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Radiological Analysis of Proximal Humerus Restoration and
Functional Outcome in Shoulder Hemiarthroplasty
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Abstract

In  shoulder hemiarthroplasty, the glenohumeral offset,
subacromial gap, vertical and horizontal measurements of
tuberosities, and stage of fatty infiltration are some of the
radiological parameters that evaluate the restoration of proximal
humerus. This study was designed to determine which radiological
parameters are more compatible with functional results after
hemiarthroplasty. Twenty-five patients, who were treated between
2002 and 2010 for proximal humerus fractures with
hemiarthroplasty and had post-operative computed tomography
(CT) scans, were evaluated. The final position of the prosthetic
head, tuberculum restoration, and fatty degeneration of the
supraspinatus muscle were analysed radiologically. The American
Shoulder and Elbow Society (ASES) score, Constant-Murley
score, Disabilities of the Arm, Shoulder, and Hand (DASH) index
score were used to determine functional performance. The mean
ASES, Constant—Murley, and DASH index scores of patients aged
52 to 84 years were 70, 66, and 23, respectively. The patient group
with a normal retroverted prothesis had higher Constant-Murley
and lower DASH index scores (p<0.05). The group with 0 to 5 mm
horizontal malpositioning in CT scans had better clinical outcomes
(p<0.05). Better clinical outcomes were noted in the stage O fatty
infiltration group (p<0.05). Hemiarthroplasty remains an important
treatment option in proximal humerus fractures. In collaboration
with achieving closer restoration to proximal humerus anatomy,
the stage of fatty degeneration plays an important role in a
successful functional result.
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Oz

Glenohumeral ofset, subakromiyal bosluk, tiberkiillerinvertikal ve
horizontal plandaki 6l¢timleri ve yaghinfiltrasyonun evreleri gibi
radyolojik parametreler, omuz artroplastisinde,
proksimalhumerusun restorasyonu incelenirken kullanilir.Bu
caligma, hemiartroplasti sonrasi hangi radyolojik parametrelerin
fonksiyonel sonuglarla daha uyumlu oldugunu belirlemek igin
tasarlanmigtir.  2002-2010 yillar1 arasinda proksimalhumerus
kiriklari nedeniyle hemiartroplasti ile tedavi edilen ve postoperatif
bilgisayarli tomografi (BT) taramalar1 olan 25 hasta
degerlendirildi. Protez basin son pozisyonu, tiiberkiillerin
restorasyonu ve supraspinatus kasmm yagh
infiltrasyonuradyolojik  olarak analiz  edildi.  Fonksiyonel
degerlendirmede, Amerikan Omuz ve Dirsek Toplulugu (ASES)
Skoru, Constant-Murley skoru, DASH (kol,omuz ve elkisitlilik
indeksi) skoru kullanilmigtir. Yas araliklar1 52-84 yas arasi degisen
hastalarin ortalama ASES, Constant-Murley ve DASH indeks
skorlar1 sirastyla 70, 66 ve 23 idi. Normal retroversiyona sahip
protezi olan hasta grubu daha yiiksek Constant-Murley ve daha
diisiik DASH indeks skorlarima sahipti (p<0.05). BT taramalarinda
0 ila 5 mm horizontalmalpozisyonu bulunan grup daha iyi klinik
sonuglara sahipti (p<0.05).Evre 0 yagl infiltrasyonbulunan hasta
grubunda daha iyi klinik sonuglar not edildi (p<0.05).
Hemiartroplasti, proksimalhumerus kiriklarinda 6nemli bir tedavi
secenegi olmaya devam etmektedir.  Proksimalhumerus
anatomisine daha yakin restorasyon elde etmek ile birlikte yagl
infiltrasyonunevresi, basarili bir fonksiyonel sonugta 6nemli bir rol
oynamaktadir.

