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Abstract
Background: Delayed presentation of lateral condylar fractures of the humerus is relatively common in the developing regions of the world. Fractures of
lateral condyle of humerus in pediatric age group, the most common being
distal humerus epiphyseal injury, are commonly associated with delayed
presentation to terminal health care providers. Materials and Methods:
Twenty-one children having fracture of lateral condyle of humerus with duration of trauma more than 3 weeks were included in the prospective study.
Among the 21 patients, 13 were male and 8 were female. Average time of
presentation was after 3 weeks of injury. All patients had Milch type II injury.
The patients were treated by open reduction and internal fixation using Kirschner wire. The outcome assessment according to the scoring system proposed by Dhillon et al. was used. Result: Mean month at operation is 81.5
months (range, 64 - 112 months); 8 Right/13 Left. Reason for presentation:
Pain, swelling in 12; Pain, decreased elbow motion in 7; Restriction of the elbow flexion in 2. Time from injury to Operation with mean 6.34 weeks, 3
weeks - ≤ 6 weeks in 13 Patients, and > 6 weeks in 8 patients; Previous treatment: Plaster cast in 15 Patients, and No treatment in 6 Patients; Mean time of
Follow-up: 66 Months; Mean Age at last Follow-up was 11.6 (range, 8.4 15.0). To tell result, 38.1% is in Excellent; 33.3% is in Good; 14.3% is in Fair;
and 14.3% is in Poor. Comparison of accepted result from time of injury to
operation was 3 - 6 weeks better than over 6 weeks with P Valuate 0.001387.
There were AVN in 1 case, Nonunion in 2 cases. Conclusion: Osteosynthesis
by Kirschner wire without bone grafting could provide solid bony union and
improve elbow function. However, this technique could not prevent an angular deformity completely. Corrective osteotomy should be considered in patients with valgus or varus deformities.
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1. Introduction
Fracture of lateral condyle of humerus in pediatric age is a common occurrence.
The injury is basically an epiphyseal injury; hence, in the long run, it is inherently associated with potential problem of growth arrest, premature physeal
closure, range of motion restriction, angular deformity of elbow, and neural
complications. Current literature advises for operative management of displaced
fractures of less than 3 weeks’ duration. Orthopedic societies are having odd
views regarding treatment of the same fracture of more than 3 weeks’ period.
Fractures of the lateral condyle of the humerus are the second most frequently
encountered fractures in children, accounting for 16.9% of those occurring in
the upper limb [1]. Timely treatment with accurate reduction, Kirschner wire
fixation and regular follow-up yields good outcomes [1]. If, however, the diagnosis is delayed or reduction loses in plaster after the initial conservative treatment, malunion or nonunion can occur, leading to persistent pain and a decreased range of movement (ROM) in the elbow [2].
The place of operative treatment for these patients remains controversial. In
1975, Jakob et al. [3] reported the results of open reduction in seven patients after three to 12 weeks, describing a mean loss of ROM of 34˚, and concluded that
open reduction was not superior to non-operative management of these patients.
Opponents of operative treatment have put forward the stand that operative
treatment may jeopardize the already precarious vascular supply of the displaced
fragment by surgical manipulation, threatening to avascular necrosis of the
fragment; moreover, the fracture surfaces are no longer conforming to each other and tenuous amount of attached cuff of soft tissue is shortened and contracted, creating difficulty in accurate reduction. It was further reported that
anatomical reduction was difficult in a maluniting fracture and the surgery itself
may lead to avascular necrosis (AVN) of the fragment [3] [4] [5]. Several authors
have reported surgical outcomes in delayed cases where AVN has been avoided
[5]-[11].
Nonunion of the fracture entails good functional result, except having some
varus instability of joint and angular deformity. The deformities and tardy ulnar
nerve palsy could be addressed separately without any attempt to osteosynthesis.
Whereas the proponents of operative intervention of fracture of lateral condyle
of humerus in children assert that an epiphyseal injury, accurate reduction and
internal fixation should be done so that the long-term complications could be
prevented. As the lateral condyle also takes part in lower humerus growth,
trochlear and capitularmal development may result in absence of osteosynthesis
and hence, fish tail deformity, radial head mal development/dysplasia, varus inOALib Journal
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stability of joint, restriction of rotatory motion of forearm and nerve palsy.
We report the results of operative management of twenty-one lateral condyle
fractures of the humerus in the paediatric population that presents after more
than 3 weeks of the initial trauma. Our hypothesis was that open reduction and
internal fixation (ORIF) could improve the function of the elbow without increasing the incidence of complications such as humeral dysplasia, AVN and
premature physeal closure.

