
ORIGINAL RESEARCH PAPER

FUNCTIONAL RESULTS OF DISPLACED LATERAL CONDYLE FRACTURES OF 
THE HUMERUS WITH FOUR-WEEK K-WIRE FIXATION IN CHILDREN

Dr. Vikash M. 
Harinandan

MBBS, M.S. (Orthopaedics),  Senior Resident, Department of Orthopaedics,  Darbhanga 
Medical College & Hospital, Laheriasarai, Bihar.

Dr. Kunal 
Shankar *

MBBS, M.S. (Orthopaedics) [Hons.],  Senior Resident, Department of Orthopaedics, 
Darbhanga Medical College & Hospital, Laheriasarai, Bihar. *Corresponding Author

Dr. [Prof.] Laljee 
Chaudhary

MBBS, M.S. (Orthopaedics), D.ortho., Professor and Head, Department of Orthopaedics,  
Darbhanga Medical College & Hospital, Laheriasarai, Bihar.

INTRODUCTION
Lateral condyle fractures of the humerus account for 12% of the 
pediatric elbow fractures. Majority of them are injuries of growth plate 
with a Salter-Harris IV fracture pattern; and they are common in 
children between 2-14 years of age. These fractures may occur when a 
varus force is applied to the extended elbow. The fracture line extends 
toward the elbow joint, through the distal growth plate of the humerus. 
Various treatment methods are recommended according to the degree 
of displacement.

Immobilization in a cast and weekly controls by graphs are common in 
the treatment of non-displaced fractures or for those which are 
displaced for less than 2 mm. The objective in the displaced fractures is 
to obtain and maintain the continuity of the growth plate and joint 
surface, which requires open reduction and xation with K-wire in 
order to achieve it. Misunion or malunion is common in patients who 
were untreated or failed to be treated, which may result in deformity in 
the elbow, loss of motion, degenerative arthrosis, and late ulnar 
neuritis.

Several studies suggested immobilization of the elbow and xation 
with K-wires for an average period of 6-8 weeks following the open 
reduction of the displaced fractures. In our treatment protocol, the 
period for immobilization in a long-arm circular cast was three weeks, 
immediately followed by motion of joints and maintaining the xation 
with K-wires for another week. In the present study, efcacy of a four-
week K-wire xation was evaluated in the treatment of displaced 
lateral condyle fractures of the humerus.

MATERIAL AND METHOD
Eighty ve patients were treated by open reduction and internal 
xation in Department of Orthopaedics, Darbhanga Medical College 
and Hospital, Laheriasarai, Bihar between March 2018 to December 
2019 for lateral humeral condyle fractures. Of these patients, 69 
patients (19 girls and 50 boys; mean age 6.1 years; range from 2 to 12 
years) who were followed up were included in the study. The nal 
clinical and radiographic examinations of cases were performed after 
three years in average.

All injuries were associated with low-energy traumas, resulting from 

falls. No primary neuro-vascular injury was observed following the 
fracture.

Left elbow was involved in fty ve patients and right elbow in 14 
patients. Other injuries were present in addition to the lateral humeral 
condyle in six patients.

For evaluation of fractures, Milch and Badelon classications were 
used. In the Milch classication, anatomical position of the fracture 
and its relation with capitello-trochlear groove are evaluated. A Milch 
type I fracture extends through the ossication center of the lateral 
condyle and exits at the radiocapitellar groove whereas a Milch type II 
fracture exits at the medial of the capitellotrochlear groove. In Type II 
fractures, angulation as well as lateral traslation of the olecranon and 
upper fragment of the radius are present (Figure 1). In the Badelon 
classication, degrees of displacement are evaluated. A Badelon type I 
fracture is undisplaced, and a type 2 fracture is displaced <2 mm, and a 
type 3 fracture is displaced > 2 mm. A type 4 fracture is completely 
disconnected, and mostly displaced, even the fragment may be rotated. 
Patients were evaluated after a two-year monitoring period since it has 
been reported that bone remodeling and improvement in motion of 
joints are completed in two years in the elbow injuries of children.

