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Abstract: Background: Patients with diabetes mellitus have higher risk of developing shoulder
pathology. However, only adhesive capsulitis is addressed in shoulder pain guidelines as a disorder
associated with diabetes. Yet, patients with diabetes are at risk of having several other shoulder
disorders, including focal neuropathy. Our aim was to quantify the presence of shoulder disorders
using physical examination and ultrasound imaging in patients with type 2 diabetes (T2DM) suffering
from shoulder pain in general practice. Methods: In this prospective cross-sectional study, patients with
T2DM who had had a painful shoulder for at least four weeks were included. Patients filled out a
questionnaire and underwent a physical examination of the shoulders and feet and ultrasound imaging
of the shoulder. Results: A total of 66 patients were included, of whom 40.9% (n = 27) had bilateral
complaints resulting in 93 symptomatic shoulders. Subacromial pain syndrome was most frequently
diagnosed by physical examination (66.6%, 95% CI 51.6–72.0%; p < 0.0001), while ultrasound imaging
showed that subacromial disorders were statistically significantly the most prevalent (90.3%, 95% CI
81.9–95.2%). Only two patients (3%) were diagnosed with neuropathic shoulder pain. Conclusion:
When choosing treatment, general practitioners should be aware that in patients with T2DM the
subacromial region is most frequently affected.

Keywords: type 2 diabetes; physical examination; diagnosis; ultrasound; shoulder pain; adhesive
capsulitis; subacromial pain syndrome

1. Introduction

Patients with type 2 diabetes mellitus (T2DM) are at increased risk for shoulder disorders, such as
adhesive capsulitis and rotator cuff disorders (e.g., tears). The prevalence of adhesive capsulitis ranges
from 4 to 30% in patients with diabetes, compared to up to 10% in patients without diabetes [1–4],
while rotator cuff tears are also more frequently observed in patients with diabetes [5–8]. Lesser known
is that adhesive capsulitis is also associated with diabetic neuropathy [9].

J. Clin. Med. 2020, 9, 4097; doi:10.3390/jcm9124097 www.mdpi.com/journal/jcm1
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The exact pathophysiology of the increased risk of shoulder disorders in patients with
diabetes remains uncertain, but there is evidence that the shoulder can be affected through two
pathophysiological pathways: connective tissue damage to the rotator cuff tendons and joint capsule,
and peripheral or autonomic neuropathy. Connective tissue damage seems to be caused by abnormal
collagen disposition in the periarticular connective tissues, due to the formation of advanced
glycosylation end-products. This alters the structural matrix and the mechanical properties of these
tissues. Additionally, it is hypothesized that the altered glucose metabolism in patients with diabetes
causes functional as well as structural changes to the peripheral nerve system, which ultimately leads
to neuropathy [5,10]. About 50% of patients with diabetes mellitus develop diabetic neuropathy [11,12],
which can be classified as generalized symmetrical polyneuropathy or (multi)focal asymmetrical
neuropathy [11,13]. If patients with subclinical levels of neuropathy are included, the prevalence might
exceed 90% [14,15]. However, in patients with diabetes, shoulder involvement has been described in
case studies, but is currently regarded as rare [16–18].

While rotator cuff disorders (also named subacromial pain syndrome, abbreviated to SAPS [19,20])
are widely considered the most common cause of shoulder pain in general practice [21–23],
diabetes mellitus is currently only associated with adhesive capsulitis in shoulder pain guidelines,
while neuropathy is not addressed at all [20,24,25]. However, to ensure optimal treatment outcomes,
it is important to identify the underlying disorder in patients with diabetes to prevent the development
of chronic shoulder pain. For example, patients with SAPS and neuropathic pain might benefit more
from treatment targeted to the neuropathic pain [26]. This seems important especially in patients with
T2DM, as shoulder pain might negatively influence physical activity, which is considered to be the
cornerstone of diabetes treatment. Therefore, inadequate treatment of shoulder pain might negatively
influence diabetes treatment, eventually leading to a vicious circle [27,28].

To our knowledge, no studies have been conducted to establish the frequency of underlying
shoulder disorders in patients with T2DM suffering from shoulder pain. In order to prevent the
development of chronic shoulder pain in patients with diabetes, more insight is needed into which
specific types of shoulder pathology are prevalent in T2DM. Given the complex nature of shoulder
pain, the primary aim of this study was to quantify the presence of specific shoulder disorders using
physical examination and musculoskeletal ultrasound imaging in patients with type 2 diabetes mellitus
(T2DM) in general practice. Secondarily, we sought to examine the relationship of the specific disorders
with the presence of a diabetic neuropathy. With this information, we can increase general practitioners
(GP) awareness of this specific problem in T2DM.

2. Methods

2.1. Participants and Study Design

This was a prospective cross-sectional study of patients with T2DM suffering from shoulder pain
in general practice. Patients were invited to this study while participating in a questionnaire study
assessing the prevalence of upper extremity musculoskeletal disorders (manuscript under review).
During their annual check-ups in general practice, they had been asked to participate in a questionnaire
study, which also included an invitation for the current study that was only intended for patients who
had shoulder pain. All eligible participants from the questionnaire study were invited to participate.
To increase recruitment, a flyer announcing this study was sent out to physiotherapy and general
practices in the Sittard-Geleen area in the Netherlands. During our inclusion period, for which we
had a time frame of nine months (March 2018 to November 2018), we included all eligible patients.
Inclusion criteria were being aged between 30 and 70 years, and having shoulder pain that had lasted
longer than 4 weeks. Exclusion criteria were inability to complete the assessments, and inability to give
informed consent. After providing informed consent, patients underwent the following assessments:
a questionnaire addressing shoulder pain including co-morbidity and diabetes-related questions,
standardized physical examination of the shoulder, neurological examination of the feet, and ultrasound
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imaging of the shoulder (see below). All examinations were carried out in the Meditta Medical Center
in Echt, a diagnostic center, between March 2018 and November 2018. This study was approved by the
Medical Ethics Committee of Zuyderland Medical Centre (METC-Z 17-N-165).

2.2. Questionnaire

The following demographic and shoulder-specific information was collected: an 11-point
Numerical Rating Scale, affected side and dominant arm, pain onset (sudden or gradual), neck pain
involvement, and if there was a history of rheumatoid arthritis, osteoarthritis, and any other joint
inflammation. Additionally, we collected information about the most recent HBA1c value, the current
body mass index (BMI), and year of their diabetes diagnosis.

2.3. Ultrasound Imaging

Ultrasound examination of the shoulder was the first examination participants underwent,
and was performed by one of the three participating, experienced radiologists, using a Phillips EPIQ 7G
(Philips Healthcare, Eindhoven, the Netherlands) with a high-resolution, multi-frequency 4–18 MHz
linear transducer. A standardized protocol was performed following the technical guidelines of the
European Society of Musculoskeletal Radiology for shoulder scanning [29]. In patients with diabetes,
both shoulders were assessed. The following structures were assessed: the tendon of the supraspinatus,
infraspinatus, subscapularis, and the long head of biceps, as well as the subacromial-subdeltoid bursa,
rotator interval, glenohumeral recess, and acromioclavicular joint (AC joint). We used standardized
criteria for subacromial pathology previously defined by us, and added criteria for adhesive capsulitis
(see Supplement Table S1) [30–32]. The following disorders were recorded: dislocation of the long
head of biceps tendon, biceps tenosynovitis, (calcific) tendinopathy, any kind of tendon tear, bursitis,
adhesive capsulitis, paralabral cyst, and acromioclavicular osteoarthritis. Next, they were categorized
by their anatomical location as subacromial, glenohumeral, or other disorders, by following a detailed
standard operating procedure (see Supplement Table S1 for full details).

2.4. Physical Examination

One trained medical doctor of our study team (LA), blinded to the ultrasound imaging results,
carried out a structured physical examination of both shoulders, hands, and a neurological examination
of the feet.

Shoulders were examined according to the shoulder pain guidelines of the Dutch College of
General Practitioners prevailing at the time of conducting the study [33]. One year later (2019),
these guidelines were revised. Therefore, we used the revised version for subsequent classification
of the shoulder disorders [20]. Shoulders were inspected for muscle wasting and scapular winging.
Active and passive abduction and passive external rotation were carried out to assess for pain and range
of motion was visually estimated. Additionally, the Hawkins–Kennedy test and the Neer impingement
test were carried out [34,35]. The 10-item Douleur Neuropathique questionnaire was performed to
assess neuropathic shoulder pain; a commonly used questionnaire including physical examination
for screening and diagnosing neuropathic pain in patients with neurological complaints, valid for the
Dutch population, and validated in diabetes patients [36–38]. In the Dutch population, the cut-off score
for neuropathic pain is considered≥5 (out of 10 points) [39]. Physical examination findings were used to
diagnose the following disorders: SAPS, a glenohumeral or an “other disorder”, and categorized using
a mutually exclusive method leading to a single diagnosis (Figure 1) [20]. Glenohumeral disorders
were defined by an external rotation range of motion of less than 45 degrees, while SAPS was defined
by either a painful abduction (including a painful arc) with or without a limited range of motion during
abduction, or a positive Hawkins–Kennedy and Neer test. An “other disorder” was defined as not
having any of the two previous disorders.
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Figure 1. Diagnosis based on physical examination by a mutually excluding method.

Examination of the feet consisted of two parts: an interview part to evaluate neuropathic
symptoms, and a neurological examination to evaluate signs. Participants were asked if they had a
burning, tingling, or numbness sensation, and whether they felt like they were walking on cotton
wool. The neurological examination included inspection for distal muscle weakness or atrophy,
ankle reflexes, touch sensation, and vibration sense. The diagnosis of clinical polyneuropathy was
based on a combination of symptoms and signs: presence of at least one symptom in combination
with decreased or absent ankle reflexes, and decreased or absent distal sensation (vibration sense
and/or touch sensation) with or without distal muscle weakness. For subclinical polyneuropathy,
the abovementioned signs had to be present in the absence of symptoms. All examinations including
criteria for pathology are presented in the Supplement (see Supplement Table S2) [40–46]. Finally,
the hands were examined for the presence of a positive tabletop sign or prayer sign as a manifestation
of stiff hand syndrome (see Supplement Table S3) [47–49].

2.5. Statistical Analysis

Continuous variables were tested for normal distribution. Descriptive statistics are presented for
continuous variables as means with standard deviations, and categorical variables data are presented
as absolute frequencies and percentages. Statistical differences for physical-examination-diagnosed
shoulder disorders were calculated using the Chi-square test to compare between the three diagnostic
groups. All statistical analysis were performed using IBM SPSS Statistics for Windows (version 25.0,
Armonk, NY, USA).
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3. Results

Table 1 presents the demographic and shoulder pain characteristics, as well as the results of the
neurological and hand examination. A total of 66 patients with T2DM suffering from shoulder pain could
be included during the study period. In total, 39 were recruited via the questionnaire study, and 27 via
the flyers. The mean age was 63.0 years and 28.8% (n= 19) was female. Bilateral complaints were present
in 41% of the patients (n = 27), resulting in 93 symptomatic shoulders and 39 asymptomatic shoulders.

Table 1. Physical-examination-diagnosed shoulder disorders with the comparison of the demographic
and clinical variables in patients with type 2 diabetes mellitus (T2DM), on both patient and shoulder level.

Total Number of
Patients with

Shoulder Pain
n = 66

Symptomatic Shoulders, n = 93

GH SAPS Other Disorder

n = 17 (18.2%,
95% CI: 11.3–27.9) #

n = 58 (66.6%,
95% CI: 51.6–72.0) #

n = 18 (16.1%,
95% CI: 12.1–29.1) #

Age
mean ± SD 63.0 ± 6.9 58.8 ± 5.8 61.5 ± 7.0 61.5 ± 7.6

IQR range (years) 38–70 48–70 38–70 52–70

Female sex 19 (28.8) 5 (31.3) 11 (25.0) 3 (42.9)

BMI (kg/m2)
mean ± SD 28.5 ± 4.2 28.1 ± 3.7 28.4 ± 4.5 29.7 ± 3.5

range 16–41.5 23.9–35.9 16–41.5 25.4–34.0

Bilateral shoulder pain 27 (40.9) 8 (50) 15 (34.1) 4 (57.1)

Dominant shoulder affected 26 (39.3) 13 (81.3) 36 (81.8) 7 (100)

NRS
mean ± SD 5.3 ± 2.1 6.25 ± 1.9 5.2 ± 2.06 4.0 ± 2.6

range 1–9 3–9 1–8 1–8

Pain onset
sudden 13 (19.7) 2 (11.7) 13 (20.9) 2 a (11.1)
gradual 51 (79.7) 15 (88.3) 44 (70.9) 10 (12.5)

Neck pain 9 (13.6) 2 (12.5) 5 (11.4) 2 (11.1)

Duration of diabetes
mean ± SD 9.0 ± 5.5 8.2 ± 4.3 a 9.4 ± 5.8 b 8.2 ± 5.8

range (years) 1–27 1–14 1–27 2–19

HbA1C (mmol/mol)
mean ± SD 55.7 ± 7.7 55.6 ± 6.2 a 55.8 ± 8.03 b 53.6 ± 10.1 c

range 43–75 44–64 43–75 43–70

Rheumatoid arthritis a 8 (12.5) 3 (18.8) 4 a (10.3) 1 (14.3)

Osteoarthritis a 33 (51.6) 9 (56.3) 22 a (52.4) 3 (33.3)

Stiff hand syndrome (%) 28 (42.4) 9 (56.3) 17 (38.6) 2 (28.6)

Neuropathic shoulder pain by DN4
(score ≥ 5) 2 (3.0) 0 1 (1.6) 1 (5.2)

Polyneuropathy
Clinical 19 (28.8) 5 (29.4) 11 (19.2) 3 (15.7)

Subclinical 37 (56.1) 11 (64.7) 22 (38.5) 4 (21.1)

Values are presented as absolute numbers and percentages unless otherwise stated; SAPS: subacromial pain
syndrome; GH: glenohumeral disorder; IQR: interquartile range; BMI: body mass index; SD: standard deviation;
NRS: numerical rating scale; DN4: Douleur Neuropathique 4 questionnaire; a 2 are missing; b 4 are missing; c 1 is
missing. # Statistical comparison between GH vs. SAPS: p-value < 0.0001, SAPS vs. Other disorder: p-value < 0.0001,
GH vs. Other disorder: p-value 0.072.

3.1. Physical-Examination-Diagnosed Symptomatic Shoulder Disorders

The results of the shoulder diagnosis based on physical examination are presented in Table 1.
SAPS was statistically the most frequently observed disorder in symptomatic shoulders (66.6%, 95% CI
51.6–72.0%), followed by glenohumeral disorders (18.2%, 95% CI 11.3–27.9%; p < 0.0001 versus SAPS),
and then “other disorder” (16.1%, 95% CI 12.1–29.1%; p < 0.0001 versus SAPS). Neuropathic shoulder
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pain was observed in two patients (3.2%); one patient was diagnosed with SAPS, the other with an
“other disorder”.

3.2. Polyneuropathy

Clinical polyneuropathy of the feet was observed in 28.8% (n= 19), while subclinical polyneuropathy
was present in 56.1% (n = 37). In patients with a glenohumeral disorder, polyneuropathy was most
commonly observed (29.4%, n = 5).

3.3. Ultrasound-Diagnosed Shoulder Disorders

Table 2 presents the results of the ultrasound findings in both symptomatic and asymptomatic
shoulders. Subacromial disorders were most frequently diagnosed in both symptomatic and
asymptomatic shoulders (90.3% (n = 84) and 76.9% (n = 30), respectively) with rotator cuff disorders
being most prevalent. This was followed by osteoarthritis of the AC joint (59.1% (n = 55) and 43.5%
(n = 17), respectively) and then glenohumeral disorders (8.6%, n = 8) in symptomatic shoulders,
while these were not observed in asymptomatic shoulders. Of the rotator cuff disorders, the most
frequently observed specific disorder was calcific tendinopathy in both symptomatic and asymptomatic
shoulders (80.6% (n = 75), 95% CI 70.8–87.8% and 66.7% (n = 26), 95%CI 49.7–80.4%, respectively),
while rotator cuff tears were least commonly observed (38.7% (n = 36), 95% CI 28.9–49.4% and 20.5%
(n = 8), 95% CI 9.8–36.9%, respectively) (these results are not shown in Table 2). Of the eight patients
with a glenohumeral disorder, adhesive capsulitis was present in four cases.

When we matched the results of the physical examination and ultrasound diagnosis, in 97% (56/58)
of the patients diagnosed with SAPS, a subacromial disorder was observed by ultrasound imaging.
Only two out of 17 patients (12%) diagnosed with a glenohumeral disorder showed ultrasound findings
matching this diagnosis.

Table 2. Ultrasound-diagnosed disorders in symptomatic and asymptomatic shoulders in patients
with T2DM (n = 132).

Ultrasound-Diagnosed Disorders
All 66 Patients with 132 Shoulders

Symptomatic Shoulders
(n = 93)

Asymptomatic Shoulders
(n = 39)

n % 95% CI n % 95% CI

Subacromial pain disorders 84 90.3 81.9–95.2 30 76.9 60.2–88.2

Subacromial bursitis 13 14.0 7.9–23.1 3 7.7 2.0–21.9
Rotator cuff disorder 84 90.3 81.9–95.2 30 76.9 60.2–88.2

LHBT disorder 10 10.7 5.5–19.3 3 7.6 2.01–21.9
Dynamic impingement 14 15.1 8.7–24.3 3 7.6 2.0–21.9

Glenohumeral disorders 8 8.6 4.1–16.7 0 0 0
Adhesive capsulitis 4 4.3 1.3–11.2 0 0 0

GH effusion only 4 4.3 1.3–11.2 0 0 0

Other disorders
Acromioclavicular OA 55 59.1 48.4–69.1 17 43.5 28.1–60.2

No disorders 0 0 0 0 0 0

LHBT: Long head of biceps tendon; OA: osteoarthritis; GH: glenohumeral.

4. Discussion

In this study, using physical examination and ultrasound imaging, we found that the subacromial
region is the most frequently affected region in patients with T2DM suffering from shoulder pain.
Of these subacromial structures, ultrasound imaging shows that the rotator cuff tendons are most
frequently affected, with calcific tendinopathy by far the most common specific disorder. Interestingly,
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we found that adhesive capsulitis, believed to be frequently diagnosed in patients with T2DM suffering
from shoulder pain, was present only in a minority of patients. Moreover, neuropathic shoulder pain
can be considered rare as it was present in only two patients.

4.1. Diagnosis by Physical Examination and Ultrasound Imaging

Currently, shoulder pain guidelines only associate diabetes with adhesive capsulitis [20,24,25],
while we showed that subacromial disorders are by far the most common in this population. In the
absence of prevalence studies, a possible explanation for the current misperception might be that
adhesive capsulitis is more prevalent among patients with T2DM compared with patients without
diabetes [1–4], but this does not mean that it is the most prevalent shoulder disorder in patients
with diabetes.

In line with previous studies conducted in patients with shoulder pain in unselected
populations [21–23], we also observed that overall, SAPS is the most common cause of shoulder pain
in diabetics. The rotator cuff tendons and subacromial-subdeltoid bursa are considered to be the key
sources of pathology in this syndrome [50].

SAPS is a generic term, and incorporates all disorders related to subacromial structures including
tendinopathy (tendon degeneration), where calcific tendinopathy is seen as a separate diagnosis,
tendon tears, and bursitis. From this spectrum of disorders, calcific tendinopathy was the most common
specific disorder in our cohort (81%), which echoes the results of previous studies conducted in general
practice [51–53]. However, in these previous ultrasound studies, the frequency did not exceed 50%,
but it is known that diabetes is associated with calcific tendinopathy [54]. Additionally, other rotator
cuff tendon disorders were more frequently present in our study. These differences might be explained
in pathophysiological terms, and although the exact pathophysiology of tendon disorders in patients
with diabetes remains uncertain, there is evidence that abnormal tendon collagen disposition alters the
structural matrix and the mechanical properties of the tendons [6]. Through this process, the continuum
of tendon pathology might be initiated, where a normal tendon changes into a degenerative tendon
(called tendinopathy, different stages are described), and ultimately can tear [55]. Part of this process
seems reversible through healing responses, but in patients with diabetes and other endocrine disorders,
this healing process can fail; calcium deposits then arise due to a mechanism not yet elucidated [54].

In our study, the large majority of our patients clinically diagnosed with SAPS showed ultrasound
findings matching SAPS. In clinical practice, ultrasound findings should always be interpreted together
with the clinical findings to determine the cause of symptoms. Several shoulder imaging studies
have shown that asymptomatic pathology findings are present, for example supraspinatus tears and
osteoarthritis of the AC joint [56,57], and these asymptomatic findings are likely to become symptomatic
over time [57]. Surprisingly, we also found ultrasound abnormalities of subacromial pathology in
16 out of 17 patients with a clinical glenohumeral disorder, while only 2 out of these 17 patients had
ultrasound evidence of glenohumeral pathology. It might be that ultrasound misses the presence of
osteoarthritis of the glenohumeral joint, something we did not assess radiographically in this study.
The diagnostic accuracy of ultrasound imaging for osteoarthritis of the glenohumeral joint is unknown,
but is likely to be suboptimal.

We also observed that 41% of the patients has bilateral complaints. This is in line with previous
studies [58,59], and might be explained in the light of the above and systemic effects of diabetes.

4.2. Neuropathy

Although neuropathy is a well-known complication of diabetes, any type of neuropathy of
the shoulder is currently regarded as rare [16–18]. In line with this observation, we diagnosed only
two patients with neuropathic shoulder pain: both these patients were diagnosed with clinical
polyneuropathy, but did not have a glenohumeral disorder on physical examination, or adhesive
capsulitis on ultrasound imaging. Overall, polyneuropathy on a clinical and subclinical level was
present in 39% and 56% of the patients, respectively. This is broadly consistent with a study showing
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that 38% of patients with T2DM and musculoskeletal disorders had polyneuropathy [9]. We do
know that diabetic neuropathy increases the risk of developing adhesive capsulitis of the shoulder,
a glenohumeral disorder [9]. In our study, any form of polyneuropathy was most prevalent in patients
diagnosed with a glenohumeral disorder.

4.3. Strengths and Limitations

Our study had several strengths. We were able to investigate the frequency of the shoulder-diagnosed
disorders by two measurements: physical examination and ultrasound imaging. Both indicate that the
subacromial region is the most frequently affected structure. The medical doctor who performed the
physical examination was blinded to the ultrasound results, which avoided bias for the results of the
physical examination.

Our study also had limitations. First, the sample size is small. A larger sample size would
have resulted in narrower 95% confidence intervals. Second, we did not include palpation of the
AC joint in our protocol, because it was not included in the shoulder pain guidelines of the Dutch
College of General Practitioners prevailing at the time of conducting this study. If we had incorporated
this in our study, this would also have allowed us to diagnose AC disorders, usually osteoarthritis.
In our approach, this disorder is included in the “other disorder” group [33]. It is worth noting that
palpation of the AC joint is included in the revised version [20]. Third, neuropathic shoulder pain was
diagnosed only by physical examination, while if we had used additional tests, e.g., nerve conducting
studies or muscle ultrasound (qualitative or quantitative), it might have increased the number of
patients diagnosed with neuropathic shoulder pain. Fourth, the ultrasound diagnostic criteria for
glenohumeral disorders such as adhesive capsulitis are debatable as more features are described in
the literature, e.g., thickening of the coracohumeral ligament and restriction of external rotation on
dynamic scanning [31]. These features are not detected during scanning according to the standardized
protocol of the European Society of Musculoskeletal Radiology. For practical purposes, we did not
incorporate additional scanning positions necessary to detect these features. This may have introduced
an underestimation of the presence of adhesive capsulitis.

4.4. Implications for Practice and Future Research

General practitioners and other healthcare professional involved in the care for patients with
shoulder pain should be aware that in patients with T2DM suffering from shoulder pain, the subacromial
region is the most frequently affected structure. This knowledge can help make a more accurate
diagnosis and can influence treatment decisions. When physical examination is not conclusive enough
to establish a diagnosis, GPs may consider ultrasound imaging. This seems to be becoming more usual,
as GPs increasingly rely on ultrasound imaging [60,61]. Although we showed that polyneuropathy
is frequently present, neuropathic shoulder pain seems rare. However, this finding is based only on
physical examination results of the shoulder. To assess whether shoulder pain in T2DM might be
caused by neuropathy, studies are needed that use techniques to detect neurological denervation,
e.g., nerve conducting studies of qualitative or quantitative muscle ultrasound.
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Abstract: The management of patients with lumbosacral radicular pain (LRP) is of primary im-
portance to healthcare professionals. This study aimed to: identify international clinical practice
guidelines on LRP, assess their methodological quality, and summarize their diagnostic and thera-
peutic recommendations. A systematic search was performed (August 2019) in MEDLINE, PEDro,
National Guideline Clearinghouse, National Institute for Health and Clinical Excellence (NICE), New
Zealand Guidelines Group (NZGG), International Guideline Library, Guideline central, and Google
Scholar. Guidelines presenting recommendations on diagnosis and/or treatment of adult patients
with LRP were included. Two independent reviewers selected eligible guidelines, evaluated quality
with Appraisal of Guidelines Research & Evaluation (AGREE) II, and extracted recommendations.
Recommendations were classified into ‘should do’, ‘could do’, ‘do not do’, or ‘uncertain’; their
consistency was labelled as ‘consistent’, ‘common’, or ‘inconsistent’. Twenty-three guidelines of
varying quality (AGREE II overall assessment ranging from 17% to 92%) were included. Consistent
recommendations regarding diagnosis are (‘should do’): Straight leg raise (SLR) test, crossed SLR
test, mapping pain distribution, gait assessment, congruence of signs and symptoms. Routine use of
imaging is consistently not recommended. The following therapeutic options are consistently recom-
mended (‘should do’): educational care, physical activity, discectomy under specific circumstances
(e.g., failure of conservative treatment). Referral to a specialist is recommended when conservative
therapy fails or when steppage gait is present. These recommendations provide a clear overview of
the management options in patients with LRP.

Keywords: lumbar radicular pain; clinical practice guidelines; AGREE II; diagnosis; treatment

1. Introduction

Low back pain (LBP) is globally not only a major medical problem but also a ma-
jor economic problem [1]. Despite intensified research efforts on LBP management, the
population burden and disability related to this disorder is increasing [2–4]. According
to The Global Burden of Disease 2017 study, Years Lived with Disability due to LBP have
globally increased by 54% between 1990 and 2015 [5]. LBP affects many people, especially
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female individuals and those aged 40–80 years, with a mean point prevalence of 11.9%,
and 1-month prevalence of 23.2% [6]. Among patients with LBP seeking care in primary
care, approximately 36% also report low back-related leg pain below the knee [7].

Low back-related leg pain is either radicular or referred (non-specific) pain. The former
is described as radiating pain where a spinal nerve root is involved causing leg pain along
the spinal nerve accompanied by numbness and tingling, muscle weakness and loss of
reflexes. The latter is described as pain spreading down the legs arising from structures such
as disc, joints or ligaments [8]. In the literature, multiple terms are used for lumbosacral
radicular pain (LRP), with lumbar disc herniation being the most common diagnosis for this
condition [9]. A large majority of patients with LRP tend to have a favourable prognosis in
terms of pain and disability, but the time to recovery is usually longer than that of patients
with LBP without concomitant radicular pain [7,10–12]. Therefore, an accurate assessment
of these patients is needed to provide adequate management and treatment at an early
stage of presentation.

Clinical practice guidelines are developed for implementing strong evidence into
clinical care, to improve quality of care and reduce variation in decision making of health-
care practitioners. Over the last decades, an increasing number of guidelines have been
developed in different countries for patients with LBP [13]. In most of these guidelines,
diagnostic triage is recommended (i.e., classification into specific or non-specific LBP) [13],
and some guidelines include diagnostic and therapeutic recommendations for different
types of LBP. Additionally, an increasing number of guidelines containing specific recom-
mendations for LRP have been issued over the past years.

Since 2001, overviews of clinical guidelines for the management of patients with LBP
have been conducted and updated [13–17]. However, these overviews have focused on
clinical recommendations for patients with acute or chronic non-specific LBP. No systematic
review has been conducted on clinical practice guidelines for patients with LRP. Moreover,
while the methodological quality of guidelines on non-specific LBP has been reviewed
up to 2009 for acute LBP [14] and up to 2018 for chronic LBP [18], a quality assessment
of guidelines focusing only on LRP has never been performed. Since 2009, the Appraisal
of Guidelines Research & Evaluation (AGREE) II instrument can be used to assess the
methodological quality of clinical practice guidelines [19].

The aim of this study was to retrieve all existing guidelines formulating recommendations
on the clinical management of patients with LRP, to assess their methodological quality using
the AGREE II tool, and to summarize their diagnostic and therapeutic recommendations.

2. Methods

2.1. Review Registration and Reporting

The protocol for the review was registered on the International Prospective Register
of Systematic Reviews (PROSPERO) with ID number CRD42020138738. This review was
reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [20].

2.2. Literature Search

Literature searches were performed in the following electronic databases from their in-
ception up to August 2019: MEDLINE via OVID, PEDro, National Guideline Clearinghouse,
National Institute for Health and Clinical Excellence (NICE), New Zealand Guidelines
Group (NZGG), International Guideline Library, and Guideline central. No language
restrictions were applied. We also conducted web searches on Google Scholar using recom-
mendations described elsewhere [21], but only the first 10 pages were screened because
they retrieve the most relevant search results [21]. Furthermore, backward citation tracking
on the reference lists of previous relevant reviews on the topic was performed [13,18].
Appendix A provides the search strategy used in each database.
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2.3. Guidelines Selection

Clinical practice guidelines providing recommendations regarding diagnosis and
treatment of LRP were included. Only guidelines formulating recommendations based on
evidence were included. A guideline was included regardless of the type of professional
association (e.g., physiotherapy, chiropractic, multidisciplinary), geographical location,
and date of publication. The following terms were considered as LRP synonyms: sci-
atica, radiculopathy, nerve root compromise, nerve root compression, lumbar radicular
syndrome, disc herniation, radiculitis, nerve root pain, and nerve root entrapment. Docu-
ments briefly mentioning LRP for diagnostic triage without providing further details on its
management were excluded. When multiple versions of a guideline issued by a similar
professional association were available, only the most recent version was selected. Clinical
practice guidelines available in English, German, Portuguese, Spanish, Italian or Dutch
were included because the author team could understand these languages. If guidelines in
other languages were found, translators for extracting the required information from the
guidelines were sought. If this method failed, documents for which no translators could
be identified were excluded. Title/abstracts and full-texts were screened by two indepen-
dent reviewers (AKK and CBO) and disagreements were discussed in online consensus
meetings. If disagreements could not be solved, a third reviewer (AC) arbitrated.

2.4. Quality Assessment

The methodological quality of clinical practice guidelines was assessed using the
AGREE II tool [22]. AGREE II is an update of the previous AGREE instrument to improve
its measurement properties (i.e., reliability and validity), to refine its items and to im-
prove the supporting documentation (i.e., original training manual and user’s guide) [19].
AGREE II consists of 23 items categorized in six domains: scope and purpose; stakeholder
involvement; rigor of development; clarity of presentation; applicability; editorial indepen-
dence. Each item is scored on a 7-point Likert scale from one (i.e., strongly disagree) to
seven (i.e., strongly agree). AGREE II also includes two global items. The first global item is
scored similarly to the 23 items and evaluates a guideline overall quality. The second item
evaluates the recommendation for use which is rated using a three-point scale (i.e., yes,
yes with modification, or no). A previous study [23] using four appraisers found good to
excellent inter-rater reliability (intraclass correlation coefficient [ICC2,1] ranging from 0.66
to 0.93) for the 23 items and the first global item. The AGREE II manual recommends the
appraisal of the guidelines by at least two reviewers [19]. Thus, two independent authors
(AKK and CBO) performed the online AGREE II training [24] and followed the AGREE II
manual to assess each included guideline [19]. To calculate the score for each domain all
the scores of the individual items in a domain from both appraisers were summed up and
scaled as a percentage of the maximum possible score. The overall assessment score is the
mean score for the 6 different domains. To investigate the reliability among the assessors,
we calculated inter-rater reliability from the two appraisers of the scores obtained for each
domain and first global item using the ICC2,1 and 95% confidence interval. Inter-rater
agreement was classified as; 0.75–1.00, excellent; 0.60–0.74, good; 0.40–0.59, fair and <0.40
as poor [25]. Reliability analyses were performed using IBM SPSS Statistics 25 with a
two-way random effects model for the domain scores and the first global item scores.

There is not consensus on categorizing guidelines as high, average or low quality
guidelines depending on AGREE II scores. However, several methods are provided in
the AGREE II manual. A previously described threshold of ≥60% for an acceptably high
score on a domain [26] was adopted in this review; for the overall quality of the included
guidelines: high-quality guideline when ≥5 domains were scored ≥60%, average quality
guideline when 3 or 4 domains were scored ≥ 60% and low-quality guideline when
≤2 domains scored ≥ 60%.
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2.5. Data Extraction and Synthesis

Two authors (AKK and CBO) independently extracted data from the included guide-
lines. In cases of no consensus, a third reviewer (AC) was consulted. The following infor-
mation was extracted using a standardized form: recommendations regarding diagnosis
(e.g., history, physical examination) and treatment (e.g., patient education, pharmacological
intervention). Regarding surgical treatment options only recommendations for discectomy
were extracted as this procedure is the most common applied for disc herniation. As radic-
ular pain is also covered in most generic LBP guidelines, recommendations were extracted
when it was clearly specified that they concerned radicular pain, or if recommendations for
LBP in general also applied to radicular pain. If available, the level of evidence considered
to formulate each recommendation was also extracted.

In order to assess the type and direction of the recommendations, the extracted
recommendations were firstly classified into one of the categories: ‘Should do’, ‘Could do’,
‘Do not do’ and ‘Uncertain’. This classification was dependent on the terminology used for
a recommendation in the guideline (see Appendix B, Table A1). Secondly, to determine the
consistency of a recommendation the following categories were identified using a modified
version of the approach previously adopted by Lin et al. [27]:

a. Consistent recommendations: from the guidelines including recommendation for a
specific approach, the majority (≥80%) indicate as ‘should do’, ‘could do’, ‘do not do’,
or ‘uncertain’, but without conflicting recommendations across guidelines. Conflicting
recommendations are present when at least one ‘should do’ or ‘could do’, and at least
one ‘do not do’ is applied for the same recommendation in different guidelines.

b. Common recommendations: from the guidelines including recommendation for a
specific approach, most (between 50% and 80%) indicate as ‘should do’, ‘could do’,
‘do not do’, or ‘uncertain’, but with no conflicting recommendations across guidelines.

c. Inconsistent recommendations: a recommendation for one approach indicates ‘should
do’ or ‘could do’, and another recommendation for the same approach indicates
‘do not do’ or ‘uncertain’, both recommendations issued by different guidelines;
the same applies if a recommendation for an approach is ‘uncertain’, and another
recommendation for the same approach is ‘do not do’.

To determine the consistency across recommendations, only the options included at
least two different guidelines were considered.

3. Results

3.1. Guidelines Selection

Our literature searches identified 3032 records. After screening of title/abstract and
full texts, 23 eligible guidelines were included (Figure 1). The characteristics of these
guidelines are presented in Table 1. The 23 included guidelines [28–50] were developed
in 10 different countries from 3 continents (i.e., North America, Europe and Asia): United
States (n = 12, 52%), Canada (n = 2), Belgium (n = 1), Denmark (n = 1), Korea (n = 1),
Philippines (n = 1), Italy (n = 1), the Netherlands (n = 1) and Norway (n = 1). One guideline
was a joint European guideline. One guideline was written in Dutch [45], one updated
guideline in Norwegian [44] and the other 21 in English. The professional entities involved
in developing the guidelines vary in different countries (Table 1). Most guidelines (n = 14,
61%) are from a specific (medical) professional association (e.g., general practitioners, pain
physicians, radiologists, chiropractors, physiotherapists).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

Table 1. Characteristics of included clinical practice guidelines on recommendations for patients with lumbar radicular pain
(n = 23).

