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AIM: Midshaft clavicle fractures are a common form of upper extremity injury, with various treatment modalities available to stabilize
displaced midshaft clavicular fractures. However, the optimal surgical method remains a matter of controversy. This study aimed to com-
pare the clinical efficacy of bilaterally threaded elastic locking intramedullary nailing (BTELIN) versus minimally invasive percutaneous
locking plate (MIPLP) fixation in treating midshaft clavicle fractures.

METHODS: A retrospective cohort analysis was conducted on 110 patients with midshaft clavicle fractures treated between May 2021
and April 2024. Fifty-two patients received BTELIN fixation (Group A), while 58 patients underwent MIPLP fixation (Group B).
Perioperative indicators (operative time, intraoperative blood loss, and hospital stay), fracture healing time, visual analog scale (VAS)
for pain, Constant-Murley Shoulder Score, Disabilities of the Arm, Shoulder and Hand (DASH) score, shoulder range of motion (ROM),
and postoperative complications were compared between the two groups.

RESULTS: Compared with Group B, Group A exhibited significantly shorter operative time, less intraoperative blood loss, shorter
hospital stay, and faster fracture healing time (p < 0.001). At 1 and 6 months postoperatively, VAS and DASH scores in Group A were
significantly lower than those in Group B (p < 0.001), while Constant-Murley scores were significantly higher (»p < 0.001). By 12 months
postoperatively, there were no statistically significant differences in VAS or Constant-Murley scores between the two groups (p > 0.05);
however, the DASH score in Group A remained significantly better than that in Group B (p < 0.05). Regarding shoulder ROM, Group
A demonstrated superior movement in all directions at 3 months postoperatively (p < 0.001). At 12 months postoperatively, Group A
maintained an advantage in external rotation and internal rotation (p < 0.05). There was no statistically significant difference in the
incidence of various complications between the two groups (p > 0.05).

CONCLUSIONS: Both BTELIN and MIPLP are effective methods for treating midshaft clavicle fractures. BTELIN offers several
advantages in terms of minimal invasiveness, promotion of fracture healing, accelerated early functional recovery, and, in particular,
preservation of shoulder rotation function. Therefore, BTELIN may represent a promising surgical option.
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tures, and some patients may experience persistent shoul-
der dysfunction and malunion [3,4]. Consequently, surgi-
cal intervention has become an increasingly recommended
strategy for unstable midshaft clavicle fractures, aiming to
achieve anatomical reduction, provide stable fixation, re-
duce nonunion risks, and promote early functional recovery
[5]. Multiple studies further confirm that surgical treatment
offers more reliable healing conditions and faster functional
recovery for completely displaced and comminuted mid-
shaft clavicle fractures [6,7].

Introduction

Clavicle fractures are a common type of injury in clini-
cal practice, accounting for 5%—10% of all adult fractures,
with a particularly high incidence among young and ac-
tive individuals. Approximately 80% of these cases oc-
cur in the midshaft region of the clavicle [1]. Histori-
cally, non-operative management—such as figure-of-eight
bandaging or arm sling immobilization—has been the pri-
mary treatment approach for such fractures [2]. However,
growing evidence from evidence-based medicine indicates
that conservative treatment carries a higher risk of poor
healing in significantly displaced midshaft clavicular frac-

Currently, standard surgical approaches for midshaft clav-
icle fractures primarily include open reduction with plate
fixation and intramedullary nailing [8]. While traditional
open plating provides rigid initial stabilization, its exces-
sive stiffness may eliminate physiological micromotion at
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the fracture site, leading to significant stress shielding ef-
fects that impair the biological environment for bone heal-
ing [9]. To overcome this limitation, the minimally invasive
percutaneous locking plate (MIPLP) has been gradually in-
troduced into clinical practice. This technique aims to pre-
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serve periosteal blood supply, minimize injury to the supra-
clavicular nerves, and optimize fixation through small inci-
sions combined with biological fixation principles [10,11].
Intramedullary fixation represents a minimally invasive al-
ternative with better cosmetic outcomes, although it is often
considered less mechanically robust compared to plate sys-
tems [8]. In recent years, bilaterally threaded elastic lock-
ing intramedullary nailing (BTELIN)—developed based on
traditional titanium elastic nails—has been designed to de-
liver continuous compression at the fracture site, thereby
stimulating callus formation and accelerating fracture union
[12]. Clinical reports suggest that patients treated with
intramedullary nailing experience shorter fracture healing
times and more rapid recovery of shoulder function com-
pared with those undergoing conventional plate fixation
[13].

Although existing research has compared traditional plat-
ing and intramedullary techniques and accumulated biome-
chanical data, systematic evaluations comparing two mod-
ern minimally invasive methods—namely, BTELIN versus
MIPLP—across multiple key clinical dimensions remain
limited [8,14,15]. There is still a lack of sufficient high-
quality clinical studies comprehensively assessing their per-
formance regarding surgical trauma, functional recovery,
and complication profiles. Therefore, this study aims to
conduct a retrospective clinical analysis to systematically
compare the clinical efficacy of BTELIN versus MIPLP fix-
ation in treating midshaft clavicle fractures. We will focus
on evaluating differences between the two groups in terms
of perioperative parameters, time to fracture union, shoul-
der function scores, and incidence of complications, with
the aim of providing more reliable evidence-based guidance
for clinical decision-making regarding the selection of sur-
gical techniques.

Methods
Study Population

This retrospective cohort study included 110 patients with
midshaft clavicle fractures who underwent surgical treat-
ment at Hangzhou Normal University Affiliated Xiaoshan
Hospital between May 2021 and April 2024. Among them,
52 patients received BTELIN fixation (Group A), and the
remaining 58 patients underwent MIPLP fixation (Group
B). This study was approved by the Ethics Committee of
Hangzhou Normal University Affiliated Xiaoshan Hospi-
tal (approval number XSLS2025042) and strictly adhered
to the Declaration of Helsinki. All participants provided
written informed consent before inclusion in the study.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) age >18 years; (2) acute, closed mid-
shaft clavicle fracture confirmed by imaging (anteroposte-
rior and 20°—45° cephalic tilt radiographs of the clavicle);
fracture line located in the middle third of the clavicle; clas-

sified as Robinson type 2A2 or 2B2 [16], or AO/OTA type
15.2A—C [17]; (3) complete clinical data available.
Exclusion criteria: (1) open or pathological fracture;
(2) concomitant fractures in other regions of the ipsi-
lateral shoulder or upper extremity (including proximal
humerus fracture, scapular fracture, and acromioclavicular
joint/sternoclavicular joint dislocation); (3) associated neu-
rovascular injuries around the shoulder joint, or prior sur-
gical history involving the shoulder; (4) presence of severe
medical comorbidities (e.g., uncontrolled coagulopathy, se-
vere cardiovascular or pulmonary disease) that precluded
surgical tolerance; (5) cognitive impairment or psychiatric
disorders affecting postoperative rehabilitation compliance
and follow-up evaluation.

