
Midshaft clavicle fractures (Orthopaedic Trauma Associa-
tion 15-b)1) are common injuries and may represent up to 
10% of all fractures in adults.2,3) Historically, these injuries 
have been treated conservatively with acceptable results.4,5) 
However, more recent studies demonstrate widely disparate 

outcomes for patients undergoing nonoperative manage-
ment of midshaft clavicle fractures6-9) and the ideal man-
agement of these injuries remains controversial. A growing 
body of evidence indicates that clavicle shortening may re-
sult in unsatisfactory outcomes due to shoulder weakness 
and nonunion6-8,10-12) and that open reduction and internal 
fixation reduces this risk of poor outcomes.13-16) 

The decision to pursue operative versus nonopera-
tive management of midshaft clavicle fractures depends on 
several factors. Significant clavicle shortening, which has 
been associated with nonunion and unsatisfactory patient 
outcomes,7) is an indication for operative management. 
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Background: Nonoperative management of midshaft clavicle fractures has resulted in widely disparate outcomes and there is 
growing evidence that clavicle shortening poses the risk of unsatisfactory functional outcomes due to shoulder weakness and 
nonunion. Unfortunately, the literature does not clearly demonstrate the superiority of one particular method for measuring clavicle 
shortening. The purpose of this study was to compare the accuracy of clavicle shortening measurements based on plain radio-
graphs with those based on computed tomography (CT) reconstructed images of the clavicle. 
Methods: A total of 51 patients with midshaft clavicle fractures who underwent both a chest CT scan and standardized antero-
posterior chest radiography on the day of admission were included in this study. Both an orthopedic surgeon and a musculoskeletal 
radiologist measured clavicle shortening for all included patients. We then determined the accuracy and intraclass correlation co-
efficients for the imaging modalities. Bland-Altman plots were created to analyze agreement between the modalities and a paired 
t-test was used to determine any significant difference between measurements. 
Results: For injured clavicles, radiographic measurements significantly overestimated the clavicular length by a mean of 8.2 mm 
(standard deviation [SD], ± 10.2; confidence interval [CI], 95%) compared to CT-based measurements (p < 0.001). The intraclass cor-
relation was 0.96 for both plain radiograph- and CT-based measurements (p = 0.17). 
Conclusions: We found that plain radiograph-based measurements of midshaft clavicle shortening are precise, but inaccurate. 
When clavicle shortening is considered in the decision to pursue operative management, we do not recommend the use of plain 
radiograph-based measurements. 
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Therefore, accurate measurement of clavicle shortening 
is of paramount importance when deciding between dif-
ferent treatment approaches. Typically, clavicle fracture 
shortening has been measured on dedicated anteropos-
terior (AP) imaging of the clavicle or shoulder girdle17-20) 
although posteroanterior (PA) films of the chest have been 
shown to be equally useful for this purpose.8,12) However, 
Jones et al.21) recently concluded that using unilateral 
radiographs of the fractured clavicle was insufficient for 
determining the true degree of fracture shortening and 
suggested that other modalities may be more appropriate 
for determining the extent of fracture shortening.

Computed tomography (CT) imaging of the clavicle 
has previously been regarded as the gold standard for 
measurement of true clavicular length12) and an important 
modeling tool to establish clavicular morphology.22,23) CT 
allows for clavicle imaging in multiple planes without pro-
jection abnormalities and therefore, some believe that CT 
may be a more reliable modality for evaluating clavicular 
fracture shortening. 

Despite the importance of accurately measuring 
clavicle fracture shortening, there exists a paucity of re-
search comparing the accuracy of different imaging mo-
dalities for clavicle fracture shortening measurement. The 
purpose of this study was to compare the accuracy of clav-
icle shortening measurements based on plain radiographs 
with that of measurements based on CT-reconstructed 
images of the clavicle. We also aimed to determine the 
interobserver reliability of both imaging modalities. We 
hypothesized that plain radiography-based clavicle short-
ening measurements will be less accurate than those based 
on CT imaging and that CT-based measurements will 
demonstrate greater interobserver reliability. 

