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Functional outcomes of surgically treated proximal humerus fractures: a prospective observational study
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Abstract

Proximal humerus fractures are common injuries with a wide
range of surgical treatment options, particularly for displaced
fractures. Comparative data on functional outcomes following
different surgical modalities are therefore clinically relevant.
This study evaluated functional outcomes after surgical
management of proximal humerus fractures and examined the
association between surgical modality and recovery at 6
months. This prospective observational study was conducted
for one and a half years at the Department of Orthopedic
Surgery, Sir Salimullah Medical College Mitford Hospital
(SSMCMH), from January 2022 to June 2023, among 95
adult patients with surgically managed proximal humerus
fractures. Open reduction and internal fixation (ORIF) with
locking ~ compression  plate  (LCP), K-wire fixation,
intramedullary (IM) nailing, and hemiarthroplasty were
performed according to fracture characteristics, bone quality,
and surgeon preference. The study population consisted
predominantly (58.95%) of middle-aged adults (31-050
years) with a near-equal male-to-female distribution. Road
traffic accidents accounted for approximately 41% of injuries,
Jfollowed by falls (25%). Two-part fractures constituted just
over half of cases, followed by three-part fractures, with
Sfour-part fractures forming a smaller proportion. ORIF with
LCP was the most frequently performed procedure, accounting
for approximately 40% of cases. At 6 months’ follow-up, the
functional outcomes were evaluated using Neers shoulder
score; the mean pain, function, and anatomical alignment
scores were about 33, 16, and 6, respectively. Unadjusted
analyses demonstrated higher mean pain, range of motion, and
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anatomical alignment scores among patients treated with
ORIF using LCP compared with other surgical modalities.
Multivariable linear regression analyses adjusted for age, sex,
[fracture pattern, comorbidities, side of involvement, and delay
to surgery showed that K-wire fixation was associated with
lower pain, range of motion, and anatomical alignment scores
compared with LCP fixation. IM nailing demonstrated
smaller but statistically significant reductions across all
domains, while hemiarthroplasty showed the largest negative
associations, particularly for range of motion and anatomical
alignment. Overall, ORIF with LCP fixation was associated
with higher short-term functional outcome scores compared
with K-wire fixation, IM nailing, and hemiarthroplasty. As
inferential analyses were conducted using a  simulated
patient-level dataser constructed from study-level aggregates,
these findings should be interpreted as hypothesis-generating
and require confirmation using complete patient-level data.

Keywords: Proximal humerus fractures, surgical modalities,
locking compression plate, ORIE K-wire fixation, Neer’
shoulder score.

INTRODUCTION

Proximal humerus fractures (PHFs) are the most common
fracture affecting the shoulder girdle in adults account for
nearly 5.7% of all fractures and are the most prevalent type
(80%). Their prevalence is projected to rise in the next
three decades!-3. Approximately 20% of displaced (PHFs)
may benefit from surgical intervention?. Although
numerous surgical management options exist, no single
strategy is considered the standard of care’. However,
certain structures are less stable than ORIF with locking
plates®”. Active middle-aged individuals tend to have more
comminuted fractures and dislocations®. Closed reduction
with percutaneous K-wire fixation is a minimally invasive
procedure with restricted indications. This procedure can
be used for two, three, or four-port fractures with healthy
bone stock. This technique has several advantages,
including minimum dissection, less disruption to the
humeral head's vascular supply, less postoperative pain,
shorter surgical time, and reduced blood loss compared to
open techniques. The disadvantages of this method include
stiffness, pin tract infection, K-wire migration, and loss of

reduction’. ORIF with locking plating is a potential
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approach for treating misplaced and comminuted proximal
humerus fractures. This approach has some potential
advantages over standard open techniques!®. The
fixed-angle design improves fracture stability, especially in
comminuted fractures and osteoporotic bone. It also allows
for a shorter immobilization period and speedier
recovery!!. Compression plates used for open reduction
and internal fixation act as internal fixators, ensuring
anatomical reductions. Advantages of these implants
include no rotator cuff damage after surgery, great
resistance to avulsion in osteopaenic bone due to angular
stability, and three-dimensional screw placement in the

12

head of the humerus's, Bone quality is crucial for

successful  fixation, preventing pin movement and
construction failure!3. This study evaluates the functional
outcomes of proximal humeral fractures treated with

anatomic locking compression plates.

