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lSKSAA International Society for Knowledge for Surgeons
on Arthroscopy and Arthroplasty

ISKSAA (International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty) is a society of orthopaedic
surgeons from around the world to share and disseminate knowledge, support research and improve patient care in
Arthroscopy and Arthroplasty. We are proud to announce that ISKSAA membership has crossed the 2000 mark ( India
& Overseas ) with members from over 40 countries making it the fastest growing Orthopaedic Association in the
country & region in just 8 years of its inception . With over 420000 hits from over 168 countries on the website
www.isksaa.com & more and more interested people joining as members of ISKSAA, we do hope that ISKSAA will
stand out as a major body to provide opportunities to our younger colleagues in training, education and fellowships.

Our Goals.........

»= To provide health care education opportunities for increasing cognitive and psycho-motor skills in Arthroscopy
and Arthroplasty

To provide CME programs for the ISKSAA members as well as other qualified professionals.

To provide Clinical Fellowships in Arthroscopy and Arthroplasty

To provide opportunities to organise and collaborate research projects

To provide a versatile website for dissemination of knowledge

ISKSAA Life Membership

The membership is open to Orthopaedic Surgeons, Postgraduate Orthopaedic students and Allied medical personal
interested in Arthroscopy & Arthroplasty.

Benefits of ISKSAA Life membership include....

o Free Subscription of ISKSAA's official , SCOPUS INDEXED , EMBASE INDEXED peer reviewed , online scientific
journal Journal of Arthroscopy and Joint Surgery ( JAJS ).

e Eligibility to apply for ISKSAA’s Prestigious Fellowship Programme. We have finalised affiliations with
ESSKA , ISAKOS , BOA , BASK , BOSTAA , BESS , Edge Hill University at Wrightington and FLINDERS MEDICAL
CENTRE , IMRI AUSTRALIA to provide more ISKSAA Fellowships in India , UK , USA, Australia and Europe .
We have offered over 400 Clinical Fellowships as of date including 54 in ISKSAA 2014 , 40 in ISKSAA
2015, 63 in ISKSAA 2016 , 55 in ISKSAA 2017 , 20 in ISKSAA 2018 & 100 in ISKSAA 2019 and
over 50 ISKSAA Wrightington MCh Fellowships from 2014 to 2018 .

e We have initiated ISKSAA JOD & ISKSAA WHA paid fellowship programs from 2017 for 2 months based
in Australia .

e The current round of 100 ISKSAA fellowships interviews were held in ISKSAA BESS 2019 in March
2-3"1 2019 for 2019 and 2020 at New Delhi along with the ISKSAA Wrightington MCh Fellowships .

e The next round of ISKSAA feIIowshii interviews will be in first iuarter of 2022 at New Delhi .

e Only as a life member , you can enjoy the benefit of reduced Congress charges in future ISKSAA
Conferences .

¢ Member’s only section on the website which has access to the conference proceedings and live surgeries of
ISKSAA 2012, 2013, 2014 & 2016 along with a host of other educational material .

o Important opportunity for interaction with world leaders in Arthroscopy & Arthroplasty .

e  Opportunity to participate in ISKSAA courses and workshops

To enjoy all the benefits & privileges of an ISKSAA member, you are invited to apply for the Life
membership of ISKSAA by going to the membership registration section of the website and entering all
your details electronically. All details regarding membership application and payment options are
available on the website (www.isksaa.com)
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Wrightington, Wigan and Leigh

NHS Foundation Trust Edge Hill University

ISKSAA — Wrightington International Training Fellowships leading to

MCh degree ( 2022 ).

Interested candidates are invited to apply for a unique opportunity for post-
graduate education and subspecialist training in the UK

1.

The interested candidates are encouraged to look at the University
website link . The programme is aimed at motivated candidates who wish
to come to UK to obtain 2-3 years of clinical experience, specialist surgical
training and an MCh degree from Wrightington Hospital and Edge Hill
University.

The interviews are slated for a later date in first quarter 2022 in New Delhi
when the recruitment team will be visiting India. The exact dates and
venues will be confirmed in due course.

Having cleared the IELTS exam before the interviews will be of
advantage for final selections .

The Clinical posts would start in August 2022 although if candidates were
to be interested for August 2022 start, they could still apply.

The MCh course is at the Edge Hill University and although most of the
payment for the course can be made along the way in installments over
the 2 years, there would be an initial Commitment of £8,000 to be made
to secure the place before the formalities with Royal colleges and GMC are
commenced at this End. The salary scales are detailed with the
information sheet as well.

There will be two posts per year as the "Wrightington - ISKSAA MCh
Fellowship". There would be an assured Wrightington placement
during the 2-year UK rotation via this stream . Only ISKSAA Life
Members can apply for these posts .

THE EMAIL SHOULD MENTION ISKSAA MEMBERSHIP NUMBER
VERY CLEARLY

THESE ARE SALARIED JOBS IN THE NHS AND SO ARE FULLY FUNDED .
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Knee stiffness is not uncommon following knee surgeries. A stiff knee alters the normal gait of the person
and is a recognized cause of social humiliation for the patient. Due to its minimal invasiveness,
arthroscopic management is gaining popularity among surgeons and patients. Arthroscopy has the po-
tential to treat the majority of the non-bony causes of knee stiffness without much hassle of open
surgeries. However, arthroscopic management is not devoid of its limitations and complications. So,
awareness of arthroscopic management of knee stiffness and its clinical outcomes is of paramount
importance to a practising knee surgeon.

© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

The knee joint is the largest synovial joint in the body with-
standing impressive loads during bipedal locomotion.! It is also one
of the most stable joints in the human body which can allow a wide
range of motion in the sagittal plane from up to —10 to 140° with
limited motion in the coronal plane facilitating normal gait. Knee
stiffness limits this range of motion impeding the normal function
of the knee and impairs the gait and climbing ability of the patient.
Since squatting and cross leg sitting are the major parts of the daily
chores of the Asian population, a stiff knee causes a significant
burden to the patient. Therefore, elaborate knowledge in terms of
the treatment of knee stiffness is always indispensable for an Or-
thopaedic surgeon.

