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ORIGINAL STUDY

Shaft-Condylar Angle for surgical correction in neglected and displaced lateral
humeral condyle fracture in children

Pornchai MuLpPrUEK, Chanika ANGSANUNTSUKH, Patarawan WoORATANARAT, Paphon SA-NGASOONGSONG,
Tulyapruek TawonsawATRUK, Pongsthorn CHANPLAKORN

From the Department of Orthopedics, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Purpose : To assess the outcome after using the Shaft-
Condylar angle (SCA) as intraoperative reference for
sagittal plane correction in displaced lateral humeral
condyle fractures in children presented 3-weeks after
injury.

Methods : Ten children, with delayed presentation of
a displaced lateral humeral condyle fracture and un-
dergoing surgery during 1999-2011, were reviewed.
The goal was to obtain a smooth articular surface
with an intraoperative SCA of nearly 40° and nearest-
anatomical carrying angle. They were allocated into
two groups according to the postoperative SCA
[Good-reduction group (SCA =30-50°), and Bad-
reduction group (SCA < 30°,> 50°)] and the final out-
comes were then compared.

Results : All fractures united without avascular ne-
crosis. The Good-reduction group (n = 7) showed a sig-
nificant improvement in final range of motion and
functional outcome compared to the Bad-reduction
group (n=3) (p=0.02). However, there was no sig-
nificant difference in pain, carrying angle and overall
outcome between both groups.

Conclusion : SCA is a possible intraoperative refer-
ence for sagittal alignment correction in late present-
ed displaced lateral humeral condyle fractures.

Keywords : lateral condylar fracture ; fracture distal
humerus in children ; shaft-condylar angle ; neglected
fracture ; displaced fracture.
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INTRODUCTION

Neglected displaced lateral condylar fracture of
the humerus in children is a rare traumatic injury
with only a small number of case series in litera-
ture (1,3,4,7,9,15.16,18,21,23). Furthermore, treatment
of this condition remains one of the controversial
and difficult problems in pediatric elbow fractures.
Conservative treatment potentially yields poor
functional outcome while surgical treatment also
carries significant risks of postoperative complica-
tions such as avascular necrosis (AVN) of the lat-
eral humeral condyle and residual postoperative
deformity.

Earlier studies reported on the difficulty in surgi-
cal management caused by anatomical distortion
from the callus, fibrous scar and the indistinction of
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bony edges (4,5,7.8,10,11,14,19,20,23). Beside this, the
risk of vascular impairment of the lateral condyle
fragment due to extensive dissection of the posteri-
or soft tissue attachment has also been reported,
particularly in the treatment between 3 and 6 weeks
after injury (4,10,11). Nevertheless, possibly due to
the improvement in surgical techniques, several
recent studies showed satisfactory outcomes with
open reduction and internal fixation (ORIF) in the
late presented cases (1,3,6,8,9,12,15,18,21,22).
Although the aforementioned studies supported
better outcome of the surgical treatment, the opera-
tive intervention in late presented displaced lateral
humeral condylar fractures is still a very challeng-
ing procedure because it needs to restore the small
and hardly identifiable displaced fragment to a near-
ly anatomical position in the situation of a limited
exposure of the lateral condylar fragment. There-
fore, the previously recommended goal of fracture
reduction is not to create perfect anatomical reduc-
tion, but to achieve an acceptable reduction by using
some intraoperative references such as articular
surface continuity, contralateral carrying angle, and
intraoperative range of motion (75,27). Nevertheless,
through our knowledge, these previously recom-
mended intraoperative references only concern the
coronal plane correction by using the carrying angle
without attention to the deformity in the sagittal
plane (3,9,15,16,18,21). Therefore, we adopted an ad-
ditional intraoperative assessment technique using
the shaft condylar angle (SCA) (Fig. 1) (13), mea-
sured by image intensifier, to facilitate the deformi-
ty correction in the sagittal plane and evaluate the
optimal sagittal plane deformity alignment. This
report aimed to evaluate the long-term outcome of
neglected and displaced lateral condylar fractures of
the humerus in children after surgery with attempt-
ed sagittal plane deformity correction, and to corre-
late the clinical outcome with postoperative SCA.

MATERIALS AND METHODS

Between 1999 and 2011, ten children with a displaced
(more than 4 mm.) lateral condylar fracture of the
humerus presented longer than 3 weeks after the initial
injury were recruited. All patients had pain and stiffness
at the affected elbows. An ORIF with Kirschner wires,
was performed by either the first author (n=9) or the

Fig. 1. — Schematic picture showing the shaft-condylar angle
(SCA) measurement on lateral radiographs of the elbow. SCA
angle is the angle between the axis of distal humerus shaft and
axis of the distal humeral condyle.

second author (n = 1). The aims of the surgical restoration
were to obtain a nearly 40-degree SCA (Fig. 2), a nearly
anatomical carrying angle and smooth articular surface
continuity without extensive dissection of the posterior
soft tissue attachment. This study had been reviewed and
approved by our institutional board review, based on the
Declaration of Helsinki. Informed consent, for publica-
tion of individual clinical details, was obtained from the
parents or guardians of all patients who participated in
this study, before the surgery was scheduled.

