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Abstract

Purpose We present a systematic review of the recent literatures regarding the arthroscopic and open technique in fragment
fixation for osteochondritis dissecans (OCD) of the humeral capitellum and an analysis of the subjective and objective outcomes
between these two procedures.

Methods PubMed and EMBASE were reviewed for suitable articles relating to fragment fixation for OCD, both open and
arthroscopic. We included all studies reporting on the clinical outcomes of these two procedures that were published in the
English language. Data extracted from each study included level of evidence, number of patients, surgical techniques, length of
follow-up, clinical outcome measures including outcome scores, range of motion (ROM), return to sports, osseous union and
complications. We analyzed each study to determine the primary outcome measurement.

Results A total of ten studies met our inclusion criteria. Among all studies, 35 arthroscopic procedures and 107 open procedures
were performed. After the procedure, 70 patients (86.4%) in the open group returned to their sports, and 32 patients (91.4%) in the
arthroscopic group returned to their sports. In the arthroscopic group, patients gained 14.1 degrees of flexion and 9.5 degrees of
extension after surgery. In the open group, patients gained 8 degrees of flexion and 5.7 degrees of extension. Five patients (4.7%)
had complications in the open group. No complication was found in the arthroscopic group.

Conclusions Both open and arthroscopic lesion debridement with fragment fixation are successful in treating unstable OCD. The
arthroscopic technique may be a better choice than the open procedure, but we need high-level evidence to determine the
superiority of the open or arthroscopic techniques in treating elbow OCD.

Level of evidence Level III.

Keywords Osteochondritis dissecans - Humeral capitellum - Fragment fixation - Arthroscopy - Open

Introduction

Osteochondritis dissecans (OCD) of the humeral capitellum is
one of the leading causes of elbow disability in adolescents
who participate in throwing or weight-bearing sports. The
aetiology of OCD is likely multi-factorial and has not been
fully elucidated. Repetitive radiocapitellar compression and
subsequent micro-trauma resulting from either a valgus or an
axial load appears to be an essential component of the
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pathogenesis of elbow OCD [1]. It commonly presents as
elbow pain in conjunction with swelling and limitation of
range of motion (ROM) [2, 3]. The onset of pain is usually
insidious and the symptoms may become worse with activity.
The presence of mechanical locking is often a sign of more
advanced cartilage injury or loose body formation in the el-
bow joint which needs to be operated upon [4].

An OCD classification was developed by Baumgarten and
later was modified by the International Cartilage Repair
Society (ICRS). Grade I lesions are stable with a continuous
softened area covered by intact cartilage. Grade II lesions are
stable on probing but exhibit partial discontinuity. Grade III
lesions have complete discontinuity but are not dislocated.
Grade IV lesions have an empty defect or a dislocated frag-
ment lying within the bed [5]. For most stable lesions (grade I
or II), the management usually starts with conservative
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treatment such as activity modification, rest, anti-
inflammatory drugs and physiotherapy. Surgery is indicated
for patients who fail non-operative treatment and those with
unstable lesions [6]. The surgical treatments are variable, in-
cluding debridement, drilling or micro-fracture, fragment fix-
ation, and osteochondral autograft transplantation [1, 7-10].
Among them, the debridement with fragment fixation is a
time-tested procedure and one of the most widely used
methods for surgical treatment of unstable capitellum OCD
[11-15].

With development of the arthroscopic technique, most sur-
geons have moved toward this method. In previous studies,
good and excellent outcomes were reported [6, 16—18]. The
advantages of the arthroscopic technique are that it is mini-
mally invasive, is able to address concomitant intra-articular
pathology, and provides early functional recovery and effec-
tive relief of pain [18]. In a previous study, Jones et al. report-
ed that both the improvement in flexion and extension were
statistically significant compared with the pre-operative
ROM, and 86% of 25 patients returned to participate in their
sport at their pre-injury level at a mean follow-up of 48 months
[16]. Uchida et al. treated the unstable osteochondral lesion
with internal fixation using absorbed thread pin, and their
results were good [19]. Despite this recent progress in pub-
lished data, there is an overall paucity of information on the
advantage of arthroscopic compared to open surgery in the
treatment of unstable OCD. The purpose of this study was to
compare the subjective and objective outcomes between the
arthroscopic and open procedure of fragment fixation for
treating unstable OCD. The null hypothesis was that the open
and arthroscopic procedures were equally effective.