2. Materials and Methods
A retrospective study was carried out to evaluate the results of surgical techniques performed from December 2003 to December 2013 in 25 patients with
neglected lateral condylar humerus in Children. The operations were performed
by single surgeon (Author).
The study had the approval of the Ethical Review Committee of our Institute
and was carried out in accordance with the tenets of the Declaration of Helsinki.
The Patients underwent “Osteosynthesis in situ without bone grafting” for
neglected of LCF that developed after >3 weeks after injury. According to the
criteria of Flynn et al. [12] if the fracture had not united until 3 months, it was
defined as a nonunion. From 2003 to 2013, 25 patients visited our institution
secondary to nonunion of LCF and underwent the index procedure. One patient
loss of Follow-up and three patients were excluded because the duration from
Operation was <3 years, remaining 21 patients in this 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.
All patients were referred from other hospitals and had tenderness over the
lateral aspect of the elbow and pain on elbow motion at the time of visit. None of
the children had signs of ulnar neuropathy. All patients showed varying degrees
of impairment on elbow motion. Most of patients had some degrees of elbow
flexion contracture and pain on elbow motion, so carrying angle and elbow instability could not be correctly assessed.
At the time of presentation, radiographs showed an obvious fracture gap between the distal humerus and lateral condyle fragments and no callus formation
on fracture gap. Physis of lateral humeral condyle was open in all patients. All
the fractures were of Milch type II, with various degrees of superolateral displacement. The amount of displacement was measured from medial and lateral
metaphyseal ends of the lateral condylar fragments to origin site of the distal
humerus on the anteroposterior or internal oblique radiograph. The measurement with the most displacement was regarded as the amount of medial and lateral displacement. The amount of displacement of lateral condyle fragment was
measured as 3 to 9 mm, averaging 5.2 mm medially, and 4 to 10.4 mm, averaging
6.8 mm laterally.
The indications for surgery were intraarticular displacement of >2 mm and a
reduced ROM of the elbow. The procedure involved open reduction, Kirschner
OALib Journal
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wire fixation and cast immobilization.

2.1. Surgical Technique
A lateral approach was made to the elbow. Dissection is through the plane between the triceps and the brachioradialis. The approach was carried through the
lateral fascia right down to the fracture. The fragment was often found to be displaced and fibrous tissue often made it difficult to assess the orientation of the
fracture. Careful dissection of the fibrous tissue was made and posterior attachments were saved. Thorough irrigation was done to remove the fibrinous debris.
Any dissection needing to be done on the lateral epicondyle and metaphysis was
made anterior, to avoid the posterior blood supply and minimize the risk for
avascular necrosis. The displaced fragment was reduced under direct visualization, often with the aid of a reduction clamp, “joystick” Kirschner wires, or the
assistant’s manual pressure. We used 1.4-mm-diameter Kirschner wires for patients younger than five years of age, 1.6-mm-diameter wires for those between
five and eight years of age and 1.8-mm diameter wires for those older than eight
years of age. Grafting was not added in any patient. Post operatively all patients
underwent a common protocol of 3 weeks padded cramer wire splint immobilization followed by range of motion exercises intermittently for a further 3 weeks.
At 6 weeks the Kirschner wire was removed. The patient was allowed to do range
of motion exercises without splint protection at 6 weeks.
All patients were followed up for a period of one year and so far according to
Dhillon et al. [4]. Radiologically avascular necrosis, malunion, nonunion and
heterotropic ossification were specifically looked at. Union was assessed on the
anteroposterior and lateral radiographs of the elbow. Union was said to have
occurred when the fracture was obliterated by the trabeculae or the callus. Radiographical outcome was assessed for lateral bony overgrowth, fishtail deformity,
presence of osteonecrosis, and valgus or varus deformity at the latest Follow-up.
For functional evaluation, range of elbow motion, and the signs of ulnar neuropathy were checked and presence of tenderness and pain on elbow motion and
fatigue on strenuous activity such as sports were surveyed. To assess cosmetic
issues, carrying angle was measured and compared with that of the contralateral
side and development of bony hump on lateral side of distal humerus after surgery was examined. For overall outcome assessment, the scoring system proposed by Dhillon et al. [4] was used. This scoring system includes pain on activity, range of motion, and carrying angle (see, Table 1).

2.2. Statistical Analysis
The data were analysed with Epi Info 6.04 sofware public domain statistical
software for epidemiology, developed by Centers for Disease Control and Prevention (CDC) in Atlanta, Georgia, USA
(http://wwwn.cdc.gov/epiinfo/html/prevVersion.htm). We performed the χ2 test
for percentage and the t-student test for mean comparison. P-values ≤ 0.05 were
regarded as statistically significant. All readings were provided as average values
together with the appropriate standard deviation.
OALib Journal
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Table 1. Scoring system for the outcome of fractures of the lateral humeral Condyle in
children [4].
Function
Pain

Range of Motion (Deg,)

Carrying Angle
(Degree)

Score Points
Each Column

None

0 - 140

Valgus 7 - 10

3

Occasional

>15 - 125

Valgus < 20
Varus< 0

2

After heavy work (or activities)

>30 - 110

Valgus 20 - 30
Varus 0 - 15

1

With normal activity
(morto or sensory loss)

>30 - 110

Valgus > 30
Varus > 15

0

Functional grading (points): Excellent 6, Good 5. Fair 4, Poor < 4. Overall grading (points): Excellent 9,
Good 7-8. Fair 5-6, Poor < 4.

