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Abstract

Background Persistent anterior knee pain and subsequent patellofemoral joint (PFJ) osteoarthritis (OA) are common
symptoms after anterior cruciate ligament reconstruction (ACLR). Quadriceps weakness and atrophy is also common
after ACLR. This can be contributed by arthrogenic muscle inhibition and disuse, caused by joint swelling, pain, and
inflammation after surgery. With quadriceps atrophy and weakness are associated with PFJ pain, this can cause further
disuse exacerbating muscle atrophy. Herein, this study aims to identify early changes in musculoskeletal, functional
and quality of health parameters for knee OA after 5 years of ACLR.

Methods Patients treated with arthroscopically assisted single-bundle ACLR using hamstrings graft for more than 5
years were identified and recruited from our clinic registry. Those with persistent anterior knee pain were invited back
for our follow-up study. For all participants, basic clinical demography and standard knee X-ray were taken. Likewise,
clinical history, symptomatology, and physical examination were performed to confirm isolated PFJ pain. Outcome
measures including leg quadriceps quality using ultrasound, functional performance using pressure mat and pain
using self-reported questionnaires (KOOS, Kujala and IKDC) were assessed. Interobserver reproducibility was assessed
by two reviewers.

Results A total of 19 patients with unilateral injury who had undergone ACLR 5-years ago with persistent anterior
knee pain participated in this present study. Toward the muscle quality, thinner vastus medialis and more stiffness in
vastus lateralis were found in post-ACLR knees (p < 0.05). Functionally, patients with more anterior knee pain tended
to shift more of their body weight towards the non-injured limb with increasing knee flexion. In accordance, rectus
femoris muscle stiffness in the ACLR knee was significantly correlated with pain (p <0.05).

Conclusion In this study, it was found that patients having higher degree of anterior knee pain were associated

with higher vastus medialis muscle stiffness and thinner vastus lateralis muscle thickness. Similarly, patients with more
anterior knee pain tended to shift more of their body weight towards the non-injured limb leading to an abnormal
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PFJ loading. Taken together, this current study helped to indicate that persistent quadriceps muscle weakness is
potential contributing factor to the early development of PFJ pain.

Keywords Patellofemoral joint, Osteoarthritis, Anterior cruciate ligament reconstruction, Quadriceps, Pain

Background

Anterior cruciate ligament (ACL) injury is one of the
most common sport injuries among young patient that
requires surgical reconstruction [1, 2]. Affected individu-
als suffer both time loss from sport and an increased risk
of premature osteoarthritis. Anterior knee pain occurs in
30-50% of patients 1-2 years following anterior cruci-
ate ligament re-construction (ACLR) and approximately
half of all ACLR patients suffer from radio-graphic
patellofemoral (PFJ) osteoarthritis (OA) 10 years after
ACLR [3]. However, the site of disease initiation and the
sequence of degenerative process in subchondral bone
and cartilage remains to be elucidated.

Since ACL injury is most common in active young
adults, people who develop OA after ACL injury are
typically young or middle aged, and can experience pro-
longed disability with few effective treatment options [4,
5]. This has been shown to lead to the difficulties on par-
ticipating in work and increase in psychological distress
and quality of life (QoL) impairment [6, 7]. Moreover,
those living with knee symptoms and OA for more than
five years after ACL injury has been shown to develop
mentally distress on the lack of confidence in the knee
to do exercise and to participate in desired recreational
activities [6]. Most often, the patient would undergo
post-operative rehabilitation after ACLR. The rehabilita-
tion aims to help patients to regain mobility and strength,
with an ultimate target of return-to-play (RTP) by 12
months post-operatively. Despite well-designed reha-
bilitation programs, it has been shown that up to 35% of
patients failed to return to their level of play before ACL
injury [8]. In addition, they are 6 times more likely to sus-
tain further ACL injury within 24 months after ACLR
when compared with the healthy population [9].

