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Abstract 

 
 

Background: When stable osteochondritis dissecans (OCD) lesions of the femoral condyle in a skeletally immature patient fail to 
heal with nonoperative methods, the standard of care treatment is condylar OCD drilling. Two primary OCD drilling techniques 
have been described, but no prospective studies have compared their relative effectiveness. 

Purpose/Hypothesis: The purpose of this study was to compare the healing and function after transarticular drilling (TAD) with 
that after retroarticular drilling (RAD). It was hypothesized that there would be no difference in rate or time to healing, rate or time 
to return to sports, patient-reported outcomes (PROs), or secondary OCD-related surgery. 

Study Design: Randomized controlled clinical trial; Level of evidence, 1. 

Methods: Skeletally immature patients with magnetic resonance imaging–confirmed stable OCD lesions of the medial femoral 
condyle who did not demonstrate substantial healing after a minimum of 3 months of nonoperative treatment were prospectively 
enrolled by 1 of 17 surgeon-investigators at 1 of 14 centers. Patients were randomized to the TAD or RAD group. Tourniquet 
time, fluoroscopy time, and complications were compared between the treatment groups. Postoperatively, serial radiographs 
were ob- tained every 6 weeks to assess healing, and PROs were obtained at 6 months, 12 months, and 24 months. 

Results: A total of 91 patients were included, consisting of 51 patients in the TAD and 40 patients in the RAD group, who were 
similar in age, sex distribution, and 2-year PRO response rate. Tourniquet time and fluoroscopy time were significantly shorter 
with TAD (mean, 38.1 minutes and 0.85 minutes, respectively) than RAD (mean, 48.2 minutes and 1.34 minutes respectively) (P 
= .02; P = .004). In the RAD group, chondral injury from K-wire passage into the intra-articular space was reported in 9 of 40 
(22%) patients, but no associated postoperative clinical sequelae were identified in these patients. No significant differences 
between groups were detected in follow-up Pediatric–International Knee Documentation Committee, Lysholm, Marx Activity 
Scale, or Knee injury and Osteoarthritis Outcome Score Quality of Life scores. Healing parameters were superior at 6 months 
and 12 months in the TAD group, compared with the RAD group, and secondary OCD surgery occurred in 4% of patients who 

 



underwent TAD and 10% of patients who underwent RAD (P = .40). Patients in the TAD group returned to sports earlier than 
those in the RAD group (P = .049). 

Conclusion: TAD showed shorter operative time and fluoroscopy time and superior healing parameters at 6 and 12 months, but 
no differences were seen in 24-month healing parameters or PROs at all follow-up time points, when compared with RAD. 

Registration: NCT01754298 (ClinicalTrials.gov identifier). 
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Osteochondritis dissecans (OCD) has been recently 
rede- fined by an international OCD study group as 
a focal idio- pathic alteration of subchondral bone 
with risk for instability and disruption of adjacent 
articular cartilage that may result in premature 
osteoarthritis.9 The knee is by far the most common 
joint affected by OCD, with fewer 
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cases reported in the elbow, ankle, and, much more rarely, other 
joints.8,16,17,19 The most common presentation of knee OCD is a 
stable lesion on the lateral aspect of the medial femoral condyle in a 
skeletally immature adoles- cent or preadolescent athlete.18 Stable 
lesions, with patho- logic involvement limited to the subchondral 
bone, are differentiated from unstable lesions by the absence of any 
features of instability, which include chondral fissuring, disruption 
of the subchondral plate, or gross lesion mobil- ity. For patients 
with open physes with stable OCD lesions, the standard of care for 
first-line treatment is nonopera- tive, consisting of weightbearing 
protection with crutches, activity modification, bracing, and 
physical therapy. How- ever, there is great variation in the duration 
of these rec- ommended measures, with varying importance placed 
on the different modalities and a period of observation and 
radiographic assessment for OCD healing that may range from 1 
month to .1 year.22,24 

Despite the established consensus to initially manage stable knee 
OCD in skeletally immature patients with non- operative treatment, 
the rates of failed healing associated with such treatment are 
relatively high, with more meth- odologically rigorous studies 
suggesting that up to 34% to 43% of patients will ultimately require 
further interven- tion.22,24 The standard of care for a stable OCD that 
does not achieve ongoing bony healing is therefore surgical 
treatment, consisting of arthroscopy for confirmation of lesion 
stability and OCD drilling. 