3. Results
Total of 21 patients were included in our study (Table 2). There were 13 Male
and 8 Female. 81.5 moths (range, 64-112 months). Time from injury to Operation 3 weeks - ≤ 6 weeks with 13 Patients (Case 3, Figure 1), and >6 weeks - 12
weeks with 8 patients. Union was achieved in 19 of them (90.5%) patients at average 9 weeks (range, 7 to 11 weeks) (Case 9, Figure 2). The average duration of
follow-up was 66 months (range, 38 to 89 months). One patient had evidences of
osteonecrosis on the latest follow-up radiographs. In 5 patients, variable degrees
of lateral bony hump were shown on anteroposterior radiographs. It originated
from the superolaterally displaced metaphyseal fragment of fractured lateral
humeral condyle, which was fixed in situ. Although lateral bony hump was
shown on radiographs, it was hardly detectable on gross clinical examination
and no patients complained about mild bony protrusion on lateral side of elbow.
In one patient (case 14), bony hump had remodeled completely on the latest follow-up radiographs, and the size of bony hump had decreased with time in the
remaining patients.
Cubitus valgus was seen in 4 patients (range, 12 to 18) and cubitusvarus in 5
patients (range, 10 to 8 degrees) by the criteria of scoring system proposed by
Dhillon et al. [4] which defined the ideal carrying angle as 7 to 10 degrees of
valgus. However, in 7 patients who had angular deformities, the difference of
carrying angle between the affected side and contralateral side was within 5 degrees at the latest follow-up. The parents and patients were satisfied with the
alignment of upper extremity in 11 patients. In the remaining 3 patients, cubitusvarus deformity of 21 degrees or more than contralateral side developed in 1
patient. One cubitus valgus deformity (case 12) with a carrying angle of 18 degrees was not found to be substantially improved at the latest follow-up, and
both the patient and the parents refused to undertake the corrective osteotomy.
The other one patient with cubitus valgus deformity (Case 7, Figure 3) did not
want corrective osteotomy.
At the latest follow-up, tenderness over the lateral aspect of the elbow had
disappeared. All the children were pain free at the elbow upon strenuous activeOALib Journal
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(a)

(b)

Figure 1. (Case 3). Initial Injury 5 Weeks; (a) Pre-Operation; (b) Post-Operative 5 weeks.
Table 2. General information of the patient.
Reason for
presentation

Time Inj-Ope.
(Weeks)

Previous
treatment

Follow-up
(Moths)

Age at last
Follow-up
(Yrs, Moths)

R

Pain, swelling

4

No Treatment

94

8, 4

R

Pain, Decreased
elbow motion

8

Plaster for 30 days

76

13, 8

Case

Gender

Age at
Operation
(Months)