The strength of the quadriceps muscle is one of the
key determinants for a patient succeeding in RTP after
ACLR. While muscle size is a crucial factor for muscle
strength, both quadriceps atrophy and weakness are com-
mon sequelae after ACL injury and ACLR [10, 11]. This
can be contributed by arthrogenic muscle inhibition and
disuse, caused by joint swelling, pain, and inflammation
after surgery. Quadriceps atrophy and weakness are asso-
ciated with PF] pain and in turn, can cause further disuse
exacerbating muscle atrophy. Quadriceps-strengthening
exercises have been shown to be effective to improve
symptoms of PF] OA and greater quadriceps strength
after ACLR have been shown to be associated with less
severe patellar cartilage damage. Although such exercise
rehabilitation program can aid in recovering quadriceps

muscle mass, some patients respond poorly and fail to
regain muscle mass. Quadriceps muscle atrophy can per-
sist beyond the completion of the rehabilitation program
in almost half the patients and the reason behind this is
still unknown. If we can identify pre-arthritic changes in
PF] before the development of OA, it may be possible to
provide alternative rehabilitation program to improve the
quadriceps function and halt the development of OA.

Toward the evaluation of the results after treatment,
it is essential to evaluate the QoL, in addition to func-
tionality by means of the clinical assessments. This fun-
damentally refers to the influence of a person’s health
status on their perceived well-being and life quality.
Patient-reported outcomes are commonly used to assess
Health-related Quality of Life (HR-QoL) questionnaires.
However, the long-term effects of associated lesions on
the ACL injury remains controversial. In a retrospec-
tive cohort study of 225 consecutive patients admitted
for physical therapy with ACL, it showed that male gen-
der and sports as the cause of the ACL lesion were fac-
tors significantly associated to better QoL at the end of
follow-up [12]. This may facilitate targeted strategies to
incorporate satisfying activities that would be essen-
tial to improve QoL in symptomatic people after ACL
reconstruction. Nevertheless, the temporal relationship
between meniscal and other concomitant injuries, OA
development, and HRQoL after ACLR is not well under-
stood and requires further investigation.

Herein, the purpose of this exploratory study aims to
identify early changes in musculoskeletal, functional and
quality of health parameters for knee OA 5 years after
ACLR for its contribution toward the development of PF]
pain. We hypothesized that the knee undergone ACLR
would develop persistent quadriceps muscle atrophy for
developing PFJ pain to lower its activities and quality of
life.

Methods

Ethics Statement

This study complied with the Declaration of Helsinki
after obtaining approval from the institutional Clini-
cal Research Ethics Committee (CREC reference num-
ber: 2018.604). All subjects were provided with written
informed consent prior to joining this study. All details
that might disclose the identity of the subjects under this
study were omitted.
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Patients and Procedure

Patients with arthroscopically assisted single-bundle
ACLR using hamstrings graft for more than 5 years were
identified and reviewed from our clinic registry. Those
with persistent anterior knee pain were invited back
for our follow-up study. For all participants, basic clini-
cal demography and standard knee X-ray were taken.
Likewise, clinical history, symptomatology, and physical
examination were performed to confirm isolated patello-
femoral joint pain. Exclusion criteria include those with
ab-normal lower limb alignment &/or knee morphology,
concomitant ligament injuries other than ACL, referred
pain and generalized ligamentous laxity.

The data from previous studies were used to estimate
the sample size for detecting changes in bone stress
injures of the patella between individuals with and with-
out patellofemoral pain [13, 14]. With 95% power and
a-level of 0.05, 10 individuals would be needed to detect
a significant difference between injured and uninjured
knees (G*Power software version 3.1.9.5, Germany).

Muscle thickness and shear modulus measurements

An Aixplorer ultrasound scanner (version 6.0; Super-
sonic Imagine, Aix-en-Provence, France) coupled with a
linear transducer array (2-10 MHz; SuperLinear 10—-2;
Vermon, Tours, France) was used for quadriceps muscle
thickness and stiffness measurement [15]. Participants
laid supine on a treatment table for the assessment. A
measuring tape was used to locate vastus medialis (VM),
vastus lateralis (VL), rectus femoris (RF) and the patella
by palpation, consequently marked with a pen for ref-
erence. For consistency and ease of comparison across
patients, the locations measured and labelled as the three
muscle groups are as followed. Firstly, RF and VI were
marked at 1/2 of the distance from the anterior superior
iliac spine (ASIS) to the superior pole of the patella. Next,
VM was located at 1/5 of the distance away from the mid-
point of the medial patella border to the ASIS. Thirdly,
VL was then noted at 1/3 of the distance from the mid-
point of the lateral patella border to the ASIS. With these
markings, the transducer probe was aligned in the trans-
verse plane and moved along the entire muscle bundle to
capture a view of the VM, VL, VI, and RF [16]. The oper-
ator would position the probe into the sagittal plane to
measure muscle thickness upon the marked anatomical
points. Additionally, minimal pressure was applied on the
limb to prevent the deformation of the muscle. In brief,
the result would be reported from the average of three
repeated measurements.

