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ABSTRACT 

Introduction: Articular cartilage has limited healing 
potential as it is a hypocellular and avascular structure, hence 
it is to manage articular cartilage defects. The arthroscopic 
osteochondral autograft transplantation procedure is 
minimally invasive and cosmetically acceptable procedure to 
manage cartilage defects. 
Materials and methods: This is a prospective study 
extending from 2018 to 2023 done at Sports Injury Center, 
New Delhi involving 36 patients with focal full-thickness 
chondral/osteochondral defect, age <45 were included. 
Global Chondral change, Multi ligamentous injuries, varus 
or valgus malalignment, kissing lesion and defect > 20mm 
were excluded. The osteochondral lesion was debrided down 
till healthy cartilage margins, donor graft was harvested from 
the non-weight-bearing area of the MFC. Lysholm score was 
used to assess functional outcome. 
Results: Median age 35 years (range 20 – 44 years). A total 
of 51% of the patients were aged between 31 and 40 years 
(n=18). Male to female ratio was 3.37:1. The median defect 
size was 8mm (range 7-10mm). There was a gradual 
improvement in knee-specific symptoms with time. There 
was a significant increase in Lysholm score with time 
(p<0.0001). 
Conclusion: The OATS procedure is a reliable, reproducible 
method and its results are encouraging with early mid-term 
follow-up; however, a long-term follow-up study is required 
to ascertain the validation of OATS procedure for preventing 
degenerative arthritis in patients with osteochondral injuries 
of the knee. 
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INTRODUCTION 

It is a therapeutic challenge to manage articular cartilage 
defects. Articular cartilage has limited healing potential as it 
is a hypocellular and avascular structure1. Patients with focal 
chondral lesions of the knee have quality of life like a patient 
with high-grade osteoarthritis or torn anterior cruciate 
ligament1. 

For articular cartilage defects, treatments such as 
Microfracture, subchondral drilling, abrasion chondroplasty, 
osteochondral autograft transfer system (OATS), 
Osteochondral Allograft Transplantation, and autologous 
chondrocyte implantation (ACI) have evolved in the last two 
decades2,3. OATS is the replacement of cartilage from non-
weight-bearing areas of the knee joint to the focal defect in 
the weight-bearing area3,4. OATS technique was popularised 
by Hangody et al5. 

OATS can be done as an arthroscopic or open procedure. The 
first arthroscopic-assisted OATS procedure was reported by 
Matsusue et al6. The arthroscopic OATS procedure is 
minimally invasive and cosmetically acceptable but is 
technically demanding and has a learning curve. 

The efficacy of OATS, both open or arthroscopic procedures 
for treating focal cartilage defects has been documented in 
the literature but none of them evaluated mid-term outcomes 
>5years in Asian population7-12. This study prospectively
evaluates midterm (till 5 years) results of arthroscopic knee
OATS procedure.

MATERIALS AND METHODS 

This is a prospective study extending conducted from 2018 
to 2023 at Sports Injury Center, New Delhi with the 
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following inclusion criteria; (1) Age less than 45 years 
having an active lifestyle with involvement in recreational 
sports, (2) Focal full-thickness chondral/osteochondral 
defect diagnosed on MRI, (3) full- thickness 
chondral/osteochondral defect confirmed by arthroscopy for 
OATS procedure, (4) symptomatic for more than six weeks 
which may or may not be associated with trauma. Informed 
consent was taken from every patient. 
 
Patients with (1) generalised chondral change with space 
narrowing (>4mm) on weight-bearing anteroposterior 
radiograph films, (2) multi ligamentous injuries, (3) varus or 
valgus malalignment (more than 5°), (4) more than one 
lesion or kissing lesion, (5) defect more than 20mm, and (6) 
non-compliant to rehabilitation protocol were excluded. 
 
Clinical outcome was evaluated by Lysholm score (which 
includes limping, mechanical locking, instability, pain, 
swelling, stair climbing, and squatting) and return to pre-
injury activity level. Pre-operative and post-operative data 
was collected at 3, 6, 12 months and then every year. 
 
