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Abstract

Purpose  Lateral condyle fractures of the humerus are com-
mon in the paediatric population, accounting for up to 20% 
of elbow fractures. Traditional management involves internal 
fixation with Kirschner (K)-wires, however, this has been as-
sociated with complications and insufficiently rigid fixation. 
Recently, cannulated screws have been proposed as a more 
stable method of fixation. While cannulated screws have been 
thought to allow earlier range of movement and shorten time 
to union, data regarding the biomechanical performance and 
optimal screw placement is scarce. We hypothesize that can-
nulated screw fixation is superior to K-wire fixation and screw 
placement can enhance the stability of the construct. 

Methods  Paediatric humerus sawbones with Milch II frac-
tures were fixed with one of three methods. Fractures were 
reduced with either a single cannulated screw either through 
the centre of the capitellum (oblique), or placed up the lat-
eral column across the growth plate (lateral), or fixed with 
two K-wires. Fixed sawbone fractures were then mechanically 
tested in two directions simulating in vivo forces.

Results  The lateral screw construct had a higher maximum 
force to failure, higher stiffness and absorbed higher energy 
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as compared with the K-wire fixation and oblique screw un-
der an anterior force. When loaded from the posterior direc-
tion, only the lateral column screw was better than K-wire 
fixation.

Conclusions  Screw fixation is a biomechanically effective al-
ternative to K-wire fixation, especially when placed up the lat-
eral column of the distal humerus. Further clinical studies are 
required before transcapitellar screw fixation can be adopted.
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Introduction
Lateral condyle fractures of the distal humerus are com-
mon in the paediatric population, accounting for up to 
20% of elbow fractures, and are the most common phy-
seal injury in this location.1-3 They are commonly classified 
using the Milch criteria in which injuries are character-
ized by a fracture line that passes from the posterolateral 
metaphysis of the distal humerus and extends into the 
apex of the trochlear.3

Milch type II fractures have historically been associated 
with a high incidence of early and late complications, 
including overgrowth of the lateral condyle, premature 
physeal closure, malunion, nonunion, tardive ulnar nerve 
palsy, physeal arrest leading to a so-called ‘fishtail defor-
mity’, and avascular necrosis particularly of the capitel-
lum.4-9

Traditional management of these fractures with 
displacement >2 mm has been internal fixation with 
Kirschner (K)-wires through either open or closed meth-
ods.10-17 However, K-wire fixation has been associated with 
a relatively high incidence of complications, including pin-
site infection, skin necrosis, pain and discomfort. Further, 
fixation with K-wires prevents early mobilization and does 
not provide sufficiently rigid fixation.

Recently, the use of cannulated screw fixation has been 
proposed as an alternative method of fixation that may 
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provide a more stable construct, allow earlier range of 
movement and shorten time to union.10,12-16,18,19 Screw fix-
ation can utilize the metaphyseal spike and not cross the 
growth plate, or alternatively be placed across the growth 
plate as are K-wires. Data regarding the biomechanical 
performance of screw fixation is scarce. One recent study 
concluded that screw fixation provided superior stability 
to divergent K-wires in a synthetic bone model of Milch II 
fractures.20 However, we feel that the biomechanical and 
fracture geometry modelling had subtle but important dif-
ferences to those observed in the clinical setting. Further-
more, optimal screw placement has yet to be examined. 
In this biomechanical sawbone study, we hypothesize that 
screw fixation will be biomechanically superior to wire fix-
ation and that the ideal screw position should be placed 
into the lateral column of the distal humerus across the 
growth plate.

Materials and methods
For this study, 48 paediatric sawbone humerus models 
(Model #1052; Sawbones, Vashon Island, Washington) 
were used. A custom-made jig was used to create a repro-
ducible fracture, with fracture osteotomies made with a 
0.5 mm kerf saw for minimal material loss. Three groups 
of fixation were created for comparison (n = 16 for each 
group). Fractures were fixed with either a single 4.0 mm 
partially threaded cannulated screw (stainless steel, length 
42 mm, 21 mm thread, #207.642; Synthes, North Ryde, 
Australia), a single 4.0 mm cannulated screw (stainless 
steel, length 50 mm, 25 mm thread, #207.750; Synthes), 
or a third group fixed with two 1.6 mm K-wires (Synthes). 
A custom-made jig was used to ensure that K-wire and 

screw insertion was reproduced consistently in each of the 
three groups. 

