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Use of hyaluronic acid injection after
arthroscopic release in lateral patellar
compression syndrome with degenerative
cartilage changes: randomized control trial
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Abstract

Background: Degenerative cartilage changes can be seen, in cases of lateral patellar compression syndrome,
involving the patellofemoral joint. Hyaluronic acid is a natural component of the synovial fluid and responsible for
its elastic features and function of articular surfaces. The aim of this study is to show the effect of intra-articular
injection of Hyaluronic acid, after arthroscopic lateral release in lateral patellar compression syndrome, on the
functional outcome and knee pain in those patients with degenerative cartilage changes.

Method: Ninety patients age (30–50) years with lateral patellar compression syndrome and degenerative cartilage
changes were divided randomly into 2 groups. Group A was treated by arthroscopic lateral release and received
intraarticular injection of Hyaluronic acid 2 weeks after surgery. Group B was treated by arthroscopic lateral release
only. Both groups were assessed by Kujala score and visual analogue scale for knee pain preoperatively and re-
assessed postoperatively at 3 months, 6 months, 12 months and 24 months.

Results: There was significant improvement in Kujala score and Visual analogue scale post-operatively in both
groups (P-value< 0.001) with better improvement in Kujala score in group A after intra-articular injection of
Hyaluronic acid up to 2 year of follow up (P-value = 0.006) as well as better improvement in visual analogue score at
6 months post-operatively (P-value = 0.035).

Conclusion: Intra-articular injection of Hyaluronic acid after arthroscopic release, in patients with lateral patellar
compression syndrome and degenerative cartilage changes, can result in better improvement of knee pain and
functional outcome up to 2 years of follow up.

Trial registration: NCT, NCT04134611. Registered 18 October 2019 -Retrospectively registered.

Keywords: Hyaluronic acid injection, Lateral patellar compression syndrome, Arthroscopic release, Kujala score,
Visual analogue scale, Knee pain, Functional outcome
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Background
Lateral patellar compression syndrome is characterized
by localized dull anterior knee pain, exacerbated by
activities that stress the patellofemoral joint, such as
stair climbing, squatting and prolonged sitting with
flexion of the knee. In such syndrome, there is increased
patellofemoral joint pressure and venous engorgement of
the patella and this can lead to degenerative cartilage
changes [1–4].
After failure of conservative treatment for lateral patel-

lar compression syndrome, lateral patellar retinacular
release is a surgical option, which can be done arthros-
copically in selected patients [5–9]. Clifton et al. [5]
showed in their study that lateral patellar tilt without
subluxation can benefit from lateral release in absence of
grade III or grade IV changes in articular cartilage.
Elkousy H [6]. showed in his study that lateral retinacu-
lar release will reduce the compressive forces on the
lateral patellofemoral joint and consequently reduction
of pain. Pagenstert et al. [7] used open lateral release for
lateral patellar compression syndrome in their study and
found better results with open lengthening that open re-
lease of lateral retinaculum. Lattermann et al. [8] showed
in their systematic review of literatures that if performed
in appropriate patient population, an isolated lateral reti-
nacular release has a good chance for success. Sanchis-
Alfonso et al. [9] showed that the primary indication for
isolated lateral retinacular release is limited to patients
with symptomatic tight lateral retinaculum and absence
of patellar instability that has failed to improve with
non-operative treatment.
Hyaluronic acid is a natural component of the synovial

fluid and responsible for its elastic features and function
of articular surfaces [10, 11]. Laurent et al. [10] showed
that hyaluronan is the major component of synovial tis-
sue and described its physiological functions like lubrica-
tion and water homeostasis. Seror et al. [11] showed that
hyaluronan provides the extreme lubrication of the
synovial joints via the hydration-lubrication mechanism.
Intra-articular injection of Hyaluronic acid is one of

the recommendations for treatment of degenerative
joint diseases [12–18]. Zhang et al. [12] showed in their
recommendations that intrarticular injection of Hyalur-
onic acid can improve function, reduce stiffness and
decrease pain with statistically significant results at 12
weeks after injection. Gadek et al. [13] confirmed in
their study the effectiveness and safety of intraarticular
injection of Hyaluronic acid in the treatment of knee
degenerative disease. Das et al. [14] concluded that
Hyaluronic acid injection can relieve pain more than
placebo in knee degenerative disease. Migliore et al.
[15] showed that intraarticular injection of Hyaluronan
is not only symptom-modifying therapy but also a treat-
ment which may significantly decrease deterioration of joint

