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Abstract 

Background:  Midshaft clavicle fracture shortening measurement is a reported key element for indication to surgical 
management and reporting of clinical trials. Determination of pre-fracture clavicle length for shortening measure‑
ment remains an unresolved issue. The purpose of the study was to assess accuracy of a novel technique of three-
dimensional reconstruction and virtual reposition of bone fragments (3D-VR) for determination of pre-fracture clavicle 
length and measurement of shortening.

Methods:  Accuracy of 3D-VR measurements was assessed using 5 synthetic bone clavicle fracture models. Measure‑
ments were compared between caliper and 3D-VR technique measurements. Correlation between 3D-VR and 2D 
measurements on standard radiographs was assessed on a cohort of 20 midshaft fractures. Four different methods for 
2D measurements were assessed.

Results:  Mean difference between caliper measurements and 3D-VR was 0.74 mm (95CI = − 2.51;3.98) (p = 0.56) 
on synthetic fracture models. Mean differences between 3D-VR and standard radiograph shortening measurement 
methods were 11.95 mm (95CI = 7.44;16.46) for method 1 (Jeray et al.) and 9.28 mm (95CI = 4.77;13.79) for method 
2 (Smekal et al.) (p < 0.05). Differences were − 1.02 mm (95CI = − 5.53;3.48) for method 3 (Silva et al.) and − 2.04 mm 
(95CI = − 6.55;2.47) for method 4 (own method). Interobserver correlation ranged between 0.85 and 0.99. A false posi‑
tive threshold of 20 mm was measured by the two observers in 25% of the case according to method of method 1, 
30–35% with method 2, 15% with method 3 et al. and 5–10% with the method 4.

Conclusion:  3D VR is accurate in measuring midshaft clavicle fracture length and shortening. Two dimensional meas‑
urements may be used for approximation of clavicular shortening.
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Introduction
Clavicle fractures are very common in adults, account-
ing for 5 to 10% of all fractures [1, 2]. A large majority 
(70–80%) occurs at the middle third [2, 3]. Reported 

indications for surgical management of midshaft clavicle 
fracture include open fractures, skin threats, polytrauma 
patients, absence of contact between fragments, a verti-
calized intermediate fragment and a shortening of 14 to 
20 mm [4–7]. Quantification of shortening is commonly 
achieved by measuring distances (overlap) between frag-
ments on standard two-dimensional (2D) radiography 
[8, 9]. Two dimensional projections of the complex 3D 
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structure of fractured clavicle may though lead to image 
distortion and 2D measurement have been shown to be 
inaccurate compared to 3D measurements on computed 
tomography (CT) [10, 11]. Alternative methods relying 
on comparison of fractured clavicle length with con-
tralateral side are not recommended. Cadaveric stud-
ies have demonstrated difference up to 15 to 20 mm in 
length between the two clavicles of the same individual 
[12, 13]. Three-dimensional analysis of clavicle fracture 
length after 3D reconstruction and virtual reposition 
of bone fragments (3D-VR) represents an innovative 
approach overcoming current limitations encountered in 
clavicle fracture shortening assessment.

Our primary objective was the determination of the 
accuracy of 3D-VR on synthetic bone models allow-
ing direct as well as digital measurements. Our second-
ary objective was the assessment of correlation between 
3D-VR measurements and 2D measurements in a series 
of midshaft clavicle fracture patients imaged by standard 
radiography and CT. Four methods measuring 2D clavi-
cle shortening were assessed.

Methods
Three‑dimensional virtual reposition (3D‑VR)
Mid-third clavicle fractures were created on 5 synthetic 
clavicles (PR0627.1, Synbone®, Zizers, Switzerland) 
with a surgical oscillating saw in oblique and transverse 

patterns. Fragments were stabilized in a displaced posi-
tion by fixation of interfragmentary plastic rods. Clavicle 
length was manually recorded using a handheld milli-
metric caliper (Lux® Comfort caliper) and compared to 
a non-fractured synthetic bone model (Fig.  1A). Each 
synthetic clavicle was measured twice by three dif-
ferent observers to assess the accuracy of the manual 
measurement.

CT images of bone models were acquired (cut thick-
ness of 0.3 mm). Images were post-processed and clavicle 
models were reconstructed in 3D using Mimics® soft-
ware (Materialize NV, Leuven, Belgium). Each fracture 
was digitally reduced with the software by alignment 
of the reduction criteria used during surgical proce-
dure. Pre- and post-reduction length measurement were 
obtained for computation of shortening measurement 
(Fig. 1B).

