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Background: Chondral-only fragments of the knee have traditionally been treated with excision, with or without cartilage resto-
ration procedures. This is because of the historical assumption that cartilage has limited ability to heal to cancellous or subchondral
bone. There is now a growing body of evidence supporting surgical fixation of these fragments.

Hypothesis: We hypothesized that surgical fixation of chondral fragments would result in acceptable rates of healing with
improvement in clinical outcome scores.

Study Design: Case series; Level of evidence, 4.

Methods: Data were collected on 15 surgically fixed chondral-only fragments in 14 patients. We retrospectively collected par-
ticipant demographic information, lesion characteristics, primary mechanism (osteochondritis dissecans vs traumatic shear injury),
fixation methods, reoperation information, second-look arthroscopic information, and clinical outcome scores. The mean clinical
follow-up was 3.96 years, with a minimum of 1-year follow-up. All patients underwent follow-up magnetic resonance imaging at a
mean of 2 years after the index procedure.

Results: The mean age of our cohort was 17.7 years. We found an 80% survival rate for fixation of the fragments at a mean 4-year
follow-up. There were statistically significant improvements in postoperative Knee injury and Osteoarthritis Outcome Score and
Tegner scores compared with preoperative scores. Follow-up magnetic resonance imaging scans showed complete healing in 10
knees, partial healing in 2 knees, and loss of fixation in 3 knees. Second-look arthroscopic surgery of 3 knees for reasons other than
fragment symptoms showed healing of the fragment, while arthroscopic surgery of 3 symptomatic knees showed loss of fixation.

Conclusion: Surgical fixation of chondral-only lesions showed an 80% success rate with improvements in the KOOS and Tegner
scores.
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Cartilage lesions in the knee are both common and, at times,
debilitating injuries with lifelong consequences including a
subset that progresses to osteoarthitis.?>?5 These lesions
have high clinical failure rates when treated nonopera-
tively.® The majority of these injuries are osteochondral,
while the minority are chondral only. Chondral-only lesions
can either be created through a shear mechanism or by
osteochondritis dissecans (OCD). Fixation of osteochondral
lesions demonstrates a high rate of bone-to-bone healing
with improved clinical outcomes.*%1320-2427:29 However, if
the fragment lacks subchondral bone, most textbooks advise
removal, with the rationale being that cartilage is not able to
heal to bone in light of its avascular nature and the
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previously held belief that chondrocytes are unable to par-
ticipate in the healing process because they are “locked” in
their lacunae 33

Several studies have demonstrated poor long-term out-
comes after surgical excision of moderate to large fragments,
whether they were chondral or osteochondral.l-%12:15,21,44,45
For this reason, most surgeons elect to treat unstable, symp-
tomatic chondral-only lesions using removal and treat the
resultant defects using restorative procedures. These well-
known procedures, including marrow stimulation,'%4® osteo-
chondral autograft transfer,*® autologous chondrocyte
implantation (ACI),26:32:33:36-38 311q osteochondral allograft
transplantation,'*®* have demonstrated acceptable results.
Interestingly, there has been a recent challenge to traditional
teaching. There is growing evidence in the literature that car-
tilage possesses some ability to heal. Both minced autograft
cartilage and particulated juvenile cartilage have been used
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successfully to fill cartilage lesions with “hyaline-like
cartilage.”1%1718:4142 preclinical and clinical studies have
demonstrated the ability of surface chondrocytes to escape
from their lacunae, migrate, multiply, and form a cartilage
extracellular matrix.®>"?%3! In both techniques, there is basi-
lar integration of new hyaline-like cartilage to bone. This sug-
gests a possible inherent ability of cartilage-to-bone healing.