Title Guideline Year Country Professional Bodies/ Abbreviation

Low back disorders 2016 USA American College of Occupational and
Environmental Medicine (ACOEM [28])

Diagnostic Imaging for Low Back Pain: Advice for
High-Value Health Care From the American

College of Physicians
2011 USA American College of Physicians (ACP [29])

Diagnosis and Treatment of Low Back Pain: A
Joint Clinical Practice Guideline from the

American College of Physicians and the American
Pain Society

2007 USA American College of Physicians and the
American Pain Society (ACP-APS [30])

ACR Appropriateness Criteria Low Back Pain 2016 USA American College of Radiology (ACR [31])

Interventional Therapies, Surgery, and
Interdisciplinary Rehabilitation for Low Back Pain 2009 USA American Pain Society (APS [32])

Low Back Pain: Clinical Practice Guidelines
Linked to the International Classification of
Functioning, Disability, and Health from the
Orthopedic Section of the American Physical

Therapy Association

2012 USA Orthopedic Section of the American Physical
Therapy Association (APTA [33])

An Update of Comprehensive Evidence-Based
Guidelines for Interventional Techniques in
Chronic Spinal Pain. Part II: Guidance and

Recommendations

2013 USA American Society of Interventional Pain
Physicians (ASIPP [34])

Spinal Manipulative Therapy and Other
Conservative Treatments for Low Back Pain: A

Guideline From the Canadian Chiropractic
Guideline Initiative

2018 Canada Canadian Chiropractic Guideline Initiative
(CCGI [35])
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Table 1. Cont.

Title Guideline Year Country Professional Bodies/ Abbreviation

Low Back Pain medical Treatment Guidelines 2014 USA
Department of Labor and Employment,

Division of Worker’s Compensation
(DLE-DWC [36])

European guidelines for the management of
chronic non-specific low back pain 2004 Europe

European Commission, Research
Directorate-General, department of Policy,

Coordination and Strategy (EG [37])

Adult Acute and Subacute Low Back Pain
Diagnosis Algorithm 2018 USA Institute for Clinical Systems Improvement

(ICSI [38])

Diagnostic therapeutic flow-charts for low back
pain patients: the Italian clinical guideline 2006 Italy

Italian Health Ministry-Care and Research
Institute Fondazione Don Carlo Gnocchi

ONLUS of Milan (IHM [39])

Low back pain and radicular pain: assessment and
management 2017 Belgian Belgian Health Care Knowledge Center

(KCE [40])

Korean medicine clinical practice guideline for
lumbar herniated intervertebral disc in adults 2017 Korea The Korea Institute of Oriental Medicine

(KIOM [41])

Clinical Guideline for the Diagnosis and Treatment
of Lumbar Disc Herniation with Radiculopathy 2012 USA North American Spine Society (NASS [42])

National Clinical Guideline: interventions for
recent onset lumbar radiculopathy 2016 Denmark National Board of Health (Denmark)

(NBHD [43])

Acute low back pain Interdisciplinary clinical
guidelines 2007 Norway The Norwegian Back Pain Network and an

interdisciplinary working group (NBPN [44])

NHG-Standaard Lumbosacraal radiculair
syndroom 2015 Netherlands Dutch General Practitioners Society

(NHG [45])

Low back pain and sciatica in over 16s: assessment
and management 2016 UK National Institute for Health and Care

Excellence (NICE [46])

Clinical Practice Guidelines on the Diagnosis and
Management of LBP 2011 Philippines Philippine Academy of Rehabilitation

Medicine PARM [47])

Evidence-Informed Primary Care Management of
Low Back Pain 2015 Canada Institute of Health Economics Toward

Optimized Practice (TOP [48])

Acute Low Back Pain 2010 USA The University of Michigan Health System
(UMHS [49])

VA/Do clinical practice guideline for diagnosis
and treatment of low back pain 2017 USA Department of Veterans Affairs and

Department of Defense (Va/Dod [50])

3.2. Quality Assessment and Inter-Rater Agreement

In Table 2, the AGREE II scores for each domain and the overall assessment scores are
displayed for each included guideline. The overall quality score was variable, ranging from
17% to 92%, with the NICE guideline having the highest score and the Department of Labor
and Employment, Division of Worker’s Compensation (DLW-DWC)the lowest score. Of the
23 included guidelines, 15 (65%) scored above the ≥ 60% threshold in the overall assessment
score. According to our described classification criteria [26], ten [32,34,38,40,42–44,46,48,50]
(43%) of the guidelines are classified as high quality, seven [29,30,33,35,37,39,41] (30%) as
average quality, and six [28,31,36,45,47,49] (26%) as low quality. Five guidelines (Ameri-
can Pain Society (APS) and Institute for Clinical Systems Improvement (ICSI) from USA,
NICE from UK, Belgian Health Care Knowledge Center (KCE) from Belgium, and Insti-
tute of Health Economics Toward Optimized Practice (TOP) from Canada) displayed a
score ≥ 60% in all 6 domains (Table 2).
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The domains with the highest scores were “Clarity of presentation” and “Scope and
purpose” with mean scores of 85% and 77%, respectively (Table 2). The domains that
were less well addressed by guideline developers were “Applicability” and “Stakeholder
involvement” with mean scores of 36% and 55%, respectively. “Editorial independence” is
the domain with the highest variability among the guidelines ranging from 0% to 100%
(Table 2).

Table 3 indicates inter-rater agreement for AGREE II domains and overall scores. The
ICC2,1 was ‘excellent’ for the domains “Scope and purpose”, “Stakeholder involvement”,
“Rigor of development”, “Applicability”, “Editorial independence” and “Overall rating”,
and ‘fair’ for the domain “Clarity of presentation”. Due to the small sample of assessed
guidelines (n = 23), ICC 95% confidence intervals were broad, especially for the domain
with the lowest inter-rater agreement (Table 3).

Table 3. Inter-rater agreement for AGREE II domains and overall rating.

Domain ICC * (95% CI)

Scope and purpose 0.847 (0.631 to 0.936)
Stakeholder involvement 0.820 (0.2563 to 0.926)
Rigor of development 0.858 (0.636 to 0.943)
Clarity of presentation 0.549 (-0.044 to 0.811)
Applicability 0.874 (0.695 to 0.948)
Editorial independence 0.901 (0.762 to 0.959)
Overall rating 0.785 (0.493 to 0.910)

* ICC; Intraclass Correlation Coefficient.

3.3. Recommendations for Diagnosis

Table 4 and supplementary Table S4 describe the recommendations for physical
examination and other diagnostic procedures in each clinical practice guideline.

Table 4. Guideline recommendations for physical examination and other diagnostic procedures.

Physical Examination Guideline * Consistency Clinical Inference

Femoral stretch test NASS Inconsistent None
NBPN
PARM

Straight leg test NASS Consistent Should do
PARM
IHM
NHG
ACP-APS
NBPN

Crossed straight leg test NASS Consistent Should do
PARM
IHM
NHG
NBPN

Muscle testing NASS
Common/consistent Should/Could doPARM

IHM
NHG
ACP-APS
NBPN

Sensory testing NASS Common Could do
PARM
IHM
ACP-APS
NBPN
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Table 4. Cont.

Physical Examination Guideline * Consistency Clinical Inference

Reflex tests (ankle and knee
tendon) PARM Inconsistent None

NBPN
ACP-APS
NASS

Mapping pain distribution PARM Consistent Should do
IHM

Slump test PARM Inconsistent None
NASS

Wasserman test PARM Consistent Could do
IHM

Gait PARM Consistent Should do
IHM

Agreement of signs and
symptoms PARM Consistent Should do

IHM
Diagnostics
Imaging

Routinely offering imaging in
primary care or absent of red
flags

KCE
ICSI
NICE
ACOEM
CCGI
ACR
NBPN

Consistent Do not do

Computed Tomography (CT)/
Magnetic resonance imaging
(MRI) routinely in first 4–6
weeks

ICSI Consistent Do not do

ACOEM
NHG
PRSM
IHM
NBPN

CT when history and physical
examination findings consistent
with disc herniation, after 4–6
weeks of low back pain if
surgery is considered, severe or
progressive neurologic signs
and symptoms present

NASS
VA/Dod
TOP
PRAM
ACOEM
IHM
ACP-APS
NBPN
ACR

Consistent Should do

MRI when history and physical
examination findings consistent
with disc herniation,
radiculopathy persists after six
weeks, if surgery is considered,
severe or progressive neurologic
signs and symptoms present,
where an epidural
glucocorticosteroid injection is
being considered

NASS
VA/DoD
TOP
NBHD
EG
PRAM
ACOEM
IHM
ACP-APS
UMHS
NBPN
ACR
ACP

Common Should do
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Table 4. Cont.

Physical Examination Guideline * Consistency Clinical Inference

Others

EMG

EG
PRAM
ACOEM
IHM
UMHS

Inconsistent None

Sensory nerve somatosensory
evoked potentials (SEP)

NASS
DLE-DWC Inconsistent None

Discography ACOEM Inconsistent None
DLE-DWC

Diagnostic medial branch block APS Inconsistent None
ACOEM

* Table 1 provides the extensive names of the included guidelines.

3.3.1. Physical Examination

A minority of guidelines (6 out of 23; 26%); [30,39,42,44,45,47] made recommendations
concerning physical examination (Table 4). The consistent recommendation for ‘should do’
in the physical examination are: performing straight leg raise test (SLR) [30,39,42,44,45,47],
crossed SLR test [39,42,44,45,47], mapping pain distribution [39,47], steppage gait (inability
to lift the foot while walking due to the weakness of muscles that cause dorsiflexion of the
ankle joint) assessment [39,47], and agreement of signs and symptoms [39,47].

For the recommendation ‘muscle testing’, the guidelines are evenly distributed with
‘should do’ and ‘could do’ [30,39,42,44,45,47]. The inconsistent recommendations concerned
the performance of: femoral stretch test [42,44,47], reflex tests [30,38,42,44,47] and slump
test [42,47].

3.3.2. Diagnostics

A majority of the guidelines (19 out of 23, 82%; [28–31,35–40,42–50]) made recom-
mendations concerning diagnostics (Table 4 and supplementary Table S4). A consistent
recommendation for ‘should do’ in imaging is to perform a computed tomography (CT)
scan when history and physical examination findings are consistent with disc herniation, af-
ter 4–6 weeks of pain, if surgery is considered or severe or progressive neurologic signs and
symptoms are present [28,30,31,39,42,44,47,50]. A common recommendation for ‘should do’
concerns magnetic resonance imaging (MRI) when history and physical examination find-
ings are consistent with disc herniation, radiculopathy persists after six weeks, if surgery is
considered, severe or progressive neurologic signs and symptoms are present or where an
epidural glucocorticosteroid injection is being considered [28–31,37,39,42–44,47–50].

Consistent recommendations for ‘do not do’ are: routinely offering imaging in primary care
or in the absence of red flags [28,31,35,38,40,44,46] and routine computed tomography/magnetic
resonance imaging (CT/MRI) scans in the first 4–6 weeks [28,38,39,44,45,47]. There were in-
consistent recommendations regarding the use of electromyography (EMG) [28,37,39,47,49],
sensory nerve somatosensory evoked potentials (SEP) [36,42], discography [28,36] and diagnos-
tic medial branch block [28,32].

3.4. Guideline Recommendations for Treatment

Table 5 and supplementary Table S5 describes the three treatment categories (i.e.,
non-invasive, pharmacological and invasive) provided by each clinical practice guideline.
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Table 5. Therapeutic recommendations from guidelines for lumbar radicular pain.

Non-Invasive Interventions Guideline * Consistency Clinical Inference

Bed rest ACOEM Inconsistent None
PARM
IHM
NHG
NBPN

Physical activity NBHD Common Should do
PARM
IHM
ACP-APS
NICE
NHG
NBPN

Educational care NICE Consistent Should do
ICSI
NHG
ACP-APS
NBPN

Multidisciplinary
approach/rehabilitation
program/Psychological therapy

NICE Common Could do

KCE
UMHS
NBPN

Alternative medicine
Acupuncture ICSI Inconsistent None

PARM
ACOEM
IHM
NICE
KIOM
NBPN

Manual therapies
Traction NASS Inconsistent None

KCE
PRAM
ACOEM
DLE-DWC
NICE
NBPN
APTA

Manipulation/mobilisation/soft-
tissue
techniques

NASS Inconsistent None

KCE
ICSI
NBHD
PARM
ACOEM
DLE-DWC
IHM
NICE
NHG
CCGI
NBPN
APTA

Massage PRAM Inconsistent None
ACOEM
IHM
NBPN
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Table 5. Cont.

Non-Invasive Interventions Guideline * Consistency Clinical Inference

Devices NICE Consistent Do not do
(e.g., belts, corset, foot orthotics etc.) KCE

ACOEM
NBPN

Exercise/physical therapies NASS Consistent Could do
KCE
ACOEM
NBHD
CCGI
NBPN
APTA

Electrotherapies
TENS/PENS/interferential therapy NICE Consistent Do not do

KCE
PRAM
ACOEM
IHM
NBPN

Therapeutic ultrasound KCE Inconsistent None
PARM
NICE

Heat/cold/infrared therapies ICSI Inconsistent None
PRAM
UMHS
ACOEM

Pharmacological interventions

Paracetamol KCE Inconsistent None
PARM
ACOEM
IHM
UMHS
NHG
NBPN

Non-steroidal anti-inflammatory
drugs (NSAIDs) KCE Inconsistent None

ICSI
PARM
ACOEM
IHM
NHG
NBPN

Opioids NICE Inconsistent None
KCE
PARM
IHM
NHG
NBPN

Paracetamol + opioids IHM Inconsistent None
NHG
NBPN

Anti-epilepticum KCE Inconsistent None
VA/Dod
PARM
ACOEM
NASS
NICE
NHG
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Table 5. Cont.

Non-Invasive Interventions Guideline * Consistency Clinical Inference

Muscle relaxants KCE Inconsistent None
ICSI
PARM
ACOEM
IHM
NHG
NBPN

Antidepressants NASS Inconsistent None
NICE
KCE
ACOEM
NHG

Corticosteroids VA/Dod Inconsistent None
PARM
ACOEM
DLE-DWC
NHG
ACP-APS

Antibiotics KCE Inconsistent None
ACOEM

Cannabis NICE Consistent Do not do
NHG

Invasive Treatments

Surgery NASS Common Could do
APS
NHG
DLE-DWC
IHM
ACOEM
NBPN

Injection therapies
Epidural injections NICE Inconsistent None

NASS
KCE
VA/Dod
ICSI
NBHD
PRAM
ACOEM
ACP
NHG
NBPN
APS

Referral PRAM Consistent Should do
IHM
NHG

* Table 1 provides the extensive names of the included guidelines.

3.4.1. Non-Invasive Treatments

Most guidelines (16 out of 23; 70%; [28,30,33,35,36,38–47,49]) included recommenda-
tions regarding non-invasive treatments. The consistent recommendation for ‘should do’
is: educational care [30,38,44–46] and the common recommendation for ‘should do’ is
physical activity [30,39,43–47,49]. Exercise/physical therapies [28,33,35,40,43,44] is consis-
tently recommended as ‘could do’. The consistent recommendations for ‘do not do’ are:
devices (e.g., belts, corset, foot orthotics etc.) [28,40,44,46] and transcutaneous electrical
nerve stimulation (TENS)/percutaneous electrical nerve stimulation (PENS)/interferential
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therapy [28,39,40,44,46,47]. The inconsistent recommendations are: bed rest [28,39,44,45,47,49],
acupuncture [28,38,39,41,43,44,46,47], traction [28,33,36,38,42,44,46,47], manipulations/ mo-
bilisations/soft tissue techniques [28,33,35,36,38–40,42–47], massage [28,39,44,47], therapeutic
ultrasound [40,46,47] and heat/cold/infrared therapies [28,38,47,49].

3.4.2. Pharmacological Interventions

Nine guidelines (out of 23; 39%; [28,38–40,44–47,49]) included recommendations re-
garding pharmacological interventions. The only consistent recommendation is for ‘do
not do’ for medicinal cannabis [45,46]. For all the other medications, such as paraceta-
mol, Non-steroidal anti-inflammatory drugs (NSAIDs), opioids, anticonvulsants, muscle
relaxants, antidepressants, corticosteroids and antibiotics, the recommendations are highly
inconsistent. For example, while six guidelines [28,38–40,45,47] tend to suggest NSAIDs as
an option, one guideline [44] found no evidence to make a recommendation. Six guide-
lines [28,39,44,45,47,49] suggest paracetamol, but KCE [40] advices against it. NICE [46]
advices against the use of strong opioids such as morphine or long term use of Tramadol in
a non-specializing setting, but the Dutch General Practitioners Society (NHG) [45] guideline
suggests morphine or fentanyl for chronic pain. Four guidelines [39,44,46,47] recommend
a weak opioid such as tramadol as an option, where KCE [40] advises against any opioid.

3.4.3. Invasive Treatments and Referral

Thirteen guidelines (out of 23; 57%; [28,32,36,38–40,42–47,50]) included recommen-
dations regarding invasive treatments and three guidelines (out of 23; 13%; [39,45,47])
regarding referral. The common recommendation in invasive therapy for ‘could do’ is
discectomy when conservative therapy fails or when progressive/persistent disability is
present [28,32,36,39,42–45]. The recommendation regarding epidural injections is incon-
sistent across the guidelines [28,29,32,38,40,42–47,50]. The consistent recommendation for
‘should do’ is referral to a specialist when there is no improvement of symptoms with
conservative therapy, or immediately when there is steppage gait [39,45,47].

4. Discussion

This systematic review provides a summary of the diagnostic and therapeutic rec-
ommendations from 23 international clinical practice guidelines for LRP. The consistent
and common recommendations for ‘should do’ for physical examination are performing
the SLR test, the crossed SLR test, mapping pain distribution, steppage gait assessment,
and evaluating congruence of signs and symptoms. Regarding imaging, guidelines recom-
mend CT scan or MRI under specific circumstances (e.g., physical examination findings
are consistent with disc herniation, after 4–6 weeks of pain, surgery or epidural injections
are considered, severe or progressive neurologic signs and symptoms present), and do
not recommend the routine use of any form of imaging. The consistent and common
therapeutic recommendations for ‘should do’ are: providing educational care and physical
activity, referral to a specialist when conservative therapy fails or when steppage gait
is present.

This systematic review provides a methodological quality assessment of the 23 selected
guidelines using the AGREE II tool. The overall quality of the guidelines ranged from low to
high. High quality guidelines (5 out of 9) are from (national) health care institutes [38,40,43,46,48],
two from a pain society [32,34], one from a department of veterans affair [50], one from
interdisciplinary back pain network [44] and one from the spine society [42]. In this study,
“Clarity of presentation” and “Scope and purpose” were the AGREE domains with the
highest scores, and “Applicability” and “Stakeholder involvement” with the lowest scores.
These finding are in accordance with another critical appraisal of the quality of LBP guide-
lines [51]. This previous study assessed 5 guidelines [33,38,46,48,49] which were also
included in this review (although we included the latest version of the ICSI [38] guideline
from 2018). Compared to the previous review, four out of five of these guidelines were
classified as the same quality (i.e., high). One guideline [49] was classified as low quality in
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this review but of average quality in the other. This discrepancy could be due to a differ-
ence in the amount of AGREE II appraisers which could lead to a higher ICC ratio (two
appraisers in this study vs. 4 appraisers in Doniselli et al. [51]. Four guidelines [33,46,48,49]
included in this review were also included in another review of LBP guidelines [18], where
the domain scores were generally similar for the most of the domains. If we apply the same
threshold for the domain scores, these 4 guidelines would be categorized with the same
quality as in our study. Based on the AGREE II scores of this and earlier studies, it is impor-
tant that guideline developers take potential barriers of implication of recommendations
into account and provide criteria for monitoring and auditing (i.e., AGREE II applicability).
Additionally, it is important to include individuals from all relevant professions and take
the view of the target population into account (i.e., AGREE II stakeholder involvement).

Although many organizations tend to develop a new guideline, studies have been
undertaken on adopting and adapting existed good quality guidelines for saving time and
other resources. Schünemann H. et al. [52] has developed the “GRADE-ADOLOPMENT”
approach for adopting, adapting and de novo development of recommendations for guide-
line productions. This approach allows guideline developers to quickly and efficiently
create recommendations appropriate for their context where the evidence is taken into
account. The Belgian guideline KCE is a good example where the UK comprehensive
guideline (NICE) has been adopted and adapted for the Belgian population. Harstall
C. et al. [53] have described a multidisciplinary adaption process for creating a single over-
arching evidence-based clinical practice guideline for patients with LBP. The adolopment
approach could facilitate other national and international guideline developers to save
time and other important resources and we suggest this approach for LBP when resources
are limited and good quality guidelines already exists.

The guidelines commonly recommend physical examination such as performing a
SLR test, crossed SLR test, muscle and sensory testing, and reflex test for lumbar radicular
pain (Table 4). However, the sensitivity and specificity of these tests have been questioned.
A systematic review [54] showed poor diagnostic performance of most physical tests to
identify disc herniation when used in isolation, while better performance could be obtained
when tests are combined. Two stretch tests that have shown high diagnostic accuracy in
patients with LRP are the SLR test and the slump test [55] where the later test was found to
be more sensitive. However, according to our finding the recommendation regarding the
slump test is inconsistent and six guidelines suggested the SLR test (Table 4). Professionals
involved in developing or updating guidelines should consider also the slump test for
recommendation. The guidelines commonly/consistently recommend physical activity
and exercises/physical therapy. These recommendations were also taken up by a recent
narrative review [56] where it is concluded that both physical activity and structured
exercises might be beneficial elements in conservative management of patients with lumbar
radicular pain.

Besides the consistent and common recommendations for diagnostic and therapeutic
options for LRP, we have also identified inconsistent recommendations among the guide-
lines. Regarding non-invasive treatments, there are inconsistent recommendations on ad-
vising bed rest, acupuncture, traction, manipulations/mobilisations/soft tissue techniques,
massage, therapeutic ultrasound and heat/cold therapy. Three guidelines ([28,39,47], two
low quality and one average quality) do not recommend bed rest with the exception
of 2–4 days in severe cases, while two other guidelines ([44,45], one high and one low
quality) recommend bed rest for a few days to relieve pain. However, other high quality
guidelines [32,34,38,40,42,43,46,48,50] do not include any recommendations on bed rest.
Therefore, the question could be raised how strong bed rest recommendation is as a non-
invasive therapeutic option. For pharmacological interventions, there are inconsistent
recommendations for paracetamol, NSAIDs, opioids, anticonvulsants, muscle relaxants,
antidepressants, corticosteroids and antibiotics (Table 5). These inconsistencies in guide-
line recommendations are not surprising considering that there is still uncertain evidence
regarding their effectiveness for patients with LRP [57]. Inconsistent recommendations for
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the use of paracetamol is not surprising. In fact, the publication of the placebo controlled
trial of paracetamol (PACE) study from 2014, probably explain these differences [58], as no
effect was detected favoring paracetamol on pain and speed recovery in patients with acute
LBP with or without leg pain. It can be noticed that guidelines published earlier than 2014
recommend paracetamol, whereas recently published guidelines are being careful with
making this recommendation. Only the NHG guideline from 2015 [45] still suggests parac-
etamol as the first analgesic choice. This could lead to a conclusion that most guidelines
might have followed the PACE study results considering that a randomized controlled
study in patients with LRP is missing. Nevertheless, such study should be conducted as it
would provide clearer indications on the efficacy of this drug for future LRP guidelines. A
Cochrane review from 2016 [59] showed no significant efficacy of NSAIDs for pain reduc-
tion in treating patients with LRP. However, two guidelines [38,40] issued after 2016 suggest
NSAIDs to be considered. More research is needed to evaluate the effects of NSAIDs on
this condition to reach more firm conclusions. In the category invasive treatments, the
recommendation for epidural injections is inconsistent. A recently published Cochrane
review [60] concluded that there are small effects of epidural injections in the treatment of
lumbar radicular pain, which are mainly evident at short-term follow up.

To the best of our knowledge, this is the first systematic review of clinical practice guidelines
focusing on diagnosis and treatment of LRP. A strength of this study is using the AGREE II tool to
methodologically assess the quality of the included guidelines and consistent findings in AGREE
with other two recent reviews [18,51]. We have transparently reported all recommendations
in every single guideline in the Tables (Supplementary Tables S4 and S5). A limitation of this
review is that it was not possible to assess the eligibility of three guidelines due to the
review team not being able to read and understand the language of these guidelines
(one Hebrew and two Croatian). Another limitation is that AGREE II appraisal of the
NHG and the Norwegian Back Pain Network (NBPN) guidelines was done by only one
appraiser because one of the two reviewers could not understand the Dutch or Norwegian
language. In assessing the consistency and clinical inference of the recommendation we
have not taken the publication date of a guideline into account. This approach could
raise the consideration that this could lead to potentially biased recommendations as
an older guideline is equally weighted as a recently published guideline based on more
recent evidence. Nevertheless, we performed a sensitivity analysis in a sample of five
recommendations from Tables 4 and 5 (i.e., straight leg test, performing CT scan, bed
rest, physical activity and paracetamol) in which guidelines published before 2010 were
excluded. The consistency of recommendations and clinical inference remained the same.
Therefore, the publication date of guideline would not influence the results consistently.
We acknowledge the limitation of the AGREE II consortium not setting specific cut-off
scores for domains or guidelines of high versus low quality. The cut-off scores used in this
review were taken from a small study [26], but they were also used in other recent reviews
of clinical practice guidelines using the AGREE II [61–63]. More research on the optimal
cut-off scores for the domain and total scores is needed.

This review has highlighted the lack of homogeneity in the manner in which clinical
practice guidelines formulate the strength of their recommendations, and the related
level of evidence per recommendation. This makes it difficult, at times, to compare
and contrast the strength of each recommendation from different guidelines. In our
study, we have defined our own terminology by grouping different terms used by the
different guidelines (Appendix B). In our view, this point could be addressed by issuing a
standardized terminology for strength of a recommendation when developing a clinical
practice guideline. Moreover, to date, no standardized threshold value has been suggested
to classify high- and low-quality guidelines using the AGREE II appraisal. Introducing a
standardized quality classification system based on the AGREE II domain scores is a point
of consideration for the future.
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5. Conclusions

Twenty-three clinical practice guidelines for patients with LRP were retrieved and their
overall quality ranged from low to high according to the AGREE II tool. These guidelines
recommend physical examinations perform the SLR test, crossed SLR test, mapping pain
distribution, steppage gait assessment, and agreement of signs and symptoms. Imaging
is only recommended under specific circumstances, and its routine use is consistently
not recommended. For treatment, the recommendations are: providing educational care,
prescribing physical activity, and referring to a specialist when conservative therapy fails,
or when steppage gait is present. These consistent recommendations should be adopted
by healthcare professionals and healthcare systems worldwide to implement the most
effective care.
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Appendix A

Search strategy performed in the electronic databases.
Medline (via Ovid)

1. “Guideline*”.ab,ti.
2. Exp Guideline/or exp Practice Guideline/;
3. Clinical practice guideline.ab,ti.
4. 1 or 2 or 3;
5. Back disorder*.tw,kf.;
6. Dorsalgia.tw,kf.;
7. Exp Back Pain/;
8. (Backache* or back ache*).tw,kf.;
9. ((Lumb* or back) adj3 pain).tw,kf.;
10. Coccyx.tw,kf.;
11. Coccydynia.tw,kf.;
12. Sciatic*.tw,kf.;
13. Exp sciatic neuropathy/;
14. Spondylosis.tw,kf.;
15. Lumbago.tw,kf.;
16. Ischialgia.tw,kf.;
17. (Discitis or diskitis).tw,kf.;
18. ((Disc* or disk*) adj3 degenerat*).tw,kf.;
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19. ((Disc* or disk*) adj3 prolapse*).tw,kf.;
20. ((Disc* or disk*) adj3 herniat*).tw,kf.
21. Intervertebral Disc/;
22. Exp Intervertebral Disk Displacement/;
23. Exp Intervertebral Disc Degeneration/;
24. Lumbar Vertebrae/;
25. Nerve Compression Syndromes/;
26. Spinal Osteophytosis/;
27. Radiculopathy/;
28. Polyradiculopathy/;
29. Radicul*.tw,kf.;
30. polyradicul*.tw,kf.;
31. arachnoiditis.tw,kf.;
32. exp Spinal Nerve Roots/;
33. or/5–32
34. 4 and 33

PEDro

We searched the following terms applying the filter of “practice guidelines”; Low back
pain; sciatic*; radicul*.

National Institute for Health and Clinical Excellence (NICE), New Zealand Guide-

lines Group (NZGG), International Guideline Library

We performed separated terms in these electronic databases using each of the follow-
ing combination of terms: low back pain OR sciatic* OR radicul*.

Guideline central

We performed separated searches entering each of the following terms: low back pain;
sciatic*; radicular; radiculopathy.

Scholar.google.com

“Guideline” OR “practice guideline” AND “low back pain” OR “sciatic*” OR “radicul*”.

Appendix B

Table A1. Recommendation classification.

Recommendation
Classification

Definition
Examples of Terminology Used in

Guidelines

Should do Strong recommendations
based on strong evidence

Offer, should occur, provide, always do,
give, use, apply, (strongly) endorsed,

endorsed, must be considered, should be
considered, provide, promote and

facilitate, important to do, carried out,
primary choice, must be done, usually

appropriate

Could do When a recommendation
could be ‘Considered’

May include, recommend, practitioner
might, suggest, may be used, advice,
give, may be considered, conditional

recommendation, evaluate, can be
evaluated, can be tried, may be

appropriate, suggested, should be
carefully considered

Do not do When a recommendation
should not be offered

Should refrain from, do not routinely
offer, not appropriate, should not, do not
give, do not use, do not, not indicated, do

not start

Uncertain Inconclusive
recommendation

‘We are unable to recommend for or
against’, inconclusive evidence,

uncertain, no basis for recommending,
Insufficient evidence to make a
recommendation for or against
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Abstract: Objective: Anterior cruciate ligament (ACL) injury prevention programs could be more
effective if we could select patients at risk for sustaining an ACL rupture. The purpose of this study
is to identify radiographic shape variants of the knee between patients with and patients without an
ACL rupture. Methods: We compared the lateral and Rosenberg view X-rays of 168 prospectively
followed patients with a ruptured ACL to a control group with intact ACLs, matched for gender,
after knee trauma. We used statistical shape modeling software to examine knee shape and find
differences in shape variants between both groups. Results: In the Rosenberg view X-rays, we found
five shape variants to be significantly different between patients with an ACL rupture and patients
with an intact ACL but with knee trauma. Overall, patients who had ruptured their ACL had smaller,
flatter intercondylar notches, a lower lateral tibia plateau, a lower medial spike of the eminence, and
a smaller tibial eminence compared to control patients. Conclusion: Patients with an ACL rupture
have smaller intercondylar notches and smaller tibial eminences in comparison to patients with an
intact ACL after knee trauma.

Keywords: ACL; femoral intercondylar notch; knee anatomy; ACL prevention; ACL risk factors

1. Introduction

A rupture of the anterior cruciate ligament (ACL) is a common, usually sports-related
injury. The annual incidence varies between 5 and 8 per 10,000 persons in the Western
population [1–4]. Rupture of the ACL has immediate consequences resulting in swelling of
the knee and pain, but also long-term consequences, as there is an almost fourfold risk to
progress to moderate or severe radiological osteoarthritis after ten years [5]. Furthermore,
in the young population, ACL rupture has a direct impact on sport participation. It has been
found, for instance, that after ACL reconstruction, 82% of the patients returned to sport
participation; however, only 63% returned to their preinjury sport level [6,7]. Amongst
young patients who return to their pre-trauma sports activity, the prevalence of a re-rupture
of their ACL may be as high as 30% [8,9]. Additionally, reports show that around 7% of
patients need revision ACL surgery and around 3.4% of patients have ACL reconstructions
on the contralateral side [10].
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This has led to a rise in interest in the mechanism of ACL rupture, in risk factors,
prevention of ACL rupture and secondary ACL injury. Neuromuscular and proprioceptive
prevention programs have been demonstrated to significantly reduce the prevalence of
ACL ruptures in young athletes by approximately 50% [11–14]. However, these prevention
programs can be more efficient if they focus on athletes who are at increased risk of
sustaining an ACL rupture. Therefore, it is essential to understand the mechanisms that
lead to ACL rupture and to identify individuals with an increased risk of ACL rupture.

There is a relationship between shape variants of the knee and the need for reconstruc-
tion of the ACL after rupture [15]. This has encouraged us to investigate the relationship
between shape and rupture of the ACL more profoundly. Risk factors for ACL rupture can
be categorized into anatomical, hormonal, neuro-mechanical, and environmental. In the
present study, we focused on osseous anatomical risk factors; anatomical risk factors have
previously been studied with a focus on selected aspects of the anatomical properties of
the knee. Anatomical factors that have previously been reported to be related to the risk
of ACL rupture are increased tibial slope, decreased femoral notch size, and smaller ACL
size [16,17]. With the use of statistical shape modeling (SSM), a hypothesis generating-
methodology that identifies independent shape variants, we can quantitatively describe
the complete morphology of a bone or joint. SSM reproduces all variation in shape that is
present in the studied population. With the use of SSM, we can identify new shape variants
of the knee that are clinically relevant in relation to an ACL rupture. Furthermore, it enables
us to objectively review shape variants that have been investigated before. Although not
all clinicians will have a program such as SSM in use, the results of this study can be used
in daily practice and can help doctors in selecting patients at greater risk for sustaining an
ACL rupture.

SSM has been used earlier by our group to determine whether certain shape aspects
are correlated to clinical outcomes after ACL rupture [18]. We found that operatively
treated patients with good subjective outcomes had a smaller intercondylar notch and
a lower width intercondylar eminence, as evaluated by The International Knee Docu-
mentation Committee (IKDC) questionnaire, compared to patients with worse outcome.
Non-operatively treated patients with good subjective outcomes had a more pyramidal
shaped intercondylar notch.

The purpose of this study is to find radiographic shape variants of the knee between
patients with and patients without an ACL rupture, which can be used in daily practice to
help select patients with a greater risk for sustaining an ACL rupture.

2. Experimental Section

2.1. Cases

We included patients with a ruptured ACL from two previous series: the KNALL [19]
and the CAS-ACL study [20].

The KNee osteoArthritis anterior cruciate Ligament Lesion (KNALL) study is a
prospective observational follow-up study of 154 patients with a recent ACL rupture,
who were treated operatively or non-operatively. Patients were selected from January 2009
to November 2010, and there was a two-year follow-up period. Physical examination and
MRI confirmed ACL rupture. Patients were included from three collaborating hospitals.

The CAS-ACL study is a double-blinded randomized controlled trial of 100 patients
who underwent ACL reconstruction. In this study, computer-assisted ACL reconstruction
was compared to conventional ACL reconstruction [20,21]. The inclusion period was from
January 2007 to November 2009 with a two-year follow-up period. Of the 254 patients
included in the two studies, 183 had both Rosenberg view and lateral view radiographs
and were enrolled in the present study.

All patients (both ACL injured as healthy controls) included had a Kellgren and
Lawrence grade 0–1 at presentation (no radiological signs of osteoarthritis). Our medical
ethics committee (MEC-2006-223 and MEC-2008-068) approved both studies. For the use of
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the data of control patients, the medical ethics committee ruled that no specific approval
was required (MEC-2017-422).

2.2. Controls

The control group consisted of patients identified retrospectively from the hospital
records. They had consulted a trauma or orthopedic surgeon because of a knee trauma (me-
dian of 3 months and a range of 1–60 months between trauma and X-ray) with confirmed
intact ACL by MRI and/or arthroscopy. Hospital records from January 2003 until July
2013 were searched. Patients were selected for the control group if they had both standard
lateral view and Rosenberg view radiographs at the time of the first consult, were practicing
sports before the injury, and had a Kellgren and Lawrence grade 0–1 at presentation (no
radiological signs of osteoarthritis). Control patients and cases were matched for gender.
For age, our patients were matched with a control patient older in age. We chose older
control subjects to ensure that the older controls were exposed to pivoting sports for a
longer period. This way, they were more sufficiently at risk for sustaining an ACL rupture.
Of all patients found in the database, 168 control patients were matched to 168 patients
with a ruptured ACL. See Figure 1. We were unable to match all patients due to younger
age, since we wanted to only include older control patients. Fifteen control patients were
younger than the matches from the ACL ruptured group.

Figure 1. Flowchart of the selected patients included in the study. KNee osteoArthritis anterior
cruciate Ligament Lesion (KNALL); Computer Assisted Surgery (CAS).
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2.3. X-rays and Statistical Shape Modeling

We performed the radiological measurements using standard lateral view X-rays
and Rosenberg view X-rays. The Rosenberg view is a weight-bearing postero-anterior
radiograph taken at 45◦ flexion of the knee [22]. We chose to include the Rosenberg view
X-rays because it gives a better view of the intercondylar notch and gives better insights in
the shape of the femur.

With statistical shape modeling (SSM) [23], it is possible to quantify all shape aspects
of the knee joint in the radiographs. This method is unique because it dissects nearly all
possible shape variations into a limited number of objectively quantitative measures that
each describe a certain shape variant. SSM has been used in studies of a possible association
between knee shape variants and osteoarthritis [24]. In the radiographs, we outlined
the distal femur, the proximal tibia, and fibula (ASM tool kit, Manchester University,
Manchester, UK).