structure in knee osteoarthritis. Gupta et al. [16] provided
in their review a mechanism-based rationale for the use of
Hyaluronic acid in some diseases with special reference to
osteoarthritis. Blanch et al. [17] showed that Hyaluronic
acid is beneficial in osteoarthritis for the management of
pain and improvement in physical function of joints.
Linthoudt et al. [18] reported that intraarticular injection of
Hyaluronic acid is one of the current drug recommenda-
tions for knee osteoarthritis.
On review of literatures regarding lateral patellar com-

pression syndrome associated with degenerative cartilage
changes, there is only one study; which showed the effect
of arthroscopic lateral release followed by viscosupple-
mentation for treatment of patellofemoral osteoarthritis
[19]. There was no previous randomized controlled trial
to show the effect of arthroscopic lateral release followed
by hyaluronic acid injection for treatment of lateral patel-
lar compression syndrome with degenerative cartilage
changes so we planned our study to show the effectiveness
of such method of treatment on pain relief and functional
outcome with follow up for 2 years.

Methods
Study design
This study is a single center, double blinded, prospective,
randomized, comparative, controlled trial. For all patients,
the arthroscopic procedure and intra-articular injection of
Hyaluronic acid were done by same orthopedic surgeon,
to avoid bias related to difference in the skill of different
surgeons, in a tertiary orthopedic hospital from June 2017
to March 2018 with follow up for 2 years until March
2020.

Patients
Ninety patients age (30–50 years) were involved in this
study. All these patients were diagnosed as lateral patel-
lar compression syndrome by clinical background, MRI
and proved by arthroscopic examination. Conservative
treatment of quadriceps strengthening exercise and
non-steroidal anti-inflammatory analgesics was failed
for 6 months in these patients. All these patients were
treated by arthroscopic lateral patellar release for lateral
patellar compression syndrome and patellofemoral car-
tilage degenerative changes were found. These patients
were divided randomly into two groups. Group A (45
patients) were treated by local single injection of Hya-
luronic acid (MW 750 KD, Mylan company, United
States) intraarticularly, 2 weeks after arthroscopy, while
group B (45 patients) did not receive intraarticular
injection of Hyaluronic acid, but they received intraarticular
saline placebo injection. Both groups were assessed pre-
operatively and postoperatively at periods of 3months, 6
months, 12months and 24months by using Visual analogue
scale for knee pain and Kujala score for functional outcome.
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Method of randomization and blindness of the study
These 90 patients were randomly divided into two
groups by entering the names of patients in excel file
and by computer system the list was randomized then
the patients with odd number sequences were regarded
as group A and those patients with even number
sequences were regarded as group B. Allocation ratio
was 1:1.This study is double blinded so the patients are
blinded to which method would be used for them and
the doctor who assessed the patients, preoperatively and
post-operatively, is blinded for which group the patients
were belonged.

Inclusion criteria
This study involved patients were diagnosed as lateral
patellar compression syndrome according to all of the
following criteria and all these patients had failure to
conservative treatment of quadriceps strengthening
physiotherapy and non-steroidal anti-inflammatory
drugs for 6 months [6, 20].

1. Patients, were included in this study, had most pain
and tenderness on the lateral region of the patella
with abnormal patellar tilt test and abnormal
medial patellar glide test. When the examiner could
not lift the patella from the lateral femoral condyle
with knee in extension, this means abnormal
patellar tilt test. When the patella could not be
shifted by one or more quadrants medially with 10
degrees of knee flexion, this was regarded as
abnormal medial patellar glide test [7, 21].

2. To be included in this study, patients should have
patellar translation, abnormal patellar tilt and early
stage I and stage II degenerative cartilage changes
in the lateral part of patellofemoral joint. Patellar
translation is defined as more than 2 mm distance
between a line drown at the medial edge of the
patella and another parallel line drown at the
anterior border of the medial femoral condyle on
the axial MRI image [22]. Abnormal patellar tilt is
defined as less than 8 degrees of patellofemoral
angle measured at midpoint of the patella on
sagittal MRI image [22]. Stage I degenerative
cartilage change is defined as slight elevation of
surface signal on MRI image while stage II is
defined as chondral fissure involved less than 50%
of articular cartilage thickness on MRI image [23].

