
displaced osteochondral lesion, at times the free 
fragment is still re-insertable and thus can be fixed 
to its original site5. However when the situation is 
not favourable for fixation of the fragments or a non-
surgical treatment, there are still a variety of surgical 
techniques which can be performed6,7. Among these 
are osteochondral autograft transplantation (OAT)8, 
autologous chondrocyte implantation (ACI)9, bone 
marrow stimulation (BMS) which is also referred 
to as microfracture (MFx)10. In addition, the BMS 
technique can be augmented with the application of 
an acellular scaffold. This is the autologous matrix-
induced chondrogenesis (AMIC®) technique11. 
AMIC® is a matrix-assisted bone marrow stimulation 
technique combining microfracture with the use of a 
type I/III porcine collagen matrix (Chondro-Gide® 
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result in positive outcomes for the repair of cartilage

lesions in the kneein adolescent patients?
Preliminary results at 2,6 years average follow-up
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Chondral and osteochondral lesions of the knee in skeletally immature patients, can result in serious long-term sequelae, 
such as early knee arthrosis. While there is an abundance of studies concerning chondral repair techniques, there have 
been relatively few studies that have examined outcomes following cartilage repair in skeletally immature patients.  
Therefore, we planned to answer the following question: does the AMIC® technique result in positive outcomes for 
the repair of cartilage lesions in the knee in adolescent patients ? Our hypothesis was that the AMIC® technique 
improves outcomes for skeletally immature patients with an ICRS stage III or IV osteochondral lesion two year after 
the surgery. This was an European retrospective, multicenter study, including 27 patients aged from 12 to 19 years. 
We included adolescents with open epiphysis on x-ray, with an ICRS stage III or IV symptomatic lesion of the knee. 
The average defect size was 2.3 cm2. All patients had been treated with the surgical technique AMIC®. Post-operative 
outcomes were assessed by the Knee injury and Osteoarthritis Outcome Score (KOOS). Results showed a significant 
improvement at a mean follow-up of 2.6 years (min 2; max 6 years) across all KOOS domains: 55 vs. 69% (p<0.001) 
on symptoms, 58 vs. 87% (p<0.001) on pain, 31 vs. 71% (p<0.001) on quality of life, 29 vs. 73% (p<0.001) on sports 
and leisure activities, and 67 vs. 90% (p<0.001) on activities of daily life. AMIC® technique performed for the repair of 
stage III or IV ICRS articular cartilage lesions in the knees of adolescent patients, provides clinical improvements 2.6 
years after surgery, but results are not perfect with adolescents who may still symptomatic.

INTRODUCTION

Chondral and osteochondral lesions of the knee, 
whether caused by osteochondritis dissecans or 
trauma, are pathologies that particularly affects 
adolescents1. Among adolescents who have undergone 
ACL reconstruction, it was noted that up to 50% 
of these patients have had lesions of the articular 
cartilage2.  In the long term, such untreated lesions 
are likely to progress to arthrosis or residual knee 
pain in adulthood3. As hyaline cartilage does not 
have a good capacity for spontaneous regeneration, 
correct management of the cartilage lesions can be 
seen as essential in order to prevent the progression of 
degenerative joint conditions4.

If orthopaedic treatment is admitted for non-
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and preservation Society) stage III or IV lesion of the 
knee by the AMIC® method (Figure 1)18. The diagnosis 
was made on the preoperative MRI or CT arthrography. 
The size of the defect was measured per-operatively 
and the surgeon ensured that the fragment was not 
fixable before doing AMIC®.  We excluded patients 
with a limb axis defect more than 5° or requiring 
osteotomy, uncorrected laxity of the knee (central 
shift or untreated patellar instability) and patients for 
whom we did not have enough data (Figure 2). All 
preoperative radiographs were analyzed and those of 
patients with closed physis were excluded.

The surgical technique was similar to that described 
by Benthien and Behrens19. Three different surgical 
approaches were noted :

The technique could be performed by arthrotomy: 
the patient was installed in the supine position with 
a wedge to place the knee at 90° flexion, medial or 
lateral parapatellar arthrotomy (depending on the 
location of the defect on the imaging) was performed. 
Any cartilaginous debris was resected, then the lesion 
was debrided (until appearance of subchondral bone), 
multiple perforations were then made in the focus 
using a 1.2 mm pin until bleeding from subchondral 
bone was obtained. Once the bleeding had occurred (if 
a tourniquet was employed, it was deflated just after 
pinning), the defect was filled and covered with the 
ChondroGide® (Geistlich®, Wolhusen, CH) collagen 
membrane which was fixed using either PDS 5-0 or 
biological glue.