Mechanical testing was performed using an Instron 
5944 (Instron, Norwood, Massachusetts) with data 
collected using the accompanying BlueHill 3 software 
(Instron). A custom aluminium and epoxy cradle was 
made for clamping the model for each testing condition1. 
Anterior and posterior forces which replicate forces in vivo 
were applied to the fragment with models clamped to the 
respective cradles. Models were tested through five cycles, 
with a 1 kN load cell used to apply a force at a rate of 0.5 
mm/sec to a displacement of 2 mm. Force and displace-
ment were measured for analysis. Maximum load was 
calculated as the highest load recorded for each sample, 
stiffness was calculated as the gradient of the linear por-
tion of the curve and energy was calculated as the area 
under the curve.

Clinically, following fixation of lateral condyle fractures, 
the elbow is immobilized in approximately 90° of flexion. 
The two main forces acting on the fracture in this position 
are either an external rotation/posterior translational load 
exerted by the radial head or an internal rotation/anterior 
translation force from the common extensor muscles. A 
recent biomechanical study by Bloom et al21 also demon-
strated that Milch II fractures are most unstable when 
loaded in torsion, supporting the hypothesis that this is a 
pathway leading to failure of fixation. Thus, fixed fracture 
models were each tested using anterior and posterior forces 
(i.e. perpendicular to the long axis of the humerus). To rep-
resent these hypothesized modes of failure, the humeri 
were tested in both a posterior direction, with the force cen-
tered over the capitellum, and an anterior direction, with 
the force directed over the lateral supracondylar ridge.

Fig. 1  The mechanical testing jig cradle to support the compression testing of the fracture fragment in (a) the anterior direction and 
(b) the posterior position.
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Statistical analysis was conducted using GraphPad 
Prism (Version 6; GraphPad Software, La Jolla, Califor-
nia). Maximum force, stiffness and energy were recorded 
and averaged for each sample. Data distribution for each 
group was tested for normality using the D’Agostino and 
Pearson omnibus normality test. Following this, data was 
determined to be parametric and was analyzed by analysis 
of variance with post hoc analysis using Tukey’s multiple 
comparisons test.

Results
The Milch II lateral condyle fractures clinically observed at 
the Children’s Hospital at Westmead, NSW, Australia were 
found to conventionally feature a fracture line through 
the physis with sagittal and oblique components. A cut-
ting jig was built that would allow this fracture pattern 
to be recreated in all the sawbone humeri. Cut sawbones 
were anatomically reduced and held with either a single 
42 mm long partially threaded screw through the centre 
of the capitellum (oblique group), a single 50 mm long 
screw length placed up the lateral column (lateral group) 
or fixed with two 1.6 mm K-wires with 25° divergence 
placed bicortically (Fig. 2). Screw placement in the lateral 
column group was placed to avoid the capitellar ossific 
nucleus and olecranon fossa with a starting point just pos-
terior to the mid-sagittal plane of the humerus to allow 
an uninterrupted passage, while the screw in the oblique 
group passed at approximately 45° in the coronal plane 
on a trajectory through the capitellar ossific nucleus and 
olecranon fossa but not protruding into it. A custom jig 
was created that was able to insert the screw and K-wire 
fixation constructs reproducibly within groups. A total of 
48 synthetic humeri models were included for the final 
biomechanical analysis. These were evenly distributed 
into three groups containing 16 specimens.

To examine the effects of external rotation on the frac-
ture fragment, the reduced sawbone fragments were 
mechanically tested perpendicularly from the posterior 
direction (Fig. 3). In this loading direction, the oblique 
and lateral column screw positions had a higher maxi-
mum load than the K-wire group (130.9 N and 119.8 N 
versus 95.3 N; p < 0.01). The two constructs with differing 
screw placements were stiffer than fixation with K-wires 
(1028.2 N/mm and 956.5 N/mm versus 558.9 N/mm; p 
< 0.01). The energy absorbed in the oblique screw group 
was higher than lateral screw and K-wire groups (0.108 J 
versus 0.090 J and 0.075 J; p < 0.05 and p < 0.01, respec-
tively).

