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Background: Minimally invasive intramedullary nail (IMN) fixation has gained increasing attention for proximal humerus
fractures. We compared operative time, intraoperative blood loss, postoperative pain, and functional outcomes
between minimally invasive IMN fixation and locking plate fixation.

Material/Methods: This prospective study enrolled 61 patients from January 2019 to January 2024: 36 treated via IMN (Group A)
and 25 treated via locking plates (Group B). Operative time, incision length, blood loss, visual analog scale (VAS)
scores, complication rates, and postoperative shoulder function were analyzed.

Results: Group A had a shorter operative time, smaller incision length, less blood loss (all P=0.001); shorter hospital stay
(P=0.006); lower VAS scores (P=0.04); and fewer complications (P=0.03) than Group B. Group A demonstrat-
ed better shoulder flexion at 1, 3, and 6 months (P<0.001; =0.003, 0.029). At 1, 3, 6, and 12 months, Group A
showed superior external rotation, internal rotation, and abduction versus Group B (all P<0.05). The neck-shaft
angle was greater and loss of humeral head height was lower in Group A at 3, 6, and 12 months (all P<0.05).
Constant-Murley scores were higher in Group A at 1 and 3 months (P=0.008, 0.032); DASH scores were lower
in Group A at 3 and 12 months (P=0.002, 0.009).

Conclusions: IMN fixation for proximal humerus fractures offers shorter operative time, fewer complications, and improved
postoperative shoulder function, indicating superior clinical efficacy relative to locking plate fixation.
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Material and Methods

Proximal humeral fractures represent 4% to 10% of all frac-
tures in adults and are the third most common fracture in this
population [1,2]. The most widely used clinical classification
system is that proposed by Charles S. Neer, which divides the
proximal humerus into 4 anatomical components: greater tu-
berosity, lesser tuberosity, humeral head, and humeral shaft.
Displacement exceeding 1 cm or angulation greater than 45
degrees defines the threshold for classification. Fractures
are categorized as 1-, 2-, 3-, or 4-part types based on the ex-
tent of displacement and anatomical segments involved [3].
Management of proximal humeral fractures is primarily deter-
mined by fracture type and patient-specific factors [4]. For sta-
ble fractures, conservative treatment is typically recommended
[4,5]. However, for unstable or substantially displaced fractures,
such as Neer type Il Ill, and IV fractures, the optimal treatment
strategy remains controversial. Most clinicians recommend sur-
gical intervention, which is believed to facilitate better func-
tional recovery than conservative management [6,7]. Common
surgical techniques include K-wire fixation, locking plate fixa-
tion, intramedullary nail fixation, and shoulder arthroplasty [8-
12]. Locking plate fixation is considered the gold standard for
treating proximal humeral fractures; however, it is associat-
ed with a higher incidence of complications, including infec-
tion, nonunion, and limited shoulder function [13,14]. With
the development of minimally invasive techniques and wide-
spread use of intramedullary nails, intramedullary nail fixation
for proximal humeral fractures has become increasingly com-
mon and has demonstrated favorable clinical outcomes [15-
17]. There is evidence that intramedullary nails are effective
for treating proximal humeral fractures, yielding favorable
early radiographic and functional outcomes, even in patients
with comminuted humeral calcar fractures [18]. Although both
methods achieve favorable clinical outcomes, characterized by
high success rates and acceptable complication profiles, con-
troversy persists regarding the choice between intramedullary
nails and locking plates for the treatment of proximal humeral
fractures. This debate primarily centers on differences in com-
plication rates, surgical complexity, and recovery time [19,20].
The suitability of using a locking intramedullary nail alone for
initial varus proximal humeral fractures has not been report-
ed in the literature. Thus, the present prospective pilot study
aimed to evaluate the feasibility of using a locking intramed-
ullary nail alone for the treatment of initial varus proximal hu-
meral fractures. To determine whether intramedullary nail fix-
ation yields superior outcomes compared with locking plate
fixation for proximal humeral fractures, we compared oper-
ative time, intraoperative blood loss, and postoperative pain
and functional outcomes between patients undergoing min-
imally invasive intramedullary nail fixation and those under-
going locking plate fixation.