Despite the dogma that cartilage-to-bone healing leads to
biomechanically insufficient repair, a slowly growing num-
ber of case series have shown successful outcomes after
open reduction and internal fixation (ORIF). These case
studies have shown efficacy in fixing the cartilage-only
fragment in both OCD lesions with necrotic subchondral
bone and traumatic shear injuries, which typically have
an intact subchondral plate.11:16:39

Surgical fixation of the cartilage fragment has several
advantages over cartilage restoration procedures. It
restores the local architecture of hyaline cartilage unlike
microfracture, which replaces the defect with biomechani-
cally inferior fibrocartilage.>3° It also prevents donor-site
morbidity as with osteochondral autograft transfer; the
need for 2 surgical procedures as with ACI; and the removal
of normal bone as with osteochondral allograft transplan-
tation, which also involves the cost of the allograft. Impor-
tantly, if surgical fixation of the fragment were to fail, no
bridges have been burned, and standard cartilage restora-
tion procedures would still be viable salvage options. These
attributes make surgical fixation of chondral-only frag-
ments an attractive treatment option.

While there are promising case reports supporting fixa-
tion of chondral-only fragments in both OCD and traumatic
shear injuries, the total number of reported cases is limited.
The purpose of this case series was to add to this growing
body of evidence supporting ORIF. This case series pre-
sents a large collection of follow-up magnetic resonance
imaging (MRI) and second-look arthroscopic data after fix-
ation as well as a discussion of patient factors and fixation
methods that may predispose to failure. We hypothesized
that surgical fixation of chondral fragments would result in
acceptable rates of healing with improvement in clinical
outcome scores.

METHODS

This was a single-center retrospective case series investi-
gating ORIF of chondral-only fragments of the knee.
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Institutional review board approval was obtained. Included
patients had undergone surgical fixation of a chondral-only
fragment of the knee between 2013 and 2015. Patients were
identified using operative codes for internal fixation of a
fragment in the knee. Both patients with chondral-only
OCD fragments and patients with traumatic chondral frac-
tures were included in this study, regardless of the charac-
teristics of the underlying lesion bed. This is because both
types of lesions have the capacity to show that a loose car-
tilage fragment may heal to a bony base, whether that is the
native subchondral plate or supplemented with bone graft-
ing. Exclusion criteria were the presence of bone on the
fragment and a follow-up of less than 1 year. The definition
of a chondral-only fragment for the purposes of this study
was the lack of subchondral bone visualized both on MRI
scans and on a direct inspection intraoperatively.

There were 26 patients identified using operative codes
for internal fixation of a fragment of the knee; 12 patients
were excluded for the presence of subchondral bone on
the fragment. This left a final cohort of 15 knees in 14 patients
that met inclusion criteria. None of these 14 patients was
excluded for insufficient follow-up. Overall, 9 of the
14 patients had completed both preoperative and post-
operative patient-reported outcome (PRO) measures.

All patients underwent standard preoperative imaging
including alignment radiographs and MRI of the knee
(Figure 1). Patient demographic information; lesion char-
acteristics; fixation techniques; follow-up MRI scans; and,
when available, second-look arthroscopic information were
collected via a retrospective chart review (Figures 2 and 3).

Postoperatively, patients were immobilized in a
straight knee brace removed intermittently throughout
the day to permit gentle limited range of motion. Rehabil-
itation for femoral condyle lesion repair procedures con-
sisted of minimal weightbearing using 2 crutches for 6
weeks, and rehabilitation for patellar lesion repair proce-
dures comprised weightbearing as tolerated in a straight
knee brace. At 6 weeks, formal physical therapy was ini-
tiated with progression to full range of motion and weight-
bearing as comfort allowed. Muscle rehabilitation was
performed using a “core to floor” approach. Preoperative
and postoperative PROs including the International Knee
Documentation Committee score, Knee injury and Osteo-
arthritis Outcome Score (KOOS), 36-Item Short Form
Health Survey score, Marx score, and Tegner score were
collected in 9 patients. All patients underwent postopera-
tive T1-, T2-, and proton density—weighted MRI of the
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Figure 2. Intraoperative photographs of an unstable chondral-only fragment and fixation. (A) Arthroscopic visualization of the
lesion on the medial femoral condyle. (B) Two separate chondral-only fragments measuring approximately 3 cm?. (C) Defect base
debrided and drilled to promote fragment healing. (D) Fixation of a large fragment onto the lesion bed using PDS absorbable suture.

knee at a mean of 2 years postoperatively to evaluate heal-
ing of the fragment, unless indicated earlier by new symp-
toms. Failure was defined as loss of fragment fixation
requiring excision or conversion to a cartilage restoration
procedure.