For surgical techniques, all patients were operated under 
spinal anaesthesia and a tourniquet. The standard 
arthroscopic evaluation was done to assess the concomitant 
ligaments and menisci injuries. If any ligament or meniscus 
injury was diagnosed, it was managed first and then the 
OATS procedure was performed. The osteochondral lesion 
was debrided down till healthy stable cartilage margins. The 
area of the lesion was calculated in mm2 and then the 
appropriate OATS set was used. 
 
The donor graft was harvested from the non-weight-bearing 
area of the medial femoral condyle (MFC). Preparation of 
the recipient site is done by harvesting the plug which is 
5mm smaller than the donor plug. Donor plug placement was 
done perpendicular to the osteochondral defect of articular 
surface and plug should not protrude >1mm to ensure a 
regular smooth surface. The bony plug harvested from the 
recipient area was tapped back into the donor area (Fig. 1). 
 
Post-surgery no substance such as hyaluronic acid (HA) or 
Platelet rich plasma (PRP) injection are used in current study 
and no specific analgesia were given to patients. 
 
For rehabilitation, all the patients underwent similar 
rehabilitation protocols. The patients were mobilised with 
crutches and kept non-weight-bearing with locked braces 
and aimed to achieve quadriceps control, passive full knee 
extension, and gradual knee flexion in 0-6 weeks. 
 
In 6-12 weeks, patients were allowed to bear weight up to 
50% with crutch. After 10-12 weeks full weight bearing was 
allowed as the patient tolerated. Muscle strengthening and 
endurance exercises (squats, lunges, cycling) were gradually 
started after 12 weeks13. 

After 26-52 weeks all patients (20 – 44 years) returned to 
recreational sport activities or full functional activities were 
started and assessed on strength (85% of Isokinetic strength 
must be achieved compared to normal side). Agility test (T-
test must be completed in <11s), and balance (Hop test: limb 
symmetry index LSI = Distance covered by affected limb / 
Distance covered by normal limb LSI >0.85). 
  
 
RESULTS 

The study included 36 patients with median age 35 years and 
range between 20-44 years. Approximately 51% of the 
patients were aged between 31 and 40 years (n=18) while 
14.3% were above 40 years. Male to female ratio was 3.37:1. 
Ten patients had ACL tears while five patients had medial 
meniscus tears. The median defect size was 8mm (range 7-
10mm). Two patients were lost to follow-up. The 
demographic description is given in Table I. 
 
For outcome assessment, the functional outcomes were 
assessed by Lysholm score. Lysholm score includes the 
patient's knee-specific symptoms such as pain, swelling, 
mechanical locking, instability, climbing stairs and 
squatting. There was a gradual improvement in knee-specific 
symptoms with time (Table II). There was a significant 
increase in Lysholm score with time (P<0.0001) (Table III). 
 
 
DISCUSSION 

Articular cartilage defects may spontaneously heal with 
fibrocartilage. Procedures such as debridement14, abrasion 
arthroplasty, subchondral drilling15,16, and microfracture17 also 
promote the formation of fibrocartilaginous tissue, which is 
biomechanically and histologically inferior to hyaline 
cartilage18. 
 
Horas et al19 performed a prospective study in patients 
(n=40) with femoral condyle articular cartilage lesion and 
were randomly treated with either OATS or ACI to evaluate 
the 2-year outcomes. Recovery after osteochondral 
transplantation was faster as compared to ACI. 
Histologically ACI-treated defects healed primarily with 
fibrocartilage, whereas hyaline cartilage with osteochondral 
autograft transplants (OATS), although a persistent interface 
was present between the graft and the surrounding original 
cartilage. 
 
OATS procedure helps to cover the chondral defect with 
hyaline cartilage with an adequate thickness which closely 
reproduces the curvature of the anatomical femoral condyle. 
The press-fit technique increases the stabilisation of the 
grafts in the recipient area which allows for satisfactory 
initial graft stability without the need for any type of internal 
fixation.  
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Table I: Demographic characteristics.