3. Arthroscopic assessment was done in all patients to
evaluate the dynamic contact between the patella
and lateral femoral condyle during knee flexion and
extension movements as well as to evaluate the
degenerative cartilage lesion of the patellofemoral
joint. Patients with Outerbridge grade I and grade II
were included in this study. Outbridge grade I

chondral lesion is defined as swelling and softening
of articular surface that can be assessed with a
probe during arthroscopy. Outbridge grade II lesion
is defined as a chondral lesion with partial thickness
defect of less than half inch diameter [24].

Exclusion criteria
Exclusion criteria included:

1. Patient’s age more than 50 years old.
2. Diabetes Mellitus
3. Smoking
4. Osteoarthritis of tibiofemoral component of the

knee joint [7].
5. Previous surgery or infection of the knee joint.
6. Patella alta when Caton-Deschamps index is more

than 1.3
7. Instability of the patella which is defined as medial

or lateral glide test of three quadrants or more.
8. History of dislocation of the patella.
9. Generalized ligamentous laxity which is defined by

Beighton’s criteria [25].
10. Rotational malalignment of lower limbs as pathological

femoral anteversion or tibial torsion which are
assessed clinically by using Steheli’s test [7, 26].

11. Frontal malalignment with Q-angle more than 20
degrees [7, 27].

12. Chondral lesions grade III and grade IV.
Degenerative cartilage changes of grade III
chondropathy is defined as fissuring of articular
cartilage involving more than 50% thickness on
MRI images and more than half inch fissures seen
during arthroscopic assessment. Grade IV
chondropathy is defined as fissure in the articular
cartilage that reaches to the subchondral bone on
MRI images and cartilage lesion with exposure of
subchondral bone during arthroscopic assessment
[23, 24].

13. Dejour’s types II, III and IV dysplastic femoral
trochleae [7, 28].

Follow up and outcome measures
All these patients were assessed for primary outcome
measure of Kujala score and secondary outcome mea-
sures which involved Visual analogue scale for knee pain
and postoperative complications of bleeding, infection,
medial patellar instability and recurrence of knee pain
for a period of 2 years follow up.
All patients were assessed by Kujala score for func-

tional outcome and VAS for knee pain preoperatively
and postoperatively at 3 months, 6 months, 12 months
and 24months.
There was no loss of patients during the period of

follow up for 2 years.
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Intervention
Under general or spinal anaesthesia, patient was on su-
pine position with pneumatic thigh tourniquet on the
side of operation and attatched to a leg holder. Knee
arthroscopy was done through standard anterolateral
and anteromedial portals. Examination of all compart-
ments of the knee were assessed and observing the pa-
tellar movement on the trochlear groove during flexion
and extension of the knee to assess the contact between
the patella and lateral part of trochlear groove. Assess-
ment of the patellofemoral joint for the chondral lesion.
Lateral patellar retinacular release was done by back-
knife and electrocoutary with continous monitoring of
the patellar movement in the trochlear groove and the
patellar contact with the lateral femoral condyle during
knee movement in flexion and extension. Hemostasis
was secured and drain was not used.

Post-operative care
All patients were encouraged to do quadriceps exer-
cise and gradual weight bearing as early as possible
with immediately full active range of movement and
no knee brace was used. Low-molecular weight hep-
arin was prescribed for 2 weeks after surgery. After 2
weeks, single intraarticular injection of hyaluronic acid
(60 mg) was done in group A and single intraarticular
saline placebo injection in group B. All patients were
assessed by Visual analogue score for knee pain and
Kujala score at 3 months, 6 months 12 months and 24
months postoperatively.

Post-operative complications

1/ Hemarthrosis occurred in 5 patients; 3 of them in
group A and 2 patients in group B. All of them
were treated by aspiration and firm bandage.

2/ One case got DVT in group B and was treated by
anticoagulant medication.