This study was approved by the Ethics Committee of Shenzhen
Hospital (Guangming), affiliated with the University of Chinese
Academy of Sciences (approval number: LL-KT-2018128). All
patients provided written informed consent for participation
in the study and for the surgical procedure.

Inclusion and Exclusion Criteria

Eligible patients were those with proximal humeral fractures
undergoing surgical treatment between January 2019 and
January 2024, aged 18 to 70 years, with injury occurring up
to 14 days before surgery, and without concomitant fractures
at other sites. Patients were required to have no systemic or
local infections, no major vascular injuries, and no other con-
ditions that would preclude surgery.

Patients were excluded if they did not voluntarily accept intra-
medullary nailing treatment; had concomitant fractures at other
sites; had massive, irreparable rotator cuff tears; had systemic or
local infections; had clinically significant vascular or nerve inju-
ries in the affected limb; had open fractures; were unable to tol-
erate surgery; had clinically significant preoperative limitations
in shoulder function due to autoimmune or other shoulder dis-
orders; had severe osteoporosis; or had pathological fractures.

Clinical Data

All patients underwent routine blood tests, chest X-rays, and
electrocardiograms after admission. Additionally, anteropos-
terior X-rays of the affected shoulder, computed tomography
with 3-dimensional reconstruction, magnetic resonance imag-
ing, and bone density measurements were performed. Patients
were selected according to the aforementioned inclusion and
exclusion criteria, then randomly assigned to groups. Fractures
were classified according to the Neer system by 2 independent
physicians. Surgical management followed generally accepted
principles for proximal humerus fracture fixation. The choice
between intramedullary nail and plate fixation was based on
fracture pattern, bone quality, and surgeon experience, in ac-
cordance with contemporary practice guidelines [4].

Preoperative Preparation

Patients fasted and abstained from water for 8 hours before
surgery; they received a broad-spectrum antibiotic 30 minutes
prior to the procedure.

Surgical Methods

All surgeries were performed by a single surgeon while pa-
tients were under general anesthesia with tracheal intubation
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Figure 1. Intramedullary nail fixation surgical procedure. (A) Patient positioning and incision; (B) fracture reduction and guide pin
placement using a Kirschner wire; (C) confirmation of fracture reduction and guide pin position via fluoroscopy; (D) insertion
of the intramedullary nail; (E) confirmation of intramedullary nail and screw placement via fluoroscopy; (F) wound closure.

or brachial plexus anesthesia; each patient was positioned in
the beach-chair position.

Intramedullary Nail Fixation Group

For Neer type Il fractures, closed reduction was performed
using traction techniques. For Neer type Il and IV fractures,
K-wire manipulation was used. A shoulder anterolateral inci-
sion of approximately 1 to 3 cm was made (Figure 1A); this

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

was followed by deltoid splitting to expose the greater tuber-
osity of the humerus. The upper limb was maintained in a neu-
tral position, with the elbow flexed at 90 degrees and shoulder
extended at 45 to 60 degrees, allowing exposure of the su-
praspinatus tendon above the humeral head. The entry point
for the intramedullary nail was established approximately 1
cm posterior to the bicipital groove and about 1 cm medial
to the greater tuberosity (at the highest point of the humer-
al head), where a 2.0-mm guide pin was inserted (Figure 1B).
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Figure 2. Imaging data for a Neer type IV fracture. (A, B) Preoperative X-ray images; (C, D) preoperative computed tomography images;
(E, F) postoperative X-ray images.

Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Wang Z. et al:
Nail fixation vs locking plate for proximal humerus fractures
© Med Sci Monit, 2026; 32: €952670

C-arm fluoroscopy was used to confirm fracture reduction and
guide pin position (Figure 1C). An incision was made along the
direction of the muscle fibers at the guide pin entry site, and
a 4.5-mm cannulated drill was used to create the entry hole.
The medullary canal was sequentially reamed, and an appro-
priately sized intramedullary nail was inserted based on the
canal diameter (Figure 1D). After satisfactory fracture reduc-
tion and nail position had been confirmed under fluoroscopy,
the proximal end of the nail was positioned 3 to 5 mm below
the articular surface of the humeral head. For Neer type Il frac-
tures, 2 to 3 proximal locking screws were inserted; for Neer
type lll and IV fractures, 3 to 4 proximal locking screws were
used (Figure 1E). In cases of comminuted greater tuberosity
fractures, high-strength sutures were used to repair the rota-
tor cuff and secure it to the proximal locking screws, facilitat-
ing reduction and fixation. One to 2 distal locking screws were
then placed. Final fluoroscopy confirmed satisfactory fracture
reduction and implant positioning. The incision was closed in
layers (Figure 1F).

Locking Plate Group

For Neer type Il fractures, closed reduction was achieved using
traction applied to the affected limb. After fluoroscopic confir-
mation of satisfactory reduction, minimally invasive internal
fixation was performed. An anterolateral shoulder incision of
approximately 5 cm was made, along with a 3-cm longitudi-
nal incision at the deltoid insertion to separate the anterior
and middle bundles of the deltoid muscle. A periosteal eleva-
tor was used to detach the periosteum from proximal to dis-
tal along the subdeltoid tunnel, with careful protection of the
axillary nerve. A proximal humeral locking plate was inserted
along the periosteum from proximal to distal. The plate was
positioned with its proximal end approximately 8 mm below
the highest point of the greater tuberosity and its anterior
edge 3 to 5 mm from the intertubercular groove. Fluoroscopy
confirmed satisfactory fracture reduction and plate position-
ing. At the distal incision, 1 appropriately sized cortical screw
was placed to secure the plate, followed by 5 to 6 proximal
locking screws and 2 distal locking screws. Fluoroscopy was
used to verify fracture reduction, plate placement, and screw
length, ensuring that no screws penetrated the joint cavity.
The incision was then closed in layers.

For Neer type Il and IV fractures, a deltopectoral approach
was used, with an incision of approximately 10 to 12 cm.
The cephalic vein was identified and protected; the inter-
val between the pectoralis major and deltoid muscles was
developed to expose the proximal humerus for open re-
duction. Locking plate fixation was then performed using
the same technique. Placement of a drain was determined
based on intraoperative bleeding and swelling. The incision
was closed in layers.
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Postoperative Treatment and Follow-Up

Antibiotics were administered immediately after surgery to
prevent infection. X-ray imaging was repeated 1 to 2 days
postoperatively to evaluate fracture reduction (Figure 2).
Functional exercises were initiated on the first postopera-
tive day. During the first week, patients were instructed to
perform upper limb muscle exercises combined with passive,
limited-range shoulder movements. During weeks 2 and 3,
active range-of-motion exercises with limited flexion and ro-
tation were introduced, along with upper limb strengthening.
By week 4, active exercises involving shoulder abduction, ele-
vation, and rotation were initiated. Resistance exercises were
introduced at week 6. Patients were allowed to return to nor-
mal work approximately 8 weeks after surgery. Fracture heal-
ing was monitored to determine when patients could gradu-
ally resume upper limb strength training, typically around 6
months postoperatively.

The follow-up period ranged from 1 to 2 years. Patients were
evaluated at 1, 3, 6, 9, and 12 months postoperatively, fol-
lowed by visits every 6 months thereafter.