The fracture fragments were also loaded in an anterior 
direction, which was conducted to simulate internal rota-
tion (Fig. 4). The maximum load achieved in this direction 
was significantly higher in the lateral screw position than 
in the oblique screw or K-wire fixation methods (104.3 N 

versus 59.7 N and 66.2 N; p < 0.01). This pattern was also 
seen in the stiffness (1193.9 N/mm versus 870.5 N/mm and 
643.9 N/mm) and absorbed energy parameters (0.0554 J 
versus 0.0340 J and 0.0385 J), where the lateral screw fixa-
tion was superior to the other methods (p < 0.01). 

In both loading directions, the K-wire fixation was out-
performed by one or both of the screw fixation methods. 
In the posterior direction however, the most stable fixation 
was achieved by the oblique screw position. However, 

Fig. 2  Photographs and radiographs of the various fixation 
methods of the lateral condyle fracture model in the humerus. 
In the photographs, the black dotted line represents the fracture 
line.
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during testing it was also noted that there was minor frag-
ment displacement in the screw fixation groups that was 
a combination of rotation and translation of the fragment.

Discussion
Management of displaced paediatric lateral condyle frac-
tures continues to challenge the orthopaedic surgeon. 
While K-wire fixation has previously been the standard 
treatment for displaced lateral condyle fractures, the use 
of screw fixation has grown in popularity. Recent studies 
have reported faster union time in lateral condyle fractures 
that had undergone screw fixation when compared with 
K-wires.18 This is further clinical evidence for the use of 
screw fixation, as the significant growth disturbance cubi-
tus varus is thought to be directly proportional to fracture 
consolidation time.22

Multiple studies have examined the use of screw fixa-
tion in the lateral condyle clinically.10,13,15,18,19,23,24 However, 

little evidence is available regarding the optimal position 
of screw placement for lateral condyle fractures. Screws 
have been described as being placed through the centre or 
periphery of the capitellar physis, or through the metaph-
yseal portion of the fracture. We have found no data on 
results regarding screw position and currently the final 
decision rests with the preference of the treating surgeon.

Concerns regarding the risk of possible physeal arrest 
and angular deformity following screw fixation of Milch 
II lateral condyle fractures have not been conclusively 
answered in the literature. Three studies18-20,22 comparing 
K-wire with lag screw fixation of lateral condyle fractures 
did not report significant differences in physeal arrest or 
rates of avascular necrosis (AVN) between groups even up 
to ten-year follow-up.22 However, in the study by Li and 
Xu19 three out of four capitellar screws developed cubitus 
valgus without AVN, suggesting this position may create 
an impairment of growth on the capitellar physis. Several 
other studies have reported variable rates of AVN varying 

Fig. 3  The maximum load (a), stiffness (b) and energy absorbed (c) of humeral lateral condyle fractures loaded posteriorly to represent 
external rotation (*, p < 0.05; **, p < 0.01) (K-wire, Kirschner-wire).
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from 0% to 11%,10,13,15,18,19,21 however interpretation of this 
data remains hampered by the lack of long-term follow-up.

There is little evidence available regarding the biome-
chanical strength of screw fixation of lateral condyle frac-
tures. One recent biomechanical study of paediatric lateral 
condyle fractures (Milch type II) concluded that single 
screw fixation provided increased stability of the construct 
when compared with 60° divergent K-wires when tested 
axially.20 The authors are not aware of any studies investi-
gating an optimal screw placement for Milch II fractures.

This study demonstrates that fixation stability in lateral 
condyle fractures is dependent on interplay of fracture 
geometry, mode of fixation and position of components. 
Observation during testing indicated that displace-
ment was a combination of rotation and translation of 
the fragment, both of which cause displacement of the 
joint surface. We postulate that whilst the screws resisted 
translation better than wires, the fragment rotated around 
the single screw more readily when subjected to the off-

set force. Placing the screw up the lateral column allowed 
a longer thread to be used, improving stiffness in trans-
lation and also decreasing the moment arm between 
the  force through the lateral supracondylar ridge and 
the screw. Concordantly, this position also increased the 
moment arm to the centre of the capitellum, decreasing 
resistance to rotation in posteriorly directed capitellar 
force. Accordingly, the more oblique, shorter screw was 
less stiff in translation, resisted rotation from the capitellar 
force better and was more vulnerable to fragment rotation 
under a posterior force through the supracondylar ridge.

