant distinction was found between the middle-old and old-old groups
in terms of ASM. However, a significant and rapid decrease in ASM became evident after
reaching the age of 81.

The prevalence of sarcopenia varies based on the way it is defined in the literature.
According to different definitions, the occurrence rate is noted as 5–13% in individuals
aged 60–70, whereas it can range from 11% to as high as 50% in those who are over
80 years old [22]. According to the EWGSOP, sarcopenia is described as a prevalent, com-
plex, and costly health condition in the elderly population. Additionally, this geriatric
syndrome is attributed to the incomplete interaction between diseases and aging across var-
ious systems, resulting in the manifestation of a constellation of signs and symptoms [8,23].
As observed in this study, an increase in age was associated with a clinically deteriorating
phenomenon, and the worsening of chronic conditions and physical activity levels aligned
with several preceding studies [18,19].

Multiple mechanisms potentially contribute to the initiation and advancement of
sarcopenia [24]. These mechanisms encompass various factors, including protein synthesis,
proteolysis, neuromuscular integrity, and muscle fat content. In individuals with sarcopenia,
a combination of these mechanisms could play a role, with their relative impacts potentially
changing over time. Identifying these mechanisms and their root causes is anticipated to
aid in the development of intervention studies aiming to address one or more fundamental
mechanisms. The concept of staging sarcopenia, which indicates the level of severity of
the condition, offers valuable guidance for clinical management. EWGSOP proposes a
conceptual staging framework comprising “pre-sarcopenia”, “sarcopenia”, and “severe
sarcopenia [25]”. These categorizations imply that the more they are tailored to specific age
groups, the more precise they become. The pre-sarcopenia stage is characterized by reduced
muscle mass without a noticeable impact on muscle strength or physical performance.
This stage can only be identified accurately using methods that measure muscle mass in
comparison to established standard populations. The “sarcopenia” stage involves both low
muscle mass and either low muscle strength or poor physical performance. The “severe
sarcopenia” stage is diagnosed when all three criteria of the definition are met, namely,
low muscle mass, low muscle strength, and poor physical performance [9]. Recognizing
the different stages of sarcopenia could aid in selecting appropriate treatments and setting
realistic recovery objectives. Staging might also facilitate the design of research studies
that focus on specific stages or changes in stages over time. Comparing the findings of
this study with those of previous research, it can generally be observed that before the
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age of 70, individuals are in a phase of pre-sarcopenia, and between the ages of 70 and
80, they seem to enter the stage of sarcopenia. However, from the age of 81 onwards, it
could be interpreted that individuals transition into a more severe stage of sarcopenia
characterized by significant muscle loss.

Similar to the changes in factors contributing to muscle loss and its progression, this
study observed that the immune status of older individuals tends to worsen or decline in
function as age increases [12]. The immune function plays a vital role as one of the body’s
defense systems, protecting the body from invading bacteria and antigens [26]. The proper
functioning of the immune system within the body is determined, to a large extent, by
the presence of a sufficient number of robust immune cells [27]. In this study, the average
cell count of white blood cells did not show significant differences with increasing age.
However, innate immune cells (NK cells) and adaptive immune cells exhibited a tendency
to decrease with age. These changes in the immune system appear to undergo a distinct
shift around the age of 70. This age group corresponds to the middle-old cohort examined
in this study, specifically individuals aged 71–75 years old. These results are consistent
with studies indicating a reduction in the number of peripheral blood lymphocytes with
aging [28,29], suggesting that lymphocyte subtypes are sensitive to the effects of aging. It
should be noted, however, that there are also studies suggesting no change in lymphocyte
count with age [28], indicating that further research is needed in the future. Consequently,
age-related dysregulation and senescence of the immune system could potentially con-
tribute to the advancement and deterioration of sarcopenia [29,30]. The immune system
may participate in regulating skeletal muscle growth and regeneration in instances of acute
and chronic muscle injuries [19,31]. Therefore, it is plausible to suggest that changes in
the immune system associated with aging might play a significant role in the progression
of sarcopenia.

In essence, this study demonstrated a consistent trend of decline in both sarcopenia-
related factors and immune cell functionality as age progressed beyond 61 years. Further-
more, these findings were notably associated with the reduction in lean mass observed in
clinical characteristics. It is reasonable to anticipate that implementing strategies to prevent
the decline in muscle mass as individuals enter old age after the age of 61 can contribute to
maintaining a high quality of life and preserving immune cell function. For example, as
individuals age, it is essential to examine their susceptibility to easily occurring infections
and their responsiveness to vaccinations [32]. Additionally, it is crucial to identify and
manage the underlying causes of various age-related diseases, such as obesity, hyperten-
sion, atherosclerosis, osteoporosis, diabetes, and cancer [33,34]. Moreover, maintaining
regular exercise habits [18], adopting a healthy diet, ensuring proper sleep patterns, and
managing stress are all important measures to prevent the deterioration of immune cell
function [17,35]. Ultimately, this study discovered that with advancing age, muscle mass
decreases, evaluation parameters related to muscle loss factors worsen, and consequently,
immune cell function deteriorates. Furthermore, it was determined that these findings
were more pronounced when age was categorized into 5-year intervals. However, this
study had a small sample size due to the limited number of older adults in the studied
community in Korea. Furthermore, the fact that only elderly individuals residing in Korea
were included as the study population could serve as a limitation.

5. Conclusions

In this study, when age was categorized into 5-year intervals, the researcher was able to
observe a distinct pattern of muscle atrophy, and at the same time, the researcher confirmed
a decline in the functions of immune cells. To prevent muscle atrophy in the elderly and
observe declines in immune cell function, it is advisable to use 5-year age intervals, and
through this approach, we can anticipate a higher quality of life.
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Abstract: Background and Objectives: Severe carpal tunnel syndrome (CTS) is the most common
compression neuropathy in the upper extremities treated conservatively; later, when advanced,
CTS is treated mostly surgically. The most prevalent symptoms comprise numbness, as well as
sensation loss in the thumb, index, and middle finger, and thenar muscle strength loss, resulting in
impaired daily functioning for patients. Data on the results of CTS treatment in patients with delayed
surgical intervention are scarce. The aim of this study was to determine the postoperative results
of chronic carpal tunnel syndrome treatment in patients with symptoms lasting for at least 5 years.
Materials and Methods: A total of 86 patients (69 females, 17 males) with a mean age of 58 years
reporting symptoms of CTS for at least 5 years (mean: 8.5 years) were prospectively studied. The
average follow-up time was 33 months. All patients underwent the surgical open decompression
of the median nerve at the wrist. A preoperative observation was composed of an interview and a
clinical examination. The subjects completed the DASH (the Disabilities of the Arm, Shoulder, and
Hand), PRWE (Patient-Rated Wrist Evaluation), and self-report questionnaires. Global grip strength,
sensory discrimination, characteristic symptoms of CTS, and thenar muscle atrophy were examined.
Postoperatively, clinical and functional examinations were repeated, and patients expressed their
opinions by completing a BCTQ (Boston Carpal Tunnel Syndrome Questionnaire). Results: We found
improvements in daily activities and hand function postoperatively. Overall, 88% of patients were
satisfied with the outcome of surgery. DASH scores decreased after surgery from 44.82 to 14.12 at
p < 0.001. PRWE questionnaire scores decreased from 53.34 to 15.19 at p < 0.001. The mean score of
the BCTQ on the scale regarding the severity of symptoms was 1.48 and 1.62 on the scale regarding
function after surgery. No significant differences were found in the scores between the male and
female groups or between age groups (p > 0.05). A significant increase in global grip strength from
16.61 kg to 21.91 kg was observed postoperatively at p < 0.001. No significant difference was detected
in the measurement of sensory discrimination (6.02 vs. 5.44). In most of the examined patients, night
numbness and wrist pain subsided after surgery at p < 0.001. Thenar muscle atrophy diminished
after surgery at p < 0.001. Conclusions: Most patients were satisfied with the results of CTS surgery
regarding the open decompression of the median nerve even after 5 years of ineffective conservative
treatment. Significant improvement of the hand function was confirmed in the functional studies.

Keywords: chronic carpal tunnel syndrome; median nerve neuropathy; delayed surgery; effectiveness
of treatment; functional tests; questionnaires evaluation
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1. Introduction

Carpal tunnel syndrome (CTS) is the most common compression neuropathy in the
upper extremity, affecting 2–4% of the population [1]. Compression of the nerve causes
numbness in the middle finger, index finger, and thumb, diminished sensation, and atrophy
of the thenar muscle, which leads to deterioration in the patient’s daily living activities [2].
Finger numbness often occurs at night, causing difficulties in sleeping. Risk factors for
CTS may include rheumatoid diseases, diabetes, bone fractures, using a computer, obesity,
hypothyroidism, and hormone replacement therapy [2–4]. However, in most cases, the
cause is unexplained, leading to idiopathic CTS [5].

A detailed patient history and clinical examination are required for CTS diagnosis.
Sometimes, they are sufficient for a correct diagnosis confirming CTS [5,6]; additional meth-
ods may include an X-ray, ultrasound, and nerve conduction studies (electroneurography or
electromyography) [7–10]. These tests can help rule out other causes of patient complaints.

Treatment for CTS may be non-operative initially, involving physiotherapy (e.g.,
manual therapy and neuromobilization), the use of orthoses, or corticosteroid injections,
although surgical treatment is indicated for patients with advanced disease severity [5].
Possible surgical techniques are open surgery or endoscopic techniques [6]. Both methods
involve transection of the flexor retinaculum, thus decompressing the median nerve [11].
There are randomized controlled trials and numerous observational studies in the literature
which have confirmed the differences and similarities in postoperative results between
open and endoscopic methods of median nerve decompression yield [11,12].

There are scarce data on the results of CTS treatment in patients with delayed surgical
intervention. The rationale of this study was to provide data that could help to discuss
the prognosis and results of treatment in these patients. The aim of this study was to
determine the postoperative clinical and functional results of surgery in chronic carpal
tunnel syndrome treatment cases, i.e., those patients for whom the above symptoms have
lasted for at least 5 years, which is a novelty in the literature on the topic. We used a set
of both clinical and questionnaire tools which have never been reported before. The null
hypothesis is that CTS treatment in patients with delayed surgical intervention does not
bring the significant improvement. The secondary aim of the study was to age-wise and
gender-wise evaluate the results with the hypothesis that age and gender do not influence
the results of the treatment.

2. Materials and Methods

2.1. Subjects, Study Design, and Clinical Evaluation

This study was performed on 114 patients diagnosed with chronic carpal tunnel
syndrome (CCTS) who underwent surgery in the Traumatology, Orthopedics, and Hand
Surgery Department Poznan University of Medical Sciences, Poland, from 2014 to 2018.
The study was approved by the Bioethics Committee at the Poznan University of Medical
Sciences (Resolution no. 32/15).

The diagnosis of CTS was confirmed by a medical team (with at least 5 experienced
hand surgeons) during clinical meetings. Patient history was analyzed, with patients
exhibiting characteristic symptoms previously described in the literature. The Phalen test
and Tinnel–Hoffman sign had to be positive. We considered these two clinical tests reliable
enough to confirm the symptoms of the carpal tunnel syndrome and did not perform
any other clinical tests like the reversed Phalen or Durkan’s test. The combination of
the Tinel–Hoffmann sign together with Phalen test proved to be of high sensitivity and
specificity—similar to the Phalen and Durkan test combination [13,14].

We considered the minimum duration of symptoms before surgery for 5 years because
such a period causes permanent damage to the nerve, so the benefits of surgical treatment
can potentially be less satisfactory than in patients treated earlier.

The study group consisted of patients who, despite the use of various conservative
methods (involving physiotherapy, e.g., manual therapy and neuromobilization, the use of
orthoses, or corticosteroid injection), still reported severe symptoms of CTS and therefore
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qualified for surgical treatment. During the study, electrophysiological test results were
not provided because this was not the purpose of the study. In our department, imaging
studies and nerve conduction studies are not obligatory for carpal tunnel diagnosis. These
modalities are used in revision cases or in multiple crush syndromes [15,16], which were
excluded from this study.

After the diagnosis was verified, patients qualified for open median nerve decom-
pression surgery. All patients underwent the surgery in the same hospital according to
the department’s approved procedure. Subsequently, all patients underwent a follow-up
examination in 2017–2019, which was conducted a minimum of 12 months after surgery.
At the end of 2019, some of the patients might have already been the first victims infected
with COVID-19, which is known for causing polyneuropathies; therefore, we accepted this
year as the ending point of the follow-up [17–19].

The preoperative examination included a group of 114 patients, but some of them did
not meet the inclusion or exclusion criteria or did not attend the follow-up examination
after surgery because of COVID-related problems (Figure 1). Finally, 86 patients qualified
for the second stage of the study (Table 1). In cases of bilateral CTS, only one hand with
more severe symptoms was operated on and evaluated in the period of follow-up.

Figure 1. Flow chart detailing the research procedure.
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Table 1. The mean age of the patients studied, the duration of the disease (expressed in years), and
the time from surgery to follow-up (expressed in months).

Mean Minimum Maximum SD

Age (N = 86) 57.76 34 85 8.71

Disease duration 8.47 5 20 3.08

Follow-up 33.48 12 65 7.009
Abbreviations: N, group size; SD, standard deviation.

However, the long time between the decision for surgical treatment and the perfor-
mance of surgery was not due to health system organizational reasons. The most common
reasons for delaying the surgical CTS procedure reported by the patients were fear of the
procedure, waiting for improvement from conservative treatment, and the lack of a precise
diagnosis of the disease.

This study was prospective and included two stages. The first involved a preoperative
examination. Patients underwent a clinical examination, and global grip strength and
sensory abnormalities were evaluated.

The inclusion criteria were as follows:

- Idiopathic carpal tunnel syndrome;
- Duration of the disease until surgery ≥5 years;
- Time from surgery to follow-up examination ≥1 year;
- Informed consent to participate in research.

The exclusion criteria were as follows:

- Diagnosed diseases of the cervical spine, e.g., consequences of mechanical injuries,
disc-root conflicts, or degenerative disease of the spine during treatment;

- Previous injuries within the examined upper extremities and diseases that may affect
the function of the median nerve, e.g., bone fractures, consequences of upper limb
ischemia, thoracic outlet syndrome, and shoulder injuries;

- Patients with previous carpal tunnel syndrome surgeries or multiple injections of
corticosteroids,

- Symptoms of other concomitant hand problems like triggering of the fingers, thumb
carpometacarpal (CMC) I joint arthritis;

- The presence of polyneuropathy symptoms.

On the basis of medical data obtained from hospital records and the medical history
collected during the study, we created a database containing information on the character-
istics of symptoms, conservative treatment, type of work, comorbidities, and other relevant
information. During the clinical examination, we examined the Phalen and Tinnel–Hoffman
signs, and we assessed the thenar muscle mass. The thenar muscle mass was compar-
atively visually inspected before and after the surgery on a two-stage scale: 1—normal
and 0—thenar muscle atrophy. The global grip strength test consisted of measuring force
with an electronic dynamometer, i.e., the Biometric LTD Hand Kit. The patient made three
attempts to tighten the handle of the dynamometer with the highest possible force, after
which the average of the three results was calculated. The test took place in a standing
position, with the elbow joint placed against the torso and bent at an angle of 90◦; then, the
test hand tightened the dynamometer handle. The wrist had to be positioned at 0◦ or in
slight dorsiflexion (approximately 10–20◦) to offset the effect of the flexor retinaculum on
grip strength. Sensation was measured using a two-point discrimination (2PD) test [20].
It was carried out using the so-called Weber’s compass, which allows the fingertips of
the examined patient to be touched in two places at the same time. The shortest distance
between two points that can be recognized by the patient as two separate points is the
measure of discrimination. Under normal conditions, it ranges from 3 to 6 mm. Results
above 15 mm refer to an undeterminable resolution of sensation.
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2.2. Questionnaires and Surgery

Patients completed the DASH (the Disabilities of the Arm, Shoulder, and Hand) and
PRWE (Patient-Rated Wrist Evaluation) questionnaires before the operation. After the
operation, in addition to these two questionnaires, they also completed the BTCQ (Boston
Carpal Tunnel Syndrome Questionnaire). All questionnaires have been validated in and
adapted to Polish [21,22].

The DASH questionnaire consists of 30 questions, of which 21 concern the assessment
of limb function, and 6 questions concern symptoms such as pain, tingling, weakness,
and stiffness [23]. The next 3 concern interpersonal relationships and self-perception.
The questionnaire ranges from a scale of 1–5. To be able to calculate the result of the
questionnaire, the respondent must answer at least 27 out of 30 questions. The responses
are summed up, and the resulting sum is divided by the number of answers given, obtaining
an average answer in the range from 1 to 5. The obtained result is transformed to a 100-point
scale by subtracting 1 and multiplying by 25. The above transformation is intended to
facilitate comparisons with other scoring questionnaires in the range from 0 to 100. All
questions are about complaints in the last week.

The PRWE questionnaire assesses the level of pain and the degree of difficulty caused
by specific activities to the patient [24].

It consists of 15 questions. It is divided into 2 parts:

• The first consists of 5 questions about the intensity of hand pain.
• The second consists of 10 hand function assessment questions.

In both parts, the patient evaluates the average severity of symptoms over the last
week. The patient marks the average of symptoms on a scale from 0 to 10, where 0 means
no pain or no difficulty in performing the given activities, and 10 means the greatest pain
experienced or always present pain or impossible activity.

After the examination, patients underwent open decompression surgery, which in-
volved surgical incision of the flexor retinaculum and releasing the median nerve com-
pression. The duration of the surgery, including anesthesia, was 45 min on average. We
used a tourniquet during surgery for 30 min, but it was deflated before the closure to check
hemostasis. The surgery was performed with the brachial plexus anesthesia routinely
utilized in out department during CTS surgery. A longitudinal incision approximately
2–3 cm long was made on the palmar surface above the carpal tunnel, distally to the wrist
flexion crease. After skin incision, the palmar aponeurosis was cut, followed by a flexor
retinaculum cut in the proximal and distal directions. A complete cut was verified with
scissors. Hemostasis was then performed, and a skin suture was placed using absorbable
thread (Rapid 3/0 or 4/0-Yavo Poland). All patients underwent the same skin closure
method. We did not apply plaster immobilization, only a soft dressing.

The patients were followed up for a minimum of one year. Out of 114 patients,
28 did not participate in follow-up for various individual reasons (e.g., refusal to come
for examination, death, other medical conditions). In addition, some data were missing
in pre-op and post-op documentation (grip strength and 2PD examination). The second
stage of the study included a post-operative follow-up examination of the operated hand,
during which, in addition to the above, patients completed the BCTQ. The BCTQ is a
dedicated survey for CTS patients [23,25,26]. The questionnaire consists of two parts. The
first of them, called the Symptom Severity Scale (SSS), contains 11 questions concerning the
frequency and perception of pain by the patient day and night, numbness and tingling of
the fingers, as well as difficulties in gripping small objects such as a pen or keys. The second
part, called the Functional Status Scale (FSS), consists of 8 questions about the patient’s
functioning and the degree of difficulty with everyday activities. In each part, the patient
selects the answers on a scale of 1–5, where 1 means the least severity of symptoms or no
difficulties with a given activity, and 5 means the most severe symptoms or inability to
perform activities.

The patients were additionally asked about satisfaction with the result of the operation
(yes, no, hard to say), and then there were open-ended questions where the patients could
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describe their symptoms and whether they changed over time. We also asked if the patient
was still working and after what time he or she returned to work.

2.3. Statistical Analysis

On the basis of medical data obtained from hospital records and our own measure-
ments, a database was created. The data were then statistically analyzed using Statistica
13.0; TIBCO Software Inc., Palo Alto, CA, USA (2017). Statistically significant results were
considered those in which the significance level (p) was below 0.05.

Tests were selected according to the distribution of the variables. The absence of a
normal distribution in the study group was established using the Shapiro–Wilk test.

According to the distribution of parametric and nonparametric tests, the following
tests were used:

- Parametric tests, when the variables met the assumptions of a normal distribution: Stu-
dent’s t-test for dependent variables, and Student’s t-test for the independent variables;

- Non-parametric tests when variables did not meet the assumptions of normal distribution:
Wilcoxon test for dependent variables, Mann–Whitney U test for independent variables.

When comparing more than two groups at the same time, Kruskal–Wallis nonpara-
metric tests were used in addition to Dunn’s post-hoc tests. When analyzing related
variables on a nominal scale (in the case of Tinel’s and Phalen’s characteristic symptoms),
the chi-squared test was used.

When the distribution was normal, the mean and standard deviation were used; when
the data did not follow a normal distribution, the median and quartile range were used.

For grip strength, the 2PD Wilcoxon Matched Pairs Test was used. For the PRWE,
DASH, BCTQ, and age-wise and gender-wise comparisons, the Mann–Whitney U Test
was used. Spearman’s rank correlation was used for correlations calculations between the
duration of symptoms, follow-up, and PRWE, DASH, and BCTQ questionnaires. Kruskal–
Wallis tests were used for the analysis of self-reported questionnaire answers in terms of
symptom duration.

3. Results

The dominant hand in 93% of patients was the right hand. In 47% of patients, the
left hand was operated on; 53% had their right hand operated on. No trigger fingers were
reported or detected postoperatively by the patients.

Most of the patients were satisfied with the outcome of the surgery. In total, 74 people
(88% of the surveyed subjects) reported that they were satisfied with the result of the surgery,
with only five patients reporting that the result of the procedure was not satisfactory.

Before the surgery, 39 subjects (49%) exhibited atrophy of the thenar muscles, and
after the operation, atrophy was found in 29 subjects (36%), i.e., a significant improvement
(regeneration of the muscle mass) was observed in 13% of the subjects (p < 0.001). The time
when thenar muscles were regenerated postoperatively was about 24 months on average.

A significant (p < 0.001) increase in global grip strength from 16.61 ± 8.47 kg to
21.91 ± 8.26 kg was also noted (Table 2). No significant difference was observed in the mea-
surement of sensory discrimination. Before surgery, patients revealed scores of 6.02 ± 2.51 mm,
whereas after surgery, they had scores of 5.44 ± 1.66 (Table 3).

Table 2. Results of the grip strength analysis, expressed in kilograms.

Variable Group N Median Q1 Q3 p

Grip strength before surgery 80 15.58 10.50 20.50
0.000001

Grip strength after surgery 86 22.35 16.37 25.83

Grip strength before surgery w 63 14.50 10.20 19.00
0.000001

Grip strength after surgery w 69 21.20 15.20 24.57
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Table 2. Cont.

Variable Group N Median Q1 Q3 p

Grip strength before surgery m 17 20.70 16.20 34.83
0.102435

Grip strength after surgery m 17 27.53 23.97 34.27

Grip strength before surgery <60 years 45 15.50 10.27 22.07
0.000297

Grip strength after surgery <60 years 48 24.37 16.97 27.52

Grip strength before surgery >60 years 35 15.67 10.67 20.10
0.000786

Grip strength after surgery >60 years 38 20.95 15.83 23.87
Abbreviations: N, group size; Q1, lower quartile; Q3, upper quartile; w, women; m, men.

Table 3. Results of the analysis of the discrimination of sensation on fingers I–III expressed
in millimeters.

Variable Group N Median Q1 Q3 p

2PD before surgery 84 5.38 4.50 7.63
0.073486

2PD after surgery 85 5.00 4.50 6.00

2PD before surgery w 67 6.00 4.50 8.00
0.026250

2PD after surgery w 68 5.00 4.38 6.00

2PD before surgery m 17 5.25 4.50 6.50
0.334278

2PD after surgery m 17 6.00 5.25 6.50

2PD before surgery <60 years 47 5.25 4.50 7.50
0.009552

2PD after surgery <60 years 47 5.00 4.00 5.25

2PD before surgery >60 years 37 6.25 4.50 8.00
0.825912

2PD after surgery >60 years 38 6.00 5.00 6.75
Abbreviations: N, group size; Q1, lower quartile; Q3, upper quartile; w, women; m, men.

Patients with chronic CTS demonstrated significant improvements in performing daily
activities and hand function postoperatively (Tables 4–6).

Table 4. Results of the DASH questionnaire analysis.

Variable Group N Median Q1 Q3 p

Score before surgery 86 47.92 35.00 57.50
0.000000

Score after surgery 86 8.33 0.00 23.33

Score before surgery w 69 45.00 35.83 57.50
0.000000

Score after surgery w 69 11.67 0.00 25.00

Score before surgery m 17 50.83 35.00 55.83
0.000293

Score after surgery m 17 2.50 0.00 8.33

Score before surgery <60 years 48 46.25 35.00 60.83
0.000000

Score after surgery <60 years 48 2.50 0.00 21.25

Score before surgery >60 years 38 49.58 35.83 56.67
0.000000

Score after surgery >60 years 38 13.33 0.83 23.33
Abbreviations: N, group size; Q1, lower quartile; Q3, upper quartile; w, women; m, men.

Significantly (p < 0.001) lower DASH questionnaire scores were observed in pa-
tients after surgery compared with patients before surgery. DASH scores decreased from
44.82 ± 18.14 to 14.12 ± 18.10 (Table 4). PRWE questionnaire scores significantly (p < 0.001)
decreased from 53.34 ± 21.17 to 15.19 ± 22.45 (Table 5).
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Table 5. Results of the analysis of the PRWE questionnaire.

Variable Group N Median Q1 Q3 p

PRWE before surgery 86 55.25 42.50 68.00
0.000000

PRWE after surgery 86 4.50 0.00 23.50

PRWE before surgery w 69 57.00 43.50 68.00
0.000000

PRWE after surgery w 69 5.00 0.00 27.00

PRWE before surgery m 17 44.50 33.00 66.00
0.000293

PRWE after surgery m 17 1.00 0.00 10.00

PRWE before surgery <60 years 48 57.00 45.25 68.00
0.000000

PRWE after surgery <60 years 48 2.50 0.00 12.75

PRWE before surgery >60 years 38 47.25 40.00 66.00
0.000006

PRWE after surgery >60 years 38 9.50 1.00 27.00
Abbreviations: N, group size; Q1, lower quartile; Q3, upper quartile; w, women; m, men.

Table 6. Results of the BCTQ analysis.

Scales Group N Valid Median Q1 Q3 p

SSS 77 1.09 1.00 1.64 0.000000

FSS 77 1.25 1.00 2.00 0.000001

SSS w 66 1.18 1.00 1.64 0.000000

FSS w 66 1.25 1.00 2.38 0.000005

SSS m 11 1.00 1.00 1.45 0.008599

FSS m 11 1.13 1.00 1.25 0.000352

SSS <60 years 45 1.00 1.00 1.36 0.000000

FSS <60 years 45 1.25 1.00 1.88 0.000000

SSS >60 years 32 1.32 1.05 1.73 0.012840

FSS >60 years 32 1.25 1.00 2.44 0.010862
Abbreviations: FSS, Functioning Status Scale; SSS, Symptom Severity Scale; w, women; m, men; N, group size; Q1,
lower quartile; Q3, upper quartile. P-normality test for each group.

The mean score of the BCTQ for all subjects on the scale regarding the severity of
symptoms was 1.48 ± 0.75 after surgery, and on the scale regarding function, it was
1.62 ± 0.85. There were no statistically significant differences in the scores between the
male and female groups or between age groups (p > 0.05) (Table 6).

Chronic CTS patients’ surgical results indicated that there was no correlation between
the duration of symptoms and the questionnaire results (Table 7).

The correlation between the score of the questionnaires and the number of months
between surgery and follow-up was also checked. Post-operative DASH, PRWE, and BCTQ
scores improved with the number of months to wait for a follow-up visit.

Analysis of the questions about satisfaction after surgery in terms of symptom duration
found that there was no significant interaction effect between these factors.

The time after which symptoms were retreated and patients’ satisfaction was raised
was 12 months on average.
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Table 7. Results of the correlation analysis.

Correlation N r p

Duration of symptoms & DASH 86 −0.01 0.951

Duration of symptoms & PRWE 86 −0.04 0.740

Duration of symptoms & BCTQ 77 0.05 0.662

Follow-up & DASH 86 −0.26 0.014

Follow-up & PRWE 86 −0.29 0.006

Follow-up & BCTQ 77 −0.24 0.004

Abbreviations: N, number of patients; r, Spearman’s rank correlation coefficient; p, p value; Follow-up, number of
months between surgery and follow-up. Bold letters indicate significant correlations.

4. Discussion

This study provided evidence on the positive results of CTS treatment in patients
with delayed surgical intervention. Regarding improvements in daily activities and hand
function postoperatively, we can conclude that 88% of patients were satisfied with the
surgical outcomes. DASH scores decreased and PRWE questionnaire scores decreased
significantly at p < 0.001. The same holds true for the BCTQ score regarding the severity
of symptoms and improvement of the hand function after surgery. Functional studies
revealed an increase in global grip strength postoperatively at p < 0.001, while no significant
difference was detected in the measurements of sensory discrimination.

The purpose of this study was to answer the question of what results could be expected
from delayed surgery in patients with chronic carpal tunnel syndrome, and what patients
could expect from such surgery. The group consisted of people who had the condition for
a minimum of 5 years (in a previous study, it was an average of 9 years). Many of these
people had been treated conservatively, but despite the use of various methods (e.g., wrist
orthoses, manual therapy, and injections), the complaints were unable to be resolved; thus,
this study did not analyze those methods [27]. The average age of the patients was 58;
therefore, the statistical analysis divided the group into those under and over 60. This age
is also often the limit of professional activity, which may reflected the results in these two
age groups.

Although the endoscopic method of carpal tunnel decompression has become increas-
ingly popular in recent years, the open method is still just as effective. Publications from
2004 to 2020 have indicated that the endoscopic method reduces hospitalization time and
pain around the scar [11,12,28]. Long Chen’s study of 1596 patients indicated that both
methods showed similar results in the resolution of symptoms, but patients treated with
the endoscopic method regained better function in the hand faster and returned to work
sooner [29].

There are several answers to the question of what kind of surgical results we can
expect in patients with short surgical waiting times in the literature, which can be referred
to when analyzing selected parameters. One such paper was published by Louie et al.,
which reported a study conducted on 211 patients with a minimum follow-up period of
10 years (from 11 to 17 years), confirming the prior finding that most patients are satisfied
after open median nerve decompression, even in the long term after surgery [30].

Considering the data presented in Table 7, it can be concluded that it takes a long time
for hand function to improve, and one year after surgery may sometimes be too short of a
period to regain satisfactory improvement. However, it should be noted that although the
correlation results were statistically significant, the correlation coefficients were very low;
therefore, the above conclusions may not be sufficiently significant.

4.1. Patient’s Satisfaction

One of the main goals of this study was to answer the question of whether patients
would be satisfied after surgery, and whether the outcome of surgery would be satisfactory
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to them. Patients were mostly satisfied with the outcome of the surgery after receiving
treatment for CCTS. They mentioned the elimination of night-time numbness and improved
sensation and strength in the hand as the main reasons for satisfaction, among others. Those
who were dissatisfied with the surgery also sometimes felt that there was an improvement
in overall hand function or the elimination of night-time numbness. Patients cited a thick
scar or tingling around the scar as reasons for dissatisfaction. In addition, in the literature,
most patients were satisfied with the outcome of surgery, such as in the study by Louie
mentioned above [30]. In the study by Michelotti et al., a numerical scale from 1 to 100
was used to assess patient satisfaction (the average score was 90.33). Such an assessment
seems more detailed, but for a patient, the answer to a yes or no question may be more
obvious. [31] Among the other issues addressed in the Japanese study were factors affecting
satisfaction with surgery [32]. In the study, the authors showed that age and depression
were factors that significantly affected satisfaction with the outcome of surgery. Other
studies have also highlighted the significant impact of psychological factors on satisfaction,
such as the work by Maempel, who studied 809 patients, of which 674 said they were
satisfied with the surgery [32]. In his paper, he reported that although people in a worse
mental state had lower levels of satisfaction, most such people were generally satisfied
with the outcome of surgery.