3/ No case of infection
4/ No case of recurrence for 2 year of follow up

Recurrence is defined as painful Passive Patellar Tilt test
with Medial Patellar Glide test of less than 1 quadrant of
patellar width according to Kolowich et al. [7, 29]

5/ No case of medial patellar instability.

Medial patellar instability is defined as medial patellar
translation of three or more quadrants of patellar width
on Medial Patellar Glide test with positive Gravity Sub-
luxation test according to Nonweiler and DeLee [7, 30].

Data analysis
Statistical analysis was carried out using SPSS version 23
(IBM, Armonk, NY, USA). Categorical variables were pre-
sented as frequencies and percentages. Continuous vari-
ables were presented as (Means ± SD). Student t-test was
used to compare means between two groups. Paired t-test
was used to compare two paired readings. Chi-square test
was used to find the association between categorical vari-
ables. A p-value of ≤0.05 was considered as significant.

Results
Demographic data
In current study, 90 patients were involved. The mean
age of patients was (41.13 ± 6.10). The younger age was
30 years and the older one was 50 years. There were 23
males who represent (25.6%) and 67 females who repre-
sent (74.4%). The mean age of group A was 42.13 and
the mean age of group B was 40.13. In group A, males
were 12 and females were 33 while in group B, males
were 11 and females were 34. There were no significant
differences between means of age between these two
groups (P = 0.121), as well as there was no significant as-
sociation between gender and study groups, (P = 0.809).

Primary outcome measure: (Kujala score)
In group A, there were significant differences (P-value
< 0.001) in the mean of Kujala score between pre-
operative and post-operative assessments in four time
periods (3months, 6 months, 12months and 24months)
as shown in Table 1.

Table 1 The mean differences of Kujala score between pre-operative and post-operative assessments in four time periods for group A

Study variables Periods of assessment N Mean SD Paired t-test P-value

Kujala score Kujala score preoperatively 45 40.60 6.03 − 36.57 < ٭0.001

Kujala score 3 months postoperatively 45 83.28 4.61

Kujala score preoperatively 45 40.60 6.03 −42.57 < ٭0.001

Kujala score 6 months postoperatively 45 84.62 3.09

Kujala score preoperatively 45 40.60 6.03 −46.96 < ٭0.001

Kujala score 1 year postoperatively 45 86.08 1.59

Kujala score preoperatively 45 40.60 6.03 − 48.18 < ٭0.001

Kujala score 2 year postoperatively 45 87.11 1.97

*means statistically significant
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In group B, there were significant differences (P-
value< 0.001) in the mean of Kujala score between
pre-operative and post-operative assessments in four
time periods (3 months, 6 months, 12 months and 24
months) as shown in Table 2.
Figure 1 showed the mean differences of post-

operative Kujala score between study groups including
(group A and group B) in four periods of assessments.
There were significant differences between means of
Kujala score for knee pain between these two groups
after 3 months postoperatively (t = 8.048, P = < ,(٭0.001
and after 6 months (t = 10.225, P = < ,(٭0.001 and after
1 year (t = 2.50, P= (٭0.015 and 2 years(t = 2.822, P= (٭0.006
of operation.

Secondary outcome measures
Visual analogue scale for knee pain
In group A, there were significant differences (P-value<
0.001) in the mean of VAS score for knee pain between
pre-operative and post-operative assessments in four

time periods (3 months, 6 months, 12 months and 24
months) was shown in Table 3.
In group B, there were significant differences (P-

value< 0.001) in the mean of VAS score for knee pain
between pre-operative and post-operative assessments in
four time periods (3 months, 6 months, 12 months and
24months) was shown in Table 4.
Figure 2 showed the mean differences of post-

operative VAS score for knee joint between study
groups including (group A and Group B) in four
periods of assessments. There were significant differ-
ences between means of VAS score for knee joint
between these two groups after 6 months postopera-
tively (t = − 2.138, P = ,(٭0.035 while non-significant
differences between two groups after 3 months(t = −
1.328, P = 0.187), 1 year (t = − 0.365, P = 0.716) and 2
years(t = 0.116, P = 0.908) of operation.

