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Abstract

Background: Literature demonstrates variability in the amount of displacement of isolated greater tuberosity (GT) frac-
tures and measurement techniques that orthopaedic surgeons deem warrant surgical intervention. This study aims to
assess the intra and interobserver reliability for classifying and measuring the displacement amount for isolated GT frac-
tures.

Methods: Eight surgeons, consisting of four shoulder specialists and four trainee surgeons, reviewed 25 plain radiographs
on two separate occasions, 3 months apart. They were required to morphologically classify the GT fracture, measure the
displacement distance on anteroposterior and axillary views, calculate the GT displacement ratio, and state whether they
would offer surgical treatment.

Results: There was a lack of good reliability for the classification of the depression and avulsion fracture types. There was
good intraobserver but poor interobserver consistency in classifying the split-type fractures. The measurement of the
displacement distance showed good intraobserver reliability, but not as good interobserver agreement. Also, the displace-
ment ratio calculated revealed poor consistency. We found good agreement between and within the raters for the treat-
ment decision. No significant difference was noted when comparing the senior surgeons to the junior surgeons.
Conclusions: This study has revealed ongoing inconsistency in the classification and measurement of isolated GT
fractures.
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Figures ranging from 3 to 10 mm have been reported in the lit-
erature, but 5 mm displacement is the most commonly used
threshold."?

Unfortunately, it has been shown to be difficult to
measure the amount of displacement with this degree of
precision and reliability on plain radiographs."** To
address this subject, Mutch et al.> described a measurement
method which involves calculating the GT fracture dis-
placement ratio. Mutch et al.® further presented a new clas-
sification system in 2014, dividing GT fractures into one of
three morphological types; avulsion, split and depression.

We aim in this study to evaluate the intra and interobser-
ver reliability for the assessment of isolated GT fractures on
plain radiographs. This includes the morphological classifi-
cation, measurement of displacement distance and ratio,
and whether surgical treatment is required.

Method

Study design

Eight surgeons working at our institution were chosen for
the study. The plain radiographs of 25 patients with isolated
GT fractures of the proximal humerus were retrospectively
taken from the institution’s medical records over the previ-
ous 10 years. The radiographs chosen were the images per-
formed in the emergency department of the first
presentation of the GT fracture and therefore were the
images from which the decision regarding management
was made by the treating orthopaedic team. The radio-
graphs were conducted using a standard imaging protocol.
A recent study used 25 patients to assess the intra and inter-
observer reliability of follow-up (FL) plain radiographs for
isolated GT fractures.” Hence the decision was made to
include 25 patients in our study.

The eight surgeons were independently provided with
the 25 plain radiographs to review. The images were anon-
ymized and presented in a random order for each rater.
Assessment of the images was conducted on PACS
digital imaging software within the institution utilizing
high-resolution radiology screens to enhance the quality
of the radiographs. Following the first review by each
rater, a second review was conducted by the same raters
for the same images 3 months later. No additional material
or training was provided to the raters during these 3 months
that may affect their second review. At the second review,
the same radiographs were randomized in a different order
to the original series, again to attempt to reduce bias.

A standardized guide was distributed to each rater prior
to the review to ensure a uniform approach to the assess-
ment. They were required to morphologically classify the
GT fracture, measure the displacement on anteroposterior
(AP) and axillary views, calculate the GT fracture displace-
ment ratio, and state whether they would offer surgical
treatment. For the fracture classification, diagrammatic

illustrations and corresponding plain radiographs from
Mutch’s original description were provided to demonstrate
the three groups of GT fractures: avulsion, split and depres-
sion fracture types.® For the measurement of displacement
on AP and axillary views, no specific directions were sup-
plied. This lack of guidance was deliberate, as it was notice-
able that a number of published papers describing their
management of GT fractures using displacement distance
failed to describe the method of measurement.'* The meas-
urement was conducted using a PACS digital ruler in milli-
metres to 2 decimal places. However, guidance on
calculating the GT fracture displacement ratio was provided
and came directly from the original description of this
method of measurement, along with the diagrammatical
guide provided in that publication.” Finally, the raters
were required to decide whether they would recommend
operative or nonoperative treatment for the GT fracture
based on radiological findings only: this was a binary ques-
tion posed ‘On the basis of these images, would you offer
this patient surgery? Yes/No’. The patient’s age and
gender were visible on all the plain radiographs during
the assessment, but no other patient information was pro-
vided to assist in the decision-making.