In comparison with other studies reported in the liter-
ature, our model had two important differences. Firstly, 
the fracture model we produced consisted of two distinct 
planes comprising of an oblique metaphyseal line and 
a vertical intra-articular component and varies from the 
commonly used classification systems in the literature. 
The current variety of classification systems of lateral con-
dyle fractures do not focus on the detail of the fracture 

Fig. 4  The maximum load (a), stiffness (b) and energy absorbed (c) of humeral lateral condyle fractures loaded anteriorly to represent 
internal rotation (**, p < 0.01) (K-wire, Kirschner-wire).
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geometry, with the attention being focused on displace-
ment patterns or the intra-articular location of the frac-
ture line. For example, the original Milch classification is 
dependent on the location of fracture line in the articular 
surface, and the integrity of what was described as the 
lateral trochlear wall.1 This is often simplified to Milch I 
fractures being those that have a fracture lateral to the 
trochlear groove and no elbow dislocation, and Milch II 
as those that have a fracture running medial to the troch-
lear groove. However, in our experience, intra-operative 
arthrograms typically demonstrate a fracture that con-
sists of an oblique metaphyseal component and a vertical 
intra-articular line and has previously been described by 
Weiss and colleagues.25 We feel this is particularly import-
ant as fracture geometry alters fragment stability espe-
cially when under compression with screws and therefore 
is an important feature to replicate in biomechanical mod-
elling. To our knowledge lateral condyle fractures have 
not been modelled in this way in biomechanical testing.

Secondly, we believe that the loading points on the 
fracture fragments used in this study are reflective of those 
seen when the child is immobilized or in a post-operative 
sling. Milch described three main mechanisms of lateral 
condyle fractures, either an abduction/compression (cubi-
tus valgus) or adduction/tension avulsion type (cubitus 
varus) force on the extended elbow perpendicular to the 
long axis of the humerus, or a force directed along the lon-
gitudinal axis of the humerus on a partially flexed elbow.3 
In our model, sawbone humeri were tested with either a 
posterior force directed through the centre of the capitel-
lum, or an anterior force centred over the lateral supra-
condylar ridge to mimic the pull of the common extensor 
muscle. Both forces replicated a torsional stress on the dis-
tal humerus and this has previously been shown to be the 
most vulnerable plane for lateral condyle fractures fixed 
with K-wires.21 A previous biomechanical study comparing 
K-wire fixation with screws in a synthetic model was done 
by applying a force directly through the pin or screw that 
was holding the fragment.20 In our model the forces were 
applied to the actual fragment itself and not the implant 
as we felt this more accurately reflected in vivo conditions.

Our study has limitations that are inherent of those 
associated with biomechanical testing. The model and 
testing conditions do not account for individual varia-
tions in bone age, size, quality and variation amongst 
fracture patterns. Fracture fixation and testing was also 
performed without the influence of surrounding soft tis-
sues which are likely to play a role both in the stability 
of the reduction as well as the mode of failure of fixa-
tion. Significantly, heterogeneity of the paediatric distal 
humerus with age-related composition of cartilage and 
ossification centres was not modelled. This limits appli-
cability of the model with regards to fixation strength, 

pull-out strength and fracture site mechanics. As there 
was a rotational component to displacement, the end 
point of testing of a 2-mm displacement at the site of 
force application does not necessarily correlate directly 
with the same displacement at the articular surface. 
Thirdly, force was applied to the capitellum using a 
flat testing plate surface rather than a more congruent 
surface replicating the radial head. While the centre of 
force is unlikely to have changed, it is conceivable that 
the concavity of the radial head may have resisted rota-
tion of the fragment better and better replicated in vivo 
conditions. Finally, our modelling did not allow for vari-
ation in fracture geometry and we acknowledge that 
in some circumstances the fracture geometry may not 
permit placement of a lateral column screw due to a 
short metaphyseal spike. We believe that lateral condyle 
fractures have a spectrum of morphologies potentially 
changing the behaviour of the fracture, however we have 
based our modelling on what colleagues have previously 
described25 and what is representative of the injuries pre-
senting to our institution.

In summary, this study demonstrates in a synthetic 
paediatric bone model the biomechanical advantage of 
using a laterally positioned screw for the fixation of Milch 
II lateral condyle fractures in comparison with either an 
obliquely positioned screw or two divergent K-wires. Fur-
ther research is required to examine if these findings are 
applicable to clinical practice and to assess if the use of 
screw fixation across the physis is associated with subse-
quent growth disturbance.
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