Two different primary OCD drilling techniques have been 
utilized and studied over time. Transarticular drilling (TAD) is the 
more historical approach, using small K-wires advanced 
percutaneously, in retrograde, intra-articular fashion, through the 
articular cartilage and affected sub- chondral bone and into the 
deeper, healthy cancellous bone of the condyle.2,10,11,15,20 Multiple 
K-wire passes, all placed within the visible or palpable margins of 
the lesion, as assessed arthroscopically, are utilized to perforate the 
sclerotic boundary of the lesion and establish bony channels for 
healing. Retroarticular drilling (RAD) is a relatively newer 
technique in which the K-wire perforations are made in 
anterograde, extra-articular fashion, down to the 

subchondral bone without perforating the articular carti- lage.5,6 
The technique, which requires fluoroscopic guidance of K-wire 
position to ensure perforation into the lesion, has been shown to 
induce bony healing, similar to the TAD tech- nique, but 
theoretically optimizes joint preservation by avoiding iatrogenic 
injury to the cartilage overlying the OCD lesion, which is inherent 
in the TAD technique. 

While recent studies have shown good OCD healing rates, 
frequent return to sports, and excellent patient- reported outcomes 
(PROs) after both TAD2,20 and RAD4,7 techniques, comparative 
studies between the 2 techniques have been limited to systematic 
reviews1,12 and level 515 literature. These studies detected minimal 
differences in TAD and RAD outcomes, perhaps in part because 
of small sample sizes, methodological limitations, and heterogene- 
ity of the included studies. Such analytical challenges are typical 
of studies of orphan diseases or rare conditions,3 such as knee 
OCD. The purpose of the current study, therefore, was to compare 
the outcomes of TAD versus RAD using the methodological rigor 
of an appropriately powered prospective randomized controlled 
trial of surgical techniques. The study sought to address the 
challenge of sample size and patient volume by harnessing the 
power of an international OCD study group of 17 surgeon- 
investigators from 14 academic centers9 in 2 countries (at the time 
of study inception). The study hypothesis was that no difference 
would be detected between the 2 treat- ment groups in terms of 
variables relating to surgery, com- plications, healing, return to 
sports, activity levels, PROs, and secondary OCD-related 
surgeries. 

 
METHODS 

Study Design 

The study design was a prospective randomized controlled clinical 
trial (level 1) involving 17 surgeon-investigators at 14 different 
academic centers participating in the ROCK (Research in 
OsteoChondritis of the Knee) Group. The study group was 
established in 2010 to investigate the cause and determine the 
optimal treatment of knee OCD through 
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clinical research. To ensure expertise with this rare condi- tion, 
participating surgeon-members were required to meet criteria of 
performing a minimum volume of 10 OCD surgeries per year, 
regardless of OCD stage or presentation. After institutional review 
board approval, enrollment was initiated in January 2013 and halted 
in December 2017. 

 
Patient Selection 

Eligible study participants included skeletally immature patients 
between ages 9 and 15 years who were diagnosed at one of the 
study sites with stable OCD (Hefti stage 1 or 2 lesions14) of the 
medial femoral condyle, based on a review of radiographs and 
magnetic resonance imaging (MRI) of the knee by the treating 
surgeon-investigator. However, study enrollment was initiated only 
for patients who were scheduled to undergo arthroscopic OCD 
drilling. To be eligi- ble for surgical intervention, study participants 
had to have undergone a minimum 3-month course of nonoperative 
treatment, consisting of sports cessation and restriction from impact 
activities, such as running or jumping, as well as a minimum 
6-week period within that 3-month period of either 
nonweightbearing, casting, valgus unloader bracing, locked bracing 
or knee immobilizer use, or some combination thereof. Because of 
the variability in the non- operative treatment approach to OCD, 
this minimum period of nonoperative treatment was selected by the 
study group, in the phase of study design, based on consensus 
methods, so as to ensure consistency across surgeons and minimiza- 
tion of the risks of unnecessary surgery. Because of the com- mon 
challenge of differentiating true, pathological knee OCD from 
developmental variants of enchondral ossifica- tion of the distal 
femoral epiphyses, patients :::8 years of age were excluded.25 
Additional exclusion criteria were unstable OCD lesions, locations 
other than the medial fem- oral condyle, knees with multifocal 
OCD, patients with clos- ing or closed growth plates, lesions 
demonstrating healing during the course of nonsurgical 
intervention, patients with concomitant knee pathology that might 
confound knee function, a diagnosis of a metabolic bone disorder or 
sickle cell disease, and a history of prolonged corticosteroid or 
chemotherapy treatment. Informed consent was obtained from each 
eligible patient’s parent or guardian before inclu- sion in the trial, 
and eligible participants were assigned a unique study 
identification. 

 
Randomization 

After informed consent, patients were randomized to 1 of 2 surgical 
techniques for drilling of their OCD lesion: TAD or RAD. A 
web-based block randomization system was devel- oped by the 
doctoral-level non–surgeon investigator in the study group 
(G.D.M.), who supervised use of the system by all sites’ research 
coordinators. When possible, randomiza- tion was carried out in the 
operating room after lesion stabil- ity was confirmed 
arthroscopically. For surgeons who did have research personnel 
available to perform randomization intraoperatively, this step was 
performed immediately pre- ceding surgery. This process ultimately 
led to the exclusion of 9 patients after the time of enrollment: 1 case 
of failed 

randomization, 2 cases (1 TAD, 1 RAD) of intraoperative 
detection of multifocal lesions, and 6 cases (6 RAD) of insta- 
bility determined during arthroscopy (Figure 1). 