Raters

The eight raters comprised four senior and four junior sur-
geons. The senior surgeons were consultants specialized in
shoulder surgery with more than 5 years of experience at the
consultant level. The four junior surgeons were trainees in
their early postgraduate years.

Statistical analysis

Statistical analysis was performed using RStudio software
version 1.4.1564. For binary variables, in the partially
nested dataset, the agreement package was first used to cal-
culate and plot a series of agreement metrics (a, v, Ir2, x, =,
and S) between the raters at each time point. These were
interpreted as per standard kappa (k) coefficient conven-
tions to evaluate the interrater variability only, with a
value >0.69 generally being considered ‘good’.®

To further evaluate binary and continuous variables for
both intra and interrater reliability, the fully nested dataset
was used to calculate the intraclass correlation coefficient
(ICC) and associated 95% confidence intervals (CIs) for a
two-way random effect, absolute agreement, and single
rater/measurement model. An ICC >0.69 was deemed to
constitute good reliability on the intra and interobserver
analysis for 95% CL°

A stratified analysis was conducted to compare the intra
and interobserver reliability between the four senior and
four junior surgeons. A p-value <0.05 represented statistical
significance for a 95% CI.
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The results of the analysis are reported in the text in the
form of ICC and kappa (x), with both baseline (B) and FL
figures for k. k baseline (kB) represents the first review and
kFL represents the second review conducted 3 months later.

Results

All eight surgeons completed the assessment for the 25
plain radiographs at both time points. There was variability
in the timing of when the fractures took place, the patient’s
age, gender and degree of GT fracture displacement in the
cohort of plain radiographs selected for the study, as well
as the treatment performed. Of the 25 plain radiographs,
12 were male patients and 13 were female patients. The
mean age was 64 years old (range 30-89 years). The
most common mechanism of injury was a fall from standing
height, followed by high-energy trauma. All results are
summarized in Tables 1 and 2.

Classification

There was good intraobserver reliability in classifying the
split-type GT fractures (intra-ICC 0.72), but there was
poor interobserver reliability (inter-ICC 0.44, xB 0.50 and
«kFL 0.36).

There was weak consistency in the intra and interobser-
ver classification of the GT fracture for the depression type
(inter-ICC 0.22, xB 0.23, xFL 0.19 and intra-ICC 0.45) and
interobserver classification for the avulsion type (inter-ICC
0.37,xB 0.37 and kFL 0.35), but moderate reliability for the
intraobserver classification of the avulsion type (intra-ICC
0.65).

Table |. Summary of statistical analysis (k) for the binary
outcomes.

Outcome Time k L95%  U95%
Classification: split B 0.50 035 0.65
FL 0.36 023 049
Classification: depression B 023 -0.02 043
FL 0.19 0.00 0.32
Classification: avulsion B 0.37 022 050
FL 0.35 020 048
Surgery recommended B 0.82 070 0.92
FL 0.73 0.54 087

k: kappa; L95%: lower limit 95% confidence interval; U95%: upper limit 95%
confidence interval; B: baseline, represents the first review; FL: follow-up,
represents the second review conducted 3 months later.

Measurement of displacement. The measurement of the GT
fracture displacement showed good intraobserver consist-
ency on both AP and axillary views (intra-ICC 0.81 and
intra-ICC 0.70, respectively), but not as good interobserver
consistency (inter-ICC  0.69 and inter-ICC 0.60,
respectively).

Fracture displacement ratio. GT fracture displacement ratio
calculated revealed poor reliability (intra-ICC 0.24 and
inter-ICC 0.18).

Decision to operate. The decision to operate on the GT frac-
ture based on the radiograph alone demonstrated good reli-
ability between and within the raters (inter-ICC 0.76, kB
0.82, xFL 0.73 and intra-ICC 0.77).