Since the knee is in the load-bearing axis of the lower extremity,
its injury is the most common injury accounting for an average of
68% of musculoskeletal injuries happening during sports.” It also
sustains a significant impact during road traffic accidents. Most of
these injuries either with or without surgical intervention are
associated with knee stiffness mounting morbidity for the patient.

The global burden of diseases 2010, reported that the age-
adjusted standardized prevalence of knee osteoarthritis was
3.8%. An international survey including 18 countries showed that

* Corresponding author. Department of Orthopaedics JPN Apex Trauma Centre,
AIIMS, New Delhi, India.
E-mail addresses: hemant.21bansal@gmail.com (H. Bansal), vvivek.ajju@gmail.
com (V. Veeresh), hlnag2003@yahoo.co.in (H. Nag).

https://doi.org/10.1016/j.jajs.2021.10.002

the average rate of primary and revision knee replacement sur-
geries was 175 and 149 per 1 lac population respectively with a
compound annual growth rate ranging 5.3%—17%.* Even though the
stiff knee is an uncommon complication of total knee arthroplasty
(TKA),” the number of replacement surgeries being performed
every year draws attention to all its complications.

Apart from knee surgeries, various conditions like septic
arthritis, inflammatory arthritis, and synovial chondromatosis
without early treatment have also landed up with knee stiffness.

For decades, open debridement and removal of adhesions with
or without quadricepsplasty have been the standard care of treat-
ment for knee stiffness.® But, the discovery of keyhole surgery and
its application in treating various joint pathologies has changed the
perspective towards the management of knee stiffness.” Arthro-
scopic arthrolysis minimizes surgical morbidity in comparison to
open surgery.® However, there is a scarcity of literature summari-
zing the clinical indications and outcomes of arthroscopic stiff knee
management. Therefore, the present review aims to highlight and
discuss the current application of arthroscopy in the surgical
management of knee stiffness.

2. Methodology

Pub Med, Google Scholar, Embase, Web of Science, and Cochrane
registry searches were performed using terms “stiff knee” “Knee
arthrofibrosis” “Arthroscopic management” “Arthrolysis” “surgical
management of stiff knee” and “stiff knee management” from 1960
to January 2020. Only articles relating to stiff knee or arthrofibrosis

2214-9635/© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights

reserved.



H. Bansal, V. Veeresh and H. Nag

management including open or arthroscopic surgeries were
selected. The abstracts and the full text of the matched articles were
collected and reviewed in detail. References that were cited in the
identified articles were also screened for inclusion. A total of 38
articles related to the present study objectives were included and
reviewed extensively to consider the therapeutic potential of
arthroscopy in the surgical management of stiff knee.

3. Classification of stiff knee

The crux of arthroscopic management of knee stiffness is based
on identifying the cause of knee stiffness. Based on aetiology, knee
stiffness can be broadly classified as.

1. Knee stiffness due to medical causes
2. Post-operative knee stiffness
3. Post-traumatic knee stiffness

Some of the medical causes of knee stiffness include but are not
limited to infective arthritis, synovial chondromatosis, and in-
flammatory arthritis like rheumatoid arthritis, gouty arthritis, and
synovitis due to various reasons. The exaggerated inflammatory
cascade is the hallmark of these conditions. Prolonged inflamma-
tion along with immobilization finally leads to fibrosis causing knee
stiffness.

Post-operative knee stiffiess can be either due to the formation of
fibrotic adhesions or improper positioning of implants impeding a
normal range of motion. Knee stiffness post knee replacement is
one of the major causes of postoperative knee stiffness.

Post-traumatic knee stiffness can be broadly classified as intra-
articular and extra-articular causes. Intra-articular causes include
intraarticular adhesions following knee effusion with or without
ligament or meniscal injuries and mal-union or non-union of
intraarticular fractures. Extra-articular causes include quadriceps
tethering following shaft femur fractures mostly distal 1/3rd frac-
tures and injuries affecting extensor mechanism.’

Identifying the cause is critical in selecting the modality of
treatment for knee stiffness.

4. Examination

A thorough clinical examination to identify the aetiology of
flexion or extension contracture is a must before any treatment. A
goniometer can be used to measure the degree of contracture. Pre-
operative counselling of the patient to discuss the target range of
motion required to meet the demands of the patient is mandatory.
Identifying any signs of Complex Regional Pain Syndrome (CPRS) in
post-traumatic patients is a must since any surgical intervention
during the active phase of CRPS is contraindicated. A sequential
Bone scan can be used to identify the timing of surgery in knee
stiffness patients with CRPS. A successive decrease in uptake in the
bone scan can signify the resolving trend of CRPS.’

Radiological examination is necessary to identify any bony
ankylosis/obstructions due to malunion or implant mal-position.
Noting patella height is a must in lateral radiograph since knee
stiffness due to Patella Baja requires an open surgical procedure.’
Radiographs can also identify loosened components in Total Knee
Arthroplasty (TKA) causing obstructions in the knee range of
motion.

Diagnostic confirmation of arthrofibrosis can also be done by
preoperative Magnetic Resonance Imaging (MRI). It also helps in
identifying any ligament or meniscal injury that can be addressed
during arthroscopy.

310
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5. Indications

Arthroscopic arthrolysis is now a standard technique for post-
traumatic knee stiffness.” Restriction either in flexion or in exten-
sion or both due to fibrotic adhesions can be successfully treated by
arthroscopy. Operative intervention done for intraarticular frac-
tures, ligaments or meniscal injuries may lead to intraarticular
adhesions, that can be addressed effectively using arthroscopic
debridement after a certain duration following healing of ligaments
or union of bone.

Amr El Gazzar treated 11 patients with post-traumatic knee
stiffness by arthroscopic arthrolysis. Eight among 11 patients were
operated on previously for intra-articular and peri-articular frac-
tures and 3 were treated for ligament injuries."”

One of the early mentions of arthroscopic arthrolysis for post-
operative knee stiffness was by W. Klein et al. and the majority of
these patients were previously treated for Anterior Cruciate Liga-
ment (ACL) injuries.!

Dhillon et al. have successfully treated quadriceps contracture
due to shaft femur fracture using long arthroscopic scissors. Ad-
hesions up to nine inches above the patella were released. They
have even claimed to treat bony ankylosis between the patella and
femur using arthroscopic assisted debridement with long
osteotomes.'?