4.2. Thenar Muscle Atrophy

Another parameter measured was the evaluation of the thenar muscles. One of the
main muscles is the short thumb abductor muscle (Latin: Musculus abductor pollicis brevis:
APB). It is located most superficially; therefore, in cases of prolonged compression of the
median nerve, the APB may undergo atrophy, which, in the clinical picture, will result
in emaciation of the thenar muscles. In our study, such atrophy was observed in 49% of
patients with CCTS before surgery. However, studies on CCTS have clearly shown that
atrophy of the APB muscle in particular is very common [33,34]. Moreover, because of this,
many patients lose the ability to oppose their thumb, an activity which is essential for daily
functioning. In one study, APB atrophy after surgery was found in 36% of the subjects. In
such cases, the literature suggests performing surgery to regain thumb opposition, such
as tendon transfer of the palmaris longus muscle (PL) using the Camitz technique [33,35]
or modified Camitz technique [36]. In our study, we used a self-reported scale to assess
thenar muscles atrophy, where 1 meant normal thenar muscles and 0 meant thenar muscle
significantly denervated.

4.3. Hand Grip Strength

Another characteristic symptom reported by patients with CTS is weakened strength
in the hand, which often results, for example, in patients dropping objects [37]. One reason
for this weakness is leanness of the APB. In this study, a dynamometer was used to measure
global grip strength. Weakened grip strength can affect up to 71% of people with CTS
(according to a study on 172 patients) [38]. One limitation of this measurement is the large
effect of flexor muscles on global grip strength.

In the present study, a significant improvement in grip strength was observed in all of
the studied patients. This improvement was statistically significant in women; however, no
such improvement was observed in the male group. Studies on the electrophysiological
measurements of the APB have also indicated improved parameters after surgery [34].
Capasso’s work on severe CTS demonstrated that the strength of the hand improved
after surgery [34]. With a significant improvement in strength in the hand, post-operative
patients can perform more activities not possible before surgery, which certainly affects
their satisfaction with the operation. Lai and his team tested whether flexor retinaculum
reconstruction can affect grip strength and hand function (measured using the BCTQ) [39].
After analyzing 615 patients, they noted that such modification had no effect on global
grip strength or SSS scores relating to symptom severity. The only significant findings
were improvements in scores on the FSS related to patient functioning. In a prospective
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study by Michelotti et al. on outcomes after open CTS surgery, no statistically significant
improvements were seen in measures of strength [40]. In the study group of 30 subjects,
the average strength before surgery was 4.52, whereas 2 years after surgery, it was 4.9.

4.4. Sensation Studies Results

Sensory two-point discrimination (2PD) was measured using a Weber discriminator;
the values are given in millimeters. In some subjects, the result was >15 mm (indeterminate
sensory resolution). In this group of subjects, 15 mm was taken as the result for the purpose
of statistical calculations.

In this study, in the measurement of the mean discrimination on the fingers of the
operated hand, no significant improvement was observed; sensation on the fingertips
remained comparable to that before surgery. Several results in the literature also showed
no statistically significant improvement in 2PD scores. A study by Bai et al. evaluating
85 patients before and after CTS surgery (follow-up: 12 months after surgery) reported
the following results: 6.9 mm before surgery and 3.1 mm after surgery [41]. A study
by Wessel et al. involving 73 patients examined before and after surgery, in follow-up
examinations performed, on average, more than 12 months after surgery, also showed
no significant improvement in the 2PD test [20]. Before surgery, the average was 7.4 mm,
whereas after surgery, it was 6.4 mm.

Although sensory abnormalities on the fingers affect the vast majority of patients with
CTS (70–87%), the above studies indicate that sensory resolution is not an indicator of the
surgical outcome [38]. Although some patients showed an indeterminate resolution, they
were able to define a single-point sensing, which we interpreted as protective sensation,
which is often sufficient for daily functioning. Discrimination sensation, however, is less
important than the protective sensation necessary for daily functioning.

4.5. Specific Symptoms

During the physical examination in medical practice, the Tinel’s sign and Phalen’s
sign, due to their ease of performance, are among the tests most often performed during
the diagnosis of CTS. These tests are not highly sensitive and specific; therefore, a positive
result does not always mean a diagnosis of CTS.

In patients with CTS, the Tinel’s sign has a lower sensitivity and specificity than the
Phalen’s sign. Hegmann’s study, mentioned above, showed a sensitivity of Phalen’s sign
of 52.8% and Tinel’s sign of 37.7% [42]. A tingling sensation in the hand waking patients
from sleep was reported by 77.4% of people. In contrast, George Phalen’s original study of
654 patients showed the sensitivity of Phalen’s symptom to be 74% [43].

In this study, the majority of patients were positive for both tests before surgery, which
indeed became negative after surgery.

4.6. Questionnaires

To assess hand function, patients completed three questionnaires. A decrease in the
questionnaire score after surgery indicated an improvement in overall function. In the
literature, the Boston Carpal Tunnel Questionnaire is most commonly used to assess the
severity of symptoms and hand function [44]. The other tests are also suitable for reliably
assessing patients with CTS, but the BCTQ is the shortest of them. Greenslade, in his study,
compared the time it took patients to complete questionnaires assessing hand function [27].
The DASH questionnaire took an average of 6.8 min, whereas the BCTQ took 5.6 min. In
this study, nonparametric tests were used to calculate the final results of the questionnaires;
the medians and quartile ranges are reported in the tables. However, the results of the mean
are discussed further because these values are most commonly reported in the literature.
In this study, the mean score of the DASH questionnaire decreased from a preoperative
score of 44.82 to 14.12 after surgery, which means that patients reported fewer symptoms
after surgery and their upper limb function improved. Patients under 60 years of age had
better results, meaning they regained better function than the older group of patients. The
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results of the questionnaire from the work and sports/playing an instrument module were
not included in this paper due to the insufficient number of completed questionnaires.
In the publication by Bai et al. [41] regarding 85 patients with CTS lasting approximately
6 months, the DASH score before surgery was 35.1, whereas after open median nerve
decompression surgery, it was 10.4; thus, each group had better scores, i.e., greater dexterity
in the hand, than the patients in our study. In the BCTQ, they also had better scores: before
the operation, the mean score on the SSS was 2.7, and on the FSS, it was 2.4; after the
operation, the mean score on the SSS was 1.3, and on the FSS, it was 1.1, although the
improvement in scores on this questionnaire was not statistically significant.

In the results of the PRWE questionnaire, the whole group significantly improved
after surgery, i.e., their wrist function increased. In addition, this questionnaire showed
that after surgery, statistically better results were recorded in the group of patients under
the age of 60 than in the older group. The only publication on patients with CTS who
completed the PRWE questionnaire concerns conservative treatment [45]. In the literature,
this questionnaire is mainly used to assess wrist function after fractures of the radius and
elbow; thus, after reviewing the publications, its selection for the evaluation of patients
with CTS may not be appropriate [46].

The BCTQ is a questionnaire that is dedicated to patients with CTS.
Our study was conducted in a group of patients after surgery. In Louie’s study, the

mean of the BCTQ (published as the Levine-Katz scale) was 1.3 on the SSS (13% of patients
had scores ≥2 points, indicating severe symptoms) and 1.6 on the FFS scale (26% had scores
≥2 points, indicating poor function) [30].

In a study by Michelotti et al. conducted 2 years after surgery, the SSS score was 2.63
before surgery and 1.23 after surgery, whereas the FSS score was 2.24 and 1.16 before and
after surgery, respectively [40].

5. Study Limitations

Notably, this study has some limitations which should be mentioned. The diagnosis
of CTS was based on history and clinical symptoms. The purpose of this study was not to
verify the diagnosis of CTS and analyze electroneurographic (ENG) or electromyographic
(EMG) results, but to answer the question of how effective surgical treatment is in CCTS
cases. We now also believe that it would be valuable to complete the BCTQ preoperatively
as well.

We considered the functional hand grip test to be more reliable than manual muscle
testing of the abductor pollicis brevis muscle. The patients in our study represented
different degrees of thenar muscle atrophy; therefore, we decided on a simple evaluation of
this symptom in a two-stage (0—present or 1—absent) score. Moreover, we used global
grip strength evaluation, which is more common in the literature, but it is questioned as
inferior to pinch grip measurements.

Another issue is the deliberate omission of an analysis of the conservative treatment
applied. Such information on whether all patients were treated with physical methods,
steroid injections, or wrist orthoses could have been an additional value of the paper, which
would be especially of interest to physiotherapists. However, assuming that conservative
methods were ineffective, these data were not analyzed in this study.

6. Conclusions

Patients with chronic CTS report better hand function after surgery despite the long
duration of symptoms. Selected parameters (thenar muscles degeneration, global hand
grip strength, and characteristic symptoms such as numbness or pain) were improved
or retreated, but sensory resolution after surgery did not change and was similar to
pre-surgery values.

The severity of symptoms and hand function after surgery improved relative to the pre-
operative results, and the results of questionnaires assessing this function were satisfactory.
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The surgical treatment of patients with chronic carpal tunnel syndrome provided
results according to which the majority of respondents were satisfied, and the findings
from the self-report questionnaire indicated a reduction in the discomfort experienced
before surgery.
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Dejan Živanović 1,6, Jovan Javorac 1,7 and Bela Kolarš 1,2

1 Faculty of Medicine, University of Novi Sad, 21000 Novi Sad, Serbia;
jelena.zvekic-svorcan@mf.uns.ac.rs (J.Z.S.); tanja.jankovic@mf.uns.ac.rs (T.J.);
mirjana.smudja@uns.ac.rs (M.S.); dejan.zivanovic@mf.uns.ac.rs (D.Ž.); jovan.javorac@mf.uns.ac.rs (J.J.);
902009d22@mf.uns.ac.rs (B.K.)

2 Health Center “Novi Sad”, 21000 Novi Sad, Serbia
3 Special Hospital for Rheumatic Diseases Novi Sad, 21000 Novi Sad, Serbia
4 Institute of Criminological and Sociological Research, 11000 Belgrade, Serbia; hajdana.ng@gmail.com
5 Department of Higher Medical School, The Academy of Applied Studies Belgrade, 11000 Belgrade, Serbia
6 Department of Psychology, College of Social Work, 11000 Belgrade, Serbia
7 Institute for Pulmonary Diseases of Vojvodina, 21000 Novi Sad, Serbia
* Correspondence: ivana.minakovic@mf.uns.ac.rs

Abstract: Background and Objectives: Knee osteoarthritis (KOA) is a widespread chronic joint disease
characterized by functional limitations and pain. Functioning restrictions exert a detrimental impact
on societal integration, relationships, and psychological well-being, resulting in significant emotional
distress in KOA patients. The objective of this study is to examine how various risk factors impact
the emotional well-being of individuals with KOA. Materials and Methods: This prospective cross-
sectional study involved 154 postmenopausal women treated at the Special Hospital for Rheumatic
Diseases in Novi Sad, Serbia. The experimental group comprised 97 individuals with chronic knee
pain and structural knee damage (Kellgren–Lawrence (KL) scale II-IV), while the control group had
53 individuals with chronic knee pain but no structural knee damage (KL scale 0-I). The collected data
consisted of sociodemographic factors, general characteristics, associated diseases, and laboratory
results. Adequate anthropometric measurements were conducted, and all subjects were required
to complete the SF-36 RAND questionnaire. Results: The analysis identified several variables that
independently influenced emotional well-being. These included pain intensity (beta (β) 0.21; 95% CI:
0.03–0.20; p < 0.01), social functioning (beta (β) 0.47; 95% CI: 0.23–0.43; p < 0.001), physical functioning
(beta (β) 0.23; 95% CI: 0.04–0.21; p < 0.01), and education level (8–12 years: beta (β) 0.25; 95% CI:
1.47–9.41; p < 0.01; >12 years: beta (β) 0.27; 95% CI: 2.51–12.67; p < 0.01). However, the multivariate
model revealed that only social functioning (beta (β) 0.57; 95% CI: 0.27–0.53; p < 0.001) and education
level (8–12 years: beta (β) 0.21; 95% CI: 1.10–8.260; p < 0.05; >12 years: beta (β) 0.21; 95% CI: 1.18–10.30;
p < 0.05) were significantly associated with emotional well-being in KOA patients. Conclusions: The
findings of this study indicate that a reduced social functioning and a lower educational attainment
are linked to a poorer emotional well-being among patients with KOA.

Keywords: osteoarthritis; knee; predictors; social functioning; pain; physical function; mental health

1. Introduction

Osteoarthritis (OA) is a diverse condition with various phenotypes [1]. It can affect
any joint in the human body, although it primarily affects peripheral joints such as the
knee, hip, hand, and spine [2,3]. The global prevalence of OA is approximately 350 million
people [4], and it is commonly observed in one out of every three individuals over the
age of 65 [5,6]. This disease is more prevalent among women, and obese women face a
significant lifetime risk of up to 23.8% for symptomatic KOA [1]. Given its widespread
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occurrence, OA not only affects the individual’s health, but also has a substantial impact
on the overall population’s health [1,7].

The presence of structural and functional limitations in patients with OA signifi-
cantly contributes to pain and disability [8–10]. These symptoms are widely recognized
as key manifestations of the disease [9,11]. Moreover, individuals with OA experience a
considerable decline in their quality of life (QOL) due to diminished social connections,
relationships, and emotional well-being [8]. Consequently, there is an increased risk of
developing mental disorders [10,12]. These findings are consistent with a multitude of
epidemiological studies, indicating a robust interconnection between physical diseases and
common mental health conditions. They exhibit a high co-morbidity, meaning they often
co-occur in individuals, and share crucial pathways that contribute to the development of
ill health and disease [13].

In general, health is commonly perceived as the absence of illness or disease. These
notions have been embedded in healthcare models, which tend to focus only on alleviating
impairment and distress [13]. Presently, there are various treatment choices for KOA,
including behavioral modifications like weight loss, exercise, and physical therapy coupled
with pain-relieving medications, as well as surgical interventions [9]. Although numerous
options are accessible, certain patients may still encounter insufficient symptom manage-
ment, while others might experience adverse effects from the available interventions [14].
Among the surgical options, orthopedic surgery with total arthroplasty is recognized as a
highly effective approach for addressing KOA [15]. However, it is essential to note that the
surgery still has a failure rate that can affect the patient’s psychology [16].

The impact of OA on mental health is particularly evident in the heightened vulner-
ability to conditions such as depression [1,12] and anxiety disorders [17]. This aspect is
of the utmost significance since poor mental health, particularly the presence of depres-
sion, has been linked to unfavorable treatment outcomes in OA patients [12,18], as well
as increasing the perception of pain [9]. Given that well-being encompasses various di-
mensions, including mental, physical, social, and environmental aspects [17,19], it becomes
evident that placing a greater emphasis on providing psychological support to OA patients
is crucial not only for pain reduction and functional improvement, but also for overall
health enhancement.

Nevertheless, there is a scarcity of research regarding the factors that predict emotional
well-being in patients with KOA. The aim of this study was to identify these predictors,
thereby allowing for personalized patient treatment tailored to their specific characteristics,
with a focus on improving modifiable risk factors.

2. Materials and Methods

2.1. Participants

A prospective cross-sectional study involved 154 postmenopausal women who were
receiving treatment for chronic knee pain at the Special Hospital for Rheumatic Diseases
Novi Sad, Serbia, between February 2022 and March 2023. The study was conducted in
accordance with the guidelines of the Declaration of Helsinki. The study protocol obtained
approval from the Ethics Committee of the Special Hospital for Rheumatic Diseases Novi
Sad, Serbia (approval number: 14/29–3/1–21) and the Ethics Committee of the Faculty of
Medicine Novi Sad, Serbia (approval number: 01–39/109/1). The informed consent was
obtained from all participants.

Inclusion criteria: Women in postmenopause, aged 60–75 years who reported knee
pain of intensity ≥ 3 on the numeric rating scale (NRS) persisting for a minimum duration
of 3 months. Exclusion criteria: Participants with a history of knee surgery or injury, as
well as presence of inflammatory rheumatic disease, metabolic joint diseases (such as
gout and chondrocalcinosis), neuromuscular diseases (such as muscular dystrophies and
myasthenia gravis) and participants who are currently being treated for a malignant disease.
Furthermore, patients undergoing physical therapy, receiving corticosteroid therapy, or
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undergoing intraarticular chondroprotective therapy within the past three and six months,
respectively, were also excluded.

At the outset, the study comprised 154 subjects, but four of them were later excluded
upon the diagnosis of inflammatory rheumatic disease.

All patients suffering from chronic knee pain, who were referred to the Special Hospi-
tal for Rheumatic Diseases in Novi Sad, underwent an initial examination conducted by a
physical medicine specialist. In the first phase of the study, sociodemographic information
and data concerning related medical conditions were gathered, and all participants com-
pleted the SF-36-RAND questionnaire [20]. Body mass and height were measured using
a precise digital weight scale and an adult height scale, respectively. Obesity level was
determined by calculating the body mass index (BMI), which was obtained by dividing
weight in kilograms by height in square meters. Waist circumference was measured with
a measuring tape, and knee range of motion (ROM) was assessed using a goniometer.
A knee flexion ≥ 110 and an extension of 0 were considered as satisfactory ROM [21].
Blood pressure was assessed while the individual was in a seated and relaxed position,
using a validated and calibrated Riester sphygmomanometer on both hands. After a short
interval, the measurement was repeated on the hand that initially showed the higher pres-
sure reading [22]. In the second phase of the study, all participants underwent bilateral
anteroposterior and lateral X-rays of both knees. A skilled radiologist assessed the degree
of radiological damage using both the Kellgren–Lawrence (KL) scale and the Altman atlas.
Subsequently, the subjects were classified into two groups based on these evaluations. The
experimental group consisted of 97 subjects who showed radiological damage classified
as grade II-IV on the KL scale, while the control group included 53 patients who had no
radiological changes in their knees (KL scale 0-I).

In the third phase of the study, fasting glucose levels and lipid panel were measured
to assess metabolic parameters. The state reference laboratory at the Special Hospital for
Rheumatic Diseases, Novi Sad, Serbia, was responsible for conducting all of the laboratory
analyses. Metabolic syndrome (MetS) was identified based on the criteria established
by the International Diabetes Federation (IDF) Consensus statements [23]. MetS was
defined as the combination of central obesity (waist circumference of 80 cm or more) and
at least two of the following four factors: elevated triglyceride levels (equal to or greater
than 150 mg/dL or 1.7 mmol/L) or receiving specific treatment for this lipid abnormality;
reduced levels of HDL cholesterol (less than 50 mg/dL or 1.29 mmol/L in females) or
receiving specific treatment for this lipid abnormality; systolic blood pressure equal to or
greater than 130 mm Hg or diastolic blood pressure equal to or greater than 85 mm Hg or
undergoing treatment for previously diagnosed hypertension; and elevated fasting plasma
glucose levels (equal to or greater than 100 mg/dL or 5.6 mmol/L) or previously diagnosed
type 2 diabetes mellitus (T2DM).

In the extension, a flow diagram is presented, illustrating the cross-sectional design
used for data collection, as well as the inclusion and exclusion criteria (Figure 1).

2.2. Assessment of Emotional Well-Being, Social Functioning, Physical Functioning, and
Pain Level

The SF-36, RAND questionnaire comprises 8 subscales encompassing physical func-
tion, limitations in daily activities due to physical and emotional health, energy levels and
fatigue, emotional well-being, social functioning, pain, and general health. Each subscale is
scored on a scale of 0 to 100, with higher scores indicating greater levels of well-being and
better overall health [20].

2.3. Evaluation of the Educational Attainment Level

Participants were divided into three groups according to their educational attainment
level. The first group consisted of female patients with ≤8 years of schooling (primary
education in Serbia lasts 8 years). The second group consisted of female patients with
8–12 years of schooling (secondary education in Serbia lasts 4 years). The third group
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consisted of respondents with more than 12 years of education (completed at least higher-
education schooling).

 

Figure 1. Cross-sectional design of the study.

2.4. Statistical Analysis

Considering the objectives of the study, the sample size was calculated with a confi-
dence interval of 85% (consequently the power of the study was 85%), with a maximum
error of 10% and a critical incidence value of 50%. As a result, a minimum of 52 respondents
per group is required to meet these criteria. The statistical analysis involved examining
differences among respondents using chi-squared tests and Mann–Whitney tests. All tests
were conducted with a significance level of p < 0.05. To determine the relationship between
the outcome variable (emotional well-being) and explanatory variables, a set of linear
regression models (beta and 95% confidence interval—CI) was employed, considering
both univariate and multivariate associations. The range of Cronbach’s alpha, which was
between 0.796 and 0.885, indicates good internal consistency. All analyses were performed
with IBM SPSS ver. 25 (IBM Corp., Armonk, NY, USA).
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3. Results

The study included 150 women with an average age of 67 (IQR = 8.0). Women with
KOA exhibited a higher body mass index (BMI) of 30.4 (IQR = 6.0) compared to the control
group with a BMI of 28.6 (IQR = 6.6), with a statistically significant difference (p = 0.044).
Furthermore, MetS was found to be more prevalent in the experimental group (81.4%)
compared to the control group (58.5%), with a significant difference (p = 0.002). Among the
participants, 23.3% had T2DM, and 75.3% had hypertension. The number of comorbidities
among KOA participants ranged from 0 to 6, with an average of 3 (IQR = 1.0) (Table 1).

Table 1. General characteristics of the respondents and frequent comorbidities.

(ALL)
N = 150

Experimental Group
N = 97

Control Group
N = 53

p-Value

Age (years), Me ± IQR (Min–Max) 67.0 ± 8.0
(60–75) 67.0 ± 7.0 (60–75) 65.0 ± 10.5 (60–75) 0.063 b

BMI (kg/m2), Me ± IQR
(Min–Max)

30.0 ± 6.4 (18.5- 47.3) 30.4 ± 6.0 (19.8–47.3) 28.6 ± 6.6
(18.5–42.1) 0.044 b

Mets: 0.002 a

Yes 110 (73.3%) 79 (81.4%) 31 (58.5%)
No 40 (26.7%) 18 (18.6%) 22 (41.5%)

T2DM: 0.882 a

Yes 35 (23.3%) 23 (23.7%) 12 (22.6%)
No 115 (76.7%) 74 (76.3%) 41 (77.4%)

Hypertension: 0.246 a

Yes 113 (75.3%) 76 (78.4%) 37 (69.8%)
No 37 (24.7%) 21 (21.6%) 16 (30.2%)

The number of comorbidities, Me
± IQR (Min–Max)

3.0 ± 1.0
(0–7)

3.0 ± 1.0
(0–6)

2.0 ± 1.0
(1–7) 0.696 b

Note. a Chi-squared test. b Mann–Whitney.

The study determined the reliability of the pain, social functioning, and emotional
well-being subscales to be 0.796, 0.827, and 0.885, respectively. The average score obtained
by the participants on the pain subscale was 47.8 (standard deviation = 19.6), on the social
functioning subscale was 68.2 (standard deviation = 15.5), and on the emotional well-being
subscale was 62.2 (standard deviation = 10.8). The descriptive statistics for the individual
subscales of the SF-36 questionnaire are presented in Table 2.

Table 2. Descriptive statistics of SF-36 scale.

SF-36 Domains Me IQR M SD Skewness Kurtosis K-S α

Pain 45.0 32.5 47.8 19.6 0.057 −0.765 0.156 ** 0.796
Social functioning 75.0 15.6 68.2 15.5 −0.477 0.066 0.265 ** 0.827

Emotional well-being 64.0 12.0 62.2 10.8 −0.839 1.092 0.130 ** 0.885

Note. ** p < 0.01. Me = Median. IQR = Inter-quartile range. M = Mean. SD = Std. Deviation. K-S = Kolmogorov–
Smirnov test. α = Cronbach’s alpha.

Table 3 displays the univariate linear regression model involving the SF-36 RAND
subscale of emotional well-being as the dependent variable. The impact of individual inde-
pendent variables was examined, followed by their combined impact. The variables that
individually explain emotional well-being are as follows: pain intensity (beta (β) = 0.21;
95% CI: 0.03–0.20; p < 0.01), social functioning (beta (β) = 0.47; 95% CI: 0.23–0.43; p < 0.001),
physical functioning (beta (β) = 0.23; 95% CI: 0.04–0.21; p < 0.01), and education level
(8–12 years: beta (β) = 0.25; 95% CI: 1.47–9.41; p < 0.01; >12 years: beta (β) = 0.27; 95% CI:
2.51–12.67; p < 0.01). Therefore, individuals with a better social functioning, improved phys-
ical functioning, and reduced pain tend to have better emotional well-being. Furthermore,
respondents who have completed secondary school or higher education exhibit superior
emotional well-being compared to those with primary education or less.
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Table 3. General characteristics and health status as determinants of emotional well-being, univariate
linear regression.

Univariate Linear Regression

Osteoarthritis (ref.: without osteoarthritis)
Yes −0.06 (−5.12–2.20)
Number of comorbidities (continuous) −0.37 (−3.84–−1.37)
Range of motion (ref.: unsatisfactory functionality)
Satisfactory functionality −0.17 (−7.32–−0.37)
KL scale (continuous) −0.10 (−2.42–0.55)
Duration of menopause (continuous) −0.09 (−0.45–0.12)
SF36_pain (continuous) 0.21 (0.03–0.20) **
SF36_ social functioning (continuous) 0.47 (0.23–0.43) ***
SF36_ physical functioning (continuous) 0.23 (0.04–0.21) **
Age, years (continuous) −0.02 (−0.44–0.32)
Lives alone (ref.: no)
Yes 0.08 (−2.00–6.29)
Education level (ref.: ≤8)
8–12 0.25 (1.47–9.41) **
>12 0.27 (2.51–12.67) **

Note. Values represent beta coefficients with corresponding 95% confidence intervals. ** p < 0.01; *** p < 0.001.

The multivariate model, which incorporates only the variables that demonstrated
a statistically significant impact on the dependent variable in the univariate model, re-
veals that certain variables are associated with emotional well-being. Specifically, social
functioning (beta (β) = 0.57; 95% CI: 0.27–0.53; p < 0.001) and education level (8–12 years:
beta (β) = 0.21; 95% CI: 1.10–8.260; p < 0.05; >12 years: beta (β) = 0.21; 95% CI: 1.18–10.30;
p < 0.05) demonstrate a connection with an enhanced emotional well-being (presented
in Table 4). In summary, a better social functioning and a higher level of education are
associated with improved emotional well-being.

Table 4. The variables that individually explain emotional well-being, multivariate linear regression.

Multivariate Linear Regression

SF36_pain (continuous) −0.21 (−0.25–0.06)
SF36_social functioning (continuous) 0.57 (0.27–0.53) **
SF36_physical functioning (continuous) 0.13 (−0.13–0.14)
Education level (ref.: ≤8)
8–12 0.21 (1.10–8.260) *
>12 0.21 (1.18–10.30) *

Note. Values represent beta coefficients with corresponding 95% confidence intervals. * p < 0.05; ** p < 0.001.

4. Discussion

Our study indicates that pain intensity, social functioning, physical functioning, and
education level are significant individual predictors of emotional well-being among KOA
patients. However, the multivariate analysis reveals that among postmenopausal women
with KOA, only social functioning and education level emerge as significant predictors of
emotional well-being.

Advanced age, obesity, and physical inactivity are recognized as risk factors for various
chronic diseases that are prevalent among individuals with KOA. Previous estimates indi-
cate that a significant proportion of patients with OA, ranging from 59% to 87%, have been
diagnosed with at least one additional chronic disease. Furthermore, as many as 31% of
individuals with OA have the burden of five or more comorbidities [5,24]. Patients with OA
typically experience an average of 2.6 comorbidities of moderate to severe intensity [5,24],
which was consistent with the findings of our study (3 (IQR = 1.0)). Besides experiencing
knee problems, individuals with KOA often encounter other chronic conditions, predom-
inantly cardiovascular and pulmonary issues, as well as hypertension and diabetes [25].
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Among the participants in our study, hypertension and T2DM were the prevailing ailments,
and their occurrences are demonstrated in Table 1. The experimental and control groups
were comparable in terms of the prevalence of hypertension and T2DM and there was no
statistically significant distinction in the number of comorbidities between the observed
groups (p = 0.696). Nonetheless, there was a significant difference in the number of subjects
with MetS in the experimental group. The clinical significance of comorbidities in OA
is acknowledged due to their potential impact on clinical practices, outcomes, treatment
strategies, prognosis, health-related quality of life (HRQOL), and healthcare costs [25,26].
Calders et al. documented that an increased prevalence of additional health conditions
exacerbates both pain and functional limitations among individuals suffering from hip
and knee OA [11]. Contrary to our expectations, we were unable to establish a statistically
significant correlation between the number of comorbidities and emotional well-being in
patients with KOA. This discrepancy may be attributed to variations in the severity and
duration of specific diseases, i.e., symptoms of the disease. In our previous pilot study [27],
the number of comorbidities emerged as a significant predictor of emotional well-being,
but the limited sample size could have introduced bias into the results.

As anticipated, the majority of participants in our study exhibited an elevated body
mass. In a comprehensive meta-analysis encompassing 131 studies, it was determined that
the average body mass index (BMI) among individuals with OA was 28.2 [9]. We observed
an even higher BMI (30.4 (IQR = 6.0)) among subjects with radiographic KOA. This finding
is not surprising, considering that our study specifically focused on participants with KOA
and it is widely recognized that being overweight or obese significantly increases the risk
of developing OA, particularly in the knee joint [28].

In the majority of studies, advancing age is linked to a decline in QOL [8]. It has been
observed that younger individuals have greater expectations when it comes to their QOL, likely
due to their higher efficiency in performing daily activities, work, and leisure [8,29]. We were
unable to establish a correlation between emotional well-being and the age of the respondents.
This can be attributed to the homogeneity of the group in terms of age and gender.

Utilizing a univariate linear regression model, we discovered that pain, social function-
ing, physical functioning, and education level serve as predictors for emotional well-being
among patients with KOA. This aligns with the findings of Giesbrecht et al., who demon-
strated a connection between psychological well-being and the ability to perform daily
activities [30]. Additionally, Nazarinasab et al. reported that the extent of disability is asso-
ciated with mental health [12]. Unlike knee ROM, physical functioning (evaluated using
the SF-36-RAND questionnaire) emerged as a statistically significant predictor of emotional
well-being. It has been suggested that a range of 100–110 degrees in knee flexion is essential
for everyday activities [21], and we adopted these values as a reference. Nevertheless, there
are several other activities, such as entering a bathtub, engaging in gardening, performing
DIY tasks, or changing socks, that require a greater knee ROM [21,31].

In accordance with the outcomes of our study, Fonseca-Rodrigues et al. have demon-
strated that the intensity of pain is linked to the extent of emotional distress experienced
by patients with OA [9], while Laires et al., reported that levels of pain often correlate
with reduced levels of satisfaction with treatment [32]. The existing literature suggests that
mental health levels are inversely associated with knee pain, regardless of any observable
changes in X-ray images [12]. Consistent with these findings, our study revealed that the
severity of radiological knee damage does not predict emotional well-being among patients
with KOA.

The educational attainment of patients with KOA significantly influences their QOL.
It is widely acknowledged that there is a connection between education level and KOA, as
individuals with lower education often engage in repetitive work tasks that heighten the
risk of developing the condition. Moreover, having a lower educational level is associated
with a decline in self-perceived QOL [8]. In a similar vein, our study’s findings indicate
that respondents with a secondary school education or higher exhibit better emotional
well-being when compared to those with only primary education or lower.
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The correlation between social isolation and both mental and physical well-being has
been previously emphasized [33]. Additionally, the importance of friends, family, and care-
givers as vital providers of social support has been acknowledged, as they play a key role
in helping individuals with OA maintain their independence and receive encouragement
to participate in meaningful activities [34]. In our study, both univariate and multivariate
regression models revealed that social isolation significantly predicts emotional well-being
among individuals with KOA. It is well-established that pain and a decreased function-
ality can contribute to the risk of social isolation [33,35]. Moreover, individuals with OA
face additional factors that increase the likelihood of social isolation, including anxiety,
depression, kinesiophobia, physical inactivity, and a diminished self-efficacy, all of which
impede their functional independence [33,36]. Additionally, the literature indicates that
a considerable proportion of individuals aged 65 and older experience challenges related
to low self-efficacy, depression, and a reduced sense of QOL and well-being, all of which
compromise their personal independence [17,37].

Taking into account the higher susceptibility of women to developing knee and hand
OA, particularly during the postmenopausal phase [9], we investigated the impact of
postmenopausal duration on emotional well-being. However, this specific variable did not
emerge as a statistically significant risk factor.

Positive emotions and overall well-being play a significant role in affecting the occur-
rence of various health conditions and diseases, as well as the risk of premature mortal-
ity [13]. Previously, there have been suggestions that well-being might influence physiolog-
ical processes that are pertinent to the risk of developing arthritis or the manifestation of its
symptoms [38]. Considering the association of OA with detrimental effects on healthcare
utilization and escalating personal and societal expenses, [34] it becomes highly imperative
to conduct an examination and understanding of the contributing factors that lead to a
reduced emotional well-being. We believe that our research will provide valuable insights
to enhance the management of KOA.

