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Comparative analysis of active range of motion in patients with 
proximal humerus fractures treated with osteosynthesis versus 
shoulder arthroplasty

Análisis comparativo de arcos de movilidad en pacientes con 
fracturas de húmero proximal tratadas con osteosíntesis versus 
artroplastía de hombro
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ORIGINAL ARTICLE

Abstract

Background: Proximal humerus fractures (PHFs) are a common injury and account for approximately 10% of all fractures in 
individuals aged 65 and older. Objective: The purpose of this study was to compare active range of motion (ROM) at 6 and 
12 months post-operatively between osteosynthesis and arthroplasty in patients aged 50-80 years diagnosed with Neer III, 
IV, or VI PHFs. Material and methods: Data were gathered from 56  patients treated between January 2016 and January 
2023. ROM was measured at 6 and 12 months. This research was conducted at a level III trauma center. Patients between 
50 and 80 years, diagnosed with a Neer III, IV, or VI PHF, treated with osteosynthesis or shoulder arthroplasty, and who had 
available follow-up data at 6 and 12-month post-operatively were included. Results: A  total of 108  patient records were 
reviewed. Of these, 52 patients were excluded, resulting in a final cohort of 56 patients. Forty-five patients underwent osteosyn-
thesis and eleven underwent arthroplasty. Conclusions: Reverse shoulder arthroplasty is an effective treatment option for 
PHFs, providing better active ROM at both 6 and 12 months post-operatively.
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Resumen

Antecedentes: Las fracturas de húmero proximal son una lesión frecuente y representan aproximadamente el 10% de todas 
las fracturas en personas de 65 años o más. Objetivo: El propósito de este estudio fue comparar el rango de movimiento 
activo a los 6 y 12 meses post-operatorios entre osteosíntesis y artroplastía en pacientes de 50 a 80 años diagnosticados 
con fracturas de húmero proximal tipo Neer III, IV o VI. Material y métodos: Se recopiló información de 56 pacientes trata-
dos entre enero de 2016 y enero de 2023. El rango de movilidad fue medido a los 6 y 12 meses. Se incluyeron pacientes 
entre 50 y 80 años, diagnosticados con fractura proximal de húmero tipo Neer III, IV o VI, tratados mediante osteosíntesis o 
artroplastía, y que contaban con datos de seguimiento disponibles a los 6 y 12 meses post-operatorios. Resultados: Se 
revisó un total de 108 expedientes. De éstos, 52 pacientes fueron excluidos, obteniéndose una cohorte final de 56 pacientes. 
45 pacientes fueron sometidos a osteosíntesis y 11 a artroplastía. Conclusiones: La artroplastía reversa de hombro es una 
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Introduction

Proximal humerus fractures (PHFs) are a common 
injury, particularly in the older age group, and represent 
a significant portion of orthopedic trauma cases. These 
fractures account for approximately 10% of all fractures 
in individuals aged 65 and older.1,2 With the increase in 
life expectancy and aging populations worldwide, the 
incidence of PHFs should increase significantly in the 
coming decades. PHFs are often associated with high 
morbidity, primarily due to their impact on shoulder 
mobility, which is critical for performing activities of 
daily living.3-6

The treatment of PHFs remains a subject of debate, 
with options ranging from conservative management to 
surgical intervention. Surgical treatment options include 
osteosynthesis (using plates or intramedullary nails) 
and shoulder arthroplasty (reverse shoulder arthro-
plasty [RSA], arthroplasty, or hemiarthroplasty).7 Each 
technique has specific indications depending on the 
patient’s age, fracture type, and bone quality. However, 
no clear consensus has been reached on the optimal 
surgical approach for complex PHFs, particularly Neer 
III, IV, and VI fractures.