Observation Indicators

Outcome measures included operative time, incision length,
intraoperative blood loss, number of fluoroscopic exposures,
fracture reduction status, postoperative pain, and function-
al recovery. Pain was assessed using the visual analog scale
(VAS) on postoperative days 3 and 7. Radiographic evaluations
were performed at 1, 3, 6, and 12 months. Two senior phy-
sicians independently assessed radiographic parameters, in-
cluding fracture reduction, healing time, neck-shaft angle, and
loss of humeral head height. Functional outcomes were eval-
uated using the Constant-Murley score and the Disabilities of
the Arm, Shoulder and Hand (DASH) score. Shoulder range of
motion, including flexion, extension, internal rotation, and ex-
ternal rotation, was measured using a goniometer.

Statistical Methods

All analyses were performed using SPSS version 27.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics, including means and
standard deviations, were calculated for each group. Differences
between groups were assessed using independent-samples
t-tests for continuous variables and c? tests for categorical vari-
ables. The statistical significance threshold was set at a.=0.05.
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Table 1. General patient characteristics.

Intramedullary nail Locking plate

Item (n=36) (n=25) P value
Sex, male/female (n) 21/15 10/15 0.796
CAgebearss  asasme  agasize o o9
Neerfiacture classification, type 2/3/4 () oo win 0726
* Cause of injury, fall/fall from helght/traffic accident (1) vene wan2 0793
Time from injury to surgery @ay) | s0s26 5522 0144

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous
variables and chi-square test for categorical variables. P<0.05 was considered statistically significant.

Table 2. Hospitalization and surgery-related data.

Item

Incision length (cm)

Intramedullary nail
(n=36)

6.13+1.58

Locking plate
(n=25) P value
10.33+£2.01 0.001

Complications (cases)

0.00+0.00

0.13+0.34

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous
variables. P<0.05 was considered statistically significant. VAS, visual analog scale.

Results

Participants’ General Information

Between January 2019 and January 2024, 61 cases of prox-
imal humeral fractures were treated using either intramed-
ullary nails or proximal humeral plates. The patients were
divided into 2 groups: Group A, which received intramedul-
lary nail fixation, and Group B, which received plate fixation.
Group A included 36 patients (21 men and 15 women) with
a mean age of 46.2+11.9 years. According to the Neer classi-
fication, there were 10 two-part fractures, 20 three-part frac-
tures, and 6 four-part fractures. Causes of injury included falls
(n=17), falls from height (n=3), and traffic accidents (n=16).
The mean time from injury to surgery was 5.0+2.6 days. Group
B included 25 patients (10 men and 15 women) with a mean
age of 48.4+12.9 years. According to the Neer classification,
there were 11 two-part fractures, 12 three-part fractures, and

2 four-part fractures. Causes of injury included falls (n=12),
falls from height (n=1), and traffic accidents (n=12). The mean
time from injury to surgery was 5.5+2.2 days. There were no
statistically significant differences in baseline characteristics
between the 2 groups (P>0.05) (Table 1). All cases were fol-
lowed for more than 1 year.

Hospitalization and Surgery-Related Results

The intramedullary nail group showed significantly lower val-
ues than the locking plate group for incision length, intraop-
erative blood loss, operative time, number of intraoperative
fluoroscopic exposures, length of hospital stay, postopera-
tive pain scores on days 3 and 7, and incidence of complica-
tions (P<0.05). However, there was no significant difference in
fracture healing time between the groups (P>0.05) (Table 2).
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Table 3. Postoperative shoulder flexion (degrees).

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 139.61+4.24 121.76+7.67 <0.001
| 3months postoperatively  16153t494 13732234 0003
6 months postoperatively  17236:430 153761286 0029
|12 months postoperatively  177.25¢407 169684539 0195

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous
variables. P<0.05 was considered statistically significant.

Table 4. Postoperative shoulder extension (degrees).

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 50.39+3.75 43.7242.21 0.062
3 months postoperatively saels379 aossiss o 0002
6 months postoperatively sg75¢179 52844382 0020
12 months postoperatively soa7eiss 50.04:213 o 053

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous
variables. P<0.05 was considered statistically significant.

