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Abstract
BACKGROUND 
Defect treatment with tendon autograft in osteochondral lesions has been 
published in the literature with an experimental study in dogs. To demonstrate 
that it is possible to treat knee osteochondral lesions with the technique of 
autologous tendon transplantation.

AIM 
To evaluate the clinical and radiological results of patients with knee 
osteochondral lesions who were treated with autologous tendon transplantation.

METHODS 
Twenty patients (22 knees) with osteochondritis dissecans (OCD) lesions 
involving the knee were treated with autologous tendon transplantation between 
2005-2018. All lesions were International Cartilage Repair Society grade IV. All 
patients were evaluated clinically at final follow-up with knee injury and 
osteoarthritis outcome score (KOOS); and radiologically with magnetic resonance 
observation and cartilage repair tissue (MOCART) and Kellgren-Lawrence (KL) 
classification.

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v12.i11.867
http://orcid.org/0000-0002-2031-6104
http://orcid.org/0000-0002-2031-6104
http://orcid.org/0000-0002-1751-7642
http://orcid.org/0000-0002-1751-7642
http://orcid.org/0000-0001-6690-2689
http://orcid.org/0000-0001-6690-2689
http://orcid.org/0000-0001-8415-1057
http://orcid.org/0000-0001-8415-1057
http://orcid.org/0000-0003-1818-9422
http://orcid.org/0000-0003-1818-9422
http://orcid.org/0000-0002-7427-2223
http://orcid.org/0000-0002-7427-2223
http://orcid.org/0000-0002-7427-2223
mailto:muhammetsalihayas@yahoo.com.tr


Turhan AU et al. Treatment of knee osteochondritis dissecans with autologous tendon transplantation

WJO https://www.wjgnet.com 868 November 18, 2021 Volume 12 Issue 11

for data sharing.

Country/Territory of origin: Turkey

Specialty type: Orthopedics

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B, B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Received: June 17, 2021 
Peer-review started: June 17, 2021 
First decision: July 28, 2021 
Revised: July 28, 2021 
Accepted: September 16, 2021 
Article in press: September 16, 2021 
Published online: November 18, 
2021

P-Reviewer: Shetty UC, Zabrzyński 
J 
S-Editor: Ma YJ 
L-Editor: A 
P-Editor: Wang LYT

RESULTS 
A total of 20 patients (22 knees) with a mean age of 25.5± 6.8 years were included. 
The average defect size was 4.2 ± 2.1 cm2, and the average defect depth was 0.9 ± 
0.4 cm. Total KOOS score was preoperatively 29.4 ± 5.5 and was later found to be 
81.5 ± 5.9 after an average of 68.7 ± 37.7 mo follow-up. The mean MOCART score 
was 56.2 ± 10.7. Preoperatively, all of the patients had KL grades of 0–1; during 
the follow-up period, 80% of the patients showed no radiological progress of 
osteoarthritis. Patients with less than 4 cm2 lesion had statistically significantly 
better overall KOOS than patients whose more than 4 cm2 lesion, particularly in 
sport and quality of life subscales.

CONCLUSION 
The autologous tendon transplantation is a single-step, safe, simple, cost-effective 
method for the treatment of knee OCD with satisfactory clinical and radiological 
outcomes, particularly in patients with less than 4 cm2 lesion.

Key Words: Osteochondritis dissecans; Knee; Tendon; Transplantation; Autologous; 
Peroneus

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Defect treatment with tendon autograft in osteochondral lesions has been 
published in the literature with an experimental study in dogs. However, to date, only 
one case in the capitellum of the elbow has been scientifically published in humans. 
This retrospective study shows that knee osteochondral lesions are possible with 
tendon autograft transplantation technique.

