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Purpose: Displaced medial humeral epicondyle fractures with or without elbow dis-
location have been treated with open reduction and fixation using K-wires or screws. 
The purpose of this study is to evaluate the clinical and radiological outcomes of sur-
gical treatments of medial humeral epicondyle fracture without elbow dislocation ac-
cording to the fixation methods. Materials and Methods: Thirty-one patients who 
had undergone open reduction and fixation of the displaced medial humeral epicon-
dyle fracture without elbow dislocation were included. Group I consisted of 21 pa-
tients who underwent fixation with K-wires, and Group II comprised 10 patients 
who underwent fixation with cannulated screws. Immediate postoperative, final fol-
low-up and normal anteroposterior radiographs were compared and the clinical out-
come was assessed using the final Japanese Orthopaedic Association (JOA) elbow 
assessment score. Results: On the immediate postoperative radiographs, the distal 
humeral width in Group II was larger than that in Group I. On the final follow-up ra-
diographs, the epicondylar position in Group I was lower than that in Group II. 
There was no significant difference in the distal humeral width, epicondylar position 
and joint space tilt between the immediate postoperative, final follow-up radiographs 
and the normal side within each group. There was no significant difference in the fi-
nal JOA score between groups. Conclusion: Open reduction followed by K-wire 
fixation or screw fixation of the displaced medial humeral epicondyle fracture with-
out elbow dislocation in older children and adolescents resulted in improved radio-
logic outcome and good elbow function in spite of diverse radiologic deformities.
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INTRODUCTION

Medial humeral epicondyle fractures are relatively common in older children and 
adolescents, and are associated with elbow dislocation in 30-50% of cases.1-3 The 
undisplaced or minimally displaced fractures are easily treated with simple immo-
bilization. The surgical treatments are considered when the fracture fragment is dis-
placed into the elbow joint, when ulnar nerve entrapment is suspected, when valgus 
instability is suspected, or when the fracture fragment is displaced >5 mm.1,4-6 The 
surgical treatments include open reduction and fixation with K-wires or screws and 
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ary ossification center is not clearly apparent by this age. 
Thirty-one patients (32 cases) were included with a mean 
age of 11 years and 7 months (range, 6 years and 6 months 
to 16 years and 8 months) at the time of surgery. One pa-
tient had undergone operation on both sides and there were 
17 boys and 14 girls, and the mean postoperative follow-up 
was 31 months (range, 25 to 44 months). 

Subjects were divided into two groups to compare the re-
sults according to the fixation methods used. Group I con-
sisted of 21 patients (22 cases) who underwent open reduc-
tion and fixation with K-wires. Group II comprised 10 
patients who underwent open reduction and fixation with 
cannulated screws. The mean age of Group I was 10 years 
and 11 months (range, 6 years and 6 months to 15 years), 
and the mean age of Group II was 12 years and 1 month 
(range, 9 years and 3 months to 16 years and 8 months).

Measurement of outcome
For radiographic analyses, the immediate postoperative and 
final follow-up anteroposterior (AP) and lateral radiographs 
of the injured elbow were used to assess epicondylar union 
and other abnormal radiologic findings. The width of the 
distal humerus, vertical position of the medial epicondyle 
and tilt of the joint surface were measured on the immedi-
ate postoperative, final follow-up AP radiographic view and 
compared with the measurements on the AP radiographic 
view of the normal non-injured side taken preoperatively.10 
Five types of radiologic deformities were assessed on the 
final follow-up AP radiographic view.10 The clinical out-
come was assessed at the final follow-up using the elbow 
assessment score system developed by the Japanese Ortho-
pedic Association (Table 1).11

Statistical analyses
In order to minimize measurement errors, two pediatric or-
thopedic surgeons (K.B.P. and Y.H.K.) performed all radio-
graphic measurements. All parameters were measured twice 
by each author, and they were then averaged. Statistical 
analyses were performed using the SAS software package 
(version 9.1, SAS Institute, Cary, NC, USA). Wilcoxon rank 
sum test was used to compare the results between groups. 
Wilcoxon signed rank test was used to compare the results 
of the immediate postoperative radiographs and radiographs 
of the normal side, and also of the immediate postoperative 
and final follow-up radiographs within each group. The re-
sults are presented as median value (min-max value). The 
level of significance was set at p<0.05.

excision of the fracture fragment with suture reattachment of 
the tendons and the medial collateral ligament.