Statistical Analysis

Demographic, lesion, and surgical data were compared
among all of the patients meeting inclusion criteria and
the 9 patients with completed PRO measures to ensure
that they were similar. This was done using the ¢ test,
Fisher exact test, and chi-square analysis. Log-rank
(Mantel-Cox), Breslow (generalized Wilcoxon), and

Tarone-Ware statistical tests were conducted to compare
the survival of fixation methods (suture, screws, or com-
bination of both). A paired ¢ test was performed on the 9
patients with complete preoperative and postoperative
outcome data. Statistical significance was set as a P
value of .05 (IBM SPSS Statistics for Windows, Version
25; IBM Corp).

RESULTS

Table 1 outlines patient, lesion, and surgical characteristic
data. Overall, 3 of the fragments were fixed using screws
alone, 9 were fixed using PDS suture (DePuy Mitek, Inc)
alone, and 3 were fixed using a combination of screws and
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Figure 3. Postoperative magnetic resonance imaging scans showing a healed fragment.

TABLE 1
Descriptive Data®

Overall Cohort

Patients With Complete Outcome Data

Characteristic (n = 14 Patients/15 Knees) n=9) P Value
Age, mean (range), y 17.7 (13-32) 16.7 (13-20) .56
Body mass index, mean (range) 24 (19-39) 25 (16-38) .52
Smoker 0 (0) 0 (0) >.99
Participation in at least recreational sport 12 (86) 9 (100) .50
Lesion/surgical characteristics
Open physis 6 (43) 4 (44) >.99
Adjacent bone marrow lesion 12 (80) 8(89) >.99
Lesion location .66
Medial femoral condyle 8 (53) 6 (67)
Lateral femoral condyle 4(27) 1(11)
Patella 3(20) 2 (22)
Lesion size, mean (range), cm? 3.48 (0.50-6.25) 3.11 (0.50-6.25) .63
Mechanism >.99
Osteochondritis dissecans 12 (80) 7 (78)
Traumatic shear injury 3 (20) 2(22)
Surgical approach .67
Medial arthrotomy 10 (67) 7(78)
Lateral arthrotomy 5(33) 2(22)
Fixation method .67
Screws 3 (20) 1(11)
Suture 9 (60) 7(78)
Screws and suture 3 (20) 1(11)
Cancellous bone graft 10 (67) 6 (67) >.99

“Data are reported as n (%) unless otherwise indicated.

suture. A total of 2 patients had metal compression screws
(Mini Acutrak 2 Bone Screw; Acumed, LLC), and the rest of
the screws were bioabsorbable (Biotrak Mini Screw;
Acumed, LLC). A cancellous bone graft from the distal
femur (proximal to the physis) was used in cases with a
bone base defect in 10 of the 15 knees, and bone base dril-
ling was performed in all patients. Also, 1 patient under-
went concomitant high tibial osteotomy to correct 7° of
varus.

The mean follow-up was 3.96 years, with a range from
1 to 6 years. The overall complication rate was 33% includ-
ing 1 case of postoperative stiffness requiring lysis of adhe-
sions, 1 superficial wound infection, and 3 cases of loss of
fixation. The overall survival rate of fragment fixation was
80%. The survival of suture-only fixation was significantly
longer than that with a combination of suture and
screws on all 3 statistical tests (P < .025). There were no
failures with the use of screw-only fixation. The mean
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TABLE 2
Preoperative and Postoperative Patient-Reported Outcome Data®
KOOS SF-36