                                                                                                   n (%)                 

Age (years) 
11-20                                                                                       6 (16.7%) 
21-30                                                                                       6 (16.7%) 
31-40                                                                                      18 (51.4%) 
>40                                                                                          5 (14.3%)             

Sex 
Male                                                                                       27 (77.1%) 
Female                                                                                    8 (22.9%) 

Concomitant injury                                                                     23 (63.9%) 
ACL tear                                                                                        10 
Lateral meniscus tear                                                                    2 
Medial meniscus tear                                                                    5 

 

Table II: Lysholm score.

                                         Excellent                      Good                            Fair                                Poor  

Pre-operative                                0                                0                                  0                                     36 
3-months                                      0                                1                                 22                                   13 
6-months                                      2                               15                                19                                    0 
1-year                                           20                              14                                 2                                      0 
2-year                                           28                               6                                  0                                      0 
3-year                                           28                               6                                  0                                      0 
4-year                                           28                               6                                  0                                      0 
5-year                                           28                               6                                  0                                      0

Table III: Comparison of Lysholm score with time.

                                               Lysholm score                                       P-value 

Pre-operative                                    33.5±9.9                                                    
3-months                                           66.9±8.6                                            <0.0001 
6-months                                           78.7±8.4                                            <0.0001 
1-year                                                 85.5±8.6                                            <0.0001 
2-year                                                 88.7±8.8                                            <0.0001 
3-year                                                 89.2±8.1                                            <0.0001 
4-year                                                 94.2±2.9                                            <0.0001 
5-year                                                 93.0±4.2                                            <0.0001 
 

Fig. 1: Arthroscopic image showing osteochondral defect filled using OAT Plug.
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Bone healing at the interface between the graft and recipient 
area ensures a higher rate of successful graft incorporation. 
Better relief of symptoms improved functional outcome, and 
satisfactory survival of the transplanted hyaline cartilage 
have been reported by several authors20-26. 
 
Yoshizumi et al reported successful union with OATS 
procedure in three patients with osteochondral defects within 
six months27. Jakob et al evaluated knee osteochondral 
autografts with an average follow-up of 37 months in 52 
consecutive patients.  At 2 years follow-up 86% of patients 
had improved function of the knee, while 92% of patients 
observed good to excellent knee function at final follow-up. 
For full-thickness osteochondral defects treatment, they 
concluded that OATS is a valid option28. In the present study 
with a 60-month follow-up, a statistically significant 
improvement in the functional outcome of the knee was 
observed. 
 
Hangody et al5 described the results of autologous 
osteochondral mosaicplasty in 831 patients after 10 years. 
The patient population consisted of those who had 
osteochondral transfer to the femoral condyles, tibial, 
patella/trochlea, and talus. A total of 92% of patients treated 
with femoral osteochondral transfer had good to excellent 
results. According to study osteochondral mosaicplasty is a 
valuable alternative for small to medium-sized focal 
chondral defects of the weight-bearing area of the knee. 
 
 
 

The present study demonstrates the mid-term efficacy of 
OATS procedure in focal osteochondral defects of the knee. 
Our clinical outcome assessment provides an average 60-
month follow-up for patients with good results. 
 
As there was no major complication, hence re-look 
arthroscopy was not performed in patients. The present study 
observed that neither age nor defect size correlates with poor 
outcomes or results. Hence, OATS procedure is effective in 
treating full-thickness chondral defects. The results of the 
present study are comparable with those reported in the 
literature regarding pain relief with functional improvement.  
 
 
CONCLUSION 

The present study is the clinical outcome of the treatment of 
focal osteochondral defects of the knee with or without other 
concomitant injuries. The limitation of the study is a small 
number of patients (n=36) and no control group for 
comparison. Although follow-up is longer than some 
published studies, it is not a long-term evaluation. The OATS 
procedure is a reliable reproducible method, and its results 
are encouraging with early mid-term follow-up; however, a 
long-term follow-up study is required to ascertain the 
validation of OATS procedure for preventing degenerative 
arthritis in patients with osteochondral injuries of the knee. 
  
