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Effects of Upright and Supine Radiograph on Shortening
and Displacement of Middle Clavicle Fracture

Sirisomboon Towiwat, MD?, Napol Ratanasermsub, MD*

! Department of Orthopedics, Sunpasittiprasong Hospital, Ubon Ratchathani, Thailand

Objective: To compare the difference in degree of shortening and displacement in middle clavicle fracture between upright and supine radiograph.

Materials and Methods: Two hundred fifty-nine patients with a median age of 36 years old and between 18 to 80 years with acute displaced
clavicular fractures that occurred within two weeks were included in the present study. Standardized upright and supine AP radiograph of bilateral
clavicles were obtained. The fractures were classified into three subtypes, simple for 85 patients, wedge for 123 patients, and complex for 51
patients. Shortening and displacement were measured and compared between the two positions.

Results: Shortening was higher in upright radiograph at 10.00 mm (-7.60 to 33.20) compared to supine radiograph at 6.90 mm (-11.80 to 21.40).
Median difference of shortening was significant at 2.60 mm (-8.30 to 21.10) (p<0.001). The differences of shortening were also significant, in
the three subtypes with simple at 2.40 mm (-5.60 to 11.70) (p<0.001), wedge at 2.20 mm (-8.30 to 21.10) (p<0.001), and complex at 4.60 mm
(-7.40 to 13.80) (p<0.001). Displacement was greater when measured on upright radiograph at 18.30 mm (4.40 to 36.40) compared to supine
radiograph at 8.20 mm (2.00 to 29.30). Median difference of displacement was significant at 8.10 mm (0.10 to 23.50) (p<0.001). The differences
of displacement were significant also the three subtypes with simple at 7.20 mm (0.10 to 20.40) (p<0.001), wedge at 8.70 mm (0.50 to 21.70)
(p<0.001), and complex at 12.20 mm (2.90 to 23.50) (p<0.001). The intraclass correlation was 0.91 (95% CI 0.88 to 0.93) for shortening, 0.86
(95% CI 0.75 to 0.92) for displacement, and 0.88 (95% CI 0.84 to 0.93) for OTA fracture classification, all indicating excellent agreement. The
number of patients who met operative indication, which was a shortening or displacement greater than 20 mm, in upright position were greater
than those in supine position.

Conclusion: Significant discrepancies in shortening and displacement of middle clavicle fracture among the positions were obtained in all fracture
subtypes. The ability of upright radiograph to demonstrate maximal shortening and displacement may influence the decision on the treatment
courses.
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Clavicle fractures are one of the most common
fractures, which account for 2.6% to 10% of all adult
fractures”. Approximately 80% of clavicle fractures
occur in the midshaft and often are displaced®.
Historically, the majority of clavicle fractures had
been treated non-operatively. This approach was
based on initial studies that reported a low non-
union rate of 0.1% to 0.8% in fractures treated non-
operatively®. On the contrary, more recent studies
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revealed that midshaft clavicle fractures with 100%
displacement are particularly at risk of non-union and
symptomatic malunion, hence requiring additional
treatment despite the initial interventions®. In a
systematic review, Zlowodski et al®. reported an
overall non-union rate of 5.9% for acute midshaft
clavicle fractures and 15.1% for displaced fractures.
Moreover, a recent report suggested that fracture
displacement and comminution are independent
radiographic risk factors for prediction of non-
union®. Because of poorer outcomes (higher non-
union rates, delayed recovery, and adverse sequelac)
associated with non-operatively treated displaced
midshaft clavicle fractures, operative fixation has
become increasingly more popular in recent years®.
Studies have shown improved functional outcomes
and decreased non-union rates with either plate
and screw fixation or intramedullary nailing”?.
The indications for surgery of midshaft clavicle
fracture have evolved based on factors such as
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fracture pattern, associated injuries, and patient
factors. The traditional absolute indications were
open fractures, neurovascular compromise, and soft
tissue compromise that indicated impending open
fractures. Other indications included fractures with
shortening or displacement greater than 2 cm, severe
comminution, multi-limb injuries, and young active
or athletic patients!'?. Operative decisions are based
on radiographic results. Displacement and shortening
are crucial factors in determining patients’ treatment
course. As a part of the initial evaluation, radiographic
assessment is performed to determine facture pattern,
shortening, and displacement. However, despite their
importance, the effects of patients’ positions (upright
and supine) during the time of radiographs on degrees
of fracture displacement and shortening has not been
elucidated®"1%!h,