Methods

This study was conducted according to the methods of the
Cochrane Handbook [20] and is reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement [21].

Identification of studies

We performed a systematic review of the results of open and
arthroscopic osteochondritis dissecans surgical debridement
and fixation for the management of OCD lesions in PubMed
and Embase databases between 1998 and 2016. The search
strategy combined the following terms: “Osteochondritis
Dissecans”, “osteochondral lesion” or “OCD”; “surgical
treatments”, “debridement”, “fragment fixation”, “internal
fixation”; “capitellum,” and “elbow”. Medical subject head-
ings (MeSH) and Emtree headings and subheadings were used
in various combinations in Ovid and supplemented with free

text to increase sensitivity. A manual search of related
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references and cited articles was performed to identify any
additional relevant studies for inclusion. Two reviewers inde-
pendently screened the titles and abstracts of all studies for
eligibility using piloted screening forms. Duplicate articles
were manually excluded. Both reviewers considered the full
text of all potentially eligible studies identified by title and
abstract screening to determine final eligibility. All discrepan-
cies were resolved by consensus decision.

Assessment of study eligibility

The inclusion criteria consisted of outcome studies of
osteochondritis dissecans debridement combined with
fragment fixation for OCD lesions, using either open or
arthroscopic techniques. Additional inclusion criteria
comprised studies with Level IV or higher evidence pub-
lished in peer-reviewed journals in the English language.
Case reports, diagnostic and prognostic studies, an ab-
stract, a review article, surgical technique guide, imaging
study, medical conference abstract, cadaveric study, or
biomechanical study or Level V evidence studies were
excluded from this review. Studies which included multi-
ple surgical techniques and did not give the separated
clinical outcomes were also excluded.

Data extraction and analysis

Data extracted from each study included level of evidence,
number of patients, surgical techniques, length of follow-up,
clinical outcome measures including outcome scores, ROM,
return to sports, osseous union and complications. We ana-
lyzed each study to determine the primary outcome measure-
ment used by the different authors.

We scored each scientific article using the ten criteria of the
Coleman methodology score (CMS) system [22]. The
Coleman scoring system is a method of analyzing the quality
of the studies reviewed, and it is accurate and reproducible in
systematic reviews. The CMS ranges from 0 to 100, and each
article was scored independently by two authors, with the
average value considered as the score of the article.

Descriptive statistics were calculated to reflect the frequen-
cy of outcome measures. The k (kappa) statistic was used to
examine inter-observer agreement for study eligibility due to
the guidelines of Landis and Koch [23]. A k(kappa) value of
0.81-1.00 indicates excellent agreement, 0.61-0.80 good
agreement, 0.41-0.60 moderate agreement, 0.21-0.40 fair
agreement, and 0-0.20 poor agreement. Inter-observer agree-
ment for methodological quality assessment was calculated
using the intra-class correlation coefficient. Both the k and
intra-class correlation coefficient were calculated using
SPSS statistical analysis software (IBM, Armonk, NY).
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Results
Study identification

The literature search generated 288 relevant citations. After
duplicate removal and application of eligibility criteria, 267
articles underwent title and abstract screening by two indepen-
dent reviewers. A total of 111 articles underwent full-text re-
view, ultimately producing ten articles that met the inclusion
criteria of this report (Fig. 1) [1, 12-14, 17, 19, 24-27]. The k
value for overall agreement between reviewers (YJ.L. and
SY.G.) for the final eligibility decision was 0.86 (95% confi-
dence interval, 0.67-1.00), indicating excellent agreement.

Study characteristics

There were three studies that evaluated the role of arthroscopic
OCD treatment and ten studies that evaluated open OCD
treatment.

Among all studies, a total of 35 arthroscopic procedures
and 107 open procedures were performed. All of the surgeons
were experienced in either the arthroscopic procedure or the
open procedure. The average age at the time of surgery was
14 years for the patients who underwent arthroscopic OCD
treatment. For the patients who underwent open OCD treat-
ment, the average age at the time of surgery was 14.3 years.
Most of patients in the studies were male, with 91.4% in
arthroscopic group and 89.8% in open group separately. In
the arthroscopic group, 100% of the lesions were on the dom-
inant side. In the open group, 93.5% of the lesions were on the
dominant side. The mean follow-up period was 32.3 months
for the arthroscopic group versus 48.2 months for the open

Fig. 1 Search strategy y:

PubMed:

Filter: from 1998 to 2016

Results: n =170

Search Strategy:

(Capitellum[Title/Abstract] OR
Elbow(Title/Abstract]) AND
Osteochondritis Dissecans(Title/Abstract]
AND surgical treatments[Title/Abstract]
AND (fragment fixation[Title/Abstract]
\\OR internal fixation[Title/Abstract])

OCD group. The outcomes of the studies were summarized in
Table 1.