Anahtar Kelimeler: Hemiartroplasti, Proksimal Humerus Kirigi,
Yagli Infiltrasyon

Introduction

With the increase in the life expectancy of the
population, the interest in osteoporosis-related
fractures is developing. Proximal humerus fracture
is one of the fractures associated with poor bone
quality and constitutes 4% to 5% of fracture related
applications. Approximately 80% can be treated
conservatively (1-3). The surgical approach has a
variety, ranging from percutaneous pinning, locked
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nails, screw fixation, and plate osteosynthesis to
shoulder hemiarthroplasty (4).

Hemiarthroplasty is indicated for four-part
fractures: comminuted osteoporotic three-part
proximal humerus fractures, fracture dislocations of
the humeral head, head-splitting fractures, and
impaction fractures involving at least 40% of the
humeral articular surface (5,6).

Although adequate pain relief has been
consistently demonstrated after hemiarthroplasty,
depending on the range of motion and muscle
strength, functional outcomes are less predictable
(7). Patient-related factors influencing the outcome
include age, bone quality, comminuted fracture, and
comorbidities (6). Technical factors associated with
the outcome include the restoration of humeral head
height, proper retroversion of the humeral
component, secure fixation of tuberosities, and
union of tuberosities to the humeral shaft. Tuberosity
malpositioning has also been shown to adversely
affect functional outcomes after hemiarthroplasty for



Mugla Sitki Kogman Universitesi Tip Dergisi 2021;8(1):5-12
Medical Journal of Mugla Sitki Kocman University 2021,8(1):5-12
Doi:10.47572/muskutd.811424

Orijinal Makale/Original Article
Giirsan et al.

three- and four-part proximal humerus fractures (7-
9). Frankle et al. (10) examined the biomechanical
consequences of tuberosity malreduction in the
horizontal plane (malpositioning of the tuberosities
located medially on the humeral shaft) and showed
that tuberosity malpositioning leads to both
abnormal glenohumeral kinematics and increased
torque requirements for shoulder rotation. Fatty
infiltration of the rotator cuff muscles is also an
important prospective factor for functional outcomes
(11). Greiner et al. (12) described that there was a
clear tendency to lower clinical scores with
increasing stages of fatty infiltration of the rotator
cuff for each muscle. Moreover, tuberosity
malpositioning correlated with fatty infiltration of
the rotator cuff muscles. (12)

The restoration of the proximal humerus affects
functional outcomes. Post-operative radiological
parameters such as the lateral humeral offset,
glenohumeral offset, stem height, retroversion, and
position of tuberculum majus can demonstrate the
success of restoration of the proximal humerus (13).
In this retrospective study, we aimed to analyze the
relationship  between the intermediate-term
functional outcomes of hemiarthroplasty and the
post-operative  radiological parameters which
demonstrate the final position of tuberosities and
fatty infiltration of the supraspinatus muscle.

Material and Method

Between 2002 and 2010, 131 patients, who
underwent acute (under 21 days’) hemiarthroplasty
in DokuzEyliil University Hospital (Izmir), were
analysed. The patients, who had the surgery with the
same non-constrained shoulder prosthesis by two
senior surgeons and had post-operative computed
tomography (CT) scans during the follow-up period,
were included in this study. The patients with
pathological fractures, associated fractures, early or
late post-operative infection period, and under 2
years’ follow-up period were excluded from the
study. We analysed 25 patients matching these
criteria, who were involved in the post-operative
rehabilitation programme in Dokuz Eyliil University
Hospital. The study was conducted in accordance
with the principles of the Declaration of Helsinki.
(Ethical committee approval no: 2013/17-14)