Osteosynthesis is traditionally preferred in younger 
patients due to its ability to preserve bone stock and 
the potential for fracture healing. However, complica-
tions, such as non-union, malunion, and avascular 
necrosis are concerns, particularly in older patients 
with poor bone quality and a decreased union rate. 
Arthroplasty, particularly RSA, has gained popularity in 
recent years, as it circumvents some of these compli-
cations and enables early mobilization, resulting in 
favorable functional outcomes.8,9 It has been refined 
over the years,10 and more studies have compared its 
use to hemiarthroplasty,11,12 examined different 
implants,13-15 or investigated primary versus conversion 
RSA.16 Despite the increasing use of RSA, there is a 
lack of high-quality studies17 comparing functional out-
comes, particularly range of motion (ROM), between 
osteosynthesis and RSA in PHFs.18-24 This study aimed 
to address this gap by comparing active ROM at 
6-12  months post-operatively in patients treated with 
osteosynthesis versus arthroplasty (RSA or hemiarthro-
plasty) at a high-volume orthopedic center in Mexico 

City, to determine which implant presents the best func-
tional outcomes for PHFs.

Material and methods

Study design

This is a retrospective, comparative cohort study 
conducted at the Instituto Nacional de Rehabilitación 
Luis Guillermo Ibarra Ibarra. The study included 
patients treated for PHFs between January 2016 and 
January 2023.

Patient selection

Patients were included if they met the inclusion cri-
teria: age between 50 and 80 years.

Diagnosed with a Neer III, IV, or VI PHF.
Underwent surgical treatment with either osteosynthe-

sis or shoulder arthroplasty (hemiarthroplasty or RSA).
Available follow-up data at 6 and 12  months 

post-operatively.
Patients were excluded if they had pre-existing shoul-

der pathologies (e.g., advanced osteoarthritis), a history 
of previous shoulder surgeries, or incomplete follow-up 
data.

Data collection

Patient data, including demographics, fracture clas-
sification (Neer), surgical technique, and ROM mea-
surements, were collected from electronic medical 
records by the authors and peer-reviewed by shoulder 
surgeons at our Institution. ROM was assessed using 
a goniometer at the Institute’s outpatient clinic. It 
included flexion, extension, abduction, external rotation 
at neutral abduction, internal rotation in adduction 
(graded by the vertebral level reached by the thumb), 
and adduction at 90° with the patient lying in a supine 
position.

Statistical analysis

All statistical analyses were conducted using the 
Statistical Package for the Social Sciences version 25. 

opción efectiva para las fracturas de húmero proximal, ya que proporciona un mejor rango de movimiento activo a los 6 y 
12 meses post-operatorios.

Palabras clave: Artroplastia de hombro. Osteosíntesis. Fracturas del húmero proximal. Amplitud de movimiento. Artroplastia 
inversa de hombro.
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Parametric data were analyzed using Student’s t-test 
for continuous variables and the chi-square test for 
categorical variables. Analysis of variance was used to 
compare ROM outcomes between groups at each 
time point. A  p < 0.05 was considered statistically 
significant.

Results

A total of 108  patient records were reviewed. Of 
these, 52 patients were excluded because they did not 
meet the inclusion criteria due to incomplete follow-up 
data, resulting in a final cohort of 56  patients. The 
cohort was divided into two treatment groups: 
45  patients underwent osteosynthesis (36 with intra-
medullary nails and 9 with plates), and 11  patients 
underwent shoulder arthroplasty (6 with RSA and 5 
with hemiarthroplasty).

Demographic

The mean age of the patients was 67.05 years. The 
osteosynthesis group had a mean age of 67.33 years, 
and the arthroplasty group had a mean age of 
65.9  years. For the osteosynthesis group, the mean 
age for patients with plates was 66.33, and for those 
with nails, 67.58. For the arthroplasty group, RSA 
patients had a mean age of 67.16, and hemiarthroplasty 
patients had a mean age of 64.4  years. The cohort 
included 41 women (37 underwent osteosynthesis and 
4 underwent arthroplasty) and 15 men (8 underwent 
osteosynthesis and 7 underwent arthroplasty).

ROM outcomes: at 6  months post-operatively, the 
arthroplasty group demonstrated superior ROM in all 
measured categories compared to the osteosynthesis 
group. The mean flexion for the arthroplasty group was 
114.54° compared to 105.15° in the osteosynthesis 
group. Similar trends were observed for extension 
(40.9° vs. 37°), abduction (105.45° vs. 90.49°), and 
external rotation (24.1° vs. 19.7°) (Fig. 1).

