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Abstract

Objectives: This study aimed to compare the clinical and functional outcomes of geriatric patients (≥65 years) with proximal hu-
merus fractures treated with locking plate fixation or nonoperative management and to identify factors associated with the devel-
opment of complications. We hypothesized that fracture pattern, rather than treatment modality alone, would be more strongly 
associated with functional outcomes and complication risk in this population.
Methods: Patients aged 65 years and older who were treated for proximal humerus fractures were included in this retrospec-
tive cohort study. Patients were divided into two groups according to treatment modality: surgical treatment with locking plate 
fixation and nonoperative management. Clinical outcomes were evaluated using the Visual Analog Scale (VAS), Disabilities of the 
Arm, Shoulder and Hand (DASH) questionnaire, and Oxford Shoulder Score (OSS). To explore factors associated with functional 
outcomes and complications, multivariable linear and logistic regression models were constructed.
Results: No significant differences were observed between the groups in demographic characteristics, fracture side, or mechanism 
of injury (p>0.05). There were no statistically significant differences between the surgical and nonoperative treatment groups in VAS 
or DASH scores (p>0.05). Although unadjusted Oxford Shoulder Scores did not differ significantly between the groups (28.4±10.1 
vs. 24.7±11.1; p=0.09), multivariable analysis identified nonoperative management as independently associated with lower Oxford 
Shoulder Scores after adjustment for confounders, with the surgical group serving as the reference category (β=−6.85; 95% CI: −11.15 
to −2.55; p=0.002). In multivariable analysis, Neer fracture classification was independently associated with worse DASH scores 
(β=6.33; p=0.008). Additionally, Neer classification was identified as an independent risk factor for complication development, with 
odds ratios increasing with fracture complexity: 3-part vs. 2-part (OR 5.95; 95% CI 1.02–34.78; p=0.048), 4-part vs. 2-part (OR 12.98; 
95% CI 2.19–76.86; p=0.005), and displaced 4-part vs. 2-part (OR 33.28; 95% CI 3.47–318.97; p=0.002). Treatment modality was not 
independently associated with complication development.
Conclusion: In patients aged 65 years and older, no significant difference in functional outcomes between surgical and nonoperative treat-
ment of proximal humerus fractures was observed in this cohort. Fracture pattern appeared to be more strongly associated with functional 
outcomes and complication risk than treatment modality. Neer classification should be considered when determining the appropriate treat-
ment strategy. Treatment decisions should primarily be based on fracture characteristics together with the patient’s overall clinical condition.
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Proximal humerus fractures (PHFs) are common injuries 
with an increasing incidence, particularly among the 

elderly population. The rising incidence of these fractures 
parallels population aging, increasing rates of osteopo-
rosis, and greater susceptibility to falls.[1] The underlying 
mechanism differs by age group: high-energy injuries are 
more commonly seen in younger patients, whereas frac-
tures in older adults typically occur after low-energy trau-
ma.[2] Approximately 70% of all proximal humerus fractures 
occur in patients older than 60 years.[3] The reported annual 
incidence is 110±2.7 per 100,000 persons.[4] Following ver-
tebral and hip fractures, proximal humerus fractures rank 
as the third most common osteoporotic fracture.[5]

Epidemiological studies indicate that in the geriatric pop-
ulation aged over 65 years, the lifetime risk of sustaining 
a proximal humerus fracture is approximately three times 
higher in women than in men.[2,6] This higher prevalence 
among women is attributed to postmenopausal hormon-
al changes and osteoporosis.[3] These fractures may lead to 
functional impairment and decreased quality of life and 
have been associated with increased mortality within the 
first five years after injury in men over 60 years of age.[6] 
Moreover, proximal humerus fractures impose a substan-
tial burden on healthcare systems. A prospective cost anal-
ysis conducted in France reported that the average annual 
cost associated with humeral fractures was approximate-
ly €10,319.[7] For this reason, clarifying optimal treatment 
strategies remains clinically relevant.

