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Introduction:  The  optimal  treatment  of isolated  fractures  of the  greater  tuberosity  is  an  important  topic
of current  surgical  research.  While  non-displaced  fractures  are  amenable  to conservative  treatment,
displacement  of the fragment  can  result  in  rotator  cuff  malfunction  and  impingement.  For  the  present
study,  risk  factors  predicting  secondary  fragment  displacement  were  analyzed.
Hypothesis:  Certain  risk  factors  determine  a higher  risk of  secondary  displacement  in patients  with  greater
tuberosity  fractures.
Patients and methods:  All  patients  diagnosed  with a fracture  of  the  greater  tuberosity  and  initially  treated
non-surgically  at our  Level  I trauma  center  between  January  2008  and  July  2015  were  included  in  this
retrospective  analysis.  Patients  were  grouped  into:  no  secondary  displacement  (group  1)  and  secondary
displacement  at follow-up  (group  2).  The  following  risk  factors  were  analyzed:  age,  gender,  side of frac-
ture, initial  displacement,  fragment/head  ratio,  fragment  shape,  dislocation,  concomitant  fractures  and
concomitant  fractures  to  the same  extremity.
Results:  82  patients  (42 male,  40  female)  were  eligible  for further  analyses.  Median  follow-up  was
8.0  ± 39.5  days.  Patients  with  secondary  displacement  (group  2)  were  significantly  older  (group  1:
51.7  ± 15.5,  group  2: 68.3  ±  14.3;  p < 0.001)  and had  significantly  more  shoulder  dislocations  (p =  0.024),
whereas  gender  (p =  0.299),  side  of  fracture  (p = 0.189)  and  fragment/head  ratio  (p =  0.660)  showed  no
significant  different  distribution  between  both  groups.  Finally,  split-type  fractures  increased  the  risk  of
secondary  displacement.

Discussion: The  present  study  identified  age  older  than  65  years  to be  an  important  risk  factor  for  sec-
ondary  displacement  in  the  conservative  management  of fractures  of the  greater  tuberosity.  Furthermore,
fracture  type  and shoulder  dislocations  are  factors  associated  with  an  increased  relative  risk  for  secondary
displacement.
Level  of proof:  III,  Retrospective  comparative  study.

© 2018  Published  by Elsevier  Masson  SAS.
. Introduction

Isolated fractures of the greater tuberosity and their optimal
reatment have seen an increase in clinical and scientific inter-

st [1,2]. While they only represent 20% of all proximal humeral
ractures, their clinical relevance is immense since the greater
uberosity is the insertion site of the rotator cuff [3] and cur-
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rent research has reported a high rate of concomitant soft tissue
pathologies [2]. Furthermore, a percentage of cases of anterior
shoulder dislocations is accompanied by fractures of the greater
tuberosity [4]. Today, indications for surgical fixation remain to
be controversial [3]. While recent guidelines recommend surgi-
cal fixation in cases with a displacement of 5 mm and more [5],
there is a paucity of knowledge regarding the clinical course in
conservatively managed patients with initial displacement of less
than 5 mm.  Here, the risk of secondary fragment displacement

and subsequent poorer functional outcome due to delayed surgical
treatment have been discussed [6].

The present study aimed to identify risk factors predicting
secondary displacement in conservatively managed patients with

https://doi.org/10.1016/j.otsr.2018.06.017
http://www.sciencedirect.com/science/journal/18770568
http://www.elsevier.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2018.06.017&domain=pdf
mailto:frink@med.uni-marburg.de
https://doi.org/10.1016/j.otsr.2018.06.017


3 tolog

i
f
p
o

2

i
2
s
n
i
p
a
r
9
w
g
v
c
t
m
a
d
t
w
f
t
t
t
w
e
l

t

18 B. Bockmann et al. / Orthopaedics & Trauma

solated fractures of the greater tuberosity. We  hypothesized that
actors such as age, gender, fracture mechanism and fracture mor-
hology increase the risk for secondary displacement in fractures
f the greater tuberosity.

