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Hypothesis: This study aimed to investigate the results, indications, and limitations of absorbable pin
fixation for osteochondritis dissecans of the humeral capitellum in the separation stage.

Methods: This study included 35 patients (mean age, 14.0 years). Patients were divided into two groups:
Group A included those who obtained complete union within 6 months and Group B included those who did
not observe complete union within 6 months. The clinical findings were compared between the groups.

Arthrosco
Osteochorfgritis dissecans of the humeral Results: There were 26 and 6 patients in Groups A and B, respectively. Two patients did not obtain
capitellum complete union. Clinical outcomes improved after the procedure. In univariate analysis, delayed union

was associated with larger major diameter (P = .0004) and more depth (P = .03) of the osteochondral
fragment measured by computed tomography, the presence of osteosclerosis in the subchondral bed on
X-ray imaging (P =.003), and the presence of comminution of subchondral bone on ultrasound imaging
(P =.01). In multivariate analysis, there was a significant difference only in the major diameter of the
osteochondral fragment (P = .03). Receiver operating characteristic curves analysis shows that if the
major diameter of the osteochondral fragment is 11 mm or less, 85% of patients achieve complete union
of the osteochondral fragments within 6 months.
Conclusion: Absorbable pin fixation may be considered for the osteochondral fragments with major
diameter of 11 mm or less and should not be considered for patients who demonstrate osteosclerosis in
the subchondral bed or comminution of subchondral bone.
© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Level of evidence: Level III; Retrospective
Cohort Comparison; Prognosis Study

Osteochondritis dissecans (OCD) of the humeral capitellum
frequently occurs in teenaged baseball players and gymnasts as a
result of excessive use of the elbow”?>8, Patients develop pain that
results in a restricted range of motion. Importantly, OCD is the
leading cause of disability preventing regular daily and sports ac-
tivities that require elbow flexion, such as holding a heavy object,
dressing, and pitching>®. In Minami classification, it is divided into
three stages based on radiographic findings: the radiolucent stage,
separation stage, and free (advanced) stage’®*°. During the
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radiolucent stage, OCD is generally treated by conservative
methods?"?%?’. In the separation and free stages, surgical
treatments are often performed, including subchondral bone
drilling, fragment fixation using bone grafts, removal of loose
bodies, and osteochondral grafting with open or arthroscopic
techniques?>>:6:8:16-20.34.35.41-444748 ‘\inimally invasive treatments
are desirable as they may enable the patient resume throwing ac-
tivities early, with good clinical results'?>3°4%44 Since 2008, our
hospital has employed an osteochondral fragment fixation tech-
nique using absorbable pins to treat OCD of the humeral capitellum
in the separation stage. We previously reported good short-term
clinical results with this method for the first time >°. This
approach is less invasive than traditional treatment strategies and
achieves good results“. In most cases, the osteochondral fragment
achieves union within 6 months after surgery, but sometimes, a
longer period of over 8 months is required. Furthermore,
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reoperations are required in some cases because of nonunion. The
hypothesis of this study is that there are some factors that influence
the outcome of this method. The purpose of this study was to
investigate the results of absorbable pin fixation for OCD of the
humeral capitellum, and to determine the indications and limita-
tions of this procedure.

Materials and Methods

This study included 34 patients with a mean age of 13.9 years
(range, 12—16 years). All were baseball players and could be
observed for more than 2 years after surgery (Table 1). Preopera-
tively, all patients underwent X-rays, ultrasound (US), computed
tomography (CT), and magnetic resonance imaging (MRI). Post-
operatively, X-rays were taken every week for all patients. The
study population was divided into 2 groups: Group A included
26 patients who completed union within 6 months as confirmed by
X-ray and Group B included 8 patients in whom complete union
was not observed within 6 months. The following preoperative
factors were compared between the 2 groups: age at surgery, time
from onset to surgery, International Cartilage Repair Society (ICRS)
classification, presence or absence of an open epiphysis, diameter
and depth of the osteochondral fragment measured by CT (Fig. 1),
lesion location (Fig. 2), preoperative disabilities of the arm, shoul-
der and hand (DASH) score, presence or absence of osteosclerosis in
the subchondral bed on X-ray imaging (Fig. 3), segmentation of the
osteochondral fragment on MRI (Fig. 4), and comminution of sub-
chondral bone on US imaging (Fig. 5). This study was a retrospec-
tive, case-control study, performed according to the Declaration of
Helsinki and approved by the IRB of our hospital. All patients
provided consent for their clinical data to be published. The method
of absorbable pin fixation for OCD of the humeral capitellum was
indicated for cases with failure of nonoperative treatments for
more than 3 months and positive radiographic, CT, or MRI findings
involving the anterior capitellum. This technique was used when
we found one or both of the following intraoperatively: (1) OCD of
grade III (detached phase) according to the ICRS, with instability
demonstrated by probing or (2) OCD of ICRS grade IV (loose-body
phase) with small, loose bone fragments present or with the
osteochondral fragments that made up the principal lesions located
in the bed without displacement. We performed 30 arthroscopic
and 5 open surgeries. In each of the 5 open cases, the surgery was
initially performed arthroscopically, but it was considered difficult
to properly insert absorbable pins perpendicularly to the joint
surface; therefore, the surgery was changed to an open procedure.