During the nal examinations, all patients were interviewed and a 
thorough examination was performed.

Each patient was examined by the same physician. Clinical outcomes 
were evaluated according to the criteria by Hardacre et al. for the 
lateral humeral condyle fractures (Table 1) as well as the radiographic 
criteria. The results were rated as excellent, good and poor. The mean 
follow-up period was 39 months (range from 26 to 89 months).

Figure 1. Milch classification for the lateral condyle fractures of 
the humerus
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ABSTRACT
Objectives: We evaluated the radiographic and clinical functional results of four-week K-wire xation in the treatment of displaced lateral condyle 
fractures of the humerus.
Methods: The study included 69 children (19 girls, 50 boys; mean age 6.1 years; range 2 to 12 years) with displaced (>2 mm) lateral condyle 
fractures of the humerus.
All the patients were treated by open reduction and internal xation with two K-wires for four weeks. The fractures were classied according to the 
criteria by Milch and Badelon and functional results were evaluated according to the criteria by Hardacre et al. The mean follow-up period was 21 
months.
Results: No complications were seen in the early followup period. On nal evaluations, the carrying angles of both elbows were equal in 57 
patients (82.6%), with a mean difference of 5 degrees in 11 patients (15.9%). The range of motion of the humeroulnar joint on the affected side 
differed from that on the contralateral side in only 15 patients (21.7%) with a mean of 5 degrees. Radiographic evaluations showed overgrowth of 
the lateral condyle and new bone formation over the condyle in 33 patients (47.8%). Functional results were excellent in 54 patients (78.3%) and 
good in 15 patients (21.7%). Nonunion did not occur.
Conclusion: Treatment of displaced lateral condyle fractures of the humerus with open reduction and f o u r-week K wire xation proved to be 
efcient to achieve satisfactory functional results.
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Table : 1 Evaluation of treatment outcomes in humeral lateral 
condyle injuries (Hardacre criteria)

Radiographically, full lateral and full anteroposterior images of both 
elbows were obtained for all patients. Healing of fracture and potential 
complications were evaluated. Radiographic indication of healing is 
the visualization of the callus tissue around the fracture on the 
anteroposterior and lateral views of the elbow. Avascular necrosis, 
presence of non-union and misunion, and status of the lateral condyle 
growth plate were also taken into consideration during the evaluation 
of functional results.

Radiographs of the elbow were also evaluated in terms of rotational or 
angular deformities, and heterotopic ossication. Based on these 
observations, deformities of elbow were classied as normal, 
relatively cubitus varus, cubitus varus, pseudo cubitus varus and 
cubitus valgus. The carrying angle of the injured elbow is reduced in 
the relatively cubitus varus compared to the other elbow; but still 
above 0 degrees while in cubitus varus, the carrying angle is below 0 
degrees. In pseudo cubitus varus, the lateral condyle is very prominent 
in the elbow and it is similar to cubitus varus; but the carrying angles 
are the same at both elbows. In cubitus valgus, the carrying angle is 
increased compared to the other elbow.

RESULTS
According to the Milch classication, the fracture was of type 1 in two 
cases, and type 2 in 67 cases.

According to the degree of displacement, 15 of fractures were Badelon 
type 3 and 54 were Badelon type 4.

Open reduction and internal xation with K-wire were performed on 
the day of trauma in 47 patients, one day later in 12 patients, within 2 to 
7 days in seven patients and after one week in three patients (Figure 2). 
Cases treated within 2 to 7 days were late referrals to our clinic. One of 
the patients who underwent surgery following the rst week was 
treated by closed reduction and long-arm cast; he/she was operated at 
day 13 due to displacement determined in the fracture. The other two 
were late referrals.