The authors hypothesize that the difference
in deforming forces between upright and supine
radiograph might have a previously unrecognized
role in operative decisions. Considering the effects
that gravity has on the fracture alignment at the
time of radiographic evaluation, upright radiograph
may assess the severity of midshaft clavicle fracture
more accurately than supine radiograph in all
fracture patterns (simple, wedge, or complex).
This discrepancy may influence the decision on the
treatment courses.

Materials and Methods

The present study was approved by the
Institutional Research Ethics Committee of
Sunpasitthiprasong Hospital, Thailand (CA code
093/2564). All patients provided informed consent
prior to the data collection.

The observational study was conducted at the
Department of Orthopedics, Sunpasitthiprasong
hospital, Ubonratchathani, Thailand. Sample size
was calculated by using N4Studies application as
following formulat'¥:

2R2

N = (Z1-0/2 ;1'1‘221—[3) 0

N is number of study subjects

Z is the values from standard normal distribution
(Z=1.96 for CI 95%)

0 is the standard deviation of outcome variable
(from previous study SD=8.9)(14)

d is difference in means (20% of SD=1.78)

a is a signification level=0.05, f is a type Il error
probability=0.2 and power 80% were determined

The minimum number of subjects was 197.

Patients with clavicle fracture who went to
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emergency room of Sunpasitthiprasong Hospital
were recruited prospectively between January 2021
and June 2022. Eligible patients were at least 18
years old, presented with acute closed unilateral
displaced midshaft complete clavicle fracture that
occurred within two weeks after injury, without
signs of impending open fracture such as soft tissue
compromise, who were able to be positioned standing
upright and supine at the time of initial radiographic
exams. Patients were excluded if they suffered from
floating shoulder or multifocal shoulder girdle injury,
pathological clavicular fracture, associated brachial
plexus injury, or contralateral malunion clavicle.
Moreover, patients with insufficient radiographic
examination, improper radiographic position or
pregnancy were also ineligible.

Radiographic evaluation and protocol

The radiographs were made using EcoRay
SMS-CM-N, a digital radiographic device. Picture
Archiving and Communicating System (PACS),
Infinit G3 program, was employed to evaluate clavicle
fracture pattern and be used for all measurements.

The radiographic protocol included upright AP
clavicle view, which made the patient in a standing
position, hand close to body without hanging weight
and supine AP bilateral clavicle view. Both were
centered on the midline of the body at the level of
sternal notch. The beam was perpendicular to the
subject’s body. Source image receptor distance (SID)
was 100 cm. Proper quality of radiographs comprised
of adequate exposure, midline spinous process to
negate rotation, and clear coverage of both clavicles.

Measurement of shortening and displacement

Shortening or lengthening (mm) was determined
by the clavicular length difference between the
injured clavicle and contralateral uninjured clavicle.
Clavicle length was assessed by measuring the
distance between the center of the medial edge of
clavicle at the sternoclavicular joint to the most
lateral edge of clavicle! (Figure 1). A positive value
indicated shortening of injured side while a negative
value indicated lengthening of injured side.

Displacement (mm) was defined as the measured
distance between the midpoint of fracture line which
is drawn from fracture tip of upper outer cortex to
fracture tip of lower outer cortex of the most proximal
and distal fragments"'® (Figure 2).