Proximal humerus fractures can be managed either nonop-
eratively or surgically, yet the optimal approach in older pa-
tients remains debated. Treatment decisions are influenced 
by fracture characteristics, patient comorbidities, and 
functional expectations. Although most elderly patients 
are treated nonoperatively, nearly one-third continue to 
undergo surgical fixation.[8] In a multicenter randomized 
controlled trial comparing nonoperative and surgical treat-
ment in patients older than 60 years with Neer type II prox-
imal humerus fractures, no clinically significant differences 
were observed between the groups.[9] Conversely, another 
study comparing operative and nonoperative treatment in 
completely displaced proximal humerus fractures reported 
superior functional outcomes and lower complication rates 
in surgically treated patients.[10]

Surgical treatment options for PHFs include locking plate 
fixation (LPF), intramedullary nailing (IMN), hemiarthro-
plasty (HA), reverse shoulder arthroplasty (RSA), and per-
cutaneous Kirschner wire fixation. Among these, locking 
plate fixation is the most commonly performed surgical 
technique. Favorable outcomes have been reported with 
LPF in both younger and geriatric populations.[11] Never-

theless, complication rates as high as 15.4% have been 
documented. Furthermore, Barlow et al.[12] reported an 
overall complication rate of 44% and a failure rate of 34% 
following LPF. Increasing fracture complexity according to 
the Neer classification has been associated with higher fail-
ure rates.[12]

Although numerous studies have evaluated the clinical 
and functional outcomes of nonoperative and surgical 
treatment in patients aged 65 years and older with PHFs, 
considerable variability persists in radiological, clinical, and 
functional outcomes within this population. In this study, 
we examined the association between treatment modali-
ty and functional outcomes, as well as complication rates, 
with particular attention to the influence of fracture pat-
tern.

Methods

Study Design and Setting
This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. Approval for this retro-
spective study was obtained from University of Health Sci-
ences, Şişli Hamidiye Etfal Training and Research Hospital 
Ethics Committee (Decision No. 3362; date: March 3, 2026). 
Informed consent was obtained from all patients.

This retrospective comparative cohort study was conduct-
ed to compare nonoperative and operative treatment with 
locking plate fixation in geriatric patients aged 65 years and 
older with proximal humerus fractures (PHFs). Patients aged 
65 years and older who received treatment for proximal hu-
merus fractures at the Orthopedics and Traumatology Clin-
ic between January 1, 2010, and December 31, 2025, were 
evaluated. After applying the inclusion and exclusion crite-
ria, 103 patients remained for the final evaluation (Fig. 1).

Patients aged 65 years and older with radiologically con-
firmed proximal humerus fractures classified as Neer type 
II, III, or IV were eligible for inclusion. Patients with com-
plete medical records in the hospital database, regular 
post-traumatic follow-up, and a minimum follow-up du-
ration of six months were included. Patients younger than 
65 years were not considered for the study. Cases involving 
pathological fractures secondary to malignancy, a history 
of previous shoulder surgery, concomitant fractures of the 
same extremity, open fractures, or impaired cognitive sta-
tus were excluded. In addition, patients with incomplete 
medical records, irregular follow-up, less than six months of 
follow-up, or those who died during the follow-up period 
were not included in the final analysis (Fig. 1).

Patients were divided into two main groups according to 
treatment modality. Group 1 (surgical treatment group) 
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consisted of patients treated with locking plate fixation. 
Group 2 (nonoperative treatment group) included patients 
managed nonoperatively with immobilization using a sling 
or Velpeau bandage. Treatment decisions were made by 
the attending orthopedic surgeon based on several clinical 
factors, including fracture displacement and complexity ac-
cording to the Neer classification, patient age, comorbidity 
burden (ASA score), bone quality, functional status prior to 
injury, and anesthesia risk. In general, surgical fixation was 
preferred for displaced multipart fractures in patients with 
acceptable operative risk, whereas nonoperative manage-
ment was favored for less displaced fractures or in patients 
with significant comorbidities. However, because this was a 
retrospective study, no formal standardized treatment pro-
tocol was applied, and individual surgeon judgment played 
a role in final treatment allocation.