Citation: Turhan AU, Açıl S, Gül O, Öner K, Okutan AE, Ayas MS. Treatment of knee 
osteochondritis dissecans with autologous tendon transplantation: Clinical and radiological 
results. World J Orthop 2021; 12(11): 867-876
URL: https://www.wjgnet.com/2218-5836/full/v12/i11/867.htm
DOI: https://dx.doi.org/10.5312/wjo.v12.i11.867

INTRODUCTION
Knee osteochondritis dissecans (OCD) is a common pathology affecting the articular 
cartilage and resulting in the delamination of subchondral bone[1,2]. The exact causes 
are unknown, however, biological (ischemia, osteonecrosis) and mechanical factors 
(trauma, overuse) has been proposed[3,4]. The OCD can cause a very wide range of 
clinical presentation from completely asymptomatic to functional impairment. If left 
untreated, these lesions may lead to the development of osteoarthritis[5].

The management of OCD in young patients who may not be good candidates for 
arthroplasty remains a challenge for the knee surgeons. Many treatments have been 
proposed including fragment fixation, microfracture, osteochondral autograft 
/allograft transplantation, matrix-induced chondrogenesis, and autologous chondro-
cyte implantation, depending on the size and depth of lesion[6,7]. The purpose of any 
surgical interventions is to re-establish the joint surface, provide the joint congruency, 
relieve the symptoms and decrease the risk of degenerative osteoarthritis. The 
numerous number of treatment options reveals the challenge of the management of 
knee OCD. However, the real challenge being to choose the 'most rational' of several 
alternative options which potentially differing in their outcomes.

Osteochondral autograft transplantation and mosaicplasty are common surgical 
procedures for treating symptomatic International Cartilage Repair Society (ICRS) 
grade 3 or 4 defects smaller than 3 cm2[8]. These techniques has several advanteges 
including resurface the defect with normal cartilage and replace concurrently the 
subchondral bone. But, the donor site morbidity is a major disadvantage. Furthermore, 
obtaining a congruent surface with donor grafts requires technically challenging skill
[9]. To address these problems, we have proposed a new graft source, the peroneus 
longus tendon, hypotesizing that the tendon autograft with elastic structure can enable 

http://creativecommons.org/Licenses/by-nc/4.0/
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easly joint congruence and with solid structure can provide early weight-bearing. 
Encouraged by the success of tendon autograft in a dog model[10], the technique was 
applied in a series of 20 patients with a OCD.

The purpose of this study is to retrospectively evaluate the clinical and radiological 
results of autologous tendon transplantation using the peroneus longus tendon in 
patients with ICRS grade 3 or 4 defects.

MATERIALS AND METHODS
This study was approved by the institutional review board of our hospital. Patients 
were retrospectively followed up for a minimum of 2 years and data were evaluated 
retrospectively. Twenty-two consecutive knees (20 patients, 2 bilateral) who under-
went autologous tendon transplantation for knee OCD were enrolled from 2005 to 
2018. The inclusion criteria for the treatment were (1) Patients with osteochondral 
defects graded IV on ICRS (International Cartilage Repair Society) classification; (2) 
Patients with a OCD lesions located at the femoral condyles, sized more than 2 cm2, 
causing knee symptoms (pain, swelling or locking) and lesions were not suitable for 
fixation; and (3) Patients who failed a conservative treatment at least 6-mo period. The 
exclusion criteria were (1) Kellgren and Lawrence grade ≥ 2 osteoarthritis; (2) 
Osteonecrosis and infammatory arthropathy; (3) Meniscal deficiency or ligament 
instability; (4) Patients with other general medical conditions (e.g., diabetes mellitus or 
rheumatoid arthritis); (5) Multiple and recent intra-articular injections with steroids; 
(6) Deformity or OA at ipsilateral and contralateral hip or ankle joints; and (7) Possible 
non-compliance to the proposed rehabilitation protocol.

Preoperatively, all patients underwent a thorough physical examination, including 
knee passive and active range of motion, ligamentous stability and knee specific tests. 
Standard radiography were acquired in every patient to evaluate the osteochondral 
lesions and knee osteoarthritis. The magnetic resonance images (MRI) were obtained 
routinely to evaluate the size and depth of the OCD lesion. Patients were assessed 
with Knee Injury and Osteoarthritis Outcome Score (KOOS) before the operation and 
at the final follow-up. The radiological outcomes were assessed with magnetic 
resonance observation of cartilage repair tissue (MOCART) score and with Kellgren-
Lawrence (KL) classification.