 
Surgical Techniques 

Because some variability in the described surgical techni- ques 
existed in published studies of OCD drilling (both TAD and 
RAD), detailed protocols for the 2 procedures were developed a 
priori through a consensus decision- making technique by the 
group of participating surgeon- investigators. Before the initiation 
of enrollment at each study site, each site’s surgeon(s) confirmed 
previous clinical experience and a technical comfort level with 
both drilling techniques. Moreover, all participating surgeons 
reviewed the existing OCD drilling literature and corroborated a 
per- spective of clinical equipoise between the 2 techniques. 

TAD was performed with a 0.045-inch K-wire advanced 
percutaneously, in retrograde, intra-articular fashion, through the 
articular cartilage and affected subchondral bone and into the 
deeper, healthy cancellous bone of the condyle. Each K-wire pass 
involved a new, nonspinning ‘‘push’’ of the tip of the wire through 
the cartilage, down to the subchondral bone margin, at which time 
the K-wire was spun with the wire driver approximately 15 to 20 
mm across the affected bone. To minimize iatrogenic articular 
cartilage injury, while still generating an ade- quate number of 
channels to stimulate healing, a goal of 6 to 10 K-wire passes per 
square centimeter was attempted for all lesions. While the 
procedure is typically performed under arthroscopic visualization, 
and tactile feedback of chondral softening on the margins of the 
lesion with the arthroscopic probe generally allows for optimal 
localization of the OCD, use of fluoroscopy was permitted for any 
sur- geons wanting to confirm lesion and/or K-wire location. 

RAD of the medial femoral condyle was performed either 
percutaneously or through a small 1.0- to 1.5-cm incision in the 
area just proximal to the medial epicondyle. To adhere to the 
technique used by the participating surgeons before study 
participation, and because minimization of iatrogenic cartilage 
injury was inherent in the retroarticular tech- nique, a larger-sized 
(0.062 inches) K-wire was used, with no limits placed on the 
number of wire passes. The perfora- tions across the OCD 
boundary originated from the medial aspect of the condyle, with 
the K-wire introduced just distal to the physis and advanced 
through the bony condyle, in anterograde, extra-articular fashion, 
down to the subchon- dral bone, with the goal of avoiding 
perforation of the artic- ular cartilage. However, to better 
understand if inadvertent iatrogenic articular cartilage damage 
may be associated with the technique, second-look arthroscopy 
was recommen- ded after completion of the fluoroscopic-guided 
drilling por- tion of the procedure to investigate for pin tracts seen 
intra- articularly, the presence of which was recorded as part of the 
study protocol. 

 
Postoperative Rehabilitation 

All patients followed a standardized postoperative rehabil- itation 
protocol, which called for use of crutches and 

 



 

 
nonweightbearing status for 6 weeks, with outpatient physical 
therapy initiated at 2 weeks postoperatively, and range of motion 
exercises from 0° to 90° of flexion and straight-leg raises 
encouraged several times per day. Crutches were discontinued and 
weightbearing strength- ening exercises were initiated at 6 weeks 
postoperatively, but no running was permitted until substantial 
healing was identified radiographically. 

 
Follow-up 

Study patients did not have additional clinic visits or any aspects of 
their care altered as part of their participation. Rather, the standard 
course of care was determined by each treating physician, which 
generally consisted of serial radiographs every 6 weeks after 
surgery to assess for ongo- ing, interval healing. Overall, patient 
data, presenting clinical data, radiologic characteristics, operative 
data, and follow-up clinical data and complications were recorded 
for each patient. 

Healing at each follow-up visit was assessed on a radiol- ogy 
form completed by each surgeon-investigator using a continuous 
sliding scale (0-10) for each of the 2 criteria shown to be most 
reliable in a healing reliability study con- ducted by the study 
group23: ossification, which described the degree of 
radio-opacification of the appearance of the OCD lucency; and 
boundary, which described dissolution of the sclerotic separation 
between OCD and the deeper, healthy, normal-appearing cancellous 
bone. An additional healing assessment was included in the clinical 
follow-up form, with a designation of the lesion’s current radiologic 
status, relative to previous follow-up visits, with the follow- ing 
options: (1) healed, (2) healing, (3) not healing, and (4) getting 
worse. Based on consensus within the study group that serial 
radiographic assessment, rather than MRI assessment, represented 
the gold standard approach, which was further substantiated by the 
previously described healing reliability study, postoperative MRI 
was not routinely obtained, particularly given challenges in some 
health systems to obtain insurance approval, other than preoperative 
studies for staging of OCD. The clinical follow-up form at each 
follow-up visit completed by the surgeon-investigator also inquired 
as to the presence of any complications (the presence of which 
triggered a detailed complication form), and whether the patient 
was cleared to return to sports, the decisions for which were not 
standardized based on study-specific criteria, but rather were 
individualized for each patient by the treating provider based on a 
combination of factors, such as radiographic appearance, 
postoperative time point, per- formance of postoperative 
rehabilitation goals, and clinical status (eg, presence of knee 
symptoms). 