Two K-wires were used for lateral humeral approach and xation in all 
cases; placed percutaneously, and the xation time was limited to four 
weeks. Percutaneous K-wires were removed without any need for 
clinical anesthesia at the end of the specied period.

No complication was observed during early period. The mean carrying 
angle in the fractured elbow was 8° (range from 0 to 15°), and 7.8° 
(range from 5 to11°) in the other elbow during the late monitoring 
period. These values had no signicant difference.

The carrying angles of both elbows were equal in 57 (82.6%) patients 
(Figure 2), with a mean difference of 5° in 11 patients (15.9%). Eight of 
these cases (11.6%) had relative cubitus varus, three (4.4%) had 
cubitus valgus. Only one patient (1.5%) had a difference of 11° in the 
carrying angle between the affected elbow and the other, who had 
cubitus varus. The intraoperative views showed that the reductions 
were anatomically performed and maintained. Following the removal 
of K-wires, no malunion or any arrest of growth in the lateral humeral 
growth plate was observed. According to Hardacre criteria, the 
functional results were excellent in 54 fractures (78.3%), good in 15 
fractures (21.7%). No poor result was obtained (Figure 2).

Lateral humeral condyle was clinically and radiographically more 
prominent in 33 patients (47.8%) due to formation of new and extra 
bones. Review of early radiographs demonstrated that the bone 

spicules are elevated from the lateral condyle. The spicules were 
probably osteoperiosteal aps, and the lateral prominence was 
depending on the formation of bone between spicule and lateral 
condyle, The lateral prominence was associated with deformity of 
pseudo cubitus in the elbow in 11 patients (%15.9).

The mean humeroulnar range of motion was 135° for both elbows. The 
humeroulnar range of motion was similar for both elbows in 54 
patients (78.3%), with a difference of 5° in 15 patients (21.7%). A scar 
tissue wider than 2 mm was evident in 35 patients (50.7%); however, 
patients didn't have any complaints.

DISCUSSION
Lateral condyle fractures of the humerus in children have a possible 
risk for complications such as misunion, non-union or angular 
deformities.

Therefore, most of the researchers recommend open or closed 
reduction and internal xation in minimally displaced fractures. Even 
in undisplaced fractures, open reduction and internal xation are 
indicated in order to prevent complications of any potential 
displacement.

Fractures can be classied by various methods. Among all, Milch and 
Badelon classications are easy to use and simple. Diagnosis for 
lateral condyle fractures of the humerus is made by means of 
anteroposterior, lateral and oblique radiographs of the elbow as well as 
attentive clinical examination.

Although arthrogram is helpful in more precise diagnosis, it may not be 
necessary in cases other than very young children as the lateral condyle 
of the humerus is ossied after two years of age.

Sometimes intra-operative ndings and radiographic images may be 
inconsistent. Radiographs and clinical evaluations were adequate to 
make diagnosis in our cases; and no unexpected nding was observed 
during the operation.

Figure 2. (a, b) Pre-operative and post-operative radiographs of a case. 
(c, d) Comparison of graphs with unaffected elbow after three years 
revealed equal carrying angles at both elbows. (e-h) Evaluation of 
functional results.

Two K-wires were used for xation in our study for all patients; 
however, cancellous bone screws can be used in fragmented fractures 
and in elder children. It is already known that adequate xation can be 
achieved with K-wire for such fractures even in adult patients. We 
achieved successful results with K-wires in all of our patients.