Comparison of senior and junior surgeons. The stratified ana-
lysis comparing the senior surgeons to the junior surgeons
yielded results with a very wide 95% CI across all variables.
The results of this analysis are summarized in Tables 3 and 4.

There was a slightly better intra and interobserver con-
sistency for the senior surgeons in the classification of the
GT fracture and decision to operate. The junior surgeons
had higher intraobserver reliability but lower interobserver
reliability for the measurement of fracture displacement on
AP and axillary plain radiograph views. The GT displace-
ment ratio calculated had better intra and inter-rater consist-
ency with the junior surgeons.

However, no statistical significance was noted on the k
and ICC coefficients for a 95% CI across all parameters
between the two groups.

Discussion

Our results demonstrated ongoing inconsistency in the clas-
sification and measurement of isolated GT fractures.
However, we did find good agreement on whether to
offer surgery or nonoperative management.

Several classification systems have been developed for
proximal humerus fractures and GT fractures. Neer’s clas-
sification was one of the earliest systems and was based
on the number of displaced fragments in the proximal
humerus. It divided the proximal humerus into four seg-
ments, consisting of the GT, lesser tuberosity, articular
surface, and humeral diaphysis. A segment with >1 cm sep-
aration or 45° angulation was considered a displaced part.'®
AO later categorized GT fractures into displaced, nondis-
placed, and those associated with shoulder dislocation.
The fracture displacement was defined as a separation of
5 mm or more.'! However, both Neer and AO classification
systems have achieved less than ideal interobserver reliabil-
ity on plain radiographs.'* The addition of computerized
tomography (CT) scan and 3D CT reconstruction did not
significantly improve the interobserver reliability.'>™'?
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Table 2. Summary of statistical analysis (ICC) for the binary and continuous outcomes.

Inter-ICC

Outcome Intra-ICC L95%
Binary

Classification: split 0.72 0.59
Classification: depression 0.45 0.04
Classification: avulsion 0.65 0.54
Surgery recommended 0.77 0.64
Continuous

Measurement AP view 0.81 0.58
Measurement axillary view 0.70 0.59
GT displacement ratio 0.24 0.12

0.82 0.44 0.30 0.56
0.72 0.22 0.00 0.37
0.75 0.37 0.23 0.49
0.86 0.76 0.62 0.86
0.91 0.69 0.46 0.76
0.77 0.60 0.46 0.70
0.40 0.18 0.07 0.28

ICC: intraclass correlation coefficient; L95%: lower limit 95% confidence interval; U95%: upper limit 95% confidence interval; AP: anteroposterior; GT:

greater tuberosity.

Table 3. Summary of statistical analysis (k) for the binary outcomes stratified by surgeons’ seniority.

Junior doctors

Outcome L95%
Classification: split B 0.348 0.157
FL 0.076 —0.087
Classification: depression B 0.35 —0.048
FL 0.227 0
Classification: avulsion B 0.285 0.113
FL 0.014 —-0.139
Surgery recommended B 0.711 0.506
FL 0.695 0.459

Senior doctors

U95% L95%

0.546 0.683 0.46 0.86 —0.335
0.221 0.551 0.35 0.75 —0.475
0.706 0 — - 0.35
0.49 0 - - 0.227
0.465 0.49 0.25 0.69 —0.205
0.173 0.543 0.34 0.72 —0.529
0.879 0.943 0.79 | —0.232
0.878 0.763 0.54 0.94 —0.068

k: kappa; L95%: lower limit 95% confidence interval; U95%: upper limit 95% confidence interval; B: baseline, represents the first review; FL: follow-up,

represents the second review conducted 3 months later.

Whereas the wuse of stereo-visualisation of 3D
volume-rendering CT datasets was found to increase the
intra and interobserver agreement for both classifications.'®

Mutch et al. established a morphology-based classifica-
tion system in 2014, dividing GT fractures into one of
three types; avulsion, split and depression. Avulsion frac-
tures result from the pull effect of the rotator cuff muscles
on the GT. Vertical shear causes split-type fractures, and
fragment impaction produces depression-type fractures.®
In contrast to Neer and AO, the Mutch classification has
shown good intra and interobserver reliability for isolated
GT fractures on plain radiographs and CT imaging.'” Our

study demonstrated good intraobserver agreement for clas-
sifying the split-type fractures and moderate intraobserver
agreement for classifying the avulsion type. However, the
interobserver reliability for all three fracture types and
intraobserver reliability for the depression type revealed
weak consistency among the raters.