This study possesses some limitations. Firstly, the patients included in the study
were not representative of the entire population of our country, but rather comprised
patients from Vojvodina, a Serbian province, who were treated at a single healthcare facility.
Secondly, important data on socioeconomic status, which is a significant factor and mediator
for emotional well-being, were not collected during the enrollment process. However, this
study was conducted prospectively, ensuring that every patient received a knee x-ray, and
the extent of radiological damage was evaluated by a skilled radiologist using the KL scale
and the Altman atlas. The data were collected by one trained researcher under consistent
conditions throughout the study.

5. Conclusions

Our study revealed that poorer social functioning and lower educational attainment are
associated with a higher risk of experiencing negative emotional well-being among patients
with KOA. Typically, the treatment approach for KOA involves lifestyle modifications such as
weight loss, exercise, physical therapy, pain-relieving medications, and, in some cases, surgical
intervention. However, it is noteworthy that only a small proportion (estimated at 12%) of
these interventions address the crucial aspect of social integration and support [38]. Therefore,
it is imperative to emphasize the implementation of various strategies for social engagement,
community participation, and specific forms of psychological support.
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Abstract: Background and Objectives: Digital ulcers (DUs) are the most common complication in
patients with Systemic Sclerosis (SSc). They cause pain with hand dysfunction and negatively impact
activities of daily and working life. Our study aims to evaluate the efficacy of a combined treatment of
manual therapy and ultrasound therapy in SSc patients with ischemic DU (IDU) compared to manual
therapy alone. Materials and Methods: We conducted a before-and-after study (non-randomized
study). We enrolled a consecutive series of IDU patients undergoing rehabilitation treatment and
divided them into two groups: a treatment group consisting of patients undergoing a combination of
manual therapy and US water immersion and a standard care group consisting of patients subjected
to manual therapy alone. At the time of the first visit (T0) and at the end of the 4-week rehabilitation
period (T1), we evaluated functional capacity, pain intensity, ulcer evolution, and quality of life.
Results: In the treatment group, we observed a statistically significant improvement in the functional
capacity of the hand (DHI: 28.15 ± 11.0 vs. 19.05 ± 8.83; p < 0.05), pain (NRS: 5.55 ± 1.2 vs. 2.9 ± 1.09;
p < 0.05), and PSST score (24.4 ± 4.0 vs. 16.2 ± 2.36; p < 0.05). In the standard care group, we observed
a statistically significant improvement only for the functional capacity of the hand (DHI: 28.85 ± 9.72
vs. 22.7 ± 7.68; p < 0.05). Finally, from the comparison between the treatment group and the standard
care group, we observed statistically significant improvements in pain (2.9 ± 1.09 vs. 4.5 ± 1.07;
p < 0.05) and in the PSST scale (16.2 ± 2.36 vs. 20.4 ± 4.02; p < 0.05). Furthermore, at the end of
treatment in the treatment group, 15 ulcers (62.5%) were completely healed, while in the standard
care group, only 3 ulcers were completely healed (14.3%). Conclusions: Combined treatment with
manual therapy and ultrasound therapy appears to be useful in the management of IDU in patients
with scleroderma.

Keywords: systemic sclerosis; rehabilitation; skin ulcer; ultrasound therapy; disability

1. Introduction

Systemic sclerosis (SSc) is a chronic autoimmune disease characterized by vascular
disease, inflammation, immune response, and accumulation of collagen in the skin and
other organs resulting in fibrosis [1,2]. This condition leads to an alteration of tissue
architecture with consequent loss of organ function in the terminal stages of the disease [3].
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The etiology is still uncertain, but an important role in its development seems to be
played by genetic and environmental factors [2]. It has an incidence of between 4 and
43 million people per year and mostly affects women [4–7].

According to the new 2017 criteria of the SSc classification of the American College of
Rheumatology (ACR) and the European League Against Rheumatism (EULAR) [8], skin
thickening of the fingers is sufficient to make a diagnosis. In addition, there are seven other
typical pathological conditions, including fingertip ulcers or pitting scars, localized finger
telangiectasias, capilloscopic changes, pulmonary hypertension associated with digital
ulcers (DUs), Raynaud’s phenomenon, and the presence of autoantibodies [8,9].

Thickening and fibrosis of the skin and internal organs, caused by progressive vascular
disease, are the main clinical manifestations [2,3]. Involvement of the hands is responsible
for a marked disability in these patients due to the presence of swollen fingers, DUs,
cutaneous sclerosis, calcinosis of the skin, and pruritus [10,11].

DUs are the most common complication, affecting over 50–70% of patients with SSc.
They are recurring lesions affecting hands and feet, characterized by loss of continuity
and depth of the skin. They are caused by ischemic vessel damage and are indicators of
overall disease severity and organ involvement [10,12]. DUs often lead to pain with hand
dysfunction and have a negative impact on activities of daily living and work, resulting in
disability [10]. Furthermore, the presence of DUs requires continuous follow-up to prevent
possible complications, such as infections that can involve both the skin and underlying
tissues, such as bone, resulting in osteomyelitis [12,13].

Depending on the extent of skin involvement, systemic sclerosis can be divided into a
limited cutaneous form (lcSSc), with involvement limited to the skin of the hands, forearms,
feet, and face, and a diffuse cutaneous form (dcSSc), involving skin proximal to the elbows
and trunk [1].

Currently, the treatment of SSc focuses on various pharmacological and non-pharmacological
interventions based on recommendations and evidence published by the EULAR and
EULAR Scleroderma Trials and Research (EUSTAR) groups [8]. To date, there are no specific
treatments for the treatment of DUs. Several systemic treatments are available [14–19], such as
immunomodulators [8], UVA phototherapy [16], topical calcitriol [17], and retinoids [18].
In addition, local therapies with good aesthetic and functional results can also be used,
such as the injection of autologous fat and platelet-rich plasma (PRP) [19,20] or adipose-derived
stromal cells (ADSC) combined with hyaluronic acid (HA) [21] or HA and PRP [21,22]. Finally,
physical modalities for DUs have also been proposed, including ultrasound therapy [23–25]
and connective tissue massage, mainly using the McMennel technique [26].

Our study aims to evaluate the efficacy of ultrasound therapy in combination with
manual therapy in the management of systemic sclerosis patients with IDU in terms of
hand functional capacity, pain, wound healing, and quality of life.

2. Materials and Methods

This is a before-and-after study (non-randomized trial) conducted at the Functional Re-
covery and Rehabilitation Unit of the A.O.U.P. Paolo Giaccone in Palermo, in collaboration
with the Rheumatology Unit of the same hospital. Patients with scleroderma presenting
IDU were consecutively enrolled (from April 2022 to November 2022).

All aspects of the study were reviewed and approved by the local “Palermo 1” ethics
committee, with reference number 6/2020. The ethical guidelines of the Declaration of
Helsinki were followed for the study, and the information was handled following the guide-
lines of the Good Clinical Practice (GCP). The study was registered with ClinicalTrials.gov
(NCT05907200).

2.1. Patients

Inclusion criteria were a diagnosis of SSc according to the ACR and EULAR criteria [8],
the presence of IDU in the active phase, naïve to rehabilitation treatment for their hands
and upper limbs, and capacity to provide informed consent. In both groups, all patients
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continued their usual pharmacological treatments (alprostadil-α-cyclodextran, calcium
channel blockers, topical glyceryl trinitrate, proton pump inhibitors, clebopride, steroids,
cyclophosphamide, azathioprine, D-penicillamine, and methotrexate).

Exclusion criteria were the presence of skin lesions due to other conditions (e.g.,
trauma), pregnancy, infectious diseases (e.g., HIV, HBV, HCV), myositis, arthritis, other
rheumatological diseases, and immunodepression.

Using our hospital’s database, we enrolled a consecutive series of patients with IDU
who had undergone rehabilitation treatment and met our inclusion criteria.

2.2. Intervention and Control

Based on the type of rehabilitation treatment received, the patients were divided
into two groups: a treatment group consisting of patients who underwent rehabilitation
treatment consisting of a combination of manual therapy and water immersion US and
a standard care group consisting of patients who underwent rehabilitation treatment
consisting of manual therapy alone [26]. The rehabilitation treatment was performed by all
patients at the same time of year (from April to June) and was carried out for 20 sessions
daily, 5 days a week, for 4 consecutive weeks. Some clinical information and educational
recommendations on skin nutrition and protection were provided to all patients.

2.3. Description of Manual Therapy Techniques

The proposed manual therapy lasted 90 min and involved a combination of three
different techniques: McMennel manipulation, connective tissue massage, and the Pompage
mobilization technique [26].

McMennel manipulation is a technique for reducing joint stiffness and reducing pain
by stretching the capsuloligo-mental complex. It was used for 40 min. It prevents the
development of claw deformity and increases the trophism of the cartilage, resulting in an
improvement in hand mobility and the extrinsic strength of the hand muscles, decreasing
joint pain and stiffness [27].

Connective tissue massage (lasting 30 min) improves the blood circulation of the skin
and plays a muscle-relaxing role, keeping the skin soft [28].

The Pompage mobilization technique lasts 20 min and consists of slow and progressive
mobilizations through a rhythmic and regular movement of traction and release, which
allows the recovery of the physiological length of the soft tissues [28].

2.4. Description of Therapeutic US Technique

Patients in the treatment group also received treatment with a US (UT2 CE0476
certified I-Tech medical device). The USs were used with a frequency of 1 MHz, an intensity
of 1 W/cm2, a duty cycle of 60%, and a duration of 15 min per session. The patient’s
hands were immersed inside a metal container with a diameter of 90 cm, containing 4 L
of water at a temperature of 37–37.5 ◦C. An emitter handpiece with radiant air of 5 cm2

was then inserted inside the container, about 2 cm from the body surface. The action
of therapeutic ultrasound reduces inflammation and bacterial counts on wounds and
improves cell proliferation and neoangiogenesis [23,24].

2.5. Outcome Measures

Demographic, anthropometric, and clinical data were collected at baseline. Height
and weight were measured in each subject, and BMI was then calculated. At the time
of the first visit (T0) and the end of the 4 weeks of rehabilitation (T1), the same expert
physiatrist (D.S.) subjected the patients to the following evaluation scales: numerical
evaluation scale (NRS) [29] for ache; Duruoz hand index (DHI) [30] for functional ability;
Pressure Sore Status Tool (PSST) [31] for ulcer healing; and Short Form Health Survey 36
(SF-36) scales [32] for quality of life (QoL). Our primary outcome measure was functional
capacity (DHI), while our secondary outcome measures were pain (NRS), ulcer healing
(PSST), and QoL (SF-36).
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The DHI is a self-reported questionnaire designed to assess hand activity limits. It
includes 18 items that are rated on a 6-point scale where 0 is “without difficulty”, and 5 is
“impossible” [30]. The PSST includes 13 items relating to the characteristics of the wound
and surrounding tissue, which are assigned a score from 1 to 5. The total sum of all scores
provides the PSST score, where the higher the final scores, the more severe the state of the
lesion will be [31]. The SF-36 is a questionnaire comprising eight multiple-choice questions
that can be divided into two large subgroups: the physical component of the disease and
the mental component of the disease. A score is assigned to each scale; the higher the score,
the better the state of mental and physical health. The score ranges from 0 (worst state of
health) to 100 (best state of health) [32].

2.6. Statistical Analysis

All analyzes were performed using R software (R Core Team, 2013). The sample size
was calculated to detect a difference in DHI of 5.1 units and a loss of follow-up of 20%.
The estimated sample size calculation was 24 for each group. For the comparison of the
quantitative variables, we used the t-test, and for the ordinal variables, Mood’s median test.
Values < 0.05 were considered statistically significant.

3. Results

Sixty-two scleroderma patients with IDU were considered in this study. Of these, 7 had
not completed the proposed rehabilitation treatment, and 10 did not present themselves
for follow-up at the end of the 4-week rehabilitation treatment. A total of 45 patients
were included in the study, 24 patients belonging to the treatment group and 21 patients
belonging to the standard care group (Figure 1).

Figure 1. Patient recruitment.

The included patients had a mean age of 61.12 ± 8.83 years and included 33 (73.3%)
women and 12 (26.7%) men, with a mean BMI of 24.6 ± 2.11 kg/m2. Thirteen patients
(32.5%) had pulmonary involvement (interstitial lung disease and/or pulmonary hyperten-
sion). All patients had ulcers on their fingertips and presented stiffness and loss of joint
function due to flexion contractures caused by skin retraction. The included patients had a
mean DHI value of 28.5 ± 10.4, with a mean perceived pain of 5.52 ± 1.22 points on the
NRS. Finally, the mean value of the PSST scale was 24.32 ± 4.14, and of the SF-36 scale,
57.2 ± 7.98. No statistically significant between-group difference in baseline characteristics
was reported (Table 1).
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Table 1. General characteristics at baseline.

Characteristics
Total

(n = 45)
Treatment Group

(n = 24)
Standard Care Group

(n = 21)
p-Value

Age, mean ± SD 61.12 ± 8.83 61.05 ± 9.3 61.2 ± 8.34 0.96
Sex, n◦ (%)

Male 12 (26.7) 7 (29.1) 5 (23.8) 0.88
Female 33 (73.3) 17 (70.9) 16 (76.2)

BMI (kg/m2), mean ± SD 24.6 ± 2.11 24.3 ± 1.88 25.1 ± 1.55 0.56
DHI, mean±SD 28.5 ± 10.4 28.15 ± 11.0 28.85 ± 9.72 0.82

NRS, mean ± SD 5.52 ± 1.22 5.55 ± 1.2 5.5 ± 1.24 0.89
PSST, mean ± SD 24.32 ± 4.14 24.4 ± 4.0 24.25 ± 4.27 0.90
SF-36, mean ± SD 57.2 ± 7.98 57.05 ± 9.1 57.35 ± 6.66 0.65

DHI: Duruoz Hand Index; NRS: Numerical evaluation scale; PSST: Pressure Sore Status Tool; SF-36: Short Form
Health Survey 36.

Table 2 shows the effects of the combined rehabilitation treatment of immersion
ultrasound therapy and manual therapy in the treatment group at T1. We observed
statistically significant improvements in functional capacity (28.15 ± 11.0 vs. 19.05 ± 8.83;
p < 0.05), pain (5.55 ± 1.2 vs. 2.9 ± 1.09; p < 0.05), and PSST score (24.4 ± 4.0 vs. 16.2 ± 2.36;
p < 0.05). Finally, the QoL did not significantly change at follow-up (SF-36: 57.05 ± 9.1 vs.
52.0 ± 8.75; p = 0.08) (Table 2).

Table 2. Effect of combined treatment of immersion ultrasound therapy and manual therapy in IDUs
in the treatment group.

Characteristics T0 T1 p-Value

DHI, mean ± SD 28.15 ± 11.0 19.05 ± 8.83 <0.05
NRS, mean ± SD 5.55 ± 1.2 2.9 ± 1.09 <0.05
PSST, mean ± SD 24.4 ± 4.0 16.2 ± 2.36 <0.05
SF-36, mean ± SD 57.05 ± 9.1 52.0 ± 8.75 0.08

DHI: Duruoz Hand Index; NRS: Numerical evaluation scale; PSST: Pressure Sore Status Tool; SF-36: Short Form
Health Survey 36.

Table 3 shows the effects of manual therapy alone in the standard care group at T1.
A statistically significant improvement was observed only for the functional capacity of
the hands (28.85 ± 9.72 vs. 23.7 ± 7.68; p < 0.05). No statistically significant improvement
was observed for pain (5.5 ± 1.24 vs. 4.5 ± 1.07; p = 0.08), PSST scale (24.25 ± 4.27 vs.
20.4 ± 4.02; p = 0.16), and quality of life (57.35 ± 6.66 vs. 54.5 ± 6.54; p = 0.18) (Table 3).

Table 3. Effect of manual therapy in IDUs in the standard care group.

Characteristics T0 T1 p-Value

DHI, mean ± SD 28.85 ± 9.72 23.7 ± 7.68 <0.05
NRS, mean ± SD 5.5 ± 1.24 4.5 ± 1.07 0.08
PSST, mean ± SD 24.25 ± 4.27 20.4 ± 4.02 0.16
SF-36, mean ± SD 57.35 ± 6.66 54.5 ± 6.54 0.18

DHI: Duruoz Hand Index; NRS: Numerical evaluation scale; PSST: Pressure Sore Status Tool; SF-36: Short Form
Health Survey 36.

Finally, in Table 4, we compare the results obtained in the treatment group and the
standard care group at T1. From the comparison, in the treatment group compared to the
standard care group, we observed statistically significant improvements in pain (2.9 ± 1.09
vs. 4.5 ± 1.07; p < 0.05) and in the PSST scale (16.2 ± 2.36 vs. 20.4 ± 4.02; p < 0.05)
(Table 4). Furthermore, at the end of the treatment in the treatment group, 15 ulcers (62.5%)
were completely healed, while in the standard care group, only 3 ulcers were completely
healed (14.3%).
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Table 4. Comparison between the treatment group and the standard care group at T1.

Characteristics Treatment Group Standard Care Group p-Value

DHI, mean ± SD 19.05 ± 8.83 23.7 ± 7.68 0.07
NRS, mean ± SD 2.9 ± 1.09 4.5 ± 1.07 <0.05
PSST, mean ± SD 16.2 ± 2.36 20.4 ± 4.02 <0.05
SF-36, mean ± SD 52.0 ± 8.75 54.5 ± 6.54 0.29

DHI: Duruoz Hand Index; NRS: Numerical evaluation scale; PSST: Pressure Sore Status Tool; SF-36: Short Form
Health Survey 36.

4. Discussion

IDUs are common complications in patients with scleroderma [33]. They are very
painful lesions with slow healing that lead to a great deal of disability in affected patients. It
is estimated that 15–25% of patients with SSc have active IDUs [34]. In this study, we aimed
to compare the effectiveness of two different rehabilitation treatments in the management
of IDUs of patients with scleroderma in terms of functional capacity. In addition, the effects
of these interventions on pain, ulcer healing, and QoL were also compared.

Our results showed a significant improvement in the functional capacity of the hand
in both groups. This finding emphasizes the importance of using manual therapy in
combination with pharmacological treatments for the management of IDU in patients
with scleroderma. SSc patients with IDU have reduced hand mobility and increased
global and hand disability compared to those without IDU [35]. Rehabilitation treatment
appears useful in reducing the impact of hand impairments in patients with SSc. Boggi
et al. [26] demonstrated that the combination of connective tissue massage and McMennell’s
joint manipulation proved to be more effective than a program based on daily exercises
performed at home in treating the hands of patients with scleroderma. At the end of the
treatment period, the authors observed an increase in the HAMIS test and the Cochin
Hand Functional Disability Scale, as well as an improvement in mobility, fine movements,
and hand function [26]. On the other hand, Mugii et al. [36] studied the effect of self-
administered finger lengthening in patients with SSc, showing an improvement in the range
of motion in each finger after as early as one month. The authors demonstrated that the
combination of self-stretching exercises can be useful for maintaining the efficacy achieved
with a rehabilitation program supervised by a physiotherapist. In a quasi-experimental
study, the exercise demonstrated positive effects on isometric muscle strength, muscle
function, and hand functional capacity in SSc-related IDU. However, it has shown little
effect on the healing of IDU or Raynaud’s phenomenon [37].

Another finding highlighted in our study was that significant pain relief was obtained
only in the group that received a combination of manual therapy and therapeutic US,
compared to patients treated with manual therapy alone. Pain management is of paramount
importance in patients with IDUs. Moreover, in patients with systemic sclerosis, non-
steroidal anti-inflammatory drugs (NSAIDs), despite their efficacy, should be avoided in
favor of paracetamol and opiates due to their known vascular effects. The cause of pain
in IDUs is tissue ischemia [35], and the pain relief observed in our study could result
from the thermal effect of US. This method, by means of mechanical vibrations, transfers
energy to the tissues, inducing the dilation of blood vessels and increasing cell metabolism
through the supply of oxygen and nutrients. In addition, the thermal effect of US also has
an analgesic action, resulting in changes in pain threshold and tissue viscoelasticity [38,39].

Our study also suggests that ulcer healing seems to be better in the group of patients
undergoing the combined treatment of manual therapy and therapeutic US, compared with
the standard care group. In addition to the vasodilation induced by US, the mechanical
action of this intervention might positively affect the wound tissue by promoting and
stimulating cell proliferation [40]. This finding is in line with a previous case report of a
patient with a large, painful, and infected DU that was treated with low-intensity US three
times a week for 5 min. After 8 weeks from the start of treatment, a decrease in pain score
from 10 to 0 was observed, and complete wound closure after 10 weeks [40].
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Finally, although a greater improvement in SF-36 score was observed in the treatment
group, no significant improvement in quality of life was reported in any group. However,
this finding should not be surprising as the main difficulties patients with systemic sclerosis
complain about are in activities of daily living (ADLs), including walking, cleaning, and
sports training [36]. Hence, although most ADLs involve the use of the hands, the major
limitations in these activities are likely related to other disease-related complications [36].
The strength of our study is that it is the first comparison between two different rehabilita-
tion methods in the management of IDU. Our previous study focused on evaluating the
effectiveness of the combined rehabilitation treatment of manual therapy and therapeutic
US on patients with IDU but lacked a standard care group. However, there are several
limitations to this study. First, the study design increases the risk of bias. Furthermore,
two further limitations are the short follow-up period which, however, would have been
influenced by seasonality, the lack of assessment of the frequency of relapses, and the
efficacy of the treatment over time.

Furthermore, we did not make the comparison with a control group because the ethics
of our department requires that all subjects with IDU undergo therapy. Finally, a rare
disease causes a small sample.

5. Conclusions

In patients with systemic sclerosis, the association between ultrasound and manual
therapy can be considered effective treatment for IDU, pain, and hand motility. It can be
said that ultrasound therapy is safe even if there are ulcers. Manual therapy is essential to
improve motility and for carrying out activities.
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Abstract: The pathogenesis of sarcopenia is multifactorial, including changes in the endocrine
system. Easy-to-perform screening tests can guide the diagnosis of sarcopenia and the rehabilitation
therapeutic conduct, which can act on many physiopathological links. This study was conducted over
a period of 5 months, from April to August 2022, and included 84 patients hospitalized for a period
of 10 days in the Balneal and Rehabilitation Sanatorium Techirghiol for complex physiotherapy,
which included balneotherapy. In dynamics, both at admission and discharge, specific screening
tests for sarcopenia (SARC-F questionnaire, grip strength, testing muscle strength at the level of the
quadriceps, sit-to-stand tests (the time required for five consecutive rises and the number of rises
performed in 30 s)) and the Visual Analogue Scale (VAS) for pain were performed. The study was
conducted according to the norms of deontology and medical ethics. Results: A significant proportion
of patients had a positive result in at least one of the tests for the screening of sarcopenia syndrome.
The most eloquent results were obtained from the statistical analysis of the following parameters
evaluated at admission: the SARC-F questionnaire and the sit-to-stand test—the number of rises in
30 s. In terms of dynamics, after performing the complex rehabilitation treatment, the patients
recorded improvements in the established screening tests and improvements in pain symptoms
evaluated with the help of the VAS. Conclusions: Sarcopenia, a pathology developed with aging,
is frequently encountered among adults. In the future, it is important to perform screening for
sarcopenia in both endocrinology and medical rehabilitation clinics. Good management of sarcopenia
can influence therapeutic conduct and can prevent complications, improving the functional capacity
and the quality of life of the patients.

Keywords: sarcopenia; endocrine substrate; SARC-F; rehabilitation

1. Introduction

The first hypothesis of the study is that sarcopenia is a frequent but underdiagnosed
pathology among adults and the elderly, which is why performing scientifically validated
screening tests is very important. The second study hypothesis supports the endocrine
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physiopathological substrate of sarcopenia and the possibility of obtaining a positive effect
of the complex rehabilitation treatment in optimizing the functionality of the endocrine
glands and the activity of proinflammatory cytokines.

Sarcopenia syndrome is characterized by the progressive loss of muscle mass, strength
and function, starting with the 4th decade of life, in older adults [1]. It is a frequent pathol-
ogy, and its prevalence increases with the aging of the population [2]. This syndrome
represents a health problem that is frequently undiagnosed and has an impact on mor-
bidity, mortality and healthcare expenditure [3]. The causes are multifactorial, involving
the hormonal system, endocrinological decline, fatty infiltration, poor nutrition, alcohol
consumption, smoking, the activity of the inflammatory pathway, neurological decline, loss
of neuromuscular junctions and chronic diseases [1,4]. Sarcopenia is an underestimated
and underdiagnosed pathology among geriatric patients, especially in the case of those
with a history of stroke or malnutrition [5,6].

The consequences of sarcopenia are fatigue, falls, fractures, loss of function, frailty,
loss of independence and disability [1]. For the good management of the progressive loss of
muscle mass, strength and function, personalized and effective strategies for the prevention,
diagnosis from an early stage and treatment of sarcopenia must be adopted [2]. To improve
the functional status, the management of sarcopenia focuses on increasing physical activity
and ensuring adequate nutrition, even from adulthood [1,7].

Since 2016, sarcopenia has been recognized as a disease entity under the following di-
agnostic code: ICD_10_M62.8 [8,9]. Measuring muscle mass is a cornerstone in establishing
the diagnosis. This measurement can be performed by dual-energy X-ray absorptiometry
(DXA), magnetic resonance imaging (MRI) and computed tomography (CT) [10]. Ad-
ditionally, morphological estimates of skeletal muscle can be based on anthropometric
measurements or, in a more modern approach, on ultrasound measurements [4,8].

These methods can be expensive and time-consuming and may require experienced
medical personnel, which is why screening tests must be performed beforehand. Some
useful screening tools will be described in the present study.

The pathogenesis of sarcopenia can be supported by the increased levels of tu-
mor necrosis factor alpha (TNF-α) that occur with aging, being associated with the loss
of muscle fibers and apoptosis [11]. Also, high concentrations of interleukin 6 (IL-6)
may play an important role in modulating the inflammatory pathway during skeletal
muscle loss [12].

The changes in the endocrine system that occur with age could be trigger factors
for sarcopenia because the endocrine system has complex interactions with skeletal mus-
cles, contributing to muscle development and the modulation of muscle strength [13].
The decline of hormones that maintain muscle (insulin-like growth factor (IGF-1), de-
hydroepiandrosterone sulfate (DHEA-S), testosterone, estrogen) can contribute to the
appearance of sarcopenia [13]. The hypothalamic–pituitary–adrenal axis becomes dysfunc-
tional with age, causing the adrenal cortex to release more glucocorticoids that induce a
decrease in protein synthesis by affecting myostatin and IGF-1 [13]. Vitamin D deficiency
can increase the risk of sarcopenia. Several hypotheses claim that supplementation with
vitamin D can be effective in reaching and treating this syndrome.

A study published in 2011 demonstrates that sapropelic mud therapy influences the
serum level of proinflammatory cytokines. The patients selected in the study with increased
values of TNF-α, IL-1β and IL-6 recorded normal values at discharge, after ten days
of treatment [10].

The findings show that the clinical benefits of balneotherapy in musculoskeletal
disease patients may be mediated by an anti-inflammatory effect. A decrease in circu-
lating IL-6 levels was noticed, as were beneficial improvements in pain decrease and
patient functionality [14].

Currently, due to the lack of knowledge and due to the multifactorial genesis, the
approach for a patient with sarcopenia is not based on basic etiopathogenesis, and the
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manifestations of sarcopenia are frequently masked by the multiple comorbidities that
elderly patients may have [13,15].

The main objectives of this study were to demonstrate the importance of screening
tests and to evaluate the impact of multimodal rehabilitation treatment on patients with
sarcopenia, a pathology with an endocrine morphological substrate.

2. Methods

2.1. Study Design

This was a prospective, longitudinal, before–after study conducted over a period
of 5 months, from April to August 2022, in a representative unit in the field of medical
rehabilitation in Romania.

2.2. Subjects

The study included 84 patients, aged between 50 and 79 years, hospitalized for 10 days in
Techirghiol Balneal and Rehabilitation Sanatorium for balneary–physical–kinetic treatment.

The inclusion criteria for the patients were as follows:

- Hospitalized in Balneal and Rehabilitation Sanatorium Techirghiol for musculoskeletal
disorders;

- Aged between 50 and 79 years;
- Conscious, cooperative;
- The possibility of performing all the pre-established screening tests.

The exclusion criteria for the patients were as follows:

- Outpatient treatment for musculoskeletal disorders;
- Age outside the selected range;
- Uncooperative patients;
- Comorbidities associated with the impossibility of performing all the pre-established

screening tests.

2.3. Intervention

The patients were evaluated, by screening tests, in dynamics, both at admission
and discharge to observe the impact of complex rehabilitation treatment on muscle mass,
strength and function in the context of sarcopenia.

The rehabilitation treatment performed by the patients was standard, according to the
existing treatment protocols at the level of the medical unit and the national and interna-
tional balneological approach. The interventional treatment included 10 daily sessions of
hydrokinetotherapy and hydrothermotherapy using specific natural environmental factors,
namely sapropelic mud and salt water from Techirghiol Lake, as well as artificial physical
agents such as electrotherapy, massage and of course exercise therapy.

The baths in the salty water of Lake Techirghiol (at 35 ◦C) and mud baths (at 38 ◦C)
were alternated daily, for a period of 20 min. The hydrokinetotherapy was performed on
the recommendation of the rehabilitation doctor and under the guidance and supervision
of the rehabilitation assistant. At the recommendation of the rehabilitation doctor, each
patient performed, depending on the associated musculoskeletal pathology, three elec-
trotherapy procedures daily. Massage and exercise therapy were performed on the doctor’s
recommendation by the rehabilitation assistant, daily. For each patient included in the
study, the same therapeutic objectives were respected to obtain a similar functional impact.

2.4. Measures

The SARC-F questionnaire, specific functional tests for sarcopenia and the Visual
Analogue Scale were performed and analyzed. The study protocol is presented in Figure 1.
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Figure 1. Protocol timeline of the study.

The SARC-F questionnaire is a screening tool, easy to use in daily practice, made up
of 5 questions (strength, walking assistance, lifting from a chair, climbing stairs, falling) [3].
Both at admission and at discharge, on day 1 and day 10, the patients completed the
questionnaire and evaluated each question with 0–2 points. A score greater than or equal
to 4 gives a positive result in the screening test performed with the help of this tool [3].

Other sarcopenia screening tools that evaluate muscle strength and performance are
represented by grip strength (assessed with a dynamometer), testing muscle strength at the
level of the quadriceps, sit-to-stand tests (the time required for five consecutive rises and
the number of rises performed in 30 s).

Both at admission and at discharge, a subjective evaluation method that depends on
the evaluator was used to evaluate quadriceps strength. On the first day and last day of
hospitalization, the patient performed a calf extension while sitting, with the knee flexed at
90◦ and the leg outside the table, while the doctor put resistance on the lower third of the
calf. This test was performed to assess if the patient had low muscle strength at this level.

The grip strength was evaluated with the help of a digital hand dynamometer at the
level of the dominant hand both at admission (day 1) and at discharge (day 10). Suggestive
values for sarcopenia depend on the sex of the patient. Positive screening for sarcopenia
was considered <16 kg for women and <27 kg for men [7].

Sit-to-stand tests were performed both at admission (first day) and at discharge (last
day). The patients were asked to stand up and sit on a chair with feet about shoulder
width apart and the arms crossed at the wrist and held against the chest. The time taken
to rise from the chair 5 times was recorded. A value greater than 15 s provided a positive
screening for sarcopenia [7]. The second test consisted in counting the rises performed in
30 s. The positive screening depended on the patient’s sex and age (Table 1).

Table 1. Positive screening for sarcopenia by using sit-to-stand test—the number of rises in 30 s.

Age Male Female

50–54 years old <16 rises <14 rises

55–59 years old <15 rises <13 rises

60–64 years old <14 rises <12 rises

65–69 years old <12 rises <11 rises

70–74 years old <12 rises <10 rises

75–79 years old <11 rises <10 rises

In order to observe how many patients in the investigated group had a positive
screening for sarcopenia, all five tests were performed.