Several PRO questionnaires were distributed at base- line and 
6-month, 12-month, and 24-month follow-up visits or via 
telephone-based or email-based outreach at the same time points, 
which included the Pediatric International Knee Documentation 
Committee (Pedi-IKDC) Subjective Knee Form, the Marx Activity 
Scale, the Lysholm form, and the Knee injury and Osteoarthritis 
Outcome Score Quality of Life (KOOS QOL) as part of their 
participation. 

 

 
 

Figure 1. Study inclusion flowchart. 

 
Statistical Analysis 

De-identified data from all patients in the study were maintained 
by the primary study institution using the REDCap data 
management system.13 All secondary sites had access to the study 
data through requests to the pri- mary site. 

An intention-to-treat analysis was carried out for the patients 
who were randomized to either the TAD or the RAD treatment 
group and subsequently maintained study eligibility. Patient, 
injury, and treatment characteristics were summarized for the 
cohort and compared by treatment group (TAD vs RAD). 
Continuous characteristics were com- pared using the Student t 
test or Wilcoxon rank-sum test, as appropriate, and categorical 
characteristics were compared using a chi-square test. For the 
primary study hypothesis, equivalence in PROs at 2-year 
follow-up was assessed using 2 one-sided Wilcoxon rank-sum 
tests and an equivalence margin up to an effect size of 0.7 with 
alpha set to 5%. The reported P value for equivalence testing is 
the larger of the 2 one-sided tests. As a widely used instrument 
modi- fied from its adult form and validated for use in children, 
the Pedi-IKDC was selected as the primary outcome mea- sure 
with which the power analysis would be performed. The 
difference in the change in each PRO over time across treatment 
groups was assessed using a nonlinear mixed- modeling analysis 
on rank-normalized PRO data to account for data skewness. 

For secondary analyses, the rate of healing and the rate of 
sports clearance were assessed by estimating Kaplan-Meier curves 
and a log-rank test for survival across groups. In addi- tion, Cox 
proportional hazards models were used to quantify any effect of 
treatment type on the rate of healing or return to sports. The 
proportional hazards assumption was assessed for each model, and 
no violations were detected. The propor- tion of patients who 
required a secondary surgery within the 2-year follow-up window 
was also compared across groups using a binary logistic 
regression model. 

A priori power analysis had determined that to conduct 2 
one-sided tests for equivalence in Pedi-IKDC score across 



 

 

 
TABLE 1 

Patient and Treatment Characteristics by Treatment Groupa 
 
 

Characteristic 

Transarticular Drilling Group (n = 51) Retroarticular Drilling 
Group (n = 40)​ P 
Value 

 

Age, y 12.6 6 1.4 12 6 1.2 .05 
Skeletal age, y (n = 49) 13 6 1.3 12.4 6 1.5 .18 
Male sex 37 (73) 22 (55) .08 
BMI percentile 68 (37-96) 75 (60-96) .32 
Race   .28 

White 33 (65) 32 (80)  
Black or African American 13 (25) 7 (18)  
Asian 2 (4) 1 (3)  
Other or unknown 3 (6) 0 (0)  

Ethnicity   ..99 
Not Hispanic 46 (94) 37 (95)  
Hispanic 3 (6) 2 (5)  

Left side 25 (49) 0 (0) .70 
Family history of OCD   .72 

Yes 1 (2) 2 (5)  
No 43 (84) 33 (83)  
Unknown 7 (14) 5 (13)  

Preoperative pain 40 (78) 30 (75) .57 
Weeks of nonoperative management    

Activity restrictions (n = 69) 15.1 6 7.7 16.4 6 11.0 .57 
Nonweightbearing (n = 35) 7.1 6 4.3 7.5 6 4.3 .77 
Knee brace (n = 64) 10.6 6 6.9 9.6 6 5.9 .52 
Cylinder casting (n = 4) 7 5.3 6 1.2 ..99 
Physical therapy (n = 24) 11.3 6 6.7 6.7 6 4.2 .10 
Other (home exercise program, calcium/vitamin D 2 4 6 2.8 ..99 

supplementation) treatments (n = 3)    

Days from diagnosis to surgery 235.9 (112-268) 206 (108-182) .53 
Additional surgery performed    

Notch drilling 1 (2) 1 (3)  
K-wire size, inches    

0.045 50 (98) 0  
0.062 1 (2) 40 (100)  