Study quality

All of the studies were Level IV evidence. Among the studies
that evaluated arthroscopic OCD treatment, there was one
prospective cohort study and the others were retrospective
cohort studies. There were no prospective cohort studies in
the open group, and all of the studies that evaluated open
OCD treatment were retrospective cohort studies. The
Coleman methodology score (CMS) for the included studies
varied from 27 to 49, with a mean score of 35.3. In the arthro-
scopic group, the mean CMS was 37, and in the open group,
the mean CMS was 34.6 (Table 1). The CMS was not statis-
tically different between the two groups (P =0.68).
Agreement between reviewers in the assessment of study
quality was good (intra-class correlation coefficient, 0.87,
95% confidence interval, 0.67—0.94).

Clinical results

All lesions of OCD in this study were grade II and above. In
the arthroscopic group, the elbow flexion was 125.6 degree
and extension was —10.4 degree on average pre-operatively.
The elbow flexion increased to 139.7 degrees and extension to
—0.9 degrees on average post-operatively. Patients gained 14.1
degrees of flexion and 9.5 degrees of extension on average. In
the open group, the elbow flexion was 122.1 degrees and
extension was —8.4 degrees on average pre-operatively. The
elbow flexion became 130.1 degrees and extension —2.7 de-
grees on average post-operatively. Patients gained 8 degrees

B e A i e e

Embase:

Filter: from 1998 to 2016
Results:n =118

Excluded: n = 278

-Duplicated:n =9

-Not intended study-type: n = 156
-Not intended treatments: n = 81
-Not in English: n = 12

-Inadequate follow-up: n = 20

Results: n = 10

@ Springer



604 International Orthopaedics (SICOT) (2018) 42:601-607
Table 1 Study characteristics

Main author Level of Technique No. of Average Male/ Dominant Mean follow- Average

evidence patients age female side injury up CMS
(years) (months)
Uchida S 4 Arthroscopic 18 14 18/0 18 39 49
Koehler SM 4 Arthroscopic 4 14 1/3 4 34 27
Takeba J 4 Arthroscopic 13 14 13/0 13 24 35
Nobuta S 4 Open 28 14 28/0 28 17 38
Takeda H 4 Open 11 15 11/0 11 57 37
Mihara K 4 Open 13 14 13/0 13 37.4 29
Hennrikus 4 Open 24 14 13/11 17 39 43
WP

Harada M 4 Open 4 14 4/0 4 90 27
Kuwahata Y 4 Open 7 14 7/0 7 32 27
Oka'Y 4 Open 20 15 20/0 20 65 41

CMS Coleman methodology score

of flexion and 5.7 degrees of extension on average (Table 2).
Although the improvement of ROM in the arthroscopic group
is greater than that in the open group, the standard deviation of
the elbow ROM in most papers was not mentioned, which
means it is very difficult to make the comparison between
the two groups.

The articles we reviewed used a variety of outcome mea-
sures, including Timmerman and Andrews scores, Tivnon’s
score, Mayo Elbow scores, as well as the Disabilities of Arm,
Shoulder and Hand score. The function score improvement is
summarized in Table 3. After surgery, the function scores of
the patients all significantly improved in both of the two
groups. However, a comparison between the two groups was
difficult because of the variety of outcome measures.

The overall rate of osseous union was 89.9%. In the open
group, this rate was 87.4%. In the arthroscopic group, the
value was 97.1%. There was no significant difference between
the two groups (P =0.117). In the arthroscopic group, the
mean time to osseous union was 4.7 months, compared with
5.5 months in the open group. There is a trend toward a shorter
time to osseous union in the arthroscopic group compared
with the open group (Table 4).