. Patients and methods

All patients diagnosed with a fracture of the greater tuberos-
ty at our Level I trauma center between January 2008 and July
015 were included in this retrospective analysis. During the inclu-
ion process all data was pseudonymized. Exclusion criteria were:
erve or vessel damage, minors, primary surgical treatment and

ncomplete radiologic data. The detailed inclusion and exclusion
rocess is provided in Fig. 1. Fractures were visualized with a true
.p. radiograph standing in the upright position with an upper body
otation of 45◦ and an axial radiograph in the lying position with
0◦ abduction. In cases with a shoulder dislocation, repositioning
as performed using the technique according to Arlt and the radio-

raphs were repeated [7]. All radiographs were analyzed in a.p.
iew by 2 independent observers, both trauma surgeons at our
entre. Displacement was measured with a protocol similar to the
echnique described by Foruria et al. [8]: the inferior tip of the frag-

ent was identified. Then, the shortest distance between this tip
nd its origin at the humeral sheaf was measured and defined as
isplacement. Patients with a displacement of the fragment of more
han 5 mm,  which was measured directly and without calibration,
ere considered as primary displacement and were excluded from

urther analysis. Patients with less than 5 mm displacement were
reated according to our standardized clinical algorithm. Conserva-
ive treatment included a three-stage concept. In the first period,
he injured shoulder was immobilized in a Gilchrist sling for 3
eeks. During the second stage, pendular swinging and assisted
xercises were commenced for another 3 weeks. In the third and
ast stage, active exercises were performed.

Patients were followed in our outpatient department and
he same imaging routine was repeated. Median follow-up was

Fig. 1. Flowchart depicting the in
y: Surgery & Research 105 (2019) 317–322

8.0 ± 39.5 days. Patients presenting with a secondary displacement
of > 5 mm were treated surgically. Representative radiographs of
cases with and without secondary displacement are provided in
Fig. 2.

A retrospective risk factor analysis of two groups was per-
formed: patients without secondary displacement (group 1) and
patients with secondary displacement (group 2). The following risk
factors were analyzed: age, gender, side of fracture, initial displace-
ment, fragment/head ratio (measured as the maximal length of the
fragment divided by the maximal length of the humeral head diam-
eter in the a.p. radiograph by two  independent observers), fragment
shape as described by Mutch et al. [9] (type I – avulsion, type II
– split, type III – depression), confirmed dislocation of the shoul-
der, concomitant fractures to the same extremity and number of
concomitant fractures.

2.1. Ethics

Designed as a retrospective pseudonymized study no ethical
review statement was required.

2.2. Statistics

Results were documented in an Excel database (Mircosoft Excel
2010, Microsoft, Redmont, USA). After a baseline analysis, a bivari-
ate analysis of the dichotomous and numeric parameters was
performed using IBM SPSS statistics 22 (Statistical Package for the
Social Science, IBM Cooperation, Armonk, no.Y., USA). Normal dis-
tribution was evaluated by using the Kolmogorov–Smirnov test.
To compare the parameters, analysis of variance (ANOVA) and
Chi-square tests were used. If normal distribution was not given,
Mann–Whitney-U tests were used. Relative risks were determined
for factors with significantly different distributions between group

1 and 2.

Additionally, a Pearson correlation analysis was  performed to
assess the interrelationship between the above named risk fac-
tors and the affiliation to either group. Then, a bivariate logistic

clusion/exclusion process.
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ig. 2. Radiographs of representative cases. Posttraumatic (A) and (B) follow-up rad
econdary displacement (distance: 7 mm)  between trauma (C) and follow-up at 10 

egression was  performed to evaluate the effect of the respective
actors on the secondary displacement risk.

A p-value < 0.05 was considered statistically significant.