No. of K-wire passes 11.6 6 3.8 13.7 6 6.1 .53 
Tourniquet used 39 34 .31 
Tourniquet time, min 38.1 6 12.9 48.2 6 20.3 .02 
Lesion size per MRI scan, mm2 471.8 (245-458) 428 (251-536) .70 
Depth of legion per MRI scan, mm 7.2 6 3.7 6.1 6 2.5 .15 
Coronal location   .75 

Lateral 9 (20) 7 (23)  
Central 31 (69) 19 (61)  
Intercondyle 5 (11) 5 (16)  

Sagittal location   .93 
Central 41 (91) 29 (88)  
Posterior 4 (9) 4 (12)  

aData are presented as n (%), mean 6 SD, or median (IQR). BMI, body mass index; MRI, magnetic resonance imaging; OCD, osteochon- dritis dissecans. 

 
treatment groups, samples of 40 per group would provide 80% 
power for an equivalence margin for an effect size of 
0.7 (comparable with a difference of about 10 points assum- ing an 
SD of 15) with alpha set to 5%. After follow-up, there were 46 and 
36 patients in the TAD and RAD groups, respec- tively. Post hoc 
power analysis determined that these sample sizes would provide 
81% power for the test described above. 

RESULTS 

Patient Characteristics 

Over the 5-year study period, 91 study patients were enrolled and 
included in the final study analysis, consist- ing of 51 patients who 
underwent TAD and 40 patients 

 



 

 

 
TABLE 2 

Outcomes by Time and Treatment Groupa 
 

Transarticular Drilling Group​ Retroarticular Drilling Group 
 

Outcome n Median (IQR)  n Median (IQR) P Value 

Pedi-IKDC       
Baseline 51 64 (52-77)  39 67 (55-83) .67 
6 mo 33 91 (78-98)  32 95 (88-99) .16 
12 mo 32 92 (86-99)  25 97 (85-99) .88 
24 mo 46 97 (88-100)  36 97 (80-100) .60 

Marx Activity Scale       

Baseline 50 13 (4-16) 38 13 (6-16) .62 
6 mo 32 12 (4-16) 31 12 (6-16) .77 
12 mo 30 15 (5-16) 22 13 (4-16) .46 
24 mo 46 15 (12-16) 35 14 (10-16) .51 

Lysholm      
Baseline 50 73 (63-87) 33 68 (54-85) .44 
6 mo 30 96 (90-100) 29 100 (90-100) .61 
12 mo 31 100 (94-100) 21 100 (90-100) .97 
24 mo 44 99 (91-100) 36 95 (86-100) .41 

KOOS QOL      
Baseline 50 41 (25-56) 38 38 (19-44) .39 
6 mo 33 69 (44-88) 30 72 (58-92) .59 
12 mo 32 94 (75-100) 24 84 (62-100) .45 
24 mo 46 94 (70-100) 36 81 (62-97) .14 

aIQR, interquartile range; KOOS QOL, Knee injury and Osteoarthritis Outcome Score Quality of Life; Pedi-IKDC, Pediatric International Knee Documentation 
Committee. 

 
who underwent RAD, respectively (Figure 1). Features of the 2 
groups were similar (Table 1), including skeletal age, race, 
ethnicity, sex distribution, body mass index, and 2-year PRO 
response rate, which was 90% in both groups. In addition, no 
differences were seen between groups, in terms of family history of 
OCD, preoperative pain, time from diagnosis to surgery, or duration 
of nonop- erative treatment before surgery. 

 
Lesion Characteristics 

Lesion size (Table 1) was a median of 472 mm2 in the TAD group, 
which was not statistically different from 428 mm2 in the RAD 
group (P = .70). Likewise, there were no differ- ences between 
groups in the mean depth of the lesions or the distributions of the 
lesions in the medial femoral con- dyle, in either the coronal or the 
sagittal plane. 

 
Surgical Characteristics 

Tourniquet time and fluoroscopy time (Table 1) were sig- nificantly 
shorter with TAD (mean, 38.1 minutes and 0.85 minutes, 
respectively) than RAD (mean, 48.2 minutes and 1.34 minutes, 
respectively) (P = .02; P = .004). For TAD lesions, a 0.045-inch 
K-wire was used in 50 cases, while a 0.062-inch K-wire was used in 
1 case, based on equip- ment  availability.  For  RAD  lesions,  a  
0.062-inch K-wire was used in all cases. The mean number of 
K-wire passes was 11.6 for TAD lesions and 13.7 for RAD lesions  
(P  =  .53).  Additional  drilling  through  the 

intercondylar notch was performed, at the surgeon’s dis- cretion, 
in 1 TAD case and 1 RAD case. 

 
Complications 

The only complications related to the surgery that were reported 
during the study period were 2 separate cases of superficial wound 
infections in the RAD group, both of which resolved with oral 
antibiotic treatment and local wound care. In the RAD group, 
chondral injury from K-wire passage into the intra-articular space 
was reported in 9 of 40 (22%) patients, but there were no reported 
clini- cal sequelae associated with this finding. 