Across all studies, 70 patients (86.4%) who underwent
open procedures returned to their sports, and 32 patients

(91.4%) who underwent arthroscopic procedures returned to
their sports. There was no significant difference between the
two groups (P = 0.45) (Table 4).

Five patients in the open group had complications and a
second operation, two had surgical removal of symptomatic
bioabsorbable implants, one had olecranon impingement re-
quiring osteotomy, one had radiocapitellar plica debridement,
and one had radial nerve palsy requiring decompression. No
complication was found in the arthroscopic group. Although
the complication rate in the open group is higher than that in
the arthroscopic group (4.7% vs. 0%), this difference did not
reach statistical significance (P = 0.548).

Discussion

Capitellar OCD is an intra-articular lesion and one of the lead-
ing causes of elbow disability. It may affect not only sports
activities, but also activities of daily living. OCD occurs most
commonly in young athletes who use their arms for throwing
activities. In our review, all of the patients in the study were
athletes, including such sports as baseball, gymnastics, hand-
ball, basketball, kendo, motocross and lacrosse. That is why

Table 2 Range of motion (ROM)

Procedure ROM Gain of ROM
Average flexion, © Average extension, © Flexion, ° Extension, °
Pre-op Post-op Pre-op Post-op

Arthroscopic 125.6 139.7 -10.4 -0.9 14.1 9.5

Open 122.1 130.1 -84 2.7 8 5.7
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Table 3 Outcomes of the studies
First author Timmerman and Andrews scores MEPI score Tivnon score DASH score Osseous  Time to osseous
union, % union, mo
Pre-op Post-op Pre-op Post-op Good or excellent Poor Pre-op Post-op
outcome outcome
Uchida S 126.6 197.5 68 98.06 94.4 44
Koehler SM NA 88 NA 11 100
Takeba J 74.5 1.4 100 6
Nobuta S 24 2 82.1 NA
Takeda H 10 0 100 4
Mihara K 143.8 177.7 92.3 52
Hennrikus WP NA 180 70 100 75.0 NA
Harada M 100 NA
Kuwahata Y 100 NA
Oka 'Y 75.0 6.5

MEPI Mayo Elbow performance score, DASH Disabilities of Arm, Shoulder and Hand score

most of the authors believed that repetitive micro-trauma and
ischemia is the primary cause of OCD [2, 28].

In general, early-stage OCD or stable lesion on the joint can
be managed non-operatively with good outcomes [5, 11]. In
contrast, advanced OCD or unstable lesions generally require
surgical management [10, 29]. A variety of surgical tech-
niques for OCD have been reported in the literatures with
satisfied outcomes, such as debridement, drilling, fragment
removal, fragment fixation, and autologous osteochondral
mosaicplasty [16, 26, 30-33]. Among these variety methods,
fragment fixation should be considered when the fragment is
amenable to being fixed. Several implants have been used to
provide stable fixation with good function and 94-100% rate
of healing, including Kirschner wires, cancellous screws,
Herbert screws, pull-out wiring and bio-absorbable pins. In a
large retrospective review, Takahara et al. reported significant-
ly improved outcome in terms of pain in 12 patients treated
with fragment fixation versus in 55 patients treated with open
fragment excision alone (P <0.05) [11]. The authors recom-
mended bone peg fixation for all ICRS grade II lesions and
fragment fixation with bone grafting for all ICRS grade III
lesions. But much of the literature regarding surgical manage-
ment describes open techniques. With the development of
modern techniques in elbow arthroscopy, osteocondral frag-
ment fixation can be performed with arthroscopic techniques.

Takeba et al. were the first to describe a method of arthro-
scopic osteochondral fixation using absorbable pins to treat

OCD. In their 13 cases, good short-term results were obtained
[24]. Nobuta et al. reported on 28 patients with a mean age of
22 years. They performed fragment fixation with a double-soft
wire technique on the capitellar OCD site. In their series, 86%
of the patients returned to their former level of sport and 89%
were pain free post-operatively [27]. Koehler et al. performed
arthroscopic all-inside suture fixation with iliac crest autoge-
nous bone grafting on four patients with unstable capitellum
OCD lesions. After a mean final follow-up of 2.8 years, union
was achieved in all patients, and the results were satisfactory
[17]. Although most authors considered the minimally inva-
sive treatment as the desirable method to enable the patient to
resume throwing activities early and to obtain good clinical
results, there is no study till now to compare the fragment
fixation outcomes between open and arthroscopic treatments.