Shortening and displacement were measured
from both upright and supine radiographs separately
(Figure 3). The fractures were classified based on the
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Figure 1. Shortening (or lengthening) (mm) was determined
by the clavicular length difference of injured clavicle side com-
pared to the contralateral uninjured side. Clavicle length was
assessed by measuring the distance between the centers of the
medial edge of clavicle at the sternoclavicular joint to the most
lateral edge of clavicle.

Modified from Backus D, Merriman DJ, McAndrew CM, Gardner M]J,
Ricci WM. Upright versus supine radiographs of clavicle fractures: does
positioning matter? ] Orthop Trauma 2014;28:636-41.

stR/cMM2 L

Figure 2. Displacement (mm) was the measured distance be-
tween the midpoint of fracture line (line between fracture tip
of upper outer cortex and fracture tip of lower outer cortex) of
the most proximal and distal fragments.

Modified from Backus JD, Merriman DJ, McAndrew CM, Gardner MJ,
Ricci WM. Upright versus supine radiographs of clavicle fractures: does
positioning matter? ] Orthop Trauma 2014;28:636-41.

Upright

Supine

Figure 3. Both shortening and displacement measurements
were obtained from upright and supine radiographs for each
patient.

AO/OTA classification system. All radiographs
were independently evaluated in a random order by
two blinded investigators, which included one senior
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orthopedic resident and one consultant orthopedic
surgeon. Both investigators performed a second
evaluation of the same data set one month after the
first measurements were performed. Final shortening
and displacement for each participant were the
averaged value between the investigators.

Statistical analyses

Descriptive statistics, including frequencies,
means, median, and standard deviations were
calculated. Tests of normality were based on
Kolmogorov-Smirnov formula. The Wilcoxon
signed-rank test was used to compare the median
of shortening and displacement between upright
and supine radiographs. The alpha level was set at
p-value less than 0.05. Apart from mean value, 95%
confidence intervals (Cls) were also calculated.
Mcnemar test was used to compare the number of
patients who have met operative indication, which
is the shortening or displacement of greater than 20
mm in supine position to upright position.

Intraclass correlation (ICC) in measurements
of displacement and shortening was assessed
between the investigators, using a two-way mixed
effects model and an absolute agreement definition
to evaluate the reproducibility of quantitative
measurements. ICC values were interpreted as less
than 0.40 for poor, 0.40 to 0.59 as fair, 0.60 to 0.74
as good, and 0.75 to 1.00 as excellent!'®. Median
shortening and displacement were eligible for
descriptive statistics and further statistical analyses
only when the ICC values were excellent, or greater
than 0.75. All fractures of OTA-B types underwent the
same analysis. All statistical analyses were performed
using IBM SPSS Statistics, version 23.0 (IBM Corp.,
Armonk, NY, USA).

Results
Demographics of the study population

Three hundred twenty-six patients were recruited
in the present study. Two hundred fifty-nine patients
were eligible according to inclusion and exclusion
criteria. Patients’ demographics are presented in
Table 1. The median age was 36.0 years, with a
range of 18 to 80, and 75.3% were men. The injuries
were 52.1% on the left and 47.9% on the right.
All clavicle fractures were classified according to
the AO/OTA classification using the initial injury
radiographs. There were 85 simple diaphyseal
fractures (OTA15-B1) (32.8%), 123 wedge diaphyseal
fractures (OTA15-B2) (47.5%), and 51 complex
diaphyseal fractures (OTA15-B3) (19.7%).
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Table 1. General characteristic of patients (n=259)

Values (n=259); n (%)

Sex
Male 195 (75.3)
Female 64 (24.7)
Age (years)
<20 25 (8.9)
20 to 29 78 (30.1)
30to 39 55(21.2)
40 to 49 58 (22.4)
50 to 59 22(8.5)
>60 23 (8.9)
Median (min-max) 36.0 (18 to 80)
Side
Left 135 (52.1)
Right 124 (47.9)
AO0/OTA classification 15-B
Simple (15-B1) 85 (32.8)
Wedge (15-B2) 123 (47.5)
Complex (15-B3) 51 (19.7)