To measure the muscle stiffness, the shear wave elas-
tography mode was used. For each muscle, images were
taken after the transducer was held at the measurement
site for <10 s in order to confirm that the shear elastic
modulus in the region of interest (ROI) exhibited stable
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colour distribution. The mean Young’s modulus of a cir-
cle with a diameter of 11 cm set near the centre of the
ROI was quantified using software installed in the sys-
tem [17]. The measurements were taken three times for
each muscle, and the mean values were used for statisti-
cal analysis. As skeletal muscle cannot be assumed to be
isotropic, so we report the shear modulus values as the
Young’s modulus values divided by 3 [18]. Subjects were
asked to stay as relaxed as possible.

Measurement of plantar forces and pressures

During level barefoot walking, the plantar forces and
pressures were recorded using the TekScan MatScan®
system (Boston, MA, USA). This system is consisted of
a 5-mm thick floor mat, comprising of 2288 resistive
sensors, in sampling data at a frequency of 40 Hz (Hz)
[19]. Then, a two-step gait initiation protocol was used
to obtain foot pressure data [19]. To ensure adequate
reliability of pressure data, a total of three trials were
recorded [20, 21]. Following data collection, a software
(Research Foot version 5.24) was used to determine peak
pressures for the whole foot and under seven regions of
the foot.

Health-related QoL questionnaires

Knee Injury and Osteoarthritis Outcome score (KOOS)

The KOOS is a knee-specific instrument developed to
evaluate functioning in daily living, sport, and knee-
related quality of life in patients with knee injuries who
are at risk of OA developing. This questionnaire has been
validated in several populations to monitor the short-
and long-term consequences (i.e., OA) of these injuries.
The Chinese version of the KOOS has been validated in
patients with different stages of OA [22]. The score con-
sisted of 5 subscales, this includes: Pain (9 items), Symp-
toms (7 items), Activities of Daily Living (17 items), Sport
and Recreation Function (5 items) and knee-related
Quality of Life (4 items). Toward each sub-scale, the
scores are transformed to a 0 to 100 scale. Those being
0 representing extreme knee problems, while 100 repre-
senting no knee problems.

International knee Documentation Committee subjective
knee form

The IKDC is a knee-specific instrument that was devel-
oped to measure symptoms, function, and sport activities
in patients with a variety of knee problems. This is com-
monly used in patients who visited orthopaedic sports
medicine practices with the preceding injuries. The Chi-
nese version of the IKDC has been validated in patients
with a variety of knee-related problems [23]. The ques-
tionnaire consists of 18 items and is scored by summing
the scores of the individual items (raw score) and then
transforming the summed score to a scale ranging from 0
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Table 1 Patient demographic information Table 2 Knee Muscle Quality at Follow-up

Demographic Injured Leg Non-injured Leg P-value
Number of Subjects 19 (n=19) (n=19)

Age (years) 320+6.1 Total Muscle

(Range) (22-42) Thickness (cm) 82+05 86+04 0.043
Gender Stiffness 298425 285+24 0.116
Female (%) 7 (36.8%) Vastus medialis

Laterality Thickness (cm) 23106 24+06 0.525
Left (%) 9 (47.4%) Stiffness 96+22 87x15 0.048
Right (%) 10 (52.6%) Rectus femoris

BMI (kg/m?) 247+4.2 Thickness (cm) 21+04 22403 0.122
(Range) (16.7-34.1) Stiffness 117427 11327 0450
ACL surgery Vastus intermedius

Age at Surgery (years) 263+58 Thickness (cm) 19405 20+04 0.153
(Range) (18-37) Vastus lateralis

Time from Surgery (years) 64+1.0 Thickness (cm) 21403 +0. 0018
(Range) 6-8) Stiffness 91+16 85+18 0413

Values are presented as meanzSD (range) or n (%). ACL, anterior cruciate
ligament.

to 100. Higher scores represent lower levels of symptoms
and higher levels of function and participation in sports
activity.