During data collection, demographic characteristics (age, 
sex), fracture side, mechanism of injury, comorbidities (ASA 
score), fracture morphology (Neer and AO-OTA classifica-
tions), union status, time to union, and complications were 
obtained from the hospital information system, imaging re-
cords, and patient files. After obtaining institutional ethics 
committee approval, patients were contacted by telephone 
to assess treatment outcomes. Functional evaluation was 
performed using the Visual Analog Scale (VAS), Disabilities 
of the Arm, Shoulder and Hand (DASH) score, and Oxford 
Shoulder Score (OSS). Functional status and quality of life 
were recorded accordingly.

Statistical Analysis
Data were analyzed using SPSS software (version 29.0, IBM 
Corp., Armonk, NY, USA). Baseline demographic and clinical 
characteristics were summarized using appropriate descrip-
tive measures. Continuous variables were reported using 
measures of central tendency and dispersion, whereas cat-
egorical variables were expressed as counts and percentag-
es. Group comparisons between surgical and nonoperative 
treatments were performed according to variable type. Con-
tinuous data were analyzed using the independent-samples 
t-test after verifying variance homogeneity with Levene’s 
test. Categorical variables were compared using the chi-
square test. To explore factors associated with functional 
outcomes and complications, linear and logistic regression 
models were constructed. The overall fit of the linear mod-
els was evaluated using the F statistic. For logistic regres-
sion, model calibration was assessed using the Hosmer–Le-
meshow test. Multivariable models incorporated age, ASA 
score, treatment type, and Neer fracture classification. Collin-
earity diagnostics were examined prior to modeling, and no 
meaningful multicollinearity was observed. All analyses were 
two-sided, with statistical significance defined as p<0.05.

A post hoc power assessment was performed for the pri-
mary outcome measures (VAS, DASH, and Oxford Shoul-
der Score). The observed effect sizes were small for VAS 
(d=0.20) and negligible for DASH (d=0.03), corresponding 
to limited statistical power. For the Oxford Shoulder Score, 
a small-to-moderate effect size (d=0.35) yielded approx-
imately 45% power. Based on this estimate, roughly 130 
participants per group would be necessary to achieve 80% 
power. These results suggest that the current sample size 
may not be sufficient to detect small intergroup differences.

Results

Patient Characteristics
Between January 1, 2010, and December 31, 2025, a to-
tal of 103 patients treated for proximal humerus fractures 

Figure 1. Patient selection flow chart.
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were included in the study. Group 1 (surgical treatment) 
comprised 46 patients (44.7%), whereas Group 2 (nonop-
erative treatment) included 57 patients (55.3%). The mean 
age was 72.7±6.5 years in Group 1 and 72.9±6.3 years in 
Group 2, with no significant difference between the groups 
(p=0.89). In Group 1, 34 patients (73.9%) were female and 
12 (26.1%) were male. In Group 2, 38 patients (66.7%) were 
female and 19 (33.3%) were male. Although females con-
stituted the majority in both groups, there was no statisti-
cally significant difference in sex distribution (p=0.43). Re-
garding fracture side, right-sided fractures were observed 
in 26 patients (56.5%) in Group 1 and 26 patients (45.6%) 
in Group 2. No significant difference was found between 
the groups (p=0.27). In both treatment groups, injuries 
most frequently resulted from low-energy mechanisms 
(71.7% in Group 1 and 64.9% in Group 2). Traffic accidents 
and high-energy trauma were less common causes. No 
statistically significant difference was observed between 
the groups regarding the mechanism of trauma (p=0.74). 
A statistically significant difference was observed in ASA 
scores between the groups (p=0.027). In Group 1, a high-
er proportion of patients had ASA II and III scores (ASA I: 
10.9%, ASA II: 41.3%, ASA III: 47.8%), whereas patients with 
ASA I were more frequently managed nonoperatively in 
Group 2 (31.6%) (Table 1).