Side

1

Female

64

2

Male

89

3

Male

74

L

Pain, swelling

5

Plaster for 30 days

85

13, 3

4

Male

91

L

Pain, swelling

6

Plaster for 20 days

86

14, 7

5

Male

70

R

Pain, swelling

5

Plaster for 26 days

78

12, 3

6

Female

68

L

Pain, swelling

4

Plaster for 20 days

46

12,0

7

Male

86

R

Pain, swelling

5

Plaster for 30 days

48

11, 2

8

Male

76

R

Pain, swelling

4

Plaster for 25 days

89

13, 7

Restriction of the
elbow flexion

6

Plaster for 30 days

81

14, 9

9

Male

98

R

10

Female

78

L

Pain, swelling

4

No Treatment

68

12, 1

10

Plaster for 30 days

53

12, 2

11

Male

95

R

Pain, Decreased
elbow motion

12

Male

78

R

Pain, Decreased
elbow motion

11

Plaster for 36 days

74

12, 6

13

Male

112

R

Pain, swelling

5

Plaster for 25 days

38

15, 0

14

Male

85

L

Pain, swelling

4

Plaster for 35 days

69

12, 8

9

Plaster for 20 days

46

10, 2

10

No Treatment

45

9, 1

15

Female

76

L

Pain, Decreased
elbow motion

16

Female

64

L

Pain, Decreased
elbow motion

17

Male

81

R

Pain, swelling

5

Plaster for 30 days

75

13, 0

18

Male

106

R

Pain, swelling

4

Plaster for 30 days

56

13, 5

19

Male

78

L

Pain, Decreased
elbow motion

7

No Treatment

47

10, 4

20

Male

74

L

Restriction of the
elbow flexion

8

No Treatment

71

12, 2

21

Female

68

L

Pain, Decreased
elbow motion

10

No Treatment

63

10, 9

There are 13 Male and 8 Female (61.6%), Mean age (months) at operation 81.5 moths (range, 64 - 112 months); 8 Right/13 Left; Classification according to
Milch, all Patient in Typte II; Reason for presentation: Pain, swelling in 12; Pain, Decreased elbow motion in 7, Restriction of the elbow flexion in 2. Time
from injury to Operation with mean 6.34 weeks, 3 weeks - ≤6 weeks with 13 Patients, and >6 weeks with 8 patients; Previous treatment: Plaster cast in in 15
Patients, and No treatment in 6 Patients; Mean time of Follow-up: 66 Months; Mean Age at last Follow-up was 11.6 (range, 8.4 - 15.0). There were 2 cases
with nonunion (cases 2 and 21); AVN in 1 cases (case 9).

OALib Journal
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(a)

(b)

Figure 2. (Case 9). Initially 6 Weeks. (a) Pre-Operation; (b) Union Postoperative 6 weeks.

Figure 3. (Case 7). Patients have cubitus valgus.

ties, and there were no signs or symptoms suggestive of ulnar nerve dysfunction.
Range of motion was remarkably improved in most of the patients. The average
flexion contracture of the elbow joint decreased from 25 degrees (range, 0 to 52)
before surgery to 4.6 degrees (range, 0 to 14 degrees), and the range of elbow
flexion increased from 118 degrees (range, 90 to 135 degrees) to 136 degrees
(range, 125 to 140 degrees). Pronation and supination were full in all patients
with initial injury under 6 weeks (Figure 4). Overall outcome according to the
scoring system proposed by Dhillon et al. [4] in time from injury to operation
3-6 weeks was excellent in 8 patients (61.5%), good in 5 patients (39.5%); in time
from injury to operation 6-12 weeks was, good in 2 (25%) patients, fair in 3 patient (37.5%), and poor in 3 patient (37.5) (see, Table 3).

4. Discussion
Late presentation of displaced lateral humeral condylar fractures is uncommon
and considered as one of the problematic pediatric injuries due to the difficulty
in surgical management and risk of post-operative complications. Recently, sevOALib Journal
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(a)

(b)

Figure 4. (Case 7). Function of the elbow with full Extension and Flexion.
Table 3. Compare latest results of operation according to Fracture presentation time.
Outcome according to Dhillon’s scoring system
Fracture presentation Time

Excellent
(%)

Good
(%)

3 Weeks - 6 Weeks
n =13

8
61.5%

5
39.5%

6 Weeks - 12 Weeks
n=8
Total

8
38.1%

Fair
(%)

Poor
(%)

2
25.0%

3
37.5%

3
37.5%

7
33.3%

3
14.3%

3
14.3%

Accepted Result (Excellent and Good) was all Patients 100% in time of injury to Operation 3 weeks - 6
weeks and 25% in time 6 weeks - 12 weeks. To tall result, 38.1% in Excellent, 33.3% in Good, 14.3% in Fair,
and 14.3% in Poor. Comparison of accepted result in time of injury to Operation 3 - 6 weeks better than 6
weeks with P Valuate 0.001387. There were AVN in 1 case, Nonunion in 2 cases.

eral studies demonstrated a significant improvement in postoperative outcome
and advocated some surgical techniques in order to preserve vascularity of the
lateral condyle fragment and create intraoperative acceptable reduction [3] [4]
[14]. Nonetheless, the aforementioned techniques did not provide a clear reference for deformity correction in the sagittal plane and studies had also not
proven the correlation between the sagittal plane malalignment and the postoperative functional outcome.
In developing countries, patients with fractures of the lateral condyle of the
humerus usually present late [14] [15]. Sometimes the diagnosis is missed due to
incorrect interpretation of the radiograph, as the fracture fragment is partially
cartilaginous; the radiographs are also often of poor quality. A prospective cohort study showed that internal oblique radiographs are more sensitive than a
plain anteroposterior (AP) view for diagnosing displaced or minimally displaced
fractures [16] [17]. Recently, a 20˚ tilt AP radiograph has been suggested to
demonstrate fragment dislocation more precisely than a standard radiograph
[16]. High-resolution ultrasonography [17] or MRI [18] can also demonstrate
the cartilage hinge and the displacement; however, these facilities may not be
OALib Journal
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available in the rural and suburban areas in most developing countries. The diagnosis of minimally displaced fractures is therefore often missed in the early
stages, being made late or only after more displacement has occurred.
Fractures of the lateral condyle of the humerus are amongst the commonest
injuries encountered by the orthopaedic surgeon. Henry Milch differentiated
between the two fractures patterns. A fracture exiting the trochleocapitellar
groove as type 1 and the fracture exiting the trochlea as type 2 [19] and Milch
type I fracture is salter type IV epiphyseal injury and Milch type II is salter type
II injury. Most trauma of the degree of displacement depends on the preservation of the articular hinge. If the hinge is intact the condylar fragment shows
only a lateral tilt. If the fracture is complete the fracture can be rotated completely up to almost 180 degrees.
The undisplacedmilch type I fractures are usually treated with plaster immobilization. There is inherent risk of late displacement and nonunion of fracture if
the injury is not regularly followed with frequent radiographic check up. We believe that delayed union is a relevant sequela of any fracture as this can result in
prolonged casting which can be frustrating for the patient, increases costs and
resource utilization, and increases risk of elbow stiffness.
The late displacement of fracture warrants immediate open reduction and internal fixation of fracture. Toh et al. [20] observed the long term functional results of nonunion of fracture lateral condyle in children and concluded that the
Milch type I fracture contributes more functional deficit owing to loss of normal
radiocapitellar relationship owing to separation of a part of the capitulum. Thus,
what appears initially as a stable tiny fragment, if displaced, could meet with
more functional deficit than potentially unstable Milch type II fracture.