For the lateral view X-rays, the femur and tibia were outlined by 60 landmark points
on the bones. For the Rosenberg view, 25 landmark points were necessary to completely
outline the bones. Each point was placed in the same location in each image, as precisely as
possible, to allow a comparison between shapes. For the exact placement of each landmark
point, see the addendum. Statistical shape modeling transforms the set of points into a
statistical shape model, which comprises a number of shape variants that together explain
95% of the variation in the shape of the individual knee of the study population. SSM
represents relative variation in shape, independent of differences in the size of the joint. In
this way, the method corrects errors caused by variation in magnification or in the size of
the patient’s knee.

Intraobserver reliability was established by randomly selecting 25 Rosenberg view
X-rays of patients with a ruptured ACL and 25 Rosenberg view X-rays of patients with an
intact ACL, which were outlined a second time after 2 weeks.

The description of which shape aspects a variant represents was determined at a
consensus meeting. At this consensus meeting, an orthopedic surgeon, an expert on SSM,
the first authors, and the principal investigator determined the different shape variants.

2.4. Statistical Analysis

We used logistic regression analysis to study the association between each shape
variant and whether or not patients had a ruptured ACL. As the dependent variable,
we used whether or not a patient had an ACL rupture (yes or no), and as independent
variables, we selected the different variants. We applied Bonferroni correction for multiple
testing. We investigated if there was a significant effect of the X-ray protocol on knee shape
by comparing the shape models of the X-rays taken in the three participating hospitals.
Furthermore, we analyzed if correction for age changed the outcomes. All statistical
analyses were performed with IBM SPSS Statistics for Windows (Version 20.0. IBM Corp.,
Armonk, NY, USA).

3. Results

3.1. Patients

The study population consisted of two groups of 168 patients; each group consisted
of 119 males and 49 females. The mean age of the 168 patients after ACL rupture was 31
(±standard deviation (SD) 7.4) years and of the control group 38 (±SD 12) years (Table 1).
The diagnoses of the included control patients can be found in Table 1, including additional
injuries of the ACL ruptured patients. The mean time between trauma and radiograph was
1.0 months for the ACL injured and 6.9 months for the control group.
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Table 1. Baseline demographic variables.

ACL Injured (n = 168) Control Group (n = 168)

Age, year 31 ± 7.4 38 ± 12.0
BMI, kg/m2 24.5 ± 3.4 24.7 ± 3.2
Female n (%) 49 (29.1) 49 (29.1)

Mean time in months between trauma and radiograph 1.0 6.9

Alternative/additional diagnosis, n (%)

Medial Meniscus tear 10 (6) 57 (33.9)
Lateral meniscus tear 12 (7) 32 (19)

Cartilage lesion 60 (35) 15 (8.9)
Bone contusion 50 (30) 11 (6.5)

Collateral ligament lesion 0 (0) 7 (4.2)
No intra-articular lesions 0 (0) 46 (27.4)

Data are expressed as mean ± standard deviation or as n (%). BMI, body mass index. Anterior Cruciate Ligament (ACL).

3.2. SSM

SSM produced 30 variants for the Rosenberg view and 24 variants for the lateral view
X-rays. After we applied Bonferroni correction for multiple testing, we considered a p-value
of 0.0017 for the Rosenberg view (0.05/30 = 0.00167) and a p-value of 0.0021 for the lateral
view (0.05/24 = 0.0021) as statistically significant.

In the Rosenberg view, five variants were significantly associated with rupture of
the ACL (see Table 2). For the lateral view X-rays, none of the variants were statistically
significantly associated with rupture of the ACL. For every increase of 1 SD, the OR is
given, meaning that if a patient scores 1 SD in a specific variant, the given OR is the odds
ratio for sustaining an ACL rupture compared to a patient who scores the mean (0 SD).

Table 2. Shape variants associated with ACL rupture.

Odds Ratio 95% C.I. Sig.

Variant 1 2.2 (1.7–2.8) 0.001
Variant 3 1.8 (1.4–2.3) 0.001
Variant 6 2.1 (1.6–2.7) 0.001
Variant 10 1.5 (1.2–1.8) 0.001
Variant 17 1.4 (1.1–1.8) 0.0015

We analyzed whether the protocols of the X-rays differed in the period of time of
which the X-rays were taken. We did not find a significant difference between the three
hospitals, nor did we find a significant difference in time. Correction for age did not alter
the outcomes; therefore, we did not correct for age.

The intraobserver (ICC) was considered good to excellent with a range of 0.48–0.97
and 89% above 0.7.

3.3. Description of the Variants

Here, we present the description, defined at the consensus meeting, of the variants
significantly associated with an ACL rupture. In Figure 2, we present the graphics of each
variant. On the outside, the +2SD and -2SD variants are shown; in the middle, we present
an overlay. Higher variants describe more subtle shape aspects, e.g., the variation in shape
represented in shape variant 17 is much more subtle than the variation represented by
shape variant 1.
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Figure 2. Graphic outcomes of statistic shape modeling: five variants that are significantly differ-
ent for patients with intact and ruptured ACL. On the left and right sides are the two extremes
(+/− 2.5 SD); in the middle is the overlay of both sides. SD = Standard.

Variant 1

Variant 1 describes a variation in the height of the intercondylar notch. Positive values
represent a more flattened intercondylar notch. Patients with an ACL rupture had flatter
intercondylar notches than control patients.

Variant 3

Variant 3 shows a variation in the width and height of the intercondylar notch. Positive
values represent a smaller intercondylar notch. Patients with an ACL rupture had smaller
intercondylar notches than control patients.

Variant 6

Variant 6 represents the size of the footprint of the ACL on the tibial eminence. Positive
values represent a smaller, flatter tibial eminence. Patients with an ACL rupture had a
smaller tibial eminence than control patients.

Variant 10

Variant 10 outlines the footprint of the ACL on the tibia, the width of the tibial
eminence, and the width of the intercondylar notch. Positive values represent a smaller
tibial eminence and a smaller intercondylar notch. Patients with ACL rupture had a smaller
tibial eminence and a smaller intercondylar notch.

Variant 17

Variant 17 depicts a very subtle difference. Positive values represent a lower height
of the lateral tibial plateau and the lower medial spike of the tibial eminence. Patients
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with an ACL rupture had a lower lateral tibia plateau and a lower medial spike of the
intercondylar eminence.

4. Discussion

The most important finding of the present study is that aspects of bony morphology in
the Rosenberg view X-ray of the knee joint were different between patients with a ruptured
ACL and a matched control group. Our findings indicate that a smaller, flatter intercondylar
notch; a lower lateral tibia plateau; a lower medial spike of the eminence; and a smaller
tibial eminence were more common in patients who ruptured their ACL compared to
control patients. Lower body strength exercises (for example, Nordic hamstring, lunges,
and heel-calf raise) are not performed by all (professional) athletes but have been proven
to reduce the risk of ACL rupture [25]. If we can identify patients at higher risk for ACL
injury, injury prevention programs might be even more effective, although this should
be confirmed in a different study. Our results could, for example, be used during sports
medical screening: most professional athletes already undergo X-rays of the knee in the
medical screening process.

The results of our study are consistent with studies in the past, which have also found
the notch width index and femoral notch size to be related to ACL rupture [26]. However,
these previously conducted studies were primarily focused on anterior–posterior X-rays,
while we used the Rosenberg view X-rays. The study of van Diek et al. [27] found no
differences in morphology between patients with an ACL rupture and a control group in
measurements with MRI. However, another MRI study performed by Whitney et al. [28]
found a decreased femoral notch width to be related to ACL rupture. This was also a
case-control study. A smaller femoral notch and smaller tibial eminence are related to
smaller ACL size [29,30]. It is plausible that a smaller ACL could be less strong compared to
a larger-sized ACL. The ACL is the main structure to prevent the bony relatively unstable
lateral compartment from rotatory dislocation, i.e., rotation anterior of the tibia relative to
the femur. The finding of a lower lateral tibia plateau in ACL patients could inspire the
theory that these patients have even worse bony stability regarding the lateral compartment,
which could be a risk factor for ACL injury.

In the lateral view X-rays, we did not find an association between shape variants and
ACL rupture. Earlier, it has been demonstrated that the femoral condyle configuration [31]
and the posterior tibial slope (PTS) [32–34] are related to increased stress on the ACL, but it
is not known if this is connected to a higher risk of ACL rupture.

With the results of this study, we can identify individuals with certain shape variants
of the knee, who are at greater risk for sustaining an ACL rupture. Because we did not
use a predefined hypothesis, the found that risk factors are truly objective, whereas other
researchers used a predefined hypothesis, potentially excluding numerous risk factors.
These results can be used in daily practice, without the use of our program. Almost all
clinicians can view the X-rays of their patients, and thus view the shape of the tibial
eminence and the shape of the intercondylar notch.

Screening programs for professional athletes could focus on the intercondylar notch
and tibial eminence as risk factors. With our results, screening programs could focus on the
shape variants found and include patients with a higher risk of sustaining an ACL in their
training programs, potentially making them more effective. In the past, research stated
that the tibial slope could also be a determinant for sustaining an ACL rupture. With our
hypothesis-free method, we did not find similar results. Excluding potential risk factors
is also important because research should focus on risk factors that are more likely to be
associated with sustaining ACL rupture

Although the odds ratios are relatively small, all the provided variants show a sig-
nificant relationship to an ACL rupture, with odds ratios comparable to that of other
studies investigating anatomical variants of the knee [16,27]. Further research could focus
primarily on the shape variants found in this study and determine if these results can be
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reproduced. Furthermore, prospective studies should be performed to see if, with these
risk factors, the prevalence of ACL ruptures could be reduced.

We understand that in the current literature there are already studies using 3D recon-
structions of MRIs of the knee. However, our goal was not to confirm previously conducted
research but to objectively describe the shape variants of the knee that contribute to the risk
for sustaining an ACL rupture. If we had used MRI, we would have had to make a prior
hypothesis. Furthermore, 3D reconstructions of the knee are not used in daily practice by
every clinician. With the use of X-rays, we are confident that more clinicians can use these
results in their practice, without the use of complicated extra software.

A drawback of SSM is that the shape represented by each variant needs to be reviewed
personally (which we did in the consensus meeting). SSM does not provide a measurable
cut off point; this should be determined in follow-up studies.

When we examined the different variants in our consensus meeting, we viewed 3D,
moving animations of the shape variants; in this animation, the differences are more clearly
visible than in 2D images.

We did not perform a power analysis before conducting the study, because we did
not know how many shape variants would be found beforehand. Therefore, we used the
Bonferroni correction for multiple testing. Although we understand that these are not the
same thing, we are confident the method provided is valid and reproducible.

The strength of our study is the use of a large study population of 336 patients,
who all practiced sports. Among the advantages of SSM is that the programs scale all
differences in the size of the joints, thus reducing the variation in magnification and
reducing measurement errors. A limitation of our study is the use of older control patients.
We used older control patients to ensure that they were sufficiently exposed to rotational
trauma. Older patients potentially have more degenerative changes. To ensure that this did
not affect our outcomes, we chose patients with K&L scores of <1 (no signs of osteoarthritis)
for both the patients with an ACL rupture and the control patients. Another limitation
could be the use of a hypothesis-free program, which makes it, for some clinicians, harder
to use in daily practice. However, we are confident that the shape variants found are usable
in daily practice. You do not need a program to assess the wideness of the intercondylar
notch in a Rosenberg view X-ray. Clinicians and radiologists with some experience in knee
X-rays can easily interpret the findings in our study.

We used Rosenberg and standard lateral view X-rays for our analyses. In 1997, Shel-
bourne et al. [35] advocated the use of Rosenberg view X-rays because of the standardized
protocol. The advantage of the use of X-rays is that they are easily obtained, relatively
cheap, have a low patient radiation dose, and thus are ideal for identifying risk factors for
sustaining an ACL rupture in large groups of asymptomatic patients.

An interesting sequel of this research would be to compare the differences in bony
morphology between patients with and without a re-rupture after ACL reconstruction.
This could help the clinician in giving the patient individualized information on the risk of
re-rupture.

5. Conclusions

This study indicates that a smaller, flatter intercondylar notch; a lower lateral tibia
plateau; a lower medial spike of the eminence; and a smaller tibial eminence were more
common in patients who ruptured their ACL compared to control patients.

Further research should focus on ways to implement these differences in bony mor-
phology in prevention programs to prevent ACL rupture in an individual who is at greater
risk for sustaining ACL rupture.
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Abstract: Knee pain is an early sign of later incident radiographic knee osteoarthritis (OA). However,
the prevalence of knee pain in the general population is unknown. Additionally, it is unknown how
people with knee pain choose to self-manage the condition and if the perception of the illness affects
these choices. In this study, 9086 citizens between 60–69 years old in the municipality of Frederiksberg,
Copenhagen, Denmark, were surveyed, of which 4292 responded. The prevalence of knee pain
was estimated, and associations between illness perceptions (brief illness perception questionnaire
[B-IPQ]), self-management strategies, and knee symptoms were assessed. The prevalence of knee
pain was 21.4% of which 40.5% reported to use no self-management strategies (non-users). These
non-users perceived their knee pain as less threatening and reported less severe symptoms than
users of self-management strategies. Further, we found that a more positive illness perception
was associated with less severe knee symptoms. In conclusion, among Danes aged 60–69 years,
the knee pain prevalence is 21.4%, of which 40.5% use no treatment and perceive the condition as
non-threatening. These non-users with knee pain represent a subpopulation being at increased risk of
developing knee OA later in life, and there is a potential preventive gain in identifying these persons.

Keywords: knee pain; knee osteoarthritis; early OA; illness perceptions; self-management strategies;
cross-sectional study; survey

1. Introduction

The European prevalence of radiographically confirmed symptomatic knee osteoarthri-
tis (OA) is around 4% [1], and the Global Burden of Disease 2010 study [1] ranked hip
and knee osteoarthritis (OA) as one of the highest contributors of years lived with dis-
ability. With an ageing population, increasing body weight, and sedentary life style, all
factors linked to risk of knee OA [2,3], society may head towards a potentially explosive
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development in knee OA. The diagnosis of knee OA relies much on radiological changes
in the knee [4]; however, intermittent knee pain by itself is a strong predictor of incident
radiological knee OA [5–7], and studies have found that people often experience pain and
decreased functional level before any radiological changes are evident [1,8]. By the time
people are diagnosed with radiographic knee OA, they often experience a greater impact
on their quality of life than patients with other chronic conditions such as cancer and heart
diseases [9].

When faced with a benign but potentially life changing diagnosis of a chronic disease
(such as knee OA), people (in general) develop an organized pattern of perceptions about
their condition and how it impacts their lives [10]. These illness perceptions vary between
individuals and have been shown to affect physical function. For example, a cohort
study of patients with hand, spine, knee, or hip OA showed that patients with negative
illness perceptions had significantly worse functional outcomes over six years compared to
those with more positive perceptions [11]. Illness perceptions may also affect the way the
individual chooses to handle the disease and seek health care assistance. A population-
based study of elderly patients found that a notion that nothing can be done to treat
arthritis, heart disease, or difficulty sleeping was associated with decreased utilization of
preventative health services and decreased likelihood of being affiliated with a general
practitioner [12]. Another study found that patients who initially believed that their
symptoms would have serious consequences for them had a higher health care use over
two years [13].

Various self-management strategies are being recommended for knee OA, and ESCEO
and OARSI guidelines have advocated that structured exercise and weight loss should be
core interventions in the treatment of OA along with pharmacological treatments [14–17].
Recent reviews recommend controlling obesity as an important aspect in the minimization
of arthritic pain syndromes [18] and advocate the use of physical therapy [19] and obesity
counselling to improve patient outcomes [20]. Furthermore, complementary and alternative
medicine (CAM), such as nutritional supplements, herbal medicine, and acupuncture, are
more or less accepted by authorities and have, for decades, been used consistently by
patients for different health purposes including chronic joint pain [21–27]. It is, however,
unknown how illness perceptions associate with the use of self-management strategies
among people with knee pain.

Accordingly, there were two aims of this study: The primary aim was to quantify
the prevalence of individuals with self-reported knee pain and knee OA (according to
the NICE self-reported framework) in a representative sample of elderly individuals.
Secondarily, we wanted to look for associations between self-management strategies and
illness perception, intensity of knee pain and other knee symptoms, and health-related
quality of life among elderly individuals with knee pain. Finally, we wanted to explore
if different illness perception profiles exist and how these profiles differ in terms of self-
management strategies, intensity of knee pain, and other knee symptoms, and health
related quality of life among elderly individuals with knee pain.

We hypothesized that elderly individuals with knee pain, who use self-management
strategies for their knee pain, have a more negative illness perception and have more
severe symptoms than individuals who do not use self-management strategies. Further,
respondents with a predominantly negative perception of their knee pain were hypoth-
esized to report higher pain levels and lower quality of life and to more frequently use
self-management strategies than people with more positive perceptions of their knee pain.

2. Materials and Methods

2.1. Design and Period

We performed a cross-sectional study as part of an ongoing prospective cohort
study [28]. Study findings are reported according to Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines [29]. The prospective cohort study
was pre-registered at clinicaltrials.gov (accessed on 20 December 2020) (NCT03472300) and
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reviewed by the local health research ethics committee who deemed the study exempt from
approval (j.no. 17024697). Data collection for this cross-sectional study was initiated on
6 September 2018, and ended 21 October 2018. No formal power calculation was performed
due to the exploratory design, where we wanted to invite all the elderly citizens between
60 and 69 years of age. Thus, we anticipated a response rate of around 40 percent to include
approximately 3500 participants to have approximately 1000 reporting knee pain [28].

Data was collected through a survey (“Frederiksbergundersøgelsen”) sent to all citi-
zens aged between 60 and 69 living in Frederiksberg Municipality, in Copenhagen, Den-
mark. The survey was sent through the public “Digital Post” system (electronic mailbox
for letters from Danish authorities) administered by the platform “e-Boks” [30], linked to
the individual’s Personal Identification number—a national identification number, which
is part of the personal information stored in the Civil Registration System. In the e-letter,
an invitation to participate in the study was provided along with a link to an online survey
that was managed using REDCap electronic data capture tools hosted at the capital region
of Denmark. REDCap (Research Electronic Data Capture) is a secure, web-based software
platform designed to support data capture for research studies, providing (1) an intuitive
interface for validated data capture, (2) audit trails for tracking data manipulation and
export procedures, (3) automated export procedures for seamless data downloads to com-
mon statistical packages, and (4) procedures for data integration and interoperability with
external sources. (REDCap) [31,32]. The letter included information about the study as
well as information about the rights to withdraw from the study at any time. Furthermore,
the importance of responding to the questionnaire regardless of whether knee pain was
present or not was emphasized.

2.2. Participants

Denmark is a country with a solid base for electronic communication. Most of the
citizens have daily access to the internet, and Danes have a strong history of compliance
with surveys. Frederiksberg Municipality was chosen for this study, being a very stable
community with inhabitants rarely relocating. Inclusion criteria for the parent cohort study
consisted of being between 60–69 years, living in the Municipality of Frederiksberg, being
able to read and understand Danish, and having access to Digital Post. The age of 60–69
was chosen, as the incidence of knee OA increases with age, and an increasing prevalence
of knee pain related disablement is encountered [1,33]. In this study, any knee pain during
the last month when either sitting still or moving was an inclusion criterion as well. We
had no formalized exclusion criteria.

2.3. Variables and Outcome Measures

The full survey description is available in the published protocol [28]. The question-
naires were adaptive based on how each respondent answered. It included a maximum of
189 questions for people reporting knee pain based on the initial triage question: “Have
you experienced any pain from your knee/knees during the last month (both at work
and rest)?”

The rest of the questions concerned use of conventional products and treatments and
complementary and alternative medicines (CAMs) for knee pain/other reasons than knee
pain, or general health. It furthermore concerned earlier knee injuries/surgeries, illness
perceptions (related to knee pain), health related quality of life, musculoskeletal health,
fitness and physical function, health beliefs, and attitudes concerning use of CAMs and
physical activity, lifestyle, and demographics. The duration of knee pain was assessed
based on predefined answers (0–6 months, 6–12 months, 1–2 years, 2–5 years, 5–10 years,
and more than 10 years).

Furthermore, the following questionnaires were used:
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2.3.1. The Brief Illness Perception Questionnaire

We used the Danish version of The Brief Illness Perception Questionnaire (B-IPQ).
B-IPQ is a generic nine-item questionnaire developed to rapidly assess the cognitive and
emotional representations in a variety of illnesses. B-IPQ is a short version of the 84-item
revised illness perception questionnaire (IPQ-R) [34].

The first eight items are scored on a 1–10 numeric rating scale with descriptors (none
or extreme) at either end with 1 being no perceived threat in items 1, 2, 5, 6, and 8 (e.g.,
no symptoms/no consequences/no concern) and highest perceived threat (e.g., no illness
control/no effect of treatment/no illness understanding) in items 3, 4, and 7 [35].

B-IPQ assesses perceptions on the following five dimensions: Identity, Cause, Timeline,
Consequences, and Cure-Control. [36]. Five of the items assess cognitive illness represen-
tations: consequences (Item 1: “How much does your illness affect your life?”), timeline
(Item 2: “How long do you think your illness will continue?”), personal control (Item 3:
“How much control do you feel you have over your illness?”), treatment control (Item 4:
“How much do you think your treatment can help your illness?”), and identity (Item 5:
“How much do you experience symptoms from your illness?”). Two of the items assess
emotional representations: concern (Item 6: “How concerned are you about your illness?”)
and emotions (Item 8: “How much does you illness affect you emotionally? e.g., does it
make you angry, scared, upset or depressed?”). One item assesses illness comprehensibility
(Item 7: “How well do you feel you understand your illness?”). Item 9 is a free text field in
which the respondent can formulate their beliefs about their condition (cause). We decided
not to use this field in our study, as the data were inconsistent.

In all item questions, we replaced the word “illness” with “knee pain” as recom-
mended when applying the B-IPQ to specific conditions [36]. Given that our respondents
are not necessarily receiving any treatments and would therefore not be able to give a
reasonable answer, the wording in item 4 was changed from “how much do you think
your treatment can help your knee pain?” to “how much do you think treatment can help
your knee pain?”. This change in wording of the item can affect the generalizability of
the question to some extent, as the revised question assesses treatment expectations rather
than control among participants not using treatments for knee pain.

The B-IPQ scores have shown good test–retest reliability and adequate concurrent,
discriminative, and predictive validity amongst patient samples with musculoskeletal
disorders and other chronic disorders [36,37]. Based on other studies [38–40] and the
fact that each item represents one component (of many) found to underlie the cognitive
representation of illness [41], we explored each B-IPQ item score and not the overall score.

2.3.2. Knee Injury and Osteoarthritis Outcome Score

The Knee Injury and Osteoarthritis Outcome Score (KOOS) is developed as an in-
strument to assess the patient’s opinion about their knee and associated problems. It is
patient reported and can be used to assess groups and to monitor individuals. The KOOS
consists of 42 items covering five domains, namely, Pain (nine items), Symptoms (seven
items), Activities of Daily Living (ADL) (17 items), Sports and Recreation (five items), and
knee related QoL (four items). The KOOS adopts a five-point Likert scale scoring system
(ranging from 0 (least severe) to 4 (most severe) [42].

A normalized score is calculated for each domain with 100 indicating no symptoms
and functional impairment and 0 indicating extreme symptoms and functional impairment.
KOOS has been validated for short- and long-term follow-up studies of knee injury [43] and
is considered reliable and responsive for assessment of knee complaints in a comparative
review of knee-specific outcome [44]. Minimal clinically important differences (MCIDs) for
the KOOS is suggested to be 10–17 points [45].
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2.3.3. Current Knee Pain and Self-Reported Knee Osteoarthritis

Current knee pain, defined as “the level of pain in your knee today” was assessed
with a 100 mm visual analogue scale (VAS) with anchors 0 = “no pain” and 100 = “worst
imaginable pain”.

Self-reported knee OA was assessed corresponding to the definition made by The
National institute for Health and Care Excellence (NICE) in 2014 [46]:

• Age over 45
• Activity related knee pain and
• Morning joint-related stiffness that lasts no longer than 30 min

2.3.4. Health Related Quality of Life

To assess health related quality of life, we applied the EuroQoL five dimensions
(EQ-5D) questionnaire. EQ-5D is a standardized measure of health status that provides
a simple, generic measure of health. It is applicable to a wide range of health conditions
and is ideally suited for use in surveys [47]. The EQ-5D consists of a descriptive system
comprising five dimensions: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Standardized answer options are given (three Likert boxes) and each
question is assigned a score from 1 to 3. From the responses, an EQ-5D index is calculated
ranging from −0.624 (worst) to 1.000 (best) [48]. EQ-5D is simple, taking only a few minutes
to complete. A Danish version of the EQ-5D is available, and a Danish valuation set for
reference is available [49].

2.4. Self-Management Strategies

We used the term self-management strategy as an overall definition of different
treatment types (CAMs, conventional products, and conventional treatments) where the
patient has an active role in choosing and administering the treatment.

2.5. Use of CAMs

We defined complementary and alternative medicines as either “alternative treat-
ments”, “dietary supplements”, or “vitamins/minerals” taken specifically for knee pain.

• Vitamins and minerals were defined as any supplement containing only vitamins or
minerals, taken by the respondent in order to relieve knee pain or promote health.
Seventeen predefined choices for the use of vitamins or minerals were given (Supple-
mentary file 1).

• Dietary supplements/herbal medicines (in this manuscript referred to as “dietary
supplements”) were defined as any supplement not being a vitamin/mineral. Twenty-
five predefined choices for the use of dietary supplements were given including fish oil,
rosehip, ginger, glucosamine, probiotics, and medical cannabinoids (Supplementary
file 1).

• Non-medical treatments were defined as an (active) treatment (normally) not being
delivered by a medical doctor or another authorized health professional. Sixteen
predefined choices for alternative treatments were provided, including: acupuncture,
acupressure, cranio-sacral therapy, hypnosis, and kinesiology (Supplementary file 1).

In the survey, we asked if the respondents used any of these CAMs regularly specifi-
cally for their knee pain. Regular use of vitamins/minerals and dietary supplements was
defined as “daily or almost daily use”, while regular use of non-medical treatments was
defined as “use within last year”.

2.6. Use of Conventional Products and Treatments

“Conventional products” used specifically for knee pain were defined as over the
counter (acetaminophen, codeine, NSAID) and prescription pain medicines (NSAID, opi-
oids). Regular use of these drugs was defined as “daily or almost daily use”. We considered
prescription pain medicine as part of self-management, as regular administration of this
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medication is, in contrast to surgery, very much relying on each patient. “Conventional
treatments” were defined as physiotherapy, chiropractic, or weight loss. Use of these
treatments was defined as use of physiotherapy/chiropractic “within last year” specifically
for the knee pain and having “ever” tried to lose weight specifically to relieve knee pain.

We categorized participants reporting use of any type of treatment for their knee pain
as being “users” (of self-management strategies), while respondents not using any type of
treatment were categorized as “non-users”. In this process, we chose to combine conven-
tional, proven effective treatments and CAMs as being all “self-management strategies”, as
our goal was to explore how people choose to manage their knee pain regardless of what is
recommended by the authorities.

3. Statistical Analyses

Incidence rate (IR) and prevalence rate (PR) are the two most important measures to
assess the disease risk and occurrence in epidemiological studies like the Frederiksberg
Cohort Study. The incidence rate takes the number of newly identified self-reported knee
pain cases divided by people at risk in a defined period of time, while the definition
of prevalence is comparable to the proportion of individuals with self-reported knee
pain in the population at baseline. These two measures serve different purposes for the
Frederiksberg Cohort Study. The PR shows how widespread the condition is, and thus
provides us with information on the burden of disease in comparison to the estimated
global burden of disease [50]. The calculation of the prevalence of knee pain and knee OA
in the Frederiksberg Cohort study is presented in Supplementary File 2.

In order to evaluate the “true prevalence” of self-reported knee pain in this group of
elderly citizens, a series of analyses were done based on what we considered the intention-
to-survey population. Nonresponse in sample surveys was handled by replacing each
missing value with multiple imputations [8,51]: multiple imputation (MI) was used to
account for participants who were invited to join the survey but did not report the primary
outcome: self-reported knee pain (yes/no). Five imputations as well as the original
dataset were performed, and results from these six datasets were combined using Rubin’s
Rules [51]. Based on these new “complete datasets, with no missing data” we applied
standard complete-data methods to analyze the multiply-imputed sets using frequentist
ideas (results combined using Rubin’s Rules [51], as well as applying simple bootstrap
resampling techniques to estimate the empirical range from minimum to maximum for the
observed sample [52]).

The exploration of the associations between type and extent of self-management
strategies, illness perception (B-IPQ), intensity of knee pain and other symptoms, and
health related quality of life was done in several steps. We initially compared the two
groups we had created (“users” and “non-users”) on demographics and questionnaire
data. As data did not follow a normal distribution, Kruskal–Wallis’ non-parametric tests
for independent samples were conducted to compare user/non-user groups and explore
the association between the number of treatment types used and the B-IPQ, KOOS, Current
VAS Pain, and EQ-5D.

To investigate if different illness perception profiles existed and how these profiles
differed in terms of self-management strategies and health related outcomes measures, we
performed a cluster analysis (CA) based on the B-IPQ-item scores and related these clusters
to the distribution of users/non-users, knee pain intensity (KOOS pain and current VAS),
other symptoms (KOOS), and health-related quality of life (EQ-5D). Based on Frostholm
et al. [53] and recommendations in the literature [54], we applied a two-step procedure: (1)
a hierarchical analysis (Ward’s method) using squared Euclidean distance to determine the
optimal number of clusters based on a reformed agglomeration schedule. An inconsistent
decrease in the coefficient score is used to indicate that the clusters at this point are distinct
and therefore the cluster process should be stopped one step earlier [53]. We then used the
centroids from the hierarchical CA as a starting point in a K-means CA with a predefined
number of clusters to validate the results from the hierarchical analysis.
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Differences between clusters in age, knee pain duration, BMI, health related outcomes
measures, and pain levels were assessed using Kruskal–Wallis test for non-parametric
independent samples. The distributions of males/females and users between the clusters
were assessed using Chi2 test. As the B-IPQ only contains one type of scale (scores 1–10),
no standardization was required.

All analyses were performed in SPSS (version 3.3). All P-values and 95% confidence
intervals were two-sided. We did not apply explicit adjustments for multiplicity; rather, we
interpreted the findings from the multiple tests performed, considering the serious risk of
making a false discovery (i.e., a false-positive inference). The statistical tests were reported
with P-values for standard hypothesis tests, and any claim of statistical significance was
only intended for exploratory purposes (with a statistical α level of 0.05).

4. Results

Among a total of 9086 citizens in the Frederiksberg Community aged between 60–
69 years, 882 did not have access to e-Boks. Thus, 8204 were invited to respond to the
survey. At the end of the six-week data collection period, 4292 (52.3%) had initiated the
questionnaire. Among these, 1758 (40.9%) reported knee pain and 570 (13.3%) reported
self-reported knee OA corresponding to NICE self-reported framework.

From our bootstrap resampling technique, we have an empirical interval around the
proportion having self-reported knee pain ranging from 19.9% to 22.7%. From this sample,
it is fair to assume that the prevalence of knee OA is between 6.4% and 7.4% in this group
of individuals in the age 60 to 69 years of age (Supplementary File 2). However, since this
is probably a low-level guestimate, we also applied a conservative multiple imputation
technique replacing the missing data (i.e., based on a tipping point analysis strategy);
from these repeated datasets (combined using Rubin’s rule) a conservative estimate on
individuals with self-reported knee pain could be as high as 54.2% (rather than 21.4%). As
a consequence, the prevalence of knee OA in this sample might be as high as 17.6%.

The analyses on illness perceptions, functional level, current VAS knee pain, and
quality of life are based on respondents who reported knee pain, and had responded to
all B-IPQ items and at least one of the following measures: KOOS, current VAS, or EQ-5D
(n = 1552, 34.9%) (Flowchart Figure 1).

Among these 1552 respondents reporting knee pain, 64% were women. The duration
of knee pain was evenly distributed across less than one year to more than 10 years.

A summary of the demographics and questionnaire data is presented in Table 1.

Table 1. Characteristics of participants reporting knee pain and being users or non-users of self-management strategies.

Users Non-Users Difference
p *

Median (95% CI)

N (%) 923 (59.5) 629 (40.5) N/A

Demographics

Women, N (%) 612 (66.3) 381 (60.6) N/A 0.021

age years, median (IQR) 64 (62–67) 64 (62–67) N/A 0.35

BMI (kg/m2), median (IQR) 26.6 (23.6–30.5) 24.8 (22.6–27.9) −1.8 (−2.27 to −1.33) <0.0001

Knee OA ¶ 374 (40.5) 125 (19.9) N/A <0.0001

KOOS. 0–100 score (median, IQR)

KOOS symptoms 57.1 (50.0–64.3) 64.3 (57.1–67.9) 7.2 (5.9 to 8.5) <0.0001

KOOS QOL 56.2 (43.8–68.8) 68.8 (62.5–81.2) 12.6 (11 to 14.2) <0.0001

KOOS pain 75.0 (61.1–86.1) 86.1(77.8–91.7) 11.1 (9.7 to 12.5) <0.0001

KOOS function 80.9 (66.2–91.2) 91.2 (83.8–97.1) 10.3 (8.8 to 11.8) <0.0001

KOOS Sports and recreation 45 (25–70) 70.0 (50–90) 25.0 (21.7 to 28.3) <0.0001
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Table 1. Cont.

Users Non-Users Difference
p *

Median (95% CI)

EQ-5D Index (median, IQR) 0.776 (0.723–0.824) 0.824 (0.776–1.000) 0.048 (0.039 to 0.057) <0.0001

Current VAS pain, 0–100 mm (median, IQR) 25 (10.75–50) 12 (3–25) −13 (−15 to −11) <0.0001

Brief-IPQ, 1–10 score (median, IQR)

consequences B-IPQ 1 4.0 (2–6) 2.0 (2–3) −2.0 (−2.3 to −1.7) <0.0001

timeline B-IPQ 2 10.0 (6–10) 8.0 (5–10) −2.0 (−3.1 to −0.9) <0.0001

personal control B-IPQ 3 6.0 (4–8) 7.0 (5–9) 1.0 (0.6 to 1.5) <0.0001

treatment control B-IPQ 4 7.0 (5–9) 5.0 (2–7.5) −2.0 (−2.4 to −1.6) <0.0001

identity B-IPQ 5 5.0 (3–7) 3.0 (2–5) −2.0 (−2.3 to −1.7) <0.0001

concern B-IPQ 6 5.0 (3–7) 3.0 (2–5) −2.0 (−2.4 to −1.6) <0.0001

coherence B-IPQ 7 8.0 (5–9) 8.0 (5–9) 0 0.275

emotional representation B-IPQ 8 2.0 (1–5) 2.0 (1–2) 0 <0.0001

Values are median (IQR) unless otherwise stated. * Statistical significance accepted at p < 0.05. ¶ Corresponding to NICE framework for
self-reported knee OA. KOOS: Knee Injury and Osteoarthritis Outcome Score, higher scores denote higher functional level. Brief-IPQ
(B-IPQ): Brief Illness Perception Questionnaire, higher scores on items 1, 2, 5, 6, and 8 denote a more threatening view of the illness, while
higher scores on item 3, 4, and 7 denote a less threatening view of the illness. EQ5D: EuroQol-5 Domain, higher scores denote better quality
of life.

Figure 1. Flow chart response flow.
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4.1. Self-Management Strategies for Knee Pain

Of the 1552 respondents, 923 (59.5%) reported use of any kind of treatment or supple-
ment specifically for their knee pain. Hence 59.5% of the respondents were categorized as
“users” (of self-management strategies), the rest (n = 629; 40.5%) as “non-users”. Of the
923 users, 398 (43%) reported to use only one type of treatment, while only nine respon-
dents (1%) reported use of more than five treatment types. Of the 923 users, 374 (40.5%)
reported self-reported knee OA.

The proportions of women among the users and non-users were 66.3% and 60.6%,
respectively, with statistically significant difference (p = 0.021).

4.2. Brief Illness Perception Scores in Users and Non-Users

We found differences between users and non-user on all B-IPQ items except for items
7 and 8. On items 1, 2, 4, 5, and 6, users scored higher than non-users (Table 1). On item
3, non-users scored higher than users (Table 1). Altogether, this suggests that non-users
perceived their illness as less threatening than users.

The highest average scores were seen on item 2 (Timeline) “How long do you think
your knee pain will continue?” with a median score of 8 (IQR 5-10) for non-users and 10
(IQR 6-10) for users. Accordingly, both groups expected their pain to continue for very
long with users considering the condition to last longer than non-users.

The lowest average scores concerned the B-IPQ item 8 (Emotional representation)—
“How much does your knee pain affect you emotionally?” with a median of 2 (IQR 1-2) for
non-users and 2 (IQR 1-5) for users, indicating that both users and non-users were only a
little emotionally affected by their knee pain. (Table 1).