The osteochondral defect repair was radiologically evaluated by MRI using the 
Magnetic Resonance Observation of Cartilage Repair Tissue (MOCART). Images were 
evaluated according to defect filling, integration into the border region, surface of the 
repair tissue, structure of the repair tissue, signal intensity of the repair tissue, 
subchondral lamina status, integrity of the subchondral bone, and joint adhesion and 
infusion[11]. Integrity assessment of the subchondral bone could not be made because 
the defect area was restored with autologous tendon in the treatment procedure. 
Therefore, the score ranged from 0 (worst result) to 90 (best possible result).

MRI was performed on a 1.5 Tesla system (Avanto; Siemens Medical Solution, 
Erlangen, Germany) using ankle coil. The following sequences with axial, coronal and 
sagittal plains were used: T1-weighted turbo spin echo (T1W TSE) [TR/TE = 777/12 
ms, matrix = 320 x 224, field of view (FOV) = 16 cm, excitations = 1, slice thickness = 3 
mm, spacing = 0.6 mm], fat saturated proton density weighted turbo spin echo (PDW 
TSE FS) (TR/TE = 3330/47 ms, matrix = 320 x 224, FOV = 16 cm, excitations = 1, slice 
thickness = 4 mm, spacing = 1.2 mm), and fat saturated T2-weighted turbo spin echo 
(T2 TSE FS) (TR/TE = 5200/75 ms, matrix = 208 x 256, FOV = 16 cm, excitations = 1, 
slice thickness = 4 mm, spacing = 1.2 mm).

KOOS is a specific questionnaire form about the knee containing 42 questions in 5 
individual subheadings. These 5 subgroups are: pain, symptoms, activities of daily 
living, sports and quality of life. KOOS is a recommended scoring system in cartilage 
repair patients and is a reliable test being used in patients after their surgical 
treatments of focal cartilage lesions in recent years[12].

Surgical technique
All procedures were performed in a supine position under general or spinal anesthesia 
and a thigh tourniquet was applied. A diagnostic arthroscopy was performed, intraar-
ticular conditions were evaluated, associated meniscal injuries were treated and any 
loose bodies were removed. A mini-arthrotomy was used, depending on the size and 
site of the lesion. The osteochondral lesion was removed and debrided until viable 
bleeding bone was reached. The subchondral bone was drilled at 2-4 mm intervals 
with 1 mm thick K-wire. Following this, a longitudinal posterolateral mini-incision 
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was opened over the peroneus longus tendon, 10 cm proximal to the lateral malleolus 
on the ipsilateral side. A split portion of tendon was harvested from the peroneus 
longus. The graft was folded back on itself and held with absorbable suture, creating a 
“ball” and then fixed into the defect with suture anchor (Figure 1). The spherical 
congruency of the joint was checked. Finally, a cylindrical cast or orthosis was applied 
at 15 degrees of knee flexion.

Post-operative follow-up; Immediate isometric quadriceps exercise was started 
postoperatively. All patients were mobilized with weight-bearing on postoperative 
day 1. At the end of the 4th week, cylindrical cast was removed and active and passive 
knee joint movements were prescribed. All patients followed the same rehabilitation 
protocol for 6 mo, respectively, based on current knowledge of the graft healing 
biology: protect the transplant from excessive loads and shearing forces, gain full 
extension and gradual recovery of knee flexion, progressive recovery in daily 
functional activities, increase the strength of the quadriceps and hamstrings, recovery 
of full range of motion, further increase in strength of quadriceps and flexors muscles, 
further increase in functional activities level, prepare athlete for a return to team and 
competition with good recovery of the aerobic endurance, maintain a good quality of 
life, avoiding excess of body fat and preventing risk of reinjury.