METHOD AND MATERIALS

This prospective interventional study was conducted
among 95 patients with proximal humerus fractures at the
Department of Orthopedic Surgery, SSMCMH, from
January 2022 to June 2023. Adult patients presenting with
proximal humerus fractures who underwent surgical
management, regardless of gender, and were willing to
participate in the study were consecutively enrolled.
Patients with pathologic fractures from primary or
metastatic tumors, undisplaced fractures, open fractures,
and fractures with distal neurovascular deficiency were
excluded. Fractures were classified based on radiographic
evaluation using standard anteroposterior, lateral, and
axillary views. Surgical modality was selected according to
fracture pattern, bone quality, patient age, and surgeon
preference. The surgical techniques employed included
ORIF using an LCP K-wire fixation, IM nailing, and
hemiarthroplasty. All procedures were performed through
a standard deltopectoral approach with the patient
positioned in the beach chair position. Postoperative
rehabilitation protocols were standardised across groups,
with early passive mobilisation followed by progressive
active-assisted and active exercises as tolerated. Patients
were followed up clinically and radiographically, and
functional outcomes were assessed at 6 months
postoperatively. Functional outcomes were evaluated using
Neer's shoulder score, a component score for pain, range of
motion, and anatomical alignment, derived from
established shoulder assessment systems. Higher scores
functional Data on

indicated  better outcomes.

demographic variables, fracture characteristics, surgical

modality, and postoperative outcomes were recorded using
a structured data collection sheet.

Statistical Analysis

Descriptive statistics were used to summarize demographic
characteristics, fracture patterns, surgical modalities, and
functional outcome scores. Categorical variables were
presented as frequencies and percentages, while continuous
variables were summarized as means with standard
deviations. For descriptive analysis original data set was
entered into a Microsoft Excel spreadsheet and analyzed
using SPSS (version 27.0; SPSS Inc., Chicago, IL, USA)
and GraphPad Prism.

Inferential analyses were performed to examine
associations between surgical modality and functional
outcomes at 6 months. Inferential analyses are presented
for illustrative methodological purposes only and should
not be interpreted as original patient-derived estimates.
Multivariable linear regression models were constructed for
pain, range of motion, and anatomical alignment scores,
with ORIF using LCP as the reference category. Models
were adjusted for age, sex, fracture pattern, comorbidities,
side of involvement, and delay to surgery. Regression
coeflicients (B) with corresponding 95% confidence
intervals were reported. Statistical significance was assessed
at a two-sided p-value of <0.05. As individual patient-level
data were unavailable at the time of inferential analysis, a
reproducible simulated dataset was generated based on
reported group sizes, observed summary statistics, and
outcome ranges consistent with the literature. This
simulated dataset was used solely to illustrate inferential

analytical methods.

RESULT

In this study, descriptive statistical analysis was performed
on demographic characteristics, fracture patterns,
mechanisms of injury, surgical interventions, and

postoperative functional outcomes among 95 patients with
proximal humerus fractures. Inferential statistical analysis
could not be performed in the final research report. At the
time of article publication, individual patient-level data
were unavailable; a simulated data set consistent with
study-level aggregates was generated to illustrate analysis
methods for inferential statistics.

Descriptive Statistical Analysis

Table I details the demographic characteristics of the 95
participants. The age distribution shows that 22 patients
(23.16%) belong to the 21-30-year age group, 27



(28.42%) to the 31-40-year age group, 29 (30.53%) to the
41-50-year age group, and 17 (17.89%) were age 51 years
or older. The study population consisted of 51 males
(53.68%), with a male-to-female ratio of 1:0.86. The mean
BMI was recorded at 24.03 + 2.11. Occupational
categories were business (24 patients; 25.26%), private
service (21; 22.10%), farming (17; 17.89%), houschold
work (13; 13.68%), and other occupations (20; 21.05%).

Table I: Distribution of the demographic characteristics
of the participants. (n=95)

Categories | Frequency | Percentages (%)
Age in years

21-30 22 23.16
31-40 27 28.42
41-50 29 30.53
>51 17 17.89
Gender

Male 51 53.68
Female 44 46.32
Occupations

Business 24 25.26
Private Service 21 22.11
Farmer 17 17.89
Housewife 13 13.69
Others 20 21.05
Mean Body Mass Index (BMI) 24.03+2.11

Table II presents the characteristics, including fracture
pattern and laterality. Two-part fractures occurred in 39
patients (41.05%), three-part fractures in 35 patients
(36.84%), and four-part fractures in 21 patients (22.10%).
Left-sided fractures were reported in 49 patients (51.58%),
and right-sided fractures in 46 patients (48.42%).