METHODS

After obtaining University of Southern California Keck 
School of Medicine Institutional Review Board approval 
(#HS-14-00929), our institution’s orthopaedic trauma 
database was queried for patients with midshaft clavicle 
fracture.

Each patient’s imaging was accessed using the pic-
ture archiving and communication system (PACS-Synapse; 
Fujifilm Medical Systems, Stamford, CT, USA). Patients 
with fractures of the midshaft clavicle were included if 
they received both a CT scan of the chest and a standard-
ized supine AP view of the chest on the day of admission. 
Patients with fractures of the proximal or distal third 
region of the clavicle were excluded, as were those with 
bilateral clavicle fractures, previous clavicle fractures, and 

CT imaging that did not include both sternoclavicular and 
acromioclavicular joints. All radiographs were obtained by 
a standardized protocol developed by the department of 
radiology. 

All measurements were performed by both an or-
thopaedic surgeon and a fellowship-trained musculoskel-
etal radiologist. Clavicle length was measured, using AP 
radiographs in the coronal plane, as the distance between 
two points placed on the center of the proximal and distal 
ends of the clavicle (Fig. 1). The center was determined by 
choosing a point that was halfway between the superior- 
and inferior- most aspects of the proximal end of the clav-
icle. The same was repeated from the distal clavicular end. 
The length of both clavicles was measured for each patient 
and the difference was recorded as the relative shortening. 

CT images in the axial plane were reformatted using 
the multiplanar reconstruction function of Synapse PACS 
software in order to make CT-based clavicle shortening 
measurements. A clavicle-specific plane was created by 
orienting an oblique reconstruction through the center 
of the sternoclavicular joint proximally (Fig. 2A) and the 
center of the acromioclavicular joint distally (Fig. 2B). The 
resulting oblique plane visualized the entire functional 
length of the clavicle in its own axis (Fig. 2C). As with the 
plain film measurements, the length of each clavicle and 
the relative shortening between the two sides were re-
corded. Measurements were performed from the midpoint 
(a point that was both halfway between the superior most/
inferior most aspects of the medial end of the clavicle and 
the anterior most/posterior most aspects of the medial end 

Fig. 1. A depiction of how clavicle length was measured on anteroposterior 
chest radiographs. The length of each clavicle was measured between the 
center of the proximal and distal ends of the clavicle.
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of the clavicle. The same was repeated for the lateral cla-
vicular end).

Intraclass correlation coefficients (ICC) were then 
determined to compare measurements made by the two 
observers for each imaging modality (with 1 representing 
perfect reliability and 0 indicating no reliability). Bland-
Altman plots were used to calculate the mean variance 
in measurements between the two imaging modalities 
and scatterplot linear regression was used to calculate the 
coefficient of determination (R2) between the modalities. 
Finally, a paired Student t-test was used to evaluate signifi-
cant differences. IBM SPSS ver. 20.0 (IBM Co., Armonk, 
NY, USA) was used for all statistical analysis. 

RESULTS

A search of the orthopaedic trauma database revealed 194 
patients diagnosed with midshaft clavicle fractures that 
had both an AP chest radiograph and a chest CT scan on 
their date of admission between January 2010 and Novem-
ber 2013. Of these, 134 were excluded because both acro-
mioclavicular joints were not included in the images. An 
additional 8 patients were excluded because the AP chest 
radiograph taken on the date of admission did not include 
both acromioclavicular joints. One patient was excluded 
after closer evaluation of the imaging revealed no clavicle 
fracture. In total, 51 patients were included in the study (35 

males and 16 females). The average age was 40 years (range, 
18 to 88 years). 