Shortening

Shortening was greater when measured on
upright radiographs at 10.00 mm (-7.60 to 33.20)
compared to supine radiographs at 6.90 mm (-11.80
to 21.40). Median difference of shortening between
the two positions was statistically significant at
2.60 mm (-8.30 to 21.10) (p<0.001), The median
differences in shortening retained their significances
even when analyzed separately in each fracture
subtypes with simple fracture (OTA15B-1) at 2.40
mm (=5.60 to 11.70) (p<0.001), and 8.10 mm (-7.60
to 25.40) in upright versus 4.30 mm (—11.80 to 18.50)
in supine, wedge fracture (OTA15B-2), at 2.20 mm
(-8.30 to 21.10) (p<0.001), and 9.60 mm (-5.20 to
33.20) in upright versus 6.80 mm (-5.00 to 11.70)

in supine, and complex fracture (OTA15B-3), at
4.60 mm (—7.40 to 13.80) (p<0.001), and 15.60 mm
(2.50 t0 24.90) in upright versus 12.00 mm (—4.20 to
18.00) in supine (Table 2). The ICC for shortening
between investigators was 0.91 (95% CI10.88 to 0.93)
indicating excellent agreement.

Displacement

Displacement was greater when measured on
upright radiographs at 18.30 mm (4.40 to 36.40)
compared to supine radiographs at 8.20 mm (2.00 to
29.30). Median difference of displacement between
the two positions was statistically significant at 8.10
mm (0.10 to 23.50) (p<0.001). The median differences
in displacement retained their significances even
when analyzed separately in each fracture subtypes
with simple fracture (OTA15B-1) at 7.20 mm (0.10
to 20.40) (p<0.001), and 15.60 mm (4.40 to 33.20)
in upright versus 7.10 mm (2.00 to 28.20) in supine,
wedge fracture (OTA15B-2) at 8.70 mm (0.50 to
21.70) (p<0.001), and 17.20 mm (6.90 to 32.10) in
upright versus 7.50 mm (2.10 to 21.80) in supine,
and complex fracture (OTA15B-3), at 12.20 mm
(2.90 to 23.50) (p<0.001), and 26.20 mm (14.50 to
36.40) in upright versus 12.50 mm (4.10 to 29.30)
in supine (Table 2). The ICC displacement between
investigators was 0.86 (95% CI 0.75 to 0.92),
indicating excellent agreement.

The number of patients who met operative
indications, based on fracture shortening of more
than 20 mm, was greater in upright position with 16
patients than those in supine position with only three
patients (p<0.001) (Table 3).

The number of patients who met operative
indications, based on fracture displacement of greater
than 20 mm, was greater in upright position with 99
patients than those in supine position with 23 patients,

Table 2. Shortening and displacement between upright and supine position

Supine; median (min-max)

Differences; median (min-max) p-value

n Upright; median (min-max)

Shortening (mm)

Total 259 10.00 (-7.60 to 33.20)

Simple 85 8.10 (-7.60 to 25.40)

Wedge 123 9.60 (-5.20 to 33.20)

Complex 51 15.60 (2.50 to 24.90)
Displacement (mm)

Total 259 18.30 (4.40 to 36.40)

Simple 85 15.60 (4.40 to 33.20)

Wedge 123 17.20 (6.90 to 32.10)

Complex 51 26.20 (14.50 to 36.40)

6.90 (-11.80 to 21.40) 2.60 (-8.30 to 21.10) <0.001*
4.30 (~11.80 to 18.50) 2.40 (-5.60 to 11.70) <0.001*
6.80 (~5.00 to 11.70) 2.20 (-8.30 to 21.10) <0.001*
12.00 (-4.20 to 18.00) 4.60 (-7.40 to 13.80) <0.001*
8.20 (2.00 to 29.30) 8.10 (0.10 to 23.50) <0.001*
7.10 (2.00 to 28.20) 7.20 (0.10 to 20.40) <0.001*
7.50 (2.10 to 21.80) 8.70 (0.50 to 21.70) <0.001*
12.50 (4.10 to 29.30) 12.20 (2.90 to 23.50) <0.001*

p-value from Wilcoxon signed-ranks test, * Significant at the 0.05 level
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Table 3. Number of patients who met operative indication
(shortening >20 mm)

