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ABSTRACT

OBJECTIVE: Displaced scapular fractures are uncommon injuries, and the optimal surgical approach remains controversial.
Muscle-preserving techniques may improve post-operative shoulder function by minimizing soft-tissue damage. The purpose
of the study was to evaluate the clinical and functional outcomes of open reduction and internal fixation (ORIF) using a
muscle-preserving modified Judet approach in displaced scapular fractures and to assess the effect of surgical timing on
post-operative shoulder function.

METHODS: This retrospective study included 12 adult patients who underwent ORIF for displaced scapular fractures be-
tween 2015 and 2024 with a minimum follow-up of 12 months. Fractures were classified according to the Arbeitsgemeinschaft
fiir Osteosynthesefragen/Orthopaedic Trauma Association system and treated using the modified Judet approach. Functional
outcomes were evaluated using the Constant-Murley, Disabilities of the Arm, Shoulder, and Hand (DASH), and University of
California, Los Angeles (UCLA) scores, and shoulder range of motion was compared with the contralateral side.

RESULTS: Mean patient age was 35.3£15.0 years, and mean follow-up was 41.6+37.5 months. Fracture union was achieved
in all patients at a mean of 7.5+1.7 weeks. No infections, neurovascular injuries, malunion, or infraspinatus atrophy occurred.
Final shoulder motion reached 97% forward flexion, 89% abduction, 93% external rotation, and 90.9% internal rotation
compared with the contralateral side. Mean constant, DASH, and UCLA scores were 84.0£8.6, 6.1+8.8, and 31.9+3.4, re-
spectively. All patients returned to work at a mean of 4.7+2.3 months.

CONCLUSION: ORIF using a muscle-preserving modified Judet approach provides reliable union, low complication rates,
and satisfactory functional recovery in displaced scapular fractures.
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he scapula occupies a central position in the bio-  fractures are uncommon injuries, accounting for <1%
mechanical linkage between the upper extremity of all fractures and approximately 3-5% of shoulder
and the trunk and plays a fundamental role in coordi-  girdle injuries [1-4]. Due to the substantial muscular
nating the shoulder’s multiplanar movements. Scapular  envelope and the intrinsic strength of the bone, these
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fractures most often result from high-energy trauma
(3, 5, 6]. Motor vehicle collisions and falls from height
are the most frequently reported mechanisms, and as-
sociated thoracic or skeletal injuries are present in 80—
95% of cases [4, 5]. Consequently, a comprehensive,
multidisciplinary approach is essential for accurate di-
agnosis and appropriate treatment planning.

Minimally displaced fractures generally yield sat-
isfactory outcomes with short-term immobilization
followed by early rehabilitation, whereas surgical man-
agement is recommended in the presence of significant
displacement [5, 7]. Inadequate treatment of displaced
fractures may lead to chronic pain, restricted shoulder
range of motion, scapulothoracic dyskinesis, and rota-
tor cuff dysfunction, resulting in substantial functional
impairment 8].

The literature addressing the surgical treatment of
scapular fractures largely consists of small case series
with limited sample sizes. In series reported by Cofield
(10 cases) [9], Mayo (27 cases) [10], and Schandelmai-
er (22 cases) [11], surgical management of displaced
fractures resulted in satisfactory functional outcomes in
the majority of patients. Current evidence indicates that
both operative and non-operative treatments may result
in favorable outcomes, depending on fracture pattern,
and optimal management should be tailored to individu-
al patient characteristics [12, 13].

Nevertheless, a universal consensus regarding sur-
gical indications for scapular fractures has not yet been
established. Commonly accepted criteria include an in-
tra-articular step-off >4 mm, medial or lateral displace-
ment >20 mm, angular deformity >40-45°, shortening
>20-25 mm, and a glenopolar angle (GPA) <22°. In
addition, fractures associated with disruption of the su-
perior shoulder suspensory complex (SSSC) with >10
mm displacement, or concomitant acromion or coracoid
fractures, are generally considered candidates for surgical
intervention [14-16].

Open reduction and internal fixation (ORIF) of
scapular fractures is technically demanding because
of the scapula’s complex three-dimensional anatomy,
limited surgical exposure, and close proximity to crit-
ical neurovascular structures [17, 18]. In this context,
the modified Judet approach has emerged as a favor-
able surgical option, providing adequate exposure of
the lateral column and glenoid neck while minimizing
soft-tissue disruption [19-21]. Various fixation devic-
es have been described in the literature, including lock-

Highlight key points

e ORIF using the muscle-preserving modified Judet approach
achieved 100% fracture union with a mean healing time of
7.5 weeks.

e The procedure resulted in excellent functional outcomes,
with high Constant—Murley and UCLA scores and low DASH
and VAS scores.

e Postoperative shoulder range of motion reached near-sym-
metrical levels (89-97%) compared with the contralateral
side.

e The complication rate was minimal, with no infections, neu-
rovascular injuries, or muscle atrophy observed.

e Earlier surgical intervention showed a trend toward better
functional outcomes, although not statistically significant.

ing compression plates, reconstruction plates, T-plates,
distal radius or humeral plates, and microplates [19].