Since the arthroscopic procedure is associated with minimal
morbidity as compared to open procedure, its role has been
extensively studied in treating complications of knee arthroplasty.
In 1987, Campbell et al. could treat flexion contracture causing
arthrofibrosis post TKA using arthroscopy in eight patients."”
Klinger et al. used arthroscopy as their diagnostic tool to deter-
mine the aetiology for the painful total knee arthroplasty. Arthro-
fibrosis was the direct cause of painful TKA in 11 out of 27 patients
who were successfully treated arthroscopically in the same
setting.'* Most of the authors have considered an aggressive, su-
pervised physiotherapy regimen in the initial three months for the
management of post-TKA knee stiffness before attempting arthro-
scopic arthrolysis."

6. Contraindications

Infection is an absolute contraindication that requires thorough
open debridement. Grade IIl degenerative joint disease, the active
phase of CRPS, poor compliance of the patient, axis deviation of >5°
are relative contraindications for arthroscopic arthrolysis."!

Post-traumatic stiffness due to malunited periarticular or
intraarticular fractures require an open procedure to remove the
bony blocks impeding joint movements. Attempting arthrolysis and
mobilization before a complete union of fractures is not advisable
since the uncontrolled mobilization can precipitate re-fractures.
Awaiting till consolidation of reconstructed ligaments is reason-
able before attempting to treat knee stiffness surgically.

Patella Infera/Baja requires an open surgical procedure to
lengthen or reconstruct the patellar tendon or proximalization of
the tibial tubercle.® Aseptic loosening or dislodgement of TKA
components impeding knee motion may require revision surgery.

7. Arthroscopic technique

After a thorough pre-operative evaluation, a passive range of
motion (ROM) of the affected joint should be noted under anes-
thesia and should be compared with the preoperative recorded
ROM.

A pneumatic tourniquet when used should be applied over the
proximal thigh as high as possible. It should be deflated before
attempting mobilization after arthrolysis for unrestricted gliding of
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Table 1
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Summary and comparison of several studies evaluating the efficacy of arthroscopic arthrolysis in post-TKA knee stiffness.

STUDY

NUMBER OF PATIENTS

INDICATION

TREATMENT

RESULTS

Sprangueet al’ 1982

1

Arthrofibrosis

Arthroscopic release
Arthroscopic release

Arthroscopic release
Arthroscopic release
Arthroscopic arthrolysis
Arthroscopic debridement
Arthroscopic arthrolysis
Arthroscopic debridement
Arthroscopic debridement
Arthroscopic release of PCL
Arthroscopic arthrolysis
Arthroscopic arthrolysis
Arthroscopic arthrolysis
Arthroscopic arthrolysis
Arthroscopic arthrolysis

No improvement
No details

7/8 improved
Improved

7/13 improved
improvement
improvement
25/29 cases improved
27/46 improvement
8/10 improved

4/4 improved

23/26 improved
10/11 improved
31/33 improved
9/10 improved

Del Pizzo et al.?! 8 Arthrofibrosis

1985

Campbell'® 1987 8 Arthrofibrosis
Parisien?” 1988 1 Arthrofibrosis
Wasilewski and Frankl>* 1989 13 Arthrofibrosis and infrapatellar spur
Hirsch and Sallis?>* 1989 1 Impingement
Lawrence and Kann?® 1992 1 Arthrofibrosis

Jerosch and Schroder?® 1996 29 Intraarticular fibrous plicae
Markel et al.>” 1996 46 Peripatellar fibrosis
Williams et al.”® 1996 10 Limited ROM

Court et al.>° 1999 4 Arthrofibrosis

Henkel et al.>® 1999 26 Limited ROM

Corces et al.>' 2000 11 Pain and Limited ROM
Blumberg et al.*? 2001 33 Pain and Limited ROM
Scranton®® 2001 10 Pain and Limited ROM
Ternovyi and Zazirnyi** 2001 4 Extension Contracture
Djian et al.*® 2002 6 Limited ROM

Teng et al.>® 2002 11 Limited ROM

Klinger et al.'* 2005 12 Intraarticular adhesions
Schwarzkopf et al.>” 2013 19 Limited ROM
Bodendorfer et al.>® 2017 18 Limited ROM

Arthroscopic arthrolysis
Arthroscopic arthrolysis
Arthroscopic arthrolysis
Arthroscopic arthrolysis
Arthroscopic arthrolysis
Arthroscopic arthrolysis

4/4 improved
6/6 improved
11/11 improved
9/11 improved
19/19 improved
17/18 improved

quadriceps muscle.

The surgical procedure requires standard arthroscopic in-
struments, basket clamps, mayo scissors, motorized shaver, and
electrocautery probe. After tourniquet inflation, standard arthro-
scopic portals-anteromedial, anterolateral portals are made.
Suprapatellar portals can be made if required. Inspection of the
joint is done in a sequential manner starting from the suprapatellar
pouch, lateral retinacular gutter, medial retinacular gutter, infra-
patellar region to intercondylar notch. Adhesions noted are
removed using a motorized shaver. Arthroscope and instruments
interchanged between the portals as per convenience.

In cases with previous ACL reconstruction, one should look for
hypertrophic tissue at the base of graft known as ‘Cyclops lesion’
and should be excised.'” If there is any impingement of the
reconstructed graft causing a limited extension, it might require the
notch plasty.”®

Bansal et al."> have described a technique where saline-soaked
ribbon gauze was packed in layers between patellofemoral articu-
lation using suprapatellar portals. The ribbon gauze piece at the
patellofemoral interface lifts the patellar up, stretching the quad-
riceps and increases the mechanical lever arm of the extensor
mechanism. An increase in the range of motion was noted after the
removal of the gauze piece from the joint.