Knee No. IKDC Symptoms Pain ADL Sport QOL Physical Mental Marx Tegner
1

Preoperative 29.89 46.43 47.22 58.82 25.00 31.25 36.31 66.59 1 3

Postoperative 98.85 100.00 97.00 100.00 100.00 63.00 58.85 59.18 8 7
2

Preoperative 66.67 75.00 69.44 91.18 45.00 43.75 45.75 63.16 16 10

Postoperative 75.86 89.29 91.67 100.00 80.00 93.75 45.75 63.16 13 7
3

Preoperative 63.22 50.00 75.00 89.71 40.00 43.75 42.72 46.67 13 6

Postoperative 74.71 100.00 100.00 100.00 100.00 100.00 — — 12 8
4

Preoperative 36.78 35.71 50.00 58.82 20.00 18.75 27.22 66.77 0 2

Postoperative 100.00 100.00 100.00 100.00 100.00 100.00 27.22 66.77 16 8
5

Preoperative 47.13 46.43 44.44 60.29 20.00 37.50 28.98 59.18 0 2

Postoperative 98.85 100.00 100.00 100.00 100.00 93.75 28.98 59.18 16 10
6

Preoperative 31.03 35.71 44.44 51.47 0.00 25.00 26.35 33.66 0 2

Postoperative 55.17 71.43 69.44 92.65 50.00 62.50 31.29 53.26 1 3
7

Preoperative 32.18 53.57 50.00 45.59 25.00 0.00 32.67 32.74 0 1

Postoperative 55.17 75.00 77.78 82.35 50.00 68.75 25.82 45.26 12 6
8

Preoperative 43.68 35.71 66.67 88.24 35.00 25.00 23.34 48.85 16 0

Postoperative 70.11 64.29 80.56 91.18 75.00 68.75 23.34 48.85 7 5
9

Preoperative — — — — — — — — — —

Postoperative — — — — — — — — — —
10

Preoperative 66.67 57.00 81.00 96.00 60.00 38.00 39.23 63.91 16 10

Postoperative — 96.43 100.00 100.00 100.00 100.00 — — 14 —
11

Preoperative — — — — — — — — — —

Postoperative 98.85 89.29 100.00 100.00 100.00 93.75 54.73 55.80 8 9
12

Preoperative — — — — — — — — — —

Postoperative 95.40 92.86 100.00 100.00 100.00 75.00 59.04 58.66 16 7
13

Preoperative — — — — — — — — — —

Postoperative — — — — — — — — — —
14

Preoperative 57.47 53.57 58.33 77.94 60.00 37.50 37.82 51.32 0 —

Postoperative — — — — — — — — — —
15

Preoperative — — — — — — — — — —

Postoperative 98.85 85.71 94.44 100.00 95.00 93.75 49.49 25.31 14 9

“Dashes indicate incomplete data. ADL, Activities of Daily Living; IKDC, International Knee Documentation Committee; KOOS, Knee
injury and Osteoarthritis Outcome Score; QOL, Quality of Life; SF-36, 36-Item Short Form Health Survey.

follow-up was 3.33 years in the 9 patients who had com-
pleted postoperative outcome questionnaires. Additionally,
1 patient completed PRO measures at 6 months after a
failed fixation and did not complete additional question-
naires; the rest completed PRO measures between 1 and
6 years postoperatively. There were no differences in any
demographic, lesion, or surgical characteristics of the PRO
group compared with all included patients. There were

statistically significant improvements in both KOOS (P <
.001) and Tegner (P = .023) scores when comparing latest
follow-up scores with preoperative scores. No statistically
significant differences were found in the 36-Item Short
Form Health Survey and Marx scores (Table 2).

