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Abstract Objective To evaluate the postoperative functional and radiographic outcomes of the
shoulder of patients submitted to transosseous suturing of a greater tuberosity
fracture (GTF) through an anterolateral route and the influence of the glenohumeral
dislocation on these outcomes.
Methods We conducted a retrospective study and functional assessment using the
Constant-Murley score. The distance between the greater tuberosity and the joint
surface of the proximal humerus (in true anteroposterior radiographs) after the union
was calculated.We used the Fisher exact test for the categorical independent variables,
and the Student t or Mann-Whitney test for the non-categorical variables.
Results In total, 26 patients met the inclusion criteria, and 38% of the sample
presented an association between glenohumeral dislocation and GTF. The mean
Constant-Murley score was of 82.5þ8.02 points. The presence of an associated
dislocation did not alter the functional outcome. The mean distance between the
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Introduction

Greater tuberosity fractures (GTFs) account for 20% of frac-
tures of the proximal humerus.1 Although their prevalence is
low, GTFs are functionally relevant because they affect the
attachment site for the supraspinatus and infraspinatus
muscles, playing a role in shoulder joint flexion, abduction,
and external rotation. Thus, the anatomical reduction of the
greater tuberosity is fundamental for a good functional
outcome for the shoulder.2 Approximately 10% to 30% of
dislocations are concurrent with GTF3 and a potential Hill-
Sachs lesion.4 Reduction of the glenohumeral dislocation can
lead to concomitant reduction of the greater tuberosity. One
study5 showed that only 4% of patients with GTF and anterior
dislocation of the humerus required surgical treatment to
correct the fracture deviation.

The greater tuberosity requires surgical treatment if the
fracture deviation is � 5mm.6 Surgery is more indicated for
young patients or those performing activities with arm
elevation above the head.7 The surgical treatment aims at
an anatomical reduction between the greater tuberosity and

the humeral head in a portion approximately 9mm distal to
its most proximal aspect.7 An improper reduction may
cause secondary impingement syndrome and/or cuff failure
(high tuberosity), or tendon rupture due to excessive stress
(low tuberosity).6

The deltopectoral and anterolateral approaches are the
most used to treat proximal humerus fractures.8 The
anterolateral approach is lateral to the proximal humer-
us, and it provides better exposure of the greater
tuberosity.9

Fracture morphology may influence the osteosynthesis
technique. The treatment of a large-fragment GTF (split type)
uses a plate and a screw compression system. A tension band
or transosseous suture is an option for the fixation of
comminuted and small fragments.7

Few studies have evaluated the surgical treatment of GTFs
and the influence of a glenohumeral dislocation on the
postoperative functional outcome of the shoulder.

Our primary objective was to evaluate shoulder function
and the final position of GTF union after a transosseous
suture by the anterolateral approach. A secondary goal was

greater tuberosity of the humerus and the joint surface of the humeral head after the
union was of 9þ4.3mm below the articular line of the humeral head. The dislocation
led to a lower level of reduction, but this did not influence the Constant-Murley score.
Conclusion The cases of GTF submitted to surgical treatment with transosseous
sutures had good functional outcomes. The presence of dislocation made the
anatomical reduction of the greater tuberosity difficult. However, it did not influence
the Constant-Murley score.

Resumo Objetivo Avaliar os resultados funcional e radiográfico pós-operatórios do ombro, em
pacientes submetidos a sutura transóssea de fratura da tuberosidade maior (FTM) por
acesso anterolateral, e a influência da luxação glenoumeral nesses resultados.
Materiais e Métodos Realizou-se estudo retrospectivo e avaliação funcional (pela
escala de Constant-Murley). Calculou-se a distância entre a tuberosidade maior e a
superfície articular do úmero proximal (por meio de radiografia em incidência
anteroposterior verdadeira) após a consolidação. Usou-se o teste Exato de Fisher
para as variáveis independentes categóricas, e os testes tde Student ou de Mann-
Whitney para as não categóricas.
Resultados Ao todo, 26 pacientes preencheram os critérios de inclusão. A associação
de luxação glenoumeral com FTM foi observada em 38% da amostra. A média da
pontuação na escala de Constant-Murley foi de 82,5þ8,02. A presença de luxação
associada não alterou o resultado funcional. A distância média da consolidação da
tuberosidade maior do úmero em relação à superfície articular da cabeça umeral foi de
9þ4,3mm abaixo da linha articular da cabeça umeral. Pacientes com luxação
associada evoluíram com redução menor, mas isso não influenciou na pontuação na
escala de Constant-Murley.
Conclusão As FTMs submetidas ao tratamento cirúrgico com sutura transóssea
evoluíram com bom resultado funcional. A presença de luxação dificultou a redução
anatômica da tuberosidade maior. Entretanto, isso não influenciou na pontuação na
escala de Constant-Murley.

Palavras-chave

► fraturas do úmero
► luxação do ombro
► âncoras de sutura
► técnicas de sutura
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to assess whether an associated glenohumeral dislocation
could influence these outcomes.