Fracture Characteristics
Fracture patterns differed between the groups when clas-
sified using the Neer system. In the surgical cohort (Group 
1), four-part fractures constituted the largest proportion 
(32.6%), followed by three-part fractures (26.1%), four-
part fracture-dislocations (26.1%), and two-part fractures 
(15.2%). In contrast, two-part fractures were more frequent 
in the nonoperative group than in the surgical group (35.1% 
vs. 15.2%); within the nonoperative group, three-part frac-
tures were the most common pattern (40.4%), followed by 
four-part fractures (24.6%). The distribution of fractures ac-
cording to the Neer classification differed significantly be-
tween the groups (p<0.001). Two-part fractures were more 
common in the nonoperative group, whereas four-part 
fracture-dislocations were observed only in the surgical 
group. According to the AO/OTA classification, no signif-
icant difference was found between the groups (p=0.26) 
(Table 2).

Clinical and Radiological Outcomes
Clinical evaluation at the last follow-up included VAS, DASH, 
and Oxford Shoulder Score assessments. Pain levels were 
low in both groups, with mean VAS scores of 2.6±1.5 in 
the surgical group and 2.9±1.5 in the nonoperative group, 
showing no significant difference (p=0.26). Functional out-
comes measured using the DASH score were comparable 
between the groups (36.7±19.1 vs. 37.3±19.2; p=0.87). 
Oxford Shoulder Scores tended to be higher in surgically 
treated patients (28.4±10.1) than in those managed nonop-
eratively (24.7±11.1); however, this difference did not reach 
statistical significance (p=0.09). Patients in Group 1 were 
followed for a longer period on average (8.7±3.3 months) 
than those in Group 2 (6.2±3.7 months), and this difference 
was significant (p<0.001). Radiographic union rates were 

Table 1. Demographic and Clinical Characteristics

Variable Surgical (n=46) 
Group 1

Nonoperative 
(n=57) Group 2 p

Age (years), 
mean±SD 72.7±6.5 72.9±6.3 0.89

Female sex, n (%) 34 (73.9) 38 (66.7) 0.43

Male sex, n (%) 12 (26.1) 19 (33.3)

Right side fracture, 
n (%) 26 (56.5) 26 (45.6) 0.27

Left side fracture, 
n (%) 20 (43.5) 31 (54.4)

Low-energy fall, 
n (%) 33 (71.7) 37 (64.9) 0.74

Traffic accident, 
n (%) 9 (19.6) 13 (22.8)

High-energy fall, 
n (%) 4 (8.7) 7 (12.3)

ASA I, n (%) 5 (10.9) 18 (31.6) 0.027

ASA II, n (%) 19 (41.3) 14 (24.6)

ASA III, n (%) 22 (47.8) 25 (43.8)

n: number of patients, %: percentage, ASA Score: American Society of 
Anesthesiologists Score

Table 2. Fracture Classification

Classification Surgical (n=46) 
Group 1

Nonoperative 
(n=57) Group 2 p

Neer 2-part, n (%) 7 (15.2) 20 (35.1) <0.001

Neer 3-part, n (%) 12 (26.1) 23 (40.4)

Neer 4-part, n (%) 15 (32.6) 14 (24.6)

Displaced 4-part 
fracture, n (%) 12 (26.1) 0 (0)

AO/OTA Type A, n (%) 13 (28.3) 25 (43.9) 0.26

AO/OTA Type B, n (%) 24 (52.2) 23 (40.4)

AO/OTA Type C, n (%) 9 (19.6) 9 (15.8)

n: number of patients, %:  percentage, AO: Arbeitsgemeinschaft fur 
Osteosynthesefragen; OTA: Orthopaedic Trauma Association classification 
system
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similar between the groups, occurring in 80.4% of surgically 
treated patients and 75.4% of those treated nonoperatively 
(p=0.83). The mean time to union was longer in Group 1 
(4.7±2.3 months) than in Group 2 (3.5±1.8 months), and this 
difference was statistically significant (p=0.014) (Table 3).