Or the technique could be done by an arthroscopy 
followed by an arthrotomy : with the same installation 

(Geistlich®, Wolhusen, Switzerland)). The matrix 
is able to stabilize and protect the bone marrow clot 
produced from the microfracture that the allows the 
migration of mesenchymal stem cells12,13. The goal of 
this technique is to create a de novo cartilage within 
the lesion which has mechanical qualities very close to 
native hyaline cartilage14. 

The positive outcomes following AMIC® in the 
knee have been documented in the literature15-17. 
However, the data is generally focused on adults, with 
a poor documentation concerning younger patients7,18. 
Regarding skeletally immature patients, the outcomes 
data on cartilage repair are limited.

The aim of this study was to assess AMIC® technique 
outcomes for the repair of cartilage lesions in the knee 
in adolescent patients two years after the surgery. 

Our hypothesis was that the AMIC® technique 
improves outcomes for skeletally immature patients 
with an osteochondral lesion two years after the surgery.
 

MATERIAL AND METHODS

We conducted a retrospective multicenter study 
including 7 centers in 3 countries (France, Switzerland, 
and Germany) and involved 7 orthopedic surgeon who 
all had a specialization in pediatrics. All pre-operative 
data for patient outcomes measures (PROM) was 
collected prospectively and then post-operatively for 
this study.

Inclusion criteria were patients with a radiologically 
immature skeleton (open epiphyses) who had been 
operated on for an ICRS (International Cartilage Repair 

 
Fig. 1 — Arthroscopic view of a lateral condyle osteochondral 

lesion (Stage IV ICRS classification).
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between July 2013 and January 2020. Among the 
mechanisms of injury, the traumatic episodes were most 
often a lateral dislocation of the patella. 4 patients had 
a previous surgery (2 ablations of osteochondral flap, 1 
fixation with screw of an osteochondritis and 1 patellar 
stabilization by an isolate MPFL reconstruction). The 
baseline characteristics of patients are provided in 
Table I. The technique was performed by arthrotomy 
on 17 patients, 7 patients underwent an arthroscopy 
followed by an arthrotomy, and 5 patients had the 
entire procedure under arthroscopy. No patient had any 
extra concomitant surgery. The average follow-up was 
2.6 years (range 2 to 6 years). 

No postoperative complication was reported. A 
recurrence of osteochondritis dissecans was found 
in one patient (suspected due to persistent pain and 
diagnosed after a post-operative MRI) at 2 years after 
the surgery. He has been re-operated with OAT.

Statistics

Statistical analyses were performed using Medcalc® 
(version 18, MedCalc Software®, Ostend, Belgium). 
Normality of the data was determined via a Shapiro-
Wilk test, data to compare pre and post-operative 
scores for each domain of the KOOS were assessed 
using a Friedman’s test due to the relatively small 
sample size as well as a non-normal distribution of the 
post-operative scores. The significance level was set at 
p<0,05.

Patient Reported Outcome Mesure (PROM)

We noted a significant improvement in all the domains 
of the KOOS. Results are presented in the Table II. 
The minimally clinically important change score 

an arthroscopy with a 30° optic lens was performed 
first in order to locate the lesion and remove any 
cartilaginous foreign body. The lesion was debrided 
using a shaver, then the perforations were made. The 
arthrotomy was then performed to fill and cover the 
lesion with the ChondroGide® membrane which was 
fixed as described above. 

Or the entire technique (freshening and filling of the 
lesion)  were performed under arthroscopy with a 30° 
arthroscope. 

Postoperative care was identical in the 3 techniques. 
The treated limb was placed in an articulated splint, 
with passive and active mobilization of the knee 
authorized from the outset. However, weight bearing 
was prohibited in the first postoperative month. Muscle 
strengthening was also not allowed during the first 
postoperative month. Prophylaxis of thromboembolic 
disease was determined according to the pubertal stage. 

The PROM used in this study as the Knee injury 
and Osteoarthritis Outcome Score (KOOS) (20). It 
was collected prospectively during the pre and post-
operative consultation. If the etiology was trauma, 
we ensured to be far from the acute episode to not 
underestimate the pre-operative KOOS.
Informed consent wasn’t necessary regarding the 
French legislation (observational and retrospective 
study).
 