At 12 months, patients treated with arthroplasty con-
tinued to exhibit superior ROM outcomes. Flexion in the 
arthroplasty group was 135°, compared to 132.06° in 
the osteosynthesis group. Notably, the differences in 
external rotation diminished, with osteosynthesis 
patients showing slightly better outcomes (34.15° for 
osteosynthesis vs. 31.82° for arthroplasty). However, 
arthroplasty maintained an advantage in internal rota-
tion, with patients achieving an average vertebral level 
of L1-L2, whereas patients with osteosynthesis aver-
aged between L2 and L3. The findings were consistent 

Figure 1. Range of motion at 6 months for arthroplasty 
(shown in blue) and osteosynthesis (shown in orange),  
p < 0.001.

for adduction, with arthroplasty patients reaching 
45.45° compared to 40.46° in the osteosynthesis group 
(Fig. 2).

A breakdown of the surgical subtypes (RSA, hemiar-
throplasty, and osteosynthesis with plates or nails) 
revealed that RSA provided the best overall functional 
recovery. At 6 months, patients treated with RSA had 
an average flexion of 123.3°, significantly higher than 
the 104° in patients with hemiarthroplasty, 106.6° in 
patients treated with intramedullary nails, and 114.5° in 
those treated with plates (Fig. 3).

At 12  months, flexion improved further in the RSA 
group, reaching 144°, whereas those treated with hemi-
arthroplasty reached 124°, intramedullary nails reached 
135.66° and with plates, 117.8°. In terms of abduction, 
RSA patients reached 130° at 12 months, compared to 
118° in the arthroplasty group, 132.9° in the osteosyn-
thesis group treated with nails, and 107.2° in those 
treated with plates. External rotation was higher in the 
osteosynthesis group (34.2° for nails and 33.9° for 
plates) compared to 30° in the RSA patients, with the 
arthroplasty group reaching 34°. Internal rotation was 
better in RSA patients, with an average vertebral level 
of L2 at 12 months, compared to L3 for the osteosyn-
thesis group (Fig. 4).

The study reported only one patient in the osteosyn-
thesis group experiencing a complication (a revision 
surgery for surgical site infection). No complications 
were reported in the arthroplasty group, highlighting 
the safety and efficacy of both RSA and hemiarthro-
plasty in this patient population, reinforcing pre-
viously published studies.9,25 A longer follow-up could 
be beneficial in the RSA group to exclude other 
complications, such as scapula fracture and implant 
loosening.26,27
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Figure 4. Range of motion at 12 months for 
hemiarthroplasty (shown in blue), reverse shoulder 
arthroplasty (shown in orange), plate osteosynthesis 
(shown in grey) and intramedullary nail (shown in 
yellow), p < 0.001.

Figure 2. Range of motion at 12 months for arthroplasty 
(shown in blue) and osteosynthesis (shown in orange),  
p < 0.001.

Figure 3. Range of motion at 6 months for 
hemiarthroplasty (shown in blue), reverse shoulder 
arthroplasty (shown in orange), plate osteosynthesis 
(shown in grey) and intramedullary nail (shown in 
yellow), p < 0.001.

Discussion

The results of this study support the use of arthro-
plasty, specifically RSA, for the treatment of PHFs, 
particularly in older patients or those with complex 

fractures, such as Neer III and IV. RSA provided supe-
rior outcomes in active ROM at both 6 and 12 months 
post-operatively. These findings are consistent with the 
growing body of literature suggesting that RSA is a 
highly effective treatment modality for PHFs.

RSA is advantageous in cases where the rotator cuff 
is compromised, as it relies on the deltoid muscle to 
restore function, particularly for flexion and abduction. 
The design of RSA compensates for the loss of rotator 
cuff function, allowing patients to achieve good ROM 
and functional recovery at 6 and 12 months. Our find-
ings corroborate those of previous studies, which have 
demonstrated that RSA yields better functional out-
comes and lower complication rates compared to 
osteosynthesis.