Materials and Methods

We conducted a retrospective study analyzing medical
records from patients undergoing osteosynthesis of the
greater tuberosity with bone sutures from January 2010 to
August 2019.

The inclusion criteria were the following: patients over
18 years old with GTF (deviation greater than 5mm) surgi-
cally treated with transosseous suture via the anterolateral
approach, and a minimum follow-up of one year
postoperatively.

The exclusion criteria were the following: patients with
proximal humerus fractures classified asNeer III and IV (such
as, lesser tuberosity fractures and surgical or anatomical
neck fractures associated with a GTF)10 or previous shoulder
injuries (cuff or neurological lesions).

The patients were placed in the beach chair position. The
anterolateral11 (Mackenzie) approach was used in every
case. We performed an incision of approximately 5 cm
inferiorly to the anterior extremity of the acromion, running
along the lateral region of the arm. Then, we divided the
deltoid muscle, in the same direction as its fibers, between
the anterior and middle portions. We did not isolate the
axillary nerve if a 5-cm incision was enough for osteosyn-
thesis. However, if wider exposure were required, the nerve
was dissected and protected with a Penrose drain. Next, we
perforated the greater tuberosity bone (in cases with a larger
bone fragment) or sutured the supraspinatus or infraspina-
tus tendons. Then, we perforated the humeral diaphysis and
performed the transosseous suture with non-absorbable #5
Ethibond (Ethicon, Inc., Bridgewater, NJ, United States)
suture.

We reviewed the demographic and trauma data from the
medical records. The postoperative functional assessment
used the Constant-Murley Shoulder Outcome Score.12 The
preoperative evaluation of the axillary nerve used the cor-
responding dermatome sensitivity test. Postoperatively, we
investigated dermatome changes and the presence of inferior
humeral subluxation on the clinical or radiographic
examinations.

The preoperative and postoperative radiographic analy-
ses were based on the true anteroposterior view, lateral
view of the scapula, and axillary view. The final position of
fracture healing corresponded to the distance (in milli-
meters) from the apex of the greater tuberosity to the joint
surface of the proximal humerus (true anteroposterior
view) (►Figure 1). Consolidation was complete when there
was no fracture line in at least two views. The Radiographs
and measurements were performed using the Synapse
(Fujifilm Healthcare, Lexington, MA, United States) digital
radiology software.

The inferential analysis used the Chi-squared or Fisher
exact tests for the independent categorical variables (comor-
bidities, gender, fracture side). The numerical variables were
analyzed after normality evaluation by the Kolmogorov-

Smirnov test using the Student t (age) or the Mann-Whitney
(distance to the final position of fracture union) tests. Data
analysis was performed using the Statistical Package for the
Social Sciences (IBM SPSS Statistics for Windows, IBM Corp.,
Armonk, NY, United States) software, version 27.0, assuming
a significance level of 5%.

The institutional ethics committee approved the study
under CAAE number 73273317.8.0000.5404.

Results

The present study evaluated 59 patients, and 33 subjects
were excluded for not meeting the inclusion criteria; there-
fore, the final sample consisted of 26 patients. The main
reasons for exclusion were the presence of a fracture line
extending to the lesser tuberosity and loss to follow-up. The
mean follow-up time was of 15þ13 months.

The mean age of the study participants was of
39.72þ16.27 years. Most subjects were male, and the right
side was most affected (73%). The main comorbidities were
diabetes mellitus, drug addiction, alcoholism, smoking, epi-
lepsy, and hypothyroidism. Among them, epilepsy was the
most prevalent (11%).►Table 1 summarizes the demograph-
ic data.

In total, 10 patients (38%) presented a glenohumeral
dislocation associated with GTF. Men presented more dis-
locations than women (p¼0.05).

The average Constant-Murley score was good (82.5þ8.02
points). The presence of an associated dislocation did not
alter the functional outcome (►Table 2).

Radiologically, the average time until consolidationwas of
2.2þ0.9 months. The final position of the greater tuberosity
apex was 9þ4.3mm below the joint surface of the humeral
head. There were no cases of postoperative reduction above

Fig. 1 Distance (mm) between the greater tuberosity fracture and
the humeral joint surface.

Rev Bras Ortop Vol. 58 No. 2/2023 © 2022. Sociedade Brasileira de Ortopedia e Traumatologia. All rights reserved.

Osteosynthesis of Greater Tuberosity Fracture Mouraria et al. 267



the level of the humeral head. The final position of the GTF
did not influence the functional assessment (p¼0.32).

Patients with dislocations presented lower levels of great-
er tuberosity reduction (hyperreduction) compared to those
with no dislocation (p¼0.01). However, the presence of
dislocation did not influence the Constant-Murley score
(►Table 2).

Two patients presented greater tuberosity resorption.
There were no cases of postoperative infection or axillary
nerve injury. A single case required dissection and protection
of the axillary nerve because fracture reduction needed an
incision larger than 5 cm.