5. Operation
The surgical technique should not be too aggressive to disturb the condylar vascularization. In order to control the intra-articular reduction, it may be necessary to cut some parts of the capsule and the synovial [18] [19]. Jakob et al. felt
that surgical intervention in cases with delayed presentation did not improve
results in comparison to patients with no treatment at all [3]. They pointed out
the difficulty caused by the early callus formation. There is a general agreement
that surgical intervention in old established non unions should be avoided as osteosynthesis may reduce the range of motion of the elbow or the bone may not
unite, so operative treatment for such patients has not been popular [20] [21]
[22].
Osteosynthesis in situ permits malposition of lateral condyle fragment resulting in incongruent articular surface of distal humerus. Some author mentioned
that the fragment should be reduced on anatomic or functional position for
good prognosis [4] (Case 7, Figure 4). Anatomic or functional reduction needs
to mobilize the fragment and have a relative high risk of osteonecrosis than osteosynthesis in situ [3] [4].
Many authors emphasized the necessity of bone grafting for successful osteoOALib Journal
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synthesis [4] [5] [23]. However, Inoue et al. [24] mentioned that bone grafting
carried the risk of decreased elbow motion by blocking the distal humeral fossa
or inadvertent distal migration of the fracture fragment resulting in violation of
the radiocapitellar articulation. Previous studies reported favorable results of
their treatment method for nonunion of LCF without bone grafting [25] [26]
[27]. In the current study, bone union could be obtained completely by open
curettage and firm fixation without bone grafting. Therefore, we think that bone
grafting is not compulsory to achieve union in osteosynthesis in situ and the
more important issue may be firm fixation and curettage of fibrous tissue. We
didn’t perform bone grafting for all patients in this study.
A number of surgical techniques have been described to treat nonunion of
LCF. These procedures have been generally undertaken with an open technique
including pinning, bone grafting, ulnar nerve anterior transposition, and corrective osteotomy of the humerus for cubitus valgus deformity [20]. However, debate has existed whether to secure the fragment in situ, neglecting the physeal
and joint deformity, or to reduce the fragment anatomically. Repositioning of
the fragment anatomically to restore the articular surface often requires extensive soft tissue dissection, which can cause osteonecrosis of the lateral humeral
condyle or decreased range of elbow motion after surgery [23] [28].
The current study demonstrates significant biomechanical advantages of
screw fixation as compared with Kirschner wire fixation of lateral condyle fractures using a synthetic bone model. Displaced fractures of the lateral condyle in
pediatric patients have traditionally been treated with open reduction and internal fixation using Kirschner wires (Case 3, Figure 1). Potential exists for loosening of the pins with loss of fixation, and if the pins are not buried, supplemental casting is required for the duration of fixation. Screw fixation has been
advocated as an alternative technique with potential advantages of providing
compression at the fracture site and allowing continued fixation after supplemental casting is no longer felt necessary by the treating physician. Theoretically, this could result in improved healing, decreased duration of casting, and faster return of range of motion. Potential disadvantages include need for subsequent removal and the theoretical possibility of growth disturbance (although
this has never been reported with screw fixation of a lateral condyle fracture).
Although some clinical studies have compared the fixation methods, no previous
biomechanical studies have provided a biomechanical comparison [29].
Previously, Bloom et al. [30] performed biomechanical evaluation of Kirschner wire fixation for pediatric lateral condyle fractures. They compared the
stiffness and maximum force of Kirschner wire fixation constructs oriented in
convergent, parallel, divergent at 30 degrees, and divergent at 60-degree configurations. Testing was performed in extension, flexion, varus, valgus, internal
rotation, and external rotation. Statistically significant differences were noted in
varus, internal rotation, and external rotation. Among the various 2-pin constructs, K-wires placed divergently at 60 degrees were determined to provide the
greatest biomechanical stiffness.
OALib Journal
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Two studies have compared clinical use of Kirschner wire and screw fixation
for pediatric lateral condyle fractures. Li et al. [31] compared 30 lateral condyle
fractures repaired with Kirschner wires to 32 fractures repaired with 3.5 mm