Recent studies have reported high union rates and sat-
isfactory functional outcomes following surgical fixation
of scapular fractures. In line with these findings, recent
literature has increasingly supported the surgical man-
agement of displaced scapular fractures, demonstrating
favorable functional outcomes and low complication
rates following ORIF using muscle-preserving tech-
niques (3, 8]. Cole et al. [15] reported a 100% union rate
and near-normal shoulder range of motion in fractures
involving the scapular body and glenoid neck. Jaikish and
Sambandam reported a mean Constant-Murley score of
80 after plate fixation of displaced extra-articular frac-
tures [19], while Vidovié et al. [14] documented a mean
Constant-Mutley score of 93 with low complication
rates. Nonetheless, potential complications, including
infection, implant irritation, and neurovascular injury,

should not be overlooked [5].

Despite increasing interest in the surgical manage-
ment of scapular fractures, the current literature remains
limited to small retrospective series with heterogeneous
patient populations, fracture patterns, and outcome
measures. In particular, studies specifically evaluating
the clinical and functional outcomes of ORIF using a
muscle-preserving modified Judet approach are scarce.
Furthermore, the effect of surgical timing on post-oper-
ative shoulder function has not been cleatly established.
Therefore, the aim of this study was to evaluate the clini-
cal and functional outcomes of ORIF performed using a
muscle-preserving modified Judet approach in displaced
scapular fractures and to investigate the effect of surgical
timing on post-operative shoulder function.
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MATERIALS AND METHODS

This retrospective study included 12 patients who un-
derwent ORIF for scapular fractures between 2015 and
2024. Patients aged >18 years with displaced fractures of
the scapular body and/or neck who were treated surgi-
cally and completed a minimum of 12 months of clinical
and radiological follow-up were included. Patients with
pathological fractures or those who underwent simul-
taneous ipsilateral humeral or clavicular surgery were
excluded. This study was approved by the institutional
ethics committee (approval date: November 18, 2025;
approval number: E-54132726-000-295097595). The
requirement for informed consent was waived due to the
retrospective nature of the study. All procedures were
conducted in accordance with the principles of the Dec-
laration of Helsinki.

Diagnosis was established using anteroposterior,
scapular Y-lateral, and axillary radiographs in all patients.
Fracture configurations were evaluated using three-di-
mensional computed tomography scans in all patients to
allow detailed assessment of fracture morphology. Frac-
tures were classified according to the Arbeitsgemein-
schaft fiir Osteosynthesefragen/Orthopaedic Trauma
Association (AO/OTA) scapular fracture classification
system. Surgical indications were determined based on
widely accepted criteria in the literature, including an in-
tra-articular step-off >4 mm, medial or lateral displace-
ment >20 mm, angular deformity >40-45°, GPA <22°,
and double disruptions of the SSSC with >10 mm dis-
placement (14, 15].

All surgical procedures were performed under general
anesthesia following prophylactic antibiotic administra-
tion. Patients were positioned in a semi-prone position
with the ipsilateral upper extremity left free to facilitate
fluoroscopic imaging and manipulation of the scapula,
and a support pad was placed beneath the anterior chest
wall. A modified posterior Judet approach (boomerang
incision) was used in all cases.

The skin incision was initiated at the posterior cor-
ner of the acromion, extended medially along the scap-
ular spine, and continued inferiorly toward the inferi-
or angle of the scapula. Sharp dissection was carried
down to the fascia of the deltoid and infraspinatus
muscles. Without detaching the deltoid muscle from
the scapular spine, the posterior border of the deltoid
was elevated and retracted anteriorly, thereby exposing
the infraspinatus muscle. The infraspinatus was then

elevated subperiosteally from the infraspinatus fossa
and retracted laterally. The suprascapular nerve and
artery passing through the posterosuperior aspect of
the glenoid were carefully identified, dissected, and
protected.

Gentle lateral retraction of the lateral portions of
the infraspinatus and teres minor muscles allowed ad-
equate exposure of the lateral border of the scapula.
In selected cases, the posterior capsule was cautiously
opened to assess the articular surface. Fracture frag-
ments were mobilized and reduced, enabling restoration
of the glenoid articular surface and indirect reduction
of fractures extending to the glenoid neck. Reduction
was facilitated using temporary Kirschner wires placed
along the lateral border of the scapula, glenoid neck,
or scapular spine, and stabilized when necessary with
small pointed reduction forceps.