Surgical excision is avoided whenever possible, because 
some reports demonstrated decreased grip strength, and hy-
poplasia of the medial aspect of the distal humeral epiphy-
sis.7 Open reduction and fixation are found to reduce the 
frequency of nonunion and prevent valgus instability.3,7,8 
Although the clinical results are satisfactory, elbow stiff-
ness, ulnar nerve symptoms and radiologic abnormality 
such as hyperplasia, hypoplasia or pseudarthrosis have 
been reported after open reduction and fixation.3,9,10 

However, the clinical results of medial humeral epicon-
dyle fracture with associated elbow dislocation and only 
medial humeral epicondyle fracture have not been com-
pared in previous reports. The most common complication 
after elbow dislocation is elbow stiffness due to severe soft 
tissue injury, and hence, a short period of immobilization 
should be considered in medial humeral epicondyle fracture 
with associated elbow dislocation. Even if elbow disloca-
tion is not diagnosed, a spontaneously reduced elbow dislo-
cation should be suspected and there is severe soft tissue in-
jury if the fracture fragment is displaced into the elbow 
joint. The differences in the fixation methods used should 
also be considered, because of their effect on the physis. In 
older children and adolescents, the medial epicondyle is an 
extraarticular structure, and it is not correlated to the growth 
of distal humerus, but a varus tilt of the joint surface has 
been reported after nailing in an 8-year-old patient.10 

In this study, we assessed the clinical and radiological 
outcomes of open reduction and fixation in patients with 
medial humeral epicondyle fracture without associated el-
bow dislocation according to the fixation methods used.

MATERIALS AND METHODS
　　　

Subjects  
The study design was a retrospective review and was ap-
proved by the Institutional Review Board of Hallym Uni-
versity Sacred Heart Hospital. From 2005 to 2008. The pa-
tients who had undergone open reduction and fixation of 
the medial humeral epicondyle fracture at Hallym Univer-
sity Sacred Heart Hospital and who were followed up for a 
minimum of 2 years were recruited. Patients with associat-
ed elbow dislocation or in whom the fracture fragment was 
displaced into the elbow joint were excluded. Patients be-
low 6 years of age were also excluded, because the second-
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Table 1. Elbow Assessment Score System (Japanese Orthopedic Association)
Measure Points Maximum points
Pain 30
    None 30
    Difficulties in sports or heavy labor 25
    Slight 20
    Moderate 10
    Severe 0
ROM 30
    Flexion plus extension (Flexion plus extension, 22 points maximum)
        ≥136° 22
        121-135° 18
        91-120° 15
        61-90° 10
        31-60° 5
        16-30° 3
        ≤15° 0
    Supination plus pronation   (Supination plus pronation, 8 points maximum)
        ≥151° 8
        121-150° 6
        91-120° 4
        31-90° 2
        ≤30° 0
Instability 10
    No instability 10
    <10° 5
    ≥11° 0
Deformity 10
    Varus
        None 10
       <10° 7
       <15° 4
       ≥16° 0
  Valgus
       <15° 10
       <20° 7
       <30° 4
       ≥31° 0
Function (ADL+muscle power) 20
    ADL   (ADL, 12 points maximum)
        Washing face
            Easy 2
            Difficult 1
            Unable 0
        Eating
            Easy 2
            Difficult 1
            Unable 0
        Fastening buttons
            Easy 2
            Difficult 1
            Unable 0
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postoperative radiograph between groups. On the final fol-
low-up radiograph, the epicondylar position in Group I [15.3 
mm (range, 5.3-27.4 mm)] was lower than that in Group II 
[19.5 mm (range, 14.7-23.0 mm)] (p=0.028). There was no 
significant difference in the distal humeral width and joint 
space tilt on the final follow-up radiograph between groups. 
There was no significant difference in the distal humeral 
width, epicondylar position and joint space tilt (p=0.072, 
0.072 and 0.598, respectively) on the radiographs of the 
normal side between groups (Table 2).

