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Abstract— Purpose: Radiographic range of motion
measurement of the elbow has been shown to be both precise
and reliable. For this method to be used routinely in research
studies, it is important to describe its limits regarding: (1)
rotation of the arm from the perfect lateral position and (2) the
length of humerus and ulna visible on the radiograph.

Material and Methods: A 3D bone reconstruction was
performed from an upper limb CT scan. Planar radiographs
were simulated for rotations of the elbow within a range of
+300 from the perfect lateral position. The field of view was
modified, ranging from five visible centimeters of diaphysis on
the radiograph to full visibility of the upper limb.

Results: The disparity was less than 2.5° (mean=0.68°,
SD=0.43°) when the flexed arm was rotated between -30.0°
(external rotation, ER) and + 18.0° (internal rotation, IR).
When considering the extended arm, measured angles differed
by less than 2.5° (mean=0.79°, SD=0.57°) within a range of -
15.0° (ER) to +30.0° (IR). When a minimum of 12 cm of
humerus and ulna, from the capitellum, were visible on the
radiograph measured angles varied very slightly (mean
disparity of 0.71°, SD= 0.71°). Finally a qualitative description
of the appearance of the radiographs was included to help
surgeons estimate acceptable degrees of rotation.

Conclusion: Range of motion (ROM) measurement shows
consistent results, despite 15 to 30 degrees of internal or
external rotation. The middle third of the humeral and ulnar
diaphyses should be visible on the radiographs to ensure the
validity of measurement. Radiographic ROM measurement is
still recommended over the goniometer for research purposes
because of its high reliability and precision. Moreover,
malpositioning of the elbow should not jeopardize results since
it will most likely be an angle measurement variation of less
than 2.5°.

I. INTRODUCTION

Precise elbow range of motion (ROM) measurement is
critical for elbow integrity assessment [1, 2]. The goniometer
is frequently used due to its simplicity and accessibility.
However, a recent publication has shown that a radiographic
elbow ROM measurement is more reliable and precise than
standard goniometry[3]. This method uses bony landmarks,
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which are visible on lateral radiographs of the elbow, to
measure the flexion angle. Hence, it is less susceptible to
external factors such as the evaluator’s experience or arm
morphology. However, it presupposes that the arm is
optimally aligned on the radiograph.

The value of lateral radiographs for the diagnostic of
elbow displacement or fractures is well established [4-7].
Despite the high number of elbow radiographs required by
emergency doctors and orthopedic surgeons, a perfect lateral
radiograph is rarely seen. Skibo et al. reviewed 74
radiographs from a pediatric population and only 9% were
considered true lateral views [8]. In extreme cases,
malpositioning of the elbow during radiograph acquisition
leads to false condylar fracture diagnosis. The length of
humeral and ulnar diaphysis visible on the radiographs is also
known to vary considerably in clinical practice. The degree
of internal/external rotation and the length of bone which is
visible on the radiograph both influence the appearance of the
elbow and we hypothesize that it could alter the reliability of
the radiographic ROM measurement method. Hence, it is
essential to evaluate their impact on measured values to
validate the use of radiographic ROM measurement in
research studies. In this work, radiographs were simulated
with varying degrees of rotation and visible lengths of bone
to determine thresholds for which ROM measurement is
reliable. A description of the appearance of the distal
humerus in internal and external rotation will also be reported
to help surgeons estimate if the elbow is indeed placed in
neutral rotation on a lateral radiograph.

II. Material and Methods

A right arm specimen from a 50 year-old man without any
sign of musculoskeletal pathology, except for light
osteoarthritis on the humeral head, was used in this study.
The specimen was first scanned with the elbow in full
flexion with a slice thickness of 0.5 mm and spacing of 0.5
mm. The bones were then segmented using the SliceOmatic
software (Tomovision, Magog, Canada) and surface models
of individual bones were generated. Slight smoothing of the
surfaces was performed to provide a realistic visual
appearance of the bone models.

Axes for bone rotations and translations were set in
accordance with the International Society of Biomechanics
(ISB) guidelines for the definition of joint coordinate
systems [9]. According to these guidelines, elbow
flexion/extension was simplified as the rotation of the
forearm complex around the line connecting the lateral and
medial epicondyles [9, 10]. Humeral rotation axis, i.e.
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shoulder internal (IR) or external (ER) rotation, is defined as
the line joining the midpoint between the lateral and medial
epicondyle and the center of the humeral head [9]. Pro-
supination is the rotation of the radius along the line
connecting the centers of the radial and ulnar heads. [9].