Surgical Methods

All procedures were performed by the same senior orthope-
dic surgical team.

Group A: A 1.5-2 cm transverse incision was made over the
anterior aspect of the clavicle. An entry point was created
on the anterior cortex under fluoroscopic guidance. Closed
or limited open reduction was performed via manual ma-
nipulation or using clamps. A pre-contoured, appropriately
sized intramedullary nail was inserted from the proximal
entry point into the medullary canal, spanning the fracture
site to the distal fragment. Distal locking screws were in-
serted percutaneously. Subsequently, axial compression
at the fracture site was achieved by tightening the dual-
threaded end cap. Finally, proximal locking screws were
inserted to complete the elastic fixation construct. The core
principle of this technique lies in achieving biological fixa-
tion through an intramedullary device and utilizing its dual-
threaded design to provide continuous elastic compression,
thereby promoting callus formation.

Group B: Closed reduction of the fracture was first per-
formed under fluoroscopic guidance. The intended plate
trajectory along the anterosuperior border of the clavicle
was planned. Two 2-3 cm longitudinal incisions were
made, one at each end of the planned plate. A submus-
cular tunnel was created deep to the fascia through these
incisions. The pre-contoured anatomical locking plate was
then introduced through the tunnel and positioned against
the bone surface. Percutaneous insertion of at least three bi-
cortical locking screws was performed into the main prox-
imal and distal fracture fragments through the plate ends.
Additional fixation of intermediate fragments, if necessary,
could be achieved percutaneously or through supplemen-
tary small incisions. This technique emphasizes minimal
soft tissue dissection to preserve neurovascular structures
and blood supply, achieving rigid stability via a submuscu-
lar plate position.
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Observation Indicators
Baseline Characteristics

Gender, age, body mass index (BMI), affected side, mech-
anism of injury, Robinson classification of fracture, degree
of clavicular shortening, time from injury to surgery, smok-
ing history, presence of diabetes mellitus, and presence of
0steoporosis.

Perioperative Parameters

Operative time, intraoperative blood loss, hospital stay, and
fracture healing time. Fracture healing criteria [18]: Frac-
ture healing time was determined based on both radiological
and clinical evaluations. Radiological healing was defined
as the presence of blurring of the fracture line and bridging
callus crossing at least three of the four cortices on plain
radiographs, or evidence of continuous bridging callus in-
volving 25% of the cortex on computed tomography (CT)
scans. Clinical healing was confirmed when the patient ex-
hibited no local tenderness upon palpation and reported no
pain during shoulder movement or weight-bearing activi-
ties involving the upper limb. The healing time (in weeks)
was recorded when both sets of criteria were met postoper-
atively.

Visual Analog Scale (VAS)

VAS scores were collected preoperatively and at 1, 6, and
12 months postoperatively. The VAS is a validated scale
used to assess joint pain intensity. It consists of a 10-cm
horizontal line, with “0” indicating no pain and “10” repre-
senting the worst imaginable or unbearable pain. The dis-
tance from the “0” end to the marked position was measured
in centimeters, yielding a score ranging from 0 to 10 [19].

Constant-Murley Score on the Affected Side

The Constant-Murley score was collected preoperatively
and at 1, 6, and 12 months postoperatively. The Constant-
Murley score is a composite assessment tool integrating
both subjective and objective measures. It comprises four
subscores: pain (subjective, up to 15 points), activities of
daily living (ADL; subjective, up to 20 points), range of
motion (ROM; objective, up to 40 points), and strength (ob-
jective, up to 25 points). The total score ranges from 0 to
100, with higher scores indicating better shoulder function
[20].

Disabilities of the Arm, Shoulder and Hand (DASH) Score
on the Affected Side

DASH scores were collected preoperatively and at 1, 6,
and 12 months postoperatively. The DASH is a patient-
reported outcome measure designed to evaluate upper ex-
tremity function and disability. It consists of two compo-
nents totaling 30 items. The first section includes 23 items
assessing difficulties with performing daily activities, and
the second section contains 7 items evaluating symptoms
such as pain, tingling, weakness, stiffness, as well as their
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impact on sleep and overall satisfaction. Each item is scored
on a Likert scale ranging from 1 (no difficulty) to 5 (unable
to do). The final DASH score was calculated using the for-
mula:

DASH score
= (The sum of the scores of 30 indicators — 30)/1.20

This transformation yields a scale ranging from 0 to 100,
where 0 indicates no disability, and 100 represents severe
functional impairment. Higher scores reflect greater upper
limb disability [21].

Shoulder Range of Motion (ROM)

Active shoulder range of motion was assessed preopera-
tively and at 3 and 12 months postoperatively. In this study,
a standard goniometer was used to quantify active ROM in
both shoulders [22]. All measurements were performed by
the same senior physical therapist who was blinded to pa-
tient grouping to ensure consistency and objectivity. As-
sessments were conducted with the patient in a seated posi-
tion, following standardized protocols:

Shoulder anteflexion: The angle between the long axis of
the arm and the trunk in the sagittal plane during upward el-
evation along the anterior aspect of the body. The goniome-
ter’s axis was placed over the lateral aspect of the acromion;
the stationary arm aligned parallel to the mid-axillary line
of the trunk, and the moving arm aligned with the lateral
midline of the humerus.

Shoulder abduction: The angle formed as the arm was ele-
vated in the coronal plane away from the side of the body.
The fulcrum of the goniometer was centered on the lateral
border of the acromion; the fixed arm remained parallel to
the trunk, while the mobile arm followed the lateral midline
of the humerus.

Shoulder external rotation: With the elbow flexed to 90°
and the arm adducted against the side, the forearm was ro-
tated outward in the horizontal plane. The goniometer’s
axis was placed over the olecranon process; the station-
ary arm extended vertically downward perpendicular to the
floor, and the moving arm aligned with the ulna toward the
styloid process.