Cases with limited knee extension might have posterior adhe-
sions and capsular contractures. To address it, the posteromedial
compartment of the knee joint can be accessed by negotiating
scope through the intercondylar notch along the axial axis of the
medial femoral condyle. Also, it is recommended to make posterior
portals at 90° knee flexion to avoid damage to posterior neuro-
vascular structures'®). Posterior portals are required for arthrolysis
if extensive posterior adhesions are noted. The posteromedial
portal is made at around 1 cm above the tibiofemoral joint line,
5 mm behind the femoral condyle through the transillumination
technique.” The posterolateral portal is made similarly by access-
ing the posterolateral compartment by passing scope through the
anteromedial portal along the axial axis of the lateral femoral
condyle. The transseptal portal is made by passing a blunt obturator
through the posterior septum just behind Posterior Cruciate Liga-
ment (PCL) from the medial to lateral side.'® The anterior part of the
septum can be resected with the help of a shaver to convert the
posteromedial and posterolateral compartment into one posterior
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compartment. It is recommended to pierce the distal part of the
septum just behind PCL to avoid damage to vessels passing through
the proximal part of the septum.!® After releasing the posterior
capsule, the origin of gastrocnemius muscles can also be released to
facilitate further extension if required.

8. Results

Among 11 patients treated by Amr El Gazzar for post-traumatic
knee stiffness, 8 patients showed satisfactory results.'” W. Klein
et al. treated 43 of 56 patients with postoperative knee stiffness
successfully by arthroscopic arthrolysis. The majority of these pa-
tients were previously treated for ACL injuries. The average time
between the two surgeries was 22.8 months and arthrolysis was
done following the failure of a minimum of six months of
physiotherapy.'!

Several authors have studied the role of arthroscopy in treating
post-TKA knee stiffness [Table 1]. For homogenous assessment and
analysis, we have enumerated studies with only arthroscopic
management of knee stiffness following TKA. Studies that were
done before 2000 had shown the efficacy of arthroscopic man-
agement in 75% of patients. However, studies after 2000 have
shown improvement in around 94% of the patients. This plausible
difference in the outcome could be attributed to the advancement
in the techniques of arthroscopy in recent years.

Fitzsimmons et al.?° in their review article have shown the ef-
ficacy of arthroscopic arthrolysis up to one year after index surgery.
And they had also emphasized that arthroscopic arthrolysis in
combination with Mobilization under Anesthesia (MUA) has a su-
perior outcome than the open procedure.

9. Complications

Since the contracted joint has limited space to manoeuvre the
instruments, the chance of instruments breakage with inexperi-
enced hands is inevitable. Post-arthrolysis infection is also a com-
mon complication. Patellar tendon avulsion, patella fracture can
also occur during mobilization after arthrolysis. Due necessary
precautions to avoid these complications should be taken during
the procedure.
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10. Conclusion

Arthroscopic arthrolysis is a better alternative to open arthrol-
ysis for various causes of knee stiffness. It should be attempted after
the failure of a minimum of 3 months of extensive physiotherapy
post-primary surgery. One can achieve a good functional outcome
up to 1-year post-primary surgery if combined with MUA.

Funding

No funding or grants were received or will be received from any
commercial party relating to the subject of this article.

Ethical approval

Ethical approval not required as per our Institute Review Board.
All procedures performed in this study involving human partici-
pants were in accordance with the ethical standard of the institu-
tional and/international research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

Author’'s contribution

Hemant Bansal: Conceptualization, Methodology, Writing-
Reviewing and Editing. Vivek Veeresh: Data curation, Writing-
Original draft preparation. Hiralal Nag: Supervision, Validation.

Declaration of competing interest
All authors declare that there is no conflict of interest to disclose.

References

1. Standring Susan, et al. Gray's Anatomy. 41st ed.; 2016:1383 (chapter 82)
https://www.us.elsevierhealth.com/gray-s-anatomy-9780702052309.html.

2. John R, Dhillon MS, Syam K, Prabhakar S, Behera P, Singh H. Epidemiological
profile of sports-related knee injuries in northern India: an observational study
at a tertiary care centre. J Clin Orthop Trauma. 2016;7(3):207—211.

3. Cross M, Smith E, Hoy D, et al. The global burden of hip and knee osteoarthritis:
estimates from the global burden of disease 2010 study. Ann Rheum Dis.
2014;73(7):1323—-1330.

4. Allen KD, Golightly YM. Epidemiology of osteoarthritis: state of the evidence.
Curr Opin Rheumatol. 2015;27(3):276—283.

5. Schiavone Panni A, Cerciello S, Vasso M, Tartarone M. Stiffness in total knee
arthroplasty. J Orthop Traumatol Off J Ital Soc Orthop Traumatol. 2009;10(3):
111-118.

6. Warner JJ. The Judet quadricepsplasty for management of severe posttraumatic
extension contracture of the knee. A report of a bilateral case and review of the
literature. Clin Orthop. 1990;256:169—173.

7. Sprague NF, O'Connor RL, Fox JM. Arthroscopic treatment of postoperative knee
fibroarthrosis. Clin Orthop. 1982;166:165—172.

8. Xing W, Sun L, Sun L, et al. Comparison of minimally invasive arthrolysis vs.
conventional arthrolysis for post-traumatic knee stiffness. J Orthop Sci Off ] Jpn
Orthop Assoc. 2018;23(1):112—116.

9. Pujol N, Boisrenoult P, Beaufils P. Post-traumatic knee stiffness: surgical tech-

niques. Orthop Traumatol Surg Res OTSR. 2015;101(1 Suppl):S179—S186.

Elgazzar Amr. ARTHROSCOPIC ARTHROLYSIS FOR KNEE JOINT STIFFNESS. 2018.

Klein W, Shah N, Gassen A. Arthroscopic management of postoperative

arthrofibrosis of the knee joint: indication, technique, and results. Arthrosc |

Arthrosc Relat Surg. 1994;10(6):591-597.

10.
11.

312

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Journal of Arthroscopy and Joint Surgery 8 (2021) 309—312

Dhillon MS, Panday AK, Aggarwal S, Nagi ON. Extra articular arthroscopic
release in post-traumatic stiff knees: a prospective study of endoscopic
quadriceps and patellar release. Acta Orthop Belg. 2005;71(2):197—203.
Campbell ED. Arthroscopy in total knee replacements. Arthrosc J Arthrosc Relat
Surg. 1987;3(1):31-35.