. Results

Between January 2008 and July 2015, 142 patients presented
t our trauma center with a fracture of the greater tuberosity.
ixty patients had to be excluded, resulting in 82 available cases
the detailed inclusion/exclusion process is provided in Fig. 1).
roup 1 consisted of 63 patients, group 2 of 19 patients. In 4
atients included in group 2 no surgical fixation was performed
ue to patient’s refusal (n = 1) or severe comorbidities. The age of
atients who showed a primary displacement at first follow-up and
ere excluded was 64.5 ± 17.9 years and did not differ from the

emaining 82 patients (p = 0.061). Their initial displacement was

2.4 mm ± 7.8 mm,  which is significantly higher when compared
o patients from group 1 and 2 (p < 0.001).

Displacement of the individual patients is provided in Fig. 3A–C.
he Kolmogorov–Smirnov test showed no normal distribution for
hs of a non-displaced case (distance: 1 mm), compared to a patient presenting with
D).

age (p = 0.046), initial displacement (p < 0.001), fragment/head ratio
(p < 0.001), concomitant fractures (p < 0.001) and concomitant frac-
tures to the same extremity (p < 0.001). Patients with secondary
displacement had a higher initial displacement at first examination
(group 1: 1.4 mm ± 1.5 mm;  group 2: 2.6 mm ± 1.7 mm;  p = 0.007), a
significantly higher age (group 1: 51.7 ± 15.5, group 2: 68.3 ± 14.3;
p < 0.001), whereas gender (group 1: 30 women, 33 men; group 2:
12 women, 7 men; p = 0.299) and fracture side (group 1: 27 left,
36 right; group 2: 12 left, 7 right; p = 0.189) showed no signifi-
cant differences (Table 1). While, no predominant fracture pattern
was observed in both groups (Mutch I: 33 in group 1, 7 in group
2, p = 0.299; Mutch II: 21 in group 1, 10 in group 2, p = 0.178,
Mutch III: 9 in group 1, 2 in group 2, p = 1.000), an increased rel-
ative risk of secondary displacement was  found for type II fractures
(Table 2). Shoulder dislocation as the underlying trauma mecha-
nism (group 1: 48 without dislocation, 15 with dislocation; group

2: 9 without dislocation, 10 with dislocation; p = 0.024) was seen
more frequently in group 2. Patients with secondary displace-
ment presented with an increased number of concomitant injuries
(p = 0.181) or concomitant injuries to the same extremity (p = 0.060;
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Fig. 3. Scatter plot showing dislocation [mm]  depending on age [years] for all patients (A), group 1 (B) and Group 2 (C).

Table 1
Distribution of risk factors between non-displaced (group 1) and displaced (group 2) greater tuberosity fractures.

N Average Standard deviation 95% confidence interval for mean Minimum value Maximum value

Lower limit Upper limit

Age
Group 1 63 51.67 15.50 47.76 55.57 21.00 86.00
Group 2 19 68.26 14.34 61.35 75.18 40.00 90.00
Total 82 55.51 16.71 51.84 59.18 21.00 90.00

Fragment/head ratio
Group 1 63 0.56 0.22 0.50 0.61 0.24 1.42
Group 2 19 0.58 0.24 0.46 0.69 0.18 1.12

Total 82 0.56 0.22 0.51 0.61 0.18 1.42
Concomitant injuries

Group 1 63 0.10 0.30 0.02 0.17 0.00 1.00
Group 2 19 0.21 0.42 0.01 0.41 0.00 1.00
Total 82 0.12 0.33 0.05 0.19 0.00 1.00

Concomitant injuries to same extremity
Group 1 63 0.06 0.25 

Group 2 19 0.21 0.42 

Total 82 0.10 0.30 

Table 2
Relative risks of age, fracture type and concomitant injuries for secondary
displacement.