Clinical examination was performed in all cases. Pain
and range of motion of the injured elbow were recorded.
The carrying angle on the normal side was measured
with a goniometer and then used as the reference for the
deformity correction in the coronal plane.

Pre-operative radiographs were used to evaluate the
degree and type of displacement according to Jakob et
al (11), and Wadsworth (20). The fractures were also clas-
sified using Badelon’s criteria (2). The inclusion criteria
were the cases with displacement in both antero-posterior
and lateral radiographs of more than 4 millimeters with
or without rotation of the distal fragment.

The lateral approach was used in all cases. The fascia
overlying the extensor tendon was incised, and the exten-
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Fig. 2. — A case example of late-presented lateral humeral condyle fracture (LHCFx) in a 6-year-old boy
16 weeks after injury. A. preoperative radiographs show displaced non-union LHCFx with myositis ossificans
formation anteriorly, B. Preoperative shaft-condylar angle (SCA) measured 105 degree, and C. Intraoperative
SCA was used as a guide to reduce the fracture into nearly anatomical position (48 degree).

sor muscles were identified and retracted. The first step
was to identify the fracture site and articular surface.
Because of the anatomical distortion, the fibrous scar and
callus on the anterior surface of the distal humerus were
carefully removed in order to clearly visualize the frac-
ture site and articular surface. As a rule, the posterior soft
tissue attachment of the condylar fragment was preserved
in all cases.

The second step was preparation of the lateral condy-
lar fragment for reduction. This included identification of
the condylar surface and mobilisation of the fragment by
dissecting the soft tissue scar attached to the displaced
lateral condyle without removing the posterior soft tissue
envelope. As all of the fractures were presented late, the
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whole articular surface of the condylar fragment was
always covered with a fibrous membrane that must be
carefully removed. The round contour, as well as the ar-
ticular surface of the lateral condyle in all cases, was
found to be preserved. At the third step, the condylar
fragment was re-aligned, approximated, and temporarily
fixed to the distal humerus with a Kirschner wire by
using references as a smooth continuity of the articular
surface and the nearest normal carrying angle. At this
stage, the position of the lateral condylar fragment and
the quality of reduction were verified by using the SCA
measured from the true lateral view on the fluoroscope.
The ultimate goal was that this angle should be near
40 degrees as much as possible. Then the definitive
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fixation was done by using at least 2 Kirschner wires
depending on the stability of the fragment. After wound
closure, the elbow was immobilised with a long arm slab.

Postoperatively, the patients were allowed for active
wrist and shoulder range of motion exercises and then
followed up periodically in the first six weeks for bone
union. The Kirschner wires and slab were removed at the
fourth week postoperatively.

All of the patients were followed up for at least a
2-year period and the examination of the elbow was per-
formed and recorded in every appointment session. The
patients and parents were asked about the level of pain
and their satisfaction. The examination included inspec-
tion for the appearance of the lateral prominence of the
affected elbow, palpation to identify the area of tender-
ness, measurement of the carrying angle on both sides,
range of motion of the elbow and neurological examina-
tion. Pain, range of motion, carrying angle, and neuro-
logical status were then classified according to the criteria
of Dhillon et al (4) and a clinical score was awarded as
excellent, good, fair, and poor.

Radiographs at each follow up period were analysed
for the SCA, the lateral spur and overgrowth, the fishtail
deformity and the evidence of AVN. The SCA was
measured by the first and the second author from the true
lateral radiograph where the condyle or capitulum was
clearly seen and not concealed by the part of the olecra-
non. The average angle between the two measurements
was used. Then the SCA was classified into 2 categories :
good reduction (30-50 degrees), and bad reduction (less
than 29.5 degrees or more than 50.5 degrees) (Fig. 3).

The analysis was carried out using Statistical Package
for Social Science (SPSS version 17.0 for windows ;
Chicago, IL, USA). Continuous data were presented as
mean and range. Categorical data were presented as pro-
portion. Fisher’s exact test was used to compare the out-
comes between good reduction group and bad reduction
group. A p-value of less than 0.05 was considered as sig-
nificant.