On item 3: “How much control do you feel you have over your knee pain?”, non-users
had higher median scores than users (difference: 1 (95% CI: 0.55 to 1.45)), suggesting that
they felt they had more control over their pain than users. On item 4, “How much do you
think treatment can help your knee pain?”, users had a higher median score than non-users
(difference: 2 (95% CI: 1.57 to 2.43)) suggesting that they found treatment more likely to
help them than non-users did (Table 1).

4.3. Health-Related Outcome Measures

Non-users scored significantly lower (less symptoms) than users on all KOOS sub-
scales with the largest differences observed in the KOOS Sports and Recreation and KOOS
QOL subscales (median difference respectively: 25 (95% CI: 21.0 to 28.34) and 12.6 (95% CI:
11 to14.2)) and the smallest difference on the KOOS symptoms subscale (median difference:
7.2 (95% CI: 5.9 to 8.5)). Likewise, EQ-5D scores were also significantly higher among
non-users than users (median difference: 0.048 (95% CI: 0.039 to 0.057)), while the median
Current VAS Pain was 13 points lower (95% CI: −15 to −11) among non-users compared
to users (Table 1).

There were statistically significant associations (p < 0.0001) between the number of
treatments used for knee pain and B-IPQ scores (except for item 7) (Figure 2A–H), KOOS
scores (Figure 3A–E), VAS pain scores (Figure 4A), and EQ-5D scores (Figure 4B), suggesting
that with more treatments used the illness perception was more negative and the symptoms
and quality of life were worse.

Figure 2. Cont.
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Figure 2. Boxplots of association between amount of treatments used and Brief Illness Perception Questionnaire scores
(median, upper, and lower quartiles and outliers). (A): B-IPQ item 1 consequences. (B): B-IPQ item 2 timeline (C): B-IPQ
item 3 personal control. (D): B-IPQ item 4 treatment control. (E): B-IPQ item 5 identity. (F): B-IPQ item 6 concern. (G): B-IPQ
item 7 coherence. (H): B-IPQ item 8 emotional representation.

 

Figure 3. Boxplots of association between amount of treatments used and KOOS scores (median, upper, and lower quartiles
and outliers). (A): KOOS Symptom, (B): KOOS QOL. (C): KOOS Pain. (D): KOOS Function, (E): KOOS Activity.
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Figure 4. Boxplots of association between amount of treatments used and current VAS pain scores and EQ-5D scores
(median, upper, and lower quartiles and outliers). (A): Current VAS Pain. (B): EQ-5D-Index.

4.4. Cluster Analysis of Brief-IPQ Scores

Based on the change between coefficients in the agglomeration schedule from the
hierarchical cluster analysis, we found a solution of two clusters to be optimal. In the next
step, we used the centroids of the clusters in a K-means cluster analysis with a pre-set
number of two clusters.

We found statistically significant differences between all B-IPQ item scores except
item 7 as well as between all health-related outcome measures and Current VAS Pain in
the two-cluster solution (Table 2).

Table 2. Health outcome scores between clusters of knee pain perception.

Cluster 1 “Concerned
Optimists”
(n = 642)

Cluster 2 “Unconcerned
Confident”
(n = 910)

Difference

Median (IQR) Median (IQR) Median (95% CI) p *

Demographics

Women (N, %) 416 (64.8) 577 (63.4) N/A 0.57

Age (median, IQR) 64 (62–67) 64 (62–67) N/A 0.476

BMI (median, IQR) 26.8 (23.8–30.7) 25.2 (22.8–28.36) 1.6 (1.1 to 2.1) <0.0001

Knee OA ¶ 321 (50) 178 (19.6) N/A <0.0001

KOOS. 0–100 score (median, IQR)

KOOS Symptoms 53.6 (46.4–60.7) 64.3 (57.1–67.9) −10.7 (−12.1 to −9.3) <0.0001

KOOS Qol 50 (37.5–56.2) 75 (62.5–81.2) −25 (−25.7 to −24.3) <0.0001

KOOS Pain 66.7 (55.6–77.8) 86.1 (80.6–91.7) −19.4 (−20.0 to
−18.8) <0.0001

KOOS Function 72.1 (57.4–83,8) 92.6 (85.30–97.1) −20.5 (−21.3 to
−19.8) <0.0001

KOOS Sports and recreation 35 (20–51.25) 70 (55–85) −35 (−38 to −32) <0.0001

EQ5D Index, median (IQR) 0.756 (0.723–0.824) 0.824 (0.818–1.000) −0.068 (−0.074 to
−0.062) <0.0001

Current VAS Pain, median (IQR) 40 (20–62) 11 (3–24) 29 (26.4 to 31.6) <0.0001
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Table 2. Cont.

Cluster 1 “Concerned
Optimists”
(n = 642)

Cluster 2 “Unconcerned
Confident”
(n = 910)

Difference

Median (IQR) Median (IQR) Median (95% CI) p *

User types median (IQR)

Non-users (N, %) 161 (25.1) 468 (51.4) N/A <0.0001

(only) CAM users 106 (10.6) 167 (18.4) N/A <0.0001

(only) Pharmacological treatment
users # 28 (4.4) 10 (1.1) N/A

(only)Non-pharmacological
treatment users ¤ 90 (14) 131 (14.4) N/A

Two or more treatment types § 257 (40) 134 (14.7) N/A

Brief-IPQ, 1–10 score
(median, IQR)

consequences B-IPQ 1 5 (4–7) 2 (2–3) 3 (2.9 to 3.1) <0.0001

timeline B-IPQ 2 10 (8–10) 8 (4–10) 2 (1.7 to 2.3) <0.0001

personal control B-IPQ 3 5 (3–7) 8 (5–9) −3 (−3.4 to −2.6) <0.0001

treatment control B-IPQ 4 8 (6–10) 5 (2–7) 3 (2.7 to 3.3) <0.0001

identity B-IPQ 5 6 (5–7) 3 (2–4) 3 (2.9 to 3.1) <0.0001

concern B-IPQ 6 7 (5–8) 2 (2–3) 5 (4.7 to 5.3) <0.0001

coherence B-IPQ 7 7 (5–9) 8 (5–9) −1 (−2.8 to 0.8) 0.275

emotional representation B-IPQ 8 4 (2–6) 1 (1–2) 3 (2.9 to 3.1) <0.0001

Values are median (IQR), unless otherwise stated. * Statistical significance accepted at p < 0.05. ¶ Corresponding to NICE framework for
self-reported knee OA. KOOS: Knee Injury and Osteoarthritis Outcome Score, higher scores denote higher functional level. Brief-IPQ
(B-IPQ): Brief Illness Perception Questionnaire, higher scores on items 1, 2, 5, 6, and 8 denote a more threatening view of the illness, while
higher scores on item 3, 4, and 7 denote a less threatening view of the illness. EQ5D: EuroQol-5 Domain, higher scores denote better quality
of life. CAM: Conventional and alternative medicine. # Use of over the counter medication and prescription drugs. ¤ Use of physiotherapy,
chiropractic, or weight loss. § Use of two or more treatment types (CAMS, non-pharmacological or pharmacological treatments).

The population in Cluster 1 had higher current VAS pain, higher BMI, and lower
scores on EQ-5D and KOOS than cluster 2. Thus, cluster 1 was more affected on all health-
related outcomes measures and perceived their pain as more “threatening” than cluster
2. Additionally, 481 (25.1%) of respondents in cluster 1 were characterized as non-users
(Table 2).

Cluster 1 included 642 respondents. It was characterized by higher B-IPQ scores than
cluster 2 on all items except for items 3 and 7 (Table 2). Based on the B-IPQ pattern, this
cluster was named “concerned optimists”.

Cluster 2 included 910 respondents. Respondents in cluster 2 had lower B-IPQ scores
than cluster 1 on all items except for items 3 and 7 (Table 2). Based on the B-IPQ pattern
this cluster was named “unconcerned confident”.

Both clusters had similar scores on item 7 (coherence), suggesting that the two clusters
had the same understanding of their knee pain (Table 2). The two clusters were similar
with respect to age (median 64 in both clusters). The proportions of women in the two
clusters were 64.8% in cluster 1 and 63.4% in cluster 2 (p = 0.57), while the proportions of
self-reported knee OA were 50% in cluster 1 and 19.6% in cluster 2 (p < 0.0001).

5. Discussion

In this cross-sectional study, based on 4292 elderly individuals from the Frederiksberg
Cohort, 1758 reported knee pain with 570 reporting symptoms corresponding to knee OA.
The prevalence of knee pain and knee OA in the whole Frederiksberg Cohort (8204) was

56



J. Clin. Med. 2021, 10, 668

estimated to be, respectively, 21.4% and 6.9%, which is a little lower than found in other
studies [1,33,55].

To our knowledge, this is the first study to document associations between illness
perceptions and management patterns of knee pain in a large sample of individuals between
60 and 69 years. We found that users of self-management strategies for knee pain are
characterized by more negative illness perceptions, worse symptoms, and lower health
related quality of life than non-users. Further, we identified a group of individuals that,
even though they reported having knee pain and being functionally affected did not use
any self-management strategy.

When compared to populations with manifest radiological knee OA included in
clinical studies, users reported slightly less pain and better functional level (KOOS), while
part of the non-users had a significantly better functional level [44,56]. Knee pain levels
among non-users were comparable to other studies of patients with early OA [6,57],
suggesting that the non-users in this study are at increased risk of developing radiographic
knee OA.

Even if functional levels were relatively high among respondents, it is evident that
levels are still markedly lower than in an age-matched population without knee issues [58]
and while non-users, not surprisingly, report less symptoms than users, it is striking that
some non-users report significant symptoms, with 19.9% actually reporting symptoms
corresponding to self-reported knee OA. On the other hand, the non-users’ median EQ-5D
score is comparable with the Danish population norms [59], suggesting that their knee pain
did not impact their overall quality of life.

Our results are similar to those found in a review of studies concerning the association
between illness perception and different functional and psychological health outcomes
measures among knee or hip arthroplasty populations [60], where higher scores on the
B-IPQ items concerning consequences, identity, coherence, and emotional representation
were predictive of worse knee function, pain interference with walking, and anxiety and
depression. Another study of 1204 Irish citizens with chronic pain [61] found higher scores
on timeline and concern items (items no. 2 and 6) to be predictive of pain-related disability.

We also found that illness perception, knee symptoms, and health related quality of
life were associated with amount of treatments used. The more threatening respondents
perceived their knee pain and the more physically impaired they were, the more treatments
they reported to use. Similar results were found in a study by Hill et al. [39] concerning
2113 older people with musculoskeletal hand disorders, where participants who considered
their disorder to have the most negative effects on their lives were more likely to consult a
physician, take medication, or both.

On the other hand, a study by Bedson et al. [62] found that around 50% of individuals
aged over 50 with disabling knee pain did not consult for it. Recent onset and severity of
pain was associated with more use of general practice.

Together, these results indicate that experiencing knee pain is not necessarily con-
sidered a serious health threat to people, which could explain why many people do not
consult general practice. As resent research [5–7] has shown intermittent knee pain to be
a predictor of radiographic knee OA, it seems relevant to inform the general population
about the potential gain of reacting with knee OA preventing measures to even mild knee
pain. This would also be in line with earlier studies [63–65], emphasizing the effect of using
population-based approaches to control determinants of incidence instead of individually
targeted approaches to patients being at high risk or already having manifest disease.

Our cluster analysis revealed two clusters based on illness perception traits. Cluster
1 was characterized by worse illness perceptions, more pain, lower quality of life, and
significantly worse health outcome measures than cluster 2. Cluster 2 had more positive
illness perceptions but lower treatment control scores and better health outcome measures.
Cluster 1 had a markedly higher proportion of users than cluster 2 (74.9% vs. 48.6%). The
differences between clusters in especially KOOS subscales are highly clinically relevant
and cannot only be explained by the distribution of users in the groups. The difference

57



J. Clin. Med. 2021, 10, 668

supports the view that illness perceptions and knee pain related functional level are closely
related, and that a considerable part of the respondents use no self-management strategy
despite being affected by their knee pain (25.1% in cluster 1).

Other studies have used cluster analyses based on illness perceptions to identify
subgroups and relate these to management of a disease. Lowe et al. [66] examined the dif-
ference between use of unscheduled health care services in UK among three clusters based
on the B-IPQ on patients with both chronic and non-chronic disorders, while Frostholm
et al. [53] identified three clusters based on IPQ-R and related these to the use of primary
care in Denmark. Both studies found that clusters where patients perceived their pain as
having most consequences for their lives had more primary care visits. Riviera et al. [67]
identified three clusters based on 187 patients with heart failure, chronic obstructive pul-
monary disease (COPD), and chronic kidney disease. The cluster perceiving the illness to
have few consequences and a non-fluctuating pattern had the fewest hospitalizations while
both the cluster perceiving many consequences to their illness and the cluster perceiving a
high disease control and understanding of their illness had many hospitalizations. These
studies support our results of more negative perceptions being related to higher use of
health care services, but also indicate that more negative perceptions of an illness might not
be consequently related to use of more health-related services. As health services operate
differently in each country, and as we did not measure hospitalizations, these results are
not directly comparable to our results. Nevertheless, the results indicate that different
illness perception profiles exist and are related to illness management.

This study has some limitations. First, as this is a cross-sectional study, we cannot
conclude on the causality of the relationship between illness perception traits, management
patterns, and health related outcome measures we have found. Our study population was
sampled from a relatively wealthy area in Copenhagen, which may limit generalizability.
Further, we defined “management of knee pain” as the use of different predefined treatment
strategies based on recommendations and also the most common CAMs, which may not be
the best way to describe an individual’s way of managing knee pain. However, we chose
to include CAMs as a treatment for knee pain regardless of recommendations, as many
people use them and believe in their effect, and as the effect of many types of CAM has not
yet been investigated, we considered it relevant to include these.

As CAMs are often broadly defined depending on country or region [21,22,24–26,68,69],
generalization related to CAMs in general should be done with caution.

The strengths of this study include a large sample size and a good response rate.
Data was collected in an electronic survey questionnaire with branching, ensuring that
all responses were presented and collected correctly. Another strength is that the main
findings related to the association between illness perception and use (or non-use) of
self-management strategies were documented using two analytical approaches.

6. Conclusions

In conclusion, we found the prevalence of knee pain in the Frederiksberg Cohort of
elderly between 60–69 years to be 21.4%, while the prevalence of self-reported knee OA
was 6.9%. We further found that elderly individuals with knee pain that use treatments
and supplements as management strategies seem to be more concerned and have more
severe symptoms than individuals that use no treatments or supplements. Additionally,
we documented that worse illness perception was associated with higher degrees of knee
symptoms, lower quality of life, and a tendency to use more treatments for knee pain. A
large proportion of the elderly are not using any treatments even though they are affected
by their knee pain, with 19.9% reporting knee symptoms corresponding to self-reported
knee OA. These non-users with knee pain represent a subpopulation with an increased
risk of developing radiographic knee OA, and there may be a potential preventive gain in
identifying these persons that are not yet patients but report symptoms of early OA.
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Abstract: Objective: The purpose of this study was to evaluate the added value of radiographs for
diagnosing knee osteoarthritis (KOA) by general practitioners (GPs) and secondary care physicians
(SPs). Methods: Seventeen GPs and nineteen SPs were recruited to evaluate 1185 knees from the
CHECK cohort (presenters with knee pain in primary care) for the presence of clinically relevant
osteoarthritis (OA) during follow-up. Experts were required to make diagnoses independently,
first based on clinical data only and then on clinical plus radiographic data, and to provide certainty
scores (ranging from 1 to 100, where 1 was “certainly no OA” and 100 was “certainly OA”).
Next, experts held consensus meetings to agree on the final diagnosis. With the final diagnosis
as gold standard, diagnostic indicators were calculated (sensitivity, specificity, positive/negative
predictive value, accuracy and positive/negative likelihood ratio) for all knees, as well as for
clinically “certain” and “uncertain” knees, respectively. Student paired t-tests compared certainty
scores. Results: Most diagnoses of GPs (86%) and SPs (82%) were “consistent” after assessment of
radiographic data. Diagnostic indicators improved similarly for GPs and SPs after evaluating the
radiographic data, but only improved relevantly in clinically “uncertain” knees. Radiographs added
some certainty to “consistent” OA knees (GP 69 vs. 72, p < 0.001; SP 70 vs. 77, p < 0.001), but not to the
consistent no OA knees (GP 21 vs. 22, p = 0.16; SP 20 vs. 21, p = 0.04). Conclusions: The added value
of radiographs is similar for GP and SP, in terms of diagnostic accuracy and certainty. Radiographs
appear to be redundant when clinicians are certain of their clinical diagnosis.

Keywords: knee osteoarthritis; radiography; general practitioner; secondary care physician; diagnosis

1. Introduction

In routine clinical practice, the diagnosis of knee osteoarthritis (KOA) is usually made based on
the clinician’s expertise, and radiographs are frequently used to confirm clinical suspicion of KOA [1,2].
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However, there are insufficient data on the necessity and the potential role of radiographs in the
diagnostic process.

The European League Against Rheumatism Recommendations (EULAR) reported that three
symptoms (knee pain, morning stiffness less than 30 min and functional limitation) combined with
three clinical signs (crepitus, restricted range of motion and bone enlargement) could predict 99%
radiographic KOA [3]. Similarly, recent studies showed that clinical manifestations, such as knee
pain, crepitus, joint line tenderness, bony swelling and pain on flexion/extension could be used for
identifying radiographic KOA [4–6]. Current recommendations advise not to use imaging in patients
with typical OA presentations, but these were mainly based on expert opinion [7,8].

As a common and chronic disease [8–10], KOA is usually diagnosed both by general practitioners
(GPs) and secondary care physicians (SPs). The added diagnostic value of radiographs can be different
between the two kinds of clinicians given their different clinical expertise. However, there is no
scientific literature on this aspect.

In this study, we recruited both GPs and SPs with osteoarthritis (OA) expertise to assess clinical
vignettes taken from the CHECK cohort study (a longitudinal cohort study of primary care patients
with knee complaints suggestive for early stage KOA, followed for 10 years) of potential KOA patients
and to provide diagnoses based on either clinical data alone, or clinical combined with radiographic
data. The aim of this study was to evaluate the added value of radiographs above clinical findings in
diagnosing KOA and to see whether this differed between GPs and SPs.

2. Methods

2.1. Clinical Experts

The protocol has been approved by the Ethical Committee of UMC Utrecht (protocol number
02/017-E). We recruited experts who fulfilled one of the following criteria in this study: (i) had a degree in
general practice, orthopedics, rheumatology or sports medicine for 2 or more years; (ii) were in-training
for a degree in these specialties combined with a PhD in OA research.

We tested experts’ characteristics by querying them on the number of OA patients treated per
week, experience in OA treatment (years), and their perception on the importance of radiographs in
making the diagnosis.

2.2. Clinical and Radiographic Data

For the present study, we included all patients from the CHECK cohort [11–13]. The CHECK
cohort recruited patients between October 2002 and September 2005, and all patients were supposed to
be followed for 10 years. Patients whose medical records and radiographs were available from 5 up to
10-year follow-up were included in this study.

Clinical data, obtained at a 5, 8 and 10-year follow up, consisted of demographics (including sex,
age, BMI (body mass index), racial background, marital status, menopausal status, educational level,
chronic diseases, occupation, smoking status and alcohol usage), physical examinations (presence of
knee pain, morning stiffness in knee, knee warmth, bony tenderness, crepitus, knee pain on extension
and flexion, range of motion (extension and flexion)), WOMAC (Western Ontario and McMaster
Universities Osteoarthritis Index) subscales of pain, function, and stiffness, NRS (numeric rating scale)
pain scores and incidence of other diseases (quadriceps tendinitis, intra-articular fracture, Baker’s cyst,
ligament or meniscus damage, osteochondritis dissecans, plica syndrome and septic arthritis).

Radiographic data consisted of scores from centralized reading by trained readers evaluating
standard weight bearing (posterior-anterior fixed flexion view) knee radiographic films at 5, 8,
and 10 years follow up (for details see [12]). The scores included information on tibial attrition,
femoral/tibial sclerosis, joint space narrowing, femoral/tibial osteophytes and Kellgren and Lawrence
grades. Both posterior-anterior fixed flexion and lateral films were also made available to the experts.
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Table S1 summarizes all clinical and radiographic data presented to the experts. All data were
stored and presented in special software (built in-house) for optimal presentation. The software
recorded actual access to the radiographic films.

2.3. Obtaining Diagnoses

Before starting the diagnostic process, all experts received written information and completed two
example patients to get familiarized with the procedures and software. We obtained expert diagnosis
between June 2018 and January 2019.

Experts were divided into pairs; each pair consisted of one GP and one SP, where possible.
The diagnostic process is presented in Figure 1. Each pair assessed the same subset of knees
(40–50 patients). First, longitudinal clinical data of each patient were presented. Each expert evaluated
these independently and, for each knee, chose between “yes, clinically relevant OA has developed”
and “no, clinically relevant OA has not developed”. In addition, the experts had to provide their
certainty on a 1 to 100 scale (integers with unit of 1), where 1 was “certainly no OA” and 100 was
“certainly OA”. If a knee was diagnosed as “OA”, the certainty score had to be between 51 and 100,
with a higher score expressing greater certainty; if the knee was diagnosed as “no OA”, certainty score
had to be between 1 and 49, with a lower score expressing greater certainty. Next, access to longitudinal
radiographic data and films was activated. Experts were asked the same questions and had to
provide new certainty scores. At this stage, experts had read-only access to the clinical data and their
corresponding diagnoses.

Figure 1. Diagnostic process. OA, osteoarthritis; GP, general practitioner; SP, secondary care physician;
Clin diagnosis, diagnoses based on clinical data only; clin + rad, diagnoses based on clinical and
radiographic data.

After individually finishing all these evaluations, knees assigned certainty scores>30 and<70 were
defined as “uncertain”, the remainder as “certain”. Where the two experts agreed (yes/no OA, regardless
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of certainty) the diagnosis automatically became final. Each pair held a consensus meeting to re-assess
the knees where the individual diagnoses were discrepant, except if both experts were “uncertain”.
At that meeting the expert pair evaluated both clinical and radiographic data of the discrepancies,
as done when evaluating these individually, and made a final diagnosis together. Knees where no
consensus could be reached and those for which the experts disagreed after the individual scoring,
but both were “uncertain”, were all labeled as “consensus based uncertain”.

2.4. Statistics

Categorical variables were presented as counts and percentages and normally distributed
continuous data as mean ± standard deviation. Experts characteristics were compared by
Mann–Whitney U test or Wilcoxon W test, where appropriate. The number of consistent and
amended diagnoses after assessment of the radiographic data were presented for GP and SP, split for
no OA and OA diagnoses obtained when evaluating the clinical data only. Chi-square tests were
used for comparing diagnoses before and after viewing radiographic data in GP/SP. We calculated
sensitivity, specificity, positive/negative predictive value (PPV/NPV), accuracy, positive/negative
likelihood ratio (LR+/–) and their 95% CIs (confidence intervals) for the GP and SP diagnosis separately,
with the consensus based final diagnosis as gold standard. Next, we split all knees into clinically
“certain” (individual certainty scores ≤30 or ≥70, based on clinical data only) and clinically “uncertain”
(individual certainty scores >30 and <70, based on clinical data only) and the same diagnostic indicators
were calculated within both groups. The primary objective of the present study was to assess the
clinically relevant value of radiographs. With the consideration that statistical tests could be too
sensitive to detect minor differences in such a large sample, we did not apply statistical analysis for
comparing the above described diagnostic indicators. As no comparable results have been reported
before, outcomes were deemed exploratory.

For the analysis of certainty scores, the knees were divided into four subgroups: “consistent OA”
(the clinical diagnosis of OA was retained after viewing radiographic data), “amended to no OA”
(clinical diagnosis OA amended to no OA after viewing radiographic data); and likewise,
“consistent no OA”, and “amended to OA”. Paired t-tests assessed whether diagnostic certainty was
improved with radiographic information, in “consistent OA” and “consistent no OA” knees. To assure
robustness of the results, a sensitivity analysis compared certainty scores between left knees only,
with a paired t-test.

Analysis was performed with SPSS version 25.0 (IBM, Chicago, IL, USA); the significance level
was 0.05 using a 2-sided p value for all tests.

3. Results

3.1. Experts and Patients

A total of 36 experts were recruited, 17 GPs and 19 SPs (8 orthopedists, 9 rheumatologists and
2 sports physicians). Seventeen pairs of one GP and one SP were formed, and the remaining pair
included one orthopedist and one rheumatologist.

Expert characteristics are shown in Table 1. Among all the characteristics, only the perceived
importance of radiography was significantly different between GP and SP (p < 0.001).
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Table 1. Expert characteristics.

General Practitioner
(N = 17)

Orthopedist
(N = 8)

Rheumatologist
(N = 9)

Sports Physician
(N = 2)

p Values &

Importance radiograph *,
median (range) 2 (1–4) 4 (4–4) 3 (2–4) 3 (3–3) <0.001

Number of OA patients
treated per week, mean (SD) 5 (3) 53 (25) 6 (7) 3 (2) 0.06

Years of experience, mean (SD) 12 (9) 14 (5) 17 (9) 20 (14) 0.10

OA, osteoarthritis; * Perceived importance of radiography for making the diagnosis of knee osteoarthritis:
1, not important; 2, of minor importance; 3, somewhat important; 4, very important; & Comparing characteristics
between GP and SP.

The study included 761 patients with 1185 symptomatic knees; 79% female, mean (SD) age
56 (5) years. The pairs formed by one GP and one SP evaluated 1106 knees, and the pair consisted of
two SP did for 79 knees. During the diagnostic process, GP viewed the actual films in 45% of the knees
and SP did this in 69% of the knees.

3.2. Diagnostic Abilities

3.2.1. General Practitioners

GPs diagnosed 42% of knees as OA based on the clinical data only and 44% after viewing
radiographic data. In total, 86% of diagnoses were consistent after viewing radiographic data; 6% OA
knees were amended to no OA, and 8% no OA knees to OA (Figure 2). Of the 14% amended diagnoses,
8% were deemed correct, compared to the final diagnosis (Table 2). In general, the changes in diagnoses
were statistically significant (p < 0.001) and all diagnostic indicators were somewhat improved after
viewing radiographic data (Table 3).

 

Figure 2. General practitioner (GP) and secondary care physician (SP) diagnoses based on clinical data
(clin), clinical combined with radiographic data (clin + rad); OA, osteoarthriti.

GPs were uncertain about 41% of their clinical diagnoses. They were much more likely to
amend uncertain diagnoses than their certain diagnoses (23% uncertain vs. 7% of certain diagnoses).
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Furthermore, the rate of correct amendments in clinically uncertain diagnoses was 2 times higher
than that in certain diagnoses (Table 4). Without radiographic assessment, the GP diagnostic ability
was good in certain diagnoses (PPV = 0.82 (95% CI, 0.76–0.87), NPV = 0.71 (95%CI, 0.67–0.75)),
but poor in uncertain diagnoses (PPV = 0.59 (95% CI, 0.53–0.65), NPV = 0.57 (95%CI, 0.43–0.58)).
Diagnostic abilities were much improved by radiographs in uncertain diagnoses (Table 5). In clinically
certain diagnoses, slight improvements were found in PPV, NPV and LR− (PPV: 0.82 to 0.84;
NPV: 0.71 to 0.77; LR−: 0.30 to 0.18), LR+ values were consistently greater than 10 (15.39 to 31.69);
in clinically uncertain diagnoses, all indicators were much improved (PPV: 0.59 to 0.73; NPV: 0.51 to 0.61;
LR+: 2.14 to 4.89; LR−: 0.30 to 0.04).

3.2.2. Secondary Care Physicians

SPs diagnosed 39% of knees as OA based on clinical data only and 49% after viewing radiographic
data. In total, 82% of diagnoses were consistent after viewing radiographic data; 4% OA knees were
amended to no OA and 14% no OA knees to OA (Figure 2). Of the 18% amended diagnoses, 9% were
deemed correct as compared with the final diagnosis (Table 2). In general, the changes in diagnoses
were statistically significant (p < 0.001) and all diagnostic indicators were somewhat improved after
viewing radiographic data (Table 3).

SPs were uncertain about 36% of their clinical diagnoses. They were much more likely to amend
uncertain diagnoses than certain diagnoses (27% uncertain vs. 14% of certain diagnoses). Furthermore,
the rate of correct amendments in clinically uncertain diagnoses was 3 times higher than that in
certain diagnoses (Table 4). Without radiographic assessment, the SP diagnostic ability was good
in certain diagnoses (PPV = 0.78 (95%CI, 0.72–0.83), NPV = 0.74 (95%CI, 0.70–0.77)), but poor in
uncertain diagnoses (PPV = 0.57 (95%CI, 0.50–0.63), NPV = 0.42 (95%CI, 0.35–0.49)). Diagnostic
abilities were much improved by radiographs in uncertain diagnoses (Table 5). In clinically certain
diagnoses, some fluctuations were found in PPV, NPV and LR− (PPV: 0.78 to 0.71; NPV: 0.74 to 0.86;
LR−: 0.28 to 0.11), LR+ values were consistently greater than 10 (14.98 to 21.02); in clinically uncertain
diagnoses, all indicators were much improved (PPV: 0.57 to 0.66; NPV: 0.42 to 0.68; LR+: 1.88 to 4.81;
LR−: 0.45 to 0.05).

3.3. Diagnostic Certainties

Diagnostic certainty scores are presented in Figure 3. For GP, diagnostic certainty improved
somewhat in the “consistent OA” knees (69± 12 vs. 72± 14, p< 0.001), while no significant improvement
was found in “consistent no OA” knees (21 ± 13 vs. 22 ± 14, p = 0.16). Sensitivity analysis showed very
similar results (see Table S2).

Figure 3. Certainty scores of four subgroups before and after viewing radiographic data (means and
standard deviations).
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For SPs, diagnostics certainty improved somewhat in the “consistent OA’” knees (70 ± 12 vs.
77 ± 15, p < 0.001). Diagnostic certainty of “consistent no OA” was minimally but significantly altered
after viewing radiographic data (SP 20 ± 13 vs. 21 ± 15, p = 0.04). Sensitivity analysis showed very
similar results (see Table S2).

4. Discussion

In this study, we showed that radiographs added only to the diagnostic ability of both GPs and
SPs in clinically “uncertain” diagnoses. Overall, diagnostic ability, diagnostic certainty and the added
value of radiographs were very similar for GP and SP.

Both GP and SP amended some of their diagnoses after viewing the radiographic data,
but the majority of diagnoses remained the same. As a time-consuming, costly and potentially
radiation-hazardous examination, radiographs seem to be redundant in most cases suspicious for knee
OA. The diagnostic abilities of GP and SP, without access to radiographic data, were already comparable
to findings in other chronic musculoskeletal diseases, such as lumbar spinal stenosis [14] and lumbar
disc herniation [15]. Therefore, for clinically “certain” knees, diagnostic abilities based on clinical data
only should be considered as good enough, in contrast to clinically “uncertain” knees. Our results
support expert recommendations and the results of previous studies [3,4,6–8], where diagnoses based
on clinical findings were found to be reliable and where radiographs were deemed unnecessary for
diagnosing typical KOA.

On the other hand, after viewing radiographic data, diagnostic indicators for both GP and SP were
much improved in clinically “uncertain” knees. Likelihood ratios, calculated by using sensitivity and
specificity, can directly reflect the ability of diagnosing OA/no OA [16,17]. LR+ is deemed clinically
meaningful if greater than 10 and LR− when lower than 0.1. In this study, radiographs helped to
improve LR+ from 2 to 5 in “uncertain” knees. According to a previous literature report [17], it indicates
the probability of correct diagnosis for OA knees was increased by 15%. LR- was improved from 0.4
to 0.05. The probability of a correct diagnosis of no OA knees was increased by 25%. Hence, we believe
the improvements in “uncertain” knees are clinically meaningful, and radiographs could be considered
in these cases.

Both GPs and SPs seemed to be more certain of their radiographically confirmed OA
(“consistent OA”) diagnoses. However, as other joint diseases were excluded from the CHECK
cohort at baseline [11,13] and the incidence of these diseases during follow-up was quite low (3%),
all the abnormalities presented in radiographic data would direct experts to an OA diagnosis, rather than
to other conditions. In other words, our results could be inflated compared to real practice. Furthermore,
because this is the first study of its kind, it remains unclear whether the certainty improvements are
clinically relevant. On the other hand, our results did not support the strategy of using radiographs
for improving certainty of no OA diagnoses. On average, the experts were already “fairly” certain
(certainty scores < 30) about clinically no OA diagnoses and neither GPs nor SPs became more certain
after viewing radiographic data in consistent no OA knees.

In this study, we provided standardized radiographic scores to the experts, which should be
helpful to diminish the bias of image reading skill differences between different experts. Even though
actual films were also available if required, not all films were viewed by experts. SP seemed to be more
interested in the actual films than GP in this study. This aligns with their characteristics and also can be
explained by their differences in image interpretation skills, which is correlated with image exposure
in daily clinical work [18,19].

Since the major aim of this study was to evaluate the added value of radiographs above clinical
findings in diagnosing KOA, we did not perform specific statistical analysis on the diagnostic results
between GPs and SPs. Generally, SPs amended slightly more diagnoses than GPs after viewing
radiographic data (18% vs. 14%), which could be explained by the expert characteristics as SPs
place more emphasis on radiographs, but the rate of correct amendment was similar (9% vs. 8%).
Furthermore, there was no obvious difference among diagnostic indicators between GPs and SPs
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either before or after viewing radiographic data. Similar results were also found in certainty scores.
Therefore, we believe the added value of radiographs should be considered as similar for GPs and SPs.

This study has limitations. First, there is likely some incorporation bias when we compare the
GPs’ and SPs’ diagnoses to the consensus-based final diagnoses, because the individual diagnoses
which both experts agreed on were incorporated into final diagnosis automatically [20]. That means
the absolute values of diagnostic indicators in these comparisons are potentially overestimated.
Decary et al. reported that the amount of overestimation of sensitivity and specificity caused by
incorporation bias depended on the true specificity of the test method [21]. It was impossible to
quantify the overestimation in the current study, due to the lack of the true specificity of expert
diagnoses. A second potential concern, 424 patients with bilateral knee complaints were included
in this study. Two knees from the same patient shared the same demographic data and WOMAC
scales. In principle, it is inappropriate to view them as fully independent observations. However,
our sensitivity analysis limited to left knee data only yielded results similar to the main analysis,
suggesting this is not a problem in our dataset. Third, standard radiographic scores (i.e., Kellgren and
Lawrence grade) as well as actual films were provided to experts in this study, which differs from the
scenario of routine clinical work. Even so, most clinical diagnoses remained same after viewing both the
scores and films. This, to some degree, supports our conclusion that radiographs seem to be redundant
in most cases. Fourth, we did not provide the skyline view to the experts, so some patellofemoral joint
OA might be missed. However, we believe any influence on our conclusions is limited because the
prevalence of patellofemoral joint OA in the CHECK cohort was quite low (4.6%) [22], and its presence
would also have been suggested by the lateral radiograph findings as well as clinical history and
physical examination, e.g., knee crepitus [23]. Fifth, the process of obtaining final diagnosis could have
been influenced by authority, since SPs likely have more authority than GPs. In this case, diagnostic
indicators of SPs would be higher than those of GPs. As the diagnostic indicators were quite similar
between GPs and SPs, we believe this is not a big issue.

In conclusion, radiography could be of importance in cases where the clinical diagnosis of KOA is
uncertain. Radiographs helped to improve the certainty of OA diagnoses, but the clinical relevance of
this improvement is unclear. Overall, all results were similar for GPs and SPs.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/10/3374/s1.
Table S1: Clinical and radiographic data; Table S2: Expert diagnoses and certainty scores (left knees only).
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Abstract: Generalized joint hypermobility (GJH) has been mentioned as one of the factors associated
with dance injuries, but the findings are inconclusive. This study aims to investigate whether GJH,
based on different Beighton score cut-off points, is a potential risk factor for injuries in pre-professional
dancers. Four cohorts of first-year pre-professional dancers (N = 185), mean age 19.1 ± 1.3 years, were
screened on musculoskeletal functioning at the start of their academic year. The Beighton score was
used to measure GJH. During the academic year, the dancers completed monthly questionnaires about
their physical and mental health. Based on the Oslo Sports Trauma Research Centre Questionnaire
on Health Problems (OSTRC), three injury definitions were used (i.e., all complaints, substantial
injury, and time-loss injury). To examine potential risk factors for injuries, univariate and multivariate
regression models were applied. The response rate of monthly completed questionnaires was 90%.
The overall mean (SD) Beighton score was 2.8. The 1-year injury incidence proportion was 67.6%
(n = 125), 43.2% (n = 80), and 54.6% (n = 101) for all complaint injuries, substantial injuries, and
time-loss injuries, respectively. The multivariate analyses showed a significant association between a
previous long lasting injury in the past year and the three injury definitions (p < 0.05). Pre-professional
contemporary dancers are at high risk for injuries and hypermobility. However, these two variables
are not associated with each other. Health professionals should take injury history into account when
assessing dance students, because this variable is associated with increased injury risk.
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1. Introduction

At an early age, dancers participate in long hours of training, classes, and perfor-
mances to improve their aesthetic, technical, and athletic skills. Artistic, physical, and
psychological demands are being pushed when the performance levels of dancers in-
crease [1]. These demands make young dancers prone to injuries, especially during periods
of maturation and development [2–4]. Injury incident rates within pre-professional and/or
contemporary dancers ranged from 0.77 to 4.71 per 1000 h of exposure [3,5]. Insight into
the risk factors of dance injuries can give direction to the development of preventive
strategies [6,7]. However, a systematic review on risk factors in pre-professional dancers
concluded that the level of evidence is scarce [3]. High-quality prospective studies are
needed to unravel the multifactorial association between risk factors and dance injuries.