cannulated screws with an average follow-up of 39.4 months [2]. No statistically
significant difference in clinical outcome was noted; however, 5 infections occurred in the Kirschner wire group compared with none in the screw group. In
addition, 11 patients in the Kirschner wire group and 4 patients in the screw
group developed an obvious lateral prominence. Nine fractures repaired with
Kirschner wires and 2 repaired with screws experienced a 10 degree loss of elbow
extension. Gilbert et al. [32] in a series of displaced lateral condyle fractures requiring open reduction compared 41 patients treated with screw fixation and 43
patients treated with Kirschner wire fixation. They found decreased time to union, improved range of motion, and fewer complications in the screw fixation
group [3].
The present study compares the optimal 2 Kirschner wire configuration determined by Bloom and colleagues [30] with lag screw fixation and shows that
lag screws provide increased biomechanical stability at the fracture site. Testing
in tension was performed to simulate the force exerted by the extensor musculature, a commonly cited possible mechanism for displacement and poor healing
of lateral condyle fractures. In tension, screw fixation was biomechanically superior to Kirschner wire fixation both in terms of stiffness and maximum force
required to achieve displacement, as expected. Testing in compression was performed to simulate the mechanism of failure described by the radial head
“pushing off” the fracture fragment. Compression testing showed smaller increases in maximum force with screw fixation, and no statistically significant
difference in stiffness. The more similar biomechanical performance of the 2 fixation methods in compression is consistent with expected characteristics [29].
Contrary to all above literature, of late, some authors reported satisfactory results of osteosynthesis in old fractures and established nonunion of lateral humeral condyle in children, and advocated the fractures to be entertained with reduction and fixation with bone grafting before physeal closure. Smith [33]
treated established nonunion of lateral humeral condyle with cubitus valgus deformity using ilizarov apparatus and found 53.5% excellent result, 39.3% good
result, and 2% fair result with mean postoperative humerusulna angle as 6˚.
Roye et al. [11] treated 4 cases of established nonunion of fracture lateral humeral condyle and found satisfactory results, and advocated that established nonunion of fracture can be safely treated with osteosynthesis. Agarwal et al. [23]
retrospectively studied the outcome of attempt of osteosynthesis in 22 children
presenting late with lateral condyle fracture of humerus. Their study showed
high rate of union and satisfactory elbow function in late presenting cases. There
was poor correlation between patient’s age, duration of late presentation, Milch
type and elbow function (Case 7, Figure 4). Shimada et al. [34] treated 16 patients of established nonunion presented with symptoms as cubitus valgus deformity, apprehension to use the limb, weakness, and lateral instability. Open
OALib Journal
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reduction and internal fixation with bone grafting was performed and found excellent results in 8 patients and good results in 7 patients. Moorhead [37] observed nonunion of lateral condyle of humerus for 17 years and reported good
functions of elbow Contrary to fearing that the dicey situation of over release
and over pulling might compromise the vascular supply of fragment, Gaur et al.
[35] advocated a technique of making multiple incisions in the common extensor aponeurosis for easy reduction of fragment. There was one patient with AVN
in this study (Case 15, Figure 5).
Ali and Tahir [36] fixed 18 fractures lateral condyle 3 to 12 weeks old with
Kirschner wires with average duration of follow up of 15 months and noted excellent results in five patients, good in three, fair in six and poor in four patients
using Modified Aggarwal et al. Criteria. They concluded that open reduction and
internal fixation is an effective treatment in fractures of lateral condyle of humerus in children presenting between 3 to 12 weeks after injury. In another local
study fifty children with neglected fracture lateral condyle were fixed with Kirschner 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 fracture lateral humeral
condyle presented up to 12 weeks after injury were fixed with Kirschner wires
and the results were assessed by Modified Aggarwal et al. criteria after follow-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 fixation is an effective treatment in all cases of displaced fractures of the
lateral condyle of humerus 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. Sarafand and Khare [6] in a series analyzed their results in 16 patients with lateral condylar humeral fractures 5
- 12 weeks old using criteria defined by Agarwal et al. They observed excellent