Post-operative complications
There were 3 patients in group A and 2 patients in
group B suffered from post-operative hemarthrosis and

Table 2 The mean differences of Kujala score between pre-operative and post-operative assessments in four time periods for
group B

Study variables Periods of assessment N Mean SD Paired t-test P-value

Kujala score Kujala score preoperatively 45 40.64 5.83 −34.63 < ٭0.001

Kujala score 3 months postoperatively 45 76.35 3.48

Kujala score preoperatively 45 40.64 5.83 − 37.46 < ٭0.001

Kujala score 6 months postoperatively 45 77.93 3.10

Kujala score preoperatively 45 40.64 5.83 − 44.39 < ٭0.001

Kujala score 1 year postoperatively 45 84.82 3.00

Kujala score preoperatively 45 40.64 5.83 −44.99 < ٭0.001

Kujala score 2 year postoperatively 45 85.822 2.33

*means statistically significant

Fig. 1 The mean differences of post-operative Kujala score between study groups
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were treated by aspiration and firm bandaging without
need for another arthroscopy.
There was one patient in group B suffered from DVT

of leg on side of operation and was treated with anti-
coagulant after consultation with hematologist.
Fortunately, I had no infection, recurrence or patellar

instability with 2 years of follow up.

Discussion
On review of previous literatures, only one article can
be found to study using of intra-articular injection of
Hyaluronic acid after arthroscopic lateral release in lat-
eral patellar compression syndrome, Fosca et al. [19]
study was retrospective study involved 25 patients and
showed that mean of Kujala score improved from 45.8
before surgery to 82.7 after treatment and Visual
analogue scale improved of 68.6% from preoperative
assessment, while current study was randomized con-
trolled trial involved 90 patients and showed significant
improvement in Kujala score and VAS score after
arthroscopic lateral release and intraarticular injection
of Hyaluronic acid.
When I compared current study with other studies

that exclusively analyzed lateral patellar release or

viscosupplementation, I can find the following important
points:

1/ Chen et al. [31] reported that arthroscopic lateral
patellar retinacular release can effectively improve
function and symptoms of patellofemoral joint in
patients with lateral patellar compression syndrome.
In current study, there was improvement after
lateral release with better results after intraarticular
injection of Hyaluronic acid as those patients, who
are involved in current study, had degenerative
changes in patellofemoral joint.

2/ Fithian et al. [32] showed in their scientific survey
among experienced knee surgeons that lateral
release should be done with prior planning in the
form of objective clinical indications and this was
considered in current study through rigorous
inclusion and exclusion criteria.

3/ Fu et al. [33] concluded that lateral release can
provide dramatic relief of anterior knee pain in
selected patients. In current study, carefully planned
eligibility criteria were considered.

4/ Astur et al. [34] found that intraarticular
Hyaluronic acid injection can provide less pain and
better function in those patients with patellar

Table 3 The mean differences of VAS score for knee joint between pre-operative and post-operative assessments in four time
periods for group A

Study variables Periods of assessment N Mean SD Paired t-test P-value

VAS score VAS score preoperatively 45 8.44 0.50 25.02 < ٭0.001

VAS score 3 months postoperatively 45 2.06 1.49

VAS score preoperatively 45 8.44 0.50 29.83 < ٭0.001

VAS score 6 months postoperatively 45 1.31 1.39

VAS score preoperatively 45 8.44 0.50 43.09 < ٭0.001

VAS score 1 year postoperatively 45 0.80 0.99

VAS score preoperatively 45 8.44 0.50 50.99 < ٭0.001

VAS score 2 year postoperatively 45 0.53 0.89

*means statistically significant

Table 4 The mean differences of VAS score for knee pain between pre-operative and post-operative assessments in four time
periods for group B

Study variables Periods of assessment N Mean SD Paired t-test P-value

VAS score VAS score preoperatively 45 8.31 0.46 23.21 < ٭0.001

VAS score 3 months postoperatively 45 2.48 1.51

VAS score preoperatively 45 8.31 0.46 23.93 < ٭0.001

VAS score 6 months postoperatively 45 2.00 1.65

VAS score preoperatively 45 8.31 0.46 32.86 < ٭0.001

VAS score 1 year postoperatively 45 0.88 1.30

VAS score preoperatively 45 8.31 0.46 45.89 < ٭0.001

VAS score 2 year postoperatively 45 0.51 0.92

*means statistically significant
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chondropathy of grades II and III. In current study,
there was better results regarding pain relief and
knee function after Hyaluronic acid injection in
patients with degenerative changes of
patellofemoral joint after lateral release.