RESULTS

Ten patients with displaced (more than 4 mm)
lateral condylar fracture of the humerus more than
3 weeks after initial injury included seven boys and
three girls. The average age was 4.5 years (range
1.75-10.5 years). Six fractures (60%) involved the
right elbow and four (40%) the left elbow. The aver-
age time from the injury to surgery was 8.8 weeks
(range 3-17 weeks). The average duration of follow-

up was 3.7 years (range 2-11 years). All fractures
were displaced more than 4 mm. and classified as
Badelon type IV. Nine cases (90%) were classified
as Salter & Harris type II and one (10%) as type IV.
Preoperative evaluation showed severe limitation of
elbow movement in all patients (Table I).

The clinical and radiographic examination on
follow up showed union at the fracture sites in all
cases. No AVN was observed. Postoperative pain
was observed in one case (10%, No. 5), which oc-
casionally occurred after performing heavy activity.
Postoperative range of motion was improved in all
cases. Six patients (60%, No. 1, 2, 3, 8, 9, and 10)
had full flexion and extension of the affected elbow
while the other four cases (40%, No. 4,5, 6, and 7)
had remarkable improvement. Pronation and supi-
nation were full in all cases. The carrying angle
compared with the normal side was increased in six
cases (60%). Radiographs demonstrated physeal
growth arrest in all. The other four cases (40%) had
the same carrying angle as compared to the normal
side. No varus deformity was observed. Six cases
(60%) showed a lateral prominence on examination,
classified as a large bony prominence in 2 cases
(20%) and slight prominence in 4 cases (40%).
Another 4 cases showed a normal appearance. The
average of the SCA at follow-up radiographs was
47.7 degrees (range 38-62 degree) (Table I).

They were allocated into two groups according
to the postoperative SCA [Good-reduction group
(SCA =30-50°), and Bad-reduction group (SCA
< 30°,> 50°). Regarding postoperative SCA, 7 pa-
tients (70%, No. 1, 2, 3, 5, 8, 9, and 10) were
allocated into the Good reduction group and 3 pa-
tients (30%, No. 4, 6, 7) into the Bad reduction
group. After grading by Dhillon’s criteria, the Good
reduction group (n =7) showed excellence in pain
and range of motion in 6 cases or 86%, 29% excel-
lence in carrying angle (n =2), 86% excellence in
functional grading (n = 6), and 29% excellence in
overall grading (n =2). The Bad reduction group
(n =3) revealed 100% excellence in pain (n = 3),
67% excellence in carrying angle with 0% excel-
lence in range of motion, functional and overall
grading (n = 0). The Good reduction group demon-
strated significant improvement in range of motion
and functional grading outcome compared to the
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Fig. 3. — Good and bad case examples. A-B. Good reduction case example of lateral humeral condyle fracture
(LHCFx) 14 weeks after injury in a 4-year-old boy (case no.2) : preoperative (A) and 4-year postoperative
radiographs (B) with shaft-condylar angle (SCA) as 42 degrees, C-D. Bad reduction case example of LHCFx
16 weeks after injury in a 4-year-old boy (case no. 6) : preoperative (C) and at 5-year postoperative radiographs
(D) with SCA of 54 degrees.

Bad reduction group (p =0.022 and 0.017 respec-
tively). However, there was no significant differ-
ence in pain, carrying angle and overall grading
outcome (p =0.54, 0.31, and 0.33 respectively)
(Table II).

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, several studies
demonstrated a significant improvement in postop-
erative outcome and advocated some surgical tech-
niques in order to preserve vascularity of the lateral
condyle fragment and create intraoperative accept-
able reduction (7,3,/16-18). Nonetheless, the afore-
mentioned techniques did not provide a clear refer-

Acta Orthopeedica Belgica, Vol. 81 - 3 - 2015

ence for deformity correction in the sagittal plane
and studies had also not proven the correlation be-
tween the sagittal plane malalignment and the post-
operative functional outcome. Therefore, the aim of
this study was to evaluate the clinical outcome after
using the SCA as reference for the sagittal plane
correction and the correlation between the SCA and
postoperative functional outcome.

Intraoperative problems in the late presented
lateral humeral condyle fracture of the humerus
include : 1. Anatomical distortion from the fibrous
scar and callus needed to be carefully removed in
order to clearly visualise the fracture site and articu-
lar surface. 2. Need of preserving the posterior soft
tissue attachment of the lateral condyle. 3. Mobili-
sation and reduction of the lateral condylar frag-
ment into the nearest normal anatomy.