RESULTS

Patients

A total of 27 patients with a maximum age of 19 years 
were identified as having had surgery to repair chondral 
or osteochondral defects via the AMIC® technique 

 

32 Medical records 
transmitted

Records analyzed for 
inclusion or exclusion

5 Exclusions:  
- 4 lack of datas  

- 1 limb malignement 
requiring an osteotomy

27 patients analyzed

7 orthopaedic paediatric 
surgeons known in France, CH 
and Germany for using AMIC® 
with ChondroGide® contacted

Fig. 2 — Flow chart.
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(MCID) was defined as an improvement of 10% for 
each KOOS domain, except for the sport and leisure 
domain where it was an improvement of at least 
12%, in accordance with the recommendations of the 
ICRS3, according this criteria 20 patients (74%) has 
an clinically relevant improvement of the KOOS. 

DISCUSSION

After analysing our results, our hypothesis was 
verified AMIC® technique provides clinical 
improvement 2.6 years after surgery in adolescents 
with a stage III or IV lesion of articular cartilage. 
However, if we analyse the post-operative domains 
of the KOOS we can observe that the results are not 
perfect with average scores between 70 and 90%, 
and a MCID for only 74% of patients.

To our knowledge, this is the first multicentre 
study that has evaluated clinical outcome following 
the AMIC® technique in adolescent patients. 

Demographics of the patients included in our 
study matched those of the other studies of cartilage 

lesion in adolescents21. However, one notable 
difference from the other patient populations was the 
location of the defects. While the medial condyle has 
been noted as the most common site of a chondral 
lesion22, this was not the case in our series, with 
only 2 patients (7%) presenting with medial condyle 
lesions, we have not found an explanation for this. 
Nevertheless, our results are consistent with a recent 
meta-analysis published in 2021 which had noted an 
improvement in all KOOS domains, with an average 
follow-up of 3,77 years with patients mean age of 
35,6 years17. The clinical results are good but not 
perfect, as Murray et al point out, there is currently 
no cartilage restoration technique giving results with 
a vast majority of asymptomatic patients23.

Optimal surgical technique is also a point of 
interest to any surgeon, and in this study, there were 
3 different techniques used. Unfortunately, we did 
not have enough patients to provide a meaningful 
comparison of the results between arthroscopic 
techniques and open surgery and fixation with glue or 
suture. In the literature there does not seem to be any 

Sex (n)
Male 15
Female 12

ICRS lesion stage (n)
III 6
IV 21

Lesion cause (n)
OCD 13
Acute Trauma 13
Not recorded 1

Localisation (n)
medial condyle 2
lateral condyle 5
trochlea 3
patella 17

Defect Size (cm2)
Mean 2,3 ± 0.7
Range 1,5 - 4,0

Age  (years)
Mean 15,5 ± 1,7
Range 12 - 19

Table I. — Baseline characteristics.

KOOS Domain Pre-Operative %
(min; max)

Post-Operative %
(min; max)

p

Symptoms 55 (36; 71) 69 (39; 94) 0,007
Pain 58 (28; 86) 87 (53; 100) <0,0001
Quality of life 31 (0; 56) 71 (31; 100) <0,0001
Sports and leisure 29 (0; 70) 73 (25; 100) <0,0001
Activity of daily life 67 (35; 96) 90 (31; 100) <0,0001

Table II. — Pre and Post-Operative KOOS domains.
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difference in outcomes relative to different surgical 
techniques for AMIC®24, and fixation method25,26.

