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Abstract
This retrospective cohort study was designed to validate the reliability of measurement of the lateral capitellohumeral angle (LCHA), an
index of sagittal angulation of the elbow, in healthy children. The results were compared to the Baumann angle (BA), which is a similar
concept to LCHA.
Sixty-two radiographs of the elbow in healthy children (range, 2–11 years) were reviewed by 6 examiners at 2 sessions. The mean

value and reliability of the measurement of LCHA and BA were assessed. Intraobserver reliability and interobserver reliability were
calculated using intraclass correlation coefficients (ICCs).
Themean LCHA value was 45° (range, 22° to 70°) and themean BAwas 71° (range, 56° to 86°). The ICCs for intraobserver reliability

of the LCHA measurements were almost perfect for 2 examiners, substantial for 3 examiners, and moderate for 1 examiner with a
mean value of 0.77 (range, 0.57–0.95). For BA measurements, the ICCs were almost perfect for 1 examiner and substantial for 5
examiners with a mean value of 0.74 (range, 0.66–0.83). The ICCs for interobserver reliability between the first and second
measurements were both moderate for LCHA (0.56 and 0.51) and for BA (0.52 and 0.50).
LCHA showed almost the same reliability in measurement as BA, which is the gold standard assessment for coronal alignment of

the elbow. LCHA showed moderate-to-good reliability in the evaluation of sagittal plane elbow alignment.

Abbreviations: BA = Baumann angle, CA = carrying angle, CI = confidence interval, HEWA = humerus-elbow-wrist angle, ICC =
intraclass correlation coefficient, LCHA = lateral capitellohumeral angle.

Keywords:Baumann angle, interobserver reliability, intraobserver reliability, lateral capitellohumeral angle, lateral humerocapitellar
angle, reliability
1. Introduction

Various radiographicparametersof the elbowhavebeenused for the
evaluationof surgical treatment of pediatric elbow fractures or other
disorders. Humerus-elbow-wrist angle (HEWA), carrying angle
(CA), and Baumann angle (BA) in the coronal plane, or shaft
condylar angle, humerocapitellar angle, anterior humeral line, and
coronoid line in the sagittal plane commonlyhavebeenused toassess
angular deformity of the elbow.[1–3] Recently, the intraobserver
reliability and interobserver reliability of HEWA, CA, and BA
measurements have been demonstrated.[2–7] On the contrary,
limited data are available to assess the reliability of measurements
of radiographic parameters in the sagittal plane.[2,5,8]
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An index of sagittal angulation of the elbow termed shaft
condylar angle, lateral humerocapitellar angle, humerocapitellar
angle, or humerocondylar angle has been reported.[1,9] In 2011,
Shank et al introduced the lateral capitellohumeral angle
(LCHA), which is the angulation between the humeral shaft
and capitellum in the pediatric elbow.[5] They demonstrated the
reliability of measurement of LCHA in 71 normal elbows by 5
testers, and its reliability was inferior to that of BA. The BA
measurement showed excellent intraobserver (correlation coeffi-
cient 0.86) and interobserver (0.80) reliability, while LCHA
showed good intraobserver (0.67) and fair interobserver (0.37)
reliability. They concluded that LCHA is not a reliable tool to
assess radiographic outcomes by multiple examiners and further
research is needed to better define sagittal plane angular
deformities. Nevertheless, LCHA gradually has been adopted
for the assessment of sagittal radiographic parameters of the
elbow in recent years.[1,10–12]

The purpose of this retrospective cohort study was to validate
the reliability of measurement of LCHA in healthy children. To
confirm the reliability of LCHA, the results were compared to BA,
which is similar in concept to LCHA and is the standard
assessment for axial angulation of the elbow.
2. Materials and methods

This study protocol was approved by our institutional review
board. From April 2007 to December 2015, 75 patients who
underwent surgical treatment for supracondylar fracture of the
humerus were retrospectively enrolled at our single institution,
which specializes in trauma surgery. According to the protocol of
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our hospital, radiographs of the uninjured elbow were taken at
initial injury because accurate diagnosis of pediatric elbow
fractures is sometimes difficult due to presence of the capitellar
physis. These normal radiographs were reviewed for this study.
Only patients <12 years of age were included because the
capitellar physis is closed in some patients over 13 years and
measurement of LCHA and BA is difficult.[1] Exclusion criteria
included patients with previous trauma or flexion contracture of
the uninjured elbow, congenital disorders, or unavailable
radiographs of the uninjured side. Exclusion criteria of
the previous study were adapted for this study: radiographs
that did not include coronal landmarks needed for measurement
were excluded.[3] A senior resident (MH), who did not participate
in the measurement, reviewed medical records and radiographs
of the 75 patients and enrolled radiographs according to the
criteria.
All radiographs were reviewed independently by 6 orthopedic

surgeons with different years of experience in our single
institution. The group included 2 hand specialists (KS and TS),
2 senior residents (TK and YO), and 2 junior residents (AM and
HT). The postgraduate experience of orthopedic surgeons in this
group was 23 and 13 years of the 2 hand specialists (observers 1
and 2), 8 and 6 years of the 2 senior residents (observers 3 and 4),
and 3 years of the 2 junior residents (observers 5 and 6).
Observers were informed that normal radiographs had been
obtained from the uninjured elbow of the patients with
supracondylar fracture of the humerus. The imaging review
was repeated twice in the same manner at an interval of 4 weeks
in a blinded fashion. Data of other reviewers were also blinded to
each reviewer for all measurements.
Figure 1. Lateral capitellohumeral angle.
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2.1. Measurement method of radiographic parameters