The validated outcome scores showed a significant in-
crease in both arthroscopic and open groups and were sugges-
tive of good outcomes. Both of the two groups achieved os-
seous union in most of the patients. When comparing the rate
of osseous union between the two groups, although no statis-
tically significant difference was found (P = 0.10) in our study,
there is a trend toward a higher rate of osseous union in the
arthroscopic group compared with the open group (97.1% vs.
87.4%). Further, the mean time to osseous union was
4.72 months in the arthroscopic group and 5.5 months in the
open group. As the arthroscopy procedure is a minimally-
invasive technique that can protect the blood supply with less

Table 4 Osseous union and

return to sports Procedure Union Total Union Return to sports Total Return to sports
points points rate points points rate
Arthroscopic 34 35 97.10% 32 35 91.40%
Open 90 103 87.40% 70 81 86.40%
P value 0.117 0.548
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damage to soft tissue, it may provide a better environment for
the osteochondral lesion to heal with earlier time.

Elbow ROM and function score were both improved in
both of the two groups after the surgery. Uchida et al. per-
formed arthroscopic fragment fixation on 18 adolescent base-
ball players with elbow OCD. In this study, T&A scores and
MEPI were used as outcome measure. Post-operatively, T& A
scores improved from 126.6 to 197.5, and MEPI improved
from 68 to 98.06 [19]. Takeda et al. performed internal fixa-
tion with pull-out wiring and bone grafting on 11 male base-
ball players with unstable OCD lesions. After the surgery, the
Tivnon’s evaluation was good or excellent in ten patients
without poor outcome [1]. The differences in the clinical re-
sults between the two groups could be a reflection of the
benefit of the arthroscopic procedure. However, since the ar-
ticles we reviewed used a variety of outcome measures and
most of the papers did not provide standard deviation of
ROM, the statistical comparison between the two groups
was not possible.

A high rate of return to sports was found in our study,
which demonstrated good clinical outcomes after lesion de-
bridement with fragment fixation. The overall rate of return to
sports was 87.9% (66.7-100%), which means most patients
were able to continue competing in their pre-injury levels by
this treatment in the open or arthroscopic approach.

There were five complications in the open group and no
complications in the arthroscopic group. Although this differ-
ence was not statistically significant, there is a trend toward a
lower complication rate in the arthroscopic group. This can be
another benefit of the arthroscopic procedure, which results in
decreased postsurgical pain, reduced arthrofibrosis, easier
post-operative rehabilitation, and improved intra-operative
joint visualization [34-37]. With development of the arthro-
scopic technique, several procedures that once required open
elbow arthrotomy are now commonly performed
arthroscopically, such as OCD treatment. We did not find
any complication in the arthroscopic group but the difference
was not statistically significant. The main reason we believe
this is due to small sample cases in each paper included in our
study. With more clinical studies, the conclusion can be drawn
further.

Our study presents some of the expected weaknesses of any
systematic review. First, only Level IV studies were found in
our review with small sample size. Most of the studies scored
poorly in this section of the CMS. Only one study was con-
structed as a prospective cohort study, and all of the other
studies were retrospective cohort studies. In addition, most
of studies had low power, lacked randomization or the inclu-
sion of a control group, and used different outcome measures,
which made the results less comparative. However, when
comparing the CMS between the open and arthroscopic
groups, there were no clinical or statistical differences (P =
0.68). Second, in the present review, the characteristics of the
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patients in both the arthroscopic and open groups were not
equivalent. The average age at the time of surgery was signif-
icantly older in the arthroscopic group compared with the
open group. Significant differences were also found in the
gender ratio and the ratio of dominant arm injured. This asym-
metry in characteristics of the patients may cause a risk of bias.
Third, too many different methods were used for functional
assessment, due to the lack of standardized outcome criteria.
In addition, the time of outcome assessment was not clearly
stated in some studies. Last but not least, some the studies did
not contain the standard deviation of elbow ROM and time to
osseous union, which makes the comparison between the two
groups not possible.

Conclusion

Both open and arthroscopic lesion debridement with fragment
fixation are successful in treating unstable OCD. The arthroscop-
ic technique may be a better choice than the open procedure, but
we need high-level evidence to determine the superiority of the
open or arthroscopic techniques in treating elbow OCD.
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