Klinger H-M, Baums MH, Spahn G, Ernstberger T. A study of effectiveness of
knee arthroscopy after knee arthroplasty. Arthrosc J Arthrosc Relat Surg.
2005;21(6):731-738.

Bansal H, Nag H, Mehta N, Sain A. A new method of arthroscopic assisted
management of stiff knee: a technical note. Arthrosc Orthop Sports Med.
2018;5(1):53—56.

Ahn JH, Lee SH, Jung H]J, Koo KH, Kim SH. The relationship of neural structures
to arthroscopic posterior portals according to knee positioning. Knee Surg
Sports Traumatol Arthrosc Off ] ESSKA. 2011;19(4):646—652.

Schreiber SN. Arthroscopy update #9. Posterior compartment observation and
instrumentation in the knee using anteromedial and anterolateral portals and
an interchangeable cannula system. Orthop Rev. 1991;20(1):76—80, 67—8, 73.
Louisia S, Charrois O, Beaufils P. Posterior “back and forth” approach in
arthroscopic surgery on the posterior knee compartments. Arthrosc J Arthrosc
Relat Surg. 2003;19(3):321—-325.

Ramos LA, Astur D, Novaretti |V, et al. An anatomic study of the posterior
septum of the knee. Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc Assoc N Am
Int Arthrosc Assoc. 2012;28(1):100—104.

Fitzsimmons SE, Vazquez EA, Bronson M]. How to treat the stiff total knee
arthroplasty?: a systematic review. Clin Orthop. 2010;468(4):1096—1106.

Del Pizzo W, Fox JM, Friedman My], Snyder SJ, Ferkel RD. Operative arthroscopy
for the treatment of arthrofibrosis of the knee. Contemp Orthop. 1985;10:
67-72.

Parisien JS. The role of arthroscopy in the treatment of postoperative
fibroarthrosis of the knee joint. Clin Orthop. 1988;229:185—192.

Wasilewski SA, Frankl U. Fracture of polyethylene of patellar component in
total knee arthroplasty, diagnosed by arthroscopy. J Arthroplasty.
1989;4(Suppl):S19—-S22.

Hirsh DM, Sallis ]JG. Pain after total knee arthroplasty caused by soft tissue
impingement. ] Bone Joint Surg Br. 1989;71(4):591—-592.

Lawrence S, Kan RO. Arthroscopic lysis of adhesions after New Jersey LCS total
knee arthroplasty. Orthopedics. 1992;15(8):943—944.

Jerosch ], Schroder M, Steinbeck J, Halm H. Arthroscopy in patients with knee
endoprostheses. Knee Surg Sports Traumatol Arthrosc Off ] ESSKA. 1993;1(3—4):
218-222.

Markel DC, Luessenhop CP, Windsor RE, Sculco TA. Arthroscopic treatment of
peripatellar fibrosis after total knee arthroplasty. J Arthroplasty. 1996;11(3):
293-297.

Williams R], Westrich GH, Siegel ], Windsor RE. Arthroscopic release of the
posterior cruciate ligament for stiff total knee arthroplasty. Clin Orthop.
1996;331:185—-191.

Court C, Gauliard C, Nordin JY. (Technical aspects of arthroscopic arthrolysis
after total knee replacement). Rev Chir Orthop Reparatrice Appar Mot.
1999;85(4):404—410.

Henkel TR, Tibesku CO, Munzinger U. Value of arthroscopic arthrolysis in total
knee arthroplasty.  Bone Joint Surg Br. 1999;81:175—176.

Corces A, Gonzalez V, Stanziola F. Arthroscopy of painful total knee replace-
ment. Arthroscopy. 2000;16:440.

Blumberg N, Menachem A, Yaniv N, Arbel R. Arthroscopy following total knee
replacement. | Bone Joint Surg Br. 2001;83:291.

Scranton PE. Management of knee pain and stiffness after total knee arthro-
plasty. J Arthroplasty. 2001;16(4):428—435.

Ternovyi MK, Zazirnyi IM. (Arthroscopy techniques in the treatment of
extension contractures of the knee joint after total knee arthroplasty). Lik
Sprava. 2001;(3):99—-101.

Djian P, Christel P, Witvoet J. (Arthroscopic release for knee joint stiffness after
total knee arthroplasty). Rev Chir Orthop Reparatrice Appar Mot. 2002;88(2):
163—-167.

Teng H-P, Lu Y-C, Hsu C-J, Wong C-Y. Arthroscopy following total knee
arthroplasty. Orthopedics. 2002;25(4):422—424.

Schwarzkopf R, William A, Deering RM, Fitz W. Arthroscopic lysis of adhesions
for stiff total knee arthroplasty. Orthopedics. 2013;36(12):e1544—e1548.
Bodendorfer BM, Kotler JA, Zelenty WD, Termanini K, Sanchez R, Argintar EH.
Outcomes and predictors of success for arthroscopic lysis of adhesions for the
stiff total knee arthroplasty. Orthopedics. 2017;40(6):e1062—e1068.



Journal of Arthroscopy and Joint Surgery 8 (2021) 313—318

journal homepage: www.elsevier.com/locate/jajs

Contents lists available at ScienceDirect

Journal of Arthroscopy and Joint Surgery

The management of osteochondral loss in the skeletally immature

knee

Check for
updates

Charlene Chin See’, Nitish Gogi, Shomari Webster-Prince, Nicolas Nicolaou

Department of Trauma and Orthopaedics, Sheffield Children's Hospital NHS Trust, Western Bank, Sheffield, UK

ARTICLE INFO ABSTRACT

Article history:

Received 16 February 2021
Received in revised form

13 May 2021

Accepted 25 May 2021
Available online 29 May 2021

Keywords:

Osteochondral fractures
Osteochondritis dissecans
Cartilage loss

Chondral defect

(o]

Osteochondral lesions in children and adolescents can be managed by different techniques. There is a
paucity of evidence with regards to the optimal management of these particular lesions. Salvage options
are mostly inferred from the adult literature, with Autologous Chondrocyte Implantation the most
popular technique. The use of fresh allograft has good documented outcomes in this cohort.

© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction

Osteochondral defects of the knee in the skeletally immature
encompasses Osteochondritis Dissecans (termed Juvenile OCD) and
traumatic osteochondral fractures (OCF). If untreated, both can lead
to worsening pain and osteoarthritis. It is not uncommon to
encounter neglected cases with loose fragments, or cases where
both operative and non-operative treatment has failed. Where
defects of the articular surface and subchondral bone are present in
the paediatric cohort, techniques utilized in the adult sector often
have limited evidence for use. Here we review the evidence for
treatment of the paediatric cohort with osteochondral loss within
the knee joint.

2. Non-operative management

Conservative management has been successfully applied for
small fragment OCFs (<1.5 cm)."” The decision to treat JOCD
conservatively is dependent on the patient's skeletal maturity,
symptoms, location and stability of the fragment. Small defects
(<2 cm?), and those located at the ‘classic’ area (posterolateral

* Corresponding author. Department of Trauma and Orthopaedics, Sheffield
Children's Hospital NHS Trust, 12 Northumberland Road, Western Bank, Sheffield,
S10 2TT, UK.

https://doi.org/10.1016/j.jajs.2021.05.004

aspect of medial femoral condyle) are more likely to heal. Cahill
proposed that 50% of these lesions heal within 12—18 months as
long as the physes remain open and patients are compliant with
restricted activity.® Other studies have shown healing rate up to
67% by 6—12 months.*

There is also no consensus as to the ideal method of non-
operative management. Modalities range from limiting weight
bearing and activity restriction to cast or brace immobilization.!
Many children at higher levels of sporting activities struggle with
compliance and may require counselling and reinforcement
regarding the benefit of conservative management during this
stage.

Presentation with mechanical symptoms, joint effusion, large
lesions and radiological evidence of subchondral sclerosis at 6
months are all poor prognostic factors."”’ Patients with these
findings and larger, displaced defects will likely suffer deleterious
effects if managed conservatively. Studies in animals have shown
correlation between the size of the defect and resultant sur-
rounding chondral degeneration. Heuijerjans et al. sought to
biomechanically recreate the joint and assess the effect of impart-
ing varying forces and changes with defect sizes. They found that a
small increase in defect size lead to an exponential increase in
surrounding superficial collagen fibre strain. The authors proposed
that filling this defect would increase the surface area able to
partake in load bearing, thereby decreasing surrounding cartilage
strain.® A cadaveric study in 8 knees also showed that in defects <

2214-9635/© 2021 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights

reserved.
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8 mm there was no increased stress concentration around the
defect. In this case, the menisci functioned significantly in the
redistribution of this load. However, defects >10 mm were asso-
ciated with increased stress concentration along the defect rim and
within surrounding cartilage, increasing the risk of progression to
osteoarthritis®

3. Operative management

For both OCF and JOCD, operative intervention is undertaken in
patients who have failed conservative management with continued
symptoms or if radiographic evidence of progression to fragment
instability exists."”> The aim of surgical treatment is to stabilise the
cartilage, maintain joint congruity and repair the osteochondral
defects, while causing minimal damage to the physes or iatrogenic
injury to the joint, thereby decreasing the risk of osteoarthritis.®
Interventions are either reparative or restorative.'” Though multi-
centre studies are lacking, it is generally agreed that drilling
(transarticular or retroarticular) is the best option for symptomatic
stable lesions, with good outcomes demonstrated in systematic
reviews.! Reduction and fixation of unstable but salvageable frag-
ments is also recommended. However, difficulty exists in deciding
the best options for unsalvageable lesions. Concomitant conditions
such as patellar instability, Anterior cruciate ligament deficiency
and limb deformity (leading to malalignment) may also need to be
addressed."

3.1. Debridement and fragment excision

Debridement and fragment excision has been suggested for
small or irreparable OCDs. Excision of fragments <1-1.5 cm,
especially if of poor quality, has been described. This may be per-
formed as a standalone procedure or along with microfracture.
Isolated excision, though beneficial in the short term, is not rec-
ommended due to long term findings of degenerative changes and
poor functional scores, with the worst outcomes if performed in
weightbearing areas.'

3.2. Osteochondral repositioning and fixation

Fixation of the osteochondral fragment can be performed for
OCF or unstable JOCD and involve either in situ fixation or fragment
repositioning and fixation if the fragment is viable. It is essential to
remove the fibrous tissue from the base of the lesion in JOCD,
though bone on the cartilage flap should be preserved.* Open and
arthroscopic techniques are described and fixation can be per-
formed using bioabsorbable screws and pins or metallic headless or
headed compression screws. Fig. 1a and b shows the successful use
of bioabsorbable pins for the fixation of an unstable OCD of the
lateral femoral condyle. Metallic implants will warrant surgical
removal after healing. The benefit of this is the opportunity to re-
view stability and healing of the fragment at the time of surgery.! If
a viable cartilage flap is present, it can be partially hinged open, its
base debrided with microfracture and bone graft inserted if
necessary.'?

A French multicenter study identified 14 skeletally immature
patients with OCFs of the lateral condyle and patella that under-
went open or arthroscopic surgical repositioning and fixation
within 20 days of injury. Over a mean follow up of 30 months, no
patient needed revision of fixation.” Though patients in this study
had surgery acutely and the recommendation is for early treatment
of OCFs, case studies have documented successful surgical treat-
ment at 2 months post injury.'” Increase in the fragment size,
cartilage degeneration and subsequent mechanical symptoms can
occur if displaced fragments are not treated early.!
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Repositioning and fixation techniques utilized for JOCDs are
similar to that described for OCFs with good success rates of
91-100%. If necessary, autologous bone grafting (from the proximal
tibia or iliac crest) can also be utilized.

Fixation of purely chondral lesions in children has been pro-
posed due to greater healing potential.® In a retrospective multi-
center study of 15 patients with isolated chondral lesions,
debridement of the lesion and subchondral drilling was performed,
followed by reduction and fixation of the chondral fragment with
bioabsorbable screws, tacks and sutures. This was supplemented
with fibrin glue in 3 patients. One patient suffered re-injury 8
weeks postoperatively and underwent fragment excision while
another had surgery at 1 year to remove unrelated loose bodies. For
the latter, arthroscopy showed evidence of healing of the chondral
fragment. MRI was performed within a median of 12 months post-
operatively and showed cartilage contour restoration in 5 patients
and thinning in 2. These patients had evidence of subchondral
advancement into the deep cartilage layer. Cartilage thickening
occurred in 1 patient while subchondral oedema and cartilage
fissuring occurred in another. All patients returned to sports and
other activities post-operatively within 6 months. It was suggested
that these lesions may in fact have microscopic bone attached
which improved healing capability.”®> Of note, in either study, no
recommendations were made as to the fragment size that was
amenable to fixation. Limited studies of high caliber are available to
further assess fixation of isolated chondral lesions.