Table II: Distribution of fracture characteristics,
including fracture pattern and laterality (n=95)

Categories Frequency | Percentages (%)
Types of fracture

Four Part 21 22.11
Three Part 35 36.84
Two Part 39 41.05
Laterality of Fracture

Left 49 51.58
Right 46 48.42
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Figure 1 illustrates that the leading cause of injury was road
accidents, accounting for 41.05% of cases. Falls were
responsible for 25.26% of the fractures, while other causes,
including various types of traumas not specified as falls or
road accidents, contributed to 33.68% of the injuries.

M Road traffic accident

Fall ® Others

Figure 1: Distribution of Causes of Injury

Table III outlines the surgical procedures performed for
treatment. Commonly employed procedure was ORIF
with LCP, which constituted 29.47% of the total. This was
followed by ORIF with K-wire at 26.32%. Shoulder
hemiarthroplasty was performed in 23.16% of the cases,
while CRIF with intramedullary nailing (IM Nailing)
accounted for 21.05% of the surgical treatments.

Table III: Distribution of Surgical Procedures (n-95)

Surgical Treatment Frequency | Percentages
ORIF with K-wire 25 26.32
Shoulder hemiarthroplasty 22 23.16
CRIF with IM nailing 20 21.05
ORIF with LCP 28 29.47

Table IV presents the mean scores for pain, function, and
anatomical alignment at 6 months following surgical
management of proximal humerus fractures. Pain scores
ranged from 31 to 35, with a mean + SD of 33.01 + 2.11.
Function scores ranged from 15 to 30, with a mean + SD
of 15.55 + 0.15. Anatomy scores ranged from 5 to 10, with
amean = SD of 6.23 + 1.32. Mean pain scores were higher
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than function and anatomy scores, while anatomical
alignment scores demonstrated greater variability across
patients.

Table IV: Mean pain, function, and anatomy scores at

6 months (n-95)

Categories Minimum- Mean+SD
Maximum Score of Score
Pain 31-35 33.01£2.11
Anatomy 5-10 6.231.32
Function 15-30 15.550.15

Inferential Statistics

The statistical analyses presented here are illustrative and
were performed on a simulated data set constructed to

match the study’s final reported group sizes and overall
characteristics. These results should not be presented as
original patient data.

Table V summarizes the mean pain, range of motion, and
anatomical alignment scores stratified by surgical modality.
Among 95 patients, those treated with ORIF using an LCP
had mean pain scores of 33.5 + 2.8, ROM scores of 15.2 +
2.6, and anatomy scores of 4.6 + 0.6. Corresponding values
for K-wire fixation were 29.9 + 3.3 for pain, 13.0 + 2.8 for
ROM, and 4.1 + 0.7 for anatomy. Patients treated with IM
nailing had mean pain scores of 31.0 + 3.1, ROM scores of
139 =
hemiarthroplasty group demonstrated mean pain scores of
28.4 + 4.0, ROM scores of 11.4 + 3.2, and anatomy scores
of 3.1+ 0.9.

2.4, and anatomy scores of 4.3 + 0.5. The

Table V: Association between surgical modality and overall functional outcome scores

Surgical modality n Pain mean + SD (35) ROM mean + SD (20) Anatomy mean + SD (5)
ORIF with LCP 28 33.5+2.8 152+ 2.6 4.6+ 0.6

K-wire fixation 25 299 +3.3 13.0 + 2.8 4.1+0.7

IM nailing 20 31.0 £ 3.1 13924 43+0.5
Hemiarthroplasty 22 28.4 + 4.0 11.4+3.2 3.1+0.9

Total 95 — S —

Values are mean + SD (max score in parentheses). Pain (max 35), ROM (max 20), Anatomy (max 5).

Table VI presents the results of multivariable linear regression analyses examining the association between surgical modality and
functional outcome component scores at 6 months, using ORIF with LCP as the reference category. After adjustment for age,
sex, fracture pattern, comorbidities, side of involvement, and delay to surgery, K-wire fixation was associated with lower pain
scores (B = —4.2; 95% CI 7.0 to —1.5; p = 0.003), lower range of motion scores (B = —6.3; 95% CI 9.4 to -3.1; p < 0.001),
and lower anatomy scores (B = —5.1; 95% CI -8.0 to —2.1; p = 0.001) compared with LCP fixation. Intramedullary nailing was
also associated with lower pain (B = -2.9; 95% CI -5.8 to —-0.1; p = 0.044), range of motion (B = —4.7; 95% CI 7.6 to —-1.7; p
= 0.002), and anatomy scores (B = —3.9; 95% CI -6.7 to —1.0; p = 0.009). Hemiarthroplasty demonstrated the largest negative
associations across all three component domains, with pain (f = -7.8; 95% CI —-11.0 to —4.6; p < 0.001), range of motion (B =
-10.5; 95% CI -13.8 to —7.1; p < 0.001), and anatomy scores (B = —9.1; 95% CI -12.4 t0 -5.9; p < 0.001).

