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Introduction:
Lateral humeral condyle fracture, the second 
most common injury around the elbow, ac-
counts for 10–20% of all fractures of the elbow 
in children with a high incidence between 2 and 
14 years. Th e fracture patt erns of the lateral con-
dyle bear the name of Milch who in 1964 clas-
sifi ed these fractures into Milch I and Milch II. 
In Mich type I, the fracture line enters the joint 
lateral to the ridge between the trochlea and 
capitellum while inMilch type II, the fracture 

extends into the trochlear groove. Th e manage-
ment of fresh displaced fractures of less than 3 
weeks duration is not controversial as it is gen-
erally agreed that it should be treated by osteo-
synthetic procedures. Th e problem arises when 
the patient presents late due to socioeconomic 
reasons, lack of awareness, missed diagnosis, 
or improper initial treatment. A late presenta-
tion leads to diffi  culty in management due to 
displacement of the fragment as a result of the 
pull of the common extensors, incongruous re-
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duction of articular surfaces, injury/early clo-
sure of the epiphyseal growth plate, and possible 
damage to vascular supply because of stripping 
of soft  tissue att achments. Despite the inherent 
risk associated with the surgery, there are re-
ports in the literature of successful outcomes of 
open reduction and internal fi xation of late pre-
sented cases of lateral humeral condyle fractures 
in children. Th e aim of this study was to demon-
strate the radiological and functional outcome 
of open reduction and internal fi xation of frac-
tures lateral condyle of humerus in children who 
presented late.

Material and methods:
Th is study was conducted in Orthopaedic & 
Trauma Unit “A” Lady Reading Hospital Pesha-
war from February 2013 to July 2014. All pa-
tients of paediatric age group ( up to 12 years) 
of either sex, att ending the out-patient depart-
ment (OPD) having displaced fracture of lateral 
humeral condyle, Milch type I and II on radio-
logical examination presenting within 3 to 8 
weeks aft er initial trauma were included in the 
study. All patients with metabolic bone disease, 
skeletal dysplasia and lateral condyle fracture 
with associated supracondylar, medial condyle, 
and elbow dislocation were excluded from the 
study. Th e study protocol was approved by the 
Ethical committ ee of the hospital and explained 
writt en consent for surgery was obtained from 

parents of all the included children. Complete 
history, physical examination and X-rays AP & 
lateral view of the involved elbow was taken in 
all of the patients. All the patients were operated 
upon by a single surgeon on the immediate elec-
tive operation list. A traditional lateral approach 
to the elbow was performed following general 
anaesthesia under tourniquet control. A gentle 
dissection of the fracture fragment was done, 
with minimum stripping of the soft  tissue at-
tachments on it. Th e curett age of the sclerosed 
fracture end of the distal humerus was done. An-
atomical reduction was att empted in every case; 
however, when it was not possible, we accepted 
the best possible reduction. Bone graft  obtained 
from metaphyseal fragment of the lateral lower 
humeral metaphyseal area was always added 
during the osteosynthesis. Depending upon the 
size of the metaphysis in the fracture fragment, 
a 4 millimeter partially threaded AO cancel-
lous screw or smooth K-wires (minimum two in 
number) were used for fi xation. Postoperatively, 
an above elbow POP slab was applied for about 
4-6 weeks, depending upon the status of the 
union. Aft er the slab was removed, the patient 
was required to do exercises of the elbow. When 
the fracture united, the percutaneous K-wires 
were removed at an outpatient clinic without an-
aesthesia six or eight weeks aft er the operation. 
All patients were followed for fracture alignment 
and reduction, radiological union, elbow range 
of movement, deformity, and avascular necro-
sis postoperatively, every week for 1 month and 
then monthly for 8 months. Th e fi nal outcome 
was assessed at 8th month post operatively and 
results evaluated as excellent, good, fair and poor 
using Modifi ed Aggarwal et al Criteria. (Table 
1). Statistical analysis of the data was done using 
statistical soft ware (SPSS ver. 15) Quantitative 
variables like age was presented as mean + SD. 
Qualitative variables like gender, excellent and 
good outcome were presented as frequency and 
percentage.

Results:
Twenty fi ve children (18 boys and 7 girls) with 
mean age 6.5 years (range 4.3-11 years) under-
went surgery. Mean time of presentation since 
trauma was 5.3 weeks (range 3-8 weeks).Right 

Table 1. Modifi ed Aggarwal et al Criteria.

S.no Result Description
1 Excellent Union in perfect alignment, full range of elbow movement, no 

alteration in carrying angle, no premature fusion of physis, no 
avascular necrosis of epiphysis, no lateral prominence, and X-ray 
showing anatomical reduction.

2 Good Union with minimum displacement, limitation of terminal range of 
movements of not more than 15°, no alteration in carrying angle, 
no premature fusion of physis, no avascular necrosis of epiphysis, 
no deformity at local site, and X-ray showing step/gap of not more 
than 2 mm. 