Between the immediate postoperative radiographs and the 
radiographs of the normal side, there was no significant dif-
ference in the distal humeral width (p=0.914 in Group I, 
p=0.247 in Group II) epicondylar position (p=0.407 in 
Group I, p=0.641 in Group II) and joint space tilt (p=0.400 
in Group I, p=0.423 in Group II) within group. Furthermore, 
there was no significant difference between the immediate 
postoperative and final follow-up radiographs in the distal 

RESULTS
 

There was no significant difference in the age at the opera-
tion between groups (p=0.066). The operation time was lon-
ger in Group II [100 minutes (range, 45-180 minutes)] than 
in Group I [65 minutes (range, 35-210 minutes)] (p=0.039). 
The cast immobilization period was longer in Group I [6 
weeks (range, 4-8 weeks)] than in Group II [4 weeks (range, 
3-6 weeks)] (p=0.002). The fixation period with K-wires or 
screws was longer in Group II [20 weeks (range, 12-60 
weeks)] than in Group I [6 weeks (range, 4-12 weeks)] 
(p=0.027).

On the immediate postoperative radiograph, the distal hu-
meral width in Group II [57.0 mm (range, 48.5-70.0 mm)] 
was larger than that in Group I [48.6 mm (range, 38.6-66.6 
mm)] (p=0.035). There was no significant difference in the 
epicondylar position and joint space tilt on the immediate 

Table 1. Continued
Measure Points Maximum points
        Pouring a glass of water
            Easy 2
            Difficult 1
            Unable 0
        Self-hygienic care
            Easy 2
            Difficult 1
            Unable 0
        Putting on and taking off socks
            Easy 2
            Difficult 1
            Unable 0
    Muscle power (Muscle power: 8 points maximum)
        Flexion (grade)
            5 5
            4 4
            3 3
            2 2
            1 1
            0 0
        Extension (grade)
            5 3
            4 3
            3 2
            2 1
            1 0
            0 0
        Summation 100

ROM, range of motion; ADL, activities of daily living. 
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double-contoured medial epicondyle was noted in 4 pa-
tients (19%) and hypoplasia in 2 patients (9%) (Fig. 1). In 
Group II, hypoplasia was noted in 3 patients (30%), hyper-
plasia in 2 patients (20%) and pseudoarthrosis in 1 patient 
(10%) (Fig. 2).

humeral width (p=0.478 in Group I, p=0.500 in Group II) 
epicondylar position (p=0.433 in Group I, p=0.266 in Group 
II) and joint space tilt (p=0.187 in Group I, p=0.500 in 
Group II) within group.

In Group I, hyperplasia was noted in 4 patients (19%), 

Table 2. Comparison between Group I and II
Group I Group II p value

Immediate postoperative
Distal humerus width (mm)* 48.6 (38.6-66.6) 57.0 (48.5-70.0) 0.035 
Epicondylar position (mm) 12.5 (6.0-29.4) 16.5 (12.8-21.8) 0.086 
Joint space tilt (degrees) 85.4 (77.1-100.0) 78.7 (12.0-97.0) 0.567 

Final follow-up
Distal humerus width (mm) 50.3 (41.4-65.0) 58.2 (45.3-68.5) 0.086 
Epicondylar position (mm)* 15.3 (5.3-27.4) 19.5 (14.7-23.0) 0.028 
Joint space tilt (degrees) 82.8 (70.5-88.8) 77.0 (12.0-99.9) 0.579 

Normal           
Distal humerus width (mm) 47.6 (40.1-62.0) 53.6 (46.3-64.4) 0.072 
Epicondylar position (mm) 13.4 (6.4-25.5) 19.6 (10.4-25.0) 0.072 
Joint space tilt (degrees) 82.5 (74.4-89.5) 83.0 (81.0-99.5) 0.598 

Values are median (min-max).
*p value<0.05.