Risk factor Relative Risk

Age > 65 years 3.75
Mutch I 0.61
Mutch II 1.83
Mutch III 0.76
Concomitant fractures 1.92
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Concomitant fractures to the same extremity 2.47
Dislocation 2.53

able 1). However, concomitant injuries to the same extremity
howed a relevant increase in the relative risk. The relative risks
f secondary displacement for the analyzed variables are given in
able 2.

To further evaluate the influence of the above named risk fac-
ors, the Pearson correlation coefficients (r) were evaluated and a
ivariate regression analysis was performed. A strong correlation
as found for age > 65 years (r = 0.385, p < 0.001) and dislocation as

racture mechanism (r = 0.264, p = 0.016), while only a weak corre-
ation was found with fracture type (Mutch I: r = −0.131, p = 0.240;

utch II: r = 0.168, p = 0.132; Mutch III: r = −0.047, p = 0.678), con-
omitant injuries (r = 0.149, p = 0.183) and concomitant injuries to

ame extremity (r = 0.209, p = 0.059).

The bivariate regression analysis confirmed the significant influ-
nce of age (p = 0.022), while dislocation as fracture mechanism
id not reach significance (p = 0.055). Again, fracture type (Mutch
0.00 0.13 0.00 1.00
0.01 0.41 0.00 1.00
0.03 0.16 0.00 1.00

I: p = 0.239; Mutch II: p = 0.116; Mutch III: p = 1.000), concomitant
injuries (p = 0.999) and concomitant injuries to same extremity
(p = 0.999) showed no significant influence on secondary displace-
ment.

4. Discussion

The aim of this study was  to identify risk factors predicting sec-
ondary fragment displacement during the non-surgical treatment
of greater tuberosity fractures of the shoulder.

Fractures of the greater tuberosity can cause functional limi-
tations due to the close anatomic relation to the rotator cuff and
subacromial space [3]. Current surgical concepts include both, open
surgical repair via suture or screw fixation and minimal invasive
arthroscopic techniques [10]. In cases of displacement of more
than 5 mm,  surgical treatment has been recommended, especially
in young and active patients performing overhead activities [10].
In cases with very little or even no displacement, non-surgical
treatment with temporary immobilization is usually preferred
[11,12]. Importantly, failure of the non-surgical treatment has been
associated with poor functional outcome. In cases with osseous
consolidation in malposition after secondary displacement, an
impingement syndrome may  develop [6,13].
Data on risk factors predicting secondary displacement of iso-
lated greater tuberosity fractures is scarce. Be that as it may, the
size of the fragment has been proposed to be a critical adverse
factor, since larger fragments are expected to impinge more
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asily and result in a higher mechanical strain of the abductors
6,11]. Duparc described the lack of stability of the fragment, which
s indicated by secondary displacement, as a central mechanism
eading to malunion; however, this observation was  not specifically
imited to isolated tuberosity fractures [14].

In our study, we identified higher age as the most important risk
actor for secondary displacement. While a higher grade of immobi-
ization could be expected in older patients, insufficient passive and
ctive stabilizing mechanisms might increase the risk of secondary
isplacement with age. Furthermore, shoulder dislocations as the
nderlying trauma mechanism were more frequently observed in
roup 2 and showed an increased relative risk for secondary dis-
lacement of the greater tuberosity. This finding might also be
xplained by a general instability due to injuries to the capsula after
houlder joint dislocation facilitating unphysiological translation of
he proximal humerus. This finding confirms data of Hebert-Davies
t al. reporting higher rates of secondary displacement following
islocation of the shoulder [15].

In the current study, patients with concomitant injuries to the
ame extremity showed an increased relative risk for displacement,
hich was not confirmed in the Pearson correlation and regression

nalysis. A recent study by Muhm et al. screened the amount of con-
omitant injuries in greater tuberosity fractures in patients younger
han 65 years. Their group found a high incidence of relevant soft
issue pathologies, especially in patients with glenohumeral dislo-
ation [16]. This finding underlines the high impact of concomitant
njuries in this fracture.