Follow-up MRI scans were obtained in all patients at a
mean of 24 months postoperatively. We found that 10 of the
15 fragments had completely healed. Moreover, 2 of the MRI
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TABLE 3
Descriptive Data for 3 Patients Who Had Failed Primary Fixation®
Symptom Lesion Size, Fixation Time to
Patient No. Age,y Sex Physis Duration Mechanism cm? Lesion Location Method Augmentation Failure
1 14 F Open 3 wk OCD 2.5 Patella Suture only Cancellous bone 2.8y
graft
2 32 M  Closed 6 mo OCD 4.4 Lateral femoral Screws and Cancellous bone 8 wk
condyle suture graft
3 17 F Closed 2y OCD 2.7 Medial femoral Screws and None 7 mo
condyle suture

“F, female; M, male; OCD, osteochondritis dissecans.

scans showed a small area of chondral delamination of the
fragment; however, both of these patients were asymptom-
atic and underwent no further intervention. Furthermore, 3
of the MRI scans showed loss of fixation of the fragment, and
all 3 patients underwent revision surgery. OCD was the
underlying abnormality in all 3 failures. There were no fail-
ures in patients with traumatic shear injuries.

A total of 6 knees underwent repeat arthroscopic sur-
gery: 2 for planned screw removal at 6 weeks postopera-
tively, 1 for lysis of adhesions for postoperative stiffness,
and 3 for symptomatic lesions requiring excision or conver-
sion to cartilage restoration. The 2 planned reoperations for
implant removal at 6 weeks postoperatively and the reop-
eration for lysis of adhesions showed a healed chondral
fragment. Of the 3 patients with failed primary fixation, 1
patient had the procedure converted to ACI, and the
remaining 2 patients had the fragment excised and are
being followed for symptom development. Details of these
clinical failures can be found in Table 3.

DISCUSSION

Our case series expands on the existing literature and, to
our knowledge, is the first study to report on follow-up MRI
of all knees undergoing fragment fixation as well as to
report on 6 second-look arthroscopic procedures. In total,
10 of the 15 knees showed complete healing on postopera-
tive MRI scans. Additionally, 2 patients had partial delam-
ination of less than 50% of the fragment but were
asymptomatic from their lesions. The remaining 3 patients
showed loss of fixation as discussed above. Regarding
PROs, we found a statistically significant improvement
in both KOOS and Tegner scores when comparing final
follow-up scores to preoperative scores, with a mean PRO
follow-up of 3.33 years.

With regard to the patients with clinical failures, 2 of the
patients were older with closed physes. Both screws and
suture were used in their repair procedures because of insta-
bility of their fragments when fixed using screws in isolation,
and therefore the repair may have been inherently more
likely to fail. While these 2 patients had several possible risk
factors for failure, there was also a failure in a young female
patient with an open physis. Her fragment was stable using
suture fixation alone. Eventually, her fixation failed, and her
resulting chondral defect was addressed successfully using

membrane-associated ACIL. This highlights the fact that, even
in anideal patient, loss of fixation is still possible and patients
should be counseled accordingly. It is our impression that
patients with unstable fragments and closed physes may be
at an even greater risk for failure.

We included all patients who underwent fixation of
chondral-only fragments of the knee, regardless of whether
the indication was OCD or a traumatic chondral fracture.
There were no failures in the 3 patients with traumatic
shear injuries, with all failures occurring in the OCD group.
This was a somewhat unexpected finding, as we speculate
that OCD fragments are more likely to have microscopic
bone and therefore more likely to have the added benefit
of bone-on-bone healing. However, OCD also typically has
necrotic subchondral bone requiring bone grafting, which
may be a less favorable healing interface. Larger compara-
tive studies between these 2 indications for chondral-only
fixation would be needed to determine if they have a signif-
icant effect on union rates.