4. Salvage options

Multiple methods of treatment have been described if reposi-
tioning and fixation of the fragment is not possible. Such defects
have limited treatment options due to the lack of intact articular
cartilage (Fig. 2). Options include bone marrow stimulation tech-
niques (such as microfracture and autologous matrix induced
chondrogenesis), autologous osteochondral or chondrocyte im-
plantation and allograft implantation.

4.1. Microfracture

Microfracture is a minimally invasive procedure advocated for
small (<2 cm?) OCDs not amenable to repair. Subchondral perfo-
rations are performed resulting in haematoma and subsequent
fibrous clot formation. This contains mesenchymal stem cells (MSC)
and growth factors. Fibrocartilage, which is less durable than hya-
line cartilage, forms after MSC differentiation. This method cannot
be used to address bone defects and is less effective in JOCD due to
the presence of abnormal subchondral bone in some instances.'"'*

Microfracture was used by Lee et al. for 5 patients with irrepa-
rable OCFs (average size 1.2 cm?) secondary to patellar dislocation.
Four (average size 3.2 cm”) had fixation performed. All were
postoperatively assessed with the Knee Injury and Osteoarthritis
Outcome score and International Knee Documentation Committee
outcome measure. Patients receiving microfracture had better
outcome stores but results may be attributable to the difference in
severity of injury and subsequent lesion size.'

Steadman et al. retrospectively reviewed 26 patients (<19 years
of age) who had microfracture for full thickness cartilage defects.
Twenty-two patients were followed up for a minimum of 2 years.
The defect size ranged from 10 to 600 mm.? One patient had
trochlear groove microfracture and required revision 1 year post-
operatively. Patient satisfaction was excellent. Age and gender
were not prognostic.'4

Microfracture has however been shown to have poor long term
outcomes compared to other restorative techniques. Gudas et al.
compared this method with mosaicplasty via a prospective
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Fig. 1. a: Pre-operative axial MRI image of an unstable OCD, 23 mm diameter, of the lateral femoral condyle. b: Axial MRI image of OCD at 28weeks post fixation with one of four

bioabsorbable nails demonstrated.

Fig. 2. An arthroscopic image of a patient with long standing unsalvageable patella
OCD.

randomized controlled trial in patients less than 18 years and found
that at 4.2 years only 63% of patients maintained good to excellent
outcomes compared to 83% in the OAT cohort despite comparable
results at 1year after surgery. Microfracture was still recommended
as there was improvement of the preoperative clinical status.®
Due to its shortcomings, ‘PLUS microfracture’ was developed.
This included the use of a membrane (synthetic or periosteum)
after microfracture. The principle is to contain and concentrate
MSCs at the defect site instead of continued intraarticular expul-
sion. This procedure has further evolved into autologous matrix
induced chondrogenesis (AMIC) which consisted of applying a
collagen membrane or matrix after microfracture. Sutures and
biological glue are then applied to maintain a stable matrix.!”'®

4.2. Osteochondral autograft transplantation system (OATS) and
mosaicplasty

This is single stage surgery, open or arthroscopic, taking a cy-
lindrical osteochondral graft from a healthy non weight bearing
area of the patient's knee and implanting it into the defect. In the
mosaic type, multiple small cylinders may be taken from the donor
site to fill the defect. Fibrous cartilage is therefore interposed be-
tween hyaline cartilage of the osteochondral graft. The success
depends on the size and site of defect and matching the radius of
curvature on the donor and recipient site. Outcomes are best for
defects <2 cm,” but it can be used to treat defects up to 4 cm? V.
Valtanen et al. have shown OATS to be useful in lesions up to 3 cm?
with good to excellent clinical outcomes.'*

As the graft is from the same patient, there are no risks of dis-
ease transmission or graft rejection issues, though donor site
morbidity limits the size of the graft harvested. Osteochondral bone
plugs have also been used for in situ fixation or splinting of stable
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fragments.' Larger defects can be filled with a ‘MEGA-OATS’
technique, in which larger grafts can be taken from the dorsal or
posterior femoral condyle and inserted via the press-fit method."”

Hybrid methods of OATS with stabilisation with bioabsorbable
or metal implants have been advocated in adults, but there is no
literature evidence available for skeletally immature.*

4.3. Osteochondral allograft transplantation

Osteochondral allograft transplantation (OCA) is advantageous
in the management of large (>2 cm?) defects that are unsalvage-
able. A fresh, fresh-frozen or stored allograft, matched for size and
contour is transplanted into the defect after it is prepared. An
example of this is shown in Fig. 3a—e.

Ninety-eight percent of chondrocytes remain viable at 7 days in
fresh allografts and decreases to 70% after 1 month.'*!'° OCA re-
places abnormal subchondral bone with normal bone and allows
for early structural stability. With time, creeping substitution oc-
curs and the donor bone is replaced.’” OCA is expensive and
microbiological and immunological investigations must be per-
formed during its preparation to decrease the risk of disease
transmission and associated morbidity.’® Some studies address
OCA use specifically for OCD in the paediatric age group. At 10-years
post OCA in children with a mean age of 16.4 years treated for
cartilage defects secondary to JOCD, avascular necrosis and trauma,
graft survivorship was 90% with 89% of patients satisfied with their
clinical outcome. OCA is also performed as a salvage procedure after
failure of other modalities.’® Availability and cost, often with
logistical difficulties due to the shelf life make use of fresh allograft
a challenge.