Clinical study design
We retrospectively looked in our hospital database to 
retrieve polytrauma patients displaying midshaft clavicle 
fracture who had been imaged by both anteroposterior 
(AP) clavicle X-Ray and thoracoabdominal CT with a cut 
thickness of 1.25 mm. Exclusion criteria where pediatric 
patient, X-Ray that didn’t meet true AP criteria and CT 
images that couldn’t be reconstructed in 3D.

Fig. 1  A Fracture models were created on standard synthetic bone models and rigidly fixed. Clavicle length was directly measured positioning 
the point (red arrow) of a handheld caliper at the articular center (white arrow) of intact and fractured models for calculation of shortening. B 
Three-dimensional reconstruction where obtained and measures were repeated on fractured and virtually reduced bone fragments
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Clavicle shortening measurements
Midshaft clavicle fracture Shortening was measured on 
conventional radiographs using four methods described 
in the literature. 1) Method by Jeray et al. measures the 
distance between reduction criteria on each fragment 
(Fig.  2A) [14]; 2) Method by Silva et  al. draws the lon-
gitudinal axis of each fragment and measures the dis-
tance between two perpendicular lines to the proximal 
fragment passing by the extremity of each axis (Fig. 2B) 
[15]; 3) Method by Smekal et  al. measures the distance 
between two perpendicular lines to the whole fractured 
clavicle axis and passing by the most extreme point of 
each fragment (Fig. 2C) [16]; 4) Our own method, named 
HUG, which measures the distance between two per-
pendicular lines to the axis of the clavicle passing by two 
reduction criteria on each fragment (Fig. 2D). This allows 
not to rely only on the overlapping of fragments but on 
landmarks analogous to the one used during surgery. All 
measurements were performed on the Osirix®software 
(Geneva, Switzerland) by two observers, a radiologist 
specialized in osteoarticular imaging and an experienced 
orthopedic surgeon.

Shortening was assessed on same cases imaged by CT 
using 3D-VR technique and compared with 2D radio-
graphic measurements.

Statistical analysis
Shortenings measured by CT and true shortening val-
ues measured on synthetic bone models were com-
pared using a Student t-test. Considering the shortening 

measured by CT on each patient as the true measure of 
shortening, comparison of the errors made by the four 
measurement methods on radiographs were done using 
a mixed-effect linear model with a random intercept for 
each patient and a fixed effect for the two raters and the 
four measurement methods. Bland-Altman plot analysis 
was carried with the gold-standard value expressed on 
the X axis (shortening measured by CT) [17].

Inter-rater reliability of the four measurement methods 
on radiographs were evaluated using Intra-Class Corre-
lation coefficient (ICC) from a mixed-effect linear model 
with a random intercept for each patient and a fixed 
effect for the two raters [18].

All analyses were done using R, version 3.5.2 (R Core 
Team, 2018) and a 2-sided statistical significance thresh-
old of 0.05.

Results
Clavicle length measurement of synthetic bones
Manual measurements of the 5 synthetic clavicle fracture 
models showed a mean standard deviation of 0.67 mm 
(min = 0.00 mm; max = 1.21 mm).

Three‑dimensional virtual bone fragments reposition
When measuring clavicle length on synthetic bones, a 
mean difference between the CT reconstruction and 
manual measurements of 0.736 mm (95CI = − 2.51;3.98) 
was recorded. T-test showed non-significant difference 
between manual and 3D-VR measurements (p = 0.56).

Fig. 2  Radiographic midshaft clavicle fracture shortening measurement methods: A Jeray et al., B Silva et al., C Smekal et al. and D HUG method. 
See text for description
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Patients
A review of the trauma database of our service allowed 
us to retrieve data from 21 patients who suffered a frac-
ture of the middle third of the clavicle and who got stand-
ard radiographs and a CT imaging. Two patients didn’t 
meet the criteria of a true anteroposterior radiograph 
and were excluded. Among the patients retained, one 
suffered bilateral fractures, and both were used individu-
ally. There were 3 women and 16 men. All patients were 
adults and mean age was 48.53. The images were anony-
mously analyzed.