Union Status and Complications
Nonunion was observed in 13.0% of patients in Group 1 and 
15.8% in Group 2. Malunion occurred in 6.5% and 8.8% of 
patients, respectively. There were no statistically significant 
differences between the groups regarding nonunion or 
malunion rates. Overall complication rates were 30.4% in 
Group 1 and 29.8% in Group 2 (p=0.33). Avascular necrosis 
was more frequently observed in the surgical group (23.9% 
vs. 15.8%), whereas delayed union was more common in the 
nonoperative group (14.0% vs. 6.5%); however, these differ-
ences were not statistically significant (p>0.05) (Table 4).

Multivariable Analysis
Multivariable linear regression demonstrated that increas-
ing Neer fracture severity was associated with higher DASH 
scores (β=6.33; p=0.008). When the Oxford Shoulder Score 
was analyzed, both treatment type (β=−6.85; 95% CI: 
−11.15 to −2.55; p=0.002) and Neer fracture classification 
(β=−4.12; 95% CI: −6.59 to −1.66; p=0.001) were significant-
ly associated with the outcome. In this model, the surgical 

group served as the reference category; the negative co-
efficient for treatment group indicates that nonoperative 
management was associated with lower Oxford Shoulder 
Scores than surgical treatment after adjustment for age, 
ASA score, and Neer fracture classification. It is noteworthy 
that the unadjusted comparison of Oxford Shoulder Scores 
between the groups did not reach statistical significance 
(28.4±10.1 vs. 24.7±11.1; p=0.09). This discrepancy likely 
reflects the unequal distribution of important prognostic 
variables between the groups at baseline, particularly Neer 
fracture classification (p<0.001) and ASA score (p=0.027). 
After controlling for these confounders, the adjusted anal-
ysis revealed a statistically significant treatment effect. In 
the logistic regression analysis, Neer fracture classification 
was significantly associated with an increased risk of com-
plications. Treatment modality and ASA score were not in-
dependently associated with complications (Table 5).

Discussion
In the present retrospective cohort of patients aged 65 
years and older, we compared locking plate fixation with 
nonoperative treatment for proximal humerus fractures. In 
this age group, these fractures are frequently related to un-
derlying osteoporosis, and the optimal management strat-
egy remains debated in the literature.[13–15]

Baseline characteristics such as age, sex distribution, frac-
ture laterality, and trauma mechanism were comparable 
between the groups. The predominance of female patients 
is consistent with previously published data linking post-
menopausal bone loss to increased fracture susceptibili-
ty.[16] Similarly, the high proportion of low-energy trauma 
mechanisms observed in our cohort reflects the fragility 
fracture pattern typically described in elderly individuals.[17]

When treatment-related outcomes were examined, no sta-
tistically significant differences were detected between the 
operative and nonoperative groups in terms of pain scores, 
functional assessment tools, or overall complication rates. 
Instead, fracture morphology appeared to play a more in-

Table 3. Clinical and Radiological Outcomes

Outcome Surgical (n=46) Group 1 Nonoperative  (n=57) Group 2 p

VAS score (final follow-up), mean±SD 2.6±1.5 2.9±1.5 0.26

DASH score (final follow-up), mean±SD 36.7±19.1 37.3 ± 19.2 0.87

Oxford Shoulder Score, mean±SD 28.4±10.1 24.7±11.1 0.09

Follow-up duration (months), mean±SD 8.7±3.3 6.2±3.7 <0.001

Time to union (months), mean±SD* 4.7±2.3 3.5±1.8 0.014

n: number of patients, %: percentage, VAS: Visual Analogue Scale; DASH: The Disabilities of the Arm Shoulder and Hand; SD: standard deviation
* Time to union calculated only in patients with radiographic union.