Surgical technique

Patients were placed in a lateral position, and general anesthesia
was induced. Arthroscopic or open surgery was performed on the
elbow at a flexion angle of 90°. When synovial proliferation or
fringes and loose bodies were observed, these tissues were
removed. Fixation of the osteochondral lesion was performed if the
fragment was unstable. The osteochondral lesion and underlying
subchondral bone were drilled with a smooth, 1.6-mm diameter
Kirschner wire to a depth of 20 mm through a drill guide. The
drilling was performed as perpendicular as possible to the articular
surface. Fixation was performed using poly-L-lactide (Gunze Bone
Fixation Device; Stryker, Tokyo, Japan) between November 2008
and August 2011 and hydroxyapatite (Osteotrans Plus; Takiron Co
Ltd, Tokyo, Japan) since September 2011, using absorbable pins that
were 1.5 mm in diameter and 15 mm in length. The entire osteo-
chondral fragment was fixed until it was stable. Depending on the
size of the lesion, 3—5 pins were used. For postoperative rehabili-
tation, a sling was immediately fixed in place after the surgery, and
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Table 1
Patient characteristics.

Variables

Number of elbows 34

Demographics

Age (years) 139+ 1.2(12-16)
Follow up period (months) 28.7 + 11.5 (24 - 50)
ICRS grade 1 28

v 6
Epiphyses open 6

closed 28
Affected region lateral 25

central 9
Baseball position pitcher 14

catcher 5

infielder 10

outfielder 5
Time to union (months) 6.1 + 2.1 (3-12)
Return to sports (months) 6.5 + 1.3 (4-10)

range of motion exercises involving active motion were initiated 2
days postoperatively. The sling was removed at 2 weeks, and active
joint movement was initiated. It is important to begin regular
muscle training of the arms, trunk, and legs soon after surgery.
Pitching and bat swinging were initiated gradually beginning at 4
months. The goal was to resume full-strength pitching at approx-
imately 6 months after surgery, but the exact time was based on
postoperative plain radiographic results, physical examination, or
standardized CT or MRI findings.

Statistical analysis

Univariate analysis was performed using the Wilcoxon signed-
rank test and the chi-squared test, while multivariate analysis
was conducted with the logistic regression analysis. All analyses
were performed with JMP statistical software v11.2 (SAS Institute,
Tokyo, Japan). A P value < .05 was considered to indicate statistical
significance.

Results

Twenty-nine patients had OCD of ICRS grade IlI, and 6 had OCD
of grade IV. Six patients had open epiphyses and 28 had closed
epiphyses (Table 1). Twenty-five lesions were located in the central
joint area, while 9 were located both centrally and laterally. All 34
patients were baseball players; 14 were pitchers, 5 were catchers,
10 were infielders, and 5 were outfielders. The mean postoperative
follow-up duration was 28.7 months (range, 24—50 months). Dur-
ing pin fixation surgery, we also removed small loose bodies in 10
patients. The DASH disability/symptom score improved from 15.5 +
9.0 to 10.8 + 6.2 (P < .001), and the DASH sports score improved
from 69.2 + 31.7 to 13.0 + 8.2 (P < .001) (Table 2). These im-
provements met the minimal clinically important differences of the
outcome score. The extension angle improved from -9.4 + 9.7° to
-1.9 + 3.7° (P < .001), and the flexion angle improved from 130.3 +
11.3° to 136.2 + 7.9° (P < .001). No patients were found to have
postoperative contractures after this treatment. On X-ray, complete
union was observed at 6.1 + 2.1 months (range, 3—12 months) after
the surgery. Twenty-six patients observed complete union within 6
months (mean: 5.2 + 1.3 months, range: 3 — 6 months). In 8
patients, complete union was not observed within 6 months.
Among these patients, 6 observed complete union after 6 months
(mean: 9.8 + 1.3 months, range: 8—12 months), and other 2 pa-
tients did not observe complete union. Twenty-eight patients were
able to resume playing baseball, at a mean of 6.5 + 1.3 months
(range, 4—10 months) postoperatively.
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Figure 1 (A) Coronal CT image of the elbow; “t” indicates the transverse diameter of the osteochondral fragment. (B) Sagittal CT image of the elbow; “m” indicates the major

diameter, “d” indicates the depth. CT, Computed tomography; H, Humerus; R, Radius.