Kujala score

The Kujala score is a self-administered questionnaire for
patellofemoral disorders that assesses subjective symp-
toms and functional limitations. The original study group
for the score featured patients with subjects with anterior
knee pain, patellar subluxation, and patellar dislocation,
in addition to a control group. The Chinese version of
the Kujala Score has been validated in patients with for
patients with patellofemoral pain [24]. The questionnaire
involves 13 questions (100 points) that is validated in the
context of patellofemoral instability and is often used in
the context of TKA.

Statistical analysis

Descriptive statistics were used to summarize the data.
Kolmogorov-Smirnov and Shapiro-Wilk tests were used
to determine if variables were normally distributed. The
Mann-Whitney U Test and Spearman Correlation Test
were used to data analyses. Descriptive statistics were
used to summarize the data. All statistical analyses were
completed using SPSS statistical software, version 22.0. P
values <0.05 were considered statistically significant.

Result

Patient demographic data

A total of 19 patients participated in this study. The aver-
age age was 32.016.1 years (range 22—42) (Table 1). There
were twelve men (63.2%) and seven women (36.8%). The
average BMI was 24.7+4.2 kg/m2 (range 16.1-34.1 kg/
m?2). Arthroscopically assisted single-bundle ACLR using
hamstrings graft were performed unilaterally on the right

Values are presented as mean+SD

knee of ten patients (52.6%) and left knee in nine patients
(47.4%). The average time from surgery was 6.4+1.0 years
(range 5—8). There were no signs of growth disturbances
at follow-up on the radiographs. The characteristics of
the subjects are shown in Table 1.

Reliability of the measurements

The ICC of intrarater reliabilities of the shear modulus
for VM, RF, VI and VL were 0.963 to 0.981. was indicated
excellent reliability (ICC: 0.963 to 0.981). In addition, the
ICC of inter-rater reliabilities were 0.622 to 0.891. Over-
all, the ICC data demonstrated good to excellent reliabil-
ity among the tested muscles.

Quadriceps muscle assessments

Quadriceps muscle atrophy and strength deficit were
evident in the knee with ACLR, as shown by decreased
quadriceps muscle thickness and increased quadriceps
muscle stiffness (Table 2). Toward muscle thickness, the
difference on vastus lateralis was significantly less thick
in the ACLR knee (p=0.018). Toward the ACLR knee, it
was found to be more significantly stiffer in the vastus
medialis muscle (p=0.048) (Table 2).

Functional assessments
Toward the function, the assessment on the pressure
mat showed that patients with more anterior knee pain
tended to shift more of their body weight towards the
non-injured knee with increasing knee flexion (Table 3).
Compared with age-matched healthy controls from a
previous literature [25], the results for the KOOS were
lower in the categories for symptom, activities of daily
living, sport / recreation and quality of life (Table 4).
Likewise, the IKDC score and Kujala score were compar-
atively lowered in our patients when compared with that
of healthy controls (Table 4). Toward KOOS pain, the
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Table 3 Squat Test at Follow-up Table 4 KOOS, IKDC, and Kujala at Follow-up
Injured Leg Non-Injured Leg P-value Scores at Refer-
Standing, N 499+52 50.1+5.2 0.929 Follow-up  ence
Knee Flexed angle Value®
30° 494441 511453 0452 K003
60° 4944511 506%5.1 0618 symptom
90° 49.2+45 50.8+45 0496 Median (range) 89.3 97.2
Values are presented as mean+SD (50-100)
Mean+SD 82.1£134 92.2
Pain
stiffness on rectus femoris was found to be significantly  Median (range) 052 929
correlated (R=0.504, p=0.028), however there was no (83-100)
correlation with the thickness of these muscles (Table 5).  Mean+SD 929+58 88.1
Moreover, there was no significant correlation on the  Activities of daily living
uninjured contralateral knee (Table 5). Median (range) 98.5 100.0
(78-100)
Discussion Mean+SD 96.2£5.7 94.7
The main finding in this study was that OA changes were ~ >PO't/recreation
. . . Median (range) 75.0 93.7
more frequently seen on radiographs in patients who (10-100)
underwent ACLR, compared to their uninvolved contra- Mean 5D Je14011 856

lateral knee 3-5 years after surgery. Furthermore, per-
sistent muscle atrophy and poorer knee function were
observed in the knee with ACLR.