Figure 5. (Case 15). Post-operative 12 weeks with avascular necrosis.
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to good results in 6, fair in 6 and poor results in 4 patients. They concluded that
open reduction and internal fixation is recommended in all cases of displaced
fractures of the lateral condyle of the humerus presenting at up to 12 weeks post
injury. However, the results become poorer with increase in duration after injury
and the grade of displacement.
In our study, excellent results were achieved in 38.1%, 33.3% in Good, 14.3%
in Fair, and 14.3% in Poor. Comparison of accepted result in time of injury to
Operation 3 - 6 weeks better than 6 weeks with P Valuate 0.001387 (see, Table
3).
There was high rate of union and satisfactory elbow function in late presenting lateral condyle fractures in children following osteosynthesis attempt. The
study showed poor correlation between patient’s age, duration of late presentation or Milch type I or II and final elbow function as determined by LES. Our
study noted only one patient with post-operative AVN of lateral condyle (Figure
5). Watt enbarger [8] fixed 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. Three patients had occasional pain.
The 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 posteriorly.
Even children without anatomical reduction had functional arms with little or
no pain. Weiss [37] reported that 3.8% of patients developed skin infection
around Kirschner wires while Chao Li [38] reported this to be 16.7%. In our
study, skin infection around the Kirschner wires occurred in 9 (36%) patients,
while no patients developed skin infection over the cancellous screws. Thus it
indicated that more infection in patients occurred with percutaneous Kirschner
wires than screws. Therefore, it is suggested that skin care should be done to
prevent skin infection. Oral antibiotics and wound care should be given in
treatment for infection.
Mahmood et al. [39] shown that, five Kirschner wires in four fractures were
found to be loose because the Kirschner wires did not pass through the cortex of
the opposite side. Therefore, we recommend that the double cortex fixation of
smooth Kirschner wires is necessary when the Kirschner wire is used for fixation. Mild local deformity was noted in 2 (8.6%) patients with Kirschner wire
fixation of the fracture while none in the screw fixation patients in our study.
Thomas [21] reported that 40% of patients with Kirschner wires had an obvious
prominence over lateral humeral condyle, while Chao Li [38] reported this to be
36.7% of patients with Kirschner wires and 12.5% of patients with screws and
they thought that relatively low stabilization of fracture with Kirschner 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 metaphyseal
fragment should be protected and wide dissection avoided. Our study has limitation of a small sample size, heterogeneity, and the shorter follow-up period of
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some of the cases. Almost all of our patients had yet to gain their pubertal
growth spurt, and obviously longer studies need to be taken to find the behavior
of the lateral condylar epiphysis and alteration in function with remodeling. It is
highly desirable to keep these patients under longer follow up.
Whilst there is a consensus about the management of fractures treated early,
fixation of delayed fractures is surrounded by confusion. A late presentation
leads to difficulty in management due to displacement of the fragment as a result
of the pull of the common extensors, incongruous reduction of articular surfaces, injury/early closure of the epiphyseal growth plate, and possible damage to
vascular supply.
Lagrange and Rigault showed that the blood supply to the lateral condyle enters by its soft tissue attachments, particularly posteriorly at the origin of the
long extensor muscles, and disruption of this will destroy the vessels and render
the condyle ischaemic [40].
Jacob et al. [3] contended that the results of open reduction and internal fixation > 3 weeks after the fracture did not show better results than those of no
treatment at all and may result in AVN of fragment.
Soft tissue dissection during surgery can be a factor affecting healing of these
fractures. As the blood supply to the lateral condyle enters through the posterior
cortex [41] it is recommended to avoid posterior soft-tissue dissection during
surgery to prevent avascular necrosis.
Achieving anatomical reduction is often not possible because of remodeling of
the fragment, new bone formation, and sclerosis and smoothening of the fracture line. For these various reasons, in long standing untreated nonunion, reduction of the fracture has been a concern. With higher grades of displacement, it
sometimes becomes impossible to bring the fragment into normal position
without stripping the soft tissue attachments on the displaced fragment. As extensive soft tissue dissection may lead to avascular necrosis of the fragment,
many recommend that these fractures should be left alone [3] [42].
Complications of nonunion viz, cubitus valgus deformity, lateral instability of
elbow, weakness of limb, radiocapitular malformation, tardy ulnar nerve palsy,
etc., Possibly, it avoids the future need of osteotomy and anterior transposition
of ulnar nerve (Case 12, Figure 6).
Dhillon et al. [4], Chao et al. [38], Zionts et al. [43] Speed and Macey [44] reporting uniformly bad results which included cubitusvarus and valgus deformities, osteonecrosis, nonunion and malunion, and loss of motion. They recommended that patients presenting late be left alone and any sequelae evaluated at a
late stage. Fractures that are operated upon after a delay are also complicated by
the presence of fibrosis, and callus formation. Preoperative stiffness that is found
in these cases is likely to affect the post operative result [4].
Osteosynthesis in situ could prevent valgus or varus deformity in most of the
patients. Premature growth arrest of fractured fragment may contribute to development of cubitus valgus deformity. Potential problem would be progressive
cubitus valgus deformity with relative shortening of the lateral column [14]. In
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(a)