Accurate measurement of the fracture displacement is
paramount for the management of isolated GT fractures.
As little as 3 to 5 mm of displacement may negatively
affect rotator cuff biomechanics and result in subacromial
impingement.> However, it has proven to be a challenge
to measure the amount of displacement precisely and
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reliably on plain radiographs."* Van Wier et al.” noted poor
interobserver agreement on measuring the GT fracture dis-
placement on plain radiographs, but there was less interob-
server variation when subsequent FL radiographic images
were used, though the overall reliability remained less
than ideal. Likewise, our study has found weak interobser-
ver reliability for measuring the displacement distance on
AP and axillary plain radiograph views, but there was
good intraobserver consistency. This is likely due to the
variability in the measurement method, landmarks used
and interpretation of the images between the raters. The
GT fracture fragment and footprint were sometimes difficult
to visualize, complicating the measurement technique, par-
ticularly in cases where the GT fragment displaced poster-
iorly, the shoulder joint had an abnormal rotation, or the
orientation of the image taken was not ideal.

Some have advocated for further imaging in the form of
a CT scan when the assessment of the fracture is inconclu-
sive, but this involves a significant amount of radiation.'?
In a recent study, CT imaging was not found to improve
the interobserver agreement for measuring GT fracture dis-
placement, but the surgeons felt slightly more confident
about their treatment recommendation with the addition
of a CT scan.'® Mutch et al. established a measurement
technique which involves calculating the GT fracture dis-
placement ratio. This ratio separated isolated GT fractures
into operative (ratio=0.50 or more) and nonoperative
(ratio=0.00 or less) groups, with the intermediate ratios
(ratio =0.00-0.50) benefiting from a CT scan.” However,
the intra and interobserver agreement for this measurement
technique has proven to be poor in our study. We noted par-
ticular difficulty with the technique when the fracture had
displaced posteriorly rather than superiorly.

Despite the lack of consistency in measuring the dis-
placement distance and ratio, there was unexpectedly
good intra and interrater agreement for the decision on
whether to operate or not on the GT fracture. Indeed, this
was the strongest area of agreement between all raters. It
therefore seems that merely reviewing the images without
any form of measurement seems to provide the best consist-
ency in deciding treatment.

The senior surgeons had a slightly higher intra and inter-
observer reliability for classifying the fracture and decision
to operate and better interobserver consistency for the meas-
urement of displacement on AP and axillary plain radio-
graph views. However, the junior surgeons had better
intraobserver consistency for the displacement measure-
ment, and higher intra and interobserver reliability for the
GT displacement ratio calculation. The results, however,
did not yield any statistically significant difference
between the two groups across all parameters.
Furthermore, the presence of aberrant figures such as abso-
lute ‘0’ and ‘1°, and the very wide margins of the CIs indi-
cate significant imprecision in the results from this
comparison, hindering the reliability and validity of its

findings. This is likely attributed to the low number of
raters involved in each comparative group.

Limitations

Limitations should be accounted for when implementing
the study findings. This is mainly attributed to the number
of patients and raters included. The stratified analysis com-
paring the senior to junior surgeons demonstrated imprecise
findings as a result of the low number of raters in each
group. There is also the risk of bias in the selection of the
raters and patients for the study.

Conclusion

The best intra and interobserver consistency was when sur-
geons decided whether they would offer surgery based on
the images provided. Otherwise, this study has revealed
ongoing inconsistency in the classification and measure-
ment of isolated GT fractures. Future studies on GT
fractures should recognize the inconsistencies associated
with using displacement distance as the sole criteria for
treatment and should define clearly the classification
method and measurement technique used to allow for
more appropriate implementation in clinical practice and
comparison of studies.

Research for identifying a more reliable classification
system and measurement method is further recommended.
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