Operative indication: Supine Total

Shortening >20 mm Met Not met

Upright Met 3 13 16
Not met 0 243 243

Total 3 256 259

p-value from McNemar test <0.001

Table 4. Number of patients who met operative indication
(displacement >20 mm)

Operative indication: Supine Total

Displacement >20 mm Met Not met

Upright Met 23 76 99
Not met 0 160 160

Total 23 236 259

p-value from McNemar test <0.001

(p<0.001) (Table 4).

The ICC for diaphyseal clavicle fracture
OTA15B classification was 0.88 (95% CI 0.84 to
0.93), indicating excellent agreement.

Discussion

As the non-union rates of non-operative
treatment for displaced midshaft clavicle fracture in
current literatures exceeded the previously reported
rates, operative fixation is becoming increasingly
more favored®. Consequently, the indications for
operative management were expanded. To elaborate
this further, a direct relationship between increased
vertical displacement and poor functional outcomes
has been brought to light™™. Robinson et al. reported
an 18.5-fold increase in non-union likelihood for
displaced fractures when compared to non-displaced
fractures'?), In addition, they suggested that greater
than 100% clavicle fracture displacement was a
risk factor for non-union. Murry et al. found that
fracture displacement, which included shortening
and vertical translation, was an independent risk
factor in predicting clavicle non-union, apart from
the smoking status and fracture comminution®. A
study by Hill et al. revealed that all patients with
shortening of greater than 20 mm suffered from non-
union and subsequently reported an unsatisfactory
result!V. These emphasized the vital need of an
accurate displacement and shortening measurement
upon initial evaluation, as they inevitably dictate the
patient’s treatment. Standardized imaging protocol
that covers the patient is crucial not only for reliable

] Med Assoc Thai | Volume 106 No.12 | December 2023

prediction of the non-union and malunion risk but
also determining the need for operative intervention.
To the best of the authors’ knowledge, explicit
direction on radiographic positions largely remains
unclear. Hence, the possibility that a portion of
radiographic supine positions in the literature could
not be excluded. Therefore, the fractures shortening,
and displacement in the studies could have been
underestimated. The present study could fill this
potential knowledge gap as the presented results
suggested that upright radiograph was superior to
supine radiograph for it could demonstrate maximal
shortening and displacement, which influence the
decision on treatment courses.