The Visual Analogue Scale represents a subjective method for chronic and acute pain
assessment [16]. This scale, which is easy and quick to perform, was applied to all the
patients included in the study. To evaluate if the rehabilitation treatment improved the pain
syndrome, patients were verbally asked by the clinician where the pain is on a scale from 0
(no pain) to 10 (worst pain imaginable), both at admission and at discharge.
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2.5. Data Analysis

Each screening test performed at admission was analyzed as follows:

• In relation to certain fixed parameters (sex, environment, age, weight status);
• In relation to the Visual Analogue Scale (VAS) at admission/discharge;
• In relation to the other screening tests performed at admission;
• In relation to the result obtained in the same screening test at discharge (dynamic

evaluation by performing a statistical association).

Statistical correlations were determined to identify the parameters of the screening
tests that correlate best, as well as which screening test is more suggestive of sarcopenia.

The statistical analysis was performed using IBM SPSS statistics software version 23.
The following tests were used in the statistical analysis of the obtained data: Wilcoxon
signed-rank test and Z test for associations, chi-square test and Spearman’s rank-order
for correlations.

The study protocol was designed in accordance with the ethical guidelines of the Dec-
laration of Human Rights and was approved by the Techirghiol Balneal and Rehabilitation
Sanatorium Ethics Committee.

3. Results

Of the 84 analyzed patients, 61% were women, 82.1% were from urban areas, and
47.6% were aged between 50 and 59 years. It was found that 85.71% of the investigated
patients were positive in at least one screening test performed for sarcopenia. Statistically
significant associations and correlations were observed between the performed screening
tests and between them and the rest of the evaluated parameters.

3.1. Results Obtained According to Each Screening Test

(1) SARC-F questionnaire is suggestive of sarcopenia when a value higher than 4
is obtained. A percentage of 27.38% of patients had a positive screening for sarcopenia
through the SARC-F questionnaire at admission (Figure 2).

Figure 2. Schematic description of the SARC-F questionnaire (total), performed at admission.
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The evaluation of the SARC-F questionnaire at discharge, after the complex rehabil-
itation treatment was performed, identified 13.10% of the total analyzed patients with a
positive screening for sarcopenia. The association between SARC-F (total) at admission
and discharge using the Wilcoxon signed-rank test and the Z test was statistically relevant
(Figure 3).

Figure 3. SARC-F (total) at admission and discharge.

The Wilcoxon signed-rank test determined that there was a statistically significant
median decrease in SARC-F (total) score at admission (2.50) compared to SARC-F (total)
score at discharge (1.00), Z = −5.456, p < 0.0001.

(2) The testing of muscle strength at the level of the quadriceps was performed accord-
ing to the MRC scale (Medical Research Council Scale for Power of Muscle). A percentage
of 40.48% of the evaluated patients recorded decreases in muscle strength (Figure 4).

Figure 4. Schematic description of the muscle strength assessed at the level of the quadriceps (MRC
Scale), performed at admission.
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The evaluation of muscle strength at the quadriceps level at discharge confirms that
30.95% of the total 84 patients registered a decrease in muscle strength. The association
between quadriceps muscle strength at admission and discharge using the Wilcoxon signed-
rank test and Z test has no statistical significance (Figure 5).

Figure 5. Muscle strength at the level of the quadriceps at admission and discharge.

The Wilcoxon signed-rank test showed that at discharge, the treatment did not elicit
a statistically significant change in testing muscle strength at the level of the quadriceps
(Z = −1.633, p = 0.102). Indeed, the median score rating was the same at admission and
at discharge.

(3) The evaluation of the grip strength at the level of the dominant hand was performed
with the help of a dynamometer. It is observed that 14.29% of the patients registered values
compatible with sarcopenia at admission (Figure 6).

Figure 6. Schematic description of the grip strength at the level of dominant hand, performed
at admission.
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At discharge, 11.9% of patients had a positive screening for sarcopenia through this
evaluation method. The association of the grip strength at admission and at discharge
using the Wilcoxon signed-rank test and the Z test was statistically significant (Figure 7).

Figure 7. Grip strength at admission and discharge.

The Wilcoxon signed-rank test determined that there was a statistically significant
median increase in grip strength (kg) at admission compared to grip strength (kg) at
discharge, Z = −2.958, p < 0.0001.

(4) Performing the sit-to-stand test (the time required for five consecutive rises)
recorded a positive screening for sarcopenia (>15 s) in 25% of patients (Figure 8).

Figure 8. Schematic description of the sit-to-stand test (time required for 5 rises), performed
at admission.

Performing the sit-to-stand test (the time required for five consecutive rises) at dis-
charge recorded values for sarcopenia in 14% of cases. The association of this parameter at
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admission and at discharge using the Wilcoxon signed-rank test and Z test had statistical
significance (Figure 9).

Figure 9. The time required for five consecutive rises at admission and discharge. */�—cohort.

The Wilcoxon signed-rank test determined that there was a statistically significant me-
dian decrease in the time required for five consecutive rises at admission (12.65) compared
to the time required for five consecutive rises at discharge (12.00), Z = −4.468, p < 0.0001.

(5) The interpretation of the results of the sit-to-stand test (the number of rises in 30 s)
depends on the patient’s sex and age (Table 1).

This test used as a screening method for sarcopenia was positive for 76.19% of the
84 evaluated patients (Figure 10).

Figure 10. Schematic description of the sit-to-stand test (number of rises in 30 s), performed
at admission.

At discharge, 57.14% of patients had a positive screening for sarcopenia through the
sit-to-stand test (the number of rises in 30 s). The association of this parameter at admission
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and at discharge using the Wilcoxon signed-rank test and Z test had statistical significance
(Figure 11).

Figure 11. The sit-to-stand test (number of rises in 30 s) at admission and discharge.

The Wilcoxon signed-rank test determined that there was a statistically significant
median increase in the sit-to-stand test (the number of rises in 30 s) at admission (11.00) com-
pared to the sit-to-stand test (the number of rises in 30 s) at discharge (12.00),
Z = −5.405, p < 0.0001.

3.2. VAS Scores in Dynamics (Statistical Association)

The VAS scores obtained at admission and discharge were associated and evaluated
using the Wilcoxon signed-rank test and the Z test. The results obtained showed that the
algo-dysfunctional syndrome evaluated with the help of the Visual Analogue Scale (VAS),
present at admission, improved during hospitalization, with significant relief of the pain
(Figure 12).

Figure 12. VAS score at admission and discharge.

The Wilcoxon signed-rank test determined that there was a statistically significant
median decrease in VAS score at admission (7.00) compared to VAS score at discharge
(3.00), Z = −7.960, p < 0.0001.

3.3. Relevant Statistical Correlations Identified between the Associated Parameters

(1) By performing chi-square tests, it was observed that there was a statistically
significant association between sex and grip strength (kg) at admission (p = 0.000 < 0.05),
sex and the sit-to-stand test (the time required for five consecutive rises (seconds)) at
admission (p = 0.011 < 0.05) and sex and the sit-to-stand test (the number of rises in 30 s) at
admission (p = 0.016 < 0.05) (Tables 2–4).
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Table 2. Sex grip strength dominant hand (kg) at admission.

Grip Strength Dominant Hand (kg) at
Admission Total

0–20 kg 20.1–35.5 kg >35.5 kg

Sex
Female

Count 12 38 1 51
% of Total 14.3% 45.2% 1.2% 60.7%

Male
Count 1 13 19 33

% of Total 1.2% 15.5% 22.6% 39.3%

Total
Count 13 51 20 84

% of Total 15.5% 60.7% 23.8% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 35.537 2 0.000

Table 3. Sex required time for five rises at admission (s).

Required Time for Five Rises at Admission (s)
Total

0–9 s 10–15 s 16–20 s >20 s

Sex
Female

Count 1 31 13 6 51
% of Total 1.2% 36.9% 15.5% 7.1% 60.7%

Male
Count 4 26 3 0 33

% of Total 4.8% 31.0% 3.6% 0.0% 39.3%

Total
Count 5 57 16 6 84

% of Total 6.0% 67.9% 19.0% 7.1% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 11.143 3 0.011

Table 4. Sex total number of rises in 30 s at admission.

Total Number of Rises in 30 s at Admission
Total

<5 Rises 5–10 Rises 11–15 Rises >15 Rises

Sex
Female

Count 1 26 23 1 51
% of Total 1.2% 31.0% 27.4% 1.2% 60.7%

Male
Count 0 6 26 1 33

% of Total 0.0% 7.1% 31.0% 1.2% 39.3%

Total
Count 1 32 49 2 84

% of Total 1.2% 38.1% 58.3% 2.4% 100.0%
Chi-Square Tests

Value df p
Pearson

Chi-Square 10.299 3 0.016

(2) By performing chi-square tests, it was observed that there was a statistically signifi-
cant association between age and quadriceps muscle strength at discharge
(p = 0.024 < 0.05) and between age and the sit-to-stand test (the number of rises in
30 s) at discharge (p = 0.002 < 0.05) (Tables 5 and 6).

(3) By performing chi-square tests, relevant statistical correlations were identified
between weight status and the sit-to-stand test (the number of rises in 30 s) at admission
(p = 0.000 < 0.05).

(4) By performing chi-square tests and Spearman’s rank-order correlation, relevant
statistical correlations were identified between the SARC-F (total) and the other established
tests of screening.
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Table 5. Age quadriceps muscle strength at discharge.

Quadriceps Muscle Strength at Discharge
Total

5 −5 4 −4

Age

50–59
Count 32 8 0 0 40

% of Total 38.1% 9.5% 0.0% 0.0% 47.6%

60–69
Count 25 3 0 0 28

% of Total 29.8% 3.6% 0.0% 0.0% 33.3%

70–79
Count 10 3 2 1 16

% of Total 11.9% 3.6% 2.4% 1.2% 19.0%

Total
Count 67 14 2 1 84

% of Total 79.8% 16.7% 2.4% 1.2% 100.0%
Chi-Square Tests

Value df p
Pearson

Chi-Square 14.570 6 0.024

Table 6. Age total number of rises in 30 s at discharge.

Total Number of Rises in 30 s at Discharge
Total

<5 Rises
5–10
Rises

11–15
Rises

>15
Rises

Age

50–59
Count 1 9 28 2 40

% of Total 1.2% 10.7% 33.3% 2.4% 47.6%

60–69
Count 0 6 13 9 28

% of Total 0.0% 7.1% 15.5% 10.7% 33.3%

70–79
Count 0 10 5 1 16

% of Total 0.0% 11.9% 6.0% 1.2% 19.0%

Total
Count 1 25 46 12 84

% of Total 1.2% 29.8% 54.8% 14.3% 100.0%
Chi-Square Tests

Value df p
Pearson

Chi-Square 21.278 6 0.002

Statistically significant associations were found between SARC-F (total) at admission
and quadriceps muscle strength at admission (p = 0.002 < 0.05), SARC-F (total) at admission
and grip strength (kg) at admission (p = 0.000 < 0.05), SARC-F (total) at admission and
the sit-to-stand test (the time required for five consecutive rises (seconds)) at admission
(p = 0.000 < 0.05) and SARC-F (total) at admission and the sit-to-stand test (the number of
rises in 30 s) at admission (p = 0.013 < 0.05) (Tables 7–10).

Table 7. SARC-F total at admission quadriceps muscle strength at admission.

Quadriceps Muscle Strength at
Admission Total

5 −5 4 −4

SARC-F
Total at

admission

0–3
Count 51 6 5 0 62

% of Total 60.7% 7.1% 6.0% 0.0% 73.8%

4–7
Count 8 5 3 1 17

% of Total 9.5% 6.0% 3.6% 1.2% 20.2%

8–12
Count 1 1 2 1 5

% of Total 1.2% 1.2% 2.4% 1.2% 6.0%

Total
Count 60 12 10 2 84

% of Total 71.4% 14.3% 11.9% 2.4% 100.0%
Chi-Square Tests

Value df p
Pearson

Chi-Square 21.466 6 0.002

69



Medicina 2023, 59, 1238

Table 8. SARC-F total at admission grip strength dominant hand (kg) at admission.

Grip Strength Dominant Hand (kg) at
Admission Total

0–20 kg 20.1–35.5 kg >35.5 kg

SARC-F
Total at

admission

0–3
Count 3 43 16 62

% of Total 3.6% 51.2% 19.0% 73.8%

4–7
Count 5 8 4 17

% of Total 6.0% 9.5% 4.8% 20.2%

8–12
Count 5 0 0 5

% of Total 6.0% 0.0% 0.0% 6.0%

Total
Count 13 51 20 84

% of Total 15.5% 60.7% 23.8% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 35.363 4 0.000

Table 9. SARC-F total at admission required time for five rises at admission (s).

Required Time for Five Rises at
Admission (s) Total

0–9 s 10–15 s 16–20 s >20 s

SARC-F
Total at

admission

0–3
Count 4 47 11 0 62

% of Total 4.8% 56.0% 13.1% 0.0% 73.8%

4–7
Count 1 10 3 3 17

% of Total 1.2% 11.9% 3.6% 3.6% 20.2%

8–12
Count 0 0 2 3 5

% of Total 0.0% 0.0% 2.4% 3.6% 6.0%

Total
Count 5 57 16 6 84

% of Total 6.0% 67.9% 19.0% 7.1% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 32.336 6 0.000

Table 10. SARC-F total at admission total number of rises in 30 s at admission.

Total Number of Rises in 30 s at
Admission Total

<5
Rises

5–10
Rises

11–15
Rises

>15
Rises

SARC-F
Total at

admission

0–3
Count 0 19 42 1 62

% of Total 0.0% 22.6% 50.0% 1.2% 73.8%

4–7
Count 1 8 7 1 17

% of Total 1.2% 9.5% 8.3% 1.2% 20.2%

8–12
Count 0 5 0 0 5

% of Total 0.0% 6.0% 0.0% 0.0% 6.0%

Total
Count 1 32 49 2 84

% of Total 1.2% 38.1% 58.3% 2.4% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 16.096 6 0.013

A Spearman’s rank-order correlation was run to determine the relationship between
SARC-F (total) at admission and grip strength (kg) at admission/the sit-to-stand test (the
time required for five consecutive rises (seconds)) at admission /the sit-to-stand test (the
number of rises in 30 s) at admission.

There was a moderate, negative correlation between SARC-F (total) at admission and
grip strength (kg) at admission, which was statistically significant (p < 0.001); a moderate,
positive correlation between SARC-F (total) at admission and the sit-to-stand test (the time
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required for five consecutive rises (seconds)) at admission, which also was statistically
significant (p < 0.001); and a moderate, negative correlation between SARC-F (total) at
admission and the sit-to-stand test (the number of rises in 30 s) at admission, which also
was statistically significant (p < 0.001) (Table 11).

Table 11. Spearman’s rank-order correlation between SARC-F (total) at admission and other parameters.

Nonparametric Correlations

Correlations

Grip Strength
Right Hand (kg)

at Admission

Required Time
for Five Rises at
Admission (s)

Total Number of
Rises in 30 s at

Admission

Spearman’s
rho

SARC-F
Total at

admission

Correlation
Coefficient −0.409 0.496 −0.484

Sig. (2-tailed) 0.000 0.000 0.000

N 84 84 84

There was a statistically significant association between SARC-F (total) at discharge
and quadriceps muscle strength at discharge (p = 0.002 < 0.05), SARC-F (total) at discharge
and grip strength (kg) at discharge (p = 0.001 < 0.05), SARC-F (total) at discharge and
the sit-to-stand test (the time required for five consecutive rises (seconds)) at discharge
(p = 0.000 < 0.05) and between SARC-F (total) at discharge and the sit-to-stand test (the
number of rises in 30 s) at discharge (p = 0.001 < 0.05) (Tables 12–15).

Table 12. SARC-F total at discharge quadriceps muscle strength at discharge.

Quadriceps Muscle Strength at Discharge
Total

5 −5 4 −4

SARC-F
Total at

discharge

0–3
Count 60 8 2 0 70

% of Total 71.4% 9.5% 2.4% 0.0% 83.3%

4–7
Count 4 6 0 1 11

% of Total 4.8% 7.1% 0.0% 1.2% 13.1%

8–12
Count 3 0 0 0 3

% of Total 3.6% 0.0% 0.0% 0.0% 3.6%

Total
Count 67 14 2 1 84

% of Total 79.8% 16.7% 2.4% 1.2% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 21.221 6 0.002

Table 13. SARC-F total at discharge grip strength dominant hand (kg) at discharge.

Grip Strength Dominant Hand (kg)
at Discharge Total

0–20 kg 20.1–35.5 kg >35.5 kg

SARC-F
Total at

discharge

0–3
Count 8 40 22 70

% of Total 9.5% 47.6% 26.2% 83.3%

4–7
Count 4 6 1 11

% of Total 4.8% 7.1% 1.2% 13.1%

8–12
Count 3 0 0 3

% of Total 3.6% 0.0% 0.0% 3.6%

Total
Count 15 46 23 84

% of Total 17.9% 54.8% 27.4% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 19.365 4 0.001
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Table 14. SARC-F total at discharge required time for five rises at discharge (s).

Required Time for Five Rises at
Discharge (s) Total

0–9 s 10–15 s 16–20 s >20 s

SARC-F
Total at

discharge

0–3
Count 18 47 4 1 70

% of Total 21.4% 56.0% 4.8% 1.2% 83.3%

4–7
Count 0 6 3 2 11

% of Total 0.0% 7.1% 3.6% 2.4% 13.1%

8–12
Count 0 1 0 2 3

% of Total 0.0% 1.2% 0.0% 2.4% 3.6%

Total
Count 18 54 7 5 84

% of Total 21.4% 64.3% 8.3% 6.0% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 33.608 6 0.000

Table 15. SARC-F total at discharge total number of rises in 30 s at discharge.

Total Number of Rises in 30 s at Discharge
Total<5 Rises 5–10 Rises 11–15 Rises >15 Rises

SARC-F
Total at

discharge

0–3
Count 0 15 43 12 70

% of Total 0.0% 17.9% 51.2% 14.3% 83.3%

4–7
Count 1 7 3 0 11

% of Total 1.2% 8.3% 3.6% 0.0% 13.1%

8–12
Count 0 3 0 0 3

% of Total 0.0% 3.6% 0.0% 0.0% 3.6%

Total
Count 1 25 46 12 84

% of Total 1.2% 29.8% 54.8% 14.3% 100.0%
Chi-Square Tests

Value df p
Pearson Chi-Square 23.612 6 0.001

A Spearman’s rank-order correlation was run to determine the relationship between
SARC-F (total) at discharge and grip strength (kg) at discharge/the sit-to-stand test (the
time required for five consecutive rises (seconds)) at discharge/the sit-to-stand test (the
number of rises in 30 s) at discharge.

There was a moderate, negative correlation between SARC-F (total) at discharge and
grip strength (kg) at discharge, which was statistically significant (p < 0.001); a weak,
positive correlation between SARC-F (total) at discharge and the sit-to-stand test (the time
required for five consecutive rises (seconds)) at discharge, which also was statistically
significant (p < 0.001); and a moderate, negative correlation between SARC-F (total) at
discharge and the sit-to-stand test (the number of rises in 30 s) at discharge, which also was
statistically significant (p < 0.001) (Table 16).

Table 16. Spearman’s rank-order correlation between SARC-F (total) at discharge and other parameters.

Grip Strength
Dominant

Hand (kg) at
Discharge

Required
Time for Five

Rises at
Discharge (s)

Total Number of
Rises in 30 s at

Discharge

Spearman’s
rho

SARC-F Total
at discharge

Correlation
Coefficient −0.494 0.378 −0.479

Sig. (2-tailed) 0.000 0.000 0.000

N 84 84 84

4. Discussion

It is important to have a screening strategy that allows the detection of sarcopenia in the
early stages because it is extremely difficult to regain the already lost skeletal muscle mass.
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An ideal screening test must be useful, valid, reliable and also cost-effective. Screening
strategies can be carried out through several tools, and it is necessary to identify which is
the most effective way to detect sarcopenia and to choose some methods optimal for the
prevention and treatment of this pathology [3].

The evaluation and diagnosis of sarcopenia can represent a new objective in defining
the incidence and prevalence of this pathology, which is why it is necessary to establish
a solid and comprehensive algorithm. Refinement of the algorithm and its use in current
practice can represent a tool for monitoring progress [4].

The results of the study demonstrated that our objectives were achieved, the screening
tests proved their usefulness in identifying sarcopenia, and rehabilitation treatment can
have an effect on sarcopenia through the possible effects on the endocrine system.

To our knowledge, this is the only study using balneotherapy for sarcopenic patients.
Other studies which applied physiotherapy as a therapeutic intervention had good results
for exercise therapy, while other methods were not largely studied [3,15,17–20].

In this study, it was observed that although 85.71% of the patients were positive in at
least one screening test, none were previously investigated for sarcopenia, and also none of
them had a diagnosis of sarcopenia in their pathological history. A percentage of 27.38%
of the evaluated patients had a positive screening for sarcopenia through the SARC-F
questionnaire at admission. A percentage of 40.48% of the patients recorded decreases in
the testing of muscle strength at the level of the quadriceps at admission. It is observed that
14.29% of the patients registered values compatible with sarcopenia in the evaluation of
grip strength at the level of the dominant hand. The time required for five consecutive rises
in the sit-to-stand test recorded a positive screening for sarcopenia for 25% of the patients.
The number of rises in 30 s in the sit-to-stand test as a screening method for sarcopenia was
positive for 76.19% of the evaluated patients.

The dynamic assessment of screening tests, both at admission and discharge, suggests
that complex rehabilitation treatment can have an impact on sarcopenia. The decrease in
the SARC-F (total) score at discharge indicates an improvement in functionality. This may
be due to the decrease in the algo-functional syndrome and the increase in general muscle
strength after performing the complex rehabilitation treatment. The testing of quadriceps
muscle strength did not register considerable changes because this method is subjective
and the improvements are difficult to quantify. The muscle strength measured with the
dynamometer recorded a statistically significant increase. This method of evaluation uses
a standard technique, devoid of subjectivity. The sit-to-stand tests (the time required
for five consecutive rises and the number of rises in 30 s) were shortened at discharge,
which indicates an increase in muscle strength and resistance following the complex
treatment performed during hospitalization. These improvements can be due to both
the hormonal implications (that complex rehabilitation treatment has through the use of
natural therapeutic factors) and kinesiotherapy.

It was observed that evaluation of the Visual Analogue Scale (VAS) at discharge
recorded improvements, with significant relief of the pain. Protocols that combine spe-
cific rehabilitation treatments with balneotherapy, including hydrotherapy, mud baths
and exercise in hot thermal mud, could reduce pain and disability in patients identified
as responders [21].

Relevant statistical correlations were identified between the associated parameters.
The general muscle strength evaluated both at the level of the upper limbs and the lower
limbs is related to sex. The endocrine system plays an important role, making the connection
between the level of testosterone and estrogen in both sexes and the decline of muscle
strength. There is a close relationship between age and muscle strength in the lower limbs.
At discharge, the patients in the lower age ranges recorded improvements in the functional
tests. This fact can be explained by hormonal status in relation to the patient’s age. Most
of the investigated patients have an increased body mass index. The obtained results
support the concept of sarcopenic obesity from the literature [22–26]. Thus, the excess
representation of adipose tissue can influence functionality.

73



Medicina 2023, 59, 1238

It was found that the SARC-F questionnaire correlates, both at admission and dis-
charge, with all other screening tests. Considering this, in daily practice, only the SARC-F
questionnaire and the number of rises performed in 30 s in the sit-to-stand test can be used
for the screening of sarcopenia.

The tests indicated for the diagnosis of sarcopenia can be performed for all coopera-
tive, conscious patients who have multiple associated diseases. Likewise, rehabilitation
treatments that use artificial and natural physical agents can be recommended to patients
with kidney, liver or heart damage, without determining the side effects of drug treat-
ments [7–10,13,20,21] The physical factors recommended in physical and rehabilitation
medicine are considered environmentally friendly alternatives compared to drugs for the
treatment of various pathologies [7,10].

4.1. Limitations of the Study

Because the screening does not always confirm the diagnosis and more advanced
diagnostic methods are needed, no control group was established. The lack of a control
group can be considered a limitation of the study, along with the high costs that advanced
sarcopenia diagnostic methods can have. Another limitation of the study is that no studies
were found in the literature about sarcopenia and complex rehabilitation treatment that
includes balneotherapy, which could have an impact on the endocrine system.

4.2. Applications and Suggestions for Future Research

In the future, performing screening tests in endocrinology and medical rehabilitation
clinics can guide the establishment of diagnosis and treatment of sarcopenia. Even though
there have been efforts to standardize a blood test kit for sarcopenia, there is currently no
such kit in use in clinical settings [18]. For future studies, a larger number of patients, a
control group and more diagnostic methods will be used.

5. Conclusions

The interpretation of our findings demonstrates that the results of the study support
the hypothesis, that the screening tests, which are easy to perform routinely, prove their
usefulness in the diagnosis of sarcopenia and that multimodal rehabilitation treatment has
an effect on sarcopenia, improving the results of the screening tests.

The link that sarcopenia creates between endocrinology and medical rehabilitation is
based on the hormonal changes that balneal treatment with natural environmental factors
and kinesiotherapy can induce. The screening tests—SARC-F questionnaire, grip strength
(assessed with a dynamometer), testing muscle strength at the level of the quadriceps,
and sit-to-stand tests (the time required for five consecutive rises and the number of rises
performed in 30 s)—are easy to perform in a short time, are reliable and have minimal
costs. The main parameters analyzed at admission with statistically significant results
were the SARC-F questionnaire and the number of rises performed in 30 s in the sit-to-
stand test, which confirms the importance of screening by these methods in the evaluation
of sarcopenia. Positive statistical variations following the therapeutic intervention were
obtained for all the parameters included in the research, except the muscle strength at
the level of the quadriceps, which underlines the importance of rehabilitation treatment
in sarcopenia.

Screening can be easily performed in both endocrinology and medical rehabilitation
clinics, and it can guide the conduct of diagnosis and treatment of sarcopenia (food supple-
ments/hormonal supplements/increasing muscle strength with kinesiotherapy/balneal
treatment with natural environmental factors). Sarcopenia has an endocrine morphological
substrate with multiple functional implications. The approach to this pathology must
be multidisciplinary.
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Abstract: Background: Pressure ulcers are a public health problem given the impact that they have
on morbidity, mortality and the quality of life and participation of patients who suffer from them.
Therefore, the main objective of this study was to evaluate the presence of differences in the radiofre-
quency parameters applied to complex pressure ulcers throughout the sessions and between the right
and left leg. As a secondary objective, the subjective perceptions of the effects of the treatment by
both the patients and the practitioner were analyzed. Methods: We performed a secondary analysis of
data from a prospective study involving 36 patients from the Hospital de Guadarrama in Madrid,
Spain, who presented ulcers in the lower limbs. Ten treatment sessions of radiofrequency were
administered with a frequency of one session/week, collecting the data referring to the variables in
each of the sessions. The main outcome variables were the radiofrequency parameters automatically
adjusted in each session and that referred to the frequency (Hz), maximum and average power
(W), absorbed energy by the ulcer (J/cm2) and temperature (◦C) reached by the tissues. On the
other hand, the subjective perception of the results was evaluated using the Global Response As-
sessment (GRA), a Likert-type scale that scores the treatment results from 1 (significantly worse)
to 5 (significantly better). Likewise, the satisfaction of both the patients and the professional were
evaluated using a 10-point numerical scale. Results: The ANOVA test showed significant differences
(p < 0.05) throughout the sessions except in patient satisfaction. The ANOVA test showed significant
differences (p < 0.05) between both legs and over time in all parameters except for frequency. The
presence of significant differences (p < 0.05) was observed over time between legs compared to the
initial values in the absorbed energy and in temperature, with higher final values in the absorbed
energy in the left leg compared to the right (26.31 ± 3.75 W vs. 17.36 ± 5.66 W) and a moderate effect
on both (R2 = 0.471 and 0.492, respectively). The near absence of changes in the satisfaction of both
the patients and the professional was observed, while the score in the GRA decreased continuously
throughout the sessions. Conclusions: Radiofrequency parameters are indicative of an improved
clinical response to ulcers. In addition, higher radiofrequency exposure increases healing capacity.
However, the subjective perception of treatment outcomes worsened, which may be related to the
chronic nature of the ulcers, leading to patients’ expectations not being met.
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1. Introduction

Pressure ulcers are a public health problem given the impact that they have on morbid-
ity, mortality and the quality of life and participation of patients who suffer with them [1].
The prevalence in Spain is around 7.9% in adults, whereby 65.6% of which are of noso-
comial origin; in the United States, they are suffered by some 2.5 million individuals,
with percentages ranging between 5% and 15% [1,2]. The classification of these injuries is
based on tissue damage from level I with superficial red areas to level IV with significant
skin damage that may involve bone, tendon or joint capsule [3]. These hospital-acquired
pressure injuries (HAPIs) can lead to chronic wounds, contractures, osteomyelitis, loss of
limbs and sepsis, and cause about 60,000 deaths per year [2].

The annual cost of this type of injury is between USD 3.3 billion and USD 11 billion per
year and can be as high as USD 26.8 billion in the most advanced stages of HAPI, making
the cost per patient about USD 10,708, and each hospital episode costs between USD 500
and more than USD 70,000 in the United States [2].

In diabetic patients, the prevalence of distal ulcers in the lower limbs is between 19%
and 34%, being one of the main complications of this pathology. These lesions account for
one third of the diabetic patient’s expenses, reaching a total annual expenditure of USD
176 billion; however, despite this high cost, 20% of patients continue to have ulcers after
one year of treatment [4].

Given the impact on people’s lives and the cost that pressure ulcers and their com-
plications represent for the healthcare system, prevention should be the most efficient
method for dealing with them [1], considering taking measures to address risk factors
such as limited movement, the elderly and prolonged embedding [5]. However, the high
prevalence makes it necessary to develop and implement treatment methods that limit the
process by accelerating recovery and avoiding the appearance of the complications.

In healthy subjects without affectation of the sensory, motor and mental areas, the
maintenance of static positions leads to posture modification; however, this does not happen
in those patients with alteration of any of the mentioned spheres, causing pressures higher
than the filling pressure of the arterial capillaries and higher than the outflow pressure of
the venous capillaries to produce tissue hypoxia, resulting in ischemia, tissue damage and
subsequent necrosis [6,7].

These lesions can take decades to heal or even fail to heal, which can have an impact
on people’s lives, leading to the appearance of secondary diseases such as depression or
family distress [8]; however, there are no studies on electrotherapy that analyze factors such
as quality of life, depression or the perceived effectiveness of the treatment [3]. Although,
it has been evidenced that patients understand that the improvement in the lesion is due to
a collaborative approach where they feel more knowledgeable and empowered with tools
to improve ulcer care [9].

The use of electrotherapy to address these lesions has been widely studied, especially
using electrical stimulation with involvement in the four phases of healing (inflammatory,
proliferative, epithelialization and remodeling phase); although the mechanism of action is
not well understood, the evidence suggests that this practice increases the flow of blood
and thus that of cells, promotes oxygenation, reduces edema and influences dermal growth
factors and their receptors [3,10].

Although not as widely studied, radiofrequency has also been used as part of the
treatment of HAPI; it began to be used in 1950 and continues to be used today with the
aim of improving the remodeling of the injured tissue without causing damage to the
surrounding healthy tissue [11].

According to the literature related to the use of radiofrequency in the treatment of
chronic pressure ulcers, several studies reflect the use of pulsed radiofrequency as part
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of the multimodal treatment of these difficult lesions [10,12,13]. These show that this
type of treatment, being non-invasive, relatively inexpensive, easy and safe to use and
with good patient acceptance is an interesting tool to use as an adjuvant treatment [10].
In relation to multimodal therapy, radiofrequency is combined both with conventional
therapy (care appropriate to the lesion) and with negative pressure devices and/or dermal
replacement [10,12,13]. The evidence shows the usefulness of pulsed radiofrequency as
part of the intervention, achieving progressive healing and thus avoiding amputation of
the affected limb [12,13].

Other authors mention a variant of pulsed radiofrequency called pulse dose radiofre-
quency, where the constant is determined by the voltage and not by the time, as in pulsed
radiofrequency, which ensures that the tissue temperature is maintained at 42 ◦C and
allows standardizing a treatment method in relation to the dose and not the exposure time,
where preliminary results in small samples show a better effectiveness in reducing pain
and maintaining the results achieved [14].