Table 5. Postoperative shoulder abduction (degrees).

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 120.17+£13.65 88.8+4.94 <0.001
| 3months postoperatively  14781x1024  117.36x482 o1
6 months postoperatively 171924365 13732537 0027
12 months postoperatively  17661¥366 16924558 0027

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous
variables. P<0.05 was considered statistically significant.

Table 6. Postoperative shoulder external rotation (degrees).

APPROVED GALLEY PROOF

Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 53.69+3.62 36.00£1.35 0.003
3 months postoperatively s067¢613 54208212 woo1
6 months postoperatively 764159 64601764 0020
12 months postoperatively g825:168 8396:739 0001

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous
variables. P<0.05 was considered statistically significant.

Incidence of Complications had 3 complications (12%): 2 surgical site infections, which re-

solved after 3 weeks of antibiotic therapy and dressing chang-
Neither group experienced complications such as neurovas- es, and 1 case of avascular necrosis of the humeral head, which
cular injury, fixation-related fracture, internal fixation failure, required humeral head replacement 1 year after surgery. The
screw cut-out, or fracture nonunion. The locking plate group
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Table 7. Postoperative shoulder internal rotation (degrees).

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 59.9416.46 55.08+3.67 <0.001
| 3months postoperatively 70198921 ssoordsl o1
6 months postoperatively goo7s702 63761481 0013
12 months postoperatively sga4s3e0 8172:755 0002

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous

variables. P<0.05 was considered statistically significant.

Table 8. Postoperative humeral neck-shaft angle (degrees).

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 133.69+1.47 130.24+2.05 0.238
| 3months postoperatively  13286:129 128242201 0005
6 months postoperatively  13200¢176 12652280 0027
12 months postoperatively  13139£150 12428289 0009

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous

variables. P<0.05 was considered statistically significant.

Table 9. Postoperative humeral head height loss (mm).

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 1.03+0.24 1.58+1.79 0.697
| 3months postoperatively 09126 2121034 0016
6 months postoperatively L3004 2401042 0ot
12 months postoperatively L2007 2626038 woo1

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous

variables. P<0.05 was considered statistically significant.

complication rate was significantly lower in the intramedullary
nail group than in the locking plate group (P=0.03) (Table 2).

Shoulder Joint Function

At 1, 3, and 6 months after surgery, the intramedullary nail
group demonstrated significantly greater shoulder flexion com-
pared with the locking plate group (P<0.05). No significant dif-
ference was observed at 12 months postoperatively (P>0.05).
The intramedullary nail group also showed significantly better
external rotation, internal rotation, and abduction at 1, 3, 6,
and 12 months postoperatively (P<0.05) (Tables 3-7).

No significant differences were observed between groups
in humeral neck-shaft angle or loss of humeral head height
at 1 month postoperatively (P>0.05). However, at 3, 6, and
12 months postoperatively, the intramedullary nail group

demonstrated a significantly greater neck-shaft angle com-
pared with the locking plate group (P<0.05). Additionally, loss
of humeral head height was significantly lower in the intra-
medullary nail group than in the locking plate group (P<0.05)
(Tables 8, 9).

Comparison of Constant-Murley scores showed that, at 1 and
3 months postoperatively, the intramedullary nail group had
significantly higher scores compared with the locking plate
group (P<0.05); no significant differences were observed at 6
and 12 months (P>0.05) (Table 10).

Comparison of DASH scores showed no significant differenc-
es between groups at 1 and 6 months postoperatively (P >
0.05). However, at 3 and 12 months, the intramedullary nail
group had significantly lower scores relative to the locking
plate group (P<0.05) (Table 11).
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Table 10. Postoperative shoulder Constant-Murley score (points).

CLINICAL RESEARCH

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 74.17+3.35 60.00+5.03 0.008
3 months postoperatively 79808297 66.00s184 0032
6 months postoperatively g7814235 70204183 0146
12 months postoperatively 01812255 8272:226 0667

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous

variables. P<0.05 was considered statistically significant.