Fig. 1. Several deformities at final follow-up radiography after K-wire pinning. All patients were fixed with 2 K-wires during 6 weeks. (A) A 9 
year old girl shows hyperplasia. (B) An 11 year old boy shows double-contoured medial epicondyle. (C) A 9 year old boy shows hypoplasia. 

Fig. 2. Several deformities at final follow-up radiography after screw fixation. (A) A 14 year old boy shows hypoplasia. (B) A 10 year old boy 
who had undergone the operation at 8 weeks from the initial injury shows hyperplasia. (C) An 8 years old girl shows pseudoarthrosis at final 
follow-up after screw removal, but the patient has 125 degrees range of motion and also has difficulties in overhead throwing motion.
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A
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dial collateral ligament during the operation, and we did not 
find any cases of elbow instability at the final functional 
evaluation. We also observed that the fracture fragment was 
usually found to be displaced anterior to its origin on the 
humeral condyle, because of the pull of the flexor-pronator 
muscle mass, and was located extraarticularly, the finding 
being similar with that of the previous study.4 The final var-
us instability is supposed to be due to the injury to the medi-
al collateral ligament, because of elbow dislocation or rup-
ture of the medial stabilizing structure of the elbow joint. 
Therefore, we suggest that the classification of the medial 
humeral epicondyle fracture should be not only based on 
the displacement but also on the varus instability after an 
initial trauma, because of the injury to the medial stabiliz-
ing structure of the elbow joint.

Several studies reported on elbow stiffness after opera-
tive fixation.7,9 However, Louahem, et al.3 showed that stiff-
ness was rare even with postoperative immobilization of 
the elbow (mean of 4 weeks) in medial epicondyle avulsion 
fracture with associated elbow dislocation. In our series, 
only two patients had limited elbow motion: one patient 
had a history of prolonged immobilization for 8 weeks, and 
the other patient had a pseudarthrosis after screw fixation. 
All other patients had a full range of motion. If there is no 
intraarticular injury or damage to the medial structure of the 
elbow joint, the epicondylar fragment is united or the im-
mobilization period is less than 4 weeks, a full elbow range 
of motion recovery can be expected.

Some studies showed varus or valgus deformity of the el-
bow after medial humeral epicondyle fracture.10,17 However, 
the medial epicondyle is a traction apophysis, and others the 
fracture cannot have any direct influence on the growth of 
the distal humerus.7,18 In our study, we excluded the patients 
below 6 years of age because it is difficult to distinguish the 
secondary ossification center of the medial epicondyle, and 
we did not find any cases of varus or valgus deformity in the 
present study. These deformities might have been due to un-
derestimation of the initial damage to the physis or an ac-
companying injury such as elbow dislocation.

In very young children, varus tilt of the joint surface has 
been reported after nailing and hypoplasia.10 Cannulated 
screws can also cause damage to the growth plate, because 
these screws probably lock the epiphysis to the metaphysis, 
like nailing.10 However, the effect of cannulated screws on 
traction apophysis of the medial epicondyle is not clear. We 
did not find any varus tilt of the joint surface at the final fol-
low-up. On the immediate postoperative radiographs of the 

There was no difference in the Japanese Orthopaedic As-
sociation (JOA) score between groups (p=0.819). In Group 
I, the total JOA score was 100 points (range, 96-100 points). 
One patient who was immobilized with a cast for 8 weeks 
(because the patient did not visit the clinic at the pre-decided 
date) had 5 degrees of limitation in extension and a range of 
motion of 125 degrees at the final follow-up. In Group II, 
the total JOA score was 100 points (range, 91-100 points). 
One patient who had pseudarthrosis had a mild limitation in 
extension and 125 degrees of motion range and also had dif-
ficulty in performing overhead throwing motion.