Tecartherapy, included in this group, consists of endogenous thermotherapy using
electric current through monopolar capacitive and resistive radiofrequency with the aim
of producing heat in the most superficial tissues (capacitive electrode) and in the deepest
ones (resistive electrode) [11]. The heat produced in the tissues generates a tissue damage
that stimulates fibroblasts and growth factors favoring the production and remodeling
of collagen and elastin and the deposition of hyaluronic acid de novo, obtaining as a
final result a thickening of the subcutaneous tissue layer that avoids necrosis, fibrosis and
damage to vascular and adnexal structures [15].

The main objective of this study was to evaluate the presence of differences between
the radiofrequency parameters applied to complex pressure ulcers throughout the sessions
and between the right and left leg. As a secondary objective, the subjective perception of
the effects of the treatment by both the patients and the practitioner was analyzed.

2. Materials and Methods

2.1. Study Design

We performed a secondary analysis of data from a prospective study. The previous
study aimed to evaluate the effect that the application of radiofrequency at low intensity
(frequency) and with non-thermal effects has on the different components of the mechanism
of the healing process of hard-to-heal lesions. The methods and description of the study
have been previously described [16]. The current study was approved by the Clinical
Research Ethics Committee of the Puerta de Hierro Hospital, Madrid, Spain (approval
number: 02.18, 6 February 2018). All patients provided informed consent prior to their
enrollment. The most relevant parts of the design are summarized below.

2.2. Study Population

The study included 36 patients from the Hospital de Guadarrama in Madrid, Spain,
who presented ulcers in the lower limbs considering the following aspects of their case
histories: age, height and weight, and 13 men and 10 women had diabetes mellitus. These
patients came directly from the hospital admission service for ulcer consultation, where
they were evaluated by a geriatrician with 20 years of experience (J.V.G.C.). The research
team took into account the following inclusion criteria: male or female over or equal to
18 years old or under or equal to 90 years old with a diagnosis of a long-lasting complex
wound, that admission was the first one for treatment at Hospital de Guadarrama and that
the patient understood and voluntarily signed the corresponding informed consent sheet
and information sheet prior to the performance of any evaluation or procedure related
to the study. Patients with the following comorbidities were excluded from the study:
cardiac pacemaker wearers, presence of local metallic implants, lesion infection, patients
with cognitive impairment and patients with malnutrition or risk of malnutrition.
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2.3. Outcome Measures

The main outcome variables were the radiofrequency parameters automatically ad-
justed in each session and that referred to the frequency (Hz), maximum and average power
(W), absorbed energy by the ulcer (J/cm2) and temperature (ºC) reached by the tissues.

On the other hand, the subjective perception of the results was evaluated using the
Global Response Assessment (GRA), a Likert-type scale that scores the treatment results
from 1 (significantly worse) to 5 (significantly better) [11,17]. Likewise, the satisfaction of
both the patients and the professional were evaluated using a 10-point numerical scale.

Ten treatment sessions were administered with a frequency of one session/week, with
all outcome measures measured at each treatment session.

2.4. Intervention

Treatment was administered by M.A.B.M., a nurse specialist with 30 years of experi-
ence in ulcer treatment, using the CAPENERGY Vascular C200 (CE120) tecartherapy device
with a C-Boot foot probe in the case of lesions on the sole of the foot, or with capacitive
plates in the rest of the body areas.

A total of 10 radiofrequency sessions were applied in the 36 patients with a periodicity of
once a week, with a power of 60% and a frequency of 1.2 MHz for 30 min, placing the treatment
head on the lesion, and an athermal dose of up to 37 ◦C was administered (Figure 1).

Figure 1. Flow chart of the study.

2.5. Statistical Analysis

Statistical analysis was performed using the program R Ver. 3.5.1 (R Foundation for
Statistical Computing, Institute for Statistics and Mathematics, Welthandelsplatz 1, 1020
Vienna, Austria). The significance level was set at p < 0.05. The distribution of quantitative
variables was tested using the Shapiro–Wilk test which evidenced the absence of normality.
Qualitative variables were described in absolute values and frequencies and quantitative
variables were described using mean and standard deviation.
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Given that this is a single-group observational study, the sample size was not calculated
a priori, but included patients who attended the ulcer consultation at Hospital Guadarrama
(after signing the informed consent and meeting the eligibility criteria) during the period
from September 2018 to June 2019. The final power of the study was calculated using the
program R Ver. 3.5.1 (R Foundation for Statistical Computing, Institute for Statistics and
Mathematics, Welthandelsplatz 1, 1020 Vienna, Austria), applying the Wilcoxon signed-
rank test with Bonferroni correction with the PUSH scale scores between the first and
last session.

Changes over the sessions in subjective perception and radiofrequency parameters
were analyzed and, in the case of radiofrequency parameters, the differences between
the right and left legs over the sessions were also analyzed. In both cases, a repeated
measures linear mixed model and restricted maximum likelihood (REML) and unstructured
correlation (default) structure were used. The subjects were modeled according to random
effect and time in the first case, or the group (leg): time interaction in the second as fixed
effects, adjusting in the latter case the results with the baseline values. Due to the small
sample size, the Kenward–Roger degrees of freedom correction was applied and confidence
intervals were calculated via bootstrap. The Nakagawa and Schielzeth R2 was calculated
for each model as a goodness-of-fit measure. Post hoc matched pair comparisons were
applied using the Bonferroni correction.

3. Power Analysis

Accepting a risk α of 0.05, the final power of the study was estimated at 100% with a
final mean PUSH score of 10.695 at the first session and 4.695 at the ending treatment session.

4. Results

The sample was composed of 36 subjects of 63.31 ± 9.99 years, with a majority of
women (58.3%) and with risk factors such as diabetes mellitus (66.7%), dyslipidemia (72.2%)
or high blood pressure (75.0%) (Table 1).

Table 1. Clinical and demographic characteristics of the participants.

n 36
Age 63.31 ± 9.9
Weight 72.25 ± 8.8
Height 162.33 ± 3.8
Gender, n(%) Female 21 (58)

Male 15 (41)
Smoking, n(%) No 36 (100)
Embolism, n(%) No 36 (100)
Diabetes mellitus, n(%) No 12 (33)

Yes 24 (66)
Dyslipidemia, n(%) No 10 (28)

Yes 26 (72)
Arterial hypertension, n(%) No 9 (25)

Yes 27 (75)
Kidney failure, n(%) No 34 (94)

Yes 2 (6)
Parkinson’s, n(%) No 36 (100)
Alzheimer’s, n(%) No 36 (100)
Dementia, n(%) No 36 (100)
Respiratory pathology, n(%) No 36 (100)
Cardiac pathology, n(%) No 36 (100)
Musculoskeletal pathology, n(%) No 36 (100)
Other pathologies, n(%) No 36 (100)
Nutritional supplements, n(%) No 36 (100)
Muscle relaxants, n(%) No 36 (100)
Anxiolytics, n(%) No 35 (97)

Yes 1 (3)
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Table 1. Cont.

Antiepileptics, n(%) No 34 (94)
Yes 2 (6)

Analgesics, n(%) No 30 (83.3)
Yes 6 (17)

Opioids, n(%) No 36 (100)
Statins, n(%) No 36 (100)
Antiaggregants, n(%) No 36 (100)
Fever, n(%) No 36 (100.0)
Pain, n(%) No 30 (83.3)

Yes 6 (16.7)
Traumatism, n(%) No 36 (100.0)

Data expressed as mean ± standard deviation or with absolute and relative values (%).

The recruited patients presented pressure ulcers with an average surface of 25 cm2

grade III-IV with an evolution time of approximately 2 months with venous vascular lesions
in women and arterial lesions in men.

4.1. Comparisons across Sessions

The ANOVA test showed significant differences (p < 0.05) throughout the sessions,
except in patient satisfaction. It was verified that the presence of systematic differences
between practically all of the measurement moments compared with the initial values and
specifically between the final values and the initial ones, except in the satisfaction of the
patients and the professional and in the frequency in the left leg (p < 0.05) (Table 2 and
Supplementary Material Table S1).

These differences were translated into a final increase in the values of the radio
frequency parameters in both legs and a decrease in the Global Response Assessment score
with very high effects on the latter (R2 = 0.874) and being greater than 0.5 in the parameters
of the left leg (Supplementary Material Table S2).

The pairwise comparisons showed systematic differences between practically all of the
measurement moments, with significant differences being observed in all of the variables
between the first and the last session (p < 0.05), except in the satisfaction of the patients and
the professional (Supplementary Material Table S3).

4.2. Comparison of Radiofrequency Parameters between Both Legs

The ANOVA test showed significant differences (p < 0.05) between both legs and over
time in all parameters except for frequency. The presence of significant differences (p < 0.05)
was observed over time between legs compared to the initial values in the absorbed
energy and in temperature, with higher final values in the absorbed energy in the left leg
compared to the right (26.31 ± 3.75 W vs. 17.36 ± 5.66 W) and a moderate effect on both
(R2 = 0.471 and 0.492, respectively) (Table 3 and Supplementary Material Table S4).
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Table 3. Radiofrequency parameters between both legs: model results.

Frequency (Hz)
Maximum Power

(Watts)
Average Power

(Watts)
Absorbed Energy

(Volt-Ampere)
Temperature

(Celsius)

Nakagawa and
Schielzeth R2 0.058 0.522 0.301 0.471 0.492

Omnibus ANOVA:
group:time

F(8, 412.104) = 0.368,
p = 0.937

F(8, 409.049) = 8.882,
p = <0.001

F(8, 411.292) = 5.702,
p = <0.001

F(8, 409.197) = 8.484,
p = <0.001

F(8, 409.175) = 12.53,
p = <0.001

T10 between groups’
adjusted difference

(95%CI)
0.2 (−1.61, 2.01) −0.3 (−1.421, 0.821) −0.02 (−0.065, 0.025) 4.3 (2.304, 6.296) <0.001 (< 0.001, <0.001)

F: F statistic (degrees of freedom); 95%CI: 95% confidence interval; 95%CI: 95% confidence interval. Significant if
p < 0.05 (shown in red).

Pairwise comparisons showed differences in absorbed energy between both legs at
the end, with no initial significant differences (p = 0.049), while significant differences in
temperature occurred in the first treatment sessions (Supplementary Material Table S5).

All radiofrequency parameters were found to increase progressively throughout the
sessions and more markedly in the left leg, especially with regard to the absorbed energy
where the confidence intervals barely overlapped (Figure 2).

Figure 2. Radiofrequency parameters (standardized adjusted mean and standard deviation error
bars). * Radiofrequency parameter significant differences between both legs.

4.3. Satisfaction of the Patients and the Professional

A near absence of changes in the satisfaction of both the patients and the professional
was observed, while the score in the Global Response Assessment decreased continuously
throughout the sessions (Figure 3).
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Figure 3. Subjective perception (standardized mean and standard deviation error bars).

5. Discussion

The results of the present study show that an increase in the radiofrequency parame-
ters, including temperature and especially the absorbed energy, especially in the left leg,
are indicative of an improvement in the clinical response of the ulcers. Furthermore, a
greater exposure to radiofrequency increases the healing power [18–20]. It is important to
detail that no relevant influences were found with respect to the differences in the results
influenced by clinical variables and by sex or any other sociodemographic variables. These
results also agree with the previous study [16] in which there was an average increase in
temperature by thermography of 1.4 ◦C, as well as a healing rate percentage of 60% with a
progressive reduction in size and exudate of the ulcer measured using the Pressure Ulcer
Scale for Healing (PUSH). However, it has not been possible to establish the reason as to
why the clinical response of the ulcers in the left leg was better than in the right leg and
there are no other studies that have studied the differences between a lower limb and the
contralateral limb using tecartherapy. In addition, a review in other fields of electrotherapy
such as electrostimulation concluded that there is no consensus on parameters such as
frequency, duration and location of treatment [3]. Future studies are therefore needed to
study the appropriate dose and whether the differences between one limb and another may
be due to tissue factors.

Likewise, for the subjective perception of the results by the patient (GRA), the scores
were always higher in patients with dyslipidemia or arterial hypertension compared to
those without. In the case of professional satisfaction, patients with renal failure reported
higher scores than those without this pathology. We cannot establish hypotheses regarding
these results for the moment, on the one hand due to the low sample size of the present
study, and on the other hand due to the lack of studies on which to discuss these results.
This is because, to the knowledge of the authors of the present study, this is the first time
that such comparisons have been made using radiofrequency. This could certainly be a line
of research, or at least parameters to be analyzed in future studies.

To our knowledge, this is the first study that uses this type of therapy to address
pressure ulcers and assesses parameters of subjective perception of outcomes as well as
patient and professional satisfaction. A Cochrane review about electrical stimulation for
the treating of pressure ulcers exposes the absence of studies evaluating parameters such
as quality of life, depression or perception of treatment effectiveness, despite these being
relevant outcomes for patients [3]. In this study, the subjective perception of the results

85



Medicina 2023, 59, 516

of the treatment measured with the GRA scale worsened, which may be related to the
chronic nature of the ulcers and the fact that they did not disappear completely and perhaps
did not respond to the expectations of the patients. In this regard, Wood et al. [9], in a
study on the collaborative management of pressure ulcers, concluded that patients felt
that pressure ulcer care improved by using a collaborative, multidisciplinary approach
because they felt more knowledgeable, empowered and more able to improve their pressure
ulcer care. This issue was approached from a qualitative perspective by García Sánchez
et al. [21], concluding that proximity, trust and effective and bidirectional communication
between patients and health professionals are fundamental. Due to a scarcity of studies
assessing factors as relevant to the patient as those described above and considering the
importance of the patient’s perception in the treatment, future studies concerning these
aspects are necessary.

In this sense, Ballestra et al. [22] showed that certain patient expectations, such as the
expectation of a tailored treatment with frequent follow-ups, the hope of obtaining the best
possible results, realism or resignation regarding the alleviation of the health problem, good
dialogue and communication, the need to be seen and confirmed as an individual and the
desire to receive an explanation of their disease, could be related to better recovery results.

However, it appears that the induction of different types of expectations (positive
or negative) through verbal suggestion does not influence the perception of acute pain
perceived during the performance of a technique that may be painful [23].

Limitations

An important limitation of this study is the small sample size. Additionally important
is the absence of a control group or a placebo group to compare with the evolution of the
process or with other interventions. The authors also recognize as a limitation the fact
that they did not measure the psychological and behavioral factors of the sample analyzed
in the study, which is observed as a determinant in different chronic diseases [24,25].
Although there is an inherent bias in the type of research model, this has been minimized
by using relevant and reliable human (accredited clinical experience of the researchers) and
instrumental resources.

6. Conclusions

It was observed that the radiofrequency parameters increased progressively through-
out the sessions and more markedly in the left leg, but for the difference between legs it was
not possible to establish the reason for this clinical response. This increase was indicative
of an improvement in the clinical response to ulcers.

In addition, higher radiofrequency exposure increases healing capacity.
However, the subjective perception of treatment outcomes worsened, which may be

related to the chronic nature of the ulcers, leading to patients’ expectations not being met.

7. Key Points

In summary, considering the great clinical potential of radiofrequency, we can expect
an increase in new techniques for tissue regeneration and wound healing in the near future.

The increased power to accelerate the wound healing process can be explained by the
anti-inflammatory effect caused by the changes that occur in the perilesional skin, and the
improvement in microcirculation contributes to the increase in the reactivity of the different
layers of the skin.

The influence of the magnetic field on the microcirculatory system can be used to
explain the often-cited fact that magnetic fields have anti-oedematous, analgesic and anti-
inflammatory effects, which is one of the reasons for their wide application in the field of
injury treatment.

The subjective perception of treatment success may be influenced by the chronic nature
of the ulcers, which leads to patients’ expectations not being met.
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Ducic, S.; Radlović, V.; Lazovic, M.;

Soldatovic, I.; Nikolic, D.

Morphometric Parameters and MRI

Morphological Changes of the Knee

and Patella in Physically Active

Adolescents. Medicina 2023, 59, 213.

https://doi.org/10.3390/medicina

59020213

Academic Editor: Johannes Mayr

Received: 3 December 2022

Revised: 16 January 2023

Accepted: 19 January 2023

Published: 22 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

medicina

Article

Morphometric Parameters and MRI Morphological Changes of
the Knee and Patella in Physically Active Adolescents

Goran Djuricic 1,2,*, Filip Milanovic 3, Sinisa Ducic 1,3, Vladimir Radlović 1,3, Mikan Lazovic 3, Ivan Soldatovic 1
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Abstract: Background and Objectives: The immature skeleton in a pediatric population exposed to
frequent physical activity might be extremely prone to injuries, with possible consequences later
in adulthood. The main aim of this study is to present specific morphometric parameters and
magnetic resonance imaging (MRI) morphological changes of the knee and patella in a physically
active pediatric population. Additionally, we wanted to investigate the morphological risk factors
for patellar instability. Materials and Methods: The study included the MRI findings of 193 physically
active pediatric patients with knee pain. The participants underwent sports activities for 5 to 8 h per
week. Two divisions were performed: by age and by patellar type. We evaluated three age groups:
group 1 (age 11–14), group 2 (age 15–17), and group 3 (age 18–21 years). In addition, participants were
divided by the patellar type (according to Wiberg) into three groups. The following morphometric
parameters were calculated: lateral trochlear inclination (LTI), the tibial tubercle–trochlear groove
distance (TT-TG), trochlear facet asymmetry (TFA), Insall–Salvati index, modified Insall–Salvati index,
Caton–Deschamps index, articular overlap, morphology ratio and contact surface ratio. Results: We
found a statistically significant association between patellar type groups in LTI (p < 0.001), TFA
(p < 0.001), Insal–Salvati (p = 0.001) index, and Caton–Deschamps index (p = 0.018). According to
age groups, we found statistical significance in the Caton–Deschamps index (p = 0.039). The most
frequent knee injury parameter, according to Wiberg, in physically active pediatric patients was
patella type 2 in boys and type 3 in girls. Conclusions: The MRI morphometric parameters observed
in our study might be factors of prediction of knee injury in physically active children. In addition, it
might be very useful in sports programs to improve the biomechanics of the knee in order to reduce
the injury rate in sports-active children.

Keywords: knee injury; magnetic resonance imaging; children; physical activity; overuse syndrome

1. Introduction

Nowadays, the availability of a wide range of sports and the need for participation
result in more children being physically active, particularly in competitive sports. The
negative effect of improperly adapted exercise on the immature skeleton is well described
in the literature [1–3]. However, an awareness of the potential unfavorable consequences is
lacking. As a result, the incidence of sports injuries in the pediatric population due to un-
suitable physical activity is increasing [4]. Repeated exercises might lead to overuse injuries
of the overloaded joints and muscles due to the disproportion between musculoskeletal
structures [5]. Physically active children are often referred to a doctor because of recurrent
pain after excessive activity [6,7]. The most common consequence of those nonspecific, and
at first glance insignificant, symptoms is an oversight of the hidden etiopathology [8]. The
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recurrence of such pain is rarely followed by any abnormal clinical and radiological find-
ings, meaning patients might not be diagnosed in a timely fashion or might be inadequately
treated.

Magnetic resonance imaging (MRI) is considered the reference standard modality
in the radiological diagnosis of joints and soft tissue lesions. The high resolution offers
excellent multiplanar imaging and differentiation of soft tissue, bone marrow, cartilage,
muscles, ligaments, and tendons. Moreover, the absence of the negative effects of ionizing
radiation makes MRI the method of choice to evaluate sports injuries in the pediatric
population [9].

An analysis of the morphometric parameters of the patellofemoral joint and an assess-
ment of their deviations from ideal values in the presence of patellofemoral dysplasia, as
well as their relationship with the presence of risk factors for more frequent and extensive
knee injuries in physically active children, were complemented by analyzing the patella
type according to Wiberg, both for males and for females. Contrary to previous published
works where [10,11] separately investigated these two risk factors, here we examined their
joint impact and the mutual relationship between them. This is of particular importance
both in the diagnosis and in the screening of sports-active children, with the aim of pre-
venting injuries with a timely physiotherapy and conditioning program to improve knee
biomechanics in people who are at the beginning of their sports career.

The main aim of this study is to present specific morphometric parameters and MRI
morphological changes of the knee and patella in a physically active pediatric population.
Additionally, we aimed to investigate the morphological risk factors for patellar instability.

2. Patients and Methods

In this prospective study, we observed the MRI findings of 193 physically active
pediatric patients treated at the University Children’s Hospital who reported pain in the
knee joint during sports activities. Informed consent for participation was obtained from
all subjects involved in the study.

Inclusion criteria were as follows: pediatric patients over 11 years old who participated
for more than five and less than eight hours of sports activities per week during a period
of more than three years of active training, followed by clinical examination and knee
radiography in two views (AP and lateral view), without any pathological clinical and
X-ray findings. Patients with osteomyelitis, bone tumors, juvenile rheumatoid arthritis,
and metabolic diseases were excluded, as well as patients with previously treated trauma
of the knee. The study was approved by the Institutional Review Board and followed the
principles of good clinical practice (protocol number 017-16/15, 9 April 2021).

Two divisions of our study sample were performed: the first one considered the age
of participants, and the second considered the MRI type of patella, according to Wiberg
patellar classification. In the Wiberg classification, patellar facet sizes are classified into
three types based on their relative medial and lateral sizes. The Wiberg classification
initially applied to radiography but is now used in other modalities. [12]. Most patellae
are Wiberg type 2, accounting for up to 65%. Type 3 accounts for 25%, and type 1 accounts
for 10% [13]. In type 1 patella, the medial and lateral patellar facets are similar in size and
are both concave; in type 2, the medial patellar facet is shorter than the lateral facet, and
both facets are concave; in type 3 patella, the medial facet is much shorter than the lateral
facet and convex [12]. Furthermore, a type 4 was described by Baumgartl, the “Jaegerhut”
patella, with no medial facet and consequently no median ridge [12]. Age groups were
set according to the American Academy of Pediatrics (AAP) classification; patients were
divided into three age groups: group 1 (age 11–14 years), group 2 (age 15–17 years), and
group 3 (age 18–21 years) [14]. MRI scans were performed on Siemens MagnetomAera 1.5T
using a knee coil, positioned in supination with a field of view (FOV) of 16 cm using Ax Int
FS, Cor Int FS, Cor T1, Sag Obl Int FS, Sag Obl PD, Cor Obl PD. The axial sections were
parallel to the knee joint line; they included the entire patella and the head of the fibula.
The coronal sections were parallel to the femoral condyle’s posterior aspect—including the
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entire patella and up to 2 cm posterior to the femoral condyle. The sagittal sections were
parallel to the medial aspect of the lateral condyle, including both collateral ligaments.

Magnetic resonance imaging was processed using Syngo via software to mark the
following morphometric parameters: lateral trochlear inclination (LTI), trochlear facet
asymmetry (TFA), the trochlear depth, the tibial tubercle–trochlear groove (TT-TG) distance,
articular overlap, morphology ratio, and contact surface ratio.

The lateral trochlear inclination was determined from the first axial image in which
cartilage was present and was used as a reference image. This angle corresponds to the
angle between the lateral edge of the femoral epicondyles and the posterior edge of the
femur. A line tangential to the subchondral bone of the posterior aspect of the two femoral
condyles was crossed with a line tangential to the subchondral bone of the lateral trochlear
facet to calculate LTI. A fat-suppressed PD-weighted image clearly delineates cartilage
as a thick band of intermediate signal intensity adjacent to subchondral bone. When
the inclination angle is less than 11◦, trochlear dysplasia is diagnosed (sensitivity 93%;
specificity 87%) [15] (Figure 1).

Figure 1. Proximal trochlear articular surface and measuring of lateral trochlear inclination.

The morphology of the trochlear facet asymmetry assessed on axial fat-saturated PD-
weighted MR images, from the first axial image in which the articular cartilage was present.
In this image, the greatest length and articular thickness of cartilage is approximately 3 cm
above the tibiofemoral joint cleft. The asymmetry of the trochlear facet was measured
as the ratio of the medial to lateral faces. In order to calculate asymmetry in the length
of the medial facet (M) and the lateral facet (L), the medial facet length was divided by
the lateral facet length and expressed as a percentage (M/L × 100%). In the presence of
dysplasia, a trochlear facet ratio below 40% was considered indicative (96% specificity;
100% sensitivity) [16] (Figure 2).
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Figure 2. Trochlear facet asymmetry, ratio of length of medial trochlea to length of lateral trochlea.
L—lateral, M—medial.

Using transverse sections, the trochlear depth was calculated using the formula
([A + B]/2 − C) given by Pfirmann et al. [17]. By measuring the maximum anteroposterior
distance of the medial and lateral femoral condyles, distances A and B were determined.
The distance C is the minimum anteroposterior distance between the deepest point of the
trochlear groove and the line paralleling the posterior outlines of the femoral condyles.

Furthermore, the TT-TG measures the distance of the trochlear groove from the tibial
tubercle. By using the posterior plane of the condyles as a reference line, the distance
between the deepest point of the trochlea and the middle of the tibial tubercle was measured.
In individuals with severe trochlear dysplasia, measuring the lateral distance between the
tibial tubercle and the trochlear groove is less accurate because it is difficult to determine
the depth of the trochlea. A distance of less than 15 mm between the tibial tubercle and
the trochlear groove indicates normal tuberosity, a distance between 15 and 20 mm is
borderline, and a distance longer than 20 mm indicates marked lateralization. It is nearly
always associated with patellar instability if the distance between the tibial tubercle and
trochlear groove exceeds 20 mm [16,18].

Additionally, we also observed patella alta ratios, and Insall–Salvati, modified Insall–
Salvati, and Caton–Deschamps indices. Patella alta occurs when the patellar tendon is too
long and rises too high above the trochlear fossa. Compared with a normal knee, patella
alta requires a greater degree of flexion for the patella to engage in the trochlea, resulting
in patellofemoral misalignment. In shallow degrees of flexion, this problem reduces the
patellar contact area and decreases bone stability [19,20].

According to the Insall–Salvati ratio, patellar height is determined by the length of the
patella tendon to the length of the patella. Sagital MR images are reliable tools for measuring
patellar height ratios since they demonstrate the true anatomy of the patellofemoral joint
and its ligaments in three dimensions. Distance lines for patellar tendon length (A), which
represents the maximum length from the lower pole of the patella to its insertion on the
tibia, and patellar length (B) are used in the calculation of Insall–Salvati ratio (A/B). An
alternative method for assessing patellar height is the modified Insall–Salvati ratio. A
proposal was made to avoid mismeasurements due to the variable shape of the inferior
patella pole. The modified Insall–Salvati ratio (C/D) measures the distance from the

92



Medicina 2023, 59, 213

inferior margin of the patellar articular surface (C), as opposed to the lower pole of the
patella itself, to the patellar tendon insertion length of the patellar articular surface (D).
Caton–Deschamps indices are based on the length of patellar articular surfaces and their
distance from the tibia, which reduces erroneous measurements in patellas with long bodies,
as measured by the Insall–Salvati ratio. The Caton–Deschamps index measures (A) the
distance between the anterior angle of the tibial plateau and the most inferior aspect of the
patellar articular surface length (B). Caton–Deschamps index = A/B. The Insall–Salvati ratio
is considered normal for the values 0.8–1.2 (or values <2, according to MOD Insall–Salvati),
whereas the Caton–Deschamps normal range is considered 0.6–1.3 [19].

The patellar trochlear overlap measures the articular overlap of the patellar undersur-
face and femoral trochlear cartilage (mm). The length of patellar cartilage (B) overlying
the trochlear cartilage (A) was measured parallel to the subchondral surface of the patella
using sagittal MRI. As an independent variable, the uncovered length of patellar cartilage
(B) was also measured to calculate articular overlap as a percentage of overall articular
length. Percentage coverage = (A/B) × 100 [21].

All measurements were performed independently by two observers, both with pre-
vious experience of more than 10 years in interpreting MRI findings, in order to evaluate
interobserver reliability.

3. Statistical Analysis

The collected data were statistically analyzed using the IBM SPSS software package
(IBM Corporation, New York NY, USA), version 21, using categorical and continuous
variables. Descriptive statistics were used in order to determine the frequency of various
pathological changes in knee joint injuries. A Pearson chi-square test, Fisher’s exact test,
and chi-square test for trend were performed. A statistical significance was considered at
the level of p < 0.05. Continuous variables with a normal distribution were described using
mean value and standard deviation (SD) to calculate the age range of patients.

4. Results

In our study, girls were frequently presented, 57%, versus 43% of boys. The age range
was 11 to 21 years, with a mean of 15.8 ± 1.6. We found no statistical significance in age
groups and side occurrence, as presented in Table 1.

Table 1. Knee injury prevalence by age groups.

Age (Years)

p-Value11–14 15–17 18–21

N (%) % N % N %

Gender
male 22 (40.0) 40.0 48 44.4 13 43.3

0.863female 33 (60.0) 60.0 60 55.6 17 56.7

Knee
Left 28 (50.9) 50.9 57 52.8 13 43.3

0.658right 27 (49.1) 49.1 51 47.2 17 56.7

Age group 2 was the most frequent group, comprising more than half of the partici-
pants (56%), but the observed MRI parameters were not statistically significant in relation
to age group, except the Caton–Deschamps index (p = 0.039), where the highest index
value was noticed for age group 1 (1.13 ± 0.21) and the lowest for the age group 3 (1.03 ±
0.19). Even though we found no statistical significance for LTI (p = 0.612), TT-TG distance
(p = 0.801), and Insall–Salvatti (p = 0.127) between age groups, the highest LTI was for age
group 1 (15.75 ± 6.52), and the lowest was for the age group 3 (14.41 ± 5.89), while the
TT-TG distance was highest for age group 1 (10.23 ± 5.01) and lowest for age group 2 (9.75
± 4.34), and for Insall–Salvati, the highest index was for age group 1 (1.24 ± 0.21) and the
lowest for age group 3 (1.14 ± 0.18). The data according to age groups are presented in
Table 2.
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Table 2. Morphometric parameters by age groups.

Parameter Age Group (Years) N Mean ± SD Median p-Value

LTI
Group 1 (11–14) 55 15.75 ± 6.52 17.00

0.612Group 2 (15–17) 108 15.40 ± 5.79 15.85

Group 3 (18–21) 30 14.41 ± 5.89 15.50

medial facet
Group 1 (11–14) 55 16.60 ± 2.78 16.60

0.357Group 2 (15–17) 108 17.03 ± 3.49 17.00
Group 3 (18–21) 30 17.65 ± 2.95 17.95

lateral facet
Group 1 (11–14) 55 25.48 ± 3.72 25.00

0.861Group 2 (15–17) 108 25.52 ± 3.95 25.50

Group 3 (18–21) 30 25.92 ± 3.68 25.70

trochlear
facet

asymmetry

Group 1 (11–14) 55 0.67 ± 0.14 0.69
0.707Group 2 (15–17) 108 0.68 ± 0.16 0.69

Group 3 (18–21) 30 0.69 ± 0.14 0.70

TT-TG
distance

(mm)

Group 1 (11–14) 55 10.23 ± 5.01 10.10

0.801Group 2 (15–17) 108 9.75 ± 4.34 10.23

Group 3 (18–21) 30 9.81 ± 3.50 9.75

Articular
overlap

Group 1 (11–14) 55 12.70 ± 3.17 12.80
0.650Group 2 (15–17) 108 13.13 ± 2.94 13.10

Group 3 (18–21) 30 12.80 ± 2.58 12.55

Insall–Salvati

Group 1 (11–14) 55 1.24 ± 0.21 1.23

0.127Group 2 (15–17) 108 1.20 ± 0.22 1.18

Group 3 (18–21) 30 1.14 ± 0.18 1.14

MOD
Insall–Salvati

Group 1 (11–14) 55 1.66 ± 0.23 1.64
0.062Group 2 (15–17) 108 1.57 ± 0.23 1.56

Group 3 (18–21) 30 1.56 ± 0.28 1.47

Caton–
Deschamps

Group 1 (11–14) 55 1.13 ± 0.21 1.10

0.039Group 2 (15–17) 108 1.07 ± 0.16 1.05

Group 3 (18–21) 30 1.03 ± 0.19 0.97

Morphology
ratio

Group 1 (11–14) 55 0.81 ± 0.08 0.82
0.463Group 2 (15–17) 108 0.82 ± 0.08 0.83

Group 3 (18–21) 30 0.82 ± 0.09 0.84

Patellofemoral
Contact

Surface Ratio

Group 1 (11–14) 55 2.75 ± 0.73 2.55

0.979Group 2 (15–17) 108 2.77 ± 0.86 2.52

Group 3 (18–21) 30 2.77 ± 0.47 2.78

Considering the patellar type in relation to gender and side affection, we found
statistical significance related to gender (p = 0.035) but no statistical significance (p = 0.826)
when considering side affection, as presented in Table 3. In age groups 1 and 2, females
were more frequent (52.4% and 61.8%, respectively), while in the age group 3, males were
more frequent (64.3%).