Previous studies have looked at outcomes of fixing
chondral-only fragments using either traumatic shear or
OCD mechanisms and have shown favorable results.
Siparsky et al®® published a case series of 3 patients who
had healed chondral shear fragments on postoperative MRI
scans; 2 of the patients underwent repeat arthroscopic sur-
gery, which demonstrated reintegration of the fragment
within the defect. Churchill et al'! reported on 10 male
patients, with 8 who had follow-up MRI scans that demon-
strated healing of the chondral shear fragment. Also, 1
patient underwent second-look arthroscopic surgery for
hardware removal, which also demonstrated healing of the
fracture. Fabricant et al'® published a similar case series
of 15 patients with traumatic shear fragments. There was
1 patient (7%) who had loss of fixation requiring fragment
excision; 9 of the remaining 14 patients underwent
follow-up MRI, with only 5 showing complete healing.
Anderson et al® published a series of 5 patients who under-
went primary fixation of chondral-only OCD fragments.
A total of 4 of the 5 patients had completely healed frag-
ments at second-look arthroscopic surgery, and 1 patient
demonstrated healing of two-thirds of the fragment, which
was treated using debridement and drilling. Patients had
no substantial difference in pain or function in activities of
daily life compared with controls but had worse sport func-
tion and knee-related quality of life.
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There were several limitations to our study. First was
the small overall sample size of 15 operative lesions and
an even smaller sample size of 9 with complete PRO mea-
sures. Yet, given the rarity of this injury and novelty of the
fixation method, these data are useful to expand on the
existing literature. Additionally, there is inevitable selec-
tion bias when performing a retrospective case series. Not
all purely cartilage lesions over the time course of this
study were treated using surgical fixation. Patients with
comminution of the fragment and older patients were typ-
ically treated using fragment excision and staged cartilage
restoration procedures and were not included in this study.
This could potentially lead to selecting patients and lesions
that are more likely to have successful surgical fixation.
The results from these patients treated nonoperatively or
using cartilage restoration are outside the scope of this case
series but would be valuable in future cohort or randomized
controlled investigations. To definitively confirm healing
and restoration of the native architecture, a follow-up
biopsy would need to be performed, which was not done in
this case series. Last, although the mean follow-up in our
study was 4 years, this may be an insufficient amount of
time to track the possible progression of these lesions.
Future studies should include prospective data collection
with a long-term follow-up and possible biopsy or thin-
section high-quality MRI of the cartilage-bone interface
to evaluate healing of the fragment.

CONCLUSION

Purely chondral fragments of the knee are rare and involve
challenges in their management. Recent studies have
suggested surgical fixation of the fragment as a viable
treatment option. Our study showed that 80% of these frag-
ments survived at a mean of 4 years, with 67% demonstrat-
ing complete union on MRI scans. Overall, surgical fixation
of cartilage lesions of the knee remains a viable treatment
option that could potentially reduce the need for cartilage
restoration procedures.

ACKNOWLEDGMENT

The authors acknowledge Vicki Snodgrass for her assis-
tance and coordination.

REFERENCES

1. Aichroth P. Osteochondritis dissecans of the knee: a clinical survey.
J Bone Joint Surg Br. 1971;53(3):440-447.

2. Akeson WH, Bugbee W, Chu C, Giurea A. Differences in mesenchy-
mal tissue repair. Clin Orthop Relat Res. 2001;391(suppl):S124-S141.

3. Albrecht FH. Closure of joint cartilage defects using cartilage frag-
ments and fibrin glue. Article in German. Fortschr Med. 1983;
101(37):1650-1652.

4. Anderson AF, Lipscomb AB, Coulam C. Antegrade curettement, bone
grafting and pinning of osteochondritis dissecans in the skeletally
mature knee. Am J Sports Med. 1990;18(3):254-261.

5. Anderson AF, Pagnani MJ. Osteochondritis dissecans of the femoral
condyles: long-term results of excision of the fragment. Am J Sports
Med. 1997;25(6):830-834.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Fixation of Chondral Fragments of the Knee 7

. Anderson CN, Magnussen RA, Block JJ, Anderson AF, Spindler KP.

Operative fixation of chondral loose bodies in osteochondritis disse-
cans in the knee: a report of 5 cases. Orthop J Sports Med. 2013;1(2):
2325967113496546.

. Bonasia DE, Marmotti A, Mattia S, et al. The degree of chondral

fragmentation affects extracellular matrix production in cartilage
autograft implantation: an in vitro study. Arthroscopy. 2015;
31(12):2335-2341.