Discussion

In a study with 610 proximal humerus fractures to perform
an epidemiological comparison of GTFs (group I) with other
types of proximal humerus fractures (group II), Kim et al.13

concluded that younger patients (with mean age of 42.8
years) and men (67.8%) were predominant in group I, which
is consistent with our findings. In contrast, other types of
proximal humerus fracture predominated in older subjects
and women.13 This same study13 reported a glenohumeral
dislocation rate of 6.9% in group I and of 3.4% in group II.
Robinson et al.14 analyzed 2,208 traumatic anterior disloca-

tions and observed a 34% incidence of associated GTF, which
also consistent with our rate of 38%.

We did not observe a relationship between comorbidities,
age, fracture side, and the prevalence of GTF-associated
dislocation (►Table 1). The prevalence of comorbidities is
higher in older patients. In addition, they tend to present
fractures involving other anatomical structures (such as
the surgical neck, the lesser tuberosity) than isolated
GTFs.13,15

The average Constant-Murley score was good, and its
lowest value was of 72 points. Rouleau et al.16 observed a
good or excellent outcome in 80% to 100% of their patients.
Flatow et al.17 found good functional outcomes and fracture
healing in their case series.

We did not observe axillary nerve-related complications.
Theoretically, the axillary nerve is more at risk in the antero-
lateral approach (incisions larger than 5 cm) compared to the
deltopectoral approach. However, some authors18,19 have
shown that the anterolateral approach is safe for the axillary
nerve, resulting in good functional outcomes. Similarly, a
systematic review20 of 24 articles involving 831 patients
submitted to the anterolateral approach found a low inci-
dence of iatrogenic axillary nerve injury and a good func-
tional outcome (Constant-Murley score of 75.2) after
osteosynthesis of a proximal humerus fracture.

Table 1 Demographics and trauma characteristics according to the associated dislocation

Dislocation

Total (n) No – n (%) Yes – n (%) p-value

Gender

Male 20 10 (50%) 10 (50%) 0.05a

Female 06 6 (100%) 0 (0.0%)

Age (years)

Mean� standard deviation 41.1� 15.3 42.5� 12.4 0.73b

Comorbidities

Yes 11 6 (54.5%) 5 (45.5%) 0.68a

No 15 10 (66.6%) 5 (33.3%)

Affected side

Dominant 19 14 (73.7%) 5 (26.3.%) 0.69a

Non-dominant 07 2 (28.6%) 5 (71.4%)

Notes: aFisher exact test; bStudent t-test.

Table 2 Difference between Constant-Murley score and the radiographic parameter according to the history of dislocation

Dislocation

No Yes p-value

Constant-Murley score: median (minimum-maximum) 83.0 (72-95) 84.0 (78-92) 0.63c

Distance (mm) from the apex of the great
tuberosity to the joint surface: median (minimum-maximum)

6.92 (2-13) 9.98 (7-16) 0.01c

Note: cMann-Whitney test.
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The presence of a dislocation influenced the quality of the
postoperative reduction (p¼0.01) in the present study
(►Table 2). In patients with a dislocation, the median dis-
tance from the apex of the greater tuberosity to the joint
surface was greater (9.98mm) than in subjects without
dislocation (6.92mm). One hypothesis for this difference is
the presence of a Hill-Sachs lesion, which could alter the
anatomical parameters and make it difficult to reduce the
greater tuberosity.

Bhatia et al.21 studied GTFs with displaced and commi-
nuted fragments treated with open reduction and anchor
fixation. These authors21 observed fragment consolidation
below the joint level of the humeral head in most patients.
The study did not specifically assess fracture comminution.
However, we believe that the presence of a Hill-Sachs lesion
acts in the same way, as it changes the anatomical param-
eters and makes fracture reduction difficult.

Regarding our results, the presence of glenohumeral
dislocation did not influence the functional assessment of
the shoulder through the total Constant-Murley score.
Several aspects of the score (such as lateral rotation and
strength) were not statistically different in patients with or
without GTF-associated dislocation. Moreover, the final
position of the greater tuberosity after surgery did not
influence the Constant-Murley score. We hypothesized
that tuberosity reduction below the humeral joint surface
resulted in no secondary subacromial impingement or
functional deterioration. Hébert-Davies et al.22 observed a
mean Constant-Murley score of 83 points in a sample of
patients with GTF, which is very similar to our findings (84
points).

The present study has some weaknesses. Its main limita-
tion is the retrospective design. In addition, the reduced
number of patients and the 1-year follow-up may decrease
the rate of identification of complications. However, the
lower prevalence of GTFs, especially those treated surgically,
favors the performance of cross-sectional or retrospective
studies to create subsidies for further prospective
investigations.

Conclusion

The cases of GTF submitted to surgical treatment with
transosseous sutures through the anterolateral approach
had good functional outcomes.

A glenohumeral dislocation made the anatomical reduc-
tion of the greater tuberosity difficult. However, it did not
influence the functional outcomes of the patients’
shoulders.
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