All patients were followed up in the outpatient clinic at the 2nd week, 4th week, 8th 
week, 12th week, 6th month, at the end of 1 year and at the last clinical follow-up. 
Clinical follow-ups; It was performed together with a surgeon and a physiotherapist in 
the surgical team, and the data were documented at each clinical control.

All patients were evaluated radiologically with MRI at the end of the first year and 
at the last follow-up. Radiological evaluations were evaluated by 2 independent 
radiologists in consensus.

Statistical analysis
The statistical analysis was performed using SPSS Version 22.0 statistical analysis 
software. Percentage, rate, average and SD were used as descriptive statistics. The 
compliance of the quantitative data with normal distribution was evaluated using the 
Kolmogorov–Smirnov test. The parametric data were compared using the Student t-
test and the nonparametric data were compared using the Mann-Whitney U test. P 
value less than 0.05 was considered to be statistically significant.

RESULTS
Twenty-two knees of 20 patients underwent autologous tendon transplantation who 
had knee OCD were included in the study. The mean patient age was 25.5 ± 6.8 years 
(range, 19-42 years) and the follow-up period was 68.7± 37.7 mo (range, 30-182 mo). 
Detailed patients demographics are shown in Table 1.

Preoperatively, the average KOOS score was 32.2 ± 5.8 for pain, 28.2 ± 6.4 for 
symotom, 44.5 ± 8.1 for activity of daily living, 22.4 ± 4.6 for sport, and 24.5 ± 5.8 for 
quality of life. Postoperatively, the average KOOS score was 91.3 ± 4.2 for pain, 89.1 ± 
7.2 for symptom, 85.1 ± 6.8 for activity of daily living, 74.5 ± 7.2 for sport, and 72.4 ± 8.1 
for quality of life. Preoperative total KOOS score was 29.4 ± 5.5 (range, 21.4-40.5). 
KOOS total score was found to be increased to 81.5 ± 5.9 (range, 74.2-92.7). All 
parameters of the KOOS score improved significantly (P < 0.001) (Table 2).

The mean MOCART score was found 56.2 ± 10.7 (range, 40-75) at last follow-up. 
There was no significant correlation between the total MOCART and KOOS scores. 
Preoperatively, all of the patients had Kellgren–Lawrence grades of 0–1; during the 
follow-up period, 80% (n = 16) of the patients no showed radiographical progression 
of osteoarthritis (Figure 2). Patients with less than 4 cm2 lesion had statistically 
significantly better overall KOOS (P < 0.01) than patients whose more than 4 cm2 
lesion. In terms of the KOOS subscales, however, this was true only with sport (P = 
0.01) and quality of life (P = 0.02). There were no statistically significant differences in 
the subscales pain, symptoms and activity of daily living (Figure 3).

Second-look arthroscopy was performed during contralateral knee operation to the 
patients who was operated from both knees at one year intervals. Second look 
arthroscopy view at 1-year follow-up of ICRS grade 4 of medial femoral condyle 
showing filling of the defect with a well-integrated, smooth surfaced and stable 
regenerated cartilage. The graft adaptation and incorporation were assessed to be 
excellent (Figure 4).

Peroneus longus tendons were used as autologous grafts in all patients. No complic-
ations developed in any patient regarding donor site. In the graft donor site, no patient 
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Table 1 Demographic characteristics of patients

Age at time of surgery, yr, mean ± SD (range) 25.5 ± 6.8 (19-42)

Sex, M/F, n (%) 15 (75%)/5 (25%)

BMI, kg/cm2, mean ± SD (range) 27.1 ± 3.5 (21.6-32.4)

Side, R/L, n (%) 13 (59.9%)/9 (40.1%)

Location, MFC/LFC, n (%) 18 (81.8%)/4 (18.2%)

Size, cm2, mean ± SD (range) 4.2 ± 2.1 (2.1-9.0)

Depth, cm, mean ± SD (range) 0.9 ± 0.4 (0.4-1.7)

Follow-up duration, mo, mean ± SD (range) 68.7 ± 37.7 (30-182)

BMI: Body mass index; F: Female; L: left; LFC: Lateral femoral condyle; M: Male; MFC: Medial femoral condyle; R: Right; SD: Standard deviation.