. Cahill BR, Phillips MR, Navarro R. The results of conservative man-

agement of juvenile osteochondritis dissecans using joint scintogra-
phy: a prospective study. Am J Sports Med. 1989;17(5):601-605.

. Chotel F, Knorr G, Simian E, et al. Knee osteochondral fractures in

skeletally immature patients: French multicenter study. Orthop Trau-
matol Surg Res. 2011;97(suppl 8):S154-S159.

Christensen BB, Foldager CB, Olesen ML, et al. Experimental articular
cartilage repair in the Goéttingen minipig: the influence of multiple
defects per knee. J Exp Orthop. 2015;2(1):13.

Churchill JL, Krych Ad, Lemos MJ, Redd M, Bonner KF. A case series
of successful repair of articular cartilage fragments in the knee. Am J
Sports Med. 2019;47(11):2589-2595.

Denoncourt P, Patel D, Dimakkopoulos P. Arthroscopy update #1:
treatment of osteochondrosis dissecans of the knee by arthroscopic
curettage, follow-up study. Orthop Rev. 1986;15(10):652-657.

Dines JS, Fealy S, Potter HG, Warren RF. Outcomes of osteochondral
lesions of the knee repaired with a bioabsorbable device. Arthros-
copy. 2008;24(1):62-68.

Emmerson BC, Gortz S, Jamali AA, Chung C, Amiel D, Bugbee WD.
Fresh osteochondral allografting in the treatment of osteochondritis
dissecans of the femoral condyle. Am J Sports Med. 2007;35:907-914.
Ewing JW, Voto SJ. Arthroscopic surgical management of osteo-
chondritis dissecans of the knee. Arthroscopy. 1988;4(1):37-40.
Fabricant PD, Yen YM, Kramer DE, et al. Fixation of traumatic
chondral-only fragments of the knee in pediatric and adolescent ath-
letes: a retrospective multicenter report. Orthop J Sports Med. 2018;
6(2):2325967117753140.

Farr J, Cole BJ, Sherman S, Karas V. Particulated articular cartilage:
CAIS and De Novo NT. J Knee Surg. 2012;25(1):23-29.

Farr J, Tabet SK, Margerrison E, Cole BJ. Clinical, radiographic, and
histological outcomes after cartilage repair with particulated juvenile
articular cartilage. Am J Sports Med. 2014;42(6):1417-1425.

Gudas R, Kalesinskas RJ, Kimtys V, 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):1066-1075.
Guhl JF. Arthroscopic treatment of osteochondritis dissecans. Clin
Orthop Relat Res. 1982;167:65-74.

Hefti F, Beguiristain J, Krauspe R, et al. Osteochondritis dissecans: a
multicenter study of the European Pediatric Orthopedic Society.
J Pediatr Orthop B. 1999;8(4):231-245.

Hopkinson WJ, Mitchell WA, Curl WW. Chondral fractures of the knee.
Am J Sports Med. 1985;13(5):309-312.

Hunziker EB. Articular cartilage repair: basic science and clinical pro-
gress. A review of the current status and prospects. Osteoarthritis
Cartilage. 2002;10(6):432-463.

Kramer DE, Pace JL. Acute traumatic and sports-related osteochon-
dral injury of the pediatric knee. Orthop Clin North Am. 2012;43(2):
227-236.

Krych AJ, Gobbi A, Lattermann C, Nakamura N. Articular cartilage
solutions for the knee: present challenges and future direction.
J ISAKOS. 2016;1(2):93-104.

LaPrade RF, Bursch LS, Olson EJ, Havlas V, Carlson CS. Histologic
and immunohistochemical characteristics of failed articular cartilage
resurfacing procedures for osteochondritis of the knee: a case series.
Am J Sports Med. 2008;36(2):360-368.

Lipscomb PR Jr, Lipscomb PR Sr, Bryan RS. Osteochondritis disse-
cans of the knee with loose fragments: treatment by replacement and
fixation with readily removed pins. J Bone Joint Surg Am. 1978;60(2):
235-240.