Time to remove the implant is very critical. Nonunion was not 
observed in 69 patients who were treated by open reduction and 
internal xation in the present study. However, non-union has been 
reported in cases with K-wires xation for a period of 6-8 weeks. 
Extension of the xation period with Kwire up to 8 weeks does not 
decrease the incidence of non-union. During the removal of K-wires at 
week 4, we observed formation of callus tissue in all patients, which is 
a critical and sufcient parameter in indicating the healing of fracture. 
The mean removal time of screw was six weeks (3 to 7 weeks) in a 
study by Mintzer et al. while other researchers reported a period of 3 to 
8 weeks. Thomas et al. removed the K-wires, which they used as 
xation material, at postoperative week 3. However, their results were 
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Excellent Ÿ Full of range
Ÿ Normal carrying angle and appearance
Ÿ No symptoms
Ÿ Complete healing of fracture 

Good Ÿ Efcient range of motion
Ÿ Loss of extension less than 15 degrees
Ÿ Mild and subtle deformity
Ÿ No arthritic or neurological symptoms
Ÿ Complete healing of fractures

Fair Ÿ Loss of motion to the extent of disability
Ÿ Alteration in carrying angle and prominent deformity
Ÿ Presence of arthritic or neurological symptoms
Ÿ Presence of nonunion or avascular necrosis



only based on non-union of the fracture, and no explanatory criteria or 
parameter was provided regarding the termination of the xation, and 
no functional result was described. Küçükkaya et al. suggested that 
xation period should be determined by taking the age of patient into 
consideration, and they terminated the xation within a range of 3 to 5 
weeks. Our suggestion is that K-wires should be removed when callus 
tissue is displayed in the anteroposterior, lateral and oblique 
radiographs, where this period was four weeks in our study. We believe 
that such a period is adequate to achieve satisfactory results, and the 
effect of any extra period on the union and outcome of the treatment is 
controversial.

We used only K-wires for xation purposes. While use of K-wires 
provides advantages of being easy and cheap, it has a disadvantage of 
requiring a second intervention in order to remove the wire. No pin 
tract infection associated with K-wire was observed in our patients. 
Some studies suggested alternative xation methods in the treatment 
of lateral humeral condyle fractures, however their effect on reducing 
the risk for infection is not well known.

One of the materials used for xation is a screw of 1.5-2 mm with 
poliglicolic acid. Another xation method is by short-grooved screws. 
Further studies are required to determine the superiority of current 
xation methods. The advantage of xation with screw over the K-
wire is the continuation of xation of the fracture during the 
mobilization of the elbow; but the power of xation is decreased after 
three weeks in screws with poliglicolic acid because of the dissolution 
of the material. The surgical technique should not be too agressive 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 synovia. In our cases, we used soft tissue dissection as least as 
possible to reduce the risk for avascular necrosis of the condyle.

We anatomically reduced the joint surfaces, xating them with two K-
wires.

During the nal follow-up, deformity was seen at 23 elbows (33.3%), 
with relative cubitus varus and subsequent prominence in the lateral 
humeral condyle in eight patients (11.6%), and cubitus valgus 
deformity in three patients (4.4%) with a mean angulation of 5 degrees. 
Although reduction of fracture was observed to be completed at the 
intraoperative graphs, a difference of 11° was observed in the angle 
between two elbows, and deformity of cubitus varus was developed in 
this case. All deviations over 10 degrees in the varus or valgus 
deformity are dependent upon the incomplete reduction of the fracture 
fragments during the operation. As proximal of the radius and 
olecranon frequently move to the lateral, particularly in Milch type 2 
fractures, reduction and xation of the fracture is of prime importance.

The fact that the valgus deformity is a more common complication in 
the lateral condyle fractures of the humerus can be associated with the 
lateral translation in type 2 fractures. But, varus deformity was 
relatively higher in our cases. It can be considered that the deformity 
resulted from the injury of condylar physis rather than complications 
related with reduction and xation. In our study, 11 patients (15.9%) 
had pseudo cubitus varus, which develops secondary to the 
overgrowth of the lateral condyle of the humerus due to fracture, and it 
is not an angular deformity. Cause of the lateral prominence is the new 
bone formation under the osteoperiosteal ab.

But, it cannot be correlated with the use of Kwire.

CONCLUSION
In conclusion, satisfactory functional results can be achieved after a 
four-week open reduction and xation with K-wire in the treatment of 
the displaced lateral condyle fractures of the humerus in children.
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