Shoulder internal rotation: This was evaluated based on the
highest spinal level reached by the tip of the thumb behind
the back, starting from the lower lumbar region upward.
The reach was recorded qualitatively and then converted
into degrees using established anatomical landmarks and a
predefined conversion method: reaching T12 corresponds
approximately to 75°, L5 to 60°, and the buttocks/gluteal
cleft to 45°. Values below the buttocks/gluteal cleft level
were converted according to the same predefined conver-
sion method.
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Complications

Complications occurring within one year after surgery
were documented based on electronic medical records and
follow-up visits. These included implant-related irritation,
nonunion of bone/delayed union, infection of the incisional
wound, injury to the sensory branch of the supraclavicular
nerve, and malunion.

Statistical Analysis

Statistical analysis was performed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables
were first assessed for normality using the Kolmogorov-
Smirnov test. Data conforming to a normal distribution are
presented as mean + standard deviation (¥ + s). Between-
group comparisons were conducted using independent sam-
ples t-tests, while within-group preoperative and postop-
erative comparisons utilized paired samples #-tests. For
data not normally distributed, results are reported as me-
dian and interquartile range (Q1, Q3), with between-group
and within-group comparisons analyzed using the Mann-
Whitney U test and Wilcoxon signed-rank test, respec-
tively. Longitudinal functional scores over time were
evaluated using repeated measures analysis of variance
(ANOVA) to assess the effect of time and group-by-time in-
teraction, followed by pairwise post-hoc comparisons using
the least significant difference (LSD)-¢ test. When the as-
sumptions of normality or sphericity were violated, a gener-
alized estimating equation (GEE) approach, which is more
robust under such conditions, was employed. Categorical
variables are expressed as frequencies (percentages). The
y? test or Fisher’s exact test was used for between-group
comparisons, as appropriate. All tests were two-tailed, and
a p-value < 0.05 was considered statistically significant.

Results
Baseline Clinical Characteristics

As shown in Table 1, a total of 110 patients were included in
this study: 52 in Group A (BTELIN group) and 58 in Group
B (MIPLP group). There were no statistically significant
differences between the two groups in baseline character-
istics, including gender, age, BMI, characteristics related
to fractures, cause of injury, Robinson fracture classifica-
tion, degree of clavicular shortening, time from injury to
surgery, smoking history, diabetes mellitus, or osteoporo-
sis comorbidity (p > 0.05), indicating that the groups were
comparable at baseline.

Perioperative Outcomes

As presented in Table 2, patients in Group A had signif-
icantly shorter operative times, less intraoperative blood
loss, shorter hospital stays, and shorter fracture healing
times compared to those in Group B (p < 0.001).

Pain Assessment

There was no significant difference in preoperative VAS
scores between the two groups (p > 0.05). Intragroup com-
parisons showed that both groups exhibited significant re-
ductions in VAS scores at 1 month postoperatively com-
pared with preoperative values (p < 0.001); further signifi-
cant decreases were observed at 6 months compared with 1
month (p < 0.001); and additional improvements occurred
at 12 months compared with 6 months (p < 0.001). Inter-
group comparisons revealed that VAS scores in Group A
were significantly lower than those in Group B at both 1
and 6 months postoperatively (p < 0.001). However, by 12
months, there was no statistically significant difference be-
tween the two groups (p > 0.05). See details in Table 3.
GEE analysis (Table 4) demonstrated significant main ef-
fects for time and group, as well as a significant time x
group interaction effect on VAS scores (p <0.001), suggest-
ing that pain improved significantly over time, the rate of
improvement differed between groups, and surgical method
was significantly associated with differences in the trajec-
tory of recovery.

Shoulder Function Assessment

No significant difference in preoperative Constant-Murley
scores was found between the two groups (p > 0.05).
Within-group comparisons indicated significant increases
in scores at 1 month postoperatively compared to base-
line (p <0.001); further significant improvements were ob-
served at 6 months versus 1 month (p < 0.001). During 6 to
12 months, Group B continued to show significant improve-
ment (p < 0.001), whereas no significant change was ob-
served in Group A (p > 0.05). Between-group comparisons
showed that Group A had significantly higher Constant-
Murley scores than Group B at both 1 and 6 months post-
operatively (p < 0.001). However, by 12 months, the dif-
ference became non-significant (p > 0.05). Details are pro-
vided in Table 5.

Repeated measures ANOVA (Table 6) confirmed signifi-
cant main effects for time and group, as well as a signif-
icant time X group interaction (p < 0.001), indicating that
shoulder function improved over time, recovery trajectories
differed between the two groups, and the surgical approach
was significantly associated with differences in functional
recovery trajectories.

Upper Limb Function Assessment

Preoperative DASH scores did not differ significantly be-
tween the two groups (p > 0.05). Intragroup analyses re-
vealed significant reductions in DASH scores at 1 month
after surgery compared to baseline (p < 0.001); further sub-
stantial improvements were noted at 6 months compared
with 1 month (both p < 0.001); and additional declines
in DASH scores were observed at 12 months relative to 6
months (p < 0.001). At all three postoperative time points
(1, 6, and 12 months), Group A consistently exhibited sig-
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Table 1. Comparison of clinical characteristics between the two groups [x *s, n (%)].

Characteristic/Groups Group A (n=52) Group B (n=58) t/’ value P
Gender (male) 38 (73.08%) 45 (77.59%) 0.301 0.583
Age (years) 41.31+12.50 39.83+12.83 0.611 0.542
BMI (kg/m?) 23.84+3.07 24.16 +3.49 0.508 0.612
Characteristics related to fractures

Injured on the dominant side (n, %) 29 (55.77%) 35 (60.34%) 0.236 0.627

Injured side (left side, n, %) 27 (51.92%) 31 (53.45%) 0.026 0.873
Cause of injury

Fall injury 25 (48.08%) 30 (51.72%) 0.146 0.702

Traffic accident 18 (34.62%) 17 (29.31%) 0.356 0.551

Athletic injury 9(17.31%) 11 (18.97%) 0.051 0.822
Robinson’s classification of fractures 0.244 0.621

2A2 (Simple fracture) 32 (61.54%) 33 (56.90%)

2B2 (Comminuted displaced fracture) 20 (38.46%) 25 (43.10%)
Degree of bone fracture shortening (mm) 16.25+3.72 15.87+3.95 0.518 0.606
Time from injury to surgery (days) 4.51+1.87 4.64 +1.91 0.360 0.720
Smoking history 15 (28.85%) 19 (32.76%) 0.197 0.658
Diabetes mellitus 4 (7.69%) 5 (8.62%) Fisher 1.000
Osteoporosis 8 (15.38) 11 (18.97) 0.246 0.620

BMI, body mass index.