28.

29.

30.

31.

32.

33.

34.

35.

36.

Gudeman et al

Lu Y, Dhanaraj S, Wang Z, et al. Minced cartilage without cell culture
serves as an effective intraoperative cell source for cartilage repair.
J Orthop Res. 2006;24(6):1261-1270.

Magnussen RA, Carey JL, Spindler KP. Does operative fixation of an
osteochondritis dissecans loose body result in healing and long-term
maintenance of knee function? Am J Sports Med. 2009;37(4):
754-759.

Mandelbaum BR, Browne JE, Fu F, et al. Articular cartilage lesions of
the knee. Am J Sports Med. 1998;26(6):853-861.

Massen FK, Inauen CR, Harder LP, Runer A, Preiss S, Salzmann GM.
One-step autologous minced cartilage procedure for the treatment
of knee joint chondral and osteochondral lesions: a series of
27 patients with 2-year follow-up. Orthop J Sports Med. 2019;7(6):
2325967119853773.

Micheli L, Curtis C, Shervin N. Articular cartilage repair in the adoles-
cent athlete: is autologous chondrocyte implantation the answer? Clin
J Sport Med. 2006;16(6):465-470.

Mithoefer K, Minas T, Peterson L, et al. Functional outcome of knee
articular cartilage repair in adolescent athletes. Am J Sports Med.
2005;33(8):1147-1153.

Murphy RT, Pennock AT, Bugbee WD. Osteochondral allograft trans-
plantation of the knee in the pediatric and adolescent population. Am
J Sports Med. 2014;42(3):635-640.

Newman AP. Articular cartilage repair. Am J Sports Med. 1998;26(2):
309-324.

Peterson L, Brittberg M, Kiviranta I, Akerlund EL, Lindahl A. Autolo-
gous chondrocyte transplantation: biomechanics and long-term
durability. Am J Sports Med. 2002;30(1):2-12.

37.

38.

39.

40.

41.

42.

43.

44,

45.

The Orthopaedic Journal of Sports Medicine

Peterson L, Minas T, Brittberg M, et al. Two- to 9-year outcome after
autologous chondrocyte transplantation of the knee. Clin Orthop
Relat Res. 2000;374:212-234.

Peterson L, Vasiliadis HS, Brittberg M, Lindahl A. Autologous chon-
drocyte implantation: a long-term follow-up. Am J Sports Med. 2010;
38(6):1117-1124.

Siparsky PN, Bailey JR, Dale KM, Klement MR, Taylor DC. Open
reduction internal fixation of isolated chondral fragments without
osseous attachment in the knee: a case series. Orthop J Sports Med.
2017;5(3):2325967117696281.

Steadman JR, Briggs KK, Matheny LM, et al. Outcomes following
microfracture of full-thickness articular cartilage lesions of the knee
in adolescent patients. J Knee Surg. 2015;28(2):145-150.

Tompkins M, Adkisson HD, Bonner KF. DeNovo NT allograft. Oper
Tech Sports Med. 2013;21(2):82-89.

Tompkins M, Hamann JC, Diduch DR, et al. Preliminary results of a
novel single-stage cartilage restoration technique: particulated juve-
nile articular cartilage allograft for chondral defects of the patella.
Arthroscopy. 2013;29(10):1661-1670.

Wang CJ. Treatment of focal articular cartilage lesions of the knee
with autogenous osteochondral grafts. Arch Orthop Trauma Surg.
2002;122(3):169-172.

Wright RW, McLean M, Matava MJ, Shively RA. Osteochondritis dis-
secans of the knee: long-term results of excision of the fragment. Clin
Orthop Relat Res. 2004;424:239-243.

Zarzycki W. Evaluation of treatment results for osteochondritis disse-
cans of the knee joint. Article in Polish. Chir Narzadow Ruchu Ortop
Pol. 2001;66(1):61-66.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