Table 1 demonstrates that the interobserver reli-
ability for each of the two modalities was similar, with ICC 
of 0.96 for plain radiograph measurements and 0.96 for 
CT measurements. This difference was not significant (p 
= 0.17). Correlation coefficients determined from scat-
terplots based on the two sets of measurements confirmed 
this similarity (R2 = 0.93 for CT and R2 = 0.91 for radio-
graphs). 

The overall length measurements differed between 
the two modalities. For injured clavicles, radiographic 
measurements overestimated the clavicular length by a 
mean of 8.22 mm (standard deviation [SD], ± 10.16; con-
fidence interval [CI], 95%), which resulted in underesti-
mation of clavicle shortening due to fracture. On average, 
radiographic measurements also overestimated the length 
of the uninjured clavicle by 6.42 mm (SD, ± 8.70; CI, 95%) 
compared to CT-based measurements. In both cases, the 
variance between the measurements based on the two mo-
dalities was significant (p < 0.001 and p < 0.001). The scat-
terplot shown in Fig. 3 illustrates the poor overall correla-
tion between the two imaging modalities with a coefficient 
of determination of 0.34.

A B C

Fig. 2. Depictions of how clavicle length was measured using computed tomography. A clavicle-specific plane was created using Synapse Picture 
Archiving and Communication System (PACS-Synapse; Fujifilm Medical Systems) software using the center of the proximal end of the clavicle (A) and 
the distal end of the clavicle (B). (C) The resulting coronal oblique plane image showing  the entire length of the clavicle. 

Table 1. Intraclass Correlation Coefficient Values and Correlation Coefficients Determined from Plain Radiograph and Computed Tomography 
Scan Measurements for Clavicle Shortening

Variable Plain radiograph Computed tomography p-value

Intraclass correlation coefficient 0.96 0.96 0.17

Correlation coefficient 0.91 0.93 Not available
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DISCUSSION

In our retrospective cohort study, we aimed to compare 
the accuracy of clavicle shortening measurements based 
on plain radiographs with that of measurements based on 
CT reconstructed images of the clavicle. We found that the 
use of AP plain radiographs is inaccurate when measuring 
clavicle fracture shortening.

Historically, closed midshaft clavicle fractures 
have been treated nonoperatively with excellent clinical 
results.4,5) But recently, it has been well established that 
clavicle fractures treated in this manner are predisposed to 
radiographic malunion,6-9) though the clinical consequenc-
es of malunion remains controversial. Much attention 
has been drawn towards the effect of fracture shortening, 
especially unsatisfactory outcomes and fracture-related 
complications.6,7,10,19,24) Several studies have indicated that 
shortening of 1.5 cm6,8,10) or 2 cm7) is associated with both 
poor functional outcomes and altered biomechanics.25) 
However, these studies were based on heterogeneous 
imaging modalities, including plain radiographs,7,8) CT 
scans,10) and cadaver models.25) Using a unique approach, 
De Giorgi et al.26) attempted to redefine shortening as a 
proportional value rather than an absolute measurement 
of length and found that a loss of length of approximately 
10% (in comparison to the contralateral, uninjured clavicle) 
is predictive of problematic malunion. 

The debate regarding the significance of fracture 
shortening has recently expanded to determining which 
imaging modality is most appropriate and, more specifi-
cally, which radiographic projection provides the most 

reliable data. Previous studies have utilized PA views of 
the chest8,12) or dedicated images of the clavicle15,17,18,21) or 
shoulder girdle.20) A more recent study by Smekal et al.12) 
found that standard PA chest views provided the most reli-
able measurements even when using chest CT imaging as 
a gold standard reference. Smekal et al.12) posited that the 
AP view, due to the greater distance between the clavicle 
and X-ray film, may be subject to greater projection arti-
fact, amplification effects, and measurement errors due to 
positioning and rotation. Notably, their study utilized only 
healed clavicle fractures with varying degrees of shortened 
malunion. 