According to Wiberg morphological classification, the most frequent type was the
second type, seen in about three quarters of tested individuals (74.6%), while the least
frequent was the first patellar type, which was noticed in just above every tenth patient
(10.9%) (Table 4).
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Table 3. Knee injury prevalence by patellar type.

Patellar Type

p-Value1 2 3

N % N % N %

Gender
male 10 47.6 55 38.2 18 64.3

0.035female 11 52.4 89 61.8 10 35.7

Knee
Left 12 57.1 72 50.0 14 50.0

0.826right 9 42.9 72 50.0 14 50.0

Table 4. Morphometric parameters by patellar type (Wiberg classification).

Parameter Patellar Type N Mean (± SD) Median p-Value

LTI

1 21 14.79 ± 4.94 16.10

<0.0012 144 16.29 ± 5.63 16.80

3 28 10.89 ± 6.72 9.25

medial facet

1 21 19.17 ± 2.58 19.50

<0.0012 144 17.33 ± 2.95 17.40
3 28 13.69 ± 2.66 13.70

lateral facet

1 21 22.59 ± 2.95 22.20

<0.0012 144 25.13 ± 3.25 25.25

3 28 30.09 ± 3.54 30.00

trochlear facet
asymmetry

1 21 0.85 ± 0.10 0.87
<0.0012 144 0.69 ± 0.11 0.70

3 28 0.46 ± 0.11 0.46

TT-TG distance
(mm)

1 21 9.20 ± 3.98 10.20

0.0862 144 10.29 ± 4.40 10.05

3 28 8.40 ± 4.51 7.77

Articular overlap

1 21 13.15 ± 3.35 13.10

0.9522 144 12.93 ± 2.70 13.00
3 28 12.94 ± 3.85 13.15

Insall–Salvati

1 21 1.22 ± 0.23 1.18

0.0012 144 1.17 ± 0.20 1.15

3 28 1.33 ± 0.21 1.36

MOD
Insall–Salvati

1 21 1.60 ± 0.19 1.59
0.8342 144 1.59 ± 0.25 1.56

3 28 1.62 ± 0.22 1.61

Caton–
Deschamps

1 21 1.07 ± 0.13 1.04

0.0182 144 1.06 ± 0.19 1.03

3 28 1.17 ± 0.16 1.14

Morphology
ratio

1 21 0.82 ± 0.07 0.82

0.0592 144 0.81 ± 0.08 0.83
3 28 0.85 ± 0.06 0.85

PF Contact
Surface Ratio

1 21 2.76 ± 0.87 2.48

0.3082 144 2.73 ± 0.67 2.56

3 28 2.97 ± 1.10 2.53
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The average LTI in different types of the patella was 14.79 ± 4.94 for the first patella
type according to Wiberg, 16.29 ± 5.63 for the second, and 10.89 ± 6.72 for the third patellar
type. The values are expressed in Table 4. According to our study, we found 50 participants
with LTI < 11◦, and that the patellar types correlate with LTI < 11◦. In patellar type 1, 6
(28.6%) participants had LTI < 11◦, compared to 28 (19.4%) in type 2 and 16 (57.1%) in
type 3 (p < 0.001). For comparing LTI < 11◦ and patellar type, the Pearson chi-square test
was used.

Furthermore, there was a statistically significant association between patellar type
groups and trochlear facet asymmetry (p < 0.001), Insall–Salvati index (Figure 3) (p = 0.001),
and Caton–Deschamps index (Figure 4) (p = 0.018) (Table 4). Regarding TFA, the highest
values were for patellar type 1 according to Wiberg (0.85 ± 0.10), and the lowest were for
patellar type 3 according to Wiberg (0.46 ± 0.11). For the Insall–Salvati index, the highest
values were for patellar type 3 according to Wiberg (1.33 ± 0.21), and the lowest were for
patellar type 2 according to Wiberg (1.17 ± 0.20). For the Caton–Deschamps index, the
highest values were for patellar type 3 according to Wiberg (1.17 ± 0.16), and the lowest
were for patellar type 2 according to Wiberg (1.06 ± 0.19).

Figure 3. Patellar Insall–Salvati index (A:B). A—patellar tendon length, B—patellar length (described
in the section Materials and Methods).
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Figure 4. Patellar Caton–Deschamps index (C:D). C—distance from the inferior margin of the patellar
articular surface, D—patellar tendon insertion length of the patellar articular surface (described in
the section Materials and Methods)

5. Discussion

In our study, we have demonstrated that LTI, TFA, Insall–Salvati index, and Caton–
Deschamps index significantly differed with regards to the patellar type according to
Wiberg. Furthermore, only the Caton–Deschamps index, among the studied parameters,
significantly differed with regards to the age groups of tested participants.

The prediction of children’s injury rate using various morphological parameters of
the knee has always been of interest and a debatable topic. In our study, it was shown that
certain types of patella (according to Wiberg classification) might increase susceptibility for
a knee injury, depending on the age of participants [14]. Furthermore, it was shown that
the most common type of patella in knee injury (according to Wiberg) is type 2 in boys and
girls type 3.

Trochlear dysplasia (TD) is one of the leading causes of patellar instability [22]. The
most commonly used MRI parameters for TD are LTI and TFA [23]. The LTI is commonly
used to distinguish physiological from potentially dysplastic knees. LTI provides a quan-
titative description of dysplasia; it is reported that an LTI below 11◦ is associated with a
95% specificity of having patellar instability secondary to trochlear asymmetry [24], while
a threshold of <0.4 or 40% is suggestive of trochlear dysplasia [25]. According to our study,
the most vulnerable group of examined patients for TD was the one with the patellar
type 2 due to the Wiberg classification. Carrillon et al. set the cut-off of 11 degrees for
trochlear dysplasia, with very high sensitivity [15]. Stepanovich et al. explained that the
existing growth potential affects the threshold, so the authors suggested the lower limit
of 17 instead of 11 degrees [26]. Our results stress that the threshold for LTI might be at
11 degrees. Moreover, our findings indicate that certain patella types could be associated
with increased susceptibility for TD in children after knee injury. Finally, we found that
during skeletal maturation, LTI decreased, and TFA increased in a certain type of patella
in knee injury in children. Moreover, the TFA ratio reported in our study was somewhat
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higher than that previously reported [27,28]. The possible explanation for our findings
and the discrepancy compared to previous reports might be the fact that our study sample
included sport-active adolescents. It was noticed that cartilage thickness at the patella does
not strongly correlate with age [29], while physical activity might influence the thickness of
articular cartilage [30].

The TT-TG distance value is also an essential parameter for evaluating patellofemoral
disorders [31]. According to the literature, the LTI and TT-TG distance are used for diag-
nostics, treatment planning, and predicting future risk of re-dislocations [25]. Stepanovich
et al. reported the correlation between TT-TG distance and patellar instability in patellar
dislocation. They showed pathological values for TT-TG distance (over 20 mm) on their
sample [26], which was not reflected in the results that we obtained. Our study found no
statistical significance in TT-TG values in different patella types in different age groups.
This might be explained by the differences in study design in regard to the observed groups.
We observed participants with no injury history and with an absence of pathological clinical
and X-ray findings, contrary to Stepanovich and co-workers. Additionally, the wide range
of participants in different age groups in our study could be one of possible factors influ-
encing the statistical outcome for the TT-TG parameter. Therefore, further study should
include more homogenous age-group samples.

The position of the patella has an essential role in both knee stability and knee instabil-
ity. The most frequently used measures in patella alta ratios are the Insall–Salvati, modified
Insall–Salvati, and Caton–Deschamps indices [32,33]. We found statistical significance in
the Caton–Deschamps index when considering the age groups of participants. According
to different types of the patella (according to Wiberg), we found statistical significance
of the Insall–Salvati index and the Caton–Deschamps index. The values of Insall–Salvati
ratio in our study correspond with those of previous reports [34]. The same applies for the
Caton–Deschamps index in our study [35]. Moreover, our study suggested that the Caton–
Deschamps index is somehow more age-sensitive, because the knee cartilage changes
described by this index were more detectable compared to the morphological changes
described by the above-mentioned parameters.

Furthermore, we showed that patella type 2 in boys and patella type 3 in girls (accord-
ing to Wiberg) are the most prone to a knee injury in physically active children.

The comparisons of the present study results with those of the current literature are
presented in Supplementary Material 1.

6. Conclusions

According to our study, the most frequent knee injury parameter in physically active
pediatric patients is Wiberg patella type 2 in boys and type 3 in girls. Those patellar type
morphological parameters, in association with high patella alta index, expressed as Insall–
Salvati index and Caton–Deschamps index, could influence knee injury susceptibility in
physically active children, especially in children over 14 years.

The MRI morphometric parameters observed in our study might be factors of predic-
tion of knee injury in physically active children. Moreover, it might be very useful in sports
programs to improve the biomechanics of the knee in order to reduce the injury rate in
sports-active children.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina59020213/s1, Table S1: material 1.
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Abstract: Background and Objectives: Nutraceuticals are gaining more and more importance as a
knee osteoarthritis (KOA) complementary treatment. Among nutraceuticals, hemp seed oil and
terpenes are proving to be very useful as therapeutic support for many chronic diseases, but there are
still few studies regarding their effectiveness for treating KOA, both in combination and separately.
The aim of this study is thus to compare the effect of two dietary supplements, both containing
hemp seed oil, but of which only one also contains terpenes, in relieving pain and improving joint
function in patients suffering from KOA. Materials and Methods: Thirty-eight patients were recruited
and divided into two groups. The control group underwent a 45 day treatment with a hemp seed
oil-based dietary supplement, while the treatment group assumed a hemp seed oil and terpenes
dietary supplement for the same period. Patients were evaluated at the enrollment (T0) and at the
end of treatment (T1). Outcome measures were: Numeric Rating Scale (NRS), Oswestry Disability
Index (ODI), Short-Form-12 (SF-12), Knee Injury Osteoarthritis Outcome Score (KOOS), and Oxford
Knee Score (OKS). Results: All outcome measures improved at T1 in both groups, but NRS, KOOS and
OKS had a greater significant improvement in the treatment group only. Conclusions: Hemp seed oil
and terpenes resulted a more effective integrative treatment option in KOA, improving joint pain and
function and representing a good complementary option for patients suffering from osteoarthritis.

Keywords: knee osteoarthritis; rehabilitation; dietary supplement; hemp seed oil; terpenes

1. Introduction

Knee osteoarthritis (KOA) is the most common form of limb osteoarthritis [1]. It
is a chronic joint disease which is characterized by degenerative lesions of the articular
cartilage that progressively cause pain, motor impairment and, in the most severe cases,
deformation of the joint itself [2,3]. Although one of the main risk factors is old age, as
KOA predominantly affects people in their 70s [4], KOA is also increasing in patients aged
between 45 and 70 [5], emerging recently as a very relevant problem for society and placing
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it among the most common causes of disability [6]. At present, KOA remains an untreatable
condition because its mechanisms of progression are not fully understood [7].

Therefore, the goal of osteoarthritis treatment is to alleviate symptoms and to slow
down the disease progression. The KOA therapeutic spectrum ranges from pharmacother-
apy to physical therapies, orthotics and, finally, surgery and rehabilitation [8–12]. In
recent years, nutraceuticals, which are dietary supplements used to improve health, de-
lay aging, prevent disease, and support the functioning of the human body, are gaining
importance [13]. In patients with osteoarthritis, the assumption of long-chain omega-3 fatty-
acids from fish oil supplements and micronutrients such as vitamin K is considered very
useful [14], since it has a role in bone and cartilage mineralization. New molecules are con-
stantly emerging, including components of industrial hemp (Cannabis sativa, Cannabacae),
which have already been shown to be effective for anxiety disorders and in reducing oxida-
tive stress, contrasting the risk of chronic diseases including joint diseases, neurological
disorders, digestive problems and skin conditions [15,16]. Recent studies showed impor-
tant preclinical and clinical evidence about Cannabis Sativa pain relief properties [17,18],
especially because it contains two main phytocannabinoids: D9-tetrahydrocannabinol
(D9-THC) and cannabidiol (CBD) [19,20].

Among the several components of Cannabis Sativa, as flavonoids, vitamins, fatty
acids, sterols, lignanamides, spiroindans, and alkaloids that may have health benefits [21],
terpenes represent a very attractive option for pain treatment [22]. In particular, β-
caryophyllene (BCP), a bicyclic sesquiterpene very present in Cannabis Sativa, has been
widely investigated and highly appreciated for its low toxicity and considerable safety
profile [23]. One of its main targets was described to be the cannabinoid receptor type 2
(CB2 receptor), for which it is thought to act as a full agonist [24]. Interestingly, recent data
suggest that the selective agonism of CB2 receptors may constitute a novel strategy for treat-
ing chronic pain [25]. β-Myrcene is a monoterpene composed of two isoprene units, and a
recent study showed its significant anti-inflammatory and anti-catabolic effects in human
chondrocytes and, thus, its ability to halt or, at least, slow down cartilage destruction and
osteoarthritis progression [26]. Ginger extract takes advantage of the anti-inflammatory
properties of gingerols and shagaols, which selectively inhibit COX-2 (cyclooxygenase-2)
and inflammatory cytokines [27]. Nevertheless, there remains little evidence with regard to
the effects of Cannabis Sativa components on osteoarthritis pain management, especially
from a clinical point of view.

Thus, the aim of this study is to compare the effect of two regimens of food supple-
mentation in relieving pain and to improve joint function in patients aged between 45 and
70 suffering from KOA: the first one based exclusively on hemp seed oil (without cannabi-
noids), the second one based on hemp seed oil (without cannabinoids) but potentiated with
terpenes (β-caryophyllene and myrcene). This comparison could be useful to understand if
the two nutraceuticals are useful and if one of these is better than the other, considering
their different composition.

2. Materials and Methods

The study model is a double-blind prospective case-control study. The study was car-
ried out in the period between March and August 2022. Patients were enrolled if they met
the following criteria: age between 45 and 70 years; a clinical diagnosis of KOA according
to the American College of Rheumatology criteria; knee pain ≥ 4 according to the Numeric
Rating Scale (NRS) at the enrollment and in the previous 15 days; radiographic KOA
classifiable as grade II-III according to Kellgren-Lawrence scale; ability to understand the
purpose and design of the study, and to provide informed consent. Exclusion criteria were:
KOA local complications (e.g., hematoma and joint effusion); knee pain due to trauma
(during the previous month); any disease potentially interfering with medical evaluation
different from KOA (e.g., rheumatoid arthritis, metabolic inflammatory arthropathy); lo-
cal drug infiltration (hyaluronic acid, steroids, stem cells, polynucleotides, Platelet Rich
Plasma) or physiotherapy (e.g., laser therapy, shock wave therapy, therapeutic exercise,
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etc.) within the previous 45 days; assumption of non-steroidal anti-inflammatory drugs or
analgesics within 15 days prior the enrollment; assumption of slow-acting drugs or dietary
supplements in the previous 3 months (e.g., chondroitin sulfate, diacerein, soybean and
avocado unsaponifiables, oxaceprol, granions de cuivre, glucosamine, phytotherapy for
osteoarthritis); contraindications to acetaminophen; systemic diseases which contraindi-
cate nutraceuticals assumption (liver failure, kidney failure, uncontrolled cardiovascular
disease); pregnant or lactating women; pre-menopausal women not using contraception;
and patients enrolled in other clinical trials within the past three months.

Thirty-eight patients with monolater KOA were recruited and then divided into two
groups, each consisting of nineteen subjects.

At the time of recruitment (T0), all patients underwent a medical examination, which
included medical history, standardized physical examination, and x-rays evaluation. There-
fore, the weight and height of each patient were detected and the Body Mass Index (BMI)
was calculated according to the formula: weight (Kg)/height (m2). The following rating
scales were then measure for each patient:

• Numeric Rating Scale (NRS): this is a one-dimensional scale that rates pain from 0, the
absence of pain, to 10, the maximum perceived pain;

• Oswestry Disability Index (ODI): this is a scale that rates the percentage value of
disability and ranges from 0%, no disability, to 100%, maximum disability;

• Short Form 12 (SF-12): this is a quality of life assessment scale. It is divided into
physical domain (PCS) and mental domain (MCS). The higher the score, the better the
patients’ quality of life;

• Knee Injury and Osteoarthritis Outcome Score (KOOS): this is a percentage value that
quantifies clinical symptoms, disability, and quality of life in patients suffering from
knee diseases. It ranges from 0% (severe disability) to 100% (optimal condition);

• Oxford Knee Score (OKS): this assesses the severity of osteoarthritis from 0 to 48 (severe
osteoarthritis 0–19; moderate-severe osteoarthritis 20–29; mild-moderate osteoarthritis
30–39; no sign of osteoarthritis 40–48).

Patients belonging to the control group underwent a 45 day treatment with a dietary
supplement based on hemp seed oil (413 mg/capsule) in a softgel capsule format.

Patients belonging to the treatment group underwent a 45 day treatment with a dietary
supplement based on hemp seed oil (413 mg/capsule), β-caryophyllene (35 mg/capsule),
myrcene (15 mg/capsule), and ginger extract titrated in gingerols (66 mg/capsule). The
hemp seed oil contained in both dietary supplements was composed mainly of Linoleic
(55.90%), gamma-Linolenic (19.10%) and Oleic (9.30%) acids. Patients were unaware of
which of the two dietary supplements they were taking as they were not identifiable from
the packaging. Similarly, the physicians performing the clinical assessments at T0 and
T1 were unaware of which supplement the patients had taken, thus creating a double-
blind study design. A third investigator was therefore responsible for the distribution of
the supplements.

All patients took two softgels of the assigned dietary supplement per day, one capsule
with each main meal (usually during lunch and dinner).

Patients were allowed to take paracetamol (up to a maximum of 3000 mg/day) and
were asked to write down the dosage of the drug taken in a dedicated diary. The use of other
medications during the treatment period was recorded, as were the eventual side effects.

At the end of the treatment (T1), 45 days after T0, all of the outcome measures were
collected from each patient in order to compare the clinical trend and the functional
implications between the groups. The diaries used to register any drugs taken in addition
to any side effects related to the proposed therapies were collected at the same time.

All patients received the necessary information during the first medical examination
and expressed their written informed consent. All of the performed procedures were carried
out in accordance with the Helsinki Declaration (2016) of the World Medical Association.
The study was approved by the Ethics Committee of Albania University, Tiran, Albania
(Nr. 587 Prot.–Date: 13 December 2021).

103



Medicina 2023, 59, 191

Statistical Analysis

A data analysis was performed using STATA MP17 software. Continuous variables
were described as mean ± standard deviation (SD) and range, and categorical variables as
proportions. A skewness and kurtosis test was used to evaluate the normality of continuous
variables and a normalization model was constructed using the logarithmic function for
those not normally distributed. The Student’s t-test for independent data was used to
compare continuous variables between groups, and the ANOVA for repeated measures test
was used to compare continuous variables between groups and detection time. Multivariate
linear regression was used to assess the relationship between the difference from T1 to T0 of
each individual outcome and the group (treatment vs. control), sex (male vs. female), age
(years) and BMI; correlation coefficients were calculated, with a 95% confidence interval
(95%CI) indicated. A p-value < 0.05 was considered significant for all tests.

3. Results

The study sample was made up of 38 subjects, of which 19 (50.0%) belonged to the
control group and 19 (50.0%) belonged to the treatment group; the characteristics of the
sample, by group, are shown in Table 1.

Table 1. Characteristics of the sample, by group.

Variable Control (n = 19)
Treatment

(n = 19)
Total (n = 38) p-Value

Females; n (%) 10 (52.6) 10 (52.6) 20 (52.6) 1.000
Age(years); mean ± SD (range) 59.7 ± 6.6 (47–69) 54.5 ± 4.6 (48–65) 57.1 ± 6.2 (47–69) 0.008

BMI; mean ± SD (range) 27.9 ± 3.8 (20.4–33.4) 29.6 ± 6.3 (20.0–49.3) 28.7 ± 5.2 (20.0–49.3) 0.376

Control = control group; treatment = treatment group; BMI = Body Mass Index; SD = Standard Deviation;
n = number.

The outcome variables, by group and detection time, are described in Table 2 and
Figures 1–6; the ANOVA test for repeated measures showed a statistically significant
difference for all the outcome measures in the comparison between T0 and T1 (p < 0.0001).
The same test showed a statistically significant difference for NRS, KOOS and OKS scores
in the interaction between T0 and T1 and between the two groups (p < 0.0001). All of these
findings are described in Table 2.

Table 2. Mean ± SD and range of outcome variables, by group and detection time.

Variable
Control
(n = 19)

Treatment
(n = 19)

Total
(n = 38)

Group Comparison Time Comparison
Time and Group

Interaction

NRS T0 7.6 ± 1.4 (6–10) 8.3 ± 1.1 (7–10) 7.9 ± 1.3 (6–10)
0.080 <0.0001 <0.0001NRS T1 5.7 ± 1.2 (4–8) 3.5 ± 2.1 (1–8) 4.6 ± 2.0 (1–8)

ODI T0 31.3 ± 18.9 (6–72) 29.8 ± 12.8 (10–64) 30.6 ± 15.9 (6–72)
0.687 <0.0001 0.963ODI T1 17.2 ± 9.3 (6–44) 15.9 ± 7.2 (6–34) 16.6 ± 8.2 (6–44)

PCS12 T0 36.5 ± 8.4
(21.7–50.6)

37.6 ± 7.7
(22.8–51.8)

37.1 ± 8.0
(21.7–51.8) 0.045 <0.0001 0.066

PCS12 T1 42.6 ± 6.9
(30.2–52.6)

50.2 ± 10.0
(26.7–64.6)

46.4 ± 9.3
(26.7–64.6)

MCS12 T0 43.3 ± 10.1
(26.2–59.1)

46.5 ± 10.7
(19.4–64.6)

44.9 ± 10.4
(19.4–64.6) 0.138 <0.0001 0.190

MCS12 T1 47.9 ± 10.7
(27.0–63.5)

54.3 ± 10.3
(22.7–65.0)

51.2 ± 10.8
(22.7–65.0)

KOOS T0 62.9 ± 9.2 (45–76) 59.8 ± 7.1 (45–72) 61.4 ± 8.2 (45–76)
0.403 <0.0001 <0.001KOOS T1 66.4 ± 8.6 (51–76) 74.0 ± 11.0 (48–89) 70.2 ± 10.5 (58–89)

OKS T0 29.4 ± 4.8 (18–36) 27.4 ± 6.3 (13–38) 28.4 ± 5.6 (13–38)
0.278 <0.0001 <0.0001OKS T1 30.6 ± 3.1 (24–35) 36.6 ± 8.2 (17–47) 33.6 ± 6.8 (17–47)

Control = control group; treatment = treatment group; n = number; NRS = Numerical Rating Scale; ODI =
Oswestry Disability Index; PCS12 = SF12 Physical Component Dimension; MCS12 = SF12 Mental Component
Dimension); KOOS = Knee Injury and Osteoarthritis Outcome Score; OKS = Oxford Knee Score.
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Figure 1. Box plot of NRS values by detection time and group.

Figure 2. Box plot of ODI values by detection time and group.
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Figure 3. Box plot of PCS-12values by detection time and group.

Figure 4. Box plot of MCS-12 values by detection time and group.
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Figure 5. Box plot of KOOS values by detection time and group.

Figure 6. Box plot of OKS values by detection time and group.
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Tables 3–8 describe the multivariate linear regression analyses by single outcome.
Specifically, in Table 3 a statistically significant improvement in the NRS scores emerged
between T0 and T1, attributable solely to the treatment (p < 0.0001).

Table 3. Analysis of the determinants of the difference between NRS T1 and NRS T0 in a multivariate
linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) −2.8 −4.0–1.6 <0.0001
Sex (male vs. female) 0.04 −1.08–1.17 0.938

Age (years) 0.04 −0.06–0.14 0.404
BMI 0.04 −0.07–0.15 0.486

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 4. Analysis of the determinants of the difference between ODI T1 and ODI T0 in a multivariate
linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) 0.89 −9.0–10.8 0.856
Sex (male vs. female) −4.70 −13.8–4.4 0.303

Age (years) −0.19 −0.98–0.61 0.640
BMI −0.97 −1.88–−0.07 0.036

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 5. Analysis of the determinants of the difference between PCS-12 T1 and PCS-12 T0 in a
multivariate linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) 8.5 0.6–16.3 0.036
Sex (male vs. female) 0.6 −6.6–7.8 0.864

Age (years) 0.2 −0.4–0.9 0.409
BMI −0.4 −1.1–0.3 0.036

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 6. Analysis of the determinants of the difference between MCS-12 T1 and MCS-12 T0 in a
multivariate linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) 3.7 −2.3–9.6 0.218
Sex (male vs. female) −0.03 −5.50–5.44 0.992

Age (years) 0.10 −0.38–0.58 0.674
BMI 0.08 −0.46–0.62 0.769

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

Table 7. Analysis of the determinants of the difference between KOOS T1 and KOOS T0 in a
multivariate linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) 11.9 5.8–18.0 <0.0001
Sex (male vs. female) 0.7 −4.9–6.3 0.792

Age (years) 0.2 −0.3–0.6 0.515
BMI −0.2 −0.8–0.3 0.402

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.
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Table 8. Analysis of the determinants of the difference between OKS T1 and OKS T0 in a multivariate
linear regression model.

Determinants Coef. 95%CI p-Value

Group (treatment vs. control) 8.5 5.4–11.7 <0.0001
Sex (male vs. female) 0.4 −2.5–3.3 0.796

Age (years) 0.1 −0.2–0.3 0.511
BMI −0.1 −0.4–0.2 0.537

BMI = Body Mass Index; Coef = coefficient; CI = Confidence Interval.

In Table 4, a statistically significant improvement in the ODI scores emerged between
T0 and T1, attributable exclusively to patients’ BMI (p = 0.036).

In Table 5, a statistically significant improvement in the PCS-12 scores emerged be-
tween T0 and T1, attributable to the treatment (p < 0.036) and to BMI (p < 0.036).

In Table 6, no statistically significant differences were found between T0 and T1 for
MCS-12 values. However, it should be noted that the starting values were already uneven
between the two groups, especially with regard to the MCS-12. This is attributable to the
fact that this rating scale, especially for the mental dimension, is easily influenced by factors
other than knee pain.

In Table 7, a statistically significant improvement in the KOOS scores emerged between
T0 and T1, attributable exclusively to the treatment (p < 0.0001).

In Table 8, a statistically significant improvement in the OKS scores emerged between
T0 and T1, attributable exclusively to the treatment (p < 0.0001).

From the analysis of analgesic intake diaries, only a random intake emerged, which set-
tled on an average of 1.0 g/week per group, with a sporadic and not significant distribution
among the participants. No side effects were referred.

4. Discussion

The aforementioned results showed that both dietary supplements produced beneficial
effects in patients. However, NRS, KOOS and OKS scores had a statistically significant
greater improvement in the treatment group, which is the one treated with the dietary
supplement containing both hemp seed oil and terpenes. Therefore, this latter seems more
effective in relieving KOA pain and improving specific knee function.

As was said previously, hemp seed oil accounts for the increasing scores in both
groups [15,16], but in assessing the composition of the two dietary supplements it is likely
that the better results of the treatment group, both in terms of pain relief and in terms of
joint function, derive from the presence in the one taken by this group of terpenes, more
specifically BCP and myrcene. In fact, in 2020, Rao Jiang-Yan et al. showed how, through
autophagic activation, BCP is able to alleviate cerebral ischemia/reperfusion injury in
mice, highlighting its protective role in animal cells and vessels [28]. Experimental studies
showed that BCP reduces pro-inflammatory mediators such as tumor necrosis factor-alfa
(TNF-α), interleukin-1β (IL-1β), interleukin-6 (IL-6), and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB), thus ameliorating chronic pathologies characterized
by inflammation and oxidative stress [29–32]. In 2012, Ou Ming-Chiu et al. recruited
48 women with primary dysmenorrhea with an NRS > 5. On menstrual cycle days, twenty-
four patients massaged synthetic fragrances on the abdomen and the other twenty-four
patients did the same with BCP-based essential oils. Abdomen massages with BCP-based
essential oils provided relief to patients with primary dysmenorrhea, and the duration
of menstrual pain was also reduced [33]. Moreover, Shim Ik Hyun et al. showed the
effectiveness of BCP in reducing Helicobacter Pylori related gastritis, particularly nausea
and epigastric pain [34]. Due to its lipophilicity, BCP is highly lipophilic, so it possesses
a good oral bioavailability [35]. Ibrahim et al. demonstrated BCP’s ability to act as a
significant antinociceptive without any damage to gastric mucosa [36]. In addition, BCP
is able to reduce the expression of COX-2 and inducible Nitric Oxide Synthase (iNOS),
avoiding NF-κB activation, so analgesia is consequently achieved [37]. The reduction
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of acute and chronic pain is achieved by BCP because of its interaction with the opioid
system [38]. In fact, BCP promotes the release of β-endorphin secondarily affecting the
opioid system [36]. Growing evidence highlighted the suitability of BCP for the treatment
of chronic inflammation [32], such as the one deriving from osteoarthritis.

Although less documented than BCP, myrcene has also demonstrated its anti-inflammatory
properties. In a study conducted by Shamsul et al., this molecule reduced pro-inflammatory
cytokines (IL-1β, IL-6, and TNF-α), immunomodulatory factors (interferon gamma (IFNγ),
NF-κB and anti-inflammatory markers [interleukin-4 (IL-4), and interleukin-10 (IL-10)] [39].
Interestingly, myrcene is able to act on Transient Receptor Potential Vanilloid 1 (TRPV1), suggest-
ing its potential analgesic action [40]. Similar studies regarding other dietary supplements used
to reduce OA pain achieved results in pain control at short follow-ups which were comparable
to ours. In particular, a trial that tested the effectiveness of a collagen peptide-based supplement
in reducing OA-related lower back pain recorded a 4.1-points reduction according to the Visual
Analogical Scale (VAS) in the treatment group after only 3 weeks of intake [16].

Similarly, a recent 8-week randomized double-blind placebo-controlled trial by Wang
et al. reached a 2.6-points pain relief according to the Western Ontario and McMaster
University (WOMAC) Osteoarthritis index using oral low molecular weight hyaluronic
acid in combination with glucosamine and chondroitin on KOA in patients with mild knee
pain [41]. Moreover, such evidence is increasingly present in the available literature for
supplements apparently less specific for cartilage, but equally valid for the well-known anti-
inflammatory power. A systematic review of the nutritional supplement Perna Canaliculus
(green-lipped mussel) in the treatment of OA revealed that this molecule could achieve
great pain relief at short follow-up according to its ability to counteract joint inflammatory
processes [42]. Likewise, cannabidiol demonstrated very encouraging results in counter-
acting OA-related pain and joint degeneration in both animal models [43] and human
studies [44]. Thus, the pain relief we obtained seems to be in line with these results, and
was justified by the progressive control of the underlying inflammation.

With regard to the functional outcomes, the ODI and SF-12 scales did not differ appre-
ciably between the two groups, while the KOOS and OKS scales improved significantly in
the treatment group. We consider this as the consequence of the fact that ODI and SF-12 are
nonspecific for knee evaluation, while KOOS and OKS, as the name suggests (Knee Injury
and Osteoarthritis Scale and Oxford Knee Scale), are extremely specific for the pathology
we analyzed, which is KOA. Indeed, as is well known, ODI proved to be more suitable
for the functional evaluation of spinal disorders [45], while SF-12, which investigates the
quality of life, remained less specific and more easily influenced by other factors, especially
psychological ones [46]. Furthermore, Tables 4 and 5 suggest that BMI has a relevant impact
on these scales, confirming their nonspecific nature.