Table 11. Postoperative upper limb disability (DASH) score (points).

Time Intramedullary nail (n=36) Locking plate (n=25) P value

1 month postoperatively 15.78+0.93 32.72+1.14 0.270
| 3months postoperatively  1342¢120 0480271 0002
6 months postoperatively  1131¢147  18sskler 0333
12 months postoperatively 928:126 1368236 0009

Values are presented as meanzstandard deviation. P values were calculated using the independent-samples t-test for continuous

variables. P<0.05 was considered statistically significant.

Discussion

Compared with locking plate fixation, minimally invasive intra-
medullary nailing for displaced proximal humeral fractures was
associated with less surgical trauma, reduced intraoperative
blood loss, lower postoperative pain, shorter hospital stay, a low-
er complication rate, faster functional recovery, and more favor-
able early- to mid-term radiographic and functional outcomes.

Advantages of Surgical Methods

Intramedullary nailing for proximal humeral fractures is less in-
vasive than locking plate fixation, requiring only 5 to 6 small in-
cisions. This technique uses closed reduction, which minimizes
soft tissue damage and preserves blood supply. It also shortens
operative time and reduces intraoperative blood loss. During
intramedullary nail fixation, fluoroscopy is primarily required
for fracture reduction, guide pin insertion, and nail placement.
Consequently, fewer fluoroscopic exposures are needed com-
pared with locking plate fixation, reducing intraoperative radia-
tion exposure. Li et al [21] studied 37 older patients with prox-
imal humeral fractures receiving intramedullary nail or locking
plate fixation; they concluded that both methods yield good
outcomes, but intramedullary nailing offers advantages such
as shorter operative time, less postoperative pain, and faster
recovery. Hu et al [22] also reported that intramedullary nail
fixation outperformed locking plate fixation in terms of oper-
ative time, intraoperative blood loss, and postoperative infec-
tion rates. In the present study, the intramedullary nail group

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

demonstrated significantly shorter incision length, reduced in-
traoperative blood loss, shorter operative time, fewer intraop-
erative fluoroscopic exposures, and lower postoperative pain
scores than the locking plate group. These findings are consis-
tent with previous studies and highlight the minimally inva-
sive advantages of intramedullary nail fixation. Sigterman et
al [23] evaluated intramedullary nailing for proximal humer-
al fractures in older patients and concluded that it is a viable
treatment option with advantages over plating, including re-
duced invasiveness and a lower complication rate. Zhu et al
[24] reported similar findings in a cohort of 60 patients, dem-
onstrating a lower incidence of complications with intramed-
ullary nail fixation. Consistent with these reports, we identified
a significantly lower postoperative complication rate in the in-
tramedullary nail group. At 1, 3, and 6 months postoperative-
ly, the intramedullary nail group demonstrated significantly
greater shoulder flexion compared with the locking plate group.
These findings support previous evidence that intramedullary
nail fixation offers advantages over locking plate fixation, in-
cluding faster functional recovery and lower complication rates.