The changes in muscle characteristic have been shown
to play an important role in understanding the effects of
longitudinal progression or interventions for knee OA. It
should also be pointed out that the joint tissues do not
appear to be the only cause of pain and dysfunction in
the patient, but that the periarticular muscles are also
involved in the clinical presentation of many patients
[26, 27]. Often, patients with knee OA typically present
with reduced force-generating ability in the quadriceps
that can be attributed to muscular atrophy as well as
muscular inhibition. These limitations may be attributed
to weakness of the quadriceps muscle because quadri-
ceps strength (peak torque generation) is an important
determinant of physical function in subjects with knee
OA. As shown in current literatures, muscle strength,
especially quadriceps, is a major determinant of both

Table 5 Correlation of Muscle Stiffness with Knee Functions

Quiality of Life

Median (range) 62.5(31-81) 90.7

Mean+SD 61.8+14.0 844
IKDC

Median (range) 78.2 (48-97)
Mean+SD 764+13.6 994
Kujala

Median (range) 80.0 (49-91)
Mean+SD 773+99 94.6

IKDC, International Knee Documentation Committee; KOOS, Knee injury and
Osteoarthritis Outcome Score

@ The reference values relate to healthy, non-operated age-matched controls
from previous literatures [24].

performance-based and self-reported physical function
in patients associated with knee OA [28]. Although in
a recent study performing a secondary analysis of data
from a cross-sectional study in patients presenting knee
pain OA, it found pain was correlated poorly with the

Injured Leg

Parameters KOOS - Symptoms KOOS - Pain KOOS - ADL KOOS - Sport KOOS - QoL IKDC Score Kujala Score
Total Muscle stiffness 0.369 0.560% 0.232 0.228 0.480% 0.353 0.243

VM stiffness 0.273 0.308 0.137 0.148 0.390 0.243 0.141

RF stiffness 0.302 0.504* 0.330 0.171 0.363 0.144 0.246

VL stiffness -0.060 -0.014 0.074 0019 0.131 0.080 -0.229
Contralateral Uninjured Leg

Parameters KOOS - Symptoms KOOS - Pain KOOS - ADL KOOS - Sport KOOS - QoL IKDC Score Kujala Score
Total Muscle stiffness 0017 0.116 -0.115 -0.224 0.155 -0.123 -0.204

VM stiffness 0.009 0.084 -0.109 -0.126 0216 -0.067 -0.231

RF stiffness 0.110 0.102 -0.033 -0.190 0.054 -0.168 -0.123

VL stiffness -0.125 0.041 -0.109 -0.114 0.104 0.034 -0.079

Spearman correlation, ** p<0.01; ¥p<0.05

ADL, Activities of daily living; QoL, Quality of Life; VM, Vastus medialis; RF, Rectus femoris; VI, Vastus intermedius; VL, Vastus lateralis.
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prevalence of periarticular muscles [26]. However, this
was limited by a small sample size and the lack of a con-
trol group of participants.

Persistent quadriceps dysfunction has been shown to
be a primary modifiable factor that contributes to the
onset of osteoarthritis [29]. The alterations in kinemat-
ics after ACLR has been proposed to be both a contrib-
uting factor for posttraumatic osteoarthritis [30], and
a risk factor for re-injury [31]. The alteration in knee
biomechanics has been quantified by asymmetry in the
quadriceps strength in previous studies [31]. As quadri-
ceps strength can be improved with physical therapy, it
would be ideal to resolve these persistent strength defi-
cits before patients return to activity. While the rehabili-
tation techniques have focused on strength restoration
after ACLR, there is still no consensus on the criteria for
RTP.

Ultrasound imaging was utilized to measure muscle
thickness in this study, as opposed to using MRI to mea-
sure the muscle volume or cross-sectional area (CSA).
Although this may be less accurate, it is more convenient
and less labour intensive than the conventional MRI
assessment. As literature suggested the CSA measure-
ment is effective in detecting gross quadriceps muscle
atrophy but failed to detect changes of individual mus-
cles, such as RF, VL and VM [32]. In addition, the mea-
surement of the CSA at a specific thigh position may be
too insensitive to detect subtle changes in the quadriceps
muscles in individual patients and the use of ultrasonog-
raphy measurement of muscle thickness can achieve sim-
ilar sensitivity to detect quadriceps muscle atrophy using
volumetric measurements.