Table 2. Comparison of perioperative indicators between the two groups [x +s].

Group Group A (n=52) Group B (n=58) t p

Operative time (min) 4423 +11.52 63.81+12.73 8.422  <0.001
Intraoperative blood loss (mL) 28.25+6.64 4592 +9.33 11.324 <0.001
Length of stay (days) 5.58+1.24 7.32+1.61 6.296 <0.001
Fracture healing time (weeks) 9.81+1.26 11.70 £2.15 5.542  <0.001

Table 3. Comparison of VAS scores between the two groups [Median (Q1, Q3)].

Time point/Group

Group A (n=52)

Before operation
1 month after the operation
6 months after the operation

12 months after the operation

7.00 (6.25, 8.00)
3.00 (2.00, 3.00)
1.00 (1.00, 1.75)2b

0.00 (0.00, 1.00)2b¢

Group B (n =58) V4 p
7.00 (6.00, 8.00) 0.676  0.499
4.00 (3.00, 5.00)*  5.105 <0.001
2.00 (1.00,2.00)  4.094 <0.001
1.00 (0.00, 1.00)2b°  1.869  0.062

VAS, visual analog scale; compared within the same group with the preoperative data, p <

0.001; compared within the same group with the data at 1 month post-operation, °p < 0.001;

compared within the same group with the data at 6 months post-operation, °p < 0.001.

Table 4. Results of generalized estimating equations analysis for VAS score before and after surgery.

. Time effect Intergroup effect Interaction effect
Variable
Wald »° p Waldy?  p Wald >  p
VAS scores  3485.681 <0.001 26.098 <0.001 30.010 <0.001

nificantly lower DASH scores than Group B (p <0.05). See
Table 7 for specifics.

Repeated measures ANOVA (Table 8) revealed significant
main effects for time and group, as well as a significant time
x group interaction (time and group: p <0.001; interaction:
p < 0.05), demonstrating that upper limb function steadily
improved over time, the extent and speed of recovery varied
between groups, and surgical technique was associated with
differences in long-term functional outcomes.
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Shoulder Range of Motion

Preoperatively, no significant differences were observed
between the two groups in any direction of shoulder
motion—forward flexion, abduction, external rotation, or
internal rotation (all p > 0.05). Within-group comparisons
showed significant improvements in all directions of ROM
at 3 months postoperatively compared to baseline (p <
0.001), with further significant gains achieved at 12 months
compared with 3 months (p <0.001). Between-group anal-



Yansong Chen, et al.

Table 5. Comparison of Constant-Murley scores between the two groups [X =*s].

Time point/Group Group A (n=52) Group B (n=58) t p

Before operation 4521+ 8.43 44.76 £ 8.90 0.271  0.787
1 month after the operation 68.50 + 7.35% 62.24+8.51*  4.106 <0.001
6 months after the operation ~ 95.35+3.05%  92.74+4.54® 3497 <0.001
12 months after the operation ~ 95.92+3.26® 9621 £3.11%¢ 0477  0.634

Compared within the same group with the preoperative data, ?p < 0.001; compared within
the same group with the data at 1 month post-operation, ®p < 0.001; compared within the

same group with the data at 6 months post-operation, °p <0.001.

Table 6. Results of repeated measures ANOVA for Constant-Murley scores before and after surgery.

Interaction effect
F p F p F P
1300.773 <0.001 13.682 <0.001 7.862 <0.001

Time effect Intergroup effect

Variable

Constant-Murley scores

ANOVA, analysis of variance.

Table 7. Comparison of DASH scores between the two groups [x +5s].

Time point/Group Group A (n=52) Group B (n=58) t pr

Before operation 65.31+£9.17 66.10 £ 8.79 0.461 0.646
1 month after the operation 38.46 £ 7.812 45.62+£8.96*  4.444 <0.001
6 months after the operation 7.85 + 3.54%0 1129+4.83% 4219  <0.001
12 months after the operation ~ 4.27 + 2.283b° 571+£2.72%¢ 2,990 0.003

DASH, Disabilities of the Arm, Shoulder and Hand. Compared within the same group with
the preoperative data, ?p < 0.001; compared within the same group with the data at 1 month

post-operation, ®p < 0.001; compared within the same group with the data at 6 months post-

operation, °p <0.001.

Table 8. Results of repeated measures ANOVA for DASH scores before and after surgery.

. Time effect
Variable

Intergroup effect Interaction effect

F P

F P F )4

DASH scores  1998.232  <0.001

28.193 <0.001 5.184  0.002

yses indicated that at 3 months, Group A demonstrated sig-
nificantly greater ROM in all directions than Group B (p <
0.001). By 12 months, no significant differences were ob-
served in forward flexion or abduction (p > 0.05); however,
Group A still demonstrated significantly better external and
internal rotation compared with Group B (p < 0.05). Refer
to Table 9 for detailed data.

Repeated measures ANOVA (Table 10) confirmed signif-
icant main effects of time and group, as well as a signif-
icant time X group interaction (p < 0.05), indicating that
ROM improved progressively over time, recovery trajec-
tories differed between groups, and the surgical technique
significantly impacted preservation of rotational mobility.

Postoperative Complications

Within one year after surgery, there was no statistically sig-
nificant difference in the incidence of various complica-
tions between the two groups of patients (p > 0.05). The
recorded complications included implant-related irritation,
delayed union/nonunion, wound infection, supraclavicular

nerve sensory disturbance, and malunion. See details in Ta-
ble 11.

Discussion

This study systematically evaluated the clinical efficacy of
BTELIN versus MIPLP fixation in treating midshaft clav-
icle fractures, revealing distinct recovery patterns between
the two methods across different postoperative stages. The
results demonstrated that the BTELIN exhibited significant
advantages in perioperative parameters, early functional re-
covery, and specific ranges of motion—findings that can be
reasonably attributed to its unique design features and tech-
nical characteristics.

Our findings indicated that patients in Group A had sig-
nificantly shorter operative times, less intraoperative blood
loss, and reduced hospital stays compared to those in Group
B. These outcomes align closely with the minimally inva-
sive nature of the nailing technique. The BTELIN fixa-
tion achieves stable fixation within the medullary canal with
limited soft tissue dissection, which may help preserve the
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Table 9. Comparison of shoulder ROM between the two groups [X +s].