Figure 2 X-ray frontal images of the elbow. (A) Lateral type, (B) Central type. White arrowheads show lesion locations. H, Humerus; R, Radius; U, Ulna.

Figure 3 X-ray frontal image of the elbow. W show the area of osteosclerosis in the
subchondral bed. H, Humerus; R, Radius; U, Ulna.

The preoperative factors were compared between the two
groups (Table 3). There were no significant differences between the
two groups regarding age, time from onset to surgery, ICRS
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classification, presence of an open epiphysis, transverse diameter,
lesion location, preoperative DASH score, and segmentation of the
osteochondral fragment. In addition, no significant differences
were observed in postoperative factors such as the number, ma-
terial, or types of pins. In univariate analysis, patients with delayed
union were more likely to demonstrate larger major diameter
(P =.0004) and more depth (P =.03) of the osteochondral fragment
measured by CT, the presence of osteosclerosis in the subchondral
bed on X-ray imaging (P =.003), and the presence of comminution
of subchondral bone on US imaging (P = .01). These four factors
were investigated in multivariate analysis, and only the major
diameter of the osteochondral fragment was associated with the
time to complete union (P =.03) (Table 4).

Receiver operating characteristic (ROC) curves were created
based on the major diameter of the oeochondral fragment, and
showed significant differences in multivariate analysis, with a
positive value corresponding to complete union within 6 months
(Fig. 6). The false-positive rate was the lowest when the cutoff value
of the major diameter was set at 11 mm. The sensitivity was 0.96,
specificity was 0.64, positive predictive value was 0.85, negative
predictive value was 0.88, and area under the curve was 0.92
(Table 5). This means that if the major diameter of the osteochon-
dral fragment is 11 mm or less, 85% of OCD patients achieve com-
plete union within 6 months; however, if the diameter is more than
11 mm, 88% of patients fail to achieve complete union within 6
months (Table 6).
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Figure 4 Sagittal MRI image of the elbow. (A) Capitellum of the humerus shows osteochondritis dissecans. (B) White arrowheads show segmentation of an osteochondral fragment.

MRI, Magentic resonance imaging; H, Humerus; R, Radius.

Figure 5 Long-axis view of the elbow by US imaging. (A) Capitellum of the humerus shows osteochondritis dissecans. (B) Comminution of subchondral bone. White arrowheads

show lesion locations. US, Ultrasound; H, Humerus.

Table 2
Pre and postoperative clinical assessment.
Variables Preoperative Postoperative P value
DASH
Disability/symptom 155 +9.0 10.8 + 6.2 <.001
Sports 69.2 + 31.7 13.0 + 8.2 <.001
ROM
Extension (°) -94+9.7 -1.9+3.7 <.001
Flexion (°) 1303 £ 11.3 1362 +79 <.001
Discussion

For ICRS grade III, surgical treatment is necessary if osteochondral
fragments are unstable. For grades IIl and IV OCD, favorable results
have been reported with mosaicplasty’!>!41>18.24.33,37.4346:47
fixation of osteochondral fragments'>'?, lesion débridement>**>, and
removal of loose bodies®??. Arthroscopic surgeries are

being more frequently used for the treatment of capitellar
OCD%57:817.3032,364245

Several studies’®>! have identified factors affecting post-

operative results of bone peg fixation for osteochondral segmen-
tation in elbow OCD. In these reports, poor outcomes were
associated with ICRS grade 1], a lesion area depth of 9 mm or more,
fixation before epiphyseal closure, central lesion type, and large
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fragment size. The occurrence of OCD is thought to be associated
with impaired vascular perfusion. Before epiphyseal closure, the
humeral capitellum is nourished only by the posterior recurrent
interosseous artery'®!!. This may have been the reason for no dif-
ference in the postoperative factors in this study.

A previous study investigated factors influencing outcomes of
osteochondral fragment fixation using absorbable pins. Henrrikus
preop. performed absorbable pin fixation in 26 cases of elbow
0CD'?, and found that 20 patients demonstrated complete healing,
6 had persistent clinical symptoms, and 2 underwent revision
surgeries. Further, healing was more common in patients younger
than 15.3 years and those whose lesions had a sagittal width of less
than 13 mm.