Compared to other techniques currently indicated 
for treating moderate-sized chondral or osteochondral 
lesions in adolescents, the AMIC® method has several 
advantages, in particular its doesn’t need to take a 
graft of cartilage and  it is done in one procedure. 
A systematic review on outcomes following 
cartilage repair in adolescents had noted that OAT 
(2 studies), Autologous Cell Implantation (ACI) (7 
studies) and Micro-fracturing (MFx) (4 studies) all 
had comparable positive outcomes in adolescent 
patients6. ACI requires surgery in 2 stages, thus more 
logistical resources are required, resulting in extra 
costs for results that are not necessarily better27,28. 
While it was noted that MFx did result in positive 
outcomes, the durability of this repair has lately 
been called into question. A randomized controlled 
trial (RCT) showed MFx patient’s outcomes tending 
towards baseline after 2 years while AMIC® patients 
maintained the positive results at 5 years follow-
up25. Additionally, a Bayesian network meta-analysis 
noted that the AMIC® procedure for focal chondral 
defects of the knee performed better overall (in 
comparison to other knee cartilage repair techniques) 
at approximately 3 years follow-up15. OAT has 
shown very good long-term results with 82% of 
adults satisfied after 8 years29. But presents the risk 
of a non-geometric filling of the osteochondral defect 
with possibly an area not covered by the cartilage 
graft, pain from donor site is reported in 10 to 40% 
of cases. Furthermore the rate of reoperation after 
OAT is relatively high in paediatric population, in 
2022 Hall et al. found a rate of 25,5% of reoperation 
at a median of 6,6 months after surgery30.

Our study had several limitations. It was a 
retrospective study with a selection bias (only 
7 selected surgeons participated to the study), 
Recruitment was carried out over 7 years with 
heterogeneous follow-up durations and few data 
collected by surgeon. Furthermore, we did not make 
a comparison with another surgical technique of 
microfracture without using a membrane or with a 
control group. It is accepted that in the paediatric 
population the osteochondral lesions can evolve 
favourably without treatment22, which could have 
been the case for some of our patients in the serie. 
For patients with a traumatic lesion, we didn’t have 
the time from injury to surgery. We couldn’t make 
multivariate analyses to know if a concomitant 
femero-patellar joint stabilisation could have an 
influence on our results because of the small number 

of patients. We also didn’t perform postoperative 
imaging in order to control the filling of the defect 
objectively. Lastly, the use of a child-specific 
validated outcome score may be beneficial to 
younger patients. While there is a KOOS specific to 
children, there is no specified cut-off age for which 
the KOOS adult should be used, while the authors 
stated that comprehension was limited in younger 
children31. Considering that our mean age was 
almost 16 years, the KOOS we used to be likely a 
valid PROM. Although our data only included 27 
adolescent patients, this is actually the higher cohort 
of patients on this topic to our knowledge5,22,33,34. 
Larger sample sizes may offer more applicable data, 
as randomized studies with other surgical techniques 
to find the place of AMIC® for skeletally immature 
patients presenting a cartilaginous lesion of the knee. 

We can conclude that AMIC® technique performed 
for the repair of stage III or IV ICRS articular 
cartilage lesions in the knees of adolescent patients, 
provides clinical improvements 2.6 years after 
surgery, but results are not perfect with adolescents 
who may still symptomatic.

  
CONCLUSIONS

Humeral shaft fractures in adult polytraumatized 
patients were most often AO-type A (66%) and treated 
operatively (90%). High rates of radial nerve palsy 
at presentation (20%) and nonunion (27%) were 
found. Approximately five years post trauma, patients 
reported levels of quality-of-life comparable to the 
population norms and standardized combined scores, 
but still experienced upper extremity disability. 

REFERENCES 

1.	Oeppen RS, Connolly SA, Bencardino JT, Jaramillo D. Acute 
injury of the articular cartilage and subchondral bone: a 
common but unrecognized lesion in the immature knee. AJR 
Am J Roentgenol. 2004 Jan;182(1):111–7.

2.	Piasecki DP, Spindler KP, Warren TA, Andrish JT, Parker 
RD. Intraarticular injuries associated with anterior cruciate 
ligament tear: findings at ligament reconstruction in high 
school and recreational athletes. An analysis of sex-based 
differences. Am J Sports Med. 2003 Aug;31(4):601–5.

3.	Madry H, Kon E, Condello V, Peretti GM, Steinwachs M, Seil 
R, et al. Early osteoarthritis of the knee. Knee Surg Sports 
Traumatol Arthrosc Off J ESSKA. 2016 Jun;24(6):1753–62.

4.	Buckwalter JA, Lane NE. Athletics and osteoarthritis. Am J 
Sports Med. 1997 Dec;25(6):873–81.

 5.	Lidder S, Thomas M, Desai A, Skyrme A, Armitage A, 
Rajaratnam S. Osteochondral Fractures of the Knee in 
Skeletally Immature Patients: Short-Term Results of Operative 
Fixation using Omnitech Screws. Acta Chir Orthop Traumatol 
Cech. 2016;83(1):16–20.