Following the reconstruction process, the arm model was
placed in full extension using custom 3D visualization
software. Then, for each of the flexion and extension
positions, the forearm was placed in neutral position as
required by the ROM measurement technique[3]. The two
resulting arm postures were validated for morphologic
accuracy, i.e. congruity of articular surfaces, by a fellowship
trained elbow surgeon. For each arm posture simulated
radiographs were generated at varying degrees of arm
rotation and for varying visible bone lengths.

Simulated radiographs were generated using the same 3D
visualization software and processed in Matlab (The
MathWorks Inc., Nattick, USA) to simulate variations in
humerus and ulna lengths visible on film (Fig. 1).

Figure 1. Length restriction. Examples of simulated radiographs of the same
flexed elbow with various humerus and ulna shaft lengths visible. A) The
smallest frame dimensions: 5cm of bone from the capitellum appear on
film. B) 12cm. C) 28cm of the humerus are visible.

Twenty four (24) radiographs were produced, with visible
humerus and ulna lengths starting from the center of the
capitellum and ranging from Scm to 28 cm (with lem
increments between each simulation). On the 28 cm
radiograph, the ulna and radius are complete and the
beginning of the humeral neck widening is seen. The same
number of images were obtained for the fully flexed (n=24)
and extended (n=24) elbow.

Malpositioning of the arm on the X-ray table was then
simulated by applying varying degrees of IR and ER to the
humerus (Fig. 2).

018814

Figure 2. Rotation malpositioning. Simulated radiographs for different
degrees of rotation from a perfect lateral view of the extended elbow (0°).
A positive value represents an internal rotation whereas negative is assigned
to an external rotation.

The perfect lateral position of the elbow was assigned 0° of
humeral rotation. To our knowledge, no clear guidelines
exist for the definition of a lateral elbow radiograph, but
authors tend to agree that the trochlear sulcus and the
capitellum should appear superimposed, allowing a clear
view of the ulnohumeral articular space[8, 11]. The applied
humeral rotations ranged from -30° (ER) to +30° (IR), with
3° increments between radiographs, for a total of 21 images
for each position.

One blind observer measured the flexion angle on the 90
(2x24 + 2x21) randomly ordered radiographs. According to
the measurement method definition, the flexion angle is
formed by the dorsal mid-third edge of the ulna and the
dorsal edge of the humeral shaft[3] (Fig. 3).

Figure 3. Angle definitions. Radiographic flexion angle (a) is measured
from the dorsal edge of the humerus and ulna. Lines must be placed along
the mid-third portion of the shafts to avoid the distal humerus dorsal
angulation (b) and proximal ulna dorsal angulation (c).

III. RESULTS

Randomized images were analyzed with SliceOmatic
(Tomovision, Magog, Canada). The geometric model had a
terminal flexion (TF) angle of 157.50° and a terminal
extension (TE) angle of 20.10° as measured in ideal
conditions, i.e. in a perfect lateral position (0° of humeral
rotation) and with the full upper limb visible on the
radiograph (28 cm radiograph). These angles were
considered to be the true TF and TE values. Rotation angles
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were defined as positive for internal rotation (IR) and
negative for external rotation (ER).

There was a difference of less than 2.5° (mean=0.68°,
SD=0.43°) between the true and the measured value,
depending on the rotation of the flexed arm (TF) between -
30.0° and + 18.0°. For TE, measured angles differed by less
than 2.5° (mean=0.79°, SD=0.57°) within a range of -15.0°
to +30.0° (Fig. 4 — A, B).
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Figure 4 — A, B. Measured flexion angles. Bold lines represent the +2.5°
inter-rater error from the original 157.50° (TF) and 20.10° (TE) values. A)
Rotation simulation for the flexed elbow. Internal rotation is defined as a
positive value while negative angles are associated to external rotations. B)
Rotation simulation for the elbow placed in terminal extension.

The measurements are considered constant when more than
12cm of humerus and ulna are visible on the radiograph for
both TF and TE. Mean difference for TF is 0.68°
(SD=0.81°) and 0.71° (SD=0.71°) for TE. When the
radiographic frame dimensions were under those values,
there was more than a 2.5° difference with the true value.
Errors further increased with the extended elbow when only
5 to 1lcm of the humerus were visible, in which case the
measured differences ranged from 2.96° to 6.93° from the
true extension value (Fig. 4 — C, D).
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Figure 4 — C, D. Measured flexion angles. Bold lines represent the +2.5°
inter-rater error from the original 157.50° (TF) and 20.10° (TE) values. C)
Length variation for the flexed elbow. D) Length variation for the elbow
placed in terminal extension.