Increased joint flexibility, also known as generalized joint hypermobility (GJH), has
been mentioned as one of the factors associated with injuries. GJH is characterized by
excessive range of motion in multiple joints that exceeds normal limits, and is assessed
by the Beighton score [8,9]. Prevalence of GJH in dance populations ranges between 2%
and 44% [10]. This huge variation in prevalences is due to the use of different cut-off
points to measure GJH. Although pre-professional dancers with increased joint flexibility
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are often marked as dancers being “full of potential”, GJH in dancers might have serious
disadvantages [11,12]. GJH can be viewed as a sign of vulnerability in terms of physical
fitness, psychological distress, and more musculoskeletal complaints (i.e., pain, fatigue) in
dancers [13,14]. GJH has been associated with increased risk of (ligament) injuries, recurrent
dislocations, knee and ankle effusions, and possible premature arthritis [9,10,15,16]. On the
other hand, studies found that GJH was not predictive of injury or total days injured [11,17].
These inconclusive findings might be explained by the lack of high-quality studies [3].
Studies with sufficient power, prospective designs, and uniform injury definitions are
needed [3]. Therefore, the objective of this study was to investigate whether GJH, based
on different Beighton score cut-off points, is a potential risk factor for injuries in pre-
professional dancers.

2. Methods

2.1. Participants and Procedures

Four cohorts of first-year pre-professional dancers (N = 185) of Codarts Rotterdam
(University of the Arts) were screened on musculoskeletal functioning at the start of the
their academic year in 2016, 2017, 2018, and 2019. During the first month of the academic
year, baseline characteristics were recorded including age (years), sex (male/female),
educational program (Bachelor Dance or Dance teacher), and injury history (yes/no).
Injury history was defined as “any physical complaint resulting in a fulltime loss of dance
activities (participation in class, rehearsal, performance practice, and so on) for at least
one week beyond the day of onset in the past year” [18,19]. During the academic year,
all pre-professional dancers were asked to complete monthly questionnaires about their
physical and mental health by using the performing artist and athlete health monitor
(PAHM). All pre-professional dancers were informed about the purpose and procedure
of this study and provided written informed consent. The study was approved by the
Medical Ethics Committee (MEC-2019-0163) of the Erasmus University Medical Center
Rotterdam, The Netherlands.

2.2. Generalized Joint Hypermobility

Generalized joint hypermobility (GJH) testing was performed during the muscu-
loskeletal screening at the start of the academic year and was done by the physical therapist,
specialized in dance medicine, who works at the Performing Arts Health Centre of the
university. The Beighton score was used to measure GJH and consists of nine tests with one
point allocated for each positive finding: (1) passive dorsiflexion of the fifth metacarpopha-
langeal joints >90◦ (one point per side), (2) passive apposition of the thumb to the flexor
aspects of the forearm (one point per side), (3) hyperextension of the elbows beyond 10◦
(one point per side), (4) hyperextension of the knee beyond 10◦ (one point per side), and (5)
forward flexion of the trunk with knees fully extended so that the palms of the hands rest
flat on the floor (one point) [8]. The Beighton score was calculated by summing the scores
of the five tests, resulting in total scores ranging from 0 (hypomobile) to 9 (hypermobile).

2.3. Injury Registration

The Oslo Sport Trauma Research Center (OSTRC) questionnaire is part of the monthly
questionnaire and consists of four key questions about the consequences of health problems
on participation, training volume, and performance as well as the degree to which the
student perceived symptoms. All items ranged from 0 (no problem, no reduction, no
effect, or no symptoms) to 25 (cannot participate at all or severe symptoms) [20]. Questions
1 and 4 were scored on a four-point scale (0–8–17–25), while questions 2 and 3 were scored
on a five-point scale (0–6–13–19–25). The severity of a health problem was calculated
by the sum score of the four questions (scale 0–100) according to the method proposed
by Clarsen et al. [20]. If the severity score was higher than zero, a health problem was
registered and the student was asked whether the health problem was an injury, mental
problem, or other problem. For injuries, the pre-professional dancer was automatically
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directed to an injury registration form based on an international consensus statement on
injury surveillance methodology for football to collect further details (e.g., location, history,
and acute or overuse onset) [21]. If a pre-professional dancer reported the same injury
as the most severe health problem in two or more consecutive questionnaires, this was
counted as one ‘unique’ case of a (fluctuating) problem [5,22].

2.4. Injury Definitions

Three definitions of dance related injuries were utilized:

1. All complaints injury: any physical complaint resulting in a severity score higher than
zero on the OSTRC questionnaire irrespective of the need for medical attention or
time loss from dance activities [23].

2. Substantial injury: any physical complaint resulting in a severity score higher than
zero on the OSTRC questionnaire irrespective of the need for medical attention
and resulting in problems leading to moderate or severe reductions (value ≥13 on
question 2 or 3 of the OSTRC) in training volume or moderate or severe reductions in
performance or complete inability to participate in dance [23].

3. Time-loss injury: any physical complaint resulting in a severity score higher than zero
on the OSTRC questionnaire and resulting in a dancer not being able to complete a
class, rehearsal, or performance or a subsequent class, rehearsal, or performance for
one or more days beyond the day of onset [24].

2.5. Statistical Analysis

All statistical procedures were performed using SPSS (SPSS, V25.0, IBM, Chicago,
IL, USA, 2017) and the statistical significance level was set at an alpha level of <0.05.
Descriptive statistics were used to describe the baseline characteristics of all participants
using mean values and standard deviation (SD) or number and percentages (%).

The 1-year incidence proportion (IP) of all complaints injuries, substantial injuries, and
time-loss injuries was calculated by dividing the number of students who reported at least
one injury during the academic year by the number of respondents. The severity of injuries
was calculated by the mean (SD) number of full days that a student completely/partly
missed their dance activities because of their injury. The characteristics (i.e., location) of
injuries were expressed in percentages for the total injuries.

To examine potential risk factors for injuries, univariate and multivariate regression
models were applied. Potential risk factors included age (years), sex (female), educational
program (Bachelor Dance vs. Bachelor Dance), injury history in the previous year, and
generalized joint hypermobility. Analyses were performed in four ways using a different
measure of generalized joint hypermobility each time, namely, (1) Beighton score (mean),
(2) Beighton cut-off point <3 (not hypermobile), 4–6 (hypermobile), >6 (extreme hypermo-
bile) [25]; (3) Beighton cut-off point ≥4 (hypermobile) [26]; and (4) Beighton cut-off point
≥6 (hypermobile) [26]. First, univariate associations between the potential risk factors
and the dichotomized outcome, injured during follow-up (yes/no), were assessed using
the three injury definitions. Second, multivariate regression modeling was performed
including all potential risk factors and the outcome of interest, resulting in four models
(for each measure of GJH) per injury definition. The results of the regression analyses were
expressed in odds ratios (ORs) with corresponding 95% confidence interval (95% CI). As
logistic regression analyses do not show the proportion of variance that was explained by
the model, the Nagelkerke R2 was used to express this variance [27]. The Nagelkerke R2

varies between −1 and +1. A positive value indicates that, as the value of the risk factor
increases, so does the likelihood of incurring an injury. A negative value implies that, as
the value of the risk factor increases, the likelihood of the outcome occurring decreases. If a
risk factor has a small value of R2, it contributes only a small amount to the model [27].
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3. Results

3.1. Participants

All first year students of the Bachelor Dance and Bachelor Dance teacher programs
agreed to participate and were consequently included in the present study, resulting in
a participation rate of 100%. The cohort comprised 185 students (68.6% females) and the
mean age was 19.1 (1.3) years (Table 1). In total, 1665 questionnaires were sent to the
students and 1499 were completed, resulting in a response rate of 90.0%.

Table 1. Baseline characteristics of the total study population and separated for the Bachelor Dance
program and the Bachelor Dance teacher program.

Total Population
(N = 185)

Dance
(n = 117)

Dance Teacher
(n = 68)

Sex (female) 127 (68.6%) 63 (53.8%) 64 (94.1%)

Age (years) 19.1 ± 1.3 18.8 ± 0.9 19.4 ± 1.9

Previous long-lasting injury (yes) # 60 (33.3%) 29 (25.9%) 31 (45.6%)

Generalized joint hypermobility *

Beighton score 2.8 ± 2.3 3.2 ± 2.5 2.2 ± 2.0

Not hypermobile (0–3)
Hypermobile (4–6)

Extreme hypermobile (7–9)

129 (70.9%)
25 (13.7%)
28 (15.4%)

76 (65.5%)
17 (14.7%)
23 (19.8%)

53 (80.3%)
8 (12.1%)
5 (7.6%)

Not hypermobile (0–3)
Hypermobile (4–9)

129 (70.9%)
53 (29.1%)

76 (65.5%)
40 (34.5%)

53 (80.3%)
13 (19.7%)

Not hypermobile (0–5)
Hypermobile (6–9)

154 (84.6%)
28 (15.4%)

93 (80.2%)
23 (19.8%)

61 (92.4%)
5 (7.6%)

Data are presented as mean (SD) or number (%). # missing data of n = 5 (5 dance), * missing data of n = 3 (1 Dance,
2 Dance teacher).

3.2. Generalized Joint Hypermobility

The overall mean (SD) Beighton score for the whole cohort was 2.8 (2.3), with stu-
dents from the Bachelor Dance program scoring significantly higher than students of
the Bachelor Dance teacher program, at 3.2 (2.5) versus 2.2 (2.0), respectively (Table 1).
Using a Beighton score cut-off point of 0–3 (not hypermobile), 4–6 (hypermobile), and
7–9 (extreme hypermobile), a total of 25 (13.7%) students were hypermobile and 28 stu-
dents (15.4%) were extreme hypermobile. No significant difference was found between
both Bachelor programs using this cut-off points. Applying the criterion of a Beighton
score ≥4/9 resulted in 53 (29.1%) students having GJH. Of these, 40 students were of the
Bachelor Dance program versus 13 of the Bachelor Dance teacher program, resulting in
a significant difference between both educational programs. Applying the criterion of a
Beighton score ≥6/9 resulted in 28 (15.4%) students having GJH. There was a significant
difference between the two Bachelor programs in the proportion (19.8% vs. 7.6%) meeting
hypermobility at this cut-off point.

3.3. Injuries

The injury incidence proportion for one academic year was 67.6% (n = 125), 43.2%
(n = 80), and 54.6% (n = 101) for all complaint injuries, substantial injuries, and time-loss
injuries, respectively. A total of 285 all complaints injuries were reported by 125 students.
The mean number of full days a student completely/partly missed dance activities as a
result of an all complaint injury was 9.7 ± 19.8 days. A total of 188 substantial injuries
were reported by 80 students. The mean number of full days a student completely/partly
missed dance activities as a result of an substantial injury was 13.6 ± 23.7 days. A total
of 244 time-loss injuries were reported by 101 students. The mean number of full days a
student completely/partly missed dance activities as a result of an time-loss injury was
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12.0 ± 21.4 days. For all three injury definitions, the most reported injury locations were
knee, ankle, lower back, lower leg (front side), and the foot/toe (Figure 1).

Figure 1. Top five most reported injury locations according to the three injury definitions.

3.4. Risk Factors

Univariate analyses showed a significant association between a previous long-lasting
injury in the past year and all complaints injuries (OR 2.58; 95% CI 1.24–5.35), substantial
injuries (OR 3.22; 95% CI 1.69–6.13), and time-loss injuries (OR 3.09; 95% CI 1.59–6.02)
during follow-up. Besides, univariate analyses showed that being a student enrolled in the
Bachelor Dance teacher program is significantly associated with the occurrence of substan-
tial injuries during follow-up (OR 1.87; 95% CI 1.02–3.42). None of the four operationalized
definitions of GJH and none of the other tested variables were univariate associated with
the outcomes of interest (Tables 2–4). The multivariate analyses showed a significant asso-
ciation between a previous long-lasting injury in the past year and all complaints injuries
(range ORs 2.60 to 2.74), substantial injuries (range ORs 2.76 to 2.96), and time-loss injuries
(range ORs 2.94 to 3.04) during follow-up. None of the four operationalized definitions of
GJH and none of the other tested variables were associated with the outcomes of interest in
the multivariate analyses (Tables 2–4). The models (for each measure of GJH) explained
5.7% to 6.0% of the variance when using the all complaint injury definition, 11.0% to 11.5%
for substantial injuries, and 9.8% to 9.9% when using the time-loss injury definition.
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4. Discussion

This study investigated whether GJH, measured with the Beighton score, is a risk
factor for injuries in pre-professional contemporary dancers. We found an overall mean
Beighton score of 2.8 ± 2.3. Using the traditional Beighton cut-off point of 4 or more
resulted in a prevalence of GJH of 29.1% (n = 53). A more stringent cut-off point (≥6/9) led
to a prevalence of 15.4% of the dance students having GJH.

The prevalence of GJH in the current study is within the range of 2% to 81%, as
reported in previous studies [10,11,13,16,26,28]. The wide range of reported prevalences
can be explained by the lack of consistency in the quality of the studies, different classifi-
cation and methodology used to measure GJH, and the use of different injury definitions.
Therefore, a comparison of the results with the existing literature remains difficult. In
a cross sectional study, including 75 pre-professional dancers, a prevalence of GJH of
81% (Beighton cut-off point ≥4/9) and 53% (Beighton cut off point ≥6/9) was reported [26].
Armstrong and colleagues (2019) performed a prospective cohort study among eighty pre-
professional [11]. They reported a mean Beighton score of 4.68 ± 1.81 and classified
sixty-one dancers (74%) as hypermobile using a Beighton score of ≥4/9. A prospective
cohort study by Bronner et al. (2018), in which 180 pre-professional dancers were analyzed,
reported a mean Beighton score of 3.59 ± 2.08 [16]. Roussel et al. (2009) found a prevalence
of GJH of 44% (Beighton cut-off point ≥4/9) in a population of thirty-two pre-professional
dancers. Besides, they reported that 25% presented a Beighton score ranging from 4 to 6 (hy-
permobile), and 19% were excessively hypermobile (Beighton score 7–9) [29]. Although
these studies used the same nine-point Beighton test, they reported a higher prevelance
of GJH using the same cut-off points and higher mean Beighton scores compared with
our study.

Furthermore, we found a 1-year incidence of all complaints injuries, substantial
injuries, and time-loss injuries of 67.6%, 43.2%, and 54.6%, respectively. The results of the
multivariate analysis showed that GJH, using one of the Beighton cut-off point variants,
was not associated with the occurrence of injuries defined according to the three injury
definitions. However, students with an injury history, defined as any physical complaint
resulting in a fulltime loss of dance activities for at least 1 week beyond the day of onset in
the past year, were more likely to sustain an all complaints injury, a substantial injury, or a
time-loss injury.

Our results are in line with those of the prospective cohort study of Roussel et al.
(2009) in which GJH was assessed using the Beighton test and injuries were defined as
any musculoskeletal condition requiring time away from dancing [29]. They found no
association between GJH and a higher injury risk. In addition, Armstrong and colleagues
(2019) concluded that a total Beighton score (mean) was a weak predictor of injuries
resulting in absence from dancing for one or more days (time-loss) [11]. In contrast, a
prospective study of Bronner et al. found that low (0–2) and high (5–9) Beighton scores
were significant predictors for medical attention injuries (injuries evaluated by a physical
therapist) and time-loss injuries (subset of medical attention injury that involved one or
more days of time-loss from dancing following the event) [16].

Strengths and Limitations of the Study

The first major strength of this study was the high participation rate, low drop-out
rate, and high response rate to the monthly questionnaires. This might be explained by
two reasons. The high response rate resulted in a large sample size (N = 185), enabling us
to include multiple factors into the regression models without violation of the commonly
used “rule of 10” [30].

The second strength is the use of a prospective cohort design. Several studies have
investigated the association between GJH and injuries using a cross-sectional design [13,14].
This design is limited to data at one time point, and can only be applied to study asso-
ciations. Prospective designs are typically ranked higher in the hierarchy of evidence
than cross-sectional designs. In prospective designs, study samples are followed over
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time, enabling us to investigate a clear sequential relationship (i.e., causality) between an
exposure, which happens first, and an outcome, which happens after [31].

The third strength of our study is the use of a broad injury definition (all complaints,
substantial injuries, and time-loss injuries). Previous research has shown that the amount
of dance students’ injuries and their duration vary depending on the injury definition [24].
Therefore, for every injury definition, we conducted a separate regression analysis. In
addition, multiple measurements of GJH were included in the analyses each time. By
taking into account broad injury definitions and multiple GJH cut-off points, we analyzed
the association between GJH and injury risk to the full extent.

However, there are also some limitations. First of all, in our study, all injuries were
self-reported. Most dance students lack medical expertise. Therefore, detailed diagnostic
information on registered injuries was missing. This limited us to distinguish between
diagnoses of different injury types (for example, acute versus overuse injuries).

Secondly, we asked the student to provide injury information on a monthly basis. This
long recall period may have led to underestimation of injuries. Although it is recommended
to register injuries on a weekly basis, the literature shows that the average prevalence of
injuries was not affected by the sampling frequency up to a frequency of one sample every
4 weeks [20]. Therefore, we do not believe that our recall period of 4 weeks has influenced
the reliability of the injury registration. Finally, in the current study, health problems were
assessed with the OSTRC questionnaire [20]. Since data collection finished, an update of the
OSTRC questionnaire has been published in which changes to the wording, structure, and
logic were introduced [32]. We do not believe that using the updated version of the OSTRC
questionnaire would have resulted in different findings, because Clarsen and colleagues
showed that the number of substantial health problems captured with both versions of the
OSTRC questionnaire largely overlap [32].

5. Conclusions and Implications for Practice

Healthcare professionals involved in the care for pre-professional dancers should be
aware of the increased injury risk and high hypermobility scores in this specific population.
The Beighton score has frequently been used in practice to assess GJH and its relation to
injury risk in dancers [11,16,29]. The results of the present study show that this test is not
conclusive enough to define which dancers are prone to injuries. This may not be a surprise,
because the literature states that there is no screening test with adequate test properties
to predict injuries [33]. Our findings suggest that dancers with a history of injuries are
at higher risk for sustaining a new injury (defined as all complaint injuries, substantial
injuries, and time-loss injuries). This is supported by several other publications [3,16].
Therefore, we believe that health professionals should incorporate a thorough examination
of the injury history in the physical examination of pre-professional dancers. The explained
variance of our models was low, therefore, further research is needed to gain more insight
into risk factors in order to develop preventive strategies.
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Abstract: The etiology of osteoarthritis (OA) pain exacerbations is not well understood. The purpose
of this study is to evaluate the association of heel height and duration of wearing shoes with
higher heels with pain exacerbations in people with hip OA. Eligible participants with symptomatic
hip OA were instructed to complete online questionnaires every 10 days over a 90-day follow-up
period. They were required to complete the questionnaire whenever they were experiencing hip pain
exacerbation. Of 252 participants recruited, 137 (54.4%) contributed both case and control period
data, and were included in the analysis. Wearing shoes with a heel height ≥ 2.5 cm during the past
24 h was associated with lower odds of pain exacerbations (OR: 0.54, 95% CI: 0.30 to 0.99). A longer
duration (>6 h) of wearing shoes with heel height ≥ 2.5 cm was also associated with a lower risk of hip
pain exacerbations (p for linear trend = 0.003). Wearing shoes with heel height ≥ 2.5 cm and longer
duration in the past 24 h may be protective against hip pain exacerbations in people with symptomatic
hip OA. Given the observational study nature, it would be prudent for this to be replicated in an
independent data set.

Keywords: osteoarthritis; hip; pain; footwear; case-crossover study

1. Introduction

Osteoarthritis (OA) of the hip is the second most common site of lower limb OA after the knee,
with an estimated overall prevalence in the general adult population of 11%, and somewhat higher in
older adults [1,2].

Pain is the ubiquitous symptom of OA and a major driver of clinical decision-making.
While patients with OA often have persistent pain [3], many experience pain fluctuations or periods
of exacerbation during which pain and functional impairment worsen [4]. In the early stages of OA,
pain is often intermittent, becoming more frequent and severe as the disease progresses [5]. The etiology
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of OA pain exacerbations is not well understood, despite recent progress in the understanding of
chronic OA pain [6].

As disease-modifying treatment is not yet available for OA, pain-modifying treatments remain
essential [7]. Key treatments include education, exercise, weight loss when needed and walking aids,
as indicated [7]. Appropriate footwear may be a cost-effective and safe intervention for managing the
painful symptoms of hip OA [8]. Though people regularly wear high-heeled shoes, it has been suggested
that continued utilization may negatively influence lower extremity musculoskeletal health [9]. But the
mechanism behind this has not been fully elucidated. There are many studies that have measured
the biomechanical effects of shoes with higher heels in people with knee OA, but not hip OA,
showing that wearing heels of increasing height could increase the medial tibiofemoral compartment
and patellofemoral joint loading [9]. Furthermore, there is a strong association between medial knee load
and increased pain during walking in patients with knee OA [10]. Nonetheless, these results cannot
necessarily be generalized from knee OA to hip OA, given differences in risk factors, biomechanics
and response to treatment [11].

To our knowledge, no study has examined the effect of footwear on pain exacerbations in people
with hip OA. To better understand this, we conducted an Internet-based, case-crossover study to
evaluate the associations of wearing shoes with higher heels and the duration of time spent wearing
shoes with higher heels with hip pain exacerbations in people with symptomatic hip OA. Our hypothesis
was that higher-heeled shoes, especially if worn for a longer duration, would be associated with a
greater risk of pain exacerbations in people with hip OA.

2. Experimental Section

2.1. Study Design

An Internet-based, case-crossover study was designed to assess the relation of wearing shoes
with different heel heights, and the duration of wearing such shoes to the risk of hip pain exacerbation
in Australia from May 2015 to June 2017. This design has previously been described in hip and
knee OA pain exacerbation studies [12–17]. Briefly, the case-crossover design uses each participant
as their own control to assess the effects of transient exposures (risk factors) on episodic events
(e.g., pain exacerbation) during a certain follow-up period (e.g., 90 days). The study was approved
by the ethics committees of the University of Sydney (HREC 2014/801) and University of Melbourne
(HREC 1443509), and all participants provided informed consent.

2.2. Study Population

To be eligible for the study, participants were required to: be ≥40 years old; self-report hip pain
on most days (5–7 days/week or 20–30 days/month); have at least one hip meeting American College
of Rheumatology radiological criterion for hip OA [18]; have a Kellgren and Lawrence grade of hip
OA ≥ 2 [19]; have access to the Internet; and have a good understanding of spoken and written English.
Participants were excluded if they had a history of total hip replacement in the index hip, a scheduled
total hip replacement or a consultation with an orthopedic surgeon for consideration of total hip
replacement of the symptomatic hip(s); or a history of inflammatory arthritis, osteonecrosis or Paget’s
disease affecting the hip.

2.3. Data Collection

An online screening survey tool was designed to recruit study participants across Australia.
We advertised the study through social media (Facebook), patient advocacy websites (Arthritis Australia,
etc.), local newspapers and flyers.

When a potential study candidate registered interest in participation, their contact
details were emailed to a study coordinator (in Sydney or Melbourne, depending on their
state). The study coordinators then contacted participants for further assessment and enrollment.
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Meanwhile, the participants were also asked to post their most recent X-rays (within one year) to
the study coordinators for eligibility criteria assessment. Radiographic grading of hip OA was
read by two rheumatologists (L.A.D. and D.J.H.) in our study. The inter-rater reliability was
assessed using 12 radiographs providing a weighted kappa of 0.6 for Kellgren and Lawrence grades.
Eligible participants were enrolled and provided access to the study’s website. Participants were
followed for 90 days and asked to complete online questionnaires at baseline and every succeeding
10-day interval. The intensity of hip pain was assessed using an 11-point numeric rating scale
(NRS; ranging from 0—“no pain” to 10—“worst pain possible”), which showed high test-retest
reliability in osteoarthritis populations [20,21]. Participants were asked to indicate how bad their hip
pain was at its mildest and worst in the baseline questionnaires. Consistent with previous studies [12–16],
a pain exacerbation was operationally defined as an increase of ≥2 points in the participant’s pain
level compared with their mildest hip pain level reported in the baseline questionnaire. We used the
mildest pain level at baseline as the comparator to facilitate the identification of the maximum number
of pain exacerbation events [13]. When a participant considered that they were experiencing a pain
exacerbation, they were asked to complete an online questionnaire, which automatically determined
whether it met the operational definition of a pain exacerbation by comparing their current reported
pain level with the baseline pain level. If so, they were then guided to complete the questionnaire.
To avoid biased reporting, the amount of pain increase needed to be defined as a pain exacerbation was
not disclosed to participants. The system sent reminder emails during every 10-day interval to remind
the participants to log onto the study website when they were experiencing any pain exacerbations.
A case period was defined as a 24 h period before a pain exacerbation report and a control period was
a 24 h period before every 10-day interval report. A case or control period was marked as missing
if questionnaire data were not entered within 48 h when there was a pain exacerbation reported.
Risk factor assessment questionnaires for control periods and the case periods were the same for all
online visits.

Shoes were categorized into three different styles based on heel height (<2.5 cm or 1 inch; 2.5–5 cm
or 1–2 inches; >5 cm or 2 inches). Participants were asked to report which type(s) of shoes, including the
heel height, they wore during the previous 24 h, and how long they were worn. To facilitate more
accurate reporting of shoe heel height, participants could choose from a list of different types of
shoes on the study website. The questionnaire was derived from that used in the population-based
Framingham Foot Study [22,23]. We also used the International Physical Activity Questionnaire
(IPAQ) short form to evaluate physical activity during the previous seven days, as physical activity
could influence the choice of shoe and OA pain [24,25]. The IPAQ short form assesses the types of
intensity of physical activity and sitting time that people do as part of their daily lives, which are
considered to estimate total physical activity in Metabolic Equivalent of Tasks (METs)—min/week
and time spent sitting. The reliability and validity tests suggest that these measures have acceptable
measurement properties [26]. Three levels of physical activity (1. low, 2. moderate, 3. high) based on
this questionnaire were used to classify participants.

2.4. Statistical Methods

Baseline characteristics were summarized as mean (standard deviation, SD) for continuous
variables and frequency (%) of each response for categorical variables. Characteristics were summarized
for all participants enrolled in the study. However, participants who did not provide data on both
case periods, and control periods were excluded from the subsequent analysis. Independent sample
t-tests, chi-square tests and nonparametric tests (Wilcoxon rank-sum test) were performed to compare
those participants with both case/control periods and those without. The analyses pooled recurrent
event (pain exacerbations) data under the assumption that the within-participant correlation was
accounted for by conditioning on participant-specific variables (observed or unobserved), and observed
time-varying factors.
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Any time overlap between the case and control periods was avoided. When a pain exacerbation
occurred on the same day of a normal 10-day interval report, the previous 24 h period was marked
as a case period but not a control period. As each participant could contribute multiple case and
control periods, an m:n matched case-control study design was used to assess the association (Figure 1).
The associations of wearing shoes with higher heel heights, and the time of high-heel wearing over
a 24-hour period with hip pain exacerbation, were assessed using separate conditional logistic regression
models and adjusted for physical activity level. A cut-off of 6 h of wearing a heel height ≥ 2.5 cm
in the past 24 h was chosen arbitrarily to differentiate those who wore them for a relatively long
time. Odds ratios (ORs) were reported with corresponding 95% confidence intervals (CIs). Post-hoc
analyses were also conducted to assess the interaction between the intensity of pain (at its mildest)
measured at baseline, and the risk of pain exacerbation associated with heel height and the duration of
wearing shoes with higher heels. Analyses were conducted using STATA version 15 (StataCorp LLC.,
College Station, TX, USA).

Figure 1. Case crossover study design (m:n matched). Each participant was followed up for 90 days.

represents every control period; represents every case period; represents every pain exacerbation

report time point.

3. Results

Among 252 participants recruited, 137 (54.4%) had at least one episode of pain exacerbation
(and at least one control period), and were included in the analysis. The majority were female
(114, 83.2%) and Caucasian (130, 95%). On average, these participants were 62.6 (SD: 9.8) years old
with a self-reported body mass index (BMI) of 29.0 (6.3) kg/m2. More than 60% of the participants had
received a tertiary education (higher than high school education) and 78.8% performed light physical
work (sedentary work or standing occupation). More than half of the participants had a Kellgren and
Lawrence grade 3 hip OA. The baseline mean (SD) mildest and worst pain levels were 2.5 (2.0) out
of 10 and 8.0 (1.7), respectively. Participants included in the final analysis (n = 137) showed a higher
baseline pain intensity (at worst) compared with those excluded (n = 115) (t-test p < 0.001) (Table 1).
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Table 1. Baseline characteristics of participants.

Characteristics (Mean (SD or %)) Participants Included (n = 137) Participants Excluded (n = 115)

Age (years) 62.6 (9.8) 61.8 (8.3)
Female, n (%) 114 (83.2%) 85 (73.9%)
BMI (kg/m2) 29.0 (6.3) 28.3 (5.8)

Index hip (right) 74 (54%) 69 (60%)
Race

Caucasian 130 (95%) 112 (97.4%)
Others 7 (5%) 3 (2.6%)

Education level
Less than high school 22 (16.1%) 15 (13%)

Completed high school 28 (20.4%) 30 (26.1%)
Higher than high school 87 (63.5%) 70 (60.9%)

Occupational physical workload level
Sedentary (mostly sitting) 58 (42.3%) 53 (46.1%)

Standing occupation, physically light 50 (36.5%) 40 (34.8%)
Manual work 26 (19%) 21 (18.3%)

Heavy manual work 3 (2.2%) 1 (0.9%)
Kellgren and Lawrence grade

2 48 (35.0%) 36 (31.3%)
3 79 (57.7%) 63 (54.8%)
4 10 (7.3%) 16 (13.9%)

Baseline pain level (0–10)
Mildest 2.5 (2.0) 2.0 (1.7)
Worst * 8.0 (1.7) 7.1 (2.0)

IPAQ (1–3); median (IQR) 3 (2) 3 (2)

* Independent sample t-test (p< 0.001). IPAQ: International Physical Activity Questionnaire; IQR: Interquartile range.

There was only a small proportion of periods where participants reported wearing shoes with
heels > 5 cm (10 case and 30 control periods, both less than 5%). As a result, we combined heel
heights > 5 cm with 2.5–5 cm in the analysis.

In univariable conditional logistic regression analysis, wearing shoes with heel height ≥ 2.5 cm
during the past 24 h was significantly associated with a decreased odds of pain exacerbations
(heel height ≥ 2.5 cm vs. heel height < 2.5 cm: OR: 0.54, 95% CI: 0.30 to 0.99). There is no substantial
difference after adjusting for physical activity level in the past 7 days (OR: 0.59, 95% CI: 0.32 to 1.08),
and the effect estimates remained similar (Table 2).

Table 2. Association between wearing shoes with heel height ≥ 2.5 cm (yes vs. no) over the past 24 h
and pain exacerbation (n = 137).

Heel Height ≥ 2.5 cm Control Periods Case Periods OR (95% CI) p Values
Adjusted OR

(95% CI) *
p Values

No 798 (84%) 308 (87%) 1.0 (Reference)
0.046

1.0 (Reference)
0.090Yes 153 (16%) 46 (13%) 0.54 (0.30, 0.99) 0.59 (0.32, 1.08)

* Adjusted for average physical activity level in the past 7 days.

A longer duration of time wearing shoes with heel height ≥ 2.5 cm during the past 24 h was
associated with a lower risk of hip pain exacerbations. The odds ratios were 1.0 (reference), 0.94 and
0.28, respectively, for wearing times of 0 h, 0–6 h and >6 h (p for linear trend = 0.003) (Table 3).
This remained significant after adjusting for physical activity level in the past 7 days.

The post hoc interaction analyses did not show any effect of baseline pain level (at its mildest) and
risk of pain exacerbation with heel height or the wearing time (p values > 0.05).

91



J. Clin. Med. 2020, 9, 1872

Table 3. Association between duration of time wearing shoes with a heel height ≥ 2.5 cm over the past
24 h and pain exacerbation (n = 137).

Duration of
Wear Time

Control Periods Case Periods OR (95% CI) p for Trend
Adjusted OR

(95% CI) *
p for Trend

0 h 798 (84%) 308 (87%) 1.0 (Reference)
0.003

1.0 (Reference)
0.0060–6 h 52 (6%) 20 (6%) 0.94 (0.47, 1.88) 1.03 (0.50, 2.10)

>6 h 101 (10%) 26 (7%) 0.28 (0.12, 0.64) 0.31 (0.13, 0.71)

* Adjusted for average physical activity level in the past 7 days.

4. Discussion

We found that wearing shoes with a heel height ≥ 2.5 cm in the past 24 h, compared with a heel
height < 2.5 cm, was inversely associated with hip pain exacerbation in persons with symptomatic
hip OA. This association remained even after adjusting for differences in physical activity during
the previous week. There was also an independent dose—response relationship, wherein the longer
the person wore shoes with a heel height ≥ 2.5 cm during the past 24 h, the lower the risk of
pain exacerbation.

To our knowledge, there is no previous study investigating the relationship between shoe heel
height and symptoms in people with hip OA. A recent systematic review of the effects of footwear on
joint pain and function in older adults with lower limb OA found a limited number of randomized
control trials evaluating wedge insoles, shock-absorbing insoles and hardness of shoe soles, but none
specifically relating to heel height [27].

Our study failed to confirm our hypotheses, and surprisingly found a converse relationship,
which seems somewhat counter-intuitive based on results of studies in women without OA. In this
population, wearing shoes with higher heels has numerous biomechanical and neuromuscular effects
on the lower limb, including the hip and pelvis, which could appear detrimental to the musculoskeletal
system. In the frontal plane, a significant increase in the hip abduction moment after heel strike was
found from walking in a high-heel condition (up to 9 cm) compared with barefoot walking [28,29].
In the sagittal plane, a prolonged hip flexion moment was found in high-heel conditions during the late
stance phase which resulted in a 23% increase in concentric hip flexor muscle work [30]. Hip angles
were larger during the stance phase in the high-heel condition [31]. Increased lumbar erector spinae
muscle activity and lower pelvic range of motion were also found to be associated with wearing high
heels [32]. Nonetheless, effects of higher heel shoes in women without OA may differ to those with hip
OA. Furthermore, the high-heel shoes tested were much higher than those worn by the participants in
our study.

Gait adaptations in people with hip OA might provide one plausible mechanism by which
wearing shoes with a higher heel might be associated with a lower risk of hip pain exacerbation [31,33].
People with hip OA show gait adaptations that may be strategies to avoid pain and decrease hip
joint loads, and/or result from a limitation in passive motion, particularly hip flexion contracture [33].
Possible ways to compensate for inadequate hip extension are to increase lumbar lordosis and tilt
the pelvis anteriorly, strategies which can occur via wearing higher heels [34]. Thus, wearing shoes
with higher heels (up to a point) might indirectly help to compensate for inadequate hip extension,
decreasing pain and leading to fewer pain exacerbations. However, an important caveat to this theory
is that there is significant variability between studies, with many reporting that high-heeled (>4 cm)
walking showed a decrease or no change in lumbar lordosis [35,36].

We should acknowledge that another possible reason for these counter-intuitive results, is
that wearing shoes with high heels means that people spend less time walking around or doing
intense activities which could lead to less likelihood of having pain exacerbations by avoiding
aggravating the hip joint. In our study, the inverse association between heel height and hip pain
exacerbations remained comparable even after adjusting for differences in physical activity during
the previous week. People with OA have higher pain levels and fatigue symptoms and decreased
physical activity when compared with controls, and fatigue had a strong negative relationship to

92



J. Clin. Med. 2020, 9, 1872

physical activity [37]. High heel wearing could result in compensatory changes, such as increased
lower limb muscle activity [28], which contributes to the higher energy cost when walking in high
heels. Our previous study showed that fatigue was associated with pain exacerbations in persons
with symptomatic hip OA [17], and this implies a potential indirect association between physical
activity level with pain exacerbations through fatigue. What should be noted is that most people,
especially women who wear high heels on a regular basis, spend the majority of time sitting rather than
walking, which might contribute to a lower physical activity level [36]. In our study, we found that the
effect of heel height on pain exacerbations became smaller, which can be explained by the reduced
physical activity and less potential fatigue when wearing relatively higher heels. This might also
explain the association between the duration of high heel wearing and pain exacerbations in our study.