During the research period, anterior and lateral radiographs were
takenbyabout30 radiographers.Toensure lateralpositioningof the
elbow, all of the radiographs were made in a standard manner,
without the use of sedation, with the patient sitting in a chair with
elbows in 90° of flexion and the forearm in supination. Ante-
roposterior radiographsweremadewith the patient sitting in a chair
with the arm in full extension andwith the forearm in supination. A
senior resident (MH) selected radiographs for review and input the
identification numbers of the radiographs into computer software
(Excel 2010; Microsoft, Redmond, WA). These data were made
available to each observer and were used to generate digital
radiographic images thatwere then stored in a picture archiving and
communication system in our hospital. Digital electrogoniometers
linked toa computerwereused for angularmeasurements (Rapideye
Core,ToshibaMedical SystemsCorporation,Ohtawara, Japan).To
ensure that all evaluations were completed in the same manner, a
senior resident (MH) explained to all the reviewers before
measurement how to measure each parameter.

2.1.1. Lateral capitellohumeral angle. This is the angle between
the line along the anterior border of the distal humeral shaft and a line
along the open capitellar physis on the lateral radiographs (Fig. 1).[5]

2.1.2. Baumann angle. This is the angle between the longitudinal
axis of the humeral shaft and a line along the open capitellar physis
on the anteroposterior radiographs. A longitudinal axis of the
humeral shaftwasdeterminedbya line connecting themidpointsof
2 transverse lines (1 proximal and 1 distal) across the humerus that
connected the medial and lateral cortices (Fig. 2).[1,2,5]
Figure 2. Baumann angle.



Table 2

Intraobserver reliability and interobserver reliability of the mea-
surement of LCHA and BA.

LCHA BA

Intraobserver reliability
Observer (postgraduate experience of orthopedic surgeons)
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2.2. Evaluation

The main outcome of this study was intraobserver reliability and
interobserver reliability of the measurement of LCHA and BA.
We selected BA because its concept is similar to LCHA and BA is
the standard assessment for coronal angulation of the elbow.
Observer 1 (23 years) 0.89 (0.82–0.93) 0.75 (0.61–0.84)
Observer 2 (13 years) 0.79 (0.68–0.87) 0.75 (0.62–0.84)
Observer 3 (8 years) 0.61 (0.43–0.74) 0.66 (0.49–0.78)
Observer 4 (6 years) 0.57 (0.37–0.71) 0.83 (0.74–0.90)
Observer 5 (3 years) 0.79 (0.68–0.87) 0.72 (0.57–0.82)
Observer 6 (3 years) 0.95 (0.92–0.97) 0.70 (0.55–0.81)

Interobserver reliability
1st measurement 0.56 (0.46–0.67) 0.52 (0.41–0.63)
2nd measurement 0.51 (0.40–0.62) 0.50 (0.39–0.62)

The values are given as the intraclass correlation coefficients with the 95% confidence interval in
parentheses.
BA=Baumann angle, LCHA= lateral humerocapitellar angle.
2.3. Statistical analysis

The mean value and standard deviation of each radiographic
parameter was calculated using data from the first and second
acquisition sessions of all 6 raters. Intraclass correlation
coefficients (ICCs) for measurements of LCHA and BA were
calculated according to standard statistical methods. Single
measurement was used for intraobserver reliability (2-way mixed
model) and interobserver reliability (2-way random model). The
ICCs were classified as slight (�0.20), fair (0.21–0.40), moderate
(0.41–0.60), substantial (0.61–0.80), or almost perfect agree-
ment (0.81–1.00).[13] The ICCs for intraobserver reliability and
interobserver reliability were calculated with 95% confidence
interval (CI) using data from both the first and second acquisition
sessions. A prior sample-size calculation based on 6 raters, the
width of 95% CI of 0.2, and an ICC of >0.7, which is generally
considered to be significant, indicated that 47 samples were
needed.[14,15] Statistical analyses were performed using SPSS
software (version 23.0; SPSS, Chicago, IL).
3. Results

3.1. Patients

Of the 75 patients, a total of 62 patients were included for
eligibility and 13 patients were excluded: 7 cases with unavailable
radiographs of the uninjured side, 3 cases with unmeasurable
radiographs, 2 cases with previous trauma of the elbow, and 1
case with a congenital disorder (van der Hoeve syndrome). There
were no patients with flexion contractures of their elbows. There
were 45 male patients and 17 female patients with a mean age of
6.6 years (range, 2–11 years) at the time of injury. Radiographs of
the right elbow were used in 40 cases (65%).
3.2. Measurement of radiographic parameters

The mean values of each radiographic parameter categorized by
age, sex, and laterality are shown in Table 1. The mean LCHA of
the 62 patients was 45° (range, 22° to 70°) and the mean BA was
71° (range, 56° to 86°).
Table 1

Radiographic measurements categorized by age, sex, and
laterality.