Before operation 3 months postoperatively

12 months postoperatively

148.79 +£10.78*
139.55+12.51°

176.12 £ 3.27%0
174.71 £ 43120

Active direction Group
Group A (n=52)  68.58 +15.25
. Group B (n=58) 67.86+16.50
Anteflexion (°)
t 0.237
P 0.813
Group A (n=52) 62.44+14.73
. GroupB (n=58) 61.78 +15.72
Abduction (°)
t 0.226
P 0.821
Group A (n=52)  25.83+8.49
. Group B (n=158) 26.16 £9.11
External rotation (°)
t 0.196
P 0.845
Group A (n=52)  28.63+6.93
. Group B (n=58) 29.09 £ 7.27
Internal rotation (°)
t 0.339
P 0.735

4.127 1916
<0.001 0.058
142.92 +11.352 172.65 + 4,973
134.19 + 13.482 170.84 + 6.35%
3.651 1.651
<0.001 0.102
68.38 +7.20° 82.17 + 5.472b
60.84 +9.742 79.40 + 6.66°°
4573 2367
<0.001 0.020
52.81+5.952 68.29 + 4.49%0
47.29 +7.36° 65.98 + 5.782
4.294 2321
<0.001 0.022

ROM, range of motion; compared within the same group with the preoperative data, ?p <0.001; compared within the

same group with the data at 3 months postoperatively, °p < 0.001.

Table 10. Results of repeated measures ANOVA for shoulder range of motion before and after surgery.

Time effect

Intergroup effect Interaction effect

Variable

F pr F P F p
Anteflexion (°) 2345.513 <0.001 7.982 0.006 6.118 0.003
Abduction (°) 2332.133 <0.001 7.713  0.006 4.235 0.017
External rotation (°) 1400.798 <0.001 12.195 <0.001 6.472  0.002
Internal rotation (°)  1082.847 <0.001 11.143  0.001 5.126  0.007

Table 11. Comparisons of postoperative complications between the two groups [n (%)].

Group

Group A (n=52) GroupB (n=58) 4° p

Implant-related irritation
Nonunion of bone/delayed union

Infection of the incisional wound

Injury to the sensory branch of the supraclavicular nerve

Malunion
Total

9.6% (5/52) 12.1% (7/58)  0.170  0.680
3.8% (2/52) 3.4% (2/58)  Fisher 1.000
1.9% (1/52) 3.4% (2/58)  Fisher 1.000
0% (0/52) 5.2%(3/58)  Fisher 0.245
5.8% (3/52) 1.7%(1/58)  Fisher 0.342
212% (11/52)  25.9% (15/58)  0.337 0.562

biological environment at the fracture site [23]. This ap-
proach may reduce surgical trauma and potentially help pre-
serve periosteal blood supply, which may partly explain the
lower levels of early postoperative pain and facilitate ear-
lier initiation of active rehabilitation exercises observed in
this study. In contrast, although MIPLP fixation reduces
soft tissue damage through small incisions and submuscular
plate placement, it still necessitates some degree of subpe-
riosteal dissection, potentially compromising local vascular
integrity and thus delaying early functional recovery [24].

Notably, this study observed a significantly shorter time
to fracture union in the intramedullary nailing group com-
pared to the plating group—a result consistent with the bio-
logical advantages of intramedullary fixation. Elastic in-
tramedullary nails provide flexible stabilization that per-
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mits beneficial micromotion at the fracture interface, an
optimal mechanical environment for callus formation and
secondary bone healing [25]. Conversely, while locking
plates offer rigid fixation and superior initial stability, their
pronounced stress-shielding effect may impair natural bone
remodeling processes [26,27]. A prospective randomized
study similarly reported that intramedullary nailing led to
significantly faster radiographic union than locking com-
pression plate fixation in clavicular shaft fractures [28].

It is noteworthy that there were temporal differences in
functional recovery. Group A demonstrated significantly
better functional outcomes, as measured by the Constant-
Murley and DASH scores at early and mid-term follow-ups
(up to 6 months postoperatively). However, by 12 months
after surgery, no significant difference in Constant-Murley
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scores was observed between the two groups. This find-
ing aligns with previous research indicating that BTELIN
provides comparable long-term shoulder function outcomes
to MIPLP fixation in adolescent clavicle fractures [29].
Another study also reported no significant difference in
clavicular functional scores between intramedullary nail-
ing and plating techniques [30]. These results suggest that
although BTELIN fixation accelerates early recovery, the
long-term shoulder functional outcomes of both fixation
methods may converge over time. However, in our study,
DASH scores remained significantly lower in Group A even
at 12 months postoperatively, indicating better upper limb
function. This observation is consistent with a random-
ized controlled trial reporting superior DASH scores in pa-
tients treated with flexible locked intramedullary nail fix-
ation than those receiving precontoured locked plate fix-
ation at 12 months postoperatively [31]. This discrep-
ancy may stem from the fact that the DASH questionnaire
places greater emphasis on task-specific performance of the
upper extremity, thereby reflecting potentially better real-
world functional capabilities among patients treated with
intramedullary nailing during daily activities. In this study,
the combined use of Constant-Murley and DASH scores
provided complementary insights. While the Constant-
Murley score—based primarily on physician-administered
physical examination—captured the significant improve-
ments in shoulder range of motion and strength in the in-
tramedullary nail group at early follow-up, the patient-
reported DASH score further highlighted superior overall
upper limb function of these patients in activities of daily
living. Notably, the DASH score remained significantly
better in the intramedullary nail group even at 12 months
postoperatively, when the Constant-Murley scores showed
no difference between groups. This suggests that even
after shoulder-specific physiological function has normal-
ized, subtle differences in patients’ self-perceived upper
limb function during daily tasks may persist, which can be
more sensitively detected by the DASH measure.

Our study further revealed dimension-specific differences
in shoulder ROM recovery between the two groups. At
3 months postoperatively, Group A exhibited significantly
greater ROM in all directions, underscoring its advantage
in facilitating early rehabilitation. By 12 months, how-
ever, no intergroup differences in forward flexion and ab-
duction were found, suggesting that both constructs pro-
vide sufficient stability to accommodate mechanical de-
mands along major movement planes [32]. Nevertheless,
Group A maintained significantly better external and in-
ternal rotation ROM at final follow-up—a clinically rele-
vant finding. Preservation of rotational mobility is critical
for overall shoulder function, particularly for tasks such as
grooming or fastening clothing behind the back [33]. The
elastic fixation provided by the BTELIN allows for mod-
erate physiological micromotion at the fracture site, which
may facilitate adaptive remodeling and coordination of the

joint capsule and rotator cuff musculature [23]. In con-
trast, while MIPLP ensures rigid stabilization, it may alter
normal biomechanical transmission across the clavicle and
potentially disrupt coordinated movement patterns within
the shoulder complex, particularly in rotational dimensions
[34].