160	

M. Peras, J. Gille, N. Henric, D.r Moukoko, A. Caubère, A. Less, N. Passuti, G. Versier, O. Barbier

6.	Ollivier M, Batty L, Murgier J, Pujol N. Recent advances 
in ligamentous, meniscal and joint-preserving knee surgery: 
Pushing the limits. Orthop Traumatol Surg Res. 2022 
May;108(3):103282.

 7.	Valtanen RS, Arshi A, Kelley BV, Fabricant PD, Jones KJ. 
Articular Cartilage Repair of the Pediatric and Adolescent 
Knee with Regard to Minimal Clinically Important Difference: 
A Systematic Review. Cartilage. 2020 Jan;11(1):9–18.

8.	Bordes M, Sappey-Marinier E, Batailler C, Lustig S, Servien 
E. Autologous osteochondral transplantation for focal 
femoral condyle defects: Comparison of mosaicplasty by 
arthrotomy vs. arthroscopy. Orthop Traumatol Surg Res. 2022 
May;108(3):103102.

 9.	Chiang MH, Kuo YJ, Chen YP. Expanded mesenchymal stem 
cell transplantation following marrow stimulation is more 
effective than marrow stimulation alone in treatment of knee 
cartilage defect: A systematic review and meta-analysis. Orthop 
Traumatol Surg Res. 2020 Sep;106(5):977–83.

10.	Müller B, Kohn D. [Indication for and performance of articular 
cartilage drilling using the Pridie method]. Orthopade. 1999 
Jan;28(1):4–10.

11.	Ow ZGW, Cheang HLX, Koh JH, Koh JZE, Lim KKL, Wang D, 
et al. Does the Choice of Acellular Scaffold and Augmentation 
With Bone Marrow Aspirate Concentrate Affect Short-term 
Outcomes in Cartilage Repair? A Systematic Review and Meta-
analysis. Am J Sports Med. 2022 Feb 28;036354652110695

12.	Bark S, Piontek T, Behrens P, Mkalaluh S, Varoga D, Gille J. 
Enhanced microfracture techniques in cartilage knee surgery: 
Fact or fiction? World J Orthop. 2014 Sep 18;5(4):444–9.

13.	Kusano T, Jakob RP, Gautier E, Magnussen RA, Hoogewoud 
H, Jacobi M. Treatment of isolated chondral and osteochondral 
defects in the knee by autologous matrix-induced 
chondrogenesis (AMIC). Knee Surg Sports Traumatol Arthrosc 
Off J ESSKA. 2012 Oct;20(10):2109–15.

14.	Zhang C, Cai YZ, Lin XJ. One-Step Cartilage Repair Technique 
as a Next Generation of Cell Therapy for Cartilage Defects: 
Biological Characteristics, Preclinical Application, Surgical 
Techniques, and Clinical Developments. Arthrosc J Arthrosc 
Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc Assoc. 
2016 Jul;32(7):1444–50.

15.	Gille J, Reiss E, Freitag M, Schagemann J, Steinwachs M, 
Piontek T, et al. Autologous Matrix-Induced Chondrogenesis for 
Treatment of Focal Cartilage Defects in the Knee: A Follow-up 
Study. Orthop J Sports Med. 2021 Feb;9(2):2325967120981872.

16.	Migliorini F, Eschweiler J, Maffulli N, Driessen A, Rath B, 
Tingart M, et al. Management of Patellar Chondral Defects 
with Autologous Matrix Induced Chondrogenesis (AMIC) 
Compared to Microfractures: A Four Years Follow-Up Clinical 
Trial. Life Basel Switz. 2021 Feb 13;11(2):141.

17.	Steinwachs MR, Gille J, Volz M, Anders S, Jakob R, De 
Girolamo L, et al. Systematic Review and Meta-Analysis 
of the Clinical Evidence on the Use of Autologous Matrix-
Induced Chondrogenesis in the Knee. CARTILAGE. 2019 Sep 
11;194760351987084. 

18.	Peras M, Caubère A, Choufani C, Passuti N, Versier G, Barbier 
O. Does AMIC® provide improvements at least two years 
after surgery for knee osteochondral lesions? A multicentre 
retrospective study of 101 patients. Orthop Traumatol Surg Res. 
2023 Nov;103774.