Our study has limitations that should be acknowledged. Firstly, the assessment of shoe heel height
was crude and relied on self-report. We did not assess the heel height relative to the ground or relative
to the forefoot, and the base of the heel in terms of its width (wide-based vs. narrow-based heel),
which could influence gait biomechanics. Secondly, a very small proportion of participants reported
wearing shoes with heel heights > 5 cm. Thus, we cannot make conclusions about the association of
wearing high-heeled shoes on pain exacerbations in hip OA, and it may be that the associations differ
from those with shoe heel heights that are less extreme. Thirdly, the analyses do not take into account
the shoe-wearing habits of individuals (such as whether they are a frequent wearer of shoes with
higher heels), as an adaptation to footwear type might influence the relationship. There is potential
confounding by indication, which might lead to distorted associations, as we did not have data before
and on the day they wore higher shoes. Moreover, this relationship could be confounded by some other
time-varying variables that we have not measured. Although the effect estimate remained similar after
adjusting for physical activity level, we cannot confirm the role (confounder or mediator) of physical
activity in this relationship based on the current analyses we have done.

Although we found these results in our study, we are not able to recommend people with hip
OA to wear high heels up to 5 cm for longer periods, as this might lead to more severe constant pain
and other issues related to foot, knee, low back and neck. Further research is warranted to clearly
determine the advantageous heel height point before more definitive conclusions can be drawn.

5. Conclusions

Although we have limited data relating to wearing high heels > 5 cm, our results suggest that heels
up to 5 cm could be worn with less probability of hip pain exacerbations in people with symptomatic
hip OA. A longer time of wearing shoes with heels ≥ 2.5 cm in the past 24 h was also inversely
associated with hip pain exacerbations. By applying a case-crossover design, all the confounding by
constant characteristics such as age, sex, BMI, etc. can be eliminated during a 90-day follow-up by
the pairing of cases to themselves. The findings of this study need to be corroborated in additional
investigations before definitive recommendations about footwear for this patient group can be made.
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Abstract: General practitioners (GPs) are qualified and trained to administer therapeutic
musculoskeletal injections when indicated. However, it is unknown to what extend Dutch GPs feel
competent to administer these injections in clinical practice. Reluctance among GPs to inject might lead
to unnecessary and costly referral to secondary care. An online and offline questionnaire was spread
among Dutch GPs, querying demographics, GPs’ self-assessment of injection competence, the number
of administered/referred injections and management strategy for musculoskeletal injections. A total
of 355 GPs responded. In total, 81% of the GPs considered themselves competent in administering
musculoskeletal injections. Self-assessed incompetent GPs performed less injections the last month
than self-assessed competent GPs (1.2 ± 1.4 vs 4.8 ± 4.6 injections, P < 0.001). Additionally, they
referred four times more often to a colleague GP (0.4 ± 1.0 vs 0.1 ± 0.6 injections per month, P < 0.001)
and twice as often to secondary care (1.0± 1.3 vs 0.5± 0.9 injections per month, P= 0.001). Self-assessed
incompetence was associated with female sex (OR [95% CI] = 4.94 [2.39, 10.21]) and part-time work
(OR [95% CI] = 2.58 [1.43, 4.66]). The most frequently addressed barriers were a lack of confidence
in injection skills, lack of practical training, and uncertainty about the effectiveness and diagnosis
of musculoskeletal injections. Although most GPs considered themselves competent to administer
musculoskeletal injections, the referral rate to secondary care for several injections was strikingly
high. To decrease secondary care referrals, addressing some of the most frequently indicated barriers
is highly recommended.

Keywords: musculoskeletal disorders; therapeutic injections; competence

1. Introduction

Musculoskeletal problems are common in general practice. In the Netherlands, yearly 700
consultations per thousand registered patients concern problems of the musculoskeletal system [1].
The costs of productivity loss and the burden of disease due to musculoskeletal disorders are high [2–4].
Moreover, the prevalence of musculoskeletal diseases is increasing [5]. Therefore, effective diagnostic
assessment and treatment of these disorders is of paramount importance. Conservative therapies such
as physiotherapy and analgesics are the first treatments of choice [6]. Unfortunately, painkillers are not
always effective and non-steroidal anti-inflammatory drugs and opioids have numerous side effects
and contraindications [7].

Therapeutic injections are an option when non-drug therapies and painkillers fail or are not
recommended. In primary care, musculoskeletal injections normally consist of corticosteroids with or
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without the addition of local analgesics. The indications for musculoskeletal injections in primary care
are diverse. Intra-articular injections are, for example, applied for patients diagnosed with osteoarthritis
or as an addition in frozen shoulder treatment [6]. Furthermore, soft tissue injections are used, among
other conditions, for carpal tunnel syndrome, de Quervain‘s tendinitis, subacromial bursitis and
trigger finger [6]. The long-term effectiveness of musculoskeletal injections is often questioned. [8]
Nevertheless, there is evidence that musculoskeletal injections do have short-term effects and are
therefore advocated in multiple primary care guidelines [6,9–11]. These injections have few adverse
effects and, if administered adequately, rarely lead to complications. [9] However, the correct use of
musculoskeletal injections for the treatment of common disorders in primary care requires competence
and self-confidence by the doctor that administrates these injections.

In Northern Ireland and England, research has been done on the administration of musculoskeletal
injections by general practitioners (GPs) [12,13]. These studies concluded that the majority of GPs
performed most musculoskeletal injections themselves, rather than referring to a colleague or to
secondary care [12,13]. Among Northern Irish and English GPs, female GPs, urban GPs and part-time
working GPs were less likely to perform musculoskeletal injections [12,13]. Reported barriers for
administering injections were little confidence in injection skills and difficulty in maintaining skills,
leading to over-referral to secondary care [12–14].

There are few data on the number of musculoskeletal injections by Dutch GPs. A Dutch study on
septic arthritis following intra-articular injections demonstrated higher administration of injections by
medical specialists (524 injections by 12 specialists) compared to GPs (170 injections by 23 GPs) during
a follow-up period [15]. This study, together with the indicated Northern Irish and English studies,
give the impression that there is a variation in self-confidence among GPs to perform musculoskeletal
injections. We hypothesized that self-assessed incompetent GPs perform less injections and refer more
often to secondary care. Moreover, we hypothesize that the female sex, working in an urban practice,
working part-time, not being a GP trainer or specialized in the musculoskeletal system would be
associated to self-assessed incompetence. Through questionnaires among Dutch GPs, we aimed to
answer the following research questions:

1. To what extent do Dutch GPs feel competent in administering musculoskeletal injections?
2. How does self-assessed (in)competence affect their clinical treatment and referral behavior?
3. Which factors are associated with self-assessed incompetence?
4. Which barriers and facilitators to administer musculoskeletal injections do Dutch GPs experience?

2. Methods

2.1. Development of the Questionnaire

A cross-sectional survey through a self-administered online or paper questionnaire, inspired by
the survey of Liddell et al. [13], was developed for Dutch GPs (see Appendix A). The questionnaire
included questions on demographic data (sex, organization, work setting, full-time equivalent (FTE),
patient population, number of years since the completion of GP training, being a GP trainer and
specialization in musculoskeletal disease), the number of musculoskeletal injections performed during
the past month and the management strategy (injection by GP self, referral to other GP, or referral to
secondary care) for a set of 18 selected musculoskeletal diseases for which an injection is indicated or
optional in primary care (inspired by Liddell et al. [13]).

To assess competence, the GPs were asked to what extent they agreed with the statement ‘I consider
myself competent in performing musculoskeletal injections’. The outcome was measured using a
five-point Likert scale with answer options ‘completely disagree’, ‘disagree’, ‘neutral’, ‘agree’ and
‘completely agree’. Additionally, the questionnaire contained questions about the experienced barriers
for musculoskeletal injections and possible ways to overcome these barriers (facilitators). A pilot
among three GPs and two GPs in training was performed to make sure the questions were unequivocal.
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2.2. Study Population and Recruitment

To draw valid conclusions, we estimated a total of 200 completed questionnaires would be
necessary, based on previous research [12,13]. Data were collected during the period from 12 November
2018 to 14 January 2019. Through HAweb (an online platform for Dutch GPs), a link to the questionnaire
was spread among all 12378 members. Reminders were posted 1, 2.5 and 4 weeks after the first post.
Additionally, a paper version of the questionnaire was sent by mail to all 636 GPs in the Haaglanden
and Amsterdam–Amstelland regions (randomly selected regions in the Netherlands). Furthermore,
the link to the questionnaire was spread using Twitter and Facebook. Finally, forty-two GP trainers
who are affiliated with our department were asked to fill out the questionnaire. The total size of the
targeted population was 12,378, as all targeted GPs are registered on HAweb.

All GPs participated voluntarily in this study. Ethical approval to conduct the study was
not necessary.

2.3. Statistical Analysis

To examine whether the sample of responding GPs was representative of the total Dutch GP
population, the demographic data were compared to the data of the total Dutch GP population (by
eyeballing), obtained through the Netherlands Institute for Health Services Research (NIVEL) [16].

The normality of the questionnaire data was checked using the Kolmogorov–Smirnov test. Using
descriptive statistics, the frequency of competent/incompetent GPs was calculated. To compare the
referral behavior of competent and incompetent GPs, Mann–Whitney U and chi-squared tests were
used to test for the significance of differences between groups on the average number of (referred)
injections and the percentage of referrals per indication.

Demographic factors were compared between competent and incompetent GPs, first using
chi-squared tests and subsequently with a multivariable logistic regression analysis containing all
significant factors. To examine the magnitude of the associations between the competence groups,
the number of injections administered and those referred, a linear regression was used, adjusted for
significant factors from the multivariable model. Lastly, descriptive statistics were used to demonstrate
the frequencies of barriers and facilitators to inject. All data were analyzed using SPSS version 24.
The significance level in the analysis was set at P < 0.05.

3. Results

3.1. Responses

A total of 355 returned questionnaires were analyzed. Fifty-four questionnaires were incompletely
filled in. All completed questions from the incomplete questionnaires were used in the analyses.

3.2. Representativeness

Sex and work setting were representative of Dutch GPs (Table 1). The other demographic
characteristics differed slightly; less full-timers and more recently graduated GPs were included in
our study.
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Table 1. Frequencies of demographics of the study and Netherlands Institute for Health Services
Research (NIVEL).

Demographic Current Study % a NIVEL %

Sex
Man 42.0 49 b

Woman 52.1 51 b

Neutral 0.3 -

Organization

Solo practice 19.2 17.8 b

Duo practice 23.7 40.3 b

Group practice 20.8 41.9 b

Health center 15.5 -
Other c 11.5 -

Work setting Rural 26.8 30.2 d

Urban 67.6 69.8 d

FTE

0–0.20 1.7 0.2
0.21–0.40 5.9 2.8
0.41–0.60 20.6 15.9
0.61–0.80 30.7 28.5

0.81–1 35.2 52.6

Patient population e
< standard practice 13.2 -
= standard practice 25.9 -
> standard practice 55.2 -

Completion GP training

<5 years 23.1 13.6 f

5–15 years 33.2 29.4 f

16–25 years 18.9 18.5 fg

>25 years 19.4 38.6 fg

Trainer
Yes 24.5 -
No 70.1 -

GP musculoskeletal system Yes 1.7 -
No 93.0 -

a Percentages do not add up to 100% due to missing data. b Data calculated on regular established general
practitioners. c Other organizations include observers, nursing home, non-practicing etc. d Rural is defined as
little urban and not urban. Urban is defined as moderately urban, strong urban and very strong urban. e Standard
practice = 2095 patients. f Data calculated on the basis of Table 2 of the NIVEL brochure: the number of general
practitioners who have graduated in the Netherlands for each graduation year or graduation period for their status
as at 1 January 2016. g Data concern the period 16–26 years instead of 16–25 years and the period 27–42 years instead
of > 25 years in connection with specified graduation periods instead of graduation year.
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Table 2. Percentages of general practitioners (GPs) who referred an injection to secondary care
per indication.

Indication All GPs % (N) Competent % (N) Incompetent % (N) P-Value

Indications for which an injection is recommended by the Dutch College of General Practitioners

Carpal tunnel syndrome 36.1 (330) 32.2 (267) 52.4 (63) 0.003
Knee osteoarthritis 26.7 (333) 23.0 (270) 42.9 (63) 0.001

Plantar fasciitis 22.7 (326) 20.9 (263) 30.2 (63) 0.116
De Quervain’s tenosynovitis 22.5 (329) 16.1 (267) 50.0 (62) 0.000

Supraspinatus tendinitis 20.0 (320) 16.9 (260) 33.3 (60) 0.004
Trigger finger/thumb 17.1 (333) 12.6 (270) 36.5 (63) 0.000

Osteoarthritis shoulder 16.9 (325) 14.5 (262) 27.0 (63) 0.018
Trochanteric bursitis 5.8 (330) 4.1 (268) 12.9 (62) 0.007

Bursitis shoulder 2.1 (333) 0.7 (270) 7.9 (63) 0.000

Indications for which an injection is not recommended by the Dutch College of General Practitioners

Ankle osteoarthritis 50.0 (324) 50.2 (261) 49.2 (63) 0.888
Osteoarthritis MCP/PIP/DIP 48.9 (321) 44.2 (258) 68.3 (63) 0.001

Osteoarthritis CMC 48.9 (319) 45.1 (257) 64.5 (62) 0.006
Sacroiliitis 44.4 (420) 43.4 (258) 48.4 (62) 0.479

Achilles tendinitis 33.1 (323) 31.2 (260) 41.3 (63) 0.126
Prepatellar bursitis 11.9 (327) 9.1 (264) 23.8 (63) 0.001

Medial epicondylitis 8.5 (329) 7.5 (266) 12.7 (63) 0.185
Lateral epicondylitis 7.0 (328) 6.4 (265) 9.5 (63) 0.385
Olecranon bursitis 5.8 (327) 4.9 (265) 9.7 (62) 0.148

3.3. Competence

The distribution of the answers to the competence question was 2.0% completely disagree, 5.4%
disagree, 11.8% neutral, 57.7% agree and 23.1% completely agree. After completion of GP training
(which includes injection training), all GPs are considered capable of injecting. Therefore, ‘neutral’ was
considered as incompetent and categories were defined by combining ‘completely disagree’, ‘disagree’
and ‘neutral’ as ‘incompetent’ versus ‘agree’ and ‘completely agree’ as ‘competent’, resulting in 80.8%
of the GPs considering themselves competent.

3.4. Number of Injections

3.4.1. Injections Aministered

GPs (N = 339) performed an average of 4.1 (SD = 4.4) musculoskeletal injections during the past
month. Forty-four GPs did not administer any injections in this period. The number of administered
injections differed significantly between competent and incompetent GPs (4.8 ± 4.6 vs. 1.2 ± 1.4,
P < 0.001).

3.4.2. Injections Referred to GP Colleague

On average, 0.2 (SD= 0.7) injections were referred to a GP colleague in the past month. A significant
difference was observed between the competence groups; 0.1 (SD = 0.6) injections were referred to
a GP colleague in the past month by the competent GPs and 0.4 (SD = 1.0) by the incompetent GPs
(P < 0.001).

3.4.3. Injections Referred to Scondary Care

The mean number of injections that were referred to the secondary care in the past month was 0.6
(SD = 1.0). GPs who considered themselves competent referred 0.5 (SD = 0.9) injections to secondary
care in the past month, compared to 1.0 (SD = 1.3) referred injections by incompetent GPs (P = 0.001).
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3.5. Injection Indications

Table 2 shows the percentages of GPs who would refer to secondary care for an
injection for different indications. The most referred injection indications were ankle
osteoarthritis and metacarpophalangeal (MCP)/proximal interphalangeal (PIP)/distal interphalangeal
(DIP)/carpometacarpal (CMC) osteoarthritis. GPs referred the least often for an injection of shoulder
bursitis. For eleven of the eighteen injection indications, a significantly higher percentage referred to
secondary care among the incompetent GPs compared to the competent GPs.

3.6. Factors Associated with Incompetence and Referral Behavior

Table 3 shows the differences in demographic between the competence groups. In the multivariable
analysis, factors associated with incompetence were female sex (OR [95% CI] = 4.94 [2.39, 10.21]) and
part-time work (low FTE) (OR [95% CI] = 2.58 [1.43, 4.66]). Given the association with sex, stratified
regression analyses were done. In the sex-stratified analysis, FTE differed significantly between male
competent and incompetent GPs and years since completion of GP training differed significantly among
female GPs. Male and female GPs who considered themselves competent administered a significantly
higher number of injections than their incompetent counterparts (B [95% CI] = 4.76 [1.21, 8.30] for
men and B [95% CI] = 2.01 [1.31, 2.70] for women). The differences in referrals to a colleague GP or
to secondary care between male competent and incompetent GPs were not significant (respectively,
B [95% CI] = −0.37 [−0.89, 0.14], B [95% CI] = −0.08 [−0.68, 0.52]), while female competent GPs
referred significantly less than female incompetent GPs (respectively, B [95% CI] = −0.31 [−0.54, −0.09],
B [95% CI] = −0.55 [−0.89, −0.21]).

Table 3. Percentages of self-assessed (in)competent GPs in performing injections per demographic group.

Demographic N Competent % Incompetent % P-Value

Sex
Man 149 93.3 6.7 -

Woman 185 70.8 29.2 0.000

Organization

Solo practice 70 81.4 18.6 -
Duo practice 85 78.8 21.2 -

Group practice 74 79.7 20.3 -
Health center 55 83.6 16.4 -

Other 41 80.5 19.5 0.967

Work setting Rural 95 78.9 21.1 -
Urban 240 81.2 18.8 0.631

Full-time
equivalent (FTE)

0–0.20 6 66.7 33.3 -
0.21–0.40 21 61.9 38.1 -
0.41–0.60 73 68.5 31.5 -
0.61–0.80 109 84.4 15.6 -

0.81–1 125 80.2 19.2 0.001

Patient
population

< standard practice 47 76.6 23.4 -
= standard practice 92 83.7 16.3 -
> Standard practice 196 80.1 19.9 0.584

Completion GP
training

< 5 years 82 81.7 18.3 -
5–15 years 118 78.8 21.2 -
16–25 years 67 73.1 26.9 -
> 25 years 69 89.9 10.1 0.090

Trainer
Yes 87 81.6 18.4 -
No 249 80.3 19.7 0.793

3.7. Barriers

The most common barriers to perform musculoskeletal injections experienced by GPs were a lack
of practical training, a lack of confidence in skills, a lack of confidence in diagnosis and uncertainty about
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the effectiveness of the injection (Figure 1). Few GPs had concerns about medicolegal issues or had a
bad experience with injections due to complications. Overall, 28% of the general practitioners indicated
that they did not experience any barriers to perform musculoskeletal injections. When analyzed for
men and women separately, 45% of the male and 16% of the female GPs did not experience any
barriers. Moreover, strikingly more female than male GPs reported a lack of confidence in their skills
(50% vs. 14%).

 
Figure 1. Percentage of GPs reporting selected barriers to performing musculoskeletal injections (N = 355).

3.8. Facilitators

In total, 41% of the GPs considered training in musculoskeletal injection by a rheumatologist or
an orthopedic surgeon a possible facilitator (Figure 2). In addition, training by an experienced GP
colleague and the possibility to perform the injection intramuscularly instead of intra-articular were
often indicated. Overall, facilitators slightly differed between the sexes. Only the option to administer
an injection intramuscularly instead of intra-articular showed a clear difference between male and
female GPs (respectively, 25% and 49%).
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Figure 2. Percentage of GPs reporting selected facilitators to performing musculoskeletal injections (N = 355).

4. Discussion

This study demonstrated that one in five GPs considered themselves incompetent in performing
musculoskeletal injections. Self-assessed incompetent GPs referred twice as many injections to
secondary care than self-assessed competent GPs. The main barriers for GPs to perform joint and soft
tissue injections were a lack of practical training and a lack of confidence in their own skills.

A greater percentage of female GPs considered themselves incompetent. In general, women tend
to underestimate their skills more often, while men tend to overestimate themselves [17,18]. Looking at
the actual performance between the sexes, multiple studies confirmed that women and men are equally
skilled, or women even outperform men [19–23]. In the Netherlands, the proportion of female GPs
has increased from 36% in 2007 to 51% in 2016 [16]. Therefore, it is important that women consider
themselves competent in administering musculoskeletal injections to decrease referrals to secondary
care. According to Sharp et al., GPs’ perception of practical skills competence can be increased by
performing more procedures [24]. For this reason, injection training for insecure female GPs could
be recommended.

Part-time work was also associated with self-assessed incompetence, independent of female sex.
Since the hours worked per Dutch GP is decreasing, more GP are working part-time [25]. To keep
up with all clinical skills can be hard for a GP, especially when the skills are not used regularly [26].
Part-time workers will encounter musculoskeletal injections less frequently. To prevent unnecessary
and costly referrals to secondary care, keeping up with injection skills should be a priority for GPs.
Otherwise, referral to colleague GPs (e.g., those specialized in musculoskeletal disorders) should
be facilitated.
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4.1. Comparison with Other Studies

4.1.1. Number of Injections

Liddell et al. concluded that GPs carried out a median number of 17.0 musculoskeletal injections
in the last year [13]. The number of injections administered by Dutch GPs was higher, with a mean
number of 4.1 injections per month. It is possible that English guidelines recommend a musculoskeletal
injection less often compared to Dutch GP guidelines or that English GPs have more/stronger personal
barriers to injecting. Unfortunately, Liddell et al. and Gormley et al. did not examine referrals to
secondary care [12,13].

In accordance with previous studies, we found that female GPs performed significantly fewer
injections than male GPs [12,13]. Since these studies did not question self-assessed competence, it is
not possible to compare the competence in musculoskeletal injections between English and Dutch
GPs [12,13].

4.1.2. Barriers

In agreement with previous studies, we found that GPs’ most frequently reported barriers to carry
out musculoskeletal injections were a lack of confidence in skills and a lack of practical training [12,13].
In contrast, uncertainty about the effectiveness of injections was a common barrier among Dutch
GPs [12,13]. This is noteworthy, as the Dutch College of General Practitioners (NHG) provides
guidelines with evidence-based recommendations regarding musculoskeletal injections. Despite this,
GPs indicated to question these NHG guidelines, though they are usually well adhered to these
guidelines [6,27].

4.1.3. Training

English GPs preferred training on patients, but this facilitator was the least popular among Dutch
GPs [13]. Previously, training on patients was deemed superior to training on a phantom for improving
confidence in performing musculoskeletal injections [12]. However, training on phantoms is more
feasible, because the training could be given in large groups and GPs can easily practice the injection
multiple times consecutively.

4.2. Limitations

First of all, there is a possibility of non-response bias in our study. In particular, more GPs
who have a special interest in injections or in the musculoskeletal system could have completed the
questionnaire. In the Netherlands, there is a dedicated group of general practitioners who specialize in
musculoskeletal disease. Colleague GPs can refer patients to them or consult them with questions
about musculoskeletal pathology. As expected, the prevalence of these specialized GPs in our study
was higher than among the entire Dutch GP population. This might have led to an overestimation of
self-assessed competence in the current study. This overestimation could be even larger, as self-assessed
incompetent GPs might feel reluctant to fill out the questionnaire (truthfully), despite the fact that the
survey was anonymous.

Our study included slightly less full-timers when compared to Dutch primary care. As mentioned
earlier, part-time work was associated with self-assessed incompetence. Therefore, the percentage of
competent GPs could be underestimated.

Moreover, it is unclear whether GPs are capable of adequate self-assessment of their injection
skills. In a study among GPs, Janssen et al. found that there was only a moderate correlation
between self-assessed competence of technical skills and actual competence (as measured with
a performance-based test) [28].

Furthermore, the lack of information collected on working conditions is a limitation as well.
The level of colleague support or the psychosocial work environment may also influence the decision
to refer injections to a colleague.
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Finally, we decided to dichotomize GPs’ competence by combining the answer categories
‘completely disagree’, ‘disagree’ and ‘neutral’ versus ‘agree’ and ‘completely agree’. Obviously, when
‘neutral’ was added to the definition of competence, more GPs consider themselves competent (92.7%),
but this does not change the significance of any of the outcomes.

4.3. Implications for Practice and Further Research

Although the self-assessed competence among GPs was high, many patients were referred to
secondary care for musculoskeletal injections by incompetent GPs. To decrease referrals to secondary
care, more training on injection skills is recommended, both in GP training and as refresher courses.
NHG-led courses already exist for injections for shoulder, de Quervain’s tenosynovitis, carpal tunnel
syndrome, trigger finger/thumb, knee and trochanter pain syndrome [6]. Referral to specialized GPs
instead of to secondary care seems a good option for incompetent GPs. Another possibility is that
orthopedists visit primary care to assess and treat patients together with the general practitioner.

In recent years, the effectiveness of intramuscular injections for musculoskeletal disease, compared
to traditional intra-articular injections, has been studied. If an intramuscular injection is not inferior
to an intra-articular injection, it may be easier for GPs to carry out musculoskeletal injections in the
future, as injecting intramuscularly was considered a facilitator by GPs to perform musculoskeletal
injections. Furthermore, the clinical effectiveness of intramuscular injections has already been shown
for hip osteoarthritis [29] and the effectiveness of an intra-articular injection versus intramuscular
injection in patients with rotator cuff disease showed no significant differences between the methods of
administration [30]. Recently, a randomized controlled trial on the non-inferiority of an intramuscular
injection in comparison with an intra-articular injection in patients with knee osteoarthritis finished
data collection [31].

Finally, uncertainty about the effectiveness of musculoskeletal injections was a common barrier
among GPs in the current study. A more in-depth analysis on the reasons why GPs question the
effectiveness of musculoskeletal injections would be of interest.
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Appendix A

Questionnaire

1. To what extent do you agree with the following statement? (1 answer possible) I consider myself
competent in administering musculoskeletal injections.

� completely disagree
� disagree
� neutral
� agree
� completely agree

2. Which barriers do you experience in administering musculoskeletal injections? (multiple
answers possible)

� Lack of training
� Lack of confidence in skills
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� Lack of confidence in diagnosis
� Medical-legal issues
� Lack of time
� Uncertainty about effectiveness of an injection
� Bad experience with injections due to complications
� Lack of patients willing to get an injection
� None

3. What would facilitate administering musculoskeletal injections for you? (multiple
answers possible)

� Online training
� Training on a phantom
� Training on a patient
� Training in primary care by a GP colleague
� Training in secondary care by a rheumatologists/orthopaedist
� Possibility to perform an intramuscular injection instead of an intra articular injection

4. How many musculoskeletal injections did you administer in the past month? (1 answer possible)

� None
� Indicate how many (enter only numbers)

5. How many musculoskeletal injections did you refer to a GP colleague in the past month?
(1 answer possible)

� None
� Indicate how many (enter only numbers)

6. How many musculoskeletal injections did you refer to secondary care
(rheumatologist/orthopaedist) in the past month?

� None
� Indicate how many (enter only numbers)

7. What is your sex? (1 answer possible)

� Man
� Woman
� Neutral

8. What is the organisation of your practice? (1 answer possible)

� Healthcare centre
� Duo practice
� Solo practice
� Group practice
� Other, namely:

9. What is the setting of your practice? (1 answer possible)

� Rural
� Urban

10. How many FTE (fulltime-equivalent) do you work as a GP? (1 answer possible)
(fulltime-equivalent)
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� 0–0.20
� 0.21–0.40
� 0.41–0.60
� 0.61–0.80
� 0.81–1

11. What is the size of your patient population (standard practice = 2095)? (1 answer possible)

� Smaller than the standard practice
� Equal to the standard practice
� Bigger than the standard practice

12. How many years ago did you graduate from the GP training? (1 answer possible)

� < 5 years
� 5–15 years
� 16–25 years
� >25 years

13. Are you a GP trainer? (1 answer possible)

� Yes
� No

14. Are you a GP specialised in the musculoskeletal system? (1 answer possible)

� Yes
� No

15. Finally, for the following indications, please indicate whether you would administer the
injection yourself, would refer for the injection to a colleague GP or to secondary care
(rheumatologist/orthopaedist), or would not advise an injection/indication did not occur in
your practice (multiple answers possible per indication).

Indication Self Colleague GP Secondary Care No Injection/Did Not occur

Bursitis shoulder � � � �
Osteoarthritis shoulder � � � �

Supraspinatus tendinitis � � � �
Lateral epicondylitis � � � �
Medial epicondylitis � � � �
Olecranon bursitis � � � �

Carpal tunnel syndrome � � � �
Trigger finger/thumb � � � �

De Quervain’s tenosynovitis � � � �
Osteoarthritis MCP/PIP/DIP � � � �

Osteoarthritis CMC � � � �
Trochanteric bursitis � � � �

Sacro-iliitis � � � �
Knee osteoarthritis � � � �
Prepatellar bursitis � � � �
Achilles tendinitis � � � �

Ankle osteoarthritis � � � �
Plantar fasciitis � � � �
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Abstract: Skip pedicle screw fixation for adolescent idiopathic scoliosis (AIS) requires fewer screws
and can reduce the risk of neurovascular injury as compared with segmental pedicle screw fixation.
However, the long-term impact of screw number reduction on correction and clinical results is unclear.
This study examined the 10-year post-operative outcomes of skip pedicle screw fixation for patients
with AIS. We reviewed the outcomes of 30 patients who underwent skip pedicle screw fixation for
AIS. Radiological and clinical findings were assessed before and immediately, 2 years, and 10 years
after surgery in the remaining 25 patients. The mean Cobb angle of the main curve preoperatively and
immediately, 2 years, and 10 years post-operatively was 59.4◦, 23.4◦, 25.8◦, and 25.60◦, respectively,
and was significantly improved at all post-surgical time points (all p < 0.001). The mean correction
rate immediately after surgery was 60.8%, and the correction loss rate at the observation end point
was 4.8%. The Cobb angle of the lumbar curve was significantly improved immediately after surgery,
and the correction persisted until 10 years post-operatively. Remarkable gains were observed for
most Scoliosis Research Society-22 patient questionnaire sub-scores at the final follow-up versus
preoperative assessments. In conclusion, good correction of the AIS deformity by skip pedicle screw
fixation was well maintained over a long follow-up period of 10 years, with clinically meaningful
gains in Society-22 patient questionnaire sub-scores.

Keywords: long-term results; adolescent idiopathic scoliosis; skip pedicle fixation; 10 years; posterior
fusion; surgery

1. Introduction

Segmental pedicle screw fixation using numerous thoracic pedicle screws as described by
Suk et al. [1] is a useful option for posterior spinal fusion in adolescent idiopathic scoliosis (AIS).
The posterior approach offers stronger fixation strength to enable shorter fusion length and better
correction [2]. On the other hand, pedicle screw fixation has also been associated with a risk of injury
to neurovascular and visceral structures, such as the spinal cord, nerve root, lung, and aorta [1,3–5].
To avoid those serious complications, Takahashi et al., employ skip pedicle screw fixation for the AIS
deformity since it requires fewer screws (Figure 1) and can reduce surgical costs [6–9]. Uehara et al.,
earlier described the two-year results of computer-assisted skip pedicle screw fixation in 62 consecutive
cases of AIS containing all Lenke classification types apart from 5C [9]. However, evidence on the
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long-term outcomes of skip pedicle screw fixation, especially scoliosis correction loss, implant failure
including screw breakage/pull-out, and decreased Scoliosis Research Society-22 patient questionnaire
(SRS-22r) scores, is scarce.

Figure 1. Representative skip pedicle screw fixation for adolescent idiopathic scoliosis. (a) Preoperative
Cobb angle of the main thoracic curve was 53◦. (b) Skip pedicle screw fixation from T1 to L1 improved
the scoliotic curve to 17◦.

The purpose of this study is to examine if the corrective position retention and good clinical
outcomes of skip pedicle screw fixation are maintained even at 10 years after surgery. To further
validate the usefulness of skip pedicle screw fixation for AIS, we examined the radiological and clinical
findings of patients after a long observation period of at least 10 years.

2. Methods

2.1. Patients

This study was conducted at our institution. We earlier described the 2-year results of skip pedicle
screw fixation in 62 consecutive cases of AIS [9]. Among 30 consecutive patients receiving preoperative
computed tomography (CT)-based navigation-assisted skip pedicle screw fixation for AIS at our
hospital between August 2005 and March 2010, 25 patients (2 male and 23 female; mean ± standard
deviation (SD) age: 14.4 ± 2.1 years, range: 12–19 years) who were followed for a minimum of 10 years
(follow-up rate: 83.3%) were retrospectively reviewed. All surgeries were performed by one senior
spine surgeon specializing in scoliosis (J.T.). The inclusion criteria were patients who underwent AIS
surgery and follow-up at our hospital. The exclusion criteria were follow-up of less than 10 years
and Lenke type 5 curves. Five patients without follow-up of at least 10 years due to relocation were
excluded. Classification according to Lenke grading was type 1A in seven patients, 1B, 2A, and 6C in
three patients each, 1C in four patients, 4B in one patient, 3C and 4C in two patients each. Patients with
Lenke type 5 curves were excluded from this investigation since they often received segmental pedicle
screw fixation. Prior approval of the study was obtained from the investigational review board of our
hospital (No. 3500). Written informed consent for publication was obtained from all patients prior
to this study. No financial support or equivalent was received for this investigation. The complete
database of the cohort can be accessed at the Zenodo repository (doi.org/10.5281/zenodo.4295859).

2.2. Surgical Technique

Pedicle screw insertion into the upper and lower ends of the instrumentation area was performed
bilaterally. Screw placement in the vertebral levels other than the upper instrumented vertebra,
lowest instrumented vertebra, and apex was judged based on the size and rigidity of the curve and
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was skipped when possible. Screw insertion was skipped near the apical vertebrae of each curve
and in the junctional zone between structural and compensatory curves that were not close to fused
end vertebrae. We excluded pedicles with an outer diameter of less than the thinnest screw diameter
during navigation planning. Pedicle screws were routinely inserted near the concave apical vertebrae.
For cases in which a 4.5 mm-diameter pedicle screw appeared difficult to insert in navigation planning,
tape was used instead. However, in cases where only one vertebra was skipped, no tape was used.
Since pedicle diameter is wider near the convex vertebrae, we basically used pedicle screws and
skipped one vertebra per inserted vertebra. Screw holes were made using a Kotani probe [10] with
CT-based navigation, while pedicle screws were inserted without navigation. Bone grafting employed
local bone. Ponte osteotomy was not performed in this cohort. The lower instrumented vertebra
(LIV) was decided as the vertebra which last touched the central sacral vertical line when the lumbar
modifier was Lenke 1A or 2A. For Lenke 1B and 1C curves, the LIV was determined as the stable
vertebra or one vertebra distal to the stable vertebra. For Lenke 3C, 4B, 4C, and 6C curves, we routinely
set the LIV as L3.

2.3. Evaluation and Statistical Analysis

The first author (M.U.), who was not associated with any surgery in the cohort, performed
the evaluation. Cobb angle [11] and thoracic kyphosis from T5 to T12, absolute value of clavicular
angle (CA), distance from the C7 plumb line to the central sacral vertical line (C7PL), LIV tilt, and
other radiological parameters were evaluated before and immediately, 2 years, and 10 years after
surgery. The main curve flexibility was calculated as: (Cobb angle in standing position—Cobb
angle in side bending)/Cobb angle in standing position × 100%. CT was performed at 6 months
postoperatively to confirm bony fusion of the facet and to determine whether the patients could
be permitted to exercise. Clinical outcomes were examined using SRS-22r scores [12,13] before and
at 2 and 10 years post-operatively. Results for the Japanese Orthopaedic Association Back Pain
Evaluation Questionnaire (JOABPEQ), which included a visual analog scale (VAS) for back pain
and complications requiring surgical revision, were assessed at the study end point. The JOABPEQ
contains five domains (pain-related disorder, lumbar spine dysfunction, gait disturbance, social life
disturbance, and psychological disorder) whose scores range from 0 (lowest) to 100 (highest) [14].
We also evaluated whether JOABPEQ scores for back pain were influenced by poor overall correction,
such as coronal decompensation, lumbar decompensation, the adding-on phenomenon, and early
degeneration. Coronal decompensation was considered as C7PL deviation exceeding 20 mm [15].
Lumbar decompensation was defined as progression of thoracolumbar/lumbar Cobb angle by 10◦ or
more versus immediately postoperative Cobb angle [16]. The adding-on phenomenon was judged
as follows: (1) a ≥5◦ aggravation of scoliotic Cobb angle and a shift in curve-end vertebrae towards
the caudal side, or (2) a ≥5◦ wedge-shaped change in the vertebral disc adjacent to the lower side of
the fused vertebrae during postoperative follow-up [17]. Pre- and post-surgical data were compared
using the paired t-test with Bonferroni correction, and data from the two groups were compared by
means of Welch’s t-test with EZR software (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for R (The Foundation for Statistical Computing, Vienna, Austria).
As a modified version of R commander, EZR adds statistical functions frequently used in biostatistics.
A p-value of <0.05 was considered statistically significant.