 
Patient-Reported Outcomes 

At the 2-year follow-up, PRO data were complete for 46 TAD and 
36 RAD patients (Table 2). One patient had been lost to follow-up 
before 6 months, 4 patients were lost to follow-up before 1 year, 
and 4 patients were lost to follow-up before 2 years. 

No difference in Pedi-IKDC scores was detected across the 
groups at the 2-year follow-up (P = .60), and scores were 
determined equivalent to within an effect size of 0.7 (P \ .001). No 
difference in Marx Activity Scale was detected across the groups 
at the 2-year follow-up (P = 
.51), and scores were determined equivalent to within an effect 
size of 0.7 (P = .002). No difference in Lysholm score was 
detected across the groups at the 2-year follow-up (P = 
.41), and scores were determined equivalent to within an 



 

 

 

 
 

Figure 2. Change in patient-reported outcomes over time by treatment group. Dots represent values outside of the SD range. 
Crosses represent mean values. KOOS QOL, Knee injury and Osteoarthritis Outcome Score Quality of Life; Pedi-IKDC, Pediatric 
International Knee Documentation Committee. 

 
effect size of 0.7 (P \ .001). No difference in KOOS QOL was 
detected across the groups at the 2-year follow-up (P 
= .60), and scores were determined equivalent to within an effect 
size of 0.7 (P = .01). 

PROs were also compared at baseline and 6 months, 12 months, 
and 24 months postoperatively (Figure 2), with no significant 
differences detected between treatment groups at any time point for 
any PRO. 

 
Healing 

The healing parameters of ossification of the lucency of the lesion 
and dissolution of the sclerotic boundary of the lesion were also 
analyzed at baseline and 6 months, 12 months, and 24 months 
postoperatively (Figure 3). Signif- icantly greater median 
ossification and boundary healing scores were seen in the TAD 
group than the RAD group at 6 months (9 vs 8; P = .04) and 12 
months (10 vs 8; P = 
.02) postoperatively, but this difference resolved by 24 months (10 
vs 10; P = .64). 

A total of 62 patients (62/91; 68.1%; 95% CI, 57.4%- 77.3%) 
achieved a radiographic status of being healed at 

a median of 36 weeks. Follow-up in those who did not achieve 
healed status was a median of 109 weeks. Of the patients who 
underwent TAD, 36 (36/51; 71%; 95% CI, 56.0%-82.1%) 
achieved radiographic healed status at a median of 35 weeks, 
while 26 (26/40; 65%; 95% CI, 48.3%-78.9%) patients who 
underwent RAD achieved radiographic healed status at a median 
of 36 weeks. Cox modeling found no difference in the rate of 
patients who healed across treatment groups (P = .78). 

 
 

Return to Sports 

A total of 81 patients (81/91; 89%; 95% CI, 80.3%-94.3%) were 
cleared for return to sports at a median of 22 weeks. Follow-up in 
those who had not received return-to-sports clearance was a 
median of 109 weeks. Of the patients who underwent TAD, 47 
(47/51; 92%; 95% CI, 80.3%- 97.5%) received clearance for 
return to sports at a median of 4.1 months, while 34 (34/40; 85%; 
95% CI, 69.5%-93.8%) 
of the patients who underwent RAD received clearance for return 
to sports at a median of 5.8 months. Kaplan-Meier 

 



 

 

 

 

 
Figure 3. Change in radiographic healing parameters over time by treatment group. Dots represent values outside of the SD range. 
Crosses represent mean values. 

 
 

 
 

Figure 4. Kaplan-Meier analysis demonstrating return to 
sports in transarticular drilling (TAD) and retroarticular drilling 
(RAD) groups over time. 

 
 
 

analysis (Figure 4) demonstrated that patients who under- went 
TAD returned to sports earlier than patients who underwent RAD 
(P = .049). 

 
Secondary Surgery 

Six patients (6/91; 7%; 95% CI, 2.7%-14.3%) underwent secondary 
surgery for further treatment of the OCD lesion. Two TAD cases 
(2/51; 4%; 95% CI, 0.7%-14.6%) underwent 

revision TAD, while the 4 secondary OCD surgeries in patients 
who underwent RAD (4/40; 10%; 95% CI, 3.3%- 24.6%) 
consisted of 2 cases of TAD and 2 cases of OCD fix- ation and 
TAD. The comparison between treatment cohorts did not show a 
statistically significant difference (P = .40). 