At 6 months, RSA patients exhibited greater flexion 
and abduction compared to those treated with osteo-
synthesis. These results reflect the early mobilization 
and rapid functional recovery associated with arthro-
plasty. By 12  months, RSA continued to outperform 
osteosynthesis in flexion, internal rotation, and adduc-
tion. While osteosynthesis provided slightly better 
results in external rotation, this was an expected out-
come given that RSA does not fully restore the function 
of the rotator cuff.

Osteosynthesis

Osteosynthesis remains a viable treatment option, 
particularly for younger patients or those with less com-
plex fractures. The ability to preserve bone stock and 
achieve anatomical reduction makes osteosynthesis 
appealing in selected cases. The inherent limitations of 
this approach, including the potential for non-union, 
malunion, and post-traumatic arthritis, must be consid-
ered. In our study, patients treated with osteosynthesis 
showed good outcomes, particularly in external rotation 
and abduction at 12 months. This can be attributed to 
the preservation of the rotator cuff and the restoration 
of normal shoulder mechanics.

However, RSA demonstrated better overall ROM, 
particularly in flexion and internal rotation, supporting 
its use in patients requiring faster recovery and better 
functional outcomes. In addition, the non-complication 
rate associated with RSA in our study underscores its 
safety and efficacy, particularly in older populations.

A comparison with recent studies shows that our 
results align well with the present literature regarding 
the use of RSA for treating PHFs. Guo et al.,7 Fraser 
et al.,8 Chalmers et al.,21 and Suroto et al.23 reported 
superior outcomes in ROM and lower complication 
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rates for RSA, particularly in older patients with com-
plex fractures. These studies reinforce the evidence 
that RSA is a highly effective option for patients with 
complex PHFs, especially in older populations or those 
with significant rotator cuff damage.

Studies by Alrabaa et al.27 and Papalia et al.28 
demonstrate a migration of preference for using RSA 
over OSS in patients with PHF, since complications are 
lower and functional outcomes have become better and 
more predictable for RSA over the years. Furthermore, 
as stated by Freeman et al.,29 hemiarthroplasty for PFH 
treatment is decreasingly used as it is inversely propor-
tional to the use of RSA.

This study has some limitations. As a retrospective 
study, it inherently limits the control over variables. It 
increases the potential for selection bias, which was 
mitigated in our study as no patients who met all the 
inclusion and exclusion criteria were eliminated. In 
addition, the sample size was relatively small, specifi-
cally in the arthroplasty group (although bigger than 
most of the studies searched for the purpose of this 
study), which may limit the generalizability of the find-
ings. Further, the study only included patients treated 
at a single center.

Despite these limitations, the study provides valuable 
insights into the comparative outcomes of RSA and 
osteosynthesis in PHFs, particularly in Mexican popu-
lation. Future prospective studies with a larger popula-
tion and multi-center participation are needed to 
validate these results further.

Conclusion

The results of this study suggest that RSA is an 
effective treatment option for PHFs, particularly Neer 
III, IV, and VI fractures, in patients aged 50-80. RSA 
provides superior functional outcomes in ROM at both 
6 and 12 months post-operatively, particularly in flexion, 
internal rotation, and adduction. Although osteosynthe-
sis remains a viable option for less complex fracture 
patterns and younger patients, RSA offers a faster 
recovery and better overall functional outcomes in 
patients with complex fractures.

Given the growing body of evidence supporting the 
use of RSA in PHFs, it is recommended as the treat-
ment of choice in older patients or those requiring a 
quicker return to daily activities. Osteosynthesis, par-
ticularly with intramedullary nails, remains an excellent 
alternative, especially for patients who have good bone 
stock and simple fractures. Future studies could focus 
on longer-term outcomes and further explore the role 

of RSA in young people with PHFs, specifically how the 
components age in a patient who, for the most part, 
has a more active lifestyle than those typically treated 
with RSA. In addition, future studies that combine iso-
lated movements (similar to our study) with functional 
questionnaires could yield promising findings for a 
more comprehensive analysis of disability.
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