3. Results

The cohort’s preoperative radiological and clinical features are summarized in Table 1.
The preoperative Cobb angle of the main thoracic curve was 59.4◦, and the main thoracic curve
flexibility was 38.2%. The mean ± SD number of fused vertebrae was 10.8 ± 1.9 (range: 8–13),
mean surgical time was 294 ± 80 min (range: 168–420 min), mean blood loss volume was 1304 ± 672 mL
(range: 500–3050 mL), and mean screw density (i.e., number of screws per vertebra fused) was
1.33 ± 0.22 (range: 1.00–1.77). The vertebral level of the LIV was T12 in five cases, L1 in eight cases,
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L2 in three cases, and L3 in nine cases. Among the 250 inserted pedicle screws, the grade 2 and 3
perforation (i.e., >2 mm) rate was 6.8%, and the grade 3 perforation (i.e., >4 mm) rate was 4.4% based
on post-operative CT. No severe neurovascular injuries from screw misplacement were observed.

Table 1. Preoperative radiological and clinical features.

Mean ± Standard Deviation (Range)

Age, years 14.4 ± 2.1 (12–19)
Sex, male/female 2:23

Cobb angle of main thoracic curve, ◦ 59.5 ± 15.1 (44–94)
Main curve flexibility, % 38.2 ± 19.4 (6.3–96.1)

Cobb angle of lumbar curve, ◦ 40.5 ± 19.9 (12–82)
Thoracic kyphotic angle (T5–T12), ◦ 9.1 ± 8.3 (−8–29)

Clavicular angle, ◦ 2.2 ± 1.9 (0–7.9)
C7PL, cm 1.4 ± 1.1 (0–5.0)

C7PL: distance from the C7 plumb line to the central sacral vertical line.

The Cobb angle of the main thoracic curve was significantly improved immediately, at 2 years,
and at 10 years after correction vs. preoperative measurements (all p < 0.001) (Figure 2, Table 2).
The mean correction rate of the main curve at the above time points was 60.8 ± 2.2%, 56.3 ± 2.5%,
and 56.8 ± 2.2%, respectively (Table 2). The correction loss rate between immediately and 10 years
after surgery was 4.8 ± 3.6%.

Figure 2. The mean Cobb angle of the main thoracic curve before and at 2 and 10 years after surgery was
59.4◦, 25.8◦, and 25.6◦, respectively. The main thoracic curve Cobb angle was significantly improved at
both post-operative time points (p < 0.001). The respective mean T5–12 thoracic kyphotic angle before
and at 2 and 10 years after surgery was 9.1◦, 17.9◦, and 15.2◦. The Cobb angle of the lumbar curve was
significantly improved immediately after surgery, which persisted until 10 years post-operatively.

Table 2. Surgical results of skip pedicle screw fixation.

Radiological and Physical
Evaluation

Before
Surgery

Immediately
after Surgery

Two Years
after Surgery

Ten Years after
Surgery

Cobb angle of main thoracic curve, ◦ 59.4 ± 3.0 23.4 ± 1.8 ** 25.8 ± 1.7 ** 25.6 ± 1.7 **
Correction rate of Cobb angle

(main thoracic curve), % N/A 60.8 ± 2.2 56.3 ± 2.5 56.8 ± 2.2

Thoracic kyphotic angle (T5–T12), ◦ 9.1 ± 1.7 15.2 ± 1.6 ** 17.9 ± 1.5 ** 15.2 ± 1.5 **
Clavicular angle, ◦ 2.2 ± 0.4 3.2 ± 0.5 2.4 ± 0.4 2.2 ± 0.4

C7PL, cm 1.4 ± 0.2 1.3 ± 0.2 0.7 ± 0.2 * 1.4 ± 0.4
Cobb angle of lumbar curve, ◦ 40.5 ± 4.0 18.6 ± 2.5 ** 17.9 ± 2.2 ** 18.8 ± 2.3 **

LIV tilt, ◦ 20.1 ± 1.5 7.8 ± 1.4 ** 7.3 ± 1.4 ** 7.7 ± 1.2 **

All values are expressed as the mean ± standard error; LIV: lower instrumented vertebra, N/A: not applicable;
* p < 0.05 vs. before surgery, ** p < 0.001 vs. before surgery.
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The T5–12 thoracic kyphotic angle was significantly improved at all post-operative time points
over baseline (all p < 0.05) (Figure 2, Table 2). Absolute CA values were similar, corresponding
to 2.2 ± 0.4◦ preoperatively, 3.2 ± 0.5◦ immediately after surgery, 2.4 ± 0.4◦ at 2 years after surgery,
and 2.2 ± 0.4◦ at the final follow-up. Similarly, absolute C7PL values remained comparable, with values
of 1.4 ± 0.2 cm, 1.3 ± 0.2 cm, 0.7 ± 0.2 cm, and 1.4 ± 0.4 cm, respectively (Table 2).

The Cobb angle of the lumbar curve and LIV tilt were significantly improved immediately after
surgery, which persisted until 10 years post-operatively (Figure 2, Table 2).

SRS-22r scores increased significantly in all domains from preoperatively to 2 and 10 years after
surgery (all p < 0.05) (Table 3). At the study end point, the mean satisfaction score was 4.02 ± 0.17
(range: 2–5.0), and the mean total score was 4.29 ± 0.09 (range: 3.1–4.95) (Table 3).

Table 3. Clinical results of SRS-22r scores.

SRS-22r Domain Before Surgery Two Years after Surgery Ten Years after Surgery

Function 4.31 ± 0.12 4.74 ± 0.05 ** 4.65 ± 0.09 *
Pain 4.01 ± 0.12 4.68 ± 0.07 ** 4.40 ± 0.13 *

Self-image 2.75 ± 0.11 3.88 ± 0.13 *** 3.89 ± 0.15 ***
Mental health 3.73 ± 0.18 4.62 ± 0.07 *** 4.31 ± 0.12 *

Sub-total 3.69 ± 0.10 4.48 ± 0.05 *** 4.31 ± 0.09 ***
Satisfaction N/A 4.08 ± 0.15 4.02 ± 0.17

Total N/A 4.44 ± 0.05 4.29 ± 0.09

All values are expressed as the mean ± standard error; SRS-22r: Scoliosis Research Society-22 patient questionnaire,
N/A: not applicable; * p < 0.05 vs. before surgery, ** p < 0.01 vs. before surgery, *** p < 0.001 vs. before surgery.

JOABPEQ scores at 10 years after surgery were 86.8 ± 4.2 for pain-related disorder, 94.0 ± 2.4
for lumbar spine dysfunction, 95.8 ± 2.7 for gait disturbance, 84.4 ± 3.6 for social life disturbance,
and 72.9 ± 3.4 for psychological disorder (Table 4). Three (12.0%) patients experienced coronal
decompensation, five (20.0%) patients had lumbar decompensation, two (8.0%) patients exhibited
adding-on, and three (12.0%) patients had early degeneration. The JOABPEQ score for low back pain
in patients with coronal decompensation was 100 ± 0, which was significantly higher than in patients
without it (85.0 ± 21.8) (p = 0.004). The JOABPEQ scores for low back pain in patients with and without
lumbar decompensation were comparable, with values of 91.4 ± 19.2 and 85.7 ± 21.8, respectively
(p = 0.58). The JOABPEQ score for low back pain in patients with adding-on was significantly higher
than in patients without it (100 ± 0.0 vs. 85.7 ± 21.6, p = 0.004). The respective JOABPEQ scores for low
back pain in patients with and without early degeneration were similar, corresponding to 62.0 ± 32.9
and 90.2 ± 17.4 (p = 0.27). The mean VAS score for low back pain was 19.6 ± 5.4 (range: 0−80) and
was zero in 13 (52%) patients. Bone union was confirmed by CT in all cases. Screw breakage without
symptoms requiring surgical revision was seen in two patients. No severe neurovascular complications
from surgical invasion or indication for surgical revision were recorded.

Table 4. Comparison of JOABPEQ scores with reference values for low back pain patients.

JOABPEQ Domain Present Series Reference Value [18]

Pain-related disorder 86.8 ± 4.2 42.9
Lumbar spine dysfunction 94.0 ± 2.4 58.3

Gait disturbance 95.8 ± 2.7 50.0
Social life disturbance 84.4 ± 3.6 51.4
Psychological disorder 72.9 ± 3.4 47.6

All values are expressed as the mean ± standard error; JOABPEQ: Japanese Orthopaedic Association Back Pain
Evaluation Questionnaire.
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4. Discussion

Skip pedicle screw fixation for AIS correction significantly improved both radiological and clinical
parameters at a minimum of 10 years after surgery using fewer inserted screws than in segmental
fixation and without complications requiring surgical revision.

The primary goals of surgical AIS treatment are preventing curve progression and correcting the
deformity. Segmental pedicle screw fixation is frequently used for rod anchoring in posterior fixation of
the scoliotic deformity in AIS. The rate of neurovascular complications from misplaced screws ranges
from 0% to 1.3%, being attributed mainly to narrow pedicle diameter and spinal rotation [2,18–20].
We have been employing skip pedicle screw fixation for AIS to reduce the number of screw violations
and the associated risk of major adverse events [6]. Behrbalk et al., reported that a low screw density
technique was as safe and effective as a high screw density technique for posterior-only correction
of Scheuermann kyphosis and could provide significant cost savings [21]. Cheung et al., reported
that fulcrum bending correction could estimate curve correction in AIS surgery using alternate-level
thoracic pedicle screws [22]. In our study, the preoperative Cobb angle of the main curve was 59.4◦,
and the main curve flexibility was 38.2%. We defined the planned correction angle as the difference
between the Cobb angle in side bending and the target Cobb angle, and the number of screws was
determined with reference to a previously reported formula, i.e., planned correction angle/1.7◦ [23].
In the present study, mean screw density was 1.33, grade 3 screw perforation rate was 4.4%, and grade
2 and 3 combined perforation rate was 6.8%. No neurovascular injuries were encountered during
10 years of observation. Although preoperative CT-based navigation is useful for safely inserting
pedicle screws, performing a CT scan of all vertebrae for the length of the fusion to check pedicle
anatomy and size carries the potential risk of long-term damage from radiation.

Although skip pedicle screw fixation is considered safer than segmental screw fixation, a trade-off
with diminished long-term correction and clinical effects may exist. A two-year observational
radiological study of surgical AIS correction showed that an all-pedicle screw system provided better
maintenance of corrective parameters than did hybrid instrumentation surgery using pedicle screws,
hooks, and sublaminar wire or tape as an anchor, with final correction rates of 70.41% and 60.00%,
respectively [24]. Preoperative flexibility was approximately 50% in both groups [24]. Hwang et al.,
also reported satisfactory results for skip pedicle screw insertion, obtaining 69% for correction rate and
2% for correction loss rate at 5 years [25]. In this study, the correction rate was 59.8% immediately
post-operatively, and the 10-year correction loss rate was 4.8%, which were less favorable than Hwang’s
findings but comparable to those of the hybrid group. Moreover, the correction loss at 10 years was
low at 2.2◦. The absence of Ponte osteotomy procedures in this series may have reduced the correction
rate. Screw breakage was seen in two patients, who experienced a mean correction loss of 10.5◦ at
10 years but maintained good SRS-22r scores. Regarding the changes occurring from 2 years to 10 years
post-operatively, the end vertebrae were not fused in some cases, so it was conceivable that alterations
were caused by angular deformations in the cranial or caudal adjacent intervertebrae of the unfused
end vertebrae.

Ishikawa et al., reported that the final Cobb angle of the thoracolumbar/lumbar curve was
significantly correlated with the immediately post-operative LIV tilt [26]. On the other hand,
Skaggs et al., described that LIV tilt was not associated with post-surgical lumbar Cobb angle [27].
In our study, the Cobb angle of the lumbar curve and the LIV tilt were significantly improved until 10
years after surgery. However, 12.0% of the patients had coronal decompensation, 20.0% of the patients
had lumbar decompensation, 8.0% of the patients had adding-on, and 12.0% of the patients had early
degeneration. Furthermore, comparisons of the LIV tilt immediately after surgery in patients with
and without lumbar decompensation revealed similar findings (6.4 ± 5.3◦ and 8.2 ± 7.3◦, respectively;
p = 0.63).

The JOABPEQ domain scores in our cohort were all considerably higher than the reference values
of low-back-pain patients [28] (Table 4). Furthermore, all scores were greater than the minimum
clinically important differences (MCIDs) for JOABPEQ (20.4 for low back pain, 15.6 for lumbar
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function, 16.8 for walking ability, 13.4 for social life function, and 9.4 for mental health) reported by
Ogura et al. [29]. The score for psychological disorder was the lowest, possibly due to the stresses
of child care or working life in our young adult cohort. Hence, the long-term correction ability of
skip pedicle screw fixation was considered sufficient, especially since the preoperative flexibility in
our cohort (approximately 40%) was comparably lower than that of earlier reports. Furthermore,
evaluations on whether the JOABPEQ scores for back pain were influenced by poor overall correction,
such as coronal decompensation, lumbar decompensation, the adding-on phenomenon, and early
degeneration, revealed that coronal decompensation and adding-on were not relevant adverse effects
at 10 years after surgery.

Regarding long-term radiological results, the main thoracic curve Cobb angle improved from
51◦ to 16◦, with a correction loss rate of 5% in a five-year study on segmental pedicle screw fixation
for thoracic scoliosis [30]. However, data on the long-term benefits of skip pedicle screw fixation are
scarce. We observed that this method significantly improved and maintained the coronal and sagittal
radiological parameters of AIS cases at 10 years after surgery without severe neurovascular events
or the need for surgical revision. Although a formal cost-effectiveness analysis was not performed,
fewer implants were presumed as more economical for the patients.

With regard to the long-term clinical results of surgical AIS treatment, there are several reports on
the Harrington method, posterior fixation with the rod and hook system, and anterior fusion, and few
on pedicle screw fixation. In a comparative control study using the SRS-24, AIS patients undergoing
correction surgery by the Harrington method had findings equivalent to those of healthy subjects
for all parameters, and the magnitude of the scoliotic angle was not associated with quality of life
(QOL) scores [31]. In a similar study with healthy subjects using the SRS-22, however, Akazawa et al.,
witnessed that patients had comparable scores for pain and mental health, but inferior results for
function and self-image [32]. Using the Short Form 36 Health Survey, Götze et al., observed that
adolescents who received correction surgery by the Harrington method had similar physical function,
but lower mental health, in relation to German national standard values. Curve type and magnitude
of the scoliotic angle were unrelated to QOL [33]. The present study evaluated 10-year post-operative
clinical results using SRS-22r scores to reveal that self-image and sub-total were significantly ameliorated
at 2 years and 10 years after surgery. Although some patients were subjected to long fusion procedures,
the function and pain scores were also improved after correction. Thus, skip pedicle screw fixation for
AIS produces good long-term correction without function loss or pain worsening.

We lastly examined whether the SRS-22r score changes in our cohort were clinically meaningful.
In earlier studies on MCID for clinical domain outcomes, MCID was 0.20 for pain (area under the
receiver operating characteristic curve (AUC) = 0.723), 0.08 for function (AUC = 0.648), and 0.98
for self-image (AUC = 0.629) [34]. The changes in the scores for pain, function, and self-image
were all higher than their respective MCID, confirming that skip pedicle fixation produced clinically
meaningful improvements.

Newton et al., noted that posterior segmental instrumentation for AIS could significantly decrease
thoracic kyphosis [35]. Such a finding was absent in our study, with the mean thoracic kyphotic angle
before and at 2 and 10 years after surgery being 9.1◦, 15.2◦, and 17.9◦, respectively. Skip pedicle screw
fixation may also have the advantage of improving thoracic kyphosis. If more rigid cobalt chromium
rods had been used, larger thoracic kyphosis might have been possible.

The main limitations of this study were no control group, a limited sample size, and a retrospective
design. No blinding of the assessor was also a limitation of this study. Although five patients were lost
to follow-up, the resulting 83.3% follow-up rate was considered satisfactory based on Solberg et al.,
reporting that a follow-up loss of 22% did not bias conclusions about the effects of treatment [36].
Thus, our analysis on the outcomes of 25 AIS patients indicated good long-term radiological and
clinical results for skip pedicle screw fixation, with almost all parameters being well conserved up to
10 years post-operatively.
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5. Conclusions

Skip pedicle screw fixation for AIS provided significant and sustained radiological and clinical
improvements at 10 years after surgery without serious complications.
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Abstract: The applicability of thresholds that constitute an acceptable score or meaningful change on
the Knee injury and Osteoarthritis Outcome Score (KOOS) in cohorts ≥ 5 years following knee injury
is not well understood. The primary objective of this study was to evaluate the association between
intra-articular knee injury type and two different KOOS pain thresholds (patient acceptable symptom
state (PASS) and Englund symptomatic knee criteria) in the Alberta Youth Prevention of Osteoarthritis
(PrE-OA) cohort, which includes participants 3–12 years following a youth sport-related knee injury
and uninjured controls with similar age, sex and sport characteristics. Analyses accounted for sex,
time since injury and the interaction between time since injury and injury type. Secondary objectives
were to report proportions meeting thresholds for KOOS outcomes and minimal detectable change
(MDC) from published test–retest reliability data, over a 1–4-year follow-up. Two hundred and
fifty-three (253) participants (124 injured, 129 controls) were included in analyses, of which 153 (77
injured, 76 controls) had follow-up data. Similar odds were observed for presence of pain (below
PASS threshold) in participants with anterior cruciate ligament (ACL)/meniscus injury (odds ratio
(OR) 4.2 (97.5% confidence interval (CI): 1.8, 9.9)) and other knee injuries (OR 4.9 (97.5% CI: 1.2, 21.0)),
while there were higher odds for presence of Englund “symptomatic knee” criteria in participants
with ACL/meniscus injury (OR 13.6 (97.5% CI: 2.9, 63.4)) than other knee injuries (OR 7.3 (97.5% CI:
0.8, 63.7)) compared to controls. After a median 23.4 (8 to 42) month follow-up, 35% of previously
injured participants had at least one KOOS sub-scale score that worsened by more than the MDC
published threshold. Despite limited research, this study shows that individuals with youth sport
knee injuries other than ACL or meniscus injury may also experience significant pain and symptoms
3–12 years following injury. Replication and further follow-up are needed to identify a possible
clinical trajectory towards osteoarthritis.

Keywords: knee; ACL; injury; osteoarthritis; KOOS; musculoskeletal disorders; symptoms; pain

1. Introduction

Much sport medicine and musculoskeletal health research has focused on rehabilita-
tion and recovery following an anterior cruciate ligament (ACL) injury due to the immedi-
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ate and long-term effects on activity participation and health. The negative consequences
on health outcomes that are present in this population in the short-term (1–2 years) [1,2]
and medium-term (3–12 years) [3–5] interval following injury, implicate knee injuries as
one of the largest public health injury-related burdens. Of foremost concern is the higher
likelihood of development of knee joint osteoarthritis (OA) after sustaining an ACL or
other traumatic intra-articular knee injury [6], sentencing a proportion of these individuals
to a lifetime of knee pain, symptoms, reduced function and quality of life (QOL). Of these
patient-reported outcomes (PRO), knee pain is the most common symptom of OA [7], but
defining what constitutes clinically significant pain is not well-understood in individuals
following injury and prior to onset of potential joint disease.

The Knee injury and Osteoarthritis Outcome Score (KOOS) is a common PRO used to
track the most prevalent clinical features across the timeline from knee injury to OA [8,9].
An alternative and more clinically interpretable method of observing KOOS has been to use
defined thresholds of “patient acceptable symptom state” (PASS) in cohorts up to 5 years
post-injury to understand what is deemed “acceptable” to a patient on each 0–100 sub-scale.
Ingelsrud et al. [10] used anchor-based questions of a current satisfactory state regarding
knee function in the Norwegian Knee Ligament Registry (NKLR) and took mean scores for
KOOS subscales, where ‘yes’ was answered. Muller et al. [11] used a similar method in
an ACL cohort 1–5 years from injury using the receiver operating characteristic method.
Reports of PASS in these ACL cohorts construe that symptoms tend to stabilize and do
not change much from 1 to 2 years postoperatively. Other methods to identify KOOS
thresholds have used a consensus expert panel to define patients with a symptomatic knee,
significant enough to seek medical attention, as applied by Englund et al. [12] to a cohort
16 years post-meniscectomy. Examining these thresholds in the medium-term interval
following injury may provide an indication of the trajectory of PRO scores in a population
at risk of OA. In addition, knowledge of outcomes in knee injuries other than ACL or
meniscus injury is currently lacking.

The interpretation of longitudinal changes in PROs in the years following a knee injury
is critical to identify individuals who may be on a trajectory to post-traumatic OA. This can
be achieved using the minimal detectable change (MDC), to judge change that surpasses
the instrument test–retest reliability [13]. These values may help to identify patients whose
scores worsen over time and require an early post-traumatic OA intervention. It may
also be helpful for clinicians to understand the baseline variables of other physiological
(body composition) and performance (knee strength and function) outcomes in those who
worsen over time, as this may aid with identification of at-risk individuals and mechanisms
to target during intervention. This type of analysis has not previously been applied to
longitudinal data of cohorts with different types of knee injuries.

The primary objective of this cohort study was to evaluate the association of intra-
articular knee injury history type (uninjured, ACL and/or meniscal injury or other knee
injury) with two types of KOOS criteria to define a painful or symptomatic knee, adjusting
for time since injury and sex in a cohort 3–12 years after injury. Secondary objectives were
to report the prevalence of acceptable or non-symptomatic PRO’s using defined KOOS
thresholds and comparing all injury types in this cohort. An additional secondary objective
was to evaluate the MDC in KOOS outcomes over a 1–4-year longitudinal follow-up,
describing the clinical features and functional performance of injured participants who
worsened on at least one sub-scale over time.

2. Materials and Methods

2.1. Participants and Recruitment

Participants include the entire cohort of the Alberta Youth Prevention of Early Os-
teoarthritis (PrE-OA) study, a historical longitudinal cohort study carried out at the Sport
Injury Prevention Research Centre, Faculty of Kinesiology, University of Calgary. The
PrE-OA cohort consists of youth and young adults who sustained an intra-articular knee
injury 3–12 years prior to study recruitment, while participating in sport under the age
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of 18 years. Uninjured controls of similar age (≤1 year), sex and sport (at the time of
injury) were recruited to match the injured participants. Detailed recruitment procedures
have been described previously [4,14]. Knee injury was defined as a clinical diagnosis
of knee ligament, meniscal, or other intra-articular tibiofemoral or patellofemoral injury
that occurred playing sport and required both medical consultation and disrupted regular
sport participation. Uninjured participants reported no previous time-loss knee injury.
Participant exclusion criteria included pregnancy, non-steroidal anti-inflammatory use or
cortisone injection within three months prior to testing, a musculoskeletal injury within
the previous three months prior to testing that resulted in time loss (work, school or sport),
diagnosis of other arthritides, or any current medical problem that prevented participation
in the functional testing aspect of the study (e.g., neurological conditions). Participants
were recruited between 2013 and 2017 for their initial visit and were invited to return
for repeat testing annually for two subsequent visits. If a participant withdrew from the
study before completion, every effort was made to replace that participant with an indi-
vidual with the same characteristics of age (≤1 year), sex and sport at the time of injury.
Participants were no longer considered ‘uninjured’ if they sustained a knee injury in the
follow-up period. All tests were performed on the same day with random order of stations
and rests between tests to minimize fatigue. Ethics approval was granted from the Conjoint
Health Research Ethics Board at the University of Calgary, Canada (REB-14-2212), and all
participants provided signed informed consent or assent where applicable.

2.2. Outcome Measures

Participants completed a study questionnaire that gathered demographic details,
sport participation and medical, injury and surgery history detail. The Knee Injury and
Osteoarthritis Outcome Score (KOOS) survey was completed, which provided information
on knee function related to five sub-scales: pain, other symptoms, activities of daily living
(ADL), sport and recreation and quality of life (QOL). The KOOS has been validated
in knee injury populations and has high test–retest reliability [9], with higher scores
indicating better outcomes. Two criteria were applied to the KOOS scores to determine the
proportion of participants meeting an acceptable threshold (PASS) [10,11] for each subscale
and KOOS4 [10,15] (average KOOS score of all subscales except KOOS ADL). Additional
criteria were applied to identify a “symptomatic knee” based on Englund et al.’s [12]
thresholds—defined by having QOL and at least two other subscales below the cut-off. For
longitudinal assessment, minimal detectable change (MDC) criteria were used to observe
change that surpassed the test–retest reliability of KOOS. As a conservative approach, the
upper limits reported by Collins et al. [13] were used. Thresholds for each criterion are
presented in Table 1.

Table 1. Thresholds for The Knee injury and Osteoarthritis Outcome Score (KOOS) corresponding
to the patient acceptable symptom state (PASS) and symptomatic knee for cross-sectional data, and
minimal detectable change (MDC) for longitudinal change.

Thresholds

PASS [10]
(Ingelsrud et al.)

PASS [11]
(Muller et al.)

Symptomatic
Knee [12] ¥

(Englund et al.)

MDC [13]
(Collins et al.)

Pain 89 88.9 86.1 6.1
Symptoms 83 57.1 85.7 8.5

ADL 95 100 86.8 8.0
Sport/Rec 72 75 85.0 12.0

QOL 73 62.5 87.5 7.2
KOOS 4 79 - - -

ADL, activities of daily living; Sport/Rec, sport and recreation; QOL, quality of life. ¥ Definition of “symptomatic
knee” based on QOL threshold plus at least two other subscale thresholds.
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As reported in previous publications [4,14], participants’ knee extensor strength, hop
performance and body composition were measured. Normalized knee extensor isometric
strength was assessed using handheld isometric dynamometry (model 01163; Lafayette
Instrument, Lafayette, IN, USA) as described previously [3]. The peak isometric strength
(N) scores were converted to torque values (N/m; force distance between joint line and
dynamometer position) and normalized to body weight (N/m/kg−1). The maximum
distance across two trials of the Triple Single Leg Hop (TLSH) test [3] was recorded for each
leg and expressed as a percentage of leg length. Total body adiposity was assessed using
dual-energy X-ray absorptiometry (DXA; Hologic Discovery (Hologic, Inc., Marlborough,
MA, USA)). Whole-body fat mass (kg) was divided by height (m) squared to derive a
fat mass index (FMI; kg/m2), to allow an accurate representation of adiposity that is not
confounded by the presence of lean mass.

2.3. Statistical Analyses

All data were managed in REDCap (Research Electronic Data Capture) and statistical
analyses were completed using Stata Version 15.1 (StataCorp LP, College Station, TX,
USA). All outcomes were described using median with interquartile range (IQR) by injury
type. Control participants were excluded from the analysis if there was no injured case
with matching age, sex and sport criteria. For the primary objective and cross-sectional
analysis, outcomes collected at the final measurement (furthest time-point from injury)
were included due to a greater likelihood of observing changes related to post-traumatic
OA. Multivariable logistic regression clustered on matched characteristics of sex and sport,
and adjusted for time since exposure, sex and the interaction between injury type and
time since exposure, was used to evaluate the odds (odds ratio (OR) and 97.5% confidence
interval (CI)) of significant pain (Model 1) or a symptomatic knee (Model 2) by knee
injury type (no knee injury history, grade III ACL tear and/or meniscal injury history,
other knee injury history). Bonferroni adjustment was applied to CIs since there were two
primary outcomes (α = 0.025). The outcome for Model 1 was the KOOS pain PASS criteria
consistent from both Ingelsrud et al. [10] and Muller et al. [11] due to a high prevalence
of pain in symptomatic OA. The outcome for Model 2 was the Englund et al. [12] criteria
for a symptomatic knee. For the control participants, time since exposure was coded
the same as that of the matched injured participants on recruitment corresponding to an
equivalent injury-free time. Age was not included in the models due to collinearity with
time since exposure. A backwards-stepwise elimination approach was employed, and
the most parsimonious models reported using likelihood ratio tests and checking for a
10% difference in beta coefficients. For longitudinal analyses, the change in KOOS scores
from the first and final follow-up for all participants was calculated and the frequency
and proportions of individuals whose KOOS scores changed greater than MDC in either
direction were reported. Baseline clinical features of injured participants who had ≥1
KOOS outcome that worsened over time using MDC were described alongside those who
improved or stayed the same using median and IQR, or frequencies and proportions.

3. Results

The final dataset was comprised of 253 participants (124 previously injured partici-
pants (n = 89 ACL and/or meniscal injury and n = 35 other knee injury) and 129 uninjured
controls). A flowchart of participant recruitment and follow-up for these analyses is shown
in Figure 1. Females comprised 55% of the sample and the median participant age was
24.2 years (range 15–30), median body mass index (BMI) 24.4 kg/m2 (range 18.1–38.9) at
the furthest time-point from exposure. The median age of previously injured participants
was 15.4 years (range 9–18 years) at the time of injury and 7.8 years (range 3–12.6 years)
post-injury at the time of data collection. Injury type comprised mainly of third-degree ACL
sprain (n = 69; 56%), all of which underwent surgical reconstruction. Of these, 51 (74%) also
had an associated meniscal lesion. A further 16% (n = 20) of the total injured participants
had a meniscal injury which did not include a third-degree ACL tear (n = 17 isolated
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meniscal injury and n = 3 associated with another injury). Eight of these underwent arthro-
scopic surgery. The ‘Other Injury’ category included other ligamentous injuries (first- to
third-degree medial and lateral collateral ligament sprain, or first- to second-degree ACL or
posterior collateral ligament sprain without meniscal involvement) (n = 15; 12%), patellar
dislocations and subluxations (n = 18; 15%) and intra-articular fracture (n = 2). Injuries
were sustained while playing 14 different sports: the most common sports were soccer
(50%), basketball (18%) and ski/snowboarding (9%) for females, and ice hockey (42%),
soccer (18%) and football (11%) for males. Participants were grouped into 21 clusters based
on sex and sport, ranging between 2 and 69 participants per cluster.

Figure 1. Flowchart of participant recruitment and follow-up for the Alberta Youth Prevention of Early Osteoarthritis
(PrE-OA) cohort.

Table 2 displays descriptive statistics for KOOS outcomes by injury type at the furthest
time-point from injury, and the proportion of participants meeting thresholds by each
criterion. For participants with an ACL and/or meniscal injury, the odds of not achieving
an “acceptable” KOOS pain PASS score (Model 1) were 4.2 times (97.5% CI: 1.8, 9.9) the
odds for uninjured controls, while those with other knee injuries had 4.9 times (97.5% CI:
1.2, 21.0) the odds of uninjured controls. Sex, time since exposure or interaction terms
did not significantly influence these findings. In Model 2, the odds of meeting criteria
for a symptomatic knee in those with an ACL and/or meniscus injury were 13.6 times
(97.5% CI: 2.9, 63.4) the odds of uninjured controls, while those with other knee injuries had
7.3 times (97.5% CI: 0.8, 63.7) the odds of uninjured controls. Including sex as a covariate
improved the likelihood ratio and r2 of the model but was not a significant predictor (OR
0.5 (97.5% CI: 0.2, 1.2)). Time since exposure or interaction terms did not influence Model 2.

A graphical comparison of median KOOS subscales with thresholds is shown in
Figure 2. Comparison is also made with published data from the Multicenter Orthopedic
Outcomes Network (MOON) cohort [16] to observe any similarities with cohorts at a
further time-point from injury (10 years post-ACL).
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Table 2. Descriptive statistics and proportion of participants in the Alberta Youth Prevention of Early Osteoarthritis (PrE-OA)
cohort meeting patient acceptable symptom state (PASS) for KOOS outcomes by Ingelsrud [10] and Muller [11] thresholds
and proportion passing Englund [12] thresholds.

KOOS

Uninjured (n = 129) ACL and/or Meniscus (n = 89) Other Knee Injury (n = 35)

Median
(IQR)

PASS%
Ingel-
srud

PASS%
Muller

% En-
glund

Median
(IQR)

PASS
%

Ingel-
srud

PASS%
Muller

% En-
glund

Median
(IQR)

PASS
%

Ingel-
srud

PASS%
Muller

% En-
glund

Pain 100
(5.6) 91.5 91.5 95.4 94.4

(13.9) 71.9 71.9 80.9 97.2
(11.1) 68.6 68.6 88.6

Sym. 96.4
(10.7) 85.3 100 85.3 85.7

(17.9) 59.6 94.4 59.6 89.3
(10.7) 71.4 100 71.4

ADL 100 (0) 96.1 77.5 99.2 98.5
(4.4) 79.8 48.3 93.3 100

(2.9) 88.6 65.7 94.3

Sport 100
(2.8) 100 99.2 96.9 91.7

(13.9) 95.5 92.1 79.8 97.2
(11.1) 100 100 85.7

QOL 100
(2.8) 100 100 97.7 88.9

(11.1) 96.6 100 61.8 94.4
(5.5) 100 100 85.7

KOOS
4

98.2
(5.1) 98.5 N/A N/A 90.7

(11.3) 80.9 N/A N/A 93.7
(6.5) 88.6 N/A N/A

* En-
glund N/A N/A N/A 98.5 N/A N/A N/A 82.0 N/A N/A N/A 91.4

ADL, activities of daily living; IQR, interquartile range; KOOS, knee injury and osteoarthritis outcome score; N/A, not applicable; QOL,
quality of life; Sport, sport and recreation; Sym, symptoms. * Proportion that did not have a “symptomatic knee” based on Englund criteria
of meeting QOL subscale threshold and at least 2 other subscale thresholds.

 

Figure 2. Median of KOOS subscales by injury type in the PrE-OA cohort compared to the Multicenter Orthopedic Outcomes
Network (MOON) cohort and KOOS thresholds with median age and time since injury. * Estimate of age based on mean
baseline age and time since injury.

A total of 153 participants completed at least two testing sessions (n = 76 uninjured,
n = 77 previously injured). The median time between follow-up was 23.4 months (range
8 to 42 months). Reasons for study withdrawal included relocation (16%; 5 cases, 11,
controls), not interested (8%; 4 cases, 4 controls), too busy (17%; 9 cases, 9 controls), could
not contact (47%; 19 cases, 29 controls), new injury or re-injury (6%; 3 cases, 3 controls),
unknown reason (3%; 1 case, 2 controls), pregnancy/recent birth (3%; 1 case, 2 controls)
and personal reasons (1%; 1 case). Baseline characteristics for participants who were lost to
follow-up are compared with those who returned for follow-up in Appendix A.
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The proportion of participants whose KOOS scores were deemed to have “changed”
based on MDC criteria are presented in Table 3. To observe clinical features of participants
with worse KOOS scores on follow-up, descriptive statistics are presented for injured youth
and young adults with at least one KOOS subscale that worsened (n = 27) in Table 4. There
were nine injured participants who worsened on at least two subscales, four who worsened
on at least three and one who worsened on four subscales. Participants worsened on the
symptoms’ subscale most commonly (n = 18), followed by pain and QOL (n = 16 for each),
ADL (n = 4) and sport and recreation (n = 4).

Table 3. Frequency and proportion (n (%)) of uninjured and injured participants with improved or
worse KOOS scores by minimal detectable change (MDC) in a 23.4 months (range 8 to 42 months)
follow-up.

Uninjured (n = 76) Previous Injury (n = 77)
MDC n (%) MDC n (%)

Improved Worse Improved Worse

Pain 4 (5.3) 5 (6.6) 14 (18.2) 11 (14.3)
Symptoms 9 (11.8) 5 (6.6) 14 (18.2) 13 (16.9)

ADL 1(1.3) 1(1.3) 5 (6.5) 3 (3.9)
Sport/Rec 1(1.3) 1(1.3) 5 (6.5) 3 (3.9)

QOL 6 (7.9) 5 (6.6) 7 (9.1) 11 (14.3)
KOOS 4 - - - -

Table 4. Baseline clinical features for injured participants who had worse KOOS scores at follow-up (at least one KOOS
subscale worse than the minimal detectable change) and other injured and uninjured participants using mean (95%
confidence interval (CI)) or median (25th, 75th centile).