We assume that the obtained knee functional improvement is due to the fact that
a pain-free joint works better. In fact, one of the first goals in the rehabilitation of knee
diseases is precisely to intervene on pain in order to improve joint function and range of
motion (ROM) as early as possible [47]. Bahr Taylor et al. showed that massages with
essential oils (composed of 55 percent of BCP) on the hands of rheumatoid arthritis patients
relieved pain, improved finger strength and significantly increased the angle of maximum
flexion compared to subjects treated with coconut oil [48]. Moreover, a study conducted by
Topp Robert et al. demonstrated how topical treatment with menthol, which is a terpene as
well, improved pain and also knee function in patients with KOA compared to the placebo-
treated group [49]. In line with our results, a 2020 in vitro and in vivo study demonstrated
the anti-inflammatory action of geranol, an acyclic monoterpene which, when taken per os,
protects cartilage and improves joint function [50]. Similarly, as early as 2005, the role of
ginger extract in suppressing chemokine induction in human synoviocytes was clear [27],
and it was then shown to counteract disability and improve functional capacity in adults
with OA [51].

Finally, the dietary supplement containing terpenes appears to have useful properties
to improve KOA symptoms. It is likely that the beneficial effects of each nutraceutical
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component are synergistically amplified by combining them. It is important to further
investigate the usefulness of nutraceutical supplements as a complementary treatment for
OA because they represent a natural alternative to anti-inflammatory drugs with essentially
no side effects that can be self-administered by patients [52,53].

The main limitation of this study is the short duration of follow-up. For this reason,
further studies are needed to monitor the durability of the benefits noted in the short
term over time. Moreover, the outcome measures are self-reported by patients, but it is a
mandatory condition when it is necessary to investigate joint function in the activities of
daily living. Finally, there was not a placebo group, but this choice was due to the necessity
of guaranteeing a treatment for all patients, since all of them suffered from significant knee
pain. Nevertheless, future studies will overcome this limitation, in compliance with the
necessary ethical rules.

5. Conclusions

In conclusion, the dietary supplement containing terpenes in addition to hemp seed
oil is an effective complementary treatment option in patients with KOA for relieving
pain and improving joint function. Further studies are needed to prove its efficacy inside
multimodal therapies and with longer follow-up periods.
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Abstract: Background and Objectives: Osteoporosis is a major risk of fractures, harming patients’
quality of life. Dual-energy X-ray absorptiometry (DXA), which can detect osteoporosis early, is too
expensive to be conducted on a regular basis. Therefore, we aimed to evaluate a screening method
using chest radiographs developed in Japan applied to another population. Materials and Methods:
Fifty-five patients who had a chest radiograph and DXA and applied within three months of each test
were recruited from the patient database of Semmelweis University (Budapest, Hungary). Graphical
analysis of the chest radiographs was conducted to identify the ratio of the cortical bone in the clavicle
of each patient. Two researchers performed the analysis, and multiple regression was conducted
to determine the bone mineral density of each patient provided by DXA. Results: The Pearson
correlation between two examiners’ determinations of the cortical bone ratio was 0.769 (p < 0.001).
The multiple regression model proved to be statistically significant in identifying osteoporosis, but
the model adopted for the Hungarian population was different compared to the Japanese population.
Conclusions: This simple, economic Japanese graphical analysis method for chest radiographs may be
feasible in detecting osteoporosis. Further studies with a larger population of patients with greater
variety of ethnicity would be of value in improving the accuracy of this model.

Keywords: bone fractures; bone mineral density; prevention; aging society; Japan; Hungary

1. Introduction

Osteoporosis is associated with decreased bone mass, associated microarchitectural
deterioration, and fragility fractures [1]. It is a widespread disease affecting mainly elderly
patients, and it is associated with inadequate nutrition, inappropriate calcium and vitamin
D intake, irregular menstrual cycles, and lack of physical exercise. Osteoporosis remains
a significant public health problem, mainly because it is largely underdiagnosed and
undertreated [2]. Osteoporosis is indicated to have a major impact on mortality [3] as well
as harming patients’ quality of life [4] by making them more “immobile” [5]. In Japan,
as the population ages, cases of osteoporosis have been on the rise according to a recent
local study [6], and is believed to continue to increase—not only limited to the female
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population [7]. The prevalence of osteoporosis is estimated to be high in high-income
countries [8] other than Japan as well.

The gold standard for diagnosing osteoporosis is the measurement of bone mineral
density (BMD) by dual-energy X-ray absorptiometry (DXA). However, DXA requires
specific, expensive equipment, as well as well-trained technicians. Furthermore, Medicare
payments have cut DXA checkup for osteoporosis [9], leading to low rates of DXA screening
in the United States [10]. Hence, the necessity for a new, low-cost, simple screening method
of osteoporosis is of great necessity.

Previously, Kumar and Anburajan [11] reported a method of grouping patients into
low and high BMD from the clavicle cortical bone length ratio. As this method required a
quantitative method to determine the margins between the cortical and cancellous bone,
Ishikawa et al. [12] reported a method for determining the BMD of patients from the clavicle
by graphical analysis. However, this method has only been validated among patient data
in Japan, which utilizes the young adult mean as the key indicator for the diagnosis of
osteoporosis [13,14], unlike the other countries using Z-scores and T-scores [14]. Therefore,
we conducted a study to evaluate a method of screening chest X-rays obtained from patients
in Hungary to comply with global standards.

2. Materials and Methods

2.1. Subjects, Study Design

This is a single-centered, retrospective study conducted in Hungary. The study data
were derived from patient records and analyzed for secondary use. From the patient
database of Semmelweis University (Budapest, Hungary), 55 patients who had a chest
radiograph and DXA and applied within three months of each test were identified and
included in this study. Chest radiographs were performed on the following X-ray devices:
7X PRO 100-HF 650 (7x Orvostechnika Ltd., Budapest, Hungary), 7X Super 750B (7x
Orvostechnika Ltd., Budapest, Hungary), GE Discovery XR 656 (GE Healthcare, Milwaukee,
WI, USA).

Bone mineral density was measured with GE Lunar Prodigy (GE Healthcare, Mil-
waukee, WI, USA) dual-energy X-ray absorptiometry. As shown in Figure 1, a total of six
patients were excluded: three patients as optimal location for the analysis could not be
identified; two patients as fundamental data were missing; and one patient as the patient’s
chest radiograph could not be identified. In addition, of the 49 patients included in the
study, four patients were found with data of the left radius missing and were excluded
from the analysis of the radius.

Figure 1. Inclusion and exclusion criteria.
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This study protocol was approved by the ethical committee of the Graduate School of
Medicine, Osaka University (approval number: 15569-6, approved 17 August 2022) and
the Semmelweis University Regional and Institutional Committee of Science and Research
Ethics (approval number: 14/2019, approved 15 February 2019).

2.2. Graphical Analysis

Graphical analysis was conducted under the methods developed by Ishikawa et al. [12]
First, the shade of the clavicle was extracted from the chest X-ray. The contrast-limited

adaptive histogram equalization conducted by using open source library Fiji v 1.51i [15]
created by the National Institute of Health for ImageJ to increase the contrast and to conduct
Canny edge detection.

After the filtering, a region of the proximal clavicle where the clavicle became hor-
izontal to the axis of the radiogram was determined by visual judgement, and the edge
pixels were extracted by hand. The procedures for drawing perpendicular lines across
the upper and lower margins of the clavicle were decided so that the line was between
90 ± 10 degrees from the lines that were drawn to the lower margin of the clavicle from its
origin (Figure 2).

  

Figure 2. Graphical analysis conducted with Fiji. The region of interest (yellow line) was determined
using Canny edge detection, while the pixels were analyzed under enhanced local contrast.

The pixels defined on the perpendicular line from the previous step were used to
create a pixel value profile, and an eight-order function was used to fit the approximated
curve. The gradients of the tangent lines for the approximated curve were defined in the
areas between the upper and lower clavicle margins. The first part where the tangent
gradient became the minimum after the first local maximal value was defined as the upper
margin of the cortical bone and the cancellous bone, and the distance between that point
from the upper clavicle margin was defined as the upper clavicle cortical bone length (CL).
The point over the local minimal value with the largest tangent gradient was defined as
the lower margin between the cortical bone and the cancellous bone, and the distance
between the point of the lower clavicle margin was defined as the lower CL. Clavicle
cortical bone-length ratio (CLR) was defined by dividing the upper CL and lower CL by
the width of the short axis of the clavicle. From the pixel value profile defined from the
previous step, the average CLR was adopted from the three lines used for the analysis.

2.3. Statistical Analysis

We presented each continuous variable with its mean and standard deviation (SD), and
each categorical variable is represented by numbers and percentages. A t-test was applied to
the continuous variables, while a chi-squared test was applied to the categorical variables.

Two independent examiners were assigned to analyze the radiographs. The two
examiners conducted their analysis on each side of the clavicle of each patient. Pearson
correlation analysis was conducted to validate the results of the CLR between the two
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examiners. A multiple regression logistics analysis was conducted using the parameters
sex, CLR, age [year], body weight [kg], height [cm], BMI (body mass index) [kg/m2].

EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [16], a graphi-
cal user interface for R (version 3.6.1) [17] was used to perform statistical analysis. p-value
less than 0.05 was determined as statistically significant.

3. Results

Table 1 describes the demographics of the patients included in the study. The average
age was 65.3 years, and the average BMI was 26.3. The Pearson correlation between the
two examiners’ measured CLR was 0.769 (p < 0.001).

Table 1. Demographics of patients included in the study.

n = 49 (Male 15) Average SD Min Max

Age 65.3 13.4 25.0 85.0
BMI 26.3 5.8 17.0 39.4

Height (cm) 161.3 10.4 144.0 188.0
Weight (kg) 68.3 14.7 40.0 105.0

CLR 0.25 0.067 0.15 0.41
Table legends: min: minimum; max: maximum; BMI: body mass index; CLR: clavicle cortical bone length ratio;
SD: standard deviation.

Results of the DXA and Z-scores obtained from the DXA are shown in Table 2. The
study population showed an average Z-score less than zero in all four regions of the
DXA measurement.

Table 2. BMD measured by DXA with Z-scores.

n Average SD Min Max

L2-4
(g/cm2)

49

1.04 0.24 0.50 1.60
Z-score −0.19 1.79 −3.70 3.60

Femoral
neck

(g/cm2) 0.80 0.17 0.49 1.29
Z-score −0.37 1.23 −3.10 2.50

Total
femur

(g/cm2) 0.84 0.21 0.43 1.44
Z-score −0.32 1.44 −4.10 3.20

Radius
(g/cm2)

45
0.76 0.16 0.49 1.08

Z-score −0.48 1.25 −4.30 1.90
Demographics of the BMD and its Z-scores for the patients included in the study. Table legends: BMD: bone
mineral density; DXA: dual energy X-ray absorptiometry; SD: standard deviation.

The results of the logistic regression analysis are shown in Table 3 (L2-4), Table 4
(femoral neck), Table 5 (total femur), and Table 6 (radius). The coefficients serve as the
variables that estimate the bone mineral density of each patient.

Table 3. Logistic regression of the algorithm obtained from the Hungarian patients on the L2-L4.

Coefficients

Estimate Std. Error T Value Pr (>|T|)

(Intercept) 3.128 2.30 1.361 0.18
Age (year) 0.00466 0.0027 1.725 0.09

BMI (kg/m2) −0.06062 0.0435 −1.392 0.17
CLR 0.824 0.511 1.614 0.11

Height (cm) −0.01963 0.00143 −1.374 0.18
Weight (kg) 0.03125 0.0172 1.815 0.07

Sex (male = 1) 0.159 0.0841 1.886 0.06
Other statistical values include residual standard error: 0.1986 at 42 degrees of freedom; multiple R-squared:
0.4045; adjusted R-squared: 0.32; f-statistic: 4.755 on 6 and 42 DF; p-value: 0.0008859. Table legends: BMI: body
mass index; CLR: clavicle cortical bone length ratio; Std. Error: standard error.
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Table 4. Logistic regression of the algorithm obtained from the Hungarian patients on the femoral
neck.

Coefficients

Estimate Std. Error T Value Pr (>|T|)

(Intercept) 1.795 1.51 1.190 0.24
Age (year) 0.000306 0.00177 0.173 0.86

BMI (kg/m2) −0.0113 0.00286 −0.397 0.69
CLR 0.933 0.335 2.785 0.008 **

Height (cm) −0.0101 0.00941 −1.070 0.29
Weight (kg) 0.00930 0.0113 0.824 0.41

Sex (male = 1) 0.126 0.0552 2.277 0.03 **
Other statistical values include residual standard error: 0.1303 at 42 degrees of freedom; multiple R-squared:
0.4715; adjusted R-squared: 0.40; f-statistic: 6.246 on 6 and 42 DF; p-value: 0.00009492. Table legends: BMI: body
mass index; CLR: clavicle cortical bone length ratio; Std. Error: standard error; ** p < 0.001.

Table 5. Logistic regression of the algorithm obtained from the Hungarian patients on the femoral
total Femur.

Coefficients

Estimate Std. Error T Value Pr (>|T|)

(Intercept) 1.416 1.93 0.734 0.47
Age (year) 0.00112 0.00168 −2.794 0.00803 **

BMI (kg/m2) −0.00679 0.0366 −0.186 0.85
CLR 0.905 0.429 2.109 0.04 *

Height (cm) −0.00882 0.0120 −0.733 0.4676
Weight (kg) 0.01000 0.0144 0.692 0.4925

Sex (male = 1) 0.153 0.0706 2.170 0.0357 *
Other statistical values include residual standard error: 0.1668 at 42 degrees of freedom; multiple R-squared:
0.4575; adjusted R-squared: 0.38; f-statistic: 5.904 on 6 and 42 DF; p-value: 0.0001558. Table legends: BMI: body
mass index; CLR: clavicle cortical bone length ratio; Std. Error: standard error; * p < 0.05; ** p < 0.001.

Table 6. Logistic regression of the algorithm obtained from the Hungarian patients on the radius.

Coefficients

Estimate Std. Error T Value Pr (>|T|)

(Intercept) 3.128 2.30 1.361 0.18
Age (year) 0.00466 0.0027 1.725 0.09

BMI (kg/m2) −0.06062 0.0435 −1.392 0.17
CLR 0.824 0.511 1.614 0.11

Height (cm) −0.01963 0.00143 −1.374 0.18
Weight (kg) 0.03125 0.0172 1.815 0.07

Sex (male = 1) 0.159 0.0841 1.886 0.06
Other statistical values include residual standard error: 0.1093 on 38 degrees of freedom; multiple R-squared:
0.6099; adjusted R-squared: 0.38; f-statistic: 9.902 on 6 and 38 DF; p-value: 0.0000001421. Table legends: BMI: body
mass index; CLR: clavicle cortical bone length ratio; Std. Error: standard error.

Our model achieved statistical significance in all regions of the DXA measurement.

4. Discussion

This study aimed to develop a method to utilize chest radiographs for the primary
screening of osteoporosis. The results of our study may imply that such methods may be
feasible in estimating the BMD of patients who have undergone chest X-rays, which is an
important factor for the diagnosis of osteoporosis. To the best of our knowledge, no other
study has been conducted to evaluate the status of osteoporosis using graphical imaging
using computer analysis.

Osteoporosis is a major public health problem, affecting hundreds of millions of people
worldwide. The main clinical consequence of the disease is bone fractures. It is estimated
that one in three women [18] and one in five men [19] over the age of fifty worldwide
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will sustain an osteoporotic fracture. The majority of individuals who have sustained an
osteoporosis-related fracture or who are at high risk of fracture are untreated.

Routine chest radiographs obtained for other reasons in various clinical settings can
be applied to identify patients at risk of osteoporosis without additional radiation exposure
or cost, which could improve osteoporosis screening. For example, in Japan, the screening
rate of osteoporosis for women remains low at 4.6% [20], and this simple approach could
pave way to identifying potential patients, especially where DXA is not widely available.
As DXA requires expensive equipment compared to chest radiographs, this method may
be able to promote global health, especially in low- and middle-income countries with a
comparative lack of medical resources.

Identifying high-risk groups for osteoporosis using common chest radiographs might
increase the disease recognition and prevent osteoporotic fractures. A previous twin study
found that BMD is strongly heritable, especially in females in all locations, which high-
lighted the importance of family history as a risk factor for bone fractures [21]. Public
prevention programs could highlight the importance of screening, especially in such risk
groups, in preventing fragility fractures. However, population-based screening for osteo-
porosis is still controversial and has not been implemented [22]. The North American
Menopause Society released a position statement on the management of osteoporosis in
postmenopausal women in 2021 to reaffirm the importance of screening and assessing
risk factors of fractures [23]. Various national societies also have recommendations deter-
mining which women should undergo DXA study based on the results of screening tests
(questionnaires, fracture risk assessment calculators) [24]. A recent study recommends
women be screened for osteoporosis beginning at age 65, while screening for osteoporosis
in men should be considered based on the presence of risk factors [25]. The ROSE trial
reported that the barriers to population-based screening for osteoporosis appear to be both
psychosocial and physical, including factors such as aging, physical impairment, current
smoking, and alcohol consumption [22]. Since chest radiographs are routinely used for
lung cancer, tuberculosis, and annual workplace suitability screening in some countries
among adults, the elderly, and even young populations, we believe that our program could
help more efficient screening of those who are at risk of osteoporosis. Although the chest
radiography’s graphical analysis could not replace DXA for BMD screening, it could be
used where DXA has not been performed and chest radiography is readily available.

Our study has two strengths that support the feasibility of the method created by
Ishikawa et al. [12]. Firstly, our analysis has been conducted on patients other than the
Japanese population. The prevalence of osteoporosis differs from country to country [8],
and our manuscript would add to the previous evidence of the Japanese population with
another European population. Furthermore, recent evidence has demonstrated that there
are health disparities among a variety of diseases [26–28], and this study would also concur
with such research. Secondly, we were able to validate the methods with two independent
examiners, while the analysis by Ishikawa et al. [12] was conducted by only one personnel
member. The strong correlation between the two examiners’ results implies that this
method may be feasible for different institutions. These two strengths imply that this
method may be feasible for different races and ethnicities, and different examinees, which
are both important potentials for this method to be applied in clinical situations.

This study has several limitations. Firstly, the nature of the study limits the participants
to a relatively osteoporotic population, as the participants were recruited from a selection
of hospital patients. This can be seen by the relatively low average of Z-scores (less than
zero). Thus, a relatively healthy population may not have been able to participate in our
study. However, as our method is thought to be used to screen relatively ill patients, we
believe that this aspect of our study may be viewed as a strength, rather than a limitation.
Secondly, our model derived from multiple logistic regression could not be verified on a
clinical basis, as we were unable to obtain any data that recorded the Z-score of the BMD
of the Hungarian population. The results obtained were automatically derived from the
measurement machine, and the manufacturer was not able to provide the authors with such

119



Medicina 2022, 58, 1765

data. Thirdly, the sample size of the study remains relatively small, which may have been a
reason for reporting models with covariates that were not statistically significant. Fourthly,
this study is limited to the Hungarian population. As both genetic and environmental
factors are thought to play a role in bone mineral density as well as fractures [21], future
studies should include more participants, possibly from a variety of races and ethnicities,
from various regions. It may be of interest to conduct studies of race and ethnicity that
may not be the majority of the population to identify the influence of environmental factors
associated with osteoporosis, although such planning would require substantial effort [29].
Furthermore, as this system relies on a human researcher to conduct the study; this process
may be replaceable by artificial intelligence (AI) or machine learning, which could speed
up the screening process.

5. Conclusions

In conclusion, our study revealed that a Japanese graphical analysis method using
chest radiographs may be feasible in detecting osteoporosis. This method does not require
the use of DXA and would be usable in areas under simple analysis. Further studies
with a larger population of patients with greater variety of ethnicity would be of value to
improving the accuracy of our model.
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Abstract: Background and Objectives: The aim of this study was to validate the Serbian version of the
Boston Carpal Tunnel Questionnaire (BCTQ) and to evaluate temporal stability for the purpose of its
implementation in the evaluation of Serbian patients with carpal tunnel syndrome (CTS). Materials
and Methods: For the validation of the Serbian version of the BCTQ (BCTQSR), we tested 69 individuals
with diagnosed CTS that were referred for a conservative treatment at the Institute for Rehabilitation.
Neurophysiological tests were used for the electrophysiological grading (EG) of CTS severity in the
study sample. The final version of the BCTQSR was given to the tested participants from the study
on two occasions: test and retest, with a five-day period between the two measurements. Results:
The mean value for the symptom severity subscale (SSS) of the BCTQSR was 3.01 ± 0.94; for the
functional status subscale (FSS) of the BCTQSR it was 2.85 ± 1.00. Cronbach’s α for the SSS was
0.91 and 0.93 for the FSS. The intraclass correlation coefficients (ICCs) concerning the test–retest were
significant (p < 0.001) and were 0.949 for the SSS and 0.959 for the FSS. Those with a higher EG grade
had higher values of the SSS and FSS but without a statistical significance (p = 0.103 and p = 0.053,
respectively). The intercorrelation of the BCTQSR subscales (SSS and FSS) on the test was significant
(p < 0.001) with a correlation coefficient equal to 0.777. Conclusion: The Serbian version of the BCTQ
(BCTQSR) was successfully culturally adopted. The BCTQSR was a valid and reliable instrument for
the measurement of symptom severity and functional status in adults with CTS. Therefore, it can be
used in clinical practice for patients with CTS.

Keywords: carpal tunnel syndrome; Boston carpal tunnel questionnaire; validation; adults

1. Introduction

Carpal tunnel syndrome (CTS) is considered to be the most common peripheral
nerve entrapment syndrome [1,2]. It is caused by median nerve compression in the wrist
region [2]. In the United States (US), the prevalence of the condition is 7.8% [3]; in European
population studies, the prevalence ranges between 1 and 7% [4]. In Italy, for those who
perform manual work, reports have stated an increase of over 170% in CTS between 2006
and 2010 [3]. Previously, it was stated that CTS is multifactorial with occupational risk
factors such as repetitive hand movements, manual forceful exertion, hand–arm transmitted
vibration and the bending or twisting of the wrist. Non-occupational risk factors include
obesity, thyroid disease, pregnancy, diabetes mellitus, primary amyloidosis and rheumatoid
arthritis, which can participate in the development of CTS [5]. Furthermore, it has been
noticed that the body mass index (BMI) is an independent risk factor for CTS [6]. It is
3–4 times more likely for women to develop CTS than men and in 50% of cases with
CTS both wrists are affected [7]. In the study of Farioli et al., it was stated that several
epidemiological studies had been performed in order to evaluate the gender-specific
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causes of CTS, including hormonal factors, anthropometric parameters, pregnancy and
non-occupational biomechanical exposure [8].

Even though CTS is primarily a clinical diagnosis [9], the confirmation is obtained
by electrodiagnostic (EDX) studies [10]. Moreover, EDX studies are useful in a severity
assessment of CTS and surgery planning [11]; however, the electrodiagnostic CTS severity
might not be associated with the clinical severity [12]. The importance of a prompt and
adequate diagnosis in patients with CTS is due to the fact that misdiagnosis and delays in
establishing a diagnosis can lead to the persistence of symptoms and prolonged functional
impairments [13].

Karabinov et al., stated that numerous questionnaires have been developed for the
evaluation of upper limb disease, but the Boston Carpal Tunnel Questionnaire (BCTQ) is
used most frequently as a disease-specific instrument for CTS [14]. The BCTQ is a patient-
based outcome measure of symptom severity and functional status, specifically developed
for CTS patients [15]. So far, the BCTQ has been validated in many languages, including
Greek, Bulgarian, Dutch, Chinese, Portuguese, Turkish, Korean, Spanish, Finnish, Slovak
and Arabic [12,14,16–24]. The BCTQ is a self-administered questionnaire and, as such,
might eliminate bias and is sensitive to clinical changes even though it is subjective [19].
Furthermore, in the secondary analysis of Jerosch-Herold et al., it was pointed out that the
symptom severity subscale (SSS) and functional status subscale (FSS) of the BCTQ should
be evaluated as two separate subscales instead of being summed into a total score [25].

The aim of this study was to validate the Serbian version of the BCTQ and to evaluate
its temporal stability for the purpose of the implementation of this questionnaire in the
evaluation of Serbian patients with CTS.

2. Materials and Methods

2.1. Study Group

For the validation of the Serbian version of the BCTQ (BCTQSR), we tested 69 individ-
uals with diagnosed CTS that were referred for a conservative treatment at the Institute for
Rehabilitation. The diagnosis of CTS was made by a board-certified Physical Medicine and
Rehabilitation (PM&R) specialist with experience in CTS diagnostics and treatments. The
inclusion criteria were native Serbian language-speaking patients with a first-time CTS di-
agnosis. The exclusion criteria were: age under 18 years; the presence of diabetes mellitus,
rheumatoid arthritis, polyneuropathy, pregnancy, hypothyroidism and cervical radicu-
lopathy; and cognitively challenged patients who were unable to fill in the questionnaire.
Further variables analyzed were gender, age, occupation, dominant hand, lateralization of
symptoms and electrophysiological grading on the right and left hand. Prior to inclusion
in the study, the participants were informed and consent was obtained. The study was
approved by the Institutional Review Board (No: 02/942-2, 13 September 2022).

2.2. Electrophysiological Grading

Neurophysiological tests were used for the electrophysiological grading (EG) of CTS
severity in the study sample. Grade 0 referred to the absence of neurophysiological
abnormalities; Grade 1 or very mild CTS were described as present abnormalities only
in two sensitive tests, including a palm/wrist median/ulnar comparison, inching and a
ring-finger “double peak”; Grade 2 or a mild degree of CTS were referred to as the presence
of orthodromic sensory conduction velocity from the index finger to the wrist below 40 m/s
along with a median motor terminal latency from the wrist to the abductor pollicis brevis
muscle below 4.5 ms; Grade 3 or a moderately severe type of CTS were described if the
motor terminal latency of the median nerve was above 4.5 ms and lower than 6.5 ms with a
preserved sensory nerve action potential from the index finger; Grade 4 or severe CTS were
noticed if the motor terminal latency of the median nerve was above 4.5 ms and below
6.5 ms as well as an absent sensory nerve action potential; Grade 5 or very severe CTS were
referred to for those with a motor terminal latency of the median nerve above 6.5 ms; and
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Grade 6 or an extremely severe type of CTS were described if the surface motor potential
from the abductor pollicis brevis muscle was below 0.2 mV, peak-to-peak [26].

2.3. Boston Carpal Tunnel Questionnaire

The BCTQ is a self-administered instrument composed of two subscales; one measures
the severity of the symptoms and the other measures the functional status [12,17,24]. The
symptom severity subscale (SSS) consists of 11 items assessing pain, paresthesia, numbness,
weakness, nocturnal symptoms and overall functional status. The functional status subscale
(FSS) consists of 8 items that assess the hand function during common daily activities. Every
item scores between 1 and 5: SSS 1 is considered to be no symptoms and 5 is the worst
symptoms; FSS 1 is considered to be no difficulty and 5 is an inability to perform activities
at all. The overall SSS and FSS scores are calculated as the mean of the scores for the
11 and 8 individual items, respectively, where higher final scores point to a worse condition
representation of the patient.

2.4. Adaptation Process

For the purpose of the translation and cultural adaptation of the BCTQ to the BCTQSR
we followed the recommendations of the American Association of Orthopedic Surgeons
(AAOS) [27]. At the initial stage or the forward translation, we engaged two bilingual
translators of different profiles and backgrounds whose first language was Serbian to
produce two translated versions (T1 and T2). One translator was aware of the concepts
being examined in the translated questionnaire whereas the other was neither aware nor in-
formed. At the second stage or the translation synthesis, a bilingual board-certified PM&R
specialist synthesized the T1 and T2 translated versions, along with the two translators
who had participated in the forward translation. At this stage, an active discussion took
place regarding any potential discrepancies, finally reaching a consensus and producing a
common version of the translation: T12. At the third stage or the stage of back translation,
two bilingual translators with English as their mother tongue were engaged; they were
neither aware nor informed of the explored concepts and produced two back translated
versions (BT1 and BT2). At the fourth stage, an expert committee was formed to achieve
cross-cultural equivalence. The expert committee was composed of two university pro-
fessors of PM&R and two active specialists of PM&R with clinical practice of more than
5 years and with expertise in CTS as well as the bilingual translators included in forward
and back translation processes to achieve a consensus and produce a pre-final version of
the BCTQSR. At the fifth stage, the pre-final version of the BCTQSR was distributed to
15 participants who had been diagnosed with CTS. All feedback was discussed and solved,
producing the final version of the BCTQSR [27]. The final version of the BCTQSR was given
to the test participants from the study on two occasions: a test and a retest, with a five-day
period between the two measurements.

2.5. Statistical Analysis

The results were presented as numbers (N) and percentages (%) for the categorical
variables and mean values (MV) with a standard deviation (SD) for the continuous variables.
Cronbach’s α was used to assess the internal consistency. For the test–retest reliability, we
used the intraclass correlation coefficient (ICC). Values of Cronbach’s α above 0.70 were
considered to be acceptable [12]. Reliability, according to the values of the ICCs, was
grouped as >0.90 = high, 0.75–0.90 = good, 0.50–0.75 = moderate and <0.50 = poor [28]. The
test–retest reliability was further analyzed by Bland–Altman plots. The Pearson correlation
coefficient was used to assess the intercorrelations of the SSS and FSS subscales as well as
to correlate the subscales with an age. Differences between the subscales, according to the
gender and EG grading, were obtained by an independent sample test. A receiver operating
characteristic (ROC) curve was used to assess the ability of the subscales to discriminate
between individuals with a low EG and those with a high EG. The performance was
analyzed by the area under the curve (AUC). The statistical significance was set at p < 0.05.
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3. Results

The characteristics of the patients are presented in Table 1. Female patients were
predominantly represented (85.51%). An office job (46.38%) was the most frequent in the
study sample regarding the occupation type. The right-handed were predominant (95.65%)
and the localization of symptoms symmetrically on both sides was present in half of the
individuals tested (50.72%). Considering the electrophysiological grading, the most frequent
was Grade 2 (45.45%), followed by Grade 3 (43.93%) on the right side. The same applied for
the left side, where Grade 2 was present in 37.68% and Grade 3 in 30.44% (Table 1). Three
patients with bilateral CTS were excluded when the electrophysiological grading of the right
hand was performed due to a surgical treatment for CTS on the right hand.

Table 1. Patient characteristics.

Gender (n = 69)

Male, n (%) 10 (14.49)

Female, n (%) 59 (85.51)

Age (MV ± SD) 55.67 ± 10.77

Occupation (n = 69)

Physical job, n (%) 20 (28.98)

Office job, n (%) 32 (46.38)

Unemployed, n (%) 6 (8.70)

Retired, n (%) 11 (15.94)

Dominant Hand (n = 69)

Right, n (%) 66 (95.65)

Left, n (%) 1 (1.45)

Ambidextrous 2 (2.90)

Lateralization of Symptoms (n = 69)

Both sides, symmetrically, n (%) 35 (50.72)

Both sides, more right, n (%) 17 (24.64)

Both sides, more left, n (%) 6 (8.70)

Only right side, n (%) 10 (14.49)

Only left side, n (%) 1 (1.45)

Electrophysiological Grading: Right Hand (n = 66)

Grade 0, n (%) 1 (1.52)

Grade 1, n (%) 1 (1.52)

Grade 2, n (%) 30 (45.45)

Grade 3, n (%) 29 (43.93)

Grade 4, n (%) 2 (3.03)

Grade 5, n (%) 1 (1.52)

Grade 6, n (%) 2 (3.03)

Electrophysiological Grading: Left Hand (n = 69)

Grade 0, n (%) 10 (14.49)

Grade 1, n (%) 9 (13.04)

Grade 2, n (%) 26 (37.68)

Grade 3, n (%) 21 (30.44)

Grade 4, n (%) 2 (2.90)

Grade 5, n (%) 1 (1.45)

Grade 6, n(%) 0
MV—Mean value; SD—Standard deviation.
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The mean value for the SSS of the BCTQSR was 3.01 ± 0.94; for the FSS of the BCTQSR
it was 2.85 ± 1.00. Cronbach’s α for the SSS was 0.91; for the FSS, it was 0.93. These
represented an acceptable internal consistency. All items for the SSS and FSS were above
0.70 (Table 2).

Table 2. Mean values of the BCTQSR and Cronbach’s α values.