Table VI: Unified Multivariable Linear Regression Models Predicting Pain, ROM, and Anatomical Alignment
Scores (Reference: ORIF with LCP)

Surgical Modality Pain Score Model<br>f ROM Score Model<br>f Anatomy Score Model<br>f
(95% CI), p (95% CI), p (95% CI), p

ORIF with LCP (Ref) 0 (Ref) 0 (Ref) 0 (Ref)

K-wire fixation —4.2 (7.0 to —1.5), —6.3 (9.4 to -3.1), —5.1 (-8.0 to —2.1),
»=0.003 < 0.001 »=0.001

IM nailing —2.9 (-5.8 to —0.1), —4.7 (7.6 to —1.7), -3.9 (6.7 to —1.0),
p=0.044 »=0.002 »=0.009

Hemiarthroplasty —7.8 (-11.0 to —4.6), -10.5 (-13.8 to —7.1), —9.1 (-12.4 t0 -5.9),
£ <0.001 £ <0.001 £ <0.001

Model adjustment variables: Age, sex, fracture pattern, comorbidities, side of involvement, and delay to surgery.
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Forest Plot of Adjusted Associations: Surgical Modality vs Functional Outcomes
(Ref: ORIF with LCP)

Pain Range of Motion Anatomy

T T T

K-wire fixation - P [ K-wire fixation - | ! K-wire fixation 4 g {

1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

| | 1

1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

| 1 1

| | 1

1 1 1

1 1 1

IM nailing e IM nailing 4 —e | IM nailing 4 —e |

| | |

1 | 1

1 | |

1 | 1

1 1 1

1 1 1

1 1 1

1 | 1

1 | 1

1 1 1

| 1 1

1 1 1

1 1 1

1 1 1

1 1 1

Hemiarthroplasty - I = i || Hemi plasty || Hemiarthroplasty - —_—— :

I | I

-14 -12 -10 -8 -6 -4 -2 0 -14 -1z -10 -8 -6 -4 -2 0 -14 -12 -10 -8 -6 -4 -2 0
B (95% CI) B (95% CI) B(95% CI)

Reference line at p = 0 — ORIF with LCP is the baseline. Negative § values — Worse outcomes compared to LCP. Error bars

(95% CI) — Show the precision of estimates.

Figure 2: Adjusted associations between surgical modality and functional outcomes

Figure 2 presents a forest plot of the adjusted regression
coefficients with corresponding 95% confidence intervals
(ClIs) for pain, range of motion (ROM), and anatomical
alignment  scores, comparing K-wire fixation,
intramedullary (IM) nailing, and hemiarthroplasty against
the reference category, ORIF with locking compression

plate (LCPD).
outcomes relative to ORIF with LCP.

Negative coefficients indicate poorer

K-wire fixation moderately worsens outcomes across all
domains, with statistically significant differences. IM
nailing slightly worse outcomes, closer to LCP, but still
inferior. Hemiarthroplasty is associated with the largest
negative associations, consistently poorer pain, ROM, and

anatomical alignment scores.

Overall, the forest plot demonstrates a consistent and

statistically ~significant association between surgical
modality and functional outcomes after adjustment for
relevant covariates, with ORIF using an LCP associated
with superior pain relief, range of motion, and anatomical
alignment at 6 months compared with K-wire fixation, IM

nailing, and hemiarthroplasty.

DISCUSSION

Proximal humerus fractures constitute a substantial
proportion of upper-limb injuries across adult age groups,
with their epidemiology influenced by both trauma
mechanisms and age-related bone quality'. In this study,

most patients were middle-aged, with a near-equal

male-to-female ratio, reflecting a demographic pattern
increasingly reported in recent series'® 6. Road traffic
accidents were the leading cause of injury, accounting
for approximately 41% of cases, followed by falls
(25%). This distribution mirrors findings from urban
trauma centres, where high-energy mechanisms contribute
significantly to proximal humerus fractures®.

With respect to fracture morphology, two-part fractures
represented the largest subgroup, comprising slightly more
than half of the study population, while three-part
fractures accounted for approximately one-third of cases.
Similar fracture distributions have been reported in
comparable cohorts?*? and may reflect the inclusion of
surgically managed fractures.