The increased relative risk as described in our work can be
aused by a higher level of immobilization on the respective side,
hich leads to a consecutive lack of mobility and reduces the ability

o participate in rehabilitation programs. This hypothesis is in line
ith a study by Foruria et al. demonstrating that fracture fragments

n proximal humeral fractures settle under conservative treatment
hen using a home program of passive and active assisted range of
ovement exercise [8].
Fracture morphology is known to substantially influence the

urgeon’s decision-making [9]. Three types of fragment shapes
ave been described by Mutch et al. [9]. Here, avulsion type frac-
ures (type I as described by Mutch et al.) are often caused by the
ame mechanism such as rotator cuff tears, causing a bony avulsion
nstead of a soft tissue rupture. In general, these fractures can be
reated conservatively. In case of secondary displacement, the frac-
ure can be considered as a subtype of a rotator cuff tear, and suture
ridge techniques are commonly used [17]. Split-type and depres-
ion type fractures (type 2 and 3 as described by Mutch et al.) are
ommonly linked with glenohumeral dislocations or subluxations
nd further evaluation of labrum integrity, especially in younger
atients has been advocated [9,11]. In the present study, split-type
ractures showed an increased relative risk for failure after initial
onservative treatment.

The authors are aware of the limitations of the study. The ret-
ospective study design limits the number of analyzed risk factors.
specially for patients of group 1, longer follow-up would have been
elpful. If patients did not show displacement after few days, treat-
ent was usually continued at an ambulatory healthcare center

ccording to our local treatment algorithm. Thus, the vast major-
ty of patients from group 1 was not followed up at our hospital
ny further. However, few displacements are seen after this crucial
eriod [18] resulting in a long-term displacement rate of only 6%
15] for patients without initial shoulder dislocation. Keeping this
n mind, the authors are convinced to have covered the majority of
isplacements during the first 8 days.
A pre-hoc power analysis was performed upon commencing this
tudy. Taking into account the data presented by Foruria et al. [8]
or the distance between the greater tuberosity and the acromion
n posteromedial impaction fractures of the proximal humerus, a
: Surgery & Research 105 (2019) 317–322 321

power of 0.5 and a type I error rate of 10% leads to a sample size
of 68 patients per group, if the sampling ratio is 1/1. To reach a
power of 0.8 and a type I error rate of 5%, groups of 256 patients
each are needed. This can only be achieved in large prospective tri-
als. Second, the anatomical measurements were evaluated in a.p.
radiographs. Here, the use of MRI  or CT scans could have resulted in
an increased precision and additional information regarding con-
comitant soft tissue pathologies [19]. Third, we did not evaluate
the functional outcome of the analyzed cohort. Thus, the clinical
consequences of the radiological displacement remain to be clari-
fied. Finally, we  are not able to report on patients’ compliance and
performed physical therapy.

The major strength of the study represents the relatively large
cohort of patients presenting with this relative rare injury. To the
best of our knowledge, this is also the first study aiming to identify
the risk factors predicting the failure of the non-operative treat-
ment of these lesions in the context of the fracture morphology.
Finally, a thorough statistical analysis was  performed, including
the calculation of relative risks and subgroup specific differences.
For a multivariate analysis, a logistic regression was  carried out.
Although this analysis has limited usability due to the sample size, it
still adds helpful information to our work. To fully address the prob-
lem of secondary displacement, as mentioned above, conducting a
prospective study with a large cohort and a consecutive logistic
regression might be considered. But in the current retrospective
design of this study, we  see the logistic regression as a positive
addition, even with the small cohort.

5. Conclusion

The present study identified age of more than 65 years as an
important risk factor for secondary displacement in the conserva-
tive management of fractures of the greater tuberosity. Thus, the
initial hypothesis of our study could be proven. Furthermore, frac-
ture type and shoulder joint dislocations were factors associated
with show increased relative risks for secondary fragment displace-
ment.
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