The overall complication rates were comparable between
the two groups, falling within the range previously reported
in the literature [29,30]. Notably, three cases of supra-
clavicular nerve sensory branch injury occurred in patients
with MIPLP fixation, whereas none were observed in the
BTELIN fixation patients. It should be emphasized that the
severity of initial fracture displacement may represent a risk
factor for iatrogenic nerve injury following MIPLP proce-
dures, highlighting the importance of considering individ-
ual anatomical variations and fracture characteristics when
selecting a surgical approach [35].

This study has several limitations. Firstly, as a retrospec-
tive cohort study, treatment allocation to BTELIN or MI-
PLP groups was primarily based on comprehensive clini-
cal decision-making by the surgical team according to spe-
cific fracture morphology, soft tissue conditions, individual
patient preferences, and expectations for recovery speed at
the time of treatment, rather than random assignment. Al-
though baseline characteristics were comparable between
the two groups, residual confounding factors that were not
measured or adjusted for may still exist. This non-random
allocation method represents a potential source of selection
bias in the present study. Although we attempted to mini-
mize its influence through rigorous inclusion/exclusion cri-
teria and baseline comparisons between groups, the pres-
ence of unmeasured confounding factors cannot be fully
excluded. Furthermore, shoulder internal rotation was as-
sessed using the vertebral-level method, which measures a
composite movement rather than pure glenohumeral inter-
nal rotation. The conversion from vertebral levels to abso-
lute degrees in this study was based on an empirical approx-
imation without formal validation. Therefore, the abso-
lute degree values for internal rotation should be interpreted
with caution, and future studies are encouraged to adopt
more precise measurement techniques, such as goniome-
try with the shoulder abducted to 90°. Secondly, the rela-
tively small sample size may limit the statistical power to
identify rare complications. Furthermore, detailed records
regarding patient adherence to postoperative rehabilitation
protocols were not available, which could act as a potential
confounder influencing functional recovery outcomes. Fu-
ture multicenter, large-scale, prospective randomized con-
trolled trials with extended follow-up periods are necessary
to further validate these findings.

Conclusions

This comparative study demonstrates that both BTELIN
and MIPLP are effective methods for treating midshaft
clavicle fractures. However, BTELIN exhibits several ad-
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vantages. Intraoperatively, it reduces operative time and
blood loss, facilitating earlier postoperative discharge. Re-
garding bone healing, its elastic fixation provides a more
favorable biomechanical environment for callus formation,
resulting in shorter fracture union times. Concerning func-
tional recovery, BTELIN provides more effective early pain
relief, enabling faster and more comprehensive restoration
of shoulder joint function and range of motion, with par-
ticularly prominent outcomes in rotational function (inter-
nal and external rotation). In terms of safety, although the
overall complication rates were comparable between the
two groups, the occurrence of supraclavicular nerve injury
in the MIPLP group may indicate a potential difference in
neural protection between the two techniques, although this
finding should be interpreted cautiously due to the limited
number of events. Consequently, BTELIN achieves a fa-
vorable balance among safety, minimally invasive charac-
teristics, promotion of fracture healing, and quality of func-
tional recovery. It is especially suitable for patients seeking
rapid rehabilitation and prioritizing optimized preservation
of shoulder rotational function, and can be considered a pre-
ferred treatment option.

Availability of Data and Materials

The data analyzed are available from the corresponding au-
thor upon reasonable request.

Author Contributions

ZYP contributed the original conception of the work. ZYP,
FCQ, JWG and YSC collected the clinical data, performed
the research, and drafted the manuscript. All authors have
been involved in revising the manuscript critically for im-
portant intellectual content. All authors gave final approval
of the version to be published. All authors have participated
sufficiently in the work to take public responsibility for ap-
propriate portions of the content and agreed to be account-
able for all aspects of the work in ensuring that questions
related to its accuracy or integrity.

Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of
Hangzhou Normal University Affiliated Xiaoshan Hospi-
tal (approval number XSLS2025042) and strictly adhered
to the Declaration of Helsinki. All participants provided
written informed consent before inclusion in the study.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

1716  Ann. Ital. Chir, 97,9, 2026

References

[11 Wijdicks FJG, Van der Meijden OAJ, Millett PJ, Verleisdonk
EJMM, Houwert RM. Systematic review of the complications of
plate fixation of clavicle fractures. Archives of Orthopaedic and
Trauma Surgery. 2012; 132: 617-625. https://doi.org/10.1007/
s00402-011-1456-5

[2] Hung LW, Lu HY, Chang CH, Chen TY, Wang TM, Lu TW. Effects
of Internal Fixation for Mid-Shaft Clavicle Fractures on Shoulder
Kinematics During Humeral Elevations. Frontiers in Bioengineering
and Biotechnology. 2021; 9: 710787. https://doi.org/10.3389/fbioe.
2021.710787

[3] Lee GB, Kim H, Jeon IH, Koh KH. Long-term outcomes of initially
conservatively treated midshaft clavicle fractures. Clinics in Shoul-
der and Elbow. 2021; 24: 9-14. https://doi.org/10.5397/cise.2020.
00339

[4] Altamimi SA, McKee MD. Nonoperative treatment compared with
plate fixation of displaced midshaft clavicular fractures. Surgical
technique. The Journal of Bone and Joint Surgery. American Vol-
ume. 2008; 90 Suppl 2 Pt 1: 1-8. https://doi.org/10.2106/JBJS.G
.01336

[5] Zhao E, Zhang R, Wu D, Guo Y, Liu Q. Comparison between Mini-
mally Invasive Plate Osteosynthesis and Conventional Open Plating
for Midshaft Clavicle Fractures: A Systematic Review and Meta-
Analysis. BioMed Research International. 2019; 2019: 7081032.
https://doi.org/10.1155/2019/7081032

[6] Han X, Zhang Y, Zhang X, Tan J. Comprehensive comparison
between conservative therapy and surgical management for com-
pletely displaced and comminuted mid-shaft clavicle fractures. In-
ternational Orthopaedics. 2024; 48: 1871-1877. https://doi.org/10.
1007/500264-024-06198-1

[71 Ganesh MT, Pandian H, Palasseril AS. Outcome of Clavicle Frac-
tures Treated by Various Modalities. Journal of Orthopaedic Case
Reports. 2025; 15: 250-256. https://doi.org/10.13107/jocr.2025.
v15.106.5728