Outcome at Baseline
Injured Participants with
Worse KOOS Score(s) at

Follow-Up (n = 27)

Injured Participants with No
Change or Improved KOOS
Scores at Follow-Up (n = 50)

Uninjured
(n = 76)

Sex (%) 56% Female 54% Female 53% Female
Age (years) * 22.6 (20.4, 24.5) 23.6 (21.5, 24.9) 23.0 (20.5, 24.5)

Time since injury (years) * 6.0 (4.8, 8.7) 7.0 (5.4, 8.0) -
Time between tests (m) * 23.6 (18.4, 24.8) 23.4 (17.5, 25.1) 23.3 (14.5, 25.8)

Injury type 82% ACL and/or meniscus
18% Other knee injury

64% ACL and/or meniscus
36% Other knee injury -

Body mass index (kg/m2) 25.4 (24.0, 26.9) 24.8 (23.8, 25.9) 23.4 (22.8, 24.0)
Fat mass index (kg/m2) 6.10 (5.09, 7.10) 5.56 (4.84, 6.27) 4.67 (4.24, 5.09)
Knee extension strength

(N/m/kg−1) 1.77 (1.51, 2.03) Δ 1.89 (1.74, 2.04) 2.00 (1.88, 2.13)

Triple single leg hop (cm) 411.3 (380, 442) 427.6 (405, 451) 443.0 (424.2, 461.7) ¥

KOOS

Pain * 97.2 (91.7, 100) 93.1 (86.1, 97.2) 100 (97.2, 100)
Symptoms * 85.7 (78.6, 96.4) 89.3 (75.0, 96.4) 96.4 (89.3, 100)

ADL * 98.5 (97.1, 100) 98.5 (95.6, 100) 100 (100, 100)
Sport/Rec * 97.2 (88.9, 100) 94.4 (86.1, 97.2) 100 (95.8, 100)

QOL * 91.7 (83.3, 97.2) 91.7 (96.1, 94.4) 100 (97.2, 100)

* Median (IQR), Δ n = 26, ¥ n = 75.

4. Discussion

This study applied a number of different criteria to KOOS outcomes to determine a
painful or symptomatic knee in the 3–12-year interval following intra-articular knee injury.
It is the first study to apply these methods during this interval and across a variety of knee
injuries and matched controls, in an effort to characterize the period between injury and
potential knee OA development in youth and young adults.

Multivariable logistic regression showed higher odds of having a painful or symp-
tomatic knee for each criteria in both those with an ACL and/or meniscus injury and other
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sub-groups of injury compared to uninjured controls. The focus of knee injury research and
major cohort studies has traditionally been on ACL or meniscus injury due to a high injury
burden and significant risk for joint disease. The results of this study suggest that other
sub-groups of injury (e.g., collateral ligament and patellar dislocations and subluxations)
may carry a high risk for a painful or symptomatic knee requiring medical attention. A
lower proportion in this sub-group may have lasting problems across sub-scales: there were
9% (n = 3) reporting a symptomatic knee, compared to 18% (n = 16) in the ACL/meniscus
group. However, of note, 31% (n = 11) had significant pain on the PASS criteria compared
to 28% (n = 25) in the ACL/meniscus group. Since the experience of pain drives healthcare
usage and is the top concern of people living with knee OA [17], individuals with other
types of knee injury are also worthy of further investigation and research. While it is
not known which patients will progress to development of joint disease, it appears as
though individuals with traumatic knee injuries that are typically considered “less severe”
compared to ACL and meniscus injuries have a similar level of pain and symptoms at
3–12 years following injury.

Sex was not observed to be a significant covariate in the regression models, even
though it has been reported that females often report worse knee KOOS outcomes in the
first two years following ACL injury [18]. Despite the wide range of post-exposure years
included and an expectation that more adverse outcomes consistent with osteoarthritis
would be present further from injury, time since injury did not influence the findings. It
is worth considering that time since injury may have an impact on the actual thresholds
applied since the population assessed is different to the reference populations. Nonetheless,
this finding appears to be consistent with other large prospective cohort studies of ACL
injury. The MOON cohort reported similar median (IQR) scores for KOOS pain at two
years (92 (83–97)), six years (94 (86–100)) and ten years (94 (86–100)) of follow-up [18].
The proportion of individuals in the MOON cohort who satisfied Englund criteria for a
symptomatic knee were 43% at two years and 39% at six years [19]. This is higher than
the reported 18% of ACL/meniscus injury participants in the current study and is likely
because this threshold is primarily based on a low-QOL KOOS sub-scale. As observed
in Figure 2, median scores for 10-year data in the MOON cohort show similarities to the
PrE-OA cohort for pain, symptoms, ADL and sports/recreation subscales, but are much
lower for the QOL sub-scale. It is unknown why this difference between cohorts exists, but
could be related to regional differences between populations, healthcare experiences or
a younger age (≤18 years) at the time of injury in the PrE-OA cohort in comparison to a
baseline median age of 24 years in the MOON cohort. Younger patients have been shown
to score higher outcomes post-ACL injury [20].

The development and application of thresholds for PROs is an important step in
the clinical identification of patients deemed at risk of adverse symptoms or requiring
intervention. However, it is unknown whether thresholds developed on a specific cohort
at one point in time can be applied to other cohorts at different time-points from injury. For
this reason, three different criteria were applied to the current data, at a median of 7.8 years
following knee injury. Across KOOS sub-scales, 59.6% to 96.6% (ACL and/or meniscus)
and 68.6% to 100% (other knee injury) had satisfactory scores above the Ingelsrud et al.
PASS thresholds established on the NKLR cohort two years after ACL reconstruction.
PASS proportions were quite similar using Muller et al. thresholds, with the exception
of symptoms, which had a much lower threshold (94.4% to 100%), and ADL, which had
a high threshold (48.3% to 65.7%). Although this reference data had a larger follow-up
time of 3.4 years (range 1–5 years), these two thresholds did not appear to fit well with the
current data or compared to the NKLR cohort. This may be due, in part, to the different
analysis approach taken using a receiver operating characteristic (ROC) curve, with lower
sensitivity and specificity values reported for symptoms and ADL. One other study [21]
applied Muller et al. PASS thresholds to an ACL cohort 10 years following injury in the
Swedish National Knee Ligament Register (SNKLR). Proportions of participants reporting
satisfactory outcome by sub-scale matched well with the current study, but again were

128



J. Clin. Med. 2021, 10, 522

lower on QOL (100% for PrE-OA ACL/meniscus vs. 67.9% for SNKLR), and also sport and
recreation (92.1% for PrE-OA ACL/meniscus vs. 57.2% for SNKLR). Similarly, this is likely
explained by an older age at time of injury (median 24.8 years).

In order to better understand the time period following knee injury, a longitudinal
assessment of PRO’s was explored as a secondary objective. Change in scores was assessed
using MDC criteria over a 1–4-year follow-up to identify the extent of outcome decline
over a short period. Results were quite variable on different sub-scales and revealed a
similar proportion of injured participants that improved (6.5–18.2%) as those that worsened
(3.9–16.9%). This may suggest that fluctuations or flare-ups in symptoms are a common
feature in this timeframe. Surprisingly, the number of uninjured participants who had an
important or detectable improvement (1.3–11.8%) or worsening (1.3–6.6%) on follow-up
was higher than expected and underscores the importance of having a control group in
these studies. However, the low number of individuals involved warrant some caution
regarding interpretation.

Of the injured participants, 35% worsened on at least one KOOS sub-scale in the
1–4-year follow-up. While we did not power the study to detect significant differences on
this outcome, observation of baseline characteristics showed that the group who worsened
may have been younger, with a higher proportion of ACL and/or meniscus injuries. Mean
values for body mass index and fat mass index were higher in those who worsened,
consistent with previous evidence of body mass index as a risk factor for worse two-
, six- [19] and ten-year outcomes [18]. However, this was unlikely to be a statistically
significant difference in these sub-groups. Values for knee extension strength and triple
single leg hop appear to be lower at baseline for those with worse KOOS outcomes at
follow-up, but this is unlikely to be clinically or statistically significant. Further research is
required to confirm this data and may help clinicians to distinguish patients that are likely
to require more attention and intervention.

A limitation of this study is that responder criteria and thresholds from an ACL cohort
two years post-reconstruction, an ACL cohort one to five years post-reconstruction and
a meniscectomy cohort 16 years post-surgery were applied to youth and young adults
3–12 years following knee injury. It is important to consider that thresholds used were
not population-specific and this is acknowledged in the interpretation of these findings.
Responder criteria thresholds have not previously been applied to injury types other than
ACL or meniscus injury. We investigated criteria developed on other cohorts in order to
provide comparison across populations and for lack of a more specific option to define
post-injury knee problems or early symptomatic OA. An advantage of this approach was
the ability to compare published thresholds alongside uninjured matched controls and
sub-groups of injury. This evaluation would benefit from replication with a larger number
of participants for sub-group analysis. As demonstrated by the wide confidence intervals
for multivariable logistic regression, there were likely not enough events per variable
which introduced sparse data bias to the analysis. Despite this, a significant association was
observed. In addition, numbers were not large enough to statistically account for covariates
other than sex and time since injury, such as body or fat mass index, surgery, re-injury
or physical activity. Age was not included in models due to collinearity with time since
exposure. However, a sensitivity analysis with age included instead of time since exposure
did not change the results. Observation of a cohort who were inured under the age of
18 years was a strength of this study since incidence of ACL injury is increasing most rapidly
in this age group [22,23], and they may suffer from more long-term health outcomes [24].
Due to the time period under investigation, it was not possible to control for the specific
mechanism of injury or type of rehabilitation in the acute injury stage, which may influence
the impact on cartilaginous structures, recovery and thus long-term outcomes. Loss to
one year of follow-up in this study was 38% for injured participants and 44% for controls,
which poses a threat to validity of the longitudinal assessment. Considerable effort was
made by the study coordinators to retain participants and withdrawal was mainly due to
relocation, university attendance and contact phone numbers that were no longer in use.
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While the number lost to follow-up is higher compared to other knee injury cohorts, the
nature and length of the testing protocol (full procedure included blood draw, biomechanics
assessment, clinical exam, shuttle run and range of questionnaires in addition to the above)
created a higher participant burden than questionnaires alone. However, age, sex, type
of injury and time since injury were very similar for those who were retained vs. lost to
follow-up. In an attempt to capture more adverse changes over a longer time period, the
time between longitudinal follow-ups was wide-ranging (8 to 42 months). In order to retain
numbers for analyses, a more targeted approach (e.g., one-year or two-year change) was
not used, but future analysis may benefit from this approach.

5. Conclusions

In this younger cohort of individuals with a 3–12-year history of different types of
intra-articular knee injury, a high proportion (28–31%) were experiencing significant pain,
while 9–18% met the criteria for a symptomatic knee, significant enough to seek medical
attention. Odds for significant pain were equally high in those with ACL and/or meniscus
injury and other (e.g., collateral ligament) injury compared to controls, demonstrating
that a “less severe” injury may also require follow-up and intervention. Over a 1–4-year
follow-up, 36% of injured participants worsened on at least one KOOS sub-scale. However,
more research is required to validate thresholds specific to populations in the interval
between youth knee injury and risk of joint osteoarthritis to accurately observe clinically
significant fluctuations in symptoms in this time period. This will aid the development of
targeted interventions to decrease the long-term public health burden of youth knee injury.
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Appendix A

Table A1. Baseline characteristics of those who completed at least two measurements vs. participants
who were lost to follow-up and eligible for study objectives.

Outcome
Completed Follow-Up

(n = 153)
Lost to Follow-Up

(n = 100)

Injured/Uninjured (% injured) 77/76 (50% injured) 47/53 (47% injured)
Female/Male (% Female) 82/71 (54% female) 56/44 (56% female)
Age at study entry (years)

(Median; 25th, 75th percentile) 23.1 (21.3, 24.5) 22.6 (20.9, 24.5)

Time since injury (years)
(Median; 25th, 75th percentile) 6.9 (5.4, 8.3) 6.5 (5.2, 8.2)

Type of injury 70% ACL and/or meniscus
30% Other injury

74% ACL and/or meniscus
26% Other injury
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Abstract: Patellofemoral pain (PFP) and patellofemoral osteoarthritis (PFOA) are common, persistent
conditions that may lie along a pathological spectrum. While evidence supports exercise-therapy
as a core treatment for PFP and PFOA, primary care physicians commonly prescribe medication,
or refer for surgical consults in persistent cases. We conducted a systematic review of medical
interventions (pharmaceutical, nutraceutical, and surgical) for PFP and PFOA to inform primary
care decision making. Methods: Following protocol registration, we searched seven databases
for randomized clinical trials of our target interventions for PFP and PFOA. Our primary outcome
was pain. We assessed risk of bias, calculated standardized mean differences (SMDs) and determined
the level of evidence for each intervention. Results: We included 14 publications investigating
pharmaceutical or nutraceutical interventions, and eight publications investigating surgical
interventions. Two randomized control trials (RCTs) provided moderate evidence of patellofemoral
arthroplasty having similar pain outcomes compared to total knee arthroplasty in isolated PFOA,
with SMDs ranging from −0.3 (95% CI −0.8, 0.2, Western Ontario McMaster Pain Subscale, 1 year
post-surgery) to 0.3 (−0.1, 0.7, SF-36 Bodily Pain, 2 years post-surgery). Remaining studies provided,
at most, limited evidence. No efficacy was demonstrated for oral nonsteroidal anti-inflammatories
or arthroscopic surgery. Conclusions: Pharmaceutical and nutraceutical prescriptions, and surgical
referrals are currently being made with little supporting evidence, with some interventions showing
limited efficacy. This should be considered within the broader context of evidence supporting
exercise-therapy as a core treatment for PFP and PFOA.

Keywords: patellofemoral pain; patellofemoral osteoarthritis; pharmaceuticals; nutraceuticals; surgery

1. Introduction

Patellofemoral pain (PFP) is a condition characterized by diffuse peri- or retro-patellar pain that is
made worse by activities that increase patellofemoral joint load such as squatting, negotiating stairs,
or running [1]. PFP is associated with reduced physical activity [2,3], impaired quality of life [4,5],
and psychosocial features such as anxiety and depression [3,6]. PFP may also present with structural
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findings on imaging; particularly in older adults with patellofemoral osteoarthritis (PFOA) [7–9].
Annual prevalence of PFP in the general population is estimated at almost 23% [10,11], and it is the most
common knee complaint seen by general practitioners [12]. At least 1.5% of over 30 million insured
individuals who seek outpatient orthopedic care in the United States do so for PFP [13].

PFP is frequently persistent. In prospective studies of individuals diagnosed with PFP, 40–77%
report persistent pain 6 to 20 years later [14,15]. There is an emerging hypothesis that PFOA may
represent a long-term sequela of persistent PFP [7,8,16–18]. Like PFP, PFOA is associated with
pain [9,19], reduced physical function [19], and lower quality of life [20], and PFOA in turn may
lead to whole knee osteoarthritis (OA) [21]. These long-term consequences implore clinicians and
researchers to ensure that the best evidence informs patient management, and highlights an urgent
need for research aimed at improving patient outcomes.

Primary care clinicians prescribe pharmaceuticals to 25% or more of patients presenting with knee
complaints such as PFP and PFOA, with underlying inflammation or structural features presumed
to cause symptoms [12,22]. These prescriptions may be made in combination with exercise advice
or referrals to physical therapy [12], which are recommended for evidence-based management
of PFP and PFOA [23–27]. In addition to pharmaceutical agents, nutraceuticals are reported to be
of therapeutic benefit in certain musculoskeletal conditions [28]. They are derived from dietary
sources, can be administered in different formats (e.g., taken orally or by injection), and are regulated
differently in different countries. Therefore, nutraceuticals can be prescribed and administered
in clinical settings, but in many countries patients can also obtain nutraceuticals off-the-shelf and taken
without specific recommendations by a medical practitioner. Finally, in cases where patients have not
responded favorably to non-surgical care, clinicians may also refer them for surgical consults (10 to
12%) [12,22,29,30].

While the best evidence for exercise-therapy and adjunct physical and rehabilitation medicine
modalities have been recently synthesized [31,32], a systematic review of randomized control trials
(RCTs) has not been completed for pharmaceutical or nutraceutical efficacy in over 10 years [33],
and since then, new treatments have emerged (e.g., platelet rich plasma). Moreover, to our
knowledge, a systematic synthesis of surgical treatment efficacy has not yet been undertaken [33].
Thus, we conducted a systematic review to answer the question of whether medical interventions
(pharmaceutical, nutraceutical, or surgical) are efficacious in the management of PFP and PFOA,
to inform primary care evidence-based decision making and identify knowledge gaps.

2. Methods

2.1. Study Design

We designed our review using the Preferred Reporting Items for Systematic Reviews and
meta-analyses (PRISMA) guidelines [34]. We prospectively registered our study protocol as two
separate protocols with the International Prospective Register of Systematic Reviews (PROSPERO) [35]
(#CRD42017082527, #CRD42017078575). However, on account of the similarity of the research,
study design and methods, and likelihood that a single paper would be most useful to clinicians,
we subsequently combined them into a single study. To combine the two protocols, we adopted
the methods from each protocol that provided the most rigorous and inclusive study design. We used
the former protocol to select databases to search, resulting in five additional databases. We limited
types of study designs to RCT only, in order to align with current best practices [26]. We included
all types of control interventions, including wait-list or placebo. We defined the primary outcome
as pain, though all outcomes from both protocols were still included. Finally, we removed the exclusion
criterion of traumatic knee injury from the former protocol since this was no longer appropriate
in regard to surgical studies.
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2.2. Study Eligibility and Search Strategy

Our search strategy was developed by two co-authors (EMM, MvM) in collaboration with
a reference librarian (Table 1). We included peer-reviewed RCTs investigating pharmaceutical,
nutraceutical, or surgical interventions for PFP or PFOA. We included studies investigating PFP
using intentionally broad criteria based on current recommended terminology [1]. Specifically, for PFP,
we included individuals diagnosed either symptomatically or structurally, and included synonyms
for PFP such as patellofemoral pain syndrome and chondromalacia patella, recognizing that terminology
differs among different disciplines and has changed over time [1,36]. We also included individuals
with PFOA because emerging evidence suggests that many conditions affecting the patellofemoral
joint may lie along a pathological spectrum, with PFOA potentially representing a late stage of chronic
PFP (though treatment approaches may differ) [7,8,16–18]. We included men and women of all ages.
Diagnosis by any common clinical or structural criteria was eligible. We excluded studies targeting
patellar instability. We included all types of control interventions (placebo, wait-list, other interventions).
Our primary outcome was pain, and secondary outcomes included function, quality of life, structural
outcomes on imaging, and biomechanics. We included studies reported in English, Dutch, French,
or German.

Table 1. Search string for Medline (Ovid).

(Patellofemoral Pain Syndrome/OR Chondromalacia Patellae/OR ((Patellofemoral Joint/OR patella/) AND
(osteoarthritis/OR osteoarthritis, knee/OR pain/OR Joint Diseases/OR Cartilage Diseases/)) OR Chondromalacia
Patellae/OR (((femoropatell* OR patell* OR retropatell*) ADJ6 (pain* OR osteoarthrit* OR osteo-arthrit* OR
arthralgi* OR syndrome* OR Chondromalac* OR dysfunction* OR chondropath*)) OR ((femoropatell* OR
patell* OR retropatell*) ADJ6 (degenerat*) ADJ6 (arthrit* OR cartilag*)) OR (anter* ADJ3 knee ADJ3 pain*) OR
((lateral* OR odd) ADJ3 (compress* OR facet OR pressure*) ADJ3 syndrome*)).ab,ti,kw) AND (Exp Controlled
clinical trial/OR “Double-Blind Method”/OR “Single-Blind Method”/OR “Random Allocation”/OR (random*
OR factorial* OR crossover* OR cross over* OR placebo* OR ((doubl* OR singl*) ADJ blind*) OR assign* OR
allocat* OR volunteer* OR trial OR groups).ab,ti.) NOT (Animals/NOT Humans/)

NB Syntax was developed in MEDLINE using keywords and medical subject headings, then adapted for PEDro,
EMBASE, CINAHL, CENTRAL, SPORTDiscus, and Scopus using their respective indexing vocabularies.

Two investigators (EMM, HFH) independently screened titles and abstracts from seven databases:
MEDLINE, PEDro, EMBASE, CINAHL, CENTRAL, SPORTDiscus, and Scopus. The first search
included all publication dates from database inception to 12 December 2018, and a search update
included publications to 4 May 2020. Relevant reference lists, including those of related review
papers, were also screened. The same investigators independently screened all potentially eligible
full-text publications. At both stages of screening, in cases of disagreement, a third investigator was
consulted (CJB).

2.3. Risk of Bias

Two investigators (EMM, DT) independently evaluated the risk of bias (RoB) using Cochrane’s
RoB v2.0 [37], and discrepancies were resolved with a third investigator (CJB). This tool reports on five
domains of potential bias: randomization; deviations from intended interventions; missing outcome
data; measurement of the outcome; and selection of the reported results. Each domain is summarized
as having low or high bias, or some concerns. We contacted study authors in instances of missing
information. Per Cochrane guidelines, a study was determined to be at overall high RoB if at least
one domain was rated as having high RoB, or some concerns were identified across multiple domains.
A study was considered at overall low RoB if all five domains had low RoB.

2.4. Data Extraction and Statistical Analyses

One author (EMM) extracted data including study population, participant characteristics,
interventions, follow-up time points, and relevant outcomes. Data extraction was verified by a second
author (CJB or DT). Where results were provided as legible figures, we digitized them and extracted
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outcomes (WebPlotDigitizer v.4.2, San Francisco, CA, USA). We contacted study authors where
information was missing. We grouped follow-up times as: short-term (0 to 6 weeks), medium-term
(7 weeks to 6 months), and long-term (greater than 6 months) [38]. Where adequate data were reported
(or obtained from authors), we reported effect sizes as Hedge’s standardized mean differences (SMD)
with 95% confidence intervals (CI) using Stata SE 15.1 (StataCorp LLC, College Station, TX, USA).
SMDs enhance comparison across studies, particularly when different outcome measures are used to
measure similar domains, by reporting effect sizes in units of pooled standard deviation. We conducted
meta-analyses for any intervention with at least three trials of sufficient homogeneity and undertook
best-evidence synthesis when this was not possible. We summarized the overall level of certainty
of the evidence for each intervention using the Grading of Recommendation, Assessment, Development
and Evaluation (GRADE) approach [39]. GRADE overall ratings range from a ”very low” to ”high”
level of certainty, and are derived from consideration of five domains: RoB, consistency of effects,
indirectness, imprecision, and publication bias. Using the GRADE approach represents a deviation
from our original protocol that we undertook in order to better align with current best practices.

3. Results

We screened 6375 titles (Figure 1) and identified 22 eligible papers (20 studies). Meta-analysis was
not possible due to study heterogeneity.

Figure 1. Flow chart of study selection.
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We rated fourteen studies as high RoB, four moderate, and two low (Figure 2). Only four studies
registered trial protocols [40–44]. Eight studies did not report funding source [45–52], and eight were
at least partly industry-funded [40,44,52–57].
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3.1. Pharmaceutical or Nutraceutical Studies

In total, 14 publications (13 studies, 534 participants analyzed) investigated pharmaceutical
or nutraceutical interventions [44–49,53–60]. One study enrolled participants with patellofemoral
degeneration including OA [56], and the remaining studies mostly enrolled participants with PFP
(Table S1). Thirteen publications reported sex and age, approximately two/thirds of participants were
women (n = 315), and the mean age was 28 years (Table 2). Only four studies reported body mass
characteristics [44,47,48,60]. Three classes of interventions were rated as low certainty of evidence
using GRADE, and seven were rated as very low certainty of evidence (Table S2).

3.2. Oral Administration

3.2.1. Nonsteroidal antiinflammatories, NSAIDs—Low Certainty of Evidence

One moderate [54] and two high RoB RCTs [49,55] investigated NSAIDs. While pain or global
change improved with most interventions, aspirin (short-term) and naproxen (medium-term) were no
different than placebo, and naproxen (short-term) was no different than diflunisal (Table 3). One other
high RoB RCT found no within-arm change in pain (medium-term) using acetaminophen in a sample
with patellofemoral degeneration [56].

3.2.2. Chloroquine—Very Low Certainty of Evidence

One high RoB RCT of chloroquine compared to placebo reported medium-term improvement
in ”spontaneous pain” [46], a combined measure of pain at rest, during walking and when first waking.
There was inadequate detail to report SMDs.

3.2.3. Glucosamine—Very Low Certainty of Evidence

One high RoB RCT compared oral glucosamine to NSAID (acetaminophen) in patellofemoral
degeneration [56]. Medium-term results favored glucosamine in pain (SMD 2.5 [95% CI 1.1, 3.9]) and
function outcomes (American Knee Society score, SMD 4.1 [2.2, 6.0]).

3.3. Injections

3.3.1. Glycosaminoglycan Polysulphate (GAGPS)—Very Low Certainty of Evidence

Two high RoB RCTs (three publications) investigated GAGPS injections [48,58,59]. Five intra-articular
injections were no better than placebo for pain and function for up to five years after treatment [58,59].
Twelve intra-muscular injections were no better than placebo at short- and medium-term for pain,
function, and physician-determined overall effect. However, long-term results (one year) favored
GAGPS injections for pain descending stairs (SMD 1.6 [0.8, 2.5]), pain squatting (SMD 1.3 [0.5, 2.2]),
hindrance in sport (SMD 0.8 [0.1, 1.6]), and physician’s evaluation of being ”improved” (relative risk,
RR 3.6 [1.2, 10.4]).

3.3.2. Hyaluronic Acid—Low Certainty of Evidence

One low RoB RCT compared a single intra-articular injection of hyaluronic acid to a sham
injection [44]. Investigators reported no clinically meaningful between-group differences for up to six
months of follow-up. Our SMD calculations, based on complete case analysis, showed no differences
in pain, Tegner scores, or strength, but the group receiving hyaluronic acid had worse function (Knee
injury and Osteoarthritis Outcome Score [KOOS], SMD −0.6 [−1.0,−0.2]; Anterior Knee Pain Scale
[AKPS], SMD-0.5 [−1.0, −0.1].
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3.3.3. Platelet Rich Plasma (PRP)—Very Low Certainty of Evidence

One high RoB RCT compared three intra-articular PRP injections to one injection [47]. Both arms
demonstrated medium-term within-group improvements in self-reported pain/function, balance,
coordination, and endurance. However, only pain/function showed a between-group difference
favoring three injections over one (AKPS SMD 1.1 [0.3, 2.0]).

3.3.4. Botox—Low Certainty of Evidence

One moderate RoB RCT evaluated Botox injected into vastus lateralis compared to placebo [57].
Medium-term results favored Botox for self-reported pain/function (AKPS SMD 0.9 [0.1, 1.8]), and pain
in squatting (SMD 1.1 [0.2, 1.9]) and kneeling (SMD 1.4 [0.5, 2.3]), but no difference with pain in stairs
or walking.

3.3.5. Anabolic Steroids—Very Low Certainty of Evidence

One high RoB RCT compared nandrolone phenylpropionate injection to placebo [53]. Short-term
results favored the treatment arm in terms of the number of participants becoming moderately
improved or resolved (RR 8.7 [2.3, 32.7]).

3.4. Transdermal

3.4.1. NSAIDs (Phonophoresis)—Very Low Certainty of Evidence

One moderate RoB RCT compared olive oil (phonophoresis) to NSAID (phonophoresis) and
placebo (ultrasound alone) [60]. At one week, within-arm improvements were seen for olive oil
(pain and function) and piroxicam (function). By two weeks, all three arms improved (pain and
function), with olive oil improving more than placebo (function) but not more than piroxicam (values
not reported), and piroxicam no different than placebo.

3.4.2. Corticosteroid (Iontophoresis or Phonophoresis)—Very Low Certainty of Evidence

One high RoB RCT compared Hexadrol with topical Xylocaine (phonophoresis), Hexadrol with
topical Xylocaine (iontophoresis), ice, and ultrasound with ice [45]. Short term, more participants
reported subjective improvement using ultrasound with ice than either corticosteroid arm, though this
does not appear to be significant (inadequate reporting).

3.5. Surgical Studies

Eight publications (seven studies, 411 participants analyzed) investigated surgical
interventions [40–43,50–52,61]. The source population was more heterogeneous compared to
pharmaceutical and nutraceutical studies (Table 2, Table S1): two studies enrolled participants
with isolated PFOA [40,43], one with isolated patellar cartilage lesions [51], and the remaining mostly
PFP. Approximately 72% of participants were women (n = 294), with a mean age of 41 years (mean
age range 28 to 64). Only two studies reported body mass characteristics [41–43]. Four classes
of interventions were rated as very low certainty of evidence using GRADE, and one was rated as
moderate certainty of evidence (Table S2).

3.6. Arthroscopy

3.6.1. Standard Arthroscopy—Very Low Certainty of Evidence

One high RoB RCT (two publications) compared arthroscopy plus exercise to exercise alone [41,42].
Specific procedures were as indicated at surgery, (e.g., plica resection, abrasion of chondral lesions,
shaving of synovium). At medium- and long-term (two and five year) follow-ups, surgery was no
better than exercise alone in pain or function (Table 3).
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3.6.2. Radiofrequency Debridement—Very Low Certainty of Evidence

One high RoB RCT compared arthroscopy with a bipolar radiofrequency probe compared to
arthroscopy with a standard mechanical shaver for treating isolated patellar cartilage lesions [51].
Long-term results favored the radiofrequency probe in terms of self-reported pain/function (SMD 1.7
[0.9, 2.4]).

3.7. Open Surgeries

3.7.1. Lateral Retinacular Surgery—Very Low Certainty of Evidence

One high RoB RCT compared open lateral retinacular lengthening to open lateral retinacular
release [50]. There was no difference three months after surgery, but at six months, results favored
lengthening in terms of less quadriceps atrophy (SMD 1.2 [0.4, 2.0]). Long-term results favored
lengthening for quadriceps atrophy (SMD 1.6 [0.7, 2.5]) and pain/function (AKPS SMD 0.8 [0.1, 1.6]).

One high RoB RCT compared open lateral retinacular lengthening to arthroscopic lateral retinacular
release [61]. Long-term results (up to six years) favored open lengthening for pain/function (modified
Lysholm, inadequate detail to report values) but no difference for return to sport level or strength.

3.7.2. Anterior Tibial Tuberosity Displacement—Very Low Certainty of Evidence

One high RoB RCT compared anterior tibial tuberosity displacement plus debridement
to debridement alone [52]. Long-term results favored anterior tibial displacement in terms
of the surgeon-determined proportion rated as good or excellent (RR 2.6 [1.2, 5.4]).

3.7.3. Patellofemoral Arthroplasty—Moderate Certainty of Evidence

Two RCTs (one low and one moderate RoB) compared patellofemoral arthroplasty to total knee
arthroplasty in isolated PFOA [40,43]. In one study [40], short- and medium-term results favored
patellofemoral arthroplasty for two pain subscales (KOOS Symptoms, SMD 0.6 [0.2, 1.0]; and SF-36
Bodily Pain, SMD 0.5 [0.1, 0.9]), but results did not differ for remaining KOOS and SF-36 subscales.
In the same study, long-term results (2 years post-surgical) only remained in favor of patellofemoral
arthroplasty for KOOS Symptoms (SMD 0.5 [0.1, 0.9]). The other study reported no differences in any
outcome at 1 year after surgery, including several outcomes measured five years after surgery [43].

4. Discussion

Medical interventions are common for individuals with PFP or PFOA [12,22,27,29,30]. Given
the high prevalence and potential for chronicity in these patellofemoral conditions, it is clinically
imperative to make evidence-informed decisions when managing these patients. Our results suggest
that most pharmaceutical, nutraceutical, or surgical interventions for PFP and PFOA have not
undergone sufficiently rigorous investigation to warrant their use. Rather than placebo, usual care,
or a control of known efficacy, many interventions were compared to other interventions that have
not yet themselves undergone rigorous evaluation. Such studies add little to the overall evidence.
Most studies included in this review were of high RoB, and results should thus be interpreted with
caution. Replication studies with lower RoB would likely reduce the number of positive results in this
review and shift larger effect sizes towards the null [62]. Studies with negative findings reported in this
review, however, are less likely to change meaningfully in the presence of less bias [62].

There is almost no robust evidence regarding pharmaceutical or nutraceutical interventions for PFP
or PFOA. Highlighting interventions more commonly prescribed in general practice: short-term,
oral NSAIDs were no better than placebo (low certainty of evidence); medium-term, large improvements
were reported with oral glucosamine compared to NSAID in a sample with patellofemoral degeneration
including OA (very low certainty of evidence); and long-term, large improvements were reported with
intra-muscular GAGPS injections compared to placebo (very low certainty of evidence). Regarding
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GAGPS, the difference in results between the two studies could be due to the different delivery site
(intra-articular vs. intra-muscular), dose-response (five injections in the study with negative findings
vs. 12 in the study favoring GAGPS), or other factors such as sample selection (different proportion
of women, for example). Having said this, long-term results were only measured in one of the two
studies, and it is unclear how to explain why results would differ at one year but not at earlier
time points.

There is very low to moderate certainty of evidence regarding surgical interventions. Highlighting
more common surgical interventions: standard arthroscopy plus exercise was no better than exercise
alone for PFP. The only intervention in the present study with moderate certainty of evidence was
for patellofemoral arthroplasty. This evidence suggests possible early benefits in some symptoms
compared to total knee arthroplasty for treating isolated PFOA, but likely no differences between
interventions one to five years following surgery, suggesting that both approaches may be equally
effective during this period of follow-up. One of these studies was rated as low RoB, and the other study
introduced some bias through its pragmatic design, with surgeons deviating from protocol in several
cases based on clinical judgement. Rates of follow-up procedures were similar between groups in one
study, and higher in the total knee group in the other study. Additional benefits of patellofemoral
arthroplasty may include it being a less invasive procedure with quicker post-operative recovery and
preservation of bone stock [63]. While longer follow-ups are still required, as are studies comparing
patellofemoral arthroplasty to non-surgical interventions, patellofemoral arthroplasty appears to be
as effective as total knee arthroplasty for treating isolated PFOA, and may thus be a valid surgical
option [29,30,64].

Pharmaceutical, nutraceutical, and surgical interventions for the treatment of PFP and PFOA
are generally administered on the premise that they address underlying inflammation or structural
abnormalities that cause the pain [12,22]. However, the source of pain is highly debated [1], and much
like in knee OA [65], pain and structure are not strongly correlated [66,67], and pain is highly
variable and subjective. This may explain why some interventions included in this review offer no
benefit over placebo. It is possible that a subgroup of individuals with PFP or PFOA may represent
”responders” to disease-modifying treatment approaches, and future research may be able to identify
these individuals and target treatment appropriately. On the other hand, a growing body of literature
suggests that moving beyond localized physical interventions and treating individuals more holistically
may hold promise for better outcomes [68]. Examples of such interventions may include improving
patient education, weight management, treatments targeting pain perception and neuroplasticity,
or psychological support [63]. Non-physical approaches such as these will likely be most effective
in combination with an exercise-based approach, which is recommended as a core treatment for PFP
and PFOA [23–26].

Limitations to the present study include broad eligibility criteria, which resulted in study
heterogeneity. For example, we included both structural diagnoses and clinical definitions of PFP,
including PFOA. However, these diagnoses fall along a spectrum of patellofemoral disease, so
presenting interventions in a single review provides evidence across this spectrum. In addition,
we included any pharmaceutical, nutraceutical, or surgical intervention, and did not limit control
interventions. These broad inclusion criteria enabled us to capture more studies relating to our research
question but should be considered in the context of synthesizing and interpreting of results, with very
few studies including a control reflecting treatments of efficacy, usual care, or wait and see. Sample
sizes were generally small in our included studies (11 studies had fewer than 50 participants). It was
not possible to formally evaluate publication bias on account of the limited number of studies published
for each interventions [69]. Finally, while limiting our inclusion to RCTs is arguably a strength of our
study, one of the possible limitations is that we may have missed observational studies that reported
poor or even harmful outcomes of some interventions. Thus, further evaluation of some procedures,
such as anterior tibial tuberosity displacement, may be both unnecessary and inappropriate [70].
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The results of the present systematic review suggest that clinical decisions regarding
pharmaceutical, nutraceutical, and surgical interventions are currently being made with very little
supporting evidence. Limited efficacy of these treatments in the target population(s) should be
considered within the broader context of therapeutic options for PFP and PFOA. In particular,
therapeutic exercise consistently demonstrates large effect sizes on pain and function in short and
long-term studies [71], and evidence continues to emerge to guide exercise types and dose for improving
these outcomes [32,72,73]. The present review suggests that rigorous research is urgently needed to
support current best-practices in primary care for the management of PFP and PFOA. This is particularly
relevant given the chronic nature of PFP, its association with PFOA [7,8,14–18], and the likelihood
of PFOA progressing further towards whole knee OA [21].

In conclusion, our systematic review found very limited to moderate certainty of evidence,
primarily based on single studies, and often comparing interventions to other interventions with
no established efficacy. This limits our ability to offer robust recommendations as to which medical
interventions may be effective in the management of PFP and PFOA.
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