Clavicle shortening measurements
The methods according to Jeray et  al. and Smekal 
et  al. differed significantly from CT measurements: 
11.95 mm (95CI = 7.44;16.46, p < 0.0001) and 9.28 mm 
(95CI = 4.77;13.79, p = 0.0002), respectively. Methods 

according to Silva et  al. and personal method (HUG) 
method did not significantly differ from CT meas-
urements: − 1.02 mm (95CI = − 5.53; 3.48, p = 0.645) 
and − 2.03 mm (95CI = − 6.55; 2.47, p = 0.3626) respec-
tively. Bland-Altman plot analysis showed differences 
closest to 0 for these two methods (Fig. 3). Inter-rater reli-
ability was globally good for all methods, (ICCJeray = 0.99; 
ICCSmekal = 0.97; ICCSilva = 0.97; ICCHUG = 0.85).

The measurement on CT, did not show value above 
the 20 mm surgical threshold. Two dimensional meth-
ods all showed occurrences where 3D-VR measurements 
exceeded a 20 mm threshold (Fig.  4). Number of cases 
per method, where 3D-VR measurements show a value 
under the threshold of 20 mm when 2D measurements 
show a value above the threshold, are reported in Table 1.

Fig. 3  Graphic representation of the Bland-Altman analysis. On the X axis, the shortening measurement by CT. On Y axis, the differences between 
each radiological method and CT measurement. Values are in millimeters
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Discussion
This study showed that 3D-VR was accurate in measur-
ing shortening of midshaft clavicle fracture, with mean 
difference of 0.736 mm (95CI = − 2.51;3.98) compared 
to manual measurement. When compared to 2D radio-
graphic methods, a partial correlation was observed. The 
method proposed by Silva et  al. and the HUG method 
were the only measurements correlating significantly 
with the CT measurements – the HUG method being 

the less sensitive to false-positive surgical indication. 
There was no evidence of impact of fracture pattern on 
shortening.

Historically, midshaft clavicle fractures have been 
treated conservatively with low nonunion rate, but with-
out including displacement factors [1, 19]. More recently, 
some studies have shown less satisfactory results with 
nonunion rates up to 15%, depending on the displace-
ment, with an impact on the function of the shoulder [8, 
20]. This has led to highlight several risk factors for poor 
results of conservative treatment [21]. Among those, 
shortening has been shown to have an impact on the 
union rate, function, and personal satisfaction [4, 22–24]. 
McKee et  al. showed an inverse relationship between 
shortening and endurance in abduction for a threshold 
of 20 mm of shortening [23]. This trend was confirmed 
by Lazarides et al. which showed poor functional results 
with a threshold of 14 mm for women and 18 mm for 
men [22]. It seems that the clavicle shortening is reflected 
throughout the shoulder with impaired scapula-thoracic 
and glenoid alignment, which negatively affects mobility 

Fig. 4  Distribution of differences between 3D-VR and 2D methods for midshaft clavicle fracture shortening measurement (Mean, Confidence 
interval). Thresholds of 20 mm of shortening indicated, positive value represent shortening (n = 20)

Table 1  Number of false-positive cases comparing 3D-VR 
measurements with 2D methods measurements for a 20 mm 
surgical threshold (n = 20)

Observer 1 Observer 2

HUG method 2 (10%) 1 (5%)

Jeray et al. 5 (25%) 5 (25%)

Silva et al. 3 (15%) 3 (15%)

Smekal et al. 7 (35%) 6 (30%)
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and muscle tension in the peri-scapular musculature 
[25–29].

Thus, the knowledge of the effect of shortening of clavi-
cle fractures have led to more indication to osteosynthe-
sis of these fractures. Better results were obtained for 
functional scores, accelerated return to work and overall 
satisfaction when a surgery was proposed for displaced 
fractures [22–24]. However, this led sometimes to the 
over-indication of surgery along with possible complica-
tions, such as infection and necessity of hardware removal.

To avoid over-indication, the goal of this study was 
to develop accurate measurements of clavicle fractures 
shortening in daily practice. CT is widely recognized in 
the literature as the gold-standard in shortening meas-
urement [10, 16]. This study confirms the use of CT with 
virtual fragments reposition as the reference modality, 
with a non-significant minimal difference of 0.736 mm 
(95CI = − 2.51;3.98) compared to manual clavicle length 
measurements. However, in clinical practice, the sur-
geon is frequently limited to decision based on 2D imag-
ing. Omid et  al. assessed the measurement of standard 
radiographic shortening compared to CT [10]. Despite 
good reproducibility of radiological measurements, they 
were not significantly correlated with those on CT. Nev-
ertheless, in this study, measurements were made on 
chest X-rays by measuring the length difference with the 
contralateral side. This methodology assuming symme-
try between the two sides may be biased. Cadaveric and 
anthropological studies have shown side to side differences 
up to 15 to 20 mm [12, 13]. More recently, Cunningham 
et al. performed a radiological study comparing the length 
of the two clavicles on CT [30]. They demonstrated 28% 
asymmetry of more than 5 mm, of which 7% of more than 
10 mm. This was confirmed by Hoogervorst et al., showing 
30% of asymmetry over 5 mm when measured on CT [31].