(b)

Figure 6. (Case 12). Initial injury 10 weeks; (a) Pre-Operation; (b) Post-Operative 14
weeks.

this study, there were no premature growth arrest, and fishtail deformity and
none of the patients had ulnar neuropathy at latest follow-up. Because all fractures were classified as Milch type II, we could achieve osteosynthesis between
the metaphyseal fragments with epiphysis and distal humerus without physeal
damage. This results means that premature growth arrest of lateral condyle
could be avoidable with osteosynthesis in situ, especially in nonunion of Milch
type II fracture.
At the latest follow-up, meaningful angular deformitieswere found in 4 patients. This result was probably because osteosynthesis in situ could not correct a
preexisting angular deformity at the time of surgery. However, this presumption
could not be substantiated because we could not evaluate initial angular deformities of these patients exactly due to flexion contracture. In addition, we assumed that these deformities resulted from surgical technique itself. If the fracture fragment did not fit exactly to the distal humerus and a fracture gap still
remained even after tightening the Kirschner wire, cubitusvarus deformity will
develop. If the Kirschner wire was too tightened, cubitus valgus deformity would
occur. Therefore, we agreed with the opinion of some authors that if the patient
has an angular deformity at presentation or latest follow-up, concomitant or
staged corrective osteotomy should be considered [26].
Bony hump on lateral side of distal humerus was common radiographic abnormality. Metaphysis of displaced lateral condyle fragments could make bony
hump of lateral side of distal humerus. Although some authors noted that lateral
bony hump is usually only of radiographic significance without functional impairment [10], some patients and parents have concerns about its cosmetics in
case of marked lateral hump. In this study, lateral bony hump of variable size
was observed in 3 cases. Fortunately, none of children or parents in our study
complained about gross appearance of lateral bony hump. Although lateral bony
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hump seldom causes cosmetic problems, it should be kept in mind that the
children and parents might have concerns about gross appearance especially in
eminent cases [45].
It has been observed that nonunion and growth arrest more commonly result
from minimally displaced fractures than from markedly displaced and rotated
fractures, probably because severe fractures are treated more adequately with
surgery [14]. A late presentation leads to difficulty in management due to displacement of the fragment as a result of the pull of the common extensors, incongruous reduction of articular surfaces, injury/early closure of the epiphyseal
growth plate, and possible damage to vascular supply because of stripping of soft
tissue attachments (Case 15, Figure 5). For these reasons, when the patient
presents at 3 - 8 weeks, the controversy is with regard to whether to treat these
fractures by nonoperative or operative methods. If these fractures are treated
nonoperatively, the various possible complications are nonunion, malunion, deformity at the site, instability of the elbow joint, stiffness, cubitus valgus/varus,
and tardy ulnar nerve palsy (Case 7, Figure 3). In addition, precarious blood
supply to the fractured fragment due to excessive stripping of the soft tissues,
may result in avascular necrosis of the fragment [3] [46]. So the majority favor
management of established nonunion by no treatment as the functional problems are not very severe [3]. It is easier to treat cubitus valgus/varus at a later
date by corrective osteotomy or to treat tardy ulnar nerve palsy by ulnar nerve
transposition rather than to attempt a difficult reduction. Despite the inherent
risk associated with the surgery, there are reports in the literature of successful
outcomes of open reduction and internal fixation of these established nonunion
cases [24] [47]. The current controversy regarding the management of fractures
of the lateral condyle of the humerus presenting between 3 to 8 weeks excited us
to evaluate our results of open reduction and internal fixation of such fractures.

6. Conclusions
Osteosynthesis by Kirschner wire without bone grafting could provide solid
bony union and improve elbow function. We show that this technique is a safe
and effective procedure for growing children with relatively minimal displaced
and fresh nonunion of LCF. However, this technique could not prevent an angular deformity completely. Corrective osteotomy should be considered in patients with valgus or varus deformities.
Our study has some limitations, including retrospective nature and small case
series. Further, we included the patients with open physis and Milch type II
fracture. We could not draw any conclusion in patients with closed physis or
Milch type I fracture. Index operation was conducted in patients with relatively
fresh nonunion, which mean interval from injury to the operation was an average 6.3 weeks (range, 3 to 11 weeks). Thus, the current study does not imply that
this technique could provide excellent results for children with long standing established nonunion or nonunion after skeletal maturity. The long-term effects of
osteosynthesis in situ have not been studied in the present article because all patients could not be followed up until maturity. As the growth potential is still
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present in these patients, it may be meaningful to observe the progression until
maturity.
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