Table 4. Union Status and Complications

Variable Surgical (n=46) 
Group 1

Nonoperative  
(n=57) Group 2 p

Union achieved, n (%) 37 (80.4) 43 (75.4) 0.83

Non-union, n (%) 6 (13.0) 9 (15.8)

Malunion, n (%) 3 (6.5) 5 (8.8)

Any complication, n (%) 14 (30.4) 17 (29.8) 0.33

Avascular necrosis, n (%) 11 (23.9) 9 (15.8)

Delayed union, n (%) 3 (6.5) 8 (14.0)

n: number of patients, %: percentage
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fluential role. Specifically, fracture complexity according to 
the Neer classification was associated with both functional 
deterioration and complication risk.

In our series, two-part fractures were predominantly managed 
nonoperatively, whereas four-part fractures and fracture-dislo-
cations were more frequently treated surgically. This distribu-
tion mirrors common clinical practice patterns. Previous studies 
have reported satisfactory outcomes with nonoperative treat-
ment in two-part and selected three-part fractures.[18,19] Further-
more, meta-analyses focusing on three- and four-part fractures 
have not consistently demonstrated superior functional out-
comes with surgical intervention compared with nonopera-
tive management.[20,21] The absence of meaningful differences 
in VAS, DASH, and Oxford Shoulder Score values between the 
groups in our cohort supports these observations.

Conversely, some authors have reported improved func-
tion following surgical fixation, albeit with higher compli-
cation rates.[22,23] A recent meta-analysis including complex 
Neer type 3 and 4 fractures suggested a higher likelihood 
of surgical treatment in more displaced fracture patterns.
[24] In our cohort, displaced multifragmentary fractures were 
preferentially treated surgically, which aligns with these 
contemporary treatment tendencies.

Even among more complex fracture patterns, the lack of 
a pronounced functional advantage for surgery suggests 

that outcomes in elderly patients may be influenced by 
multiple factors beyond fixation method alone. Osteoporo-
sis severity, comorbid medical conditions, rehabilitation ad-
herence, and baseline functional capacity likely contribute 
to recovery trajectories.[25-27] For this reason, a comprehen-
sive geriatric evaluation prior to treatment selection may 
be beneficial.[28]

Complication rates did not differ significantly between 
the groups. Previous meta-analyses have reported higher 
rates of avascular necrosis and implant-related reoperation 
following surgical fixation.[25,29] In our cohort, avascular ne-
crosis was numerically more frequent in the surgical group, 
whereas malunion, nonunion, and delayed union were 
observed more often in the nonoperative group; however, 
these differences did not reach statistical significance. The 
limited sample size and heterogeneity in fracture distribu-
tion may partly explain these findings.

Multivariable analyses provided additional insight. Neer 
fracture classification remained independently associated 
with higher DASH scores and increased complication risk, 
reinforcing the concept that increasing fracture complex-
ity negatively affects both functional recovery and com-
plication probability. Similar trends have been reported in 
prior meta-analyses examining three- and four-part frac-
tures.[20,29]

Table 5. Multivariable regression analysis of factors associated with functional outcomes and complications

Outcome Variable β or OR (95% CI) p

A) DASH Score (Linear 
Regression, R²=0.095)

Treatment group (ref: surgical) 5.15 (−2.88 to 13.18) 0.206

Age 0.34 (−0.28 to 0.96) 0.281

ASA score −1.98 (−7.46 to 3.51) 0.476

Neer classification 6.33 (1.72 to 10.95) 0.008

B) Oxford Shoulder Score (Linear 
Regression, R²=0.187)

Treatment group (ref: surgical) −6.85 (−11.15 to −2.55) 0.002

Age −0.24 (−0.58 to 0.09) 0.149

ASA score 0.09 (−2.84 to 3.03) 0.950

Neer classification −4.12 (−6.59 to −1.66) 0.001

C) Complication Development 
(Logistic Regression, Nagelkerke 
R²=0.213)