[8] Yadav S, Phalak MO, Shevate I, Salunkhe R, Khandge A, Deshmukh
A, et al. Comparative Study of Postoperative Outcomes of Clavicle
Midshaft Fracture Treated by Nailing vs. Plating. Cureus. 2022; 14:
€22862. https://doi.org/10.7759/cureus.22862

[9] SongHS, Kim H. Current concepts in the treatment of midshaft clav-
icle fractures in adults. Clinics in Shoulder and Elbow. 2021; 24:
189—198. https://doi.org/10.5397/cise.2021.00388

[10] Kundangar RS, Mohanty SP, Bhat NS. Minimally invasive plate os-
teosynthesis (MIPO) in AO/OTA type B displaced clavicle fractures.
Musculoskeletal Surgery. 2019; 103: 191-197. https://doi.org/10.
1007/s12306-018-0577-1

[11] Mendes AF, Jr, Curado RF, Dias JM, Jr, Mota Neto JD, Carrazzone
OL, Pagan AR, et al. Protocol of BRICS: Brazilian multicentric prag-
matic randomised trial of surgical interventions for displaced dia-
physeal clavicle fracture study: MIPO versus ORIF for the treat-
ment of displaced midshaft clavicle fractures. BMJ Open. 2021; 11:
€052966. https://doi.org/10.1136/bmjopen-2021-052966

[12] Ren L, Yang Z, Wang Y, Basanta S, Du B, Gao Z, et al. Compar-
ison of Minimally Invasive Fixation of Mid-Shaft Clavicular Frac-
tures with Threaded Elastic Intramedullary Nail (TEIN) and Elas-
tic Locking Intramedullary Nail (ELIN). Orthopaedic Surgery. 2021;
13: 2111-2118. https://doi.org/10.1111/0s.13129

[13] Ma T, Su H, Lu Y, Chen J, Tan W, Lei F, et al. Efficacy of in-
tramedullary bridge fixation for midshaft clavicle fractures: a ret-
rospective analysis of a novel technique. Journal of Orthopaedics
and Traumatology : Official Journal of the Italian Society of Or-
thopaedics and Traumatology. 2024; 25: 31. https://doi.org/10.1186/
$10195-024-00771-5

[14] Saha P, Datta P, Ayan S, Garg AK, Bandyopadhyay U, Kundu S.
Plate versus titanium elastic nail in treatment of displaced mid-
shaft clavicle fractures: A comparative study. Indian Journal of Or-


https://doi.org/10.1007/s00402-011-1456-5
https://doi.org/10.1007/s00402-011-1456-5
https://doi.org/10.3389/fbioe.2021.710787
https://doi.org/10.3389/fbioe.2021.710787
https://doi.org/10.5397/cise.2020.00339
https://doi.org/10.5397/cise.2020.00339
https://doi.org/10.2106/JBJS.G.01336
https://doi.org/10.2106/JBJS.G.01336
https://doi.org/10.1155/2019/7081032
https://doi.org/10.1007/s00264-024-06198-1
https://doi.org/10.1007/s00264-024-06198-1
https://doi.org/10.13107/jocr.2025.v15.i06.5728
https://doi.org/10.13107/jocr.2025.v15.i06.5728
https://doi.org/10.7759/cureus.22862
https://doi.org/10.5397/cise.2021.00388
https://doi.org/10.1007/s12306-018-0577-1
https://doi.org/10.1007/s12306-018-0577-1
https://doi.org/10.1136/bmjopen-2021-052966
https://doi.org/10.1111/os.13129
https://doi.org/10.1186/s10195-024-00771-5
https://doi.org/10.1186/s10195-024-00771-5

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[24]

[25]

[26]

Yansong Chen, et al.

thopaedics. 2014; 48: 587-593. https://doi.org/10.4103/0019-5413.
144227

Golish SR, Oliviero JA, Francke EI, Miller MD. A biomechanical
study of plate versus intramedullary devices for midshaft clavicle
fixation. Journal of Orthopaedic Surgery and Research. 2008; 3: 28.
https://doi.org/10.1186/1749-799X-3-28

Robinson CM. Fractures of the clavicle in the adult. Epidemiology
and classification. The Journal of Bone and Joint Surgery. British
Volume. 1998; 80: 476-484. https://doi.org/10.1302/0301-620x.80b
3.8079

Meinberg EG, Agel J, Roberts CS, Karam MD, Kellam JF. Frac-
ture and Dislocation Classification Compendium-2018. Journal of
Orthopaedic Trauma. 2018; 32 Suppl 1: S1-S170. https://doi.org/
10.1097/BOT.0000000000001063

Qi L, Zhang W, Chang Z, Zuo Z, LiJ, LiJ, et al. Is the reconstruction
of medial support important for revision following failed treatment
of femoral trochanteric fractures? a retrospective comparative study.
BMC Musculoskeletal Disorders. 2022; 23: 1028. https://doi.org/10.
1186/s12891-022-06004-2

Price DD, McGrath PA, Rafii A, Buckingham B. The validation
of visual analogue scales as ratio scale measures for chronic and
experimental pain. Pain. 1983; 17: 45-56. https://doi.org/10.1016/
0304-3959(83)90126-4

Constant CR, Murley AH. A clinical method of functional assess-
ment of the shoulder. Clinical Orthopaedics and Related Research.
1987; 160-164.

Hudak PL, Amadio PC, Bombardier C, Beaton D, Cole D,
Davis A, et al. Development of an upper extremity outcome
the DASH (disabilities of the arm, shoulder, and
head). American Journal of Industrial Medicine. 1996; 29:
602—608. https://doi.org/10.1002/(SICT)1097-0274(199606)29:6%
3C602::AID-AJIM4%3E3.0.CO;2-L

Riddle DL, Rothstein JM, Lamb RL. Goniometric reliability in a
clinical setting. Shoulder measurements. Physical Therapy. 1987;
67: 668—673. https://doi.org/10.1093/ptj/67.5.668

Ullah K, Khan S, Wang YQ, Zhao ZH, Cheng P, Sapkota B, et
al. Bilaterally Threaded, Minimal Invasive, Elastic Locking In-
tramedullary Nailing (ELIN) for the Treatment of Clavicle Fractures.
Orthopaedic Surgery. 2020; 12: 321-332. https://doi.org/10.1111/0s
12612

Devkota P, Acharya BM, Pradhan NMS, Shrestha SK, Thakur AK,
Gyawali B. Minimally-Invasive Plate Osteosynthesis for Clavicle
Fractures. Revista Brasileira De Ortopedia. 2021; 57: 295-300.
https://doi.org/10.1055/s-0041-1731358

Wen Z, Lei L, Zhang H, Jin Z, Shan Z, Liu W, et al. Magnesium-
containing implants enhance bone healing: A mechanobiological
perspective. Mechanobiology in Medicine. 2025; 3: 100161. https:
//doi.org/10.1016/j.mbm.2025.100161

Patifio JM, Rullan Corna AF, Michelini AE, Abdon I, Hochbaum
SD, Wilson FZ. Precontoured Locking Plate Treatment in Mid-Shaft
Clavicle Fractures: Outcomes and Complications with a Minimun

measure:

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

of 2- ears Follow up. The Archives of Bone and Joint Surgery. 2019;
7: 105-111.