Plates were precontoured and applied to the intact
lateral border of the scapula and secured in this region.
This technique facilitated maintenance of reduction and
allowed controlled compression of the short glenoid
neck fragment. Buttress fixation of the lateral border was
achieved using 2.5-3.0 mm locking scapular plates, dy-
namic compression plates, and/or periarticular screws.
Boomerang plates were preferred for fractures involving
the scapular body. In fracture patterns involving dis-
placement of the scapular spine or medial border, direct
reduction and stabilization were achieved through the
same surgical approach using tubular or reconstruction
plates (Fig. 1, 2).

At the conclusion of the procedure, the posterior
joint capsule and infraspinatus fascia were anatomically
repaired. To prevent dead space formation, the infraspi-
natus muscle was sutured to the plates positioned on the
scapular body and subsequently reattached to the medial
border of the scapula together with the fascia. The del-
toid muscle was returned to its native anatomical posi-
tion; repair of the deltoid fascia was not required. After
achieving meticulous hemostasis, a drain was placed at
an appropriate level to reduce the risk of post-operative
seroma formation. The surgical layers were closed in ac-
cordance with anatomical planes, and a sterile dressing

was applied.

In cases of scapular fractures associated with concom-
itant acromion, coracoid, and/or glenoid fractures, all
associated fractures were anatomically reduced and sta-
bilized with appropriate internal fixation devices during
the same surgical session.
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C D E

FIGURE 1. Representative case of a patient with a displaced
scapular fracture treated with open reduction and internal
fixation using the modified Judet approach. (A) Pre-oper-
ative radiograph demonstrating the fracture pattern. (B)
Three-dimensional computed tomography reconstruction
showing fracture configuration and glenoid involvement.
(C) Post-operative radiograph demonstrating anatomi-
cal reduction and stable fixation. (D) Clinical photograph
demonstrating satisfactory forward elevation. (E) Clinical
photograph demonstrating internal rotation at final fol-
low-up.

Postoperatively, patients were provided with a sim-
ple shoulder sling, and immediate elbow range-of-
motion exercises were permitted. Pendulum exercises
were initiated at the 4™ post-operative week. After the
6™ week, active shoulder range-of-motion exercises
and a supervised physical therapy program were com-
menced. Resistance and strengthening exercises were
allowed beginning at the 3 post-operative month.
This rehabilitation protocol was applied uniformly to
all patients, and no modifications were required due to
associated injuries.

Functional outcomes were assessed using the Con-
stant-Murley score [22], Disabilities of the Arm, Shoul-
der and Hand (DASH) score [23], and the University
of California, Los Angeles (UCLA) shoulder score
(24]. Shoulder range of motion was evaluated using
goniometric measurements of forward flexion, abduc-
tion, and internal and external rotation. All range-of-
motion measurements and functional outcome assess-

D E F

FIGURE 2. Representative case of a complex displaced scap-
ular fracture treated with open reduction and internal fix-
ation using the modified Judet approach. (A) Pre-opera-
tive radiograph demonstrating fracture displacement. (B)
Three-dimensional computed tomography reconstruction
showing fracture configuration and involvement of the
scapular body. (C) Intraoperative photograph demonstrat-
ing the modified Judet approach and surgical exposure.
(D) Post-operative radiograph showing anatomical reduc-
tion and stable fixation. (E) Clinical photograph demon-
strating satisfactory forward elevation. (F) Clinical photo-
graph demonstrating internal rotation at final follow-up.

ments were obtained at the final follow-up visit for
each patient. Clinical evaluation included assessment
of post-operative infraspinatus muscle atrophy, pain
level, development of complications, time to return to
work, and overall functional recovery. Surgical timing
was recorded as the interval between injury and opera-
tion, and its relationship with post-operative functional
outcomes was analyzed. Clinical evaluations were per-
formed by an independent orthopedic surgeon who was
not involved in the surgical procedures and was blinded
to the study design and patient information to mini-
mize potential assessment bias.

Radiological evaluations were independently per-
formed by two orthopedic and traumatology surgeons
who were not involved in the study. Fracture union status
and time to union, as well as the presence of secondary
arthrosis, were assessed. Union was defined as painless
functional loading and evidence of callus formation on

biplanar radiographs.
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TABLE 1. Demographic and clinical characteristics of the
patients

Variables Value
Number of patients 12

Age (years) 35.3+15.0

Sex (male / female) 11 (91.7%) / 1 (8.3%)
Body mass index (kg/m2) 28.7£2.9
Smoking status (yes / no) 6 (50%) / 6 (50%)
Follow-up duration (months) 41.6+37.5

Affected side (right / left)
Dominant hand (right / left)
Trauma mechanism

(high / low energy)

2 (16.7%) / 10 (83.3%)
12 (100%) / 0 (0%)

9 (75%) / 3 (25%)

8.145.6
4 (33.3%) / 8 (67.7%)

Time from injury to surgery (days)
Associated injuries (yes/no)

Values are presented as meanzstandard deviation or number of patients.