Limitations of the study

1/ The duration from the onset of symptoms to time
of arthroscopy was not analyzed in this study.

2/ Long term follow up is recommended for future
studies.

Conclusion
Intra-articular injection of Hyaluronic acid after arthro-
scopic release, in patients with lateral patellar compression
syndrome and degenerative cartilage changes, can result
in better improvement of knee pain and functional out-
come up to 2 years of follow up.
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venous thrombosis

Acknowledgments
Great thanks for all people who helped me in my work in this study.

Author’s contributions
Sherwan A. Hamawandi was responsible for experiment design,
conceptualization, supervision, data collection, manuscript writing and
statistical data analysis. The author(s) read and approved the final
manuscript.

Funding
No funding was received.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
The protocol of this clinical study was reviewed and approved by the
research ethics committee in Hawler Medical University. Both verbal and

written informed consents to participate were obtained from all patients
before study conduction. The guarantee was given for confidentiality of their
personal information. This study adheres to CONSORT guidelines.

Consent for publication
Not applicable.

Competing interests
The author declare that he has no competing interests.

Received: 23 June 2020 Accepted: 14 December 2020

References
1. Mazzola C, Mantovani D. Patellofemoral malalignment and chondral

damage: current concepts. Joints. 2013;1(2):27–33 Published 2013 Oct 24.
2. Ficat P, Ficat C, Bailleux A. Syndrome d'hyperpression externe de la rotule

(S.H.P.E.). son intérêt pour la connaissance de l'arthrose [external
hypertension syndrome of the patella. Its significance in the recognition of
arthrosis]. Rev Chir Orthop Reparatrice Appar Mot. 1975;61(1):39–59.

3. Fonseca LPRMD, Kawatake EH, Pochini AC. Lateral patellar retinacular
release: changes over the last ten years. Rev Bras Ortop. 2017;52(4):442–9.
Published 2017 Jun 15. https://doi.org/10.1016/j.rboe.2017.06.003.

4. Waisbrod H, Treiman N. Intra-osseous venography in patellofemoral
disorders. A preliminary report. J Bone Joint Surg Br. 1980;62-B(4):454–6.

5. Clifton R, Ng CY, Nutton RW. What is the role of lateral retinacular
release? J Bone Joint Surg Br. 2010;92(1):1–6. https://doi.org/10.1302/
0301-620X.92B1.22909.

6. Elkousy H. Complications in brief: arthroscopic lateral release. Clin Orthop
Relat Res. 2012;470(10):2949–53. https://doi.org/10.1007/s11999-012-2383-7.

7. Pagenstert G, Wolf N, Bachmann M, et al. Open lateral patellar retinacular
lengthening versus open retinacular release in lateral patellar
hypercompression syndrome: a prospective double-blinded comparative
study on complications and outcome. Arthroscopy. 2012;28(6):788–97.
https://doi.org/10.1016/j.arthro.2011.11.004.

8. Lattermann C, Drake GN, Spellman J, Bach BR Jr. Lateral retinacular release
for anterior knee pain: a systematic review of the literature. J Knee Surg.
2006;19(4):278–84. https://doi.org/10.1055/s-0030-1248120.

9. Sanchis-Alfonso V, Montesinos-Berry E. Is lateral retinacular release still a
valid surgical option? From release to lengthening. Ann Transl Med. 2015;
3(19):301. https://doi.org/10.3978/j.issn.2305-5839.2015.11.15.

10. Laurent TC, Laurent UB, Fraser JR. The structure and function of
hyaluronan: an overview. Immunol Cell Biol. 1996;74(2):A1–7. https://doi.
org/10.1038/icb.1996.32.

11. Seror J, Zhu L, Goldberg R, Day AJ, Klein J. Supramolecular synergy in the
boundary lubrication of synovial joints. Nat Commun. 2015;6:6497.
Published 2015 Mar 10. https://doi.org/10.1038/ncomms7497.