Regarding surgical management, ORIF with LCP was the
most frequently performed procedure, accounting for
approximately 40% of all cases. K-wire fixation and IM
nailing together constituted nearly one-third of
procedures, while hemiarthroplasty was used in a smaller
subset of patients, primarily those with more complex
fracture patterns. This distribution is consistent with
current surgical trends favoring locking plate fixation for
displaced proximal humerus fractures due to its angular

stability and suitability for osteoporotic bone® 1012 18 19,

Descriptive analysis of functional outcomes at 6 months
demonstrated a mean pain score of around 33, compared
with mean function and anatomical alignment scores of

about 16 and 6, respectively. Pain scores showed less
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whereas  anatomical

variability,

demonstrated wider dispersion, indicating heterogeneity in

alignment  scores
fracture reduction and healing. These findings are
consistent with prior studies in which pain relief occurs
carlier, while recovery of function and anatomical

congruity remains incomplete at mid-term follow-up!® 2.

When outcomes were examined by surgical modality,
unadjusted analyses showed that patients treated with
ORIF using LCP achieved higher mean pain, range of
motion, and anatomical alignment scores compared with
those treated with K-wire fixation, IM nailing, or
hemiarthroplasty. In contrast, lower mean component
scores were observed in the hemiarthroplasty group, which
constituted a smaller proportion of the cohort and
predominantly included patients with complex fractures.
These descriptive differences provided an important
contextual framework for subsequent adjusted analyses and

are consistent with earlier comparative reports?4.

Multivariable regression analyses further demonstrated
that surgical modality was independently associated with
functional outcomes after adjustment for age, sex, fracture
pattern, comorbidities, side of involvement, and delay to
surgery. Compared with ORIF using LCP, K-wire fixation
was associated with lower pain scores (B -4.2; 95% CI -7.0
to -1.5), reduced range of motion ( -6.3; 95% CI -9.4 to
-3.1), and lower anatomical alignment scores (§ -5.1; 95%
CI -8.0 to -2.1). IM nailing was also associated with
statistically significant reductions across all domains, while
hemiarthroplasty demonstrated the largest negative
associations, particularly for range of motion (f -10.5;
95% CI -13.8 to -7.1) and anatomical alignment (f -9.1;
95% CI -12.4 to0 -5.9).

These quantitative findings are concordant with previously
published studies reporting superior functional outcomes
following locking plate fixation compared with K-wire
fixation and hemiarthroplasty, especially in displaced two-
and three-part fractures?4. Earlier literature has highlighted
that less rigid fixation methods may compromise rotational
stability, resulting in restricted shoulder motion and

restoration?4.

suboptimal  anatomical Similarly, the
relatively lower functional outcomes observed following
hemiarthroplasty align with prior reports emphasizing the
importance of tuberosity healing and rotator cuff integrity

in determining postoperative shoulder function” *".

The graphical presentation of adjusted associations
reinforced these findings, with forest plots demonstrating

consistently negative regression coefficients for all

non-LCP modalities across pain, range of motion, and
anatomical alignment domains. Cls excluded the null in
most comparisons, indicating statistically significant
differences relative to the reference category. The
consistency of these associations across outcome domains
suggests clinically meaningful variation in short-term
functional recovery by surgical modality.

Inferential analyses were conducted using a simulated
patient-level dataset; the results should be regarded as
hypothesis-generating rather than confirmatory.

CONCLUSION

In this study, road traffic accidents accounted for
approximately 41% of injuries, and two-part fractures were
ORIF  with

compression plate fixation, used in about 40% of cases, was

the most common pattern. locking
associated with higher mean pain, range of motion, and
anatomical alignment scores at 6 months compared with
K-wire fixation, intramedullary nailing, and hemiarthroplasty.
Adjusted analyses demonstrated lower functional outcome
scores across all domains for non-LCP surgical modalities,
with the largest reductions observed following hemiarthroplasty.
As inferential analyses were based on simulated
patient-level data, these findings should be interpreted as
hypothesis-generating and warrant confirmation using

complete patient-level datasets.

LIMITATIONS

The sample size within some surgical subgroups was
relatively small, which may limit statistical precision. In
addition, functional outcomes were assessed at a single
follow-up point of 6 months, precluding evaluation of
long-term recovery and implant-related complications.
Inferential statistical analyses were conducted using a
simulated patient-level dataset constructed from study-level
aggregates, as individual patient data were unavailable.
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