To complicate matters, a retrospective review by
Plocher et al. reported that some clavicle fractures
exhibited progressive displacement despite their
minimal initial displacement. This progression
consisted of horizontal shortening combined with
vertical translation and could usually be seen on
subsequent radiographic evaluation in the healing
period'?. In their study, most clavicular and shoulder
radiographs were done in the supine position. They
proposed that supine versus upright radiographs
may alter the amount of displacement of clavicle
fractures. This proposal was later validated on the
two following retrospective studies®'¥. Backus
et al. suggested that when compared with supine
radiograph, upright clavicle radiograph provided
better estimation of maximal displacement'?. There
was an 89% increase in average vertical displacement
on upright radiographs when compared to supine
radiographs. Increased shortening 4.3 mm was also
noted on upright radiographs compared to supine.
Malik et al. compared shortening and displacement
on supine, semi-upright, and upright position against
each other, using chest radiograph taken no more
than two weeks apart®. They found that changes
in position increased both vertical displacement
and fracture shortening in a stepwise fashion. Over
three times more patients met operative indications
once placed in the upright versus supine position. A
recent prospective study, Onizuka et al. evaluated
15° cephalic tilted AP single-clavicle upright and
supine view'"®, The parameters of displacement
were greater on upright than supine radiographs
with 2.4 mm greater vertical translation and 3.9°
greater angulation. They also found that progressive
displacement of 10 mm or more occurred in 16 out
of 50 patients (32%) of the cases. However, changes
in medialization were not statistically significant in
their series.
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Strengths of the present study are discussed
as follows. The power to demonstrate statistically
significant increases in both median displacement
and shortening between the positions might have
been enhanced from the considerable number of
participants. The presented result is in line with
the prior reports®!'*!71® Imaging protocol applied
in the present study was standardized. The upright
and supine radiographs must be done concurrently.
Bilateral clavicle AP view was employed to optimize
patient’s body rotation and to include contralateral
clavicle to be a reference of fracture shortening.
AP radiograph without beam tilting was selected
because of its feasibility and reproducibility in acute
care setting. The present results indicated that the
patient’s position had an effect on displacement and
shortening in all fracture subtypes and had an impact
on the need for surgery. Shortening was greater at 2.60
mm (—8.30 to 21.10) (p<0.001) when measured on
upright radiographs compared to supine radiographs.
Displacement was also greater at 8.10 mm (0.10 to
23.50) (p<0.001) when measured on upright. The
number of patients that met operative indications,
which is the shortening or displacement of greater
than 20 mm, in upright position were greater than
those in supine position, which may be clinically
significant and could potentially explain poorer
outcomes if non-operative treatment was chosen by
degrees of displacement and shortening suggested
from supine radiograph.

ICC revealed excellent agreement among
investigators for AO/OTA fracture classification,
displacement measurement, and shortening. This
supports that the measuring methods described
here are reproducible despite varying amount of
experience and training of orthopedic surgeons.

However, the present study is not without
limitations. Firstly, the quality of radiographs, patient’s
posture, and body rotation can affect measurements of
fracture displacement and shortening on radiographs.
To prevent these interferences, the authors tried their
best to negate these factors. However, despite the
authors’ attempt, some participants were excluded
due to insufficient radiographic exams or deviated
patient’s position. Secondly, the present study lacked
radiographic markers to define absolute displacement,
hence, comparison between the positions were
measured, as a substitute, to indicate relative
displacement. In addition, SID of 100 cm was strictly
implemented, and contralateral clavicle was used
as an interna control. Moreover, the present study’s
protocol did not include orthogonal views, therefore
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maximal displacement might have been undetected in
some cases. Additional radiographic view"*2? or 3-D
computed tomography may provide more accurate
deformity assessment®), but this must be weighed
against the increased radiation exposure and cost.
Lastly, investigators interpreting the radiographs
were not blinded to the patients’ positions. That may
introduce bias in the measurement of the fractures.
However, within the standardized of the imaging
protocol and the specific measurement methods in
the present study, it would make the measurement
more accurate.

Conclusion

Significant discrepancies in shortening and
displacement of middle clavicle fracture between
the positions were obtained in all fracture subtypes.
Considering the effects that gravity has on the fracture
alignment at the time of radiographic evaluation,
the ability of upright radiograph to demonstrate
maximal shortening and displacement may influence
the decision on the treatment courses and clinical
outcomes. The authors recommend obtaining upright
radiographic bilateral clavicle AP view during
the initial evaluation of the patients with clavicle
fracture. If any unavoidable circumstance such as
altered level of consciousness poses limitation to
patient’s radiographic position, a second radiographic
evaluation within two weeks is highly warranted.

What is already known on this topic?

Operative decisions on treatment of middle
clavicle fracture are based on radiographic results.
The diagnostic method for evaluating clavicle fracture
is bilateral clavicle AP radiograph. However, there
is still no definite pattern of the patient’s position
on radiograph.

What does this study add?

The present study suggested that upright
radiograph was superior to supine radiograph on
middle clavicle fracture evaluation as it could
demonstrate maximal shortening and displacement,
which influence the decision on treatment courses.
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