12. Zhang W, Nuki G, Moskowitz RW, et al. OARSI recommendations for the
management of hip and knee osteoarthritis: part III: changes in evidence

Fig. 2 The mean differences of post-operative VAS score for knee pain between study groups

Hamawandi BMC Musculoskeletal Disorders           (2021) 22:24 Page 7 of 8

https://doi.org/10.1016/j.rboe.2017.06.003
https://doi.org/10.1302/0301-620X.92B1.22909
https://doi.org/10.1302/0301-620X.92B1.22909
https://doi.org/10.1007/s11999-012-2383-7
https://doi.org/10.1016/j.arthro.2011.11.004
https://doi.org/10.1055/s-0030-1248120
https://doi.org/10.3978/j.issn.2305-5839.2015.11.15
https://doi.org/10.1038/icb.1996.32
https://doi.org/10.1038/icb.1996.32
https://doi.org/10.1038/ncomms7497


following systematic cumulative update of research published through
January 2009. Osteoarthr Cartil. 2010;18(4):476–99. https://doi.org/10.1016/j.
joca.2010.01.013.

13. Gadek A, Kowiec K, Wordliczek J, Liszka H. Efficacy and safetyof intra-
articular use of hyaluronic acid (Suplasyn) in the treatment of knee
osteoarthritis. Przegl Lek. 2011;68(6):307–10.

14. Das A, Neher JO, Safranek S. Clinical inquiries. Do hyaluronic acid injections
relieve OA knee pain? J Fam Pract. 2009;58(5):281c.

15. Migliore A, Granata M. Intra-articular use of hyaluronic acid in the treatment
of osteoarthritis. Clin Interv Aging. 2008;3(2):365–9. https://doi.org/10.2147/
cia.s778.

16. Gupta RC, Lall R, Srivastava A, Sinha A. Hyaluronic acid: molecular
Mechanisms and Therapeutic Trajectory. Front Vet Sci. 2019;6:192. Published
2019 Jun 25. https://doi.org/10.3389/fvets.2019.00192.

17. Blanch Rubio J, Badstübner R, Schnee B, Martinek P. ASKOT study: effectiveness
and safety of a 1-shot injection of sodium hyaluronate for knee osteoarthritis
treatment. Springer Experience Drug Evidence. 2013;1:1–8.

18. Linthoudt D, Gasser E. Evaluation of the analgesic efficacy and short-term
tolerance of a single 6 ml injection of hyaluronic acid (Suplasyn® 1-shot) on
osteoarthritis of the knee. DOLOR. 2013;28:89–92.

19. Fosco M, Dagher E. Proposal of a therapeutic protocol for selected patients
with patellofemoral knee osteoarthritis: arthroscopic lateral retinacular
release followed by viscosupplementation. Musculoskelet Surg. 2016;100(3):
171–8. https://doi.org/10.1007/s12306-016-0402-7.

20. Fulkerson JP. Diagnosis and treatment of patients with patel- lofemoral
pain. Am J Sports Med. 2002;30:447–56.

21. Christoforakis J, Bull AM, Strachan RK, Shymkiw R, Senavongse W, Amis AA.
Effects of lateral retinacular release on the lateral stability of the patella.
Knee Surg Sports Traumatol Arthrosc. 2006;14(3):273–7. https://doi.org/10.
1007/s00167-005-0699-5.

22. Chhabra A, Subhawong TK, Carrino JA. A systematised MRI approach to
evaluating the patellofemoral joint. Skelet Radiol. 2011;40(4):375–87. https://
doi.org/10.1007/s00256-010-0909-1.

23. Rodrigues MB, Camanho GL. MRI EVALUATION OF KNEE CARTILAGE. Rev
Bras Ortop. 2015;45(4):340–6. Published 2015 Nov 17. https://doi.org/10.
1016/S2255-4971(15)30379-7.

24. Slattery C, Kweon CY. Classifications in brief: Outerbridge classification of
Chondral lesions. Clin Orthop Relat Res. 2018;476(10):2101–4. https://doi.org/
10.1007/s11999.0000000000000255.

25. Beighton P, Solomon L, Soskolne CL. Articular mobility in an African
population. Ann Rheum Dis. 1973;32(5):413–8. https://doi.org/10.1136/
ard.32.5.413.