4.3.1. Autologous chondrocyte implantation

The two-stage procedure, autologous chondrocyte implantation
(ACI), was initially described for defects >2 cm? and involved an
initial biopsy of non-articulating cartilage (such as the super-
omedial or superolateral trochlear edge and the intercondylar
notch) with associated subchondral bone.?' After in vitro multi-
plication, the chondrocytes are placed within the defect and
covered with periosteum harvested from the tibia. If the depth of
the subchondral defect is significant (>6—8 mm), autologous
grafting is recommended in conjunction with ACI. The graft may be
soaked in autologous bone marrow aspirate obtained from iliac
crest prior to insertion. Chondrocyte maturation results in hyaline
cartilage formation but with a known risk of graft hypertrophy and
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Fig. 3. a. Axial, sagittal and coronal CT images of a large osteochondral defect in the lateral femoral condyle.b. Intra-operative image after the bed of the osteochondral defect has
been debrided to bleeding bone.c. The intra-operative appearance after allograft fixation in the same patient. d. A post-operative sagittal CT image of the patient after fixation with
metallic variable pitch head-less screws at 6 weeks. e. Plain radiographs 24 months after the initial surgery. There is good bone incorporation of the allograft.

arthrofibrosis."*???> Long term results were poor when imple- artificial membranes instead of periosteum and can be classified as
mented for the treatment of Kissing lesions. Hence it is not synthetic, proteic and polysaccharid. Hyaluronic acid is commonly
recommended."” used as it aids inhibition of chondrocyte apoptosis and regulates the

This first-generation procedure has been refined to include membrane. Further evolution of the Matrix induced ACI (MACI)
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involved porcine derived collagen I and Il being used as the scaffold
for chondrocyte implantation, resulting in less morbidity and even
chondrocyte distribution. High-density ACI, in which the chon-
drocyte density is increased over MACI fivefold, has been described
but no comparative studies are available to assess its benefit.>? The
ACI ‘sandwich technique’ describes the use of 2 collagen mem-
branes. The membranes are placed over the impacted bone graft
and secured with fibrin glue and sutures. The chondrocyte matrix is
then placed between the 2 membranes. Though recommended in
the paediatric age group for large defects, there is a paucity of
literature regarding its use.'>>%*

MSC can also be implanted into the defect with the aid of
scaffolds including platelet-rich fibrin. The cells are usually derived
from bone marrow and can be implanted within a single procedure.
The added benefit is that these cells are multipotent and therefore
regeneration of both subchondral bone and cartilage is possible 25.
Further advancement has led to Autograft Cartilage Transfer (ACT)
involving the combination of autologous bone marrow aspiration
and concentration, autologous cartilage harvested from the non-
articular femoral condyle and a scaffold of allograft cartilage
extracellular matrix. These procedures eliminate the need for
multiple surgeries but do carry an increased risk of donor site
morbidity. They are recommended for young patients with unsal-
vageable lesions. Likely as a result of its novelty, no studies were
identified in the English literature to assess their efficacy in the
skeletally immature.”®

Further benefits of tissue engineering are currently being
investigated. The expression of chondrogenic genes can be
increased by the in vitro addition of specific growth factors and
bone morphogenetic protein 2 (BMP2) to MSC. Tensile strength can
be improved by increasing collagen concentration and cross linking
with glycosaminoglycan-depleting enzymes and cross linking
agents respectively. Non-articular chondrocytes are also being
engineered into viable cells, thereby expanding the availability of
autologous donor sites.?’

4.4. Particulate juvenile articular cartilage allograft transplantation
(PJAC)

PJAC is an emerging single stage procedure involving harvesting
cartilage from young donors (0—13 years) and mincing them into
small 1 mm? fragments. These chondrocyte rich particles are then
implanted into the defect and covered with fibrin glue. Its benefit is
in its ability to be used for chondral defects with multiplanar
contours such as within the patella. Studies involving both adults
and children have shown good short-term outcomes.?®

4.5. Acellular scaffolds

Recently, the use of acellular scaffolds has been advocated for
JOCD, highlighting the benefit of a single stage procedure over ACI
with no need for in vitro chondrocyte manipulation and the costs
associated with it. A study in 20 children described implantation of
a biphasic acellular scaffold consisting of collagen type 1 and hy-
droxyapatite at varying concentration ratios to mimic the osteo-
chondral unit as best possible. A press-fit technique was ensured
and fibrin glue applied. Assessment of regeneration was via MRI
performed at multiple intervals post-operatively with 11 patients
undergoing all scans. At a mean follow up of 6 years, clinical
outcome measures showed improvement from baseline pre-
operative levels for all despite non-reassuring findings on final
MRI. Though two-thirds had intact articular cartilage, the majority
had abnormalities within the subchondral bone.?>°

Multiple systematic reviews encompassing the different tech-
niques and their outcomes have been performed. Methods of OCD
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description varied. Abouassaly et al. in the review of 25 level 4
studies found that both stable and unstable defects were addressed
with drilling, bone pegs and bioabsorbable screws while metallic
screws and fixation were employed for only unstable lesions. A
systematic review identified drilling for stable OCDs and bio-
absorbable pin fixation for unstable OCDs as the most common
techniques employed. No specific documentation was made of
OATS or OCA usage.>° Two other systematic reviews, each analyzing
11 studies and including only one level 1 study, noted that ACI was
the most common treatment method in the paediatric population.
OCA had the highest revision rate.'**! Across all studies, some
general observations were made. Regardless of the modality of
treatment, majority of defects healed and resulted in clinical
improvement. Limitations were noted in the strength of studies,
sample size, documentation of additional surgical procedures per-
formed, assessment of outcomes and duration of follow-up.!43%3!

5. Conclusion

Osteochondral loss in the young patient is associated with the
development of pain and osteoarthritis. Fixation of loose defects
should be the focus of management. For cases where this is not
possible, microfracture of the defect can be carried out, although
this facilitates symptomatic benefit only in the short term. Other
restorative procedures can be considered but evidence in this age
group is lacking at present. There are emerging techniques, how-
ever these are mostly documented in adult case studies with small
sample populations. Furthermore, the majority of larger powered
studies are performed in a heterogenous population of adults and
children with varying aetiologies for osteochondral loss. Though it
is well documented that most defects will heal, further investiga-
tion is warranted as to the best methods of treatment in the young,
especially for unsalvageable lesions.
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