In this study, univariate analysis showed that the factors
affecting osteochondral repair were the major diameter and depth
of the osteochondral fragment, osteosclerosis of the subchondral
bed, and comminution of subchondral bone. These factors reflected
the extent of degeneration of both the osteochondral fragment and
subchondral bone. On the other hand, factors that did not affect
osteochondral repair were age, the period from onset to surgery,
ICRS classification, lesion location, preoperative function, and
impairment of sports activities. This procedure achieved good re-
sults, similar to those of bone peg fixation. The ROC curves based on
the major diameter indicated that if the major diameter of the
osteochondral fragment is 11 mm or less, 85% of OCD patients
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Table 3
Univariate analysis of preoperative factors.
Variables Group A Group B P value
Number of elbows 26 8
Age (years) 140+ 1.2 135+ 1.1 258 (#1)
Period to surgery (months) 122 +11.7 15.5+10.8 246 (#1)
ICRS grade
il 22 6 608 (#2)
1\% 4 2
Epiphyses
open 4 1 1.000 (#2)
closed 22 7
Maximum size of osteochondral fragment
transverse diameter (mm) 11.0+ 19 119+ 18 228 (#1)
major diameter (mm) 9.0+28 14.0 + 2.1 .0004 (#1)
depth (mm) 51+ 1.6 64+1.1 032 (#1)
Affected region
lateral 6 4 194 (#2)
central 20 4
Preoperative DASH
disability/symptom 14.0 + 8.6 19.6 + 8.8 165 (#1)
sports 65.0 + 314 81.3+293 306 (#1)
Osteosclerosis of subchondral bed on X-ray imaging
- 16 0 0031 (#2)
+ 10 8
Segmentation of osteochondral fragment on MRI
- 19 3 .098 (#2)
+ 7 5
Comminution of subchondral bone on US imaging
- 25 4 0.0128 (#2)
+ 1 4
#1 Wilcoxon signed-rank test #2 Fisher’s exact test
Table 4
Multivariate analysis of the factors showing a significant difference in univariate analysis.
Variables 0Odds ratio 95% CI P value
Major diameter of osteochondral fragment 1.87 1.23 — 3.98 .03
Depth of osteochondral fragment 0.80 0.18 — 2.94 74
Osteosclerosis of subchondral bed on X-ray imaging 472 x 107 0.19 — 5.76 24
Comminution of subchondral bone on US imaging 6.30 0.28 —4.23 23
Table 5
1 OO Outcomes of ROC analysis.
Outcomes Ratio (%)
~
B‘- Sensitivity 95.7
‘; Specificity 63.6
=t Positive predictive value 84.6
‘7 Negative predictive value 87.5
Q AUC 91.8
o
g
[:‘_, achieve complete union within 6 months. The ROC curves suggest
2 that this procedure may be considered for cases where the major
= diameter of the osteochondral fragment is 11 mm or less. If the
E. major diameter is larger than 11 mm, the procedure should not be
g considered and osteochondral grafting should be recommended.
Q While the absorbable pin fixation procedure is widely applicable,
n these results suggest that its use cannot be determined by arthro-
scopic findings alone.
In almost all cases, this procedure can be performed with
0 0.50 1.00 minimal invasion and simply under arthroscopy. However, it is

1 - specificity (False positivity)

Figure 6 Receiver operating characterisitc curve based on the major diameter of
osteochondral fragment, with positive values indicating complete union within 6
months.
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impossible to precisely observe degeneration of the osteochondral
fragment and subchondral bone via arthroscopy alone. Decisions
about surgical procedures should also be based on one or more
preoperative imaging studies, such as CT, MRI, and US. Particular
attention must be paid in cases showing osteosclerosis in the
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Table 6
Outcomes based on cutoff value defined by ROC analysis.

Complete union of
osteochondral fragment

< 6 months > 6 months
Major diameter of < 11mm 22 4
osteochondral fragment > 11mm 1 7

subchondral bed on X-ray imaging or comminution of subchondral
bone on US imaging.

One limitation of this study is the small number of cases. In

addition, it is necessary to examine whether osteoarthritic changes
occur in 5 or more years after absorbable pin fixation.

Conclusions

This study suggests that osteochondral fragment fixation using

absorbable pins is indicated for OCD of the humeral capitellum
when the major diameter of the osteochondral fragment is 11 mm
or less. The procedure should not be considered for patients who
demonstrate osteosclerosis in the subchondral bed on X-ray im-
aging or comminution of subchondral bone on US imaging.
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