26. Staheli LT, Corbett M, Wyss C, King H. Lower-extremity rotational problems
in children. Normal values to guide management. J Bone Joint Surg Am.
1985;67(1):39–47.

27. Aglietti P, Insall JN, Cerulli G. Patellar pain and incongruence. I:
Measurements of incongruence. Clin Orthop Relat Res. 1983;176:217–24.

28. Batailler C, Neyret P. Trochlear dysplasia: imaging and treatment options.
EFORT Open Rev. 2018;3(5):240–7. Published 2018 May 21. https://doi.org/
10.1302/2058-5241.3.170058.

29. Kolowich PA, Paulos LE, Rosenberg TD, Farnsworth S. Lateral release of the
patella: indications and contraindications. Am J Sports Med. 1990;18(4):359–
65. https://doi.org/10.1177/036354659001800405.

30. Nonweiler DE, DeLee JC. The diagnosis and treatment of medial
subluxation of the patella after lateral retinacular release. Am J Sports Med.
1994;22(5):680–6. https://doi.org/10.1177/03635465940220051712.

31. Chen J, Chen D, Xiao Y, et al. Efficacy and experience of arthroscopic lateral
patella retinaculum releasing through/outside synovial membrane for the
treatment of lateral patellar compression syndrome. BMC Musculoskelet
Disord. 2020;21:108. https://doi.org/10.1186/s12891-020-3130-y.

32. Fithian DC, Paxton EW, Post WR. Panni AS; international Patellofemoral
study group. Lateral retinacular release: a survey of the international
Patellofemoral study group. Arthroscopy. 2004;20(5):463–8. https://doi.org/
10.1016/j.arthro.2004.03.002.

33. Fu FH, Maday MG. Arthroscopic lateral release and the lateral patellar
compression syndrome. Orthop Clin North Am. 1992;23(4):601–12.

34. Astur DC, Angelini FB, Santos MA, Arliani GG, Belangero PS, Cohen M. Use
of exogenous hyaluronic acid for the treatment of patellar Chondropathy- a
six-month randomized controlled trial. Rev Bras Ortop (Sao Paulo). 2019;
54(5):549–55. https://doi.org/10.1055/s-0039-1697974.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hamawandi BMC Musculoskeletal Disorders           (2021) 22:24 Page 8 of 8

https://doi.org/10.1016/j.joca.2010.01.013
https://doi.org/10.1016/j.joca.2010.01.013
https://doi.org/10.2147/cia.s778
https://doi.org/10.2147/cia.s778
https://doi.org/10.3389/fvets.2019.00192
https://doi.org/10.1007/s12306-016-0402-7
https://doi.org/10.1007/s00167-005-0699-5
https://doi.org/10.1007/s00167-005-0699-5
https://doi.org/10.1007/s00256-010-0909-1
https://doi.org/10.1007/s00256-010-0909-1
https://doi.org/10.1016/S2255-4971(15)30379-7
https://doi.org/10.1016/S2255-4971(15)30379-7
https://doi.org/10.1007/s11999.0000000000000255
https://doi.org/10.1007/s11999.0000000000000255
https://doi.org/10.1136/ard.32.5.413
https://doi.org/10.1136/ard.32.5.413
https://doi.org/10.1302/2058-5241.3.170058
https://doi.org/10.1302/2058-5241.3.170058
https://doi.org/10.1177/036354659001800405
https://doi.org/10.1177/03635465940220051712
https://doi.org/10.1186/s12891-020-3130-y
https://doi.org/10.1016/j.arthro.2004.03.002
https://doi.org/10.1016/j.arthro.2004.03.002
https://doi.org/10.1055/s-0039-1697974

	Abstract
	Background
	Method
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Study design
	Patients
	Method of randomization and blindness of the study
	Inclusion criteria
	Exclusion criteria
	Follow up and outcome measures
	Intervention
	Post-operative care
	Post-operative complications
	Data analysis

	Results
	Demographic data
	Primary outcome measure: (Kujala score)
	Secondary outcome measures
	Visual analogue scale for knee pain
	Post-operative complications


	Discussion
	Limitations of the study

	Conclusion
	Abbreviations
	Acknowledgments
	Author’s contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