Radiological evaluation; the lateral
glenohumeral offset and humeral offset were
measured on plain radiographs (Figure 1 and 2). The
distance between the prosthesis surface and the
acromion distal edge was measured on a coronal CT
scan (Figure 3) (13). There were two parameters in
the axial plane. Once medial malpositioning of both
tuberosities was analysed, the bicipital groove was
identified in the distal plane of the proximal humerus
in the non-fractured area and followed proximally.
Tuberosity placement was considered normal either
when the bicipital groove could be followed in the

axial plane from distal to proximal without a gap of
0.5 cm or more or when there was no medial
overlapping of tuberosities in relation to the
prosthetic head (Figure 4). Malpositioning was
graded as less than 0.5 cm, 0.5 to 1.0 cm, and more
than 1.0 cm (12). The second parameter on the axial
plane was retroversion. The retroversion of the
prosthesis could not be evaluated using epicondyles
because our patients did not have distal humerus CT
sections (Figure 5). The retroversion was accepted as
normal if the anterior fin of the prosthesis was
located anterior to the tuberculum minus or the
bicipital groove was located 8+2 mm anterior to the
lateral fin of the prosthesis (10). In 1994, Goutallier
etal. (14) investigated fatty infiltration in rotator cuff
tears by measuring on CT sections (Figure 6).They
classified fatty infiltration in stages 0 to 4. In this
study, the classification of fatty infiltration in the
supraspinatus muscle was performed by the
radiology department, which was unaware of the
post-operative clinics of the patients. CT scans and
radiographs were evaluated by the agreement of two
different observers.

Figure 1. Radiologic evaluation of lateral glenohumeral
offset.

Figure 2. Measurement of the lateral humeral offset on
shoulder AP graphy.

Figure 3. Subacromial gap on CT.
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Figure 4. Malposition of tuberosities.

Figure 5. The relationship between bicipital groove (red
arrow) and lateral fin of prosthesis (yellow arrow)
demonstrates retroversion of humeral stem.

Figure 6. Stage Il fatty degeneration of supraspinatus
muscle on sagittal CT section.

Functional scoring; the patients were evaluated
in terms of functional outcomes using the American
Shoulder and Elbow Society (ASES) score,
Constant-Murley score, and Disabilities of the Arm,
Shoulder, and Hand (DASH) index score.

Statistical analyses; the SPSS 15.0 program was
used to perform data analysis. Descriptive statistics
of dependent and independent variables was made,
and the frequency, percentage, mean, and standard
deviation were calculated. The minimum and
maximum values were also used as descriptive
statistics. The Mann-Whitney U test and Kruskal—-
Wallis test were used to perform non-parametric
tests. The significance level was taken as less than
p< 0.05. Since malpositioning and fatty degeneration
parameters were divided into three groups, if the
Kruskal-Wallis test was found to be significant in
intergroup comparisons, the Mann—-Whitney U test
had to be applied to determine the difference
between the groups. Therefore, after the Kruskal—-
Wallis test, the Mann-Whitney U test with the
Bonferroni correction was performed.

Results

The mean follow-up period of 25 patients, who
underwent hemiarthroplasty in the acute period after
proximal humerus fractures, was 5 years (range, 3—
10 years). The mean age of the patients at the time of
trauma was 68 years (range, 52-84 years). There
were 19 women and 6 men. The right side was
affected in 15 of the patients, and dominant arm was
involved in seventeen of them. The fractures were
categorized using the Neer classification system.
The classification was established by pre-operative
radiographs and CT scans (performed in 13
fractures). Thirteenof patients in the study were
classified as Neer 11l and 12 of them were NeerlV.

The mean lateral glenohumeral offset was
measured as 48.65 mm (range, 42.8-59.3 mm). The
mean lateral humeral offset was 23.22 mm (range,
14.8-34.0 mm). To simplify the statistical
evaluation, these parameters were examined in two
groups as below and above of the mean values.

The average distance between the acromion tip
and the prosthesis was 8.1 mm (range, 4.8-13.7
mm). Six patients were found to be under 7.0 mm.

Tuberculum malpositioning was evaluated in
three groups: 14 patients in the first group
determined as 0 to 5 mm, 6 patients in the second
group as 5to 10 mm, and 5 patients in the third group
as 10 to 15 mm.