In the present study, four measurement methods were 
evaluated based on single side imaging. The Silva et  al. 
and the HUG methods were significantly correlated 
to 3D measuring with mean difference of − 1.02 mm 
and − 2.03 mm, respectively, therefore these may be used 
clinically. This is confirmed by the Bland-Altman analysis 
as shown in Fig. 3. These two methods are those whose 
differences with CT are closest to zero with minimal 
dispersion. Jones et  al. measured shortening on a single 
incidence [32]. Their analysis focused solely on the repro-
ducibility of the measurements (without specifying the 
technique). Their results showed a low inter-observer 
correlation. On the opposite, our study showed a very 
good reproducibility with ICC from 0.84 to 0.98. How-
ever, the methods of Jeray and Smekal et  al. showed a 
limited correlation with the CT measurements, and we 
do not recommend their use for clinical decision.

The technique based on the study of Silva et al. showed 
measurements performed on anteroposterior incidences 
of fracture of the middle third of clavicle of pediatric 
patients [15]. The analysis focused solely on the repro-
ducibility of measures, without correlation with CT. The 
inter-observer reliability was not good enough to allow 
its clinical use (ICC 0.69 to 0.74). In our study, we applied 
this method to adult clavicles with good reliability (ICC 
0.97). When compared to 3D CT reconstructions, the 
results were also reliable. The HUG method was the 
measurement showing the best correlation with 3D-VR 
among the four radiographic methods evaluated.

In addition, the method of Silva et  al. and the HUG 
method were the ones that minimized the most the diag-
nostic error. A difference exceeding 20 mm of shorten-
ing in comparison with 3D-VR was found in 5–10% (two 
observers) with the HUG method and 15% with the Silva 
et al. method. Use of 3D-VR technique could hence avoid 
unnecessary surgical treatment and related complica-
tions for the patients.

Strength of our study lies in the use of 3D CT recon-
struction. Indeed, most of the studies comparing stand-
ard radiographic measurement with CT remained in the 
2D plane [10, 16]. However, 3D reconstruction provides 
the advantage to standardize the reference points for the 
measurement of length, and thus to minimize the error 
rate. Even if the collimation used on a total body CT for 
a polytrauma patient is different from that of a clavicle, 
because of the wide field of view studied (soft tissue and 
bony structures), the infra-millimetric difference between 
cut of 1.25 mm and 0.3 mm probably does not affect the 
measurement significantly, especially on 3D-VR recon-
structions. To our knowledge, this study is the first to 
evaluate shortening with 3D reconstructions and virtual 
repositioning of fragments, simulating surgical manage-
ment. Moreover, all studies comparing 2D vs. 3D meas-
urements were done on consolidated or non-fractured 
clavicle. Our study is the first to assess fractured clavicle.

Shortening has usually been measured by standard 
radiographs. Studies have shown that image distortion 
due to radiological image incidence modifies the amount 
of measured shortening, leading to changes from opera-
tive to nonoperative indication in 33.9% of the cases [33, 
34]. With our study confirming the accuracy of the use 
of CT and 3D reconstruction with virtual reposition, this 
technique could be a valuable alternative, opening the 
question on the use of low-dose CT for clavicle fracture.

Conclusion
Midshaft clavicle fracture shortening measurement 
according to HUG and Silva et al. methods were the most 
accurate 2D radiographic methods in our study. They 
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allow for approximation of shortening with a moderate 
risk of overestimation and excessive surgical indication. 
Three-dimensional shortening with virtual fragments 
repositions (3D-VR) lead to measurements 5 mm within 
the confidence interval. We recommend its use if CT 
imaging is available. Development of Low-dose CT pro-
tocol could allow for implementation of this method 
without increasing patient’s exposure to irradiations.

Abbreviations
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ments; CT: Computed tomography; ICC: Intra-Class Correlation coefficient.
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