Table 2 Clinical and radiological results of patients

Preoperative, mean ± SD (range) At final follow-up, mean ± SD 
(range) P value

Total KOOS score 29.4± 5.5 (21.4-40.5) 81.5 ± 5.9 (74.2-92.7) < 0.01

Pain 32.2 ± 5.8 91.3 ± 4.2 < 0.01

Symptoms 28.2 ± 6.4 89.1 ± 7.2 < 0.01

ADL 44.5 ± 8.1 85.1 ± 6.8 < 0.01

Sport 22.4 ± 4.6 74.5 ± 7.2 < 0.01

QOL 24.5 ± 5.8 72.4 ± 8.1 < 0.01

MOCART score NM 56.2 ± 10.7 (40-75) NM

Kellgren-Lawrence grade 0.4 ± 0.1 (0-1) 0.6 ± 0.1 (0-1) NS

ADL: Activity of daily living; QOL: Quality of life; KOOS: Knee injury and osteoarthritis outcome score; MOCART: Magnetic resonance observation of 
cartilage repair tissue score; NM: Not measured; NS: Not significant; SD: Standard deviation.

reported a neurological symptom. Hypertorphic scar tissue did not occur in any of the 
patients in the donor site. At the end of the 6th month, all patients returned to their 
daily work and daily activities without any restrictions.

DISCUSSION
The most important finding of the present study is that all of the patients treated with 
autologous tendon transplantation had “excellent and good” clinical and radiological 
outcomes with minimum 2 years follow-up. All parameters of the KOOS score 
improved significantly (P < 0.001). Patients with less than 4 cm2 lesion had statistically 
significantly better overall KOOS (P < 0.01) than patients whose more than 4 cm2 
lesion.

The main aim in the treatment of osteochondral defect is to restore joint integrity by 
creating a tissue that is the same or similar to the biomechanical properties of the 
articular cartilage. This is the basic logic of this method. The reason we think of using 
tendons in the treatment of OCD is that the tendon has a viscoelastic and anisotropic 
structure that has main tasks of carrying energy from muscle to bone and storing 
energy with its highly organized hierarchy[13-15]. Tendons have been proven to 
increase their amounts of proteoglycan and glycosaminoglycan present in the matrix 
under compression conditions, and can resist compressive loads thanks to these two 
substances[13,15,16]. Another feature of the tendons is that they can change their 
structures and compositions in case of mechanical load changes. Cells in the tendon 
are responsible for adaptive changes and can alter gene expression, protein synthesis 
and cell phenotype against mechanical load. In addition, the extracellular matrix of the 
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Figure 1 The technique of harvesting the autologous peroneal tendon from the donor area and placing it in the prepared osteochondral 
lesion area of the knee. A: Two mini incisions were made in the ipsilateal leg to harvest a split portion of the peroneus longus tendon; B: Intaoperative image 
showing the rolled peroneus longus tendon with absorbable suture; C: Osteochondral defect was prepared for transplantation; D: The rolled tendon autograft was 
transplanted into the osteochondral defect space and fixed with suture anchor.

Figure 2 Radiographic images of a patient treated with the Autologous Tendon Transplantation technique. A: Anteroposterior radiograph of the 
knee of a 24-year old female with a symptomatic lesion of the medial femoral condyle (4.6 cm2 size and 1.4 cm depth); B: Anteroposterior radiograph of the knee 6 
years after autologous tendon transplantation with suture anchor show congruency of the articular surface of the medial femoral condyle. There are no arthritic 
changes. The patient is asymptomatic, free from pain and has no limitation of movement.

tendon acts as a scaffold, allowing cell adhesion, development, and differentiation[16,
17]. Joint compliance is easily provided by the elastic structure of the tendon, hence 
solid structure forms a load carrying surface; thus, the pain is eliminated, joint 
functions are preserved and degeneration is stopped. The results of this technique we 
have described show that we have achieved this.