On axial CT scans, there were 18 patients with
normal retroversion, and seven prostheses were
evaluated as being retroverted.

When fatty degeneration was examined in the
supraspinatus muscle, four patients had Goutallier
stage 0, 16 Goutallier stage 1, and 5 Goutallier stage
2 fatty degeneration. None of the patients had stage
3 and 4 fatty degeneration (Table 1).

In terms of the functional performance of the
shoulder, the mean forward flexion was measured as
99 degrees (range, 50-140 degrees). The mean
abduction was 92 degrees (range, 70-120degrees). It
was observed that the thumb reached the thoracic
vertebral level in eight patients with active internal
rotation. Three patients were at L5 vertebral level
and one patient at the gluteal level. The mean
Constant—Murley score of 25 patients was calculated
to be 66 (range, 41-88). One patient was excellent,
three were evaluated as good, five were moderate,
and sixteen were poor. In the ASES evaluation, the
mean score of 25 patients was 70 (range, 48-88).
The mean DASH index score was measured as 23
(range, 46-11; Table 2).

Higher Constant—Murley and ASES scores and
higher degrees of abduction and forward flexion
were found to be associated with values higher than
50 mm of the lateral glenohumeral offset (p=0.106,
0.079, 0.055 and 0.301 respectively). A low DASH
index score was found to be statistically significant
in cases with 50 mm and higher values of the lateral
glenohumeral offset (p=0.017).
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Table 1. Radiologicparameters of 25 shoulders.

Fracture Lat. Ghumeral Lat. Humeral Subacromial Malposition Fatty
Patient Type Offset Offset Gap (ﬁwm) Retroversion Degeneration
Neer (mm) (mm) (mm) Goutallier
1 4 54 27 6.70 6.7 N 0
2 4 59.3 34 8.7 7.2 N 1
3 3 50.8 25.1 13.6 8.1 N 1
4 4 42.8 14.8 74 3.7 N 1
5 3 52.3 27.4 9.3 15.3 Retroverted 1
6 4 458 20.1 48 7.9 N 2
7 3 49.2 23.8 9.8 115 Retroverted 1
8 4 515 254 5.1 33 N 0
9 3 43 16.9 8.9 16.7 Retroverted 1
10 4 53.9 25 7.6 8.2 N 1
11 3 47.1 18.4 7.1 31 1 2
12 4 46.6 213 5.8 31 1 1
13 4 453 225 8.9 9.4 Retroverted 2
14 3 46.7 222 11 16.2 N 1
15 4 47.2 26.9 11.4 2.7 N 0
16 4 54.7 27.3 7.2 10.3 Retroverted 1
17 3 50.9 24.4 5.9 10.2 N 1
18 4 441 20 7.9 2.3 N 0
19 3 453 17.4 7.1 3.9 Retroverted 1
20 3 42.8 22.7 7.2 2.2 N 2
21 3 56.6 24 7.2 24 N 2
22 3 453 26.4 5.2 31 N 1
23 3 42.8 25.2 13.7 7.9 N 1
24 4 52.4 15 7.5 35 N 1
25 3 45.9 2715 9.4 15 Retroverted 1

Table 2. Fuctional evaluation of 25 shoulders.