BCTQSR

Items
MV ± SD

Cronbach’s α if Item
Deleted

Total
Cronbach’s α

SSS

1 3.01 ± 1.37 0.89 -

2 2.94 ± 1.43 0.90 -

3 2.74 ± 1.18 0.90 -

4 3.07 ± 1.36 0.90 -

5 2.83 ± 1.39 0.91 -

6 3.28 ± 1.23 0.91 -

7 2.90 ± 1.20 0.90 -

8 3.13 ± 1.25 0.91 -

9 3.45 ± 1.27 0.90 -

10 3.17 ± 1.33 0.90 -

11 2.59 ± 1.28 0.90 -

Total 3.01 ± 0.94 - 0.91

FSS

1 2.43 ± 1.24 0.93 -

2 2.61 ± 1.20 0.91 -

3 2.81 ± 1.29 0.92 -

4 2.86 ± 1.25 0.92 -

5 3.22 ± 1.29 0.92 -

6 3.19 ± 1.09 0.91 -

7 3.28 ± 1.22 0.92 -

8 2.39 ± 1.20 0.92 -

Total 2.85 ± 1.00 - 0.93
BCTQSR—Boston Carpal Tunnel Questionnaire Serbian Version; MV—Mean value; SD—Standard deviation;
SSS—Symptom severity subscale; FSS—Functional status subscale.

The ICCs concerning the test–retest were significant (p < 0.001); these were 0.949 for
the SSS and 0.959 for the FSS.

The scatterplot graphs are presented in Figure 1. There was a high correlation between
the test and the retest using Pearson’s correlation both for the SSS (0.951) and the FSS (0.939)
(Figure 1).
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A B 

Figure 1. Scatterplot of the test and retest of the symptom severity subscale (SSS) and functional status
subscale (FSS) of the Boston Carpal Tunnel Questionnaire Serbian Version (BCTQSR). (A): Scatterplot
and Pearson’s correlation of the test and retest of the SSS. (B): Scatterplot and Pearson’s correlation of
the test and retest of the FSS.

The Bland–Altman plots are presented in Figure 2. The limits of agreement (LoA) for
the SSS varied from −0.47 (with 95% CI from −0.36 to −0.58) to 0.67 (with 95% CI from
0.51 to 0.83). For the FSS, the total score varied from −0.53 (with 95% CI from −0.41 to
−0.65) to 0.87 (with 95% CI from 0.67 to 1.07) for the time interval between the test and
retest, suggesting an acceptable agreement between these two measurements. The average
difference for the SSS was 0.10 (with 95% CI from 0.08 to 0.12) and 0.17 for the FSS (from
95% CI from 0.13 to 0.21).

 

A B 

Figure 2. Bland–Altman plots of the test and retest of the symptom severity subscale (SSS) and
functional status subscale (FSS) of the Boston Carpal Tunnel Questionnaire Serbian Version BCTQSR.
(A): Bland–Altman plot of the test and retest of the SSS. (B): Bland–Altman plot of the test and
retest of the FSS. - - - - negative and positive average difference; - negative and positive 95%
confidence interval.

The SSS and FSS scores were higher in females but without a statistical significance
(p = 0.643 and p = 0.741, respectively) on the test. Those with a higher EG grade had higher
values of the SSS and FSS but without a statistical significance (p = 0.103 and p = 0.053,
respectively) on the test. Furthermore, there were non-significant correlations between
gender and the SSS (p = 0.719) and FSS (p = 0.284) on the test (Table 3).
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Table 3. BCTQSR association of subscales (SSS and FSS) with gender, age and EG grading on the test.

Tested Variables
SSS FSS

p-Value p-Value

Gender

Male (MV ± SD) 2.88 ± 0.99
0.643 *

2.75 ± 1.18
0.741 *

Female (MV ± SD) 3.03 ± 0.94 2.86 ± 0.98

Age

r ** −0.044 0.719 ** 0.131 0.284 **

EG

1–2 (MV ± SD) 2.80 ± 0.91
0.103 *

2.58 ± 0.97
0.053 *≥3 (MV ± SD) 3.17 ± 0.94 3.05 ± 0.99

MV—Mean value; SD—Standard deviation; SSS—Symptom severity subscale; FSS—Functional status subscale;
EG—Electrophysiological grading; * Independent sample test; ** Pearson correlation coefficient.

A ROC curve analysis demonstrated that for the SSS, the cut-off value was 3.32, with
a sensitivity of 53.8%, a specificity of 70% and an AUC of 0.603 (p = 0.146). For the FSS, the
cut-off value was 3.06, with a sensitivity of 56.4%, a specificity of 70% and an AUC of 0.644
(p = 0.042) (Figure 3).

 

Figure 3. Receiver operating characteristic (ROC) curve for the prediction of a high electrophysiologi-
cal grading (EG) for symptom severity subscale (SSS) and functional status subscale (FSS) of Boston
Carpal Tunnel Questionnaire Serbian Version (BCTQSR) on the test.

The intercorrelation of the BCTQSR subscales (SSS and FSS) on the test was significant
(p < 0.001), with a correlation coefficient equal to 0.777.

There was a significant correlation between the SSS items on the test, except for the
correlations between SSS Item 6 and SSS Item 2 (r = 0.192; p = 0.114), SSS Item 6 and SSS
Item 4 (r = 0.189; p = 0.121), SSS Item 6 and SSS Item 5 (r = 0.062; p = 0.610), SSS Item 8 and
SSS Item 5 (r = 0.216; p = 0.074) and SSS Item 10 and SSS Item 5 (r = 0.184; p = 0.131). The
highest correlation was between Item 5 and Item 4 (r = 0.858; p < 0.001) and the lowest
correlation was between Item 6 and Item 5 (r = 0.062; p = 0.610) (Table 4).
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Table 4. Correlations between SSS items on the test.

Correlations

BCTQSR SSS Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11

Item 1
r 1

p

Item 2
r 0.811 1

p <0.001

Item 3
r 0.639 0.606 1

p <0.001 <0.001

Item 4
r 0.630 0.483 0.731 1

p <0.001 <0.001 <0.001

Item 5
r 0.534 0.385 0.605 0.858 1

p <0.001 0.001 <0.001 <0.001

Item 6
r 0.346 0.192 0.392 0.189 0.062 1

p 0.004 0.114 0.001 0.121 0.610

Item 7
r 0.645 0.543 0.684 0.533 0.428 0.484 1

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Item 8
r 0.465 0.333 0.382 0.314 0.216 0.549 0.440 1

p <0.001 0.005 0.001 0.009 0.074 <0.001 <0.001

Item 9
r 0.659 0.598 0.374 0.304 0.245 0.493 0.455 0.558 1

p <0.001 <0.001 0.002 0.011 0.042 <0.001 <0.001 <0.001

Item 10
r 0.598 0.747 0.432 0.261 0.184 0.347 0.389 0.439 0.731 1

p <0.001 <0.001 <0.001 0.030 0.131 0.003 0.001 <0.001 <0.001

Item 11
r 0.493 0.461 0.611 0.440 0.456 0.408 0.730 0.450 0.397 0.398 1

p <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.001 0.001

BCTQSR—Boston Carpal Tunnel Questionnaire Serbian Version; SSS—Symptom severity subscale.
r: Pearson’s correlation.

There was a significant correlation between all FSS items on the test (p < 0.001), with
the highest correlation between Item 7 and Item 6 (r = 0.833; p < 0.001) and the lowest
between Item 7 and Item 1 (r = 0.443; p < 0.001) (Table 5).

Table 5. Correlations between FSS items on the test.

Correlations

BCTQSR FSS Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8

Item 1
r 1

p

Item 2
r 0.666 1

p <0.001

Item 3
r 0.512 0.731 1

p <0.001 <0.001

Item 4
r 0.457 0.596 0.777 1

p <0.001 <0.001 <0.001

Item 5
r 0.462 0.556 0.591 0.592 1

p <0.001 <0.001 <0.001 <0.001

Item 6
r 0.471 0.708 0.687 0.646 0.702 1

p <0.001 <0.001 <0.001 <0.001 <0.001

Item 7
r 0.443 0.654 0.631 0.622 0.547 0.833 1

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Item 8
r 0.681 0.798 0.609 0.507 0.597 0.662 0.675 1

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

BCTQSR—Boston Carpal Tunnel Questionnaire Serbian Version; FSS—Functional status subscale.
r: Pearson’s correlation.
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4. Discussion

The translated version of the BCTQSR was successful because only minor cultural
adaptions were needed. The BCTQSR demonstrated a satisfactory internal consistency and
test–retest reliability, with an acceptable agreement between the test and retest for both the
SSS and FSS subscales. Furthermore, there was a significant intercorrelation between the
BCTQSR SSS and FSS subscales on the test session.

Regarding the cultural adaptation of the BCTQSR SSS and FSS items, we also con-
sidered the observations from the study of Mendoza-Pulido and Ortiz-Corredor, where
weaknesses such as fatigue, sleepiness, unsteadiness or loss of muscle strength could be
widely interpreted in patients [29].

The importance of a satisfactory internal consistency refers to the fact that a higher
internal consistency is associated with a greater precision or a lower error variance [19]. The
results of our study regarding the internal consistencies for the BCTQSR SSS (Cronbach’s
α = 0.91) and for the BCTQSR FSS (Cronbach’s α = 0.93) were in line with previous reports.
For example, in the Spanish BCTQ validation for the SSS, the Cronbach’s α was 0.909 and
for the FSS, the Cronbach’s α was 0.872 [21]. In the Greek BCTQ validation, the Cronbach’s
α was 0.89 for the SSS and the Cronbach’s α was 0.93 for the FSS [12]. In the Dutch
validation, it was somewhat lower for the SSS (Cronbach’s α = 0.847) and for the FSS
(Cronbach’s α = 0.825) [16].

In our study, we had no loss of participants between the test and retest of the BCTQSR.
Furthermore, no incomplete questionnaires were returned both for the SSS and the FSS on
the test and retest. In the study of Leite et al., it was stated that the BCTQ was shown to
have good levels of acceptability, with response rates of 90% and above [15].

Even though we found no significant differences in the SSS and FSS scores of the
BCTQSR between genders, females with CTS had higher scores on both BCTQSR subscales.
Our findings differed somewhat when compared with previously reported results, where
females with CTS had significantly higher values of both the SSS and FSS [12]. Despite the
possibility that females might have a higher sensitivity in the reporting of CTS symptoms
and that men might possibly have a higher tolerance for the symptoms [30], the possible
explanation for our findings might be in the different cultural and social environment.
Furthermore, gender was shown not to significantly correlate with the SSS and FSS of
the BCTQSR.

The BCTQSR scores in our study were higher for patients with CTS who were graded
three and above on the EG versus those who were graded from zero to two, but this
was without a statistical significance. In the Greek validation, the authors demonstrated
significantly increased values for those with Grade 3 and above on the EG when compared
with those who had Grades 1 and 2 [12]. The possible explanation for the absence of a
significant difference between the tested groups of patients in our study might be due to
different perceptions of symptom severity as well as different perceptions of functional
changes in the tested patients with CTS.

In the Rash analysis of Multanen et al., regarding the structural validity of the BCTQ,
it was noticed that the BCTQ SSS demonstrated multidimensionality whereas the FSS
showed a unidimensional structure [22]. Furthermore, these authors pointed to the fact that
the question in the BCTQ SSS “How long on average does an episode of pain last during
the daytime” demonstrated a non-uniform differential item functioning that favored age
whereas Item 7 was shown to favor gender [22].

When considering the correlation between the different items in the BCTQSR SSS on
the test session and the possible explanation for the absence of statistical significances
between certain items of the SSS, we referred to the fact that, according to De Kleermaeker
et al., the FSS could be considered to be a unidimensional scale whereas the SSS subscale
measures three different factors (daytime symptoms, night-time symptoms and operational
capacity) [16]. Assuming this, the absence of significant correlations between Item 6 and
Item 4, between Item 6 and Item 5 and between Item 8 and Item 5 as well as between
Item 10 and Item 5 for the SSS could be explained by the possibility that they belonged to
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different factors such as “daytime symptoms” for Items 4 and 5 and “night-time symptoms
and numbness/tingling” for Item 6, Item 8 and Item 10, as stated in the study of Atroshi
et al. [31].

5. Conclusions

The Serbian version of the BCTQ (BCTQSR) was successfully culturally adopted. The
BCTQSR was a valid and reliable instrument for the measurement of symptom severity and
functional status in adults with CTS. Thus, it can be used in clinical practice for patients
with CTS.

Author Contributions: D.B., D.N. and M.L.: conceptualization, methodology, supervision and
writing—original draft; M.H., D.C., N.R. and T.F.: data curation, formal analysis and writing—
original draft. All authors have read and agreed to the published version of the manuscript.

Funding: The authors received no financial support for the research and/or authorship.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
(No: 02/942-2, 13 September 2022).

Informed Consent Statement: Written informed consent was obtained from each patient.

Data Availability Statement: Original data are available on request from the first author (D.B.)

Conflicts of Interest: The authors declare no conflict of interest concerning the authorship and/or
publication of this article.

References

1. Wright, A.R.; Atkinson, R.E. Carpal Tunnel Syndrome: An Update for the Primary Care Physician. Hawai’i J. Health Soc. Welf.
2019, 78 (Suppl. S2), 6–10.

2. Padua, L.; Coraci, D.; Erra, C.; Pazzaglia, C.; Paolasso, I.; Loreti, C.; Caliandro, P.; Hobson-Webb, L.D. Carpal tunnel syndrome:
Clinical features, diagnosis, and management. Lancet Neurol. 2016, 15, 1273–1284. [CrossRef]

3. Scalise, V.; Brindisino, F.; Pellicciari, L.; Minnucci, S.; Bonetti, F. Carpal Tunnel Syndrome: A National Survey to Monitor
Knowledge and Operating Methods. Int. J. Environ. Res. Public Health 2021, 18, 1995. [CrossRef] [PubMed]

4. Middleton, S.D.; Anakwe, R.E. Carpal tunnel syndrome. BMJ 2014, 349, g6437. [CrossRef] [PubMed]
5. Al Shahrani, E.; Al Shahrani, A.; Al-Maflehi, N. Personal factors associated with carpal tunnel syndrome (CTS): A case-control

study. BMC Musculoskelet. Disord. 2021, 22, 1050. [CrossRef]
6. Lampainen, K.; Shiri, R.; Auvinen, J.; Karppinen, J.; Ryhänen, J.; Hulkkonen, S. Weight-Related and Personal Risk Factors of

Carpal Tunnel Syndrome in the Northern Finland Birth Cohort 1966. J. Clin. Med. 2022, 11, 1510. [CrossRef]
7. Scanlon, A.; Maffei, J. Carpal tunnel syndrome. J. Neurosci. Nurs. 2009, 41, 140–147. [CrossRef]
8. Farioli, A.; Curti, S.; Bonfiglioli, R.; Baldasseroni, A.; Spatari, G.; Mattioli, S.; Violante, F.S. Observed Differences between Males

and Females in Surgically Treated Carpal Tunnel Syndrome Among Non-manual Workers: A Sensitivity Analysis of Findings
from a Large Population Study. Ann. Work Expo. Health 2018, 62, 505–515. [CrossRef]

9. Calandruccio, J.H.; Thompson, N.B. Carpal Tunnel Syndrome: Making Evidence-Based Treatment Decisions. Orthop. Clin. N. Am.
2018, 49, 223–229. [CrossRef]

10. Alanazy, M.H. Clinical and electrophysiological evaluation of carpal tunnel syndrome: Approach and pitfalls. Neurosciences 2017,
22, 169–180. [CrossRef]

11. Wipperman, J.; Goerl, K. Carpal tunnel syndrome: Diagnosis and management. Am. Fam. Physician 2016, 94, 993–999. [PubMed]
12. Bougea, A.; Zambelis, T.; Voskou, P.; Katsika, P.Z.; Tzavara, C.; Kokotis, P.; Karandreas, N. Reliability and Validation of the Greek

Version of the Boston Carpal Tunnel Questionnaire. HAND 2018, 13, 593–599. [CrossRef] [PubMed]
13. Shetty, K.D.; Robbins, M.; Aragaki, D.; Basu, A.; Conlon, C.; Dworsky, M.; Benner, D.; Seelam, R.; Nuckols, T.K. The quality of

electrodiagnostic tests for carpal tunnel syndrome: Implications for surgery, outcomes, and expenditures. Muscle Nerve 2020, 62,
60–69. [CrossRef] [PubMed]

14. Karabinov, V.; Slavchev, S.A.; Georgiev, G.P. Translation and Validation of the Bulgarian Version of the Boston Carpal Tunnel
Questionnaire. Cureus 2020, 12, e10901. [CrossRef]

15. Leite, J.C.D.C.; Jerosch-Herold, C.; Song, F. A systematic review of the psychometric properties of the Boston Carpal Tunnel
Questionnaire. BMC Musculoskelet. Disord. 2006, 7, 78–79. [CrossRef]

16. De Kleermaeker, F.G.C.M.; Levels, M.; Verhagen, W.I.M.; Meulstee, J. Validation of the Dutch Version of the Boston Carpal Tunnel
Questionnaire. Front. Neurol. 2019, 10, 1154. [CrossRef]

17. Lue, Y.-J.; Lu, Y.-M.; Lin, G.-T.; Liu, Y.-F. Validation of the Chinese Version of the Boston Carpal Tunnel Questionnaire. J. Occup.
Rehabil. 2014, 24, 139–145. [CrossRef]

131



Medicina 2022, 58, 1531

18. de Campos, C.C.; Manzano, G.M.; de Andrade, L.B.; Castelo Filho, A.; Nóbrega, J.A. Translation and validation of an instrument
for evaluation of severity of symptoms and the functional status in carpal tunnel syndrome. Arq. Neuro-Psiquiatr. 2003, 61, 51–55.

19. Sezgin, M.; Incel, N.A.; Sevim, S.; Çamdeviren, H.; As, I.; ErdoĞan, C. Assessment of symptom severity and functional status in
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Abstract: Background: Lifestyle interventions have a direct impact on the gut microbiome, changing
its composition and functioning. This opens an innovative way for new therapeutic opportunities for
chronic widespread patients. Purpose: The goal of the present study was to evaluate a correlation
between lifestyle interventions and the gut microbiome in patients with chronic widespread pain
(CWP). Methods: The systematic review was conducted until January 2023. Pain and microbiome
were the two keywords selected for this revision. The search was conducted in PubMed, Chochrane,
PEDro and ScienceDirect, where 3917 papers were obtained. Clinical trials with lifestyle intervention
in CWP patients were selected. Furthermore, these papers had to be related with the gut microbiome,
excluding articles related to other types of microbiomes. Results: Only six articles were selected
under the eligibility criteria. Lifestyle interventions were exercise, electroacupuncture and ingesting a
probiotic. Conclusions: Lifestyle intervention could be a suitable choice to improve the gut microbiome.
This fact could be extrapolated into a better quality of life and lesser levels of pain.

Keywords: gut microbiome; lifestyle; chronic widespread pain

1. Introduction

One in three people experience chronic pain, and at least one in ten experience an
even greater symptomatology called chronic widespread pain (CWP), which carries a cost
in absenteeism from work and represents a burden on the national health system and a
worldwide problem [1–3]. CWP is a condition of diffuse musculoskeletal pain associated
with other illness, which presented axial pain on both sides of the body [4]. The latest
scientific literature has described the mechanisms underlying the communication between
the gut and the brain (i.e., the gut–brain axis [5]), which could partly explain the chronicity
of pain, as well as pave the way for new therapeutic opportunities for this population [2,6].
In particular, it is known that abnormalities in the gut microbiome (i.e., dysbiosis) could
lead to systemic inflammation, especially in the presence of an impaired intestinal barrier

Medicina 2023, 59, 256. https://doi.org/10.3390/medicina59020256 https://www.mdpi.com/journal/medicina
133



Medicina 2023, 59, 256

(the so-called leaky gut) [7,8]. Moreover, some intestinal microorganisms can influence the
production of neurotransmitters (and produce them by themselves) in addition to directly
stimulating nerve fibers, also interfering in the hypothalamus–pituitary–adrenal axis [9].
Alterations along the gut–brain axis have been shown to be related with musculoskeletal
pain, behavior modulation or brain processing, and play a role in depression, stress, anxiety
and even neuropsychiatric disorders [10–13].

Lifestyle interventions such as nutrition, sleep or exercise could affect the pain experi-
ence [14–16]. Specifically, physical activity has a direct impact on the central nervous system
(CNS), modifying the pain experience and cognitive processing [14,17]. On the other hand,
it has been shown to positively modulate the gut microbiome (leading to greater diversity
and overabundance of beneficial taxa and metabolites) in different settings, including
chronic diseases [17,18] thus, representing a potential preventive and therapeutic tool for
dysbiosis-related conditions.

As far as we are aware, the bibliography related to these three items (pain, microbiome
and lifestyle) is still limited. Despite there being a wide bibliography about the effects
of exercise in CWP patients, there is only one article in which exercise is the chosen
intervention regardless of microbiota changes [18]. This stresses the need for further
research in this very promising field, which could open a new vision and indicate new
therapeutic targets for CWP patients.

Here, we provide an up-to-date systematic review of studies investigating the corre-
lation between the gut microbiome and lifestyle interventions in CWP. In particular, the
associations between gut microbiome and pain, quality of life and exercise are discussed.

2. Materials and Methods

2.1. Data Source and Search Strategy

A systematic review was conducted until January 2023 that investigated the correlation
between the gut microbiome and lifestyle interventions in CWP. Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed.

The criteria used to extract the data were according to the Cochrane Handbook for
Systematic Reviews of Interventions (Version 6.3, 2022) [19]. The data selected were study
design, age of participants, year and country of publication, setting, intervention, follow-
up timing, clinical outcomes and reported findings. The protocol has been registered
on 18 November 2022 in the International Prospective Register of Systematic Reviews
(PROSPERO, CRD42022373890).

The principal researcher conducted the systematic review according to the PRISMA
criteria by inserting the keywords “pain” and “microbiome”, combined with the Boolean
“AND” in PubMed, Cochrane, PEDro and ScienceDirect. This strategy was reviewed
by two other authors. The whole search strategy used was: (“pain”[MeSH Terms] OR
“pain”[All Fields]) AND (“microbiome”[All Fields] OR “microbiomic”[All Fields] OR
“microbiomics”[All Fields] OR “microbiota”[MeSH Terms] OR “microbiota"[All Fields] OR
“microbiome”[All Fields] OR “microbiomes”[All Fields]).

2.2. Eligibility Criteria

Eligibility criteria were: (1) clinical trial, (2) lifestyle intervention, (3) patients with
CWP (4) in the gut microbiome and (5) until January 2023.

2.3. Data Extraction

Relevant articles were identified by the principal investigator (MEGA) and reviewed
by two other authors (EASR and JHV). Discrepancies were resolved by the consensus
of the three researchers. Researchers were not blind to any information regarding the
authors, the journal or the outcomes for each article reviewed. The data extracted from the
studies included study design, participants, intervention, outcome measures, follow-up
and reported results (Table 1).
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2.4. Outcome Measures

The primary outcome was the change in pain between baseline and follow-up. Fur-
thermore, quality of life, scales related to their CWP symptoms and exercise were also
added as secondary measures.

2.5. Quality Assessment

All articles selected by the principal author (MEGA) were assessed by two different
authors (EASR and JHV), using two different scales for methodological quality. Control
trial studies were evaluated with the Physiotherapy Evidence Database (PEDro) Scale
(Table 2), while longitudinal studies were evaluated using the Methodological Index for
Nonrandomized Studies (MINORS) (Table 3). Disagreements were solved by the three
authors cited above. The entire quality assessment process was developed based on
previous studies [20–23].

3. Results

3.1. Study Selection

A total of 3917 studies were identified by searching the PubMed, Cochrane, PEDro and
ScienceDirect databases. No other studies were added from other sources. After removing
the duplicates and screening titles, abstracts, and full texts, we selected eight articles. In
a secondary screening, one from PubMed was discarded because the intervention was
not completely related with our topic, and one from Cochrane was discarded because
the registration of the Roman et al. [12] manuscript was included in the PubMed section.
Six articles were therefore selected for this review, with 337 participants in total. Three
studies were conducted in Europe (Spain, Italy and Denmark) and three in Asia (China
and Turkey).

Although Roman et al. [12] and Jensen et al. [24] did not profile the gut microbiome,
their works were included as they used probiotics and well-known microbiome manipula-
tion tools [25]. The same scenery can be found in the Kenis-Coskun et al. [4] manuscript
but in this case with Vitamin D [4]. Otherwise, Torlak et al. manipulated the diet and used
different diets with chronic low back pain (CLBP) patients [26]. The other two studies in-
vestigated the effect of a maximal exercise challenge in myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS) [18] and the effect of electroacupuncture in knee osteoarthritis
patients [27]. The flowchart is presented in Figure 1 according to the PRISMA guidelines.

3.2. Outcomes
3.2.1. Association between Gut Microbiome and Pain

The pain was measured through three different scales. Shukla et al. (2015) [18], Jensen
et al. (2019) [24] and Wang et al. (2021) [27] used the numerical rating scale (NRS). Wang
also used the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
in the subscale of pain [27]. Roman et al. (2018) [12], Kenis-Coskun et al. (2020) [4] and
Torlak et al. (2022) [26] chose the visual analog scale (VAS).

Shukla et al. (2015) [18] showed significant differences at baseline between the myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS) group and the control group in the
relative abundance of the phylum Actinobacteria (higher in controls). It should be noted
that ME/CFS patients experienced more pain (NRS mean: 6.8) than the control group (2.5).

Roman et al. (2018) [12] indicated a reduction in pain in the probiotic group compared
to the placebo group but not statistically significant. Although they did not characterize
the gut microbiome, this reduction is likely to be mediated by its modulation, as discussed
by the authors (and suggested by the literature on the same probiotic strains used).
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews, including searches of databases
and registers.

Jensen et al. (2019) [24] and Kenis-Coskun et al. (2020) [4] found improvement in pain
after treatment; however, the differences were not significant. In particular, Jensen [24] did
not show any differences between the control and active group in four out of five items:
disability, back+leg pain, patient-reported global effect and number of the patients with
minimal disability at 1 year. Nevertheless, authors highlighted that back pain decreased
more in the active group than in the control group. Kenis-Coskum et al. [4] showed a
decrease in the VAS median from 7/10 before treatment to 3/30 after treatment [4].
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Wang et al. (2021) [27] mentioned a statistical difference between cases and controls
at week 8 in NRS and WOMAC pain (i.e., lower values for cases). They also showed an
overall reduction in pain during follow-up through week 26. The authors correlated this
decrease with increased proportions of typically health-associated taxa, such as Faecal-
ibacterium, Roseburia and Agathobacter (for WOMAC pain only). On the other hand,
Streptococcus and Enterococcus, known pathobionts, were positively correlated with NRS
and WOMAC pain.

Finally, Torlak et al. (2022) [26] found significant differences in VAS scores in intragroup
comparing before and after treatment, but, in general terms before and after the treatment,
there were not significant differences. As with Kenis-Coskum et al. [4], authors express
the VAS in cm being the most important data for the VAS in the diet and physical therapy
group before treatment 7.45 ± 0.44 and after treatment 4.7 ± 0.42 (<0.001).

3.2.2. Association between the Gut Microbiome and Quality of Life

Roman et al. (2018) [12] and Wang et al. (2021) [27] measured quality of life with the
SF-36 questionnaire. In particular, Wang et al. (2021) [27] used the abbreviated form, SF-12,
which yields physical and mental health. According to their findings, both items improved
during the follow-up. As for the gut microbiome, Blautia and Anaerostipes were positively
correlated with SF-12, in the physiological and psychological scores. On the other hand,
Roman et al. (2018) [12] showed better results in the SF-36 test for both the probiotic and
placebo groups. No data on quality of life were provided by Shulka et al. (2015) [18].

Kenis-Coskun et al. (2020) [4] measured the quality of life through the Nottingham
Health Profile (NHP) scale. This scale showed enhancements in five out of six items: energy,
pain, emotional, sleep and physical being, with social life the only item where there were
no improvements.

Torlak et al. (2022) [26] used the Barthel Index (BI) as a measure of quality of life
using basic daily life activities. The disability in diet+physical therapy group and physical
therapy group decreased significantly before and after treatment but not in the diet group.

3.2.3. Association between the Gut Microbiome and the Exercise

There were several changes in the gut microbiome in all study participants after
a maximal exercise challenge (Shukla et al., 2015 [18]). In the ME/CFS group, six out
of the nine major taxa (mainly Clostridium cluster IV, clostridia, bacilli, Firmicutes and
Actinobacteria) increased in stool from baseline at 72 h post-exercise compared with only
two (Bacteroidetes and unclassified general) in the control group. The authors consistently
observed rapid changes (i.e., increases) in Firmicutes levels in blood samples 15 min after
maximal exercise, a phenomenon that might be more evident in patients than controls.

4. Discussion

The purpose of this systematic review was to summarize available evidence from
clinical trials, linking lifestyle intervention and gut microbiome in CWP patients, a field
still underexplored despite its promising potential. Although no filter was applied by the
year of publication, only six trials had the minimum requirements to be included. Their
results hypothesized favorable changes in gut microbiome composition due to lifestyle
intervention (exercise vs. electroacupuncture vs. probiotics vs. vitamin D vs. diet changes).
Overall, these changes were associated with improved pain experience and quality of life.
Despite the different levels of taxonomic resolution among studies, microbiome variations
mainly involved an increase in beneficial taxa, such as those producing short-chain fatty
acids (mainly acetate, propionate and butyrate), which are microbial metabolites with a key
multifactorial role in host physiology [28]. Despite the literature reporting some conflicting
data [28,29], it is known that short-chain fatty acids have a general anti-inflammatory effect
as well as immunoregulatory and neuromodulatory effects, acting at different levels along
the gut–brain axis, thus potentially contributing to pain relief [30].
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Regarding specific lifestyle interventions, a wide range of literature supports the thera-
peutic effects of exercise on pain intensity in CWP [31,32]. Recent bibliography also claims
that exercise could modify the gut microbiome, with compositional and functional changes
likely related to training variables, such as type, load, intensity, frequency, etc. [31,33,34].
In this regard, it should be noted that Shukla et al. (2015) [18] found evidence of bacterial
translocation into the bloodstream after a maximal exercise challenge, thus suggesting that
too intense exercise may not be entirely favorable.

On the other hand, probiotics are well-known microbiome manipulation tools with a
long history of use [25]. However, both Roman et al. (2018) [12] and Jensen et al. (2019) [24]
did not profile the gut microbiome and observed improvements even in the placebo group.

Treatment with vitamin D could be a suitable ally in the fight against CWP. Never-
theless, clinicians should take care regarding the quantity of vitamin D, as other authors
reported that high levels of vitamin D could increase the pro-inflammatory mediators and,
consequentially, increase the levels of pain [35].

Finally, it is hypothesized that electroacupuncture could slightly modify pain in knee
OA because of its relationship with the inflammatory effects, reducing the quantity of
Streptococcus. However, this association is still not clear enough [27]. Other authors also
suggest the same hypothesis, however, manipulating directly the microbiome for modifying
the knee OA pain [36].

CWP patients suffer from malfunctioning sensory processing in the CNS [37]. This
may lead to deficiencies in the pain processing chain, such as descending pain-inhibitory
mechanisms or temporal summation (TS) [38]. Not only functional changes, but the
literature also explains structural neuroplastic changes related to this sensibilization [39].
Those changes could be promoted by the alterations in the gut microbiome, increasing
the inflammatory response and chronification of the illness [5,36,40]. Therefore, there is a
necessity of thinking about interventions that make an impact on the musculoskeletal, the
microbiome and, as consequence, in the CNS [6,40,41].

It is complicated to draw firm conclusions about changes in pain sensitivity and gut
microbiome solely due to the interventions mentioned before. For example, diet is a major
microbiome-associated cofounding factor that, in many trials, has not been taken into
account [34]. Additional research is therefore required to determine the best intervention to
change microbiome composition and functionality towards a eubiotic profile capable of
counteracting (i.e., decreasing) CWP. Such research should also provide insights into the
underlying mechanisms, to be possibly validated in animal models.

It is important to highlight that despite all the interventions that have an impact in the
microbiome, only three studies carried out a specific measurement of it. This fact leads us
to explain that, in those where there is no analysis of the microbiome, its association is a
hypothesis that will have to be contrasted with more scientific studies in this field.

This review has several limitations. One of them is the differences between protocols
in order to measure the impact of each intervention on the microbiome. Although all the
patients suffer from CWP, they were diagnosed with diverse illnesses. Appreciating those
differences as well as the differences in the methodologies make this article out from the
definition of a meta-analysis.

5. Conclusions

Lifestyle is one of the major variation drivers of the gut microbiome. Given the latter’s
role in human pathophysiology, lifestyle interventions could result in microbiome-related
improvements in pain and quality of life in several chronic widespread diseases.
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