ElHawary H, Baradaran A, Abi-Rafeh J, Vorstenbosch J, Xu L,
Efanov JI. Bone Healing and Inflammation: Principles of Frac-
ture and Repair. Seminars in Plastic Surgery. 2021; 35: 198-203.
https://doi.org/10.1055/s-0041-1732334

Calbiyik M, Ipek D, Taskoparan M. Prospective randomized
study comparing results of fixation for clavicular shaft fractures
with intramedullary nail or locking compression plate. Interna-
tional Orthopaedics. 2017; 41: 173-179. https://doi.org/10.1007/
$00264-016-3192-5

Bae K, Ryu S, Choi SH, Kwon H, Kwak YH. Operative Treat-
ment of Adolescent Diaphyseal Clavicle Fracture: Elastic Stable In-
tramedullary Nail Versus Plate Fixation. Medicina (Kaunas, Lithua-

nia). 2025; 61: 1494. https://doi.org/10.3390/medicina61081494
Storti TM, Camilo MS, Silva RFA, Faria RSS, Simionatto CL,

Paniago AF. CLINICAL EVALUATION OF THE TREATMENT
OF CLAVICLE FRACTURES: INTRAMEDULLARY NAIL x
PLATE. Acta Ortopedica Brasileira. 2021; 29: 34-38. https://doi.
org/10.1590/1413-785220212901231439

King PR, Tkram A, Eken MM, Lamberts RP. The Effectiveness of
a Flexible Locked Intramedullary Nail and an Anatomically Con-
toured Locked Plate to Treat Clavicular Shaft Fractures: A 1-Year
Randomized Control Trial. The Journal of Bone and Joint Surgery.
American Volume. 2019; 101: 628-634. https://doi.org/10.2106/JB
JS.18.00660

Zhu KY, McNassor R, Hecht Ii CJ, Burkhart RJ, Nystrom LM, Ka-
math AF. Photodynamic bone stabilization for traumatic and patho-
logic fractures: a systematic review of utilization, complications,
and patient-reported outcomes. European Journal of Orthopaedic
Surgery & Traumatology : Orthopedie Traumatologie. 2024; 34:
1269-1277. https://doi.org/10.1007/s00590-024-03833-w
Alkayyali AA, Cowan CPF, Owen CJ, Giannas E, Wolfram S,
Hansen U, et al. Identifying internal and external shoulder rota-
tion using a kirigami-based shoulder patch. Wearable Technologies.
2024; 5: e23. https://doi.org/10.1017/wtc.2024.20

Zheng Y, Li J, Tam AYC, Lee TTY, Peng Y, Cheung JCW, et al.
Finite element modeling of clavicle fracture fixations: a systematic
scoping review. Medical & Biological Engineering & Computing.
2025; 63: 1585-1607. https://doi.org/10.1007/s11517-025-03294-1
Ko SH, Kim MS. Comparison of supraclavicular nerve injuries af-
ter clavicle mid-shaft surgery via minimally invasive plate osteosyn-
thesis versus open reduction and internal fixation. Archives of Or-
thopaedic and Trauma Surgery. 2022; 142: 1895-1902. https://doi.
org/10.1007/s00402-021-03941-w

© 2026 The Author(s).

@ ®

1717  Ann. Ital. Chir., 97,9, 2026


https://doi.org/10.4103/0019-5413.144227
https://doi.org/10.4103/0019-5413.144227
https://doi.org/10.1186/1749-799X-3-28
https://doi.org/10.1302/0301-620x.80b3.8079
https://doi.org/10.1302/0301-620x.80b3.8079
https://doi.org/10.1097/BOT.0000000000001063
https://doi.org/10.1097/BOT.0000000000001063
https://doi.org/10.1186/s12891-022-06004-2
https://doi.org/10.1186/s12891-022-06004-2
https://doi.org/10.1016/0304-3959(83)90126-4
https://doi.org/10.1016/0304-3959(83)90126-4
https://doi.org/10.1002/(SICI)1097-0274(199606)29:6%3C602::AID-AJIM4%3E3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-0274(199606)29:6%3C602::AID-AJIM4%3E3.0.CO;2-L
https://doi.org/10.1093/ptj/67.5.668
https://doi.org/10.1111/os.12612
https://doi.org/10.1111/os.12612
https://doi.org/10.1055/s-0041-1731358
https://doi.org/10.1016/j.mbm.2025.100161
https://doi.org/10.1016/j.mbm.2025.100161
https://doi.org/10.1055/s-0041-1732334
https://doi.org/10.1007/s00264-016-3192-5
https://doi.org/10.1007/s00264-016-3192-5
https://doi.org/10.3390/medicina61081494
https://doi.org/10.1590/1413-785220212901231439
https://doi.org/10.1590/1413-785220212901231439
https://doi.org/10.2106/JBJS.18.00660
https://doi.org/10.2106/JBJS.18.00660
https://doi.org/10.1007/s00590-024-03833-w
https://doi.org/10.1017/wtc.2024.20
https://doi.org/10.1007/s11517-025-03294-1
https://doi.org/10.1007/s00402-021-03941-w
https://doi.org/10.1007/s00402-021-03941-w
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Study Population
	Inclusion and Exclusion Criteria
	Surgical Methods
	Observation Indicators
	Baseline Characteristics
	Perioperative Parameters
	Visual Analog Scale (VAS)
	Constant-Murley Score on the Affected Side
	Disabilities of the Arm, Shoulder and Hand (DASH) Score on the Affected Side
	Shoulder Range of Motion (ROM)
	Complications

	Statistical Analysis

	Results
	Baseline Clinical Characteristics
	Perioperative Outcomes
	Pain Assessment
	Shoulder Function Assessment
	Upper Limb Function Assessment
	Shoulder Range of Motion
	Postoperative Complications

	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	References