) Fracture Fatty Constant- Forwa}rd Abduction Interr_1a|
Patient Type Degenera_tlon Murley ASES DASH Elevaatlon ) Rot?tlon
Neer Goutallier ) )
1 4 1 82 84 13 110 95 T11
2 4 2 64 68 18 90 90 L2
3 3 2 70 74 13 100 95 T12
4 4 2 72 76 14 95 90 L1
5 3 2 7 72 14 110 90 L1
6 4 3 44 52 44 80 70 L5
7 3 2 68 74 16 85 90 L2
8 4 1 82 86 11 140 110 T5
9 3 2 62 66 40 90 90 L1
10 4 2 90 82 14 120 110 T12
11 3 3 7 82 15 110 95 T12
12 4 2 61 54 34 90 80 L4
13 4 3 41 48 46 50 80 Gluteal
14 3 2 74 78 15 90 90 L1
15 4 1 66 72 22 120 90 L1
16 4 2 48 54 30 90 95 L1
17 3 2 85 88 13 110 105 T12
18 4 1 87 86 14 140 120 T12
19 3 2 51 58 43 90 85 L5
20 3 3 53 62 30 100 80 L3
21 3 3 45 62 35 90 100 L3
22 3 2 69 70 22 120 110 T12
23 3 2 70 74 15 90 95 L2
24 4 2 74 82 16 100 85 L2
25 3 2 46 52 40 75 70 L5
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Table 3. The effect of malpositon of tubercules as ASSES, DASH, Anterior flexion, Abduction and Constant-Murley score.

N***
0-5mm**  5-10mm_ 10-15 mm** Total Median Min Max p*
ASSES 13 7 5 25 72 48 88 .001
DASH 13 7 5 25 16 11 46 .003
Anterior Flexion 13 7 5 25 95 50 140 .006
Abduction 13 7 5 25 90 70 120 .043
Constant- Murley Score 13 7 5 25 69 41 90 .001

*Kruskal Wallis Test **Man Whitney u test was applied between binary variables. ***Pairwise comparisons of malposition adjusted p values: 3-2:.222; 3-1:.004; 2-1:.535

Table 4. Grade of fatty degeneration affects functional outcome.

N***

Grade 0** Gradel Grade 2**

Total Median Min  Max p*

ASSES 4 16 5
DASH 4 16 5
Anterior Flexion 4 16 5
Abduction 4 16 5
Constant-Murley Score 4 16 5

25 72 48 88 .036
25 16 11 46 .032
25 95 50 140 .014
25 90 70 120 129
25 69 41 90 .029

*Kruskal Wallis Test: **Man Whitney u test was applied between binary variables. ***Pairwise comparisons of fatty degeneration adjusted

p values: 3-2:.522; 3-1:.030; 2-1:.196

Better ASES and Constant—Murley scores and
higher degrees of forward flexion were seen with
values greater than 23 mm of the lateral humeral
offset (p=0.467, 0.317 and 0.317 respectively).
Higher internal rotation range and lower DASH
index scores were seen at 23 mm and higher values
of the lateral humeral offset (p=0.081 and 0.075
respectively). At this range of the lateral humeral
offset, the presence of a higher range of abduction
was statistically significant (p=0.021).

In cases, where subacromial distances were
longer than 7 mm, higher Constant—-Murley and
ASES scores and lower DASH index scores were
found. Better degrees of forward flexion and
abduction were seen to be associated with the values
of subacromial distance greater than 7 mm (p=0.303
and 0.475 respectively).

In 18 patients with normal retroversion, higher
Constant-Murley and ASES scores and lower
DASH index scores were found to be statistically
significant  (p=0.037, 0.014 and  0.027
respectively).Also, in patients with normal
retroverted prostheses, it was statistically significant
to have a more range of motion in forward flexion.
(p=0.013).

When tuberculum malpositioning was examined
on axial CT sections, in the first group of 0 to 5 mm
malpositioning, higher Constant-Murley, ASES
scores, lower DASH index scores, and better range
of motion in forward flexion, internal rotation and
abduction were found to be statistically significant
(p= 0.001, 0.001, 0,003, 0.006, 0.037 and 0.043
respectively), using the Kruskal-Wallis test (Table
3). The Bonferroni-corrected Mann—-Whitney U test
was applied to determine which parameters could be
the source of this significance. Between the first and
third groups, there were statistically significant
differences in terms of the Constant-Murley, ASES,
DASH, Anteriorflexion,andabductionindex scores
(p=0.001, 0.001, 0.003, 0.006 and 0.043
respectively).