19.	Roos EM, Engelhart L, Ranstam J, Anderson AF, Irrgang JJ, 
Marx RG, et al. ICRS Recommendation Document: Patient-
Reported Outcome Instruments for Use in Patients with 
Articular Cartilage Defects. Cartilage. 2011 Apr;2(2):122–36.

20.	Benthien JP, Behrens P. The treatment of chondral and 
osteochondral defects of the knee with autologous matrix-
induced chondrogenesis (AMIC): method description and 
recent developments. Knee Surg Sports Traumatol Arthrosc Off 
J ESSKA. 2011 Aug;19(8):1316–9.

21.	Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. 
Knee Injury and Osteoarthritis Outcome Score (KOOS)--
development of a self-administered outcome measure. J Orthop 
Sports Phys Ther. 1998 Aug;28(2):88–96.

22.	Mithöfer K, Minas T, Peterson L, Yeon H, Micheli LJ. Functional 
outcome of knee articular cartilage repair in adolescent athletes. 
Am J Sports Med. 2005 Aug;33(8):1147–53.

23.	Robertson W, Kelly BT, Green DW. Osteochondritis dissecans 
of the knee in children. Curr Opin Pediatr. 2003 Feb;15(1):38–
44.

24.	Murray IR, Frank R, Sherman SL. Joint preservation 
techniques: where are we in 2023? J Cartil Jt Preserv. 2023 
Mar;3(1):100116.

25.	Schagemann J, Behrens P, Paech A, Riepenhof H, Kienast B, 
Mittelstädt H, et al. Mid-term outcome of arthroscopic AMIC 
for the treatment of articular cartilage defects in the knee joint is 
equivalent to mini-open procedures. Arch Orthop Trauma Surg. 
2018 Jun 1;138(6):819–25.

26.	Anders S, Volz M, Frick H, Gellissen J. A Randomized, 
Controlled Trial Comparing Autologous Matrix-Induced 
Chondrogenesis (AMIC®) to Microfracture: Analysis of 
1- and 2-Year Follow-Up Data of 2 Centers. Open Orthop J. 
2013;7:133–43.

27.	Volz M, Schaumburger J, Frick H, Grifka J, Anders S. A 
randomized controlled trial demonstrating sustained benefit of 
Autologous Matrix-Induced Chondrogenesis over microfracture 
at five years. Int Orthop. 2017 Apr;41(4):797–804.

28.	Fossum V, Hansen AK, Wilsgaard T, Knutsen G. Collagen-
Covered Autologous Chondrocyte Implantation Versus 
Autologous Matrix-Induced Chondrogenesis: A Randomized 
Trial Comparing 2 Methods for Repair of Cartilage Defects of the 
Knee. Orthop J Sports Med. 2019 Sep;7(9):2325967119868212.

29.	Migliorini F, Eschweiler J, Götze C, Driessen A, Tingart 
M, Maffulli N. Matrix-induced autologous chondrocyte 
implantation (mACI) versus autologous matrix-induced 
chondrogenesis (AMIC) for chondral defects of the knee: a 
systematic review. Br Med Bull. 2022 Feb 16;ldac004.

30.	Ollat D, Lebel B, Thaunat M, Jones D, Mainard L, Dubrana F, 
et al. Mosaic osteochondral transplantations in the knee joint, 
midterm results of the SFA multicenter study. Orthop Traumatol 
Surg Res. 2011 Dec;97(8):S160–6.

31.	Hall TB, Hyman MJ, Patel NM. Reoperation After 
Osteochondral Autograft and Allograft Transfer in the Pediatric 
Knee. Orthopedics. 2022;45(6):378–83.

32.	Örtqvist M, Roos EM, Broström EW, Janarv PM, Iversen MD. 
Development of the Knee Injury and Osteoarthritis Outcome 
Score for children (KOOS-Child): comprehensibility and 
content validity. Acta Orthop. 2012 Dec;83(6):666–73.

33.	Chotel F, Knorr G, Simian E, Dubrana F, Versier G. Knee 
osteochondral fractures in skeletally immature patients: 
French multicenter study. Orthop Traumatol Surg Res. 2011 
Dec;97(8):S154–9.

34.	Lyon R, Nissen C, Liu XC, Curtin B. Can fresh osteochondral 
allografts restore function in juveniles with osteochondritis 
dissecans of the knee? Clin Orthop. 2013 Apr;471(4):1166–73. 