Treatment group (ref: surgical) 2.39 (0.77 to 7.43) 0.134

Age 0.99 (0.92 to 1.07) 0.853

ASA score (overall) — 0.117

ASA 2 vs. ASA 1 1.01 (0.20 to 5.20) 0.990

ASA 3 vs. ASA 1 0.31 (0.06 to 1.75) 0.185

Neer classification (overall) — 0.014

3-part vs. 2-part 5.95 (1.02 to 34.78) 0.048

4-part vs. 2-part 12.98 (2.19 to 76.86) 0.005

Displaced 4-part vs. 2-part 33.28 (3.47 to 318.97) 0.002

β: regression coefficient, OR: odds ratio, CI: confidence interval,  DASH: Disabilities of the Arm, Shoulder and Hand,  p: p-value.
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Treatment modality was also identified as an independent 
predictor of the Oxford Shoulder Score in the multivari-
able model, with nonoperative management associated 
with lower scores compared with the surgical reference 
group (β=−6.85; p=0.002). This finding contrasts with the 
unadjusted comparison, in which the difference between 
the groups did not reach statistical significance (p=0.09). 
The divergence between these results is likely attributable 
to the unequal distribution of key prognostic variables at 
baseline: more complex fractures (Neer 4-part and dis-
placed 4-part) were concentrated in the surgical group, 
whereas simpler 2-part fractures predominated in the non-
operative group. In the unadjusted analysis, this imbalance 
may have attenuated the apparent functional advantage of 
surgical treatment. Once Neer classification, ASA score, and 
other covariates were accounted for, the adjusted mod-
el revealed a statistically significant association between 
treatment modality and Oxford Shoulder Score. However, 
the clinical significance of this difference should be inter-
preted with caution given the observational design, non-
randomized treatment allocation, and modest sample size 
of the present study.

Although overall union rates were similar, time to union 
was longer in the surgically treated group. It should be 
acknowledged that treatment allocation was not random-
ized but reflected fracture severity and patient condition, 
as evidenced by the significant baseline differences in Neer 
classification (p<0.001) and ASA score (p=0.027) between 
the groups. This imbalance introduces confounding that 
multivariable adjustment can only partially address, and 
between-group comparisons should be interpreted ac-
cordingly. This finding may reflect the greater fracture com-
plexity in the surgical group, as well as possible alterations 
in fracture biology associated with surgical intervention.[30] 

Additionally, follow-up duration was longer in the opera-
tive cohort, potentially because of closer postoperative sur-
veillance and complication monitoring.[31]

Several limitations should be considered. The retrospec-
tive design carries inherent risks of information and se-
lection bias. Treatment allocation was not randomized, 
and group sizes were modest, limiting statistical power, 
particularly for patient-reported outcome measures. A 
post hoc power analysis revealed small effect sizes for VAS 
(d=0.20) and negligible effect sizes for DASH (d=0.03), 
with the Oxford Shoulder Score yielding approximately 
45% power—well below the conventional 80% threshold. 
These findings suggest that the current sample may have 
been underpowered to detect small but clinically mean-
ingful between-group differences, and the results should 
be interpreted accordingly. Differences in follow-up dura-
tion and the absence of long-term functional assessment 

further limit interpretation. Finally, reliance on patient-re-
ported instruments such as VAS, DASH, and the Oxford 
Shoulder Score introduces the possibility of subjective 
variation.

Despite these limitations, the study contributes additional 
data to the ongoing discussion regarding the management 
of proximal humerus fractures in the elderly. The use of 
multiple validated functional measures allowed a multidi-
mensional assessment, and multivariable regression analy-
sis strengthened the evaluation of independent predictors. 
Overall, the findings underscore the central role of fracture 
pattern in determining both functional outcomes and com-
plication risk in this population.

Conclusion
In geriatric patients with proximal humerus fractures, no 
significant differences between surgical and nonoperative 
treatment were observed in terms of pain, functional out-
comes, or overall complication rates in this cohort. Howev-
er, fracture complexity—particularly as defined by the Neer 
classification—emerged as the principal determinant of 
both functional outcomes and complication risk. Treatment 
planning in elderly patients should incorporate fracture 
type, overall health status, comorbidities, and functional 
expectations. When patients are carefully selected, both 
treatment options may lead to comparable clinical out-
comes. Management decisions should be tailored to frac-
ture characteristics and patient-specific factors.
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