The patients, who were evaluated as stage O fatty
degeneration in the supraspinatus muscle, had higher
Constant—Murley, ASES scores, lower DASH index
scores, and greater range of motion in forward
flexion, abduction, and internal rotation, using the
Kruskal-Wallis test (p=0.029, 0.036, 0.032, 0.014,
0129 and 0.029 respectively) (Table 4).

Discussion

Shoulder hemiarthroplasty is a technically
difficult procedure for restoring the functional
capacity of the shoulder joint in four- and three-part
humerus fractures, fracture dislocations, and
impaction fractures involving more than 50% of the
joint  surface  (16-17). The success of
hemiarthroplasty depends on the appropriate
selection of patients (fracture type), post-operative
rehabilitation, and surgical technique. The correct
surgical technique requires optimal prosthesis
height, appropriate retroversion, secure fixation of
tuberosities, and optimal soft-tissue balance, with a
significant contribution of the rotator cuff muscles
(18,19). Anatomical tubercle reconstruction is
critical for the proper balance of the rotator cuff
muscles.

According to previous anatomical studies, the
prosthetic retroversion was considered normal, as it
was between 0 and 40 degrees in relation to the
transepicondylar line. Boileau et al. (20) stated that
it may be difficult to provide appropriate
retroversion even in the hands of experienced
surgeons. They confirmed that the most common
error was excessive retroverted placement of the
humeral component. The retroverted prosthesis
affects the placement of the tuberculum majus in the
horizontal plane. The replacement of the tuberculum
majus in retroverted implanted prostheses is possible
when the armis in external rotation. This leads to the
pull-out of sutures when the arm is neutrally rotated.
When the arm is internally rotated, the tuberculum
majus migrates posteriorly (20). In addition,
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excessive retroversion may lead to posterior
subluxation of the prosthesis (21). In this study,
normal retroverted shoulders had better functional
scores. Retroversion affects functional outcomes, as
it is related to the position of the tuberculum majus
in the horizontal plane.

The importance of the lateral glenohumeral
offset for shoulder function lies in the relationship
between the moment arm of the deltoid muscle, the
length of the rotator cuff muscles at rest, and capsule
tension. lannotti et al. (22) reported that the lateral
glenohumeral offset provided insights into the size
of the humeral head. A range of 54 to 58 mm is
considered optimal for the glenohumeral offset. In
this study, higher functional values were present
with 50 mm and higher values of the glenohumeral
offset, which was not statistically significant.
Demirhan (13) stated that when all radiological
parameters were examined, only the lateral humeral
offset was related to the result in hemiarthroplasty.
He suggested that the degree of anterior elevation
increased in correlation with the lateral humeral
offset (13). Rietveld et al. (23) reported that the
lateral humeral offset is associated with the degree
of glenohumeral abduction, and this distance forms
the moment arm of the supraspinatus with deltoid
muscle. It was found statistically significant that a
higher range of glenohumeral abduction was present
when the lateral humeral offset was greater than 23
mm (p<0.05). We believe that the higher lateral
humeral offset increases the amount of abduction by
extending the moment arm of the deltoid and
supraspinatus muscles.

The subacromial space is defined as the distance
between the surface of the prosthetic head and the
line of sclerosis of the acromion. The measurement
of the subacromial space after hemiarthroplasty may
give an idea about superior migration of the
prosthesis. In an anatomical study, lannotti et al. (24)
stated that 7 mm or lower values of the subacromial
distance indicate superior migration of the
prosthesis. Superior migration of the prosthesis
adversely affects functional outcomes. Non-
anatomical tubercle reconstruction may also lead to
superior migration of the prosthesis (25). In our
study, the mean subacromial distance was 8.1 mm. It
was seen that there was no statistically significant
relationship between the subacromial gap and the
intermediate-term functional scores. In some studies,
because it is less dependent on a technique of
radiological evaluation, measurements using Gothic
arch give clearer information about migration of the
prosthesis (26). The mismatch between the
subacromial space and the functional scores may be
related to both the inadequacy of the number of
patients and the possible errors in measurement
because of not using the Gothic arch method.