 
CONFLICTS OF INTEREST 

The authors declare no conflicts of interest.

4-OS4-021.qxp_OA1  06/08/2025  8:38 AM  Page 28



Arthroscopic Osteochondral Autograft Transplantation (OAT)

29

7. Espregueira-Mendes J, Pereira H, Sevivas N, Varanda P, da Silva MV, Monteiro A, et al. Osteochondral transplantation using 
autografts from the upper tibio-fibular joint for the treatment of knee cartilage lesions. Knee Surg Sports Traumatol Arthrosc. 
2012; 20(6): 1136-42. doi: 10.1007/s00167-012-1910-0 

8. Astur DC, Gracitelli GC, Arliani GG, Astur N, Kaleka CC, Pochini A, et al. Autologous Osteochondral Transplantation to Treat 
Patellar Chondral Injuries. JBJS Essent Surg Tech. 2014; 4(3): e17. doi: 10.2106/JBJS.ST.M.00066 

9. Clavé A, Potel JF, Servien E, Neyret P, Dubrana F, Stindel E. Third-generation autologous chondrocyte implantation versus 
mosaicplasty for knee cartilage injury: 2-year randomized trial. J Orthop Res. 2016; 34(4): 658-65. doi: 10.1002/jor.23152 

10. Kosiur JR, Collins RA. Weight-bearing compared with non-weight-bearing following osteochondral autograft transfer for small 
defects in weight-bearing areas in the femoral articular cartilage of the knee. J Bone Joint Surg Am. 2014; 96(16): e136. doi: 
10.2106/JBJS.M.01041 

11. Bui KHT, Nguyen TD, Le VT, Dinh TD, Tran PN, Nguyen NT, et al. Autologous osteochondral transplantation for treatment of 
cartilage defects in osteoarthritic knee: preliminary results. Biomed Res Ther. 2016; 3(11): 985-1002. doi: 
10.15419/bmrat.v3i11.138 

12. Muller S, Breederveld RS, Tuinebreijer WE. Results of osteochondral autologous transplantation in the knee. Open Orthop J. 
2010; 4: 111-4. doi: 10.2174/1874325001004020111 

13. Crowley SG, Pedersen A, Fortney TA, Swindell HW, Saltzman BM, Popkin CA, et al. Rehabilitation Variability Following 
Osteochondral Autograft and Allograft Transplantation of the Knee. Cartilage. 2022; 13(2): 19476035221093071. doi: 
10.1177/19476035221093071 

14. Magnuson PB. The classic: Joint debridement: surgical treatment of degenerative arthritis. Clin Orthop Relat Res. 1974; (101): 
4-12. 

15. Johnson LL. Characteristics of the immediate postarthroscopic blood clot formation in the knee joint. Arthroscopy. 1991; 7(1): 
14-23. doi: 10.1016/0749-8063(91)90072-6 

16. Martin R, Jakob RP. Review of K.H. Pridie (1959) on "A method of resurfacing osteoarthritic knee joints". J ISAKOS. 2022; 7(1): 
39-46. doi: 10.1016/j.jisako.2021.11.001 

17. Steadman JR, Rodkey WG, Briggs KK, Rodrigo JJ. Die Technik der Mikrofrakturierung zur Behandlung von kompletten 
Knorpeldefekten im Kniegelenk [The microfracture technic in the management of complete cartilage defects in the knee joint]. 
Orthopade. 1999; 28(1): 26-32. German. doi: 10.1007/s001320050318 

18. Nehrer S, Spector M, Minas T. Histologic analysis of tissue after failed cartilage repair procedures. Clin Orthop Relat Res. 1999; 
(365): 149-62. doi: 10.1097/00003086-199908000-00020 

19. Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R. Autologous chondrocyte implantation and osteochondral cylinder 
transplantation in cartilage repair of the knee joint. A prospective, comparative trial. J Bone Joint Surg Am. 2003; 85(2): 185-92. 
doi: 10.2106/00004623-200302000-00001 

20. Klinger HM, Lorenz F, Otte S, Beyer J. Treatment of cartilage defects with autologous osteochondral grafts in the knee joint. Eur 
J Orthop Surg Traumatol. 2002; 12: 26–9. doi: 10.1007/s00590-002-0005-x 

21. Krusche-Mandl I, Schmitt B, Zak L, Apprich S, Aldrian S, Juras V, et al. Long-term results 8 years after autologous osteochondral 
transplantation: 7 T gagCEST and sodium magnetic resonance imaging with morphological and clinical correlation. 
Osteoarthritis Cartilage. 2012; 20(5): 357-63. doi: 10.1016/j.joca.2012.01.020 

22. Quarch VM, Enderle E, Lotz J, Frosch KH. Fate of large donor site defects in osteochondral transfer procedures in the knee joint 
with and without TruFit plugs. Arch Orthop Trauma Surg. 2014; 134(5): 657-66. doi: 10.1007/s00402-014-1930-y 

23. Zak L, Krusche-Mandl I, Aldrian S, Trattnig S, Marlovits S. Clinical and MRI evaluation of medium- to long-term results after 
autologous osteochondral transplantation (OCT) in the knee joint. Knee Surg Sports Traumatol Arthrosc. 2014; 22(6): 1288-97. 
doi: 10.1007/s00167-014-2834-7 

24. Gudas R, Kalesinskas RJ, Kimtys V, Stankevicius E, Toliusis V, Bernotavicius G, et al. A prospective randomized clinical study 
of mosaic osteochondral autologous transplantation versus microfracture for the treatment of osteochondral defects in the knee 
joint in young athletes. Arthroscopy. 2005; 21(9): 1066-75. doi: 10.1016/j.arthro.2005.06.018 

4-OS4-021.qxp_OA1  06/08/2025  8:38 AM  Page 29



Malaysian Orthopaedic Journal 2025 Vol 19 No 2                                                                                                                      Mehta N, et al

30                                                                                                                                                                                                

25. de Queiroz AAB, Debieux P, Amaro J, Ferretti M, Cohen M. Hydrogel implant is as effective as osteochondral autologous 
transplantation for treating focal cartilage knee injury in 24 months. Knee Surg Sports Traumatol Arthrosc. 2018; 26(10): 2934-
41. doi: 10.1007/s00167-018-4834-5 

26. Gudas R, Stankevicius E, Monastyreckiene E, Pranys D, Kalesinskas RJ. Osteochondral autologous transplantation versus 
microfracture for the treatment of articular cartilage defects in the knee joint in athletes. Knee Surg Sports Traumatol Arthrosc. 
2006; 14(9): 834-42. doi: 10.1007/s00167-006-0067-0 

27. Yoshizumi Y, Sugita T, Kawamata T, Ohnuma M, Maeda S. Cylindrical osteochondral graft for osteochondritis dissecans of the 
knee: a report of three cases. Am J Sports Med. 2002; 30(3): 441-5. doi: 10.1177/03635465020300032301 

28. Jakob RP, Franz T, Gautier E, Mainil-Varlet P. Autologous osteochondral grafting in the knee: indication, results, and reflections. 
Clin Orthop Relat Res. 2002; (401): 170-84. doi: 10.1097/00003086-200208000-00020 

 
 
Cite this article: 
Mehta N, Kumar J, Chopra A, Goyal A, Joshi D. Arthroscopic Osteochondral Autograft Transplantation (OAT) in Patients with Focal 
Osteochondral/Chondral Lesions of the Knee Mid-Term Clinical Outcome. Malays Orthop J. 2025; 19(2): 25-30. doi: 
10.5704/MOJ.2507.004

4-OS4-021.qxp_OA1  06/08/2025  8:38 AM  Page 30