DISCUSSION

The diagnosis and evaluation of the displacement in medial 
humeral epicondyle fracture is difficult, because the epicon-
dyle is small, the displacement is overlapped by the distal 
humeral metaphysis or it is often confused with the other 
trochlear ossification center.4,12 Delayed diagnosis and stiff-
ness due to the displaced intraarticular fragment have been 
reported.5,12 However, except for the displaced intraarticular 
fragments, good long-term results of nonsurgical treatment 
of medial humeral epicondyle fracture have usually been 
obtained even in the cases with nonunion.7 Others reported 
non-satisfactory results and a slightly restricted extension in 
athletes.7,10,13 Smith, et al.5 reported the preoperative func-
tional limitations including pain with activities of daily liv-
ing and instability with lifting weight or throwing a ball. 
But, the previous studies did not differentiate between the 
medial humeral epicondyle fracture with associated elbow 
dislocation and without associated elbow dislocation.  Fur-
thermore, the results were not compared according to the 
fixation method used.

Previous reports suggested that damage to the medial sta-
bilizing structure of the elbow is more important than the 
extent of medial epicondyle displacement in elbow instabil-
ity.3,14 Moreover, several studies showed that fibrous union 
of the medial epicondyle may result in laxity of the medial 
collateral ligament of the elbow.14-16 On the other hand, Far-
setti, et al.7 reported that none of the patients who had been 
treated nonoperatively had elbow instability at the long-
term follow-up. We excluded cases of medial humeral epi-
condyle fracture with associated elbow dislocation and also 
displaced intraarticular medial epicondylar fragment, be-
cause they indicate damage to the medial structure of the 
elbow joint. We did not find any cases of rupture of the me-
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the fixation methods.
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fractures fixed with cannulated screws in Group II, the dis-
tal humeral width was larger than that in Group I, however, 
there was no difference in the distal humeral width between 
groups on the final follow-up radiographs. This could have 
occurred as a result of epiphysiodesis due to the use of can-
nulated screws. Contrarily, however, there was no significant 
difference in the epicondylar position between groups on the 
immediate postoperative radiographs but the epicondylar po-
sition in Group I was lower than that in Group II on the final 
follow-up radiographs. In group II, the screws were removed 
at 20 weeks (range, 12-60 weeks), usually after complete 
union or after epiphysiodesis was confirmed, but K-wires 
were usually removed at 6 weeks (range, 4-12 weeks) with 
cast removal in Group I. Because the medial epicondyle is 
a traction apophysis that is pulled by the flexor-pronator 
muscle mass, it appears that the epicondyle is moved a little 
distally after union. Although there was no significant dif-
ference in the distal humeral width and epicondylar posi-
tion between the immediate postoperative and final follow-
up radiographs within groups, relative decrease in the distal 
humeral width after cannulated screws fixation and rela-
tively lower epicondylar position after K-wire fixation could 
result from the interaction between screws or K-wires and 
traction apophysis. 

On radiographic results, some patients had hyperplasia, 
hypoplasia and pseudarthrosis. But, the clinical result was 
excellent except for one patient who had pseudarthrosis and 
complained of difficulty during performing overhead throw-
ing motion. In both groups, the clinical score was excellent, 
and it is quite possible that there was no difference in the 
clinical score according to different fixation methods. Fur-
thermore, surgical fixation appears to be better than nonsur-
gical treatment in medial humeral epicondyle fracture with-
out associated elbow dislocation, because more bony union 
can be achieved and one patient with pseudarthrosis com-
plained difficulty during performing overhead throwing 
motion. There are several limitations to this study. This is a 
retrospective study and there was no guideline for the choice 
of fixation material during operation. The prospective study 
according to the treatment guideline, with consideration of 
the fixation material, would be better in understanding the 
different results by the different fixation. Our study com-
prised a relatively small population and the results were not 
compared with those of medial humeral epicondyle fracture 
with associated elbow dislocation. In larger scale of studies, 
the results can be better compared according to the pres-
ence of elbow dislocation or injury to the joint structure and 