 
 

DISCUSSION 

The current randomized controlled trial demonstrated that for 
skeletally immature patients with stable knee OCD lesions who 
had failed to achieve healing with nonopera- tive methods, both 
TAD and RAD yielded excellent patient-reported functional 
outcome measures, which were similar between treatment groups 
at all time points. Notably, there was a significant improvement in 
the pri- mary outcome measure, the Pedi-IKDC score, from base- 
line values to 6 months postoperatively, which further improved at 
12 months and 24 months. Because the median 6-month scores 
were 91 and 95 in the TAD and RAD groups, respectively, both of 
which exceed age-based normative values for the instrument in a 
general popula- tion,21 the study demonstrated that children 
affected by this condition regained excellent knee function within 
a rel- atively short time after surgical treatment and maintained 
such function over time. As more active, athletic popula- tions 
tend to report higher anatomic region–specific scores than less 
active populations, the relatively high reported scores of the study 
cohort, which likely consisted of high rates of adolescent and 
preadolescent athletes, based on epidemiologic studies of knee 
OCD populations, were not surprising. Previous OCD studies of 
both TAD2,20 and RAD4 have demonstrated similar PRO 
improvement, although generally only at the final follow-up and 
without the detailed course of multiple collection times. The 



 

 
current data, therefore, may assist surgeons for OCD in setting 
expectations for timelines in improvement with patients and their 
families. 

Importantly, there were minimal complications reported in 
association with either OCD drilling technique. As the first 
prospective randomized controlled trial to our knowledge 
investigating these techniques, an important responsibility of the 
study group was realized in assessing the safety of a surgical 
intervention most commonly applied to children. Given the 
differences in the technical nature of the 2 differ- ent techniques, it 
was expected that tourniquet time and fluoroscopy time would be 
significantly longer in the RAD technique. These 2 parameters are 
interrelated, in that the introduction of the fluoroscopy 
machine—whether a large or mini C-arm, both of which were used, 
depending on sur- geon preference and institutional 
availability—into the oper- ative field, while maintaining sterile 
conditions, and completion and assessment of images typically add 
to the tourniquet time and overall operative time. Advocates of the 
TAD technique may point to such disadvantages of RAD, as longer 
tourniquet time is well-established as a risk for other complications. 
Moreover, RAD is more likely to introduce radiation exposure, or 
have more prolonged radia- tion exposure, to both the patient and 
the operating room staff. While not one of the variables assessed in 
the current study, there are also additional costs associated with the 
use of fluoroscopy. Advocates of the RAD technique would counter 
that the entire philosophical approach to OCD man- agement 
centers around joint preservation, a principle that is violated by the 
iatrogenic K-wire passes through the articu- lar cartilage in TAD. 
Such surgeons may contend, from a patient safety perspective, that 
the additional tourniquet and fluoroscopy time are well worth the 
investment in protec- tion of the chondrocytes of the condyle, 
which is a bearing surface that may be predisposed to chronic 
degenerative changes in the face of any disruption, regardless of 
how small. However, as longer-term follow-up studies of patients 
undergoing OCD drilling are essentially absent from the lit- erature, 
these concerns remain theoretical. Moreover, when the incidence of 
unexpected iatrogenic chondral injury during the RAD technique 
was investigated in the current study, articular surface perforation 
was detected in 22% of cases, during at least 1 of the K-wire passes 
down to the subchon- dral bone. While no clinical sequelae were 
associated with this finding, such frequency among a group of 
relatively high–volume surgeons for OCD slightly undermines one 
rel- ative advantage of RAD, compared with TAD, in terms of joint 
preservation principles. 

TAD advocates may also point to the effectiveness of the 
procedure, in terms of bony healing, as demonstrated in the current 
results. Interestingly, the rates of lesions that were deemed healed 
were not statistically signifi- cantly different between the 2 
treatment groups in the cur- rent study. However, the designation of 
a lesion’s being healed versus healing (or ‘‘no different’’) is a 
subjective measure, the validity for which was not established 
before the study, nor was it included in the study group’s healing 
reliability study. Conversely, when the previously estab- lished23 
healing parameters of ossification and boundary dissolution were 
assessed at each time point, TAD was 