Jones et al.21) found low interobserver reliability for 
measurements of length using a unilateral dedicated clavicle 
view, supporting the argument that this view is not reliable 
for measuring clavicle fracture shortening. The authors also 
recommended obtaining an additional chest radiograph to 
better define proportional shortening or, more simply, to 
use displacement and comminution rather than shortening 
as the primary indications for operative intervention. 

Similar to the results found by Smekal et al.,12) we 
found a high interobserver correlation for both plain 
radiograph- and CT-based clavicle shortening measure-
ments. The correlation between observers was minimally 
higher for CT images than radiographs, but this difference 
was not significant. This high reliability is likely due to the 
use of images that included the contralateral, uninjured 
clavicle, thereby providing a reference for fracture-related 
loss of length and supporting the findings of Jones et al.21) 
and De Giorgi et al.26) Measurements made using chest 
radiographs were poorly correlated with those made based 
on the CT gold standard and this variability was signifi-
cant. We posit that such variability can be explained by 
the fact that no standard radiographic projection captures 
the length of the clavicle in its own oblique plane as can be 
done with a CT reconstruction. While the clinical signifi-
cance of length overestimation and subsequent miscalcula-
tion of the true shortened deformity were not investigated 
in this study, we found that using plain chest radiography 
does not yield accurate measurements of clavicular length. 

There are limitations to this study, most notably its 
retrospective design. In addition, CT imaging is obtained 
with the patient in a supine position, which relaxes the 
musculature of the shoulder girdle and may minimize the 
shortening deformity. Further, our evaluation was limited 
to only chest radiographs and evaluation of other radio-
graphic views in comparison to CT scans may have been 
useful. We focused on chest radiographs because this view 
is most commonly used to evaluate radiographic shorten-
ing. Also, reconstruction of CT imaging in the clavicle-
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Fig. 3. A linear regression scatter plot of computed tomography length 
measurements versus X-ray radiographic length measurements. The 
coefficient of determination (R2) value of 0.34 indicates poor correlation 
between the two modalities. 
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specific plane has not previously been standard practice. 
While this task has been greatly facilitated by the use of 
modern imaging software platforms, there may be a learn-
ing curve in its adoption and we concede that the clinical 
applicability is unclear at this time. Finally, we recognize 
that many studies, that demonstrated adverse clinical 
outcomes with clavicle malunion, determined shortening 
with the use of plain radiographs.6-8,11) Therefore, the true 
shortening as measured on CT scan may overestimate the 
indications for surgery if these cut off values are utilized as 
an indication for surgery. However, there are also several 
other studies that utilized measurements based on CT or 
cadaver models when evaluating the effect of clavicle mal-
union on functional outcomes or scapular kinematics.10,25) 

The strength of this study lies in its use of CT imag-
ing, an accepted gold standard for evaluating bony anato-
my and morphology. In fact, many regard CT as the most 
reliable imaging modality for evaluating clavicular fracture 
shortening.8,12,21) To our knowledge, our study is the first to 
investigate the use of a clavicle-specific oblique plane for 
determining clavicle fracture shortening. This technique 
of planar reconstruction offers accurate imaging of bony 

structures that may be poorly visualized on standard ra-
diographic projections and we believe that it will find util-
ity in other musculoskeletal applications. Further, by using 
a chest AP radiograph we were able to utilize a standard-
ized protocol for radiographs that allowed for visualization 
of both clavicles at the time of injury. 

In conclusion, chest radiography is a precise, but in-
accurate modality for evaluating clavicle fracture shorten-
ing in the acute setting. Although we do not recommend 
routine use of CT scans to evaluate clavicle fractures, CT-
based clavicle shortening measurements are more accurate 
and should be used in a setting where CT imaging is read-
ily available and has already been obtained in the course 
of the trauma workup. Further, if clavicle shortening is to 
be used as a surgical indication, we recommend the use 
of CT-reconstructed images in a clavicle-specific oblique 
plane.
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