LCHA, ° BA, °

Total 44.7±8.7 71.1±5.4
Age, y
2–6 (n=30) 43.9±9.4 72.3±5.2
7–11 (n=32) 45.5±7.9 69.9±5.3

Sex
Male (n=45) 43.1±8.2 71.2±5.5
Female (n=17) 49.0±8.4 70.7±4.9

Laterality
Right (n=40) 46.0±9.2 71.1±5.1
Left (n=22) 42.5±7.1 71.0±5.8

The values are given as the mean± standard deviation.
BA=Baumann angle, LCHA= lateral capitellohumeral angle.
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3.3. Intraobserver reliability and interobserver reliability of
the measurement

The ICCs for intraobserver reliability and interobserver reliability
for LCHA and BA are shown in Table 2. The ICCs for
intraobserver reliability of LCHA measurements were almost
perfect for 2 examiners, substantial for 3 examiners, and
moderate for 1 examiner with a mean value of 0.77 (range,
0.57–0.95). For BA measurements, the ICCs were almost perfect
for 1 examiner and substantial for 5 examiners with a mean value
of 0.74 (range, 0.66–0.83).
The ICCs for interobserver reliability between the first and

second measurements were both moderate for LCHA (0.56 and
0.51) and for BA (0.52 and 0.50).

4. Discussion

In this study, we performed radiographic measurements and
showed the reliability ofmeasurement of LCHAand BA in healthy
children. Intraobserver reliability and interobserver reliability of
LCHA measurements were about the same as that for BA.
Measurement methods for LCHA and BA have limitations.

These angles are defined by the axis of the humeral shaft and a line
along the capitellar physis.[1] Some investigators doubt the
reliability of BA because of the difficulty in identifying capitellar
growth and distal humeral bony landmarks.[2,16,17] Other authors
have indicated that the metaphyseal border is too irregular in early
adolescence,which canalter themeasurementofBA.[18] Shanket al
showed that the reliability of LCHA is lower at younger ages
because the capitellar physis is immature; its reliability is
consistently worse than the reliability of BA.[5] Despite such
problems, reliability of measurement for LCHA and BA are
theoretically same in a same patient. Our data demonstrated that
the theory that intraobserver reliability and interobserver
reliability are about the same between LCHA and BA.
To our knowledge, no earlier studies except Shank’s evaluated

the reliability of measurement for LCHA.[5] The intraobserver
reliabilities of our data and their data were roughly consistent:
0.77 vs. 0.67 for LCHA and 0.74 vs. 0.86 for BA, while
interobserver reliability is not consistent: 0.54 vs. 0.37 for LCHA
and 0.51 vs. 0.80 for BA. Other previous studies showed that the
ICCs for the BA measurement ranged from 0.77 to 0.98
(intraobserver reliability) and 0.37 to 0.96 (interobserver
reliability).[2,5,7,19] Reliability varies according to the study, with
a wide range in the value of ICCs, especially for the interobserver

http://www.md-journal.com
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reliability of BA. The wide range of ICCs can be explained by
different research settings in each study.[15] Though our study
settings (62 elbows by 6 testers) are relatively similar to Shank’s
(71 elbows by 5 testers), the inconsistency might be explained by
the different experience of testers. Interobserver reliability is
affected by the training or experience of testers. Other studies in
similar settings would help to interpret the association of
reliability of these parameters.
One limitation of this study is that subjects with supracondylar

fracture of the humerus were enrolled retrospectively and
radiographs of the uninjured side were used. As a result, the age
distributionwas not equivalent, 73%of the subjectsweremale and
65% of the evaluations were for the right elbow. Shank et al
enrolled patients with a similar distribution by age, sex, and
laterality.[5] The nonuniform distribution in our study could affect
the normal values and reliability of measurement. Therefore, we
cannot directly compare the results between the 2 studies given the
different conditions. We have only shown that intraobserver
reliability and interobserver reliability of LCHA measurements
were not inferior to that for BA in the same setting of this study.
Another limitation is that the number of radiographs is small to
show the normal value categorized by age, sex, and laterality.
In conclusion, LCHA showed almost the same intraobserver

reliability and interobserver reliability in measurement as BA,
which is the gold standard assessment for coronal alignment of the
elbow. We conclude that LCHA showed moderate-to-good
reliability in the evaluation of sagittal plane elbow alignment.
We consider the results of this study should be helpful to surgeons
selecting a sagittal radiographic parameter of the elbow in children.
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