found to have superior healing features to RAD at 6 months and 
12 months postoperatively. Although the groups eventually 
demonstrated similar healing features by 24 months, the earlier 
differences may be clinically sig- nificant enough to warrant 
adoption or preference for the TAD technique. In other words, 
because radiographic OCD healing, even more than general knee 
function or the presence of symptoms, is often used as the most 
influ- ential factor in returning patients with OCD to previous 
levels of activity, including sports and impact activities, many 
patients and providers might select the procedure that provides the 
earliest and most reliable path to heal- ing. In the current 
landscape of youth sports culture, and with growing recognition of 
the importance of physical activity to adolescent athletes’ social 
lives, emotional and psychological health, and overall mental and 
physical well-being, even several months may make an important 
difference for some patients and families. As expected from the 
healing metric findings, clearance to return to sports occurred 
earlier in the TAD group, at 4.1 months, than the RAD group, at 
5.8 months. While this difference was shown to be statistically 
significant through Kaplan- Meier analysis, it may also be 
clinically significant, as 2 additional months out of sports can be 
quite psychologi- cally impactful for adolescents. The reasons for 
superior or faster healing in the TAD group are not clearly eluci- 
dated by the study but may relate to the basic technical factor of 
greater reliability in TAD, relative to RAD, to effectively target 
the K-wire passes through all subregions of a given OCD lesion. 
The margins of a stable OCD have been shown to be palpable 
with the arthroscopic assess- ment, even with ‘‘cue ball’’ lesions, 
by the ROCK arthros- copy classification system. Therefore, the 
surgical target may be more clearly appreciable in TAD than 
RAD, which requires fluoroscopic confirmation of K-wire 
position, ide- ally in 2 planes for maximum accuracy, which can 
be tech- nically burdensome or time-consuming, as shown by the 
longer operating room times in RAD revealed in the study. The 
previously discussed rate of passes into the articular cartilage in 
RAD cases may also speak to accuracy chal- lenges with the 
technique. For as many instances as there are of overadvancement 
of a K-wire through the cartilage of the lesion, there may be just 
as many instances of under- advancement of the K-wire, which 
may leave an uninter- rupted sclerotic boundary or undisturbed, 
persistently unhealthy cancellous subchondral bone. 

An additional noteworthy finding was the revision dril- ling 
surgery rates between the groups. While the current study was 
adequately powered to detect a difference in the Pedi-IKDC score, 
which was selected as the primary outcome, treatment group 
sample sizes may not have been adequate to detect differences in 
other metrics, par- ticularly categorical metrics, such as revision 
surgery. While the 10% rate in the RAD group compared with the 
4% rate in the TAD group should be interpreted as no dif- ferent, 
future studies may better detect whether the same technical factors 
affecting differences in healing time might also affect rates of 
revision surgery. 

Several other study limitations warrant mention, per- haps the 
most important of which is the relatively short 

 



 

 
overall follow-up. While we are not aware of any previous 
prospective OCD studies with a minimum 2-year follow- up, the 
study period does not allow for assessment of long-term joint 
health, OCD recurrence, or the onset of degenerative joint disease 
over time. Such variables are particularly important for the 2 
treatments being studied, given that TAD has the disadvantage of 
the inherent fea- ture of multiple K-wire perforations being placed 
through the articular cartilage, which may accelerate a chronic pro- 
cess of at least focal chondral degradation, if not more dif- fuse 
joint involvement. As important as such a study might be for our 
understanding of the natural history of surgi- cally treated OCD, it 
would be equally challenging in its methods. Patients with OCD, 
because of their age and activity level, represent a uniquely mobile 
patient subpop- ulation. Therefore, follow-up into the adult decades 
would require meticulously designed longitudinal studies with 
unique resources. For example, despite obtaining 90% follow-up in 
both study treatment groups, in terms of PROs, a number of 
patients, including many who were ultimately reached for PROs 
through telephone and email outreach efforts, were lost to follow-up 
earlier in the post- operative schedule, yielding a relatively low rate 
of patients who were followed until achieving healed status or 
returning to sport. Another limitation is the lack of detailed athletic 
data of the study population, most of whom demonstrated eventual 
activity levels suggestive of competitive athletic involvement. 
Assessing the distribution of sports, and the degree to which return 
to sports was achieved at the preoperative level, would have 
broadened our understanding of stable OCD populations and their 
response to treatment. Finally, the study did not compre- hensively 
investigate the nonoperative course of patients before enrollment in 
the surgical trial, such as the presence or severity of patient 
symptoms throughout their nonopera- tive course, nor the risk 
factors for failure to heal with non- operative methods. Such a 
prospective study is critical to better elucidate the role and timing of 
nonoperative treat- ment, which should remain the gold standard for 
primary treatment of stable lesions in skeletally mature patients, the 
majority of whom demonstrate healing without surgery, based on a 
well-established body of OCD literature. Deter- mining the 
effectiveness of specific modalities, such as weightbearing 
protection versus brace use versus cast use (the rates of which were 
relatively low, despite inherent advantages in compliance), remains 
a focus of future studies for the current study group. 

 
 
 

CONCLUSION 

For skeletally immature patients with stable knee OCD lesions who 
fail to achieve healing with nonoperative meth- ods, both 
transarticular and retroarticular OCD drilling techniques 
demonstrated good rates of postoperative heal- ing and excellent 
functional outcome measures, which were similar between 
treatment groups at all time points. TAD was associated with 
shorter tourniquet times and fluoroscopy times, earlier return to 
sports, and superior 

healing parameters at 6 and 12 months, compared with RAD, but 
these differences were resolved by 24 months. Long-term 
follow-up studies assessing the implications of TAD on adult 
cartilage health are needed to elucidate whether these short-term 
technical and healing advan- tages are outweighed by the potential 
risk of degenerative joint disease. 
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