IV. DISCUSSION

The radiographic elbow ROM measurement method
previously assumed that the elbow is in a perfect lateral
position and that most of the upper limb is visible on the
radiograph. However, these conditions are difficult to meet
in clinical practice. This study aimed to describe the limits of
this method regarding (1) the malpositioning of the arm in
rotation and (2) the length of the humerus and ulna visible
on the radiograph.

The threshold at which a ROM measurement was considered
to be non-valid was set at 2.5°. This value was determined
by a previous reliability study on 200 elbow radiographs.
Two separate evaluators measured ROM on radiographs and
95% of their results differed by less than 2.5°.

For the arm model used in this study, radiographs had to
include a minimum of 12 cm of humerus and ulna for proper
ROM measurement. If less humeral shaft was visible, the
observer may have been misled by the dorsal angulations of
the distal humerus or proximal ulna. The dorsal angulation
of the distal humerus results from the anterior offset, which
is described as the anterior position of the condyles from the
humeral shaft axis on a lateral view[12] (Fig. 3). The
proximal ulna dorsal angulation (PUDA) has an average
value of 5.7° (range: 0 to 14.0°) and its apex is located at
47mm (34 to 78mm) from the olecranon tip[13]. Therefore
the observer should not rely on the first centimeters of
humerus and ulna closest to the elbow since both the PUDA
and anterior offset may result in underestimation of the
flexion angle (Fig. 4 — C, D).

The cutoff points of length and rotation (up to 30°) represent
extreme values which are rarely seen in clinical practice
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because such radiographs are usually rejected and the arm
repositioned. The middle third of the humerus shaft is
generally seen and a perfect lateral view is not needed.
Fifteen degrees of rotation, or more, on a radiograph is
easily detected and in such a case the arm can be
repositioned.

A. Qualitative observations

The risk of humeral rotation is greater when positioning the
upper limb on an x-ray table in an extended position rather
than a flexed position. In an extended position the humerus
can in fact easily rotate with minimal forearm movement.
On the contrary, malpositioning is easier to detect in flexion
because the hand is soon lifted from the table when the
flexed arm is in ER. Internal rotation (IR) is rarely seen in
flexion and it is very limited if the hand lies on the x-ray
table.

One can consider that an elbow radiograph is in a true lateral
position when the trochlear sulcus and the capitellum appear
superimposed[8, 11]. However, there is no criterion to
estimate the degree of rotation on a radiograph. Observation
of the appearance of the distal humerus can provide
estimates of whether the rotation is small enough to produce
an acceptable true lateral radiograph. First, the capitellum
can be identified, as it is always aligned with the radial head.
When it is the most anterior point of the distal humerus it
means that the elbow is in internal rotation or that the X-rays
are oriented in such a way that the radiograph is taken from
a postero-lateral angle. The opposite is seen for an external
rotation. In fact, as the elbow rotates, the radial head appears
to be in a posterior position and the trochlea moves forward.

B. Limits

It is important to note that only one cadaveric upper limb
was used in this study. A specimen with different bone
morphology could have given slightly different results. This
doesn’t jeopardize our conclusions since our results aimed to
explore the effect of malpositioning on the ROM
measurement. Of course, the 12 cm threshold is specific to
our specimen and would be different according to the arm
length. Consequently, measurement should be done on the
middle third of the diaphysis, even if it requires 8, 12 or 15
cm. Furthermore, the incidence of X-ray variations in the
cephalic-caudal orientation was not assessed. Our study
assumed that the X-ray beam had a perpendicular incidence
to the arm axis, yet this is not always the case in clinical
practice. Such malpositioning is less frequent and important
than IR or ER, so it is unlikely that it would have a great
impact on ROM measurement. Finally, this study used a CT
bone reconstruction to answer a 2-plane radiograph question.
This method could help to study other issues where the
position of the arm affects its radiographic apprearance. For
instance, displacement of bone fragments in fracture could
look differently according to the rotation of the elbow.
Hence the method we described in this study could serve
more than one purpose.

V. CONCLUSION

This study’s aim was to explore the limits of the
radiographic range of motion measurement method regarding
variations of radiograph size and arm rotation. Following
radiograph simulations on a C-bone reconstruction, this ROM
measurement method is still recommended over the
goniometer for research purposes for its high reliability and
precision. Precautions must be taken to use the middle third
of the diaphyses and not to rely on the PUDA or anteroir
offset of the distal humerus. Moreover, a perfect lateral view
is preferd but slight rotation is acceptable since it will most
likely result in angle measurement variations of less than
2.5°.
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