Strengthening exercise is commonly performed as a
conservative treatment that patients to relieve musculo-
skeletal pain symptoms. In particular, quadriceps exer-
cises are widely taught to patients with knee pain [33].
However, there is a controversy regarding the effect of
quadriceps muscle exercises to improve knee pain [34,
35]. Some ACLR patients may still develop persistent
muscle atrophy despite following established rehabili-
tation protocol. Normally, the expression of myokines
mediates adaptive responses such as muscle hypertrophy
in response to exercise. The results of our study can pro-
vide a theoretical basis for quadriceps muscle exercises
in preventing the progression of PF] pain for the poten-
tial development of knee OA. In addition, a recent article
introduces the use of a new ultrasound-guided percu-
taneous electrolysis and exercise treatment in patellar
tendinopathy [36]. The result showed the combination
of percutaneous electrolysis and therapeutic exercise
may have the potential to improve pain and disability in
individuals with patellar tendinopathy. Importantly, this
novel treatment is minimal invasive to prevent patients
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from having to undergo surgery. Yet, further controlled
trials of this novel treatment approach are still warranted.

We have previously shown that dysregulation in myo-
kines can lead to ability to regain muscle mass after
ACLR, and persistent muscle atrophy. Subsequently,
this may cause significant strength deficits and poor
functional recovery [37]. Patients with quadriceps mus-
cle atrophy after ACLR demonstrated lower quadri-
ceps strength and significant lower side-to-side muscle
thickness ratios. In non-atrophy group, the expression
of serum brain-derived neurotrophic factor (BDNF)
increase with resistance exercise training (RET), how-
ever a decrease was found in the atrophy group. Similarly,
altered myokine expressions in several muscle wasting
disorders such as diabetes, cancer, and ageing has also
been demonstrated in previous studies [38]. Studies have
found muscle contraction increase BDNF expression
[39].

Unlike previous studies, our current study included the
evaluation of the actual thickness of the individual medial
and lateral muscles of both knees, rather than the use
of muscle measurements from radiological evaluation.
However, the current study is not without limitations.
Firstly, the current study is limited by a small sample size.
In addition, there was also the lack of an interim follow-
up with specific assessments (e.g., isokinetic test). More-
over, the results inferred from this study will be more
complete if introducing a healthy group as a compari-
son. In addition, we did not perform an evaluation of the
anatomic changes and the tunnel placement. Lastly, the
cross-sectional design of the study may lead to selection
bias. However, we attempted to reduce bias as much as
possible through the exclusion criteria.

Future directions and clinical implications

Identification of factors that are associated with the
development of knee OA after ACL injury is clinically
important. Importantly, ACL-reconstructed patients
traditionally performed significantly better compared to
non-operated patients in both subjective and objective
scores. Although ACLR may contribute to restoration of
most functional scores, it could be associated with OA
progression. In recent years, the importance of rehabili-
tation programs after ACLR has been highlighted. Evi-
dence suggests that accelerated rehabilitation protocols
should be introduce in sequential phases for better out-
comes [40]. Such that, phase 1 should typically aims for
pain and oedema reduction to regain of range of motion.
Whereas, phase 2 would introduces progressive improve-
ment of quadriceps and hamstring strength, prior to
improving neuromuscular control [40]. Moreover, when
strength and endurance are maximized, specific exercises
that aim to fulfil return to sports criteria should then be
introduced. Though the importance of maintaining an
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advanced level of physical activity is critical, attention
on improving the mental health of patients is essentially
important.

Conclusion

In this study, it was found that patients having higher
degree of anterior knee pain, were associated with lower
vastus lateralis muscle thickness and higher vastus medi-
alis muscle stiffness. The imbalance of muscle mass and
stiffness between the vastus medialis and vastus latera-
lis could possibly contribute to abnormal patellofemoral
joint loading localizing towards the lateral facets result-
ing in bony sclerosis and osteopenia. Muscle wasting,
patellofemoral joint pain and abnormal muscle recruit-
ment during squatting are part of an interlinking viscous
cycle which contributed to persistent quadriceps muscle
weakness subsequently leading to an abnormal patello-
femoral joint loading. With this finding, as future study,
we can investigate for the role of additional muscle train-
ing or adjunct intervention with an aim to improve the
muscle function to improve the symptoms and delay the
progression of PF] OA.
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