3 Fair Union with minimum displacement, limitation of terminal range 
of movements of up to 25°, alteration in carrying angle of up to 10°, 
premature fusion of the physis, no avascular necrosis of epiphy-
sis, mild deformity at local site, and X-ray showing a step/gap of 
between 2-5 mm.

4 Poor Nonunion at fracture site, gross limitations of elbow movements 
(with limitation more than 30°), change in carrying angle of more 
than 10°, premature fusion of the physis, avascular necrosis of the 
fragment, visible deformity at local site, and X-ray showing a step/
gap of more than 5 mm.
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elbow was involved in 11(44%) children while 
14(56%) children had left  lateral humeral con-
dyle fracture. Causes of fracture were history of 
fall during sports activity in 18(72%) children, 
road traffi  c accident in 5(20%) and physical 
assault in 2(8%) children. Radiographically 
majority(64%,n=16) of children had Milch type 
II fracture while 9(36%) children had Milch type 
I fracture. Seven(28%)children presented to us 
without having received any treatment, whereas 
8(32%) children had received treatment from 
local quacks while 10(40%) had a plaster cast 
applied elsewhere before they came to us. Six-
teen(64%) fractures were stabilized with two 
smooth K wires while one small 4mm AO can-
cellous screw was used for fi xation in 9(36%) 
children. Bone graft  obtained from metaphyseal 
fragment of the lateral lower humeral metaphy-
seal region was used in all cases. Twenty three 
(92%) children completed the study while two 
(8%) were lost to follow up aft er one month and 
were excluded from the study. Th e average time 
for union was 8 weeks. Average post-op follow 
up period was 8 months(range 6-10 months).
Over excellent results were achieved in major-
ity (73.9%, n= 17) of patients according to the 
Modifi ed Aggarwal et al Criteria, while good, 
fair and poor results were reported in 3(13%), 
2(8.6%) and 1(4.3%) patients respectively. Th e 
results were bett er in those who were operated 
upon within 3-6 weeks of injury as well as in 
those presenting with lesser degree of displace-
ment of the fragment as shown in Table 2. Avas-
cular necrosis(AVN) of the fragment was docu-
mented in 1(4.3%) patient, premature fusion of 
the physis in 1(4.3%) limitation of elbow move-
ments in 6(26%) while alteration in carrying 
angle was reported in 3(13%) patients. No step 
or gap was found on x-ray in any patient. Mild 
local deformity was noted in 2(8.6%) patients. 
On clinical evaluation, none of our patients 
had any preoperative or postoperative signs of 
ulnar nerve involvement. Minor pin tract infec-
tion was found in 9(36%) patients. In contrast, 
no infection occurred in the fracture fi xed with 

screws. Five K-wires in four fractures were found 
to be loose when they did not pass through the 
cortex of the opposite side. However, last follow-
up radiographs showed that all fractures success-
fully achieved union without loss of reduction. 

Discussion:
Th e gold standard in the treatment of displaced 
lateral condyle fractures of the elbow in children 
is open anatomical reduction and internal fi xa-
tion with K-wires followed by cast immobiliza-
tion. However, the management of fractures of 
the lateral condyle of the humerus in patients 
presenting late remains controversial. Dhillon 
and Sengupta reported on 16 pediatric patients 
operated aft er 3 weeks of injury. Overall elbow 
function was good in 5, fair in 7 and poor in 4 pa-
tients based on an indigenous clinical score de-
vised by them. Th ey recommended against sur-
gery in patients presenting more than 6 weeks 
aft er injury but also observed that untreated cas-
es always resulted in subsequent valgus defor-
mity. Despite the disappointing results and the 
general disapproval of surgery, there are several 
reports in the recent literature in favor of sur-
gery. In our study overall excellent results were 
achieved in majority (73.9%, n= 17) of patients 
while good, fair and poor results were reported 
in 3(13%), 2(8.6%) and 1(4.3%) patients re-
spectively. Ali and Tahir fi xed 18 fractures lat-
eral condyle 3 to12 weeks old with K wires with 
average duration of follow up of 15 months and 
noted excellent results in fi ve patients, good in 
three, fair in six and poor in four patients using 
Modifi ed Aggarwal et al Criteria. Th ey con-
cluded that open reduction and internal fi xa-
tion is an eff ective treatment in fractures of lat-
eral condyle of humerus in children presenting 
between 3 to 12 weeks aft er injury. In another 
local study fi ft y children with neglected frac-
ture lateral condyle were fi xed with K wires and 
outcome was evaluated in terms of pain relief, 
range of motion, and union at fracture. Follow 
up at the end of two months revealed excellent 
results in 68% patients, good in 14% patients, 
fair in 10% patients and poor in 8% patients. 

Similarly in another study 22 patients with frac-
ture lateral humeral condyle presented up to 12 
weeks aft er injury were fi xed with K wires and 

Table 2: Results of surgery according to the fr acture presentation time.