The previous recommended references for reduc-
tion are carrying angle, articular surface continuity
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Table I. — Patient’s preoperative characteristics and postoperative outcome

No. | Injury Age Time to |F.U.(yr)| Pain ROM* Carrying angle* Lat. prom | SCA*
1) Surgery Preop | Post-op | Normal Fracture side
(wk) (post-op)
1 325 5 11 N 0-60 0-140 10 18 no 50
2 425 14 45 N 30-90 0-140 6 12 yes 42
3 1.75 35 N 30-90 0-140 5 8 no 40.5
4 10.5 25 N 80-95 40-125 8 10 sl 62
5 3.25 16 2 Oc 70-90 0-120 5 sl 40
6 425 16 55 N 40-100 10-140 8 yes 54
7 6.75 17 2 N 70-90 20-130 5 18 sl 60
8 3.75 3 3 N 30-90 0-140 5 no 42
9 25 4 3 N 30-95 0-140 6 no 48.5
10 475 2 N 30-80 0-140 7 10 sl 38

F.U., follow up ; ROM, range of motion ; Preop, preoperative ; Post-op, postoperative ; Lat. prom, lateral prominence ; SCA, shaft-

condylar angle.

* : the value measured as degree ; N : no pain ; Oc : pain presented occasionally.

and congruity, as well as the use of position with the
greatest intraoperative range of motion (75,27). How-
ever, in our experience, using intraoperative motion
as a guide for the sagittal plane reduction may be
impossible in late presented lateral condylar frac-
ture cases with already a stiff elbow as demonstrat-
ed in our patients. This elbow stiffness in this condi-
tion is caused by fibrous scar contracture and
intra-articular fibrosis which requires dissection, es-
pecially in the patients with a markedly displaced
fracture. Moreover, this reduction technique de-
pends on surgical experience and needs multiple at-
tempts of temporary fixation to test and verify the
maximum range of motion gained, which is harmful
to the small lateral condylar fragment and affects to
the final stability after definite fixation.

Use of intraoperative SCA under fluoroscopy has
many advantages. First, the quality of reduction is
more reliable because of using an easier measurable
and well-known method. Secondly, the extensive
soft tissue dissection around the lateral condylar
fragment is not necessary. This is because the qual-
ity of the sagittal plane deformity reduction under
direct visualisation is replaced by the imaging de-
vice, and therefore, the surgical exposure could be
limited resulting in less soft tissue trauma. Thirdly,
multiple attempts of temporary fixation should be

avoided by this proposed technique and result in
better vascularity preservation and final stability.

The result from this study showed that this
modified intraoperative reference is reliable in that
the mean SCA in all cases was 47.7 degree, close to
the intraoperative reduction goal (40 degree). The
good reduction group (SCA 30-50 degree) also
demonstrated a significant correlation with better
range of motion and functional grading outcome
(Table II). Specifically, the SCA of more than
50 degree was directly associated with some limita-
tion of elbow extension (Table I). This might be ex-
plained by the excessive anterior or forward tilting
of the fragment resulting in an anatomical block of
the elbow extension. Additionally, the incidence of
having no AVN in our series also supported the
advantage of limited soft tissue dissection and
vascularity preservation with this technique.

Our data was comparable with the result of previ-
ous studies on late presented lateral humeral condy-
lar fractures in children (7,3,/6-18) and showed that
the surgical management in this group of patients is
possible and can be performed, as late as 3 weeks
after fracture, with satisfactory results (Table I).

Nevertheless, our study also has some limita-
tions. First, our sample size is small because the in-
cidence of this type of injury is rare and we included
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Table II. — The correlation between final outcome variables, rating by Dhillon’s criteria, and the shaft-condylar angle (SCA)

Clinical outcome variables

Rating by Dhillon criteria

p-value®

Excellent

Good

Fair Poor

Pain

Good reduction (n=7) 6

0.54

Bad reduction (n = 3)

Range of motion

Good reduction (n=7)

0.022%*

Bad reduction (n = 3)

Carrying angle

Good reduction (n = 7)

0.31

Bad reduction (n = 3)

Functional grading

Good reduction (n=7)

0.017*

Bad reduction (n = 3)

Overall grading

Good reduction (n = 7)

1 0 0.33

Bad reduction (n = 3)

@ : p-value calculated from Fisher exact test ; * : significant difference with p < 0.05.

only patients with severe displacement. There is
need for a larger study population in order to find
correlation between the SCA and other clinical out-
comes, such as pain or overall grading outcome, or
find the possible latest time for surgery. Secondly,
the exact pathophysiology of a large SCA and lim-
ited elbow extension is still inconclusive. Therefore,
a study with a larger population and dynamic ad-
vanced imaging might be required to identify the
cause of this finding.

CONCLUSION

Surgical management in neglected and displaced
lateral condylar fractures of the humerus in children
is a good treatment option. The satisfactory out-
come is obtained by meticulous surgical technique,
preserving vascularity and reducing the fragment
into the nearest anatomical position. From our
result, we recommended using the shaft-condylar
angle (SCA), as one of the intraoperative references,
for reduction in order to achieve a good range of
motion and functional outcome.
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