The technique we have described is actually a tissue-based cartilage repair 
technique. Therefore, it can be compared with osteochondral autograft or allograft 
repair techniques, which are tissue-based repair techniques. The most important 
advantage of the osteochondral autograft technique is that the graft is autograft and it 
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Figure 3 Knee injury and osteoarthritis outcome scores for different defect size. Patients with less than 4 cm2 lesion had statistically significantly 
better overall knee injury and osteoarthritis outcome score than patients whose more than 4 cm2 lesion, particularly in sport and quality of life subscales. KOOS: Knee 
injury and osteoarthritis outcome score; ADL: Activity of daily living; QOL: Quality of life.

Figure 4 Magnetic resonance images and intraoperative images of a patient treated with the Autologous Tendon Transplantation 
technique. A, B: Coronal and Sagittal T2 section magnetic resonance images (MRI) of a grade 4 osteochondral lesion involving articular surface of medial femoral 
condyle (3.4 cm2 size and 0.5 cm depth) in 24-year old male; C, D: 1-year follow-up coronal and sagittal T2 section MRI showing complete filling of the defect and 
establishment of smooth articular surface; E, F: Second look arthroscopy view at 1-year follow-up of grade 4 osteochondral lesion of medial femoral condyle showing 
filling of the defect with a well-integrated, smooth surfaced and stable regenerated cartilage.

enables the subchondral tissue to be restored[18]. But it has potential disadvantages 
such as donor site morbidity and poor joint compliance. In addition, the larger the 
defect area is, the higher the risk of complications are[19]. The osteochondral autograft 
technique may exhibit mismatch in connection geometry at the recipient site. In 
addition, the need for multiple grafts in large lesions complicates the provision of joint 
geometry and increases donor site morbidity. This can cause premature degeneration 
of the graft and joint, synovitis, and pain[20-23].

Another tissue-based cartilage repair technique is osteochondral allografts. These 
allografts have been used for many years in orthopedic surgery to reconstruct 
osteochondral defects[24]. It has also become an option in the treatment of cartilage 
abnormalities affecting subchondral bones, such as osteochondritis dissecans[25]. 
Osteochondral allograft is a highly beneficial procedure especially in the treatment of 
large lesions that are between the sizes 2-20 cm2 and in the treatment of a failed OCD
[26-29]. Even if successful results have been reported in previous studies, the most 
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important disadvantage of osteochondral allografts are their shorter storage life. 
Williams et al[30] in their study; reported that fresh human osteochondral allograft 
tissue that was kept for more than fourteen days, preserves its glycosaminoglycan 
content and biomechanical properties, yet it significantly loses its chondrocyte 
viability, viable cell density and metabolic activity. Other disadvantages of this 
method are the difficulty of accessibility to the graft, immunogenicity and graft 
rejection, the risk of disease transmission such as HIV and Hepatitis, disjointedness in 
joint geometry and collapse problems[25,31]. With the autograft we used, the 
disadvantages of osteochondral allografts are avoided.

The most important limitation of this study is the small number of patients. Even if 
we compare the study with previous studies, the absence of a control group is another 
limitation. Cartilage evaluation was evaluated with standart (1.5 Tesla system 
(Avanto; Siemens Medical Solution, Erlangen, Germany) MRI. Another shortcoming is 
that we did not perform imaging with gadolinium-enriched MRI.

CONCLUSION
This technique allows to avoid many of the disadvantages of other techniques. 
Important advantages; It is done in one step, it is an autograft, it does not require 
additional cost and it is easy to apply. Since it is an autograft, there is no risk of tissue 
rejection and contagious infection. Similar clinical and radiological results were 
obtained when compared to other treatment modalities. The autologous tendon 
transplantation is a single-step, safe, simple, cost-effective method for the treatment of 
knee OCD with satisfactory clinical and radiological outcomes, particularly in patients 
with less than 4 cm2 lesion.
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