Fracture presenta-
tion Time

Modifi ed Aggarwal et al Criteria
Excellent Good Fair Poor

3 - 6 weeks 15(65.2%) 3(13%) - -

6 - 8 weeks 2(8.6%) - 2(8.6%) 1(4.3%)
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the results were assessed by Modifi ed Aggarwal 
et al criteria aft er follw up for 1 year. Excellent 
results were achieved in 12 patients, good in 
three, fair in three and poor in three patients and 
they concluded that open reduction and internal 
fi xation is an eff ective treatment in all cases of 
displaced fractures of the lateral condyle of hu-
merus presenting up to 12 weeks post injury on 
the basis of low surgical complication and high 
union rate. All the participants of our study had 
lateral condyle fracture of 3 to 8 weeks old. Saraf 
and Khare9 in a series analyzed their results in 
16 patients with lateral condylar humeral frac-
tures 5 -12-weeks old using criteria defi ned by 
Agarwal et al. Th ey observed excellent to good 
results in 6, fair in 6 and poor results in 4 pa-
tients. Th ey concluded that open reduction and 
internal fi xation is recommended in all cases of 
displaced fractures of the lateral condyle of the 
humerus presenting at up to 12 weeks post in-
jury. However, the results become poorer with 
increase in duration aft er injury and the grade of 
displacement. To avoid complications it is im-
portant to carry out careful dissection of the soft  
tissue att achments and to mobilize the fragment 
without the use of force. In another study, 22 
pediatric patients (≤12 years) with fractures of 
lateral condyle presenting 4 weeks or more post 
injury were fi xed with multiple K-wires, with or 
without screws along with bone graft ing . At fi -
nal evaluation, union (radiologically) and elbow 
function (Liverpool Elbow Score, LES) was as-
sessed. Th ere was high rate of union and satis-
factory elbow function in late presenting lateral 
condyle fractures in children following osteo-
synthesis att empt. Th e study showed poor cor-
relation between patient’s age, duration of late 
presentation or Milch type I or II and fi nal el-
bow function as determined by LES. Our study 
noted only one patient with post-operative avas-
cular necrosis(AVN) of lateral condyle. Watt en-
barger22 fi xed 11 children with fracture of more 
than 3 weeks with K-wires and observed that 
there were no cases of AVN even though four 
of their cases had displacement of more than 
10 mm. Th ree patients had occasional pain. Th e 
risk of AVN with late open reduction of lateral 
condyle at more than 3 weeks is reduced if no 

tissue is stripped off  the fracture fragment poste-
riorly. Even children without anatomical reduc-
tion had functional arms with litt le or no pain. 
Weiss23 reported that 3.8% of patients developed 
skin infection around K-wires while Chao Li24 

reported this to be 16.7%. In our study, skin in-
fection around the K-wires occurred in 9(36%) 
patients, while no patients developed skin infec-
tion over the cancellous screws. Th us indicated 
that more infection in patients occurred with 
percutaneous K-wires than screws. Th erefore, it 
is suggested that skin care should be done to pre-
vent skin infection. Oral antibiotics and wound 
care should be given in treatment for infection. 
In our study, fi ve K-wires in four fractures were 
found to be loose because the K-wires did not 
pass through the cortex of the opposite side. 
Th erefore, we recommend that the double cor-
tex fi xation of smooth K-wires is necessary when 
the K-wire is used for fi xation. Mild local defor-
mity was noted in 2(8.6%) patients with K wire 
fi xation of the fracture while none in the screw 
fi xation patients in our study. Th omas25 reported 
that 40% of patients with K-wires had an obvious 
prominence over lateral humeral condyle, while 
Chao Li24 reportd this to be 36.7% of patients 
with K-wires and 12.5% of patients with screws 
and they thought that relatively low stabilisation 
of fracture with K-wires may cause more bone 
callus than the screws which may promote more 
rigid stabilisation of the fracture and reduce the 
probability of lateral prominence. Alternatively, 
the lateral prominence may be due to the wide 
dissection of periosteum and the formation of 
bone callus. So the periosteum in the metaphy-
seal fragment should be protected and wide dis-
section avoided. Our study has limitation of a 
small sample size, heterogeneity, and the shorter 
follow up period of some of the cases. Almost 
all of our patients had yet to gain their pubertal 
growth spurt, obviously longer studies need to 
be taken to fi nd the behavior of the lateral con-
dylar epiphysis and alteration in function with 
remodeling. It is highly desirable to keep these 
patients under longer follow up.
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Conclusion:
Our study conclude that open reduction and in-
ternal fi xation of lateral condyle of humerus in 
children yield excellent radiological and func-
tional results in majority of late presented cases. 
We therefore, recommend open reduction and 
internal fi xation of all displaced fractures of the 
lateral humeral condyle presenting within 3 to 8 
weeks aft er injury.
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