Tuberosity malpositioning occurs due to
ineffective fixation in relation to low bone quality
and rupture of the suture or non-anatomical location

10

of the other tubercle. Greiner et al. (12) showed that
best functional scores are found in cases where the
displacement of tubercles is about 0 to 5 mm. Poor
clinical results were seen in cases where the
displacement was more than 1 cm.In a retrospective
study, Kralingeret al. (9) evaluated anatomical
repositioning of tubercles as the only factor that
significantly affected the surgical outcome with the
use of the Constant-Murley scoring system.
Although the frequency of persistent pain with
anatomical tuberculum union is low in the late post-
operative period, there could be shoulder limitation
that may be equivalent to ankylosis with complete
anatomical tuberculum union. This shows that the
anatomical tuberculum union is only part of the
success (9). In this study, the first group — with
malpositioning determined as 0 to 5 mm — had higher
Constant-Murley and ASES scores and lower
DASH index scores, and there was a statistically
significant difference in forward flexion and
abduction and a wider range of motion in internal
rotation (p<0.05).

Reuther et al. (27) determined the mean
Constant-Murley score of 57 patients as 50.0.
Kralinger et al. (9) reported a mean constant score of
their series with 167 patients as 55.4. Movin et al.
(28) reported the mean constant score as 38 in their
series with 28 patients. In this study, the Constant—
Murley score of 25 patients was 66. Scores after
shoulder arthroplasty are so diverse in the literature
that other parameters have been examined to explain
this situation. Fatty degeneration is one of them.
There is a tendency to get worse clinical results as
the amount of fatty degeneration increases.
However, there is a direct correlation between
tuberculum malpositioning and amount of fatty
infiltration. The other factors of fatty infiltration may
also include the effects of trauma, surgery-related
denervation, and decreased range of motion of the
shoulder joint (12). In this study, the patients whose
fatty infiltration in the supraspinatus muscle
evaluated as stage 0 according to the Goutillier
classification were found to have higher Constant—
Murley and ASES scores and lower DASH index
scores and had a tendency to have more range of
motion in forward flexion, abduction, and internal
rotation (p< 0.05). However, this condition may be
caused by the effects of trauma, surgery-induced
denervation, and decreased range of motion, as well
as fatty degeneration secondary to tuberculum
malpositioning. Compared to the current literature,
we did not find a direct relationship between
tuberculum malpositioning and fatty degeneration.
The pre-operative evaluation of fatty degeneration
may be needed in terms of the choice of prosthesis,
such as reverse shoulder arthroplasty. In a meta-
analysis, Du et al. (29) confirmed that reverse
shoulder arthroplasty has become a beneficial choice
in the treatment of displaced three- or four-part
fractures in elderly patients, which might result in
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more favorable clinical outcomes. Gallineta et al.
(30) also confirmed that, compared to
hemiarthroplasty, reverse shoulder arthroplasty
provides a more reproducible function with better
recovery of active forward flexion and abduction
even when tuberosities are not reattached or do not
heal properly. However, reverse shoulder
arthroplasty has many complications, which is not
the subject of this study (31).

This retrospective study has some limitations.
There is inadequate patient population because of the
exclusion criteria to get more homogeneous group.
The functional condition of the shoulder before
fracture and pre-operative evaluation of fatty
infiltration may be more valuable when making a
comparison.

In  conclusion;  achieving  success in
hemiarthroplasty for acute proximal humerus
fractures is difficult. The anatomical final position of
the tubercle and the appropriate values of the
humeral offset were found to be correlated with more
successful functional results, as defined in the
literature. The effect of fatty degeneration should be
taken into consideration, and the surgical technique
should be reviewed when fatty degeneration is
detected before surgery.

Ethics Committee Approval: Ethical Board of
Dokuz Eyliil University was obtained with the letter
dated 09.05.2013 and numbered 2013/17-14.
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