Functional Recovery

Functional recovery is a key indicator of treatment effectiveness
in proximal humeral fractures. Fan et al [25] conducted a com-
parative study involving 86 older patients, revealing that intra-
medullary nail fixation was less invasive and associated with
faster recovery. Previous studies indicate that the minimally
invasive nature of intramedullary nails reduces postoperative
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pain and shortens recovery time, thereby promoting functional
recovery [20,26]. In the present study, VAS scores on postop-
erative days 3 and 7 were significantly lower in the intramed-
ullary nail group than in the locking plate group, suggesting
that the minimally invasive approach reduces postoperative
pain and facilitates earlier functional recovery of the shoulder
joint. Within the first 3 postoperative months, patients treated
with intramedullary nails demonstrated more rapid function-
al recovery than those treated with locking plates, allowing
earlier return to daily activities. Previous research has shown
that patients treated with intramedullary nails achieve signif-
icantly higher shoulder function scores, including Constant-
Murley and DASH scores, particularly in flexion and abduc-
tion [27,28]. Consistent with these findings, our results showed
that at 1, 3, and 6 months postoperatively, the intramedullary
nail group demonstrated significantly greater shoulder flexion
relative to the locking plate group. Additionally, shoulder ab-
duction, external rotation, and internal rotation were signifi-
cantly better in the intramedullary nail group at 1, 3, 6, and
12 months. Constant-Murley scores were significantly higher
in the intramedullary nail group at 1 and 3 months postoper-
atively. Similarly, DASH scores, which assess upper limb func-
tional impairment, were significantly lower in the intramed-
ullary nail group at 3 and 12 months postoperatively. These
findings are consistent with previous studies and indicate that
intramedullary nail fixation results in superior shoulder func-
tional recovery relative to locking plate fixation.

Biomechanical Stability and Radiographic Evaluations

Locking plates use an eccentric fixation method, which can lead
to stress concentration and increase the risk of complications
such as plate fracture [29]. Among patients with osteoporo-
sis, the plate position may predispose to upward displacement
or malunion of greater tuberosity fractures. Because locking
plates cannot effectively stabilize small fracture fragments of
the tuberosity, nonabsorbable sutures are often used to se-
cure these fragments to surrounding soft tissue or the plate,
which may increase the risk of fixation failure. Previous re-
search has demonstrated that locking plates for proximal hu-
meral fractures are associated with complications, including
loss of humeral head height, subsidence, and loss of reduc-
tion [7]. In the present study, at 3, 6, and 12 months postop-
eratively, losses of neck-shaft angle and humeral head height
were significantly greater in the plate group than in the intra-
medullary nail group, consistent with previous findings.

Intramedullary nails provide central fixation, offering biome-
chanical advantages such as improved load sharing and a short-
er lever arm [30]. Deng et al [31] reported that intramedullary
nail fixation has advantages over locking plate fixation, includ-
ing better prevention of varus deformity and reduced surgical
trauma. In a study of 83 patients, Fu et al [18] demonstrated
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that intramedullary nail fixation yields favorable early radio-
graphic and functional outcomes. In our study, no significant
differences were evident concerning humeral head height loss
or neck-shaft angle at 1 month postoperatively. However, at
3, 6, and 12 months, loss of humeral head height was signifi-
cantly lower and the neck-shaft angle was significantly great-
er in the intramedullary nail group than in the locking plate
group. These findings suggest that intramedullary nail fixation
provides superior biomechanical stability, with improved re-
sistance to compressive forces, prevention of varus deformi-
ty, and better maintenance of the neck-shaft angle, resulting
in improved radiographic outcomes.

Limitations

This study has some limitations. First, the sample size was small
and the follow-up period was relatively short, which may limit
the ability to fully evaluate the efficacy, safety, and incidence of
postoperative complications associated with the 2 surgical ap-
proaches. Given the mean follow-up duration of approximately
12 months, the long-term incidence of complications and long-
term shoulder function may be underestimated. Second, in the
intramedullary nail group, partial incision of the supraspina-
tus tendon was required during surgery; however, postopera-
tive magnetic resonance imaging or ultrasonography was not
performed to assess rotator cuff integrity. Therefore, the inci-
dence of iatrogenic rotator cuff injury in this cohort remains
unclear. Third, the small number of 4-part fractures may af-
fect the generalizability of the findings for this fracture type.

Conclusions

Compared with locking plate fixation, intramedullary nailing
for proximal humeral fractures offers advantages such as min-
imal invasiveness, ease of operation, shorter operative time,
reduced intraoperative blood loss, high safety, reliable fixa-
tion, and favorable functional recovery. Additionally, this tech-
nique is associated with a low complication rate and favor-
able clinical outcomes.
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