Statistical Analysis

Statistical analyses were conducted using IBM Statistical
Package for the Social Sciences Statistics software (ver-
sion 26.0; IBM Corp., Armonk, NY, USA). Normality
of continuous variables was assessed using the Shapiro—
Wilk test. Normally distributed data are presented as
meantstandard deviation, whereas non-normally dis-
tributed data are reported as median (minimum-maxi-
mum). Categorical variables are expressed as frequencies
and percentages. Comparisons of continuous variables
between the injured and contralateral shoulders were
performed using the paired t-test. A p<0.05 was consid-
ered statistically significant for all analyses.

RESULTS

A total of 12 patients were included in the study. The
mean age was 35.3+15.0 years. Fractures were located on
the right side in 16.7% of patients (n=2) and on the left
side in 83.3% (n=10); the dominant extremity was the
right side in all patients (100%). Eleven patients (91.7%)
were male, and one (8.3%) was female, The mean body
mass index was 28.7+2.9 kg/m?. Six patients (50%) were
smokers, and six (50%) were non-smokers. No patient
had additional comorbidities such as hypertension, dia-
betes mellitus, or osteoporosis. The mean follow-up du-
ration was 41.6+37.5 months, with a median follow-up

of 19 months (range, 12-108 months) (Table 1).

TABLE 2. Radiological and functional outcomes

Outcome measure Result
Fracture union rate 12 (100%)
Union time (weeks) 7.5+1.7
Return-to-work rate 12 (100%)
Time to return to work (months) 47+2.3

Implant irritation:

Complication (yes / no) 1(8.3%) / 11 (91.7%)

UCLA score 31.9+3.4
Constant-Murley score 84.0£8.6
DASH score 6.1+8.8

VAS pain score 1.33+1.62

UCLA: University of California at Los Angeles Shoulder Score; DASH:Disabilities
of the Arm, Shoulder and Hand questionnaire; VAS: Visual Analog Scale.

The mechanism of injury was high-energy trauma in
nine patients (75%) and low-energy trauma in three pa-
tients (25%). One patient (8.3%) sustained an open frac-
ture. The mean time from injury to surgery was 8.1+£5.6
days. All patients were treated surgically using the modi-

fied Judet approach (Table 1).

According to the AO/OTA classification, scapular
body fractures (14B2) were present in 75% of cases (n=8),
and scapular neck fractures (14B1) were identified in 25%
(n=4). Five patients had associated coracoid fractures
(14A1), and three patients had associated acromion frac-
tures (14A2). All patients (100%) had concomitant gle-
noid rim fractures (14F1.3), of which 41.7% were classi-
fied as 14F1.3P, 33.3% as 14F1.31, and 25.0% as 14F1.3E.

One patient (8.3%) developed implant irritation as
a post-operative complication; the implant was elective-
ly removed approximately 1 year after surgery, following
confirmed fracture union. No patient demonstrated infra-
spinatus muscle atrophy or post-operative neurovascular
injury at final follow-up. Fracture union was achieved in
all patients (100%), with a mean time to union of 7.5+1.7
weeks. All patients returned to work, with a mean return-

to-work time of 4.742.3 months (Table 2).

Associated injuries were observed in four patients
(33.3%), including L2-L3-L4 transverse process frac-
tures (n=1), a left coronoid fracture (n=1), a metacarpal
fracture (n=1), and right upper lobe pulmonary con-
tusion (n=1). No additional injuries were identified in

eight patients (66.7%) (Table 1).
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TABLE 3. Comparison of active range of motion between the affected and contralateral shoulders

Motion Affected side Contralateral side p Effect size (Cohen’s dz)
Forward flexion (°) 167.5c 15.4 172.5+13.6 0.339° N/A
Abduction (°) 150.0+42.2 168.8+20.4 0.148° N/A
External rotation (°) 78.8+17.1 85.0+7.4 0.340° N/A
Internal rotation (°) 75.0+£22.5 82.5+10.3 0.2212 N/A

N/A: Not applicable; a: Paired t-test; Bolded p values indicate statistical significance.

TABLE 4. Functional outcomes according to surgical timing
(median split)

Early surgery Late surgery
Outcome measure
(<8 days, n=6) (>8 days, n=6)
Constant score 86.2 81.8
DASH score 5.7 6.5
UCLA score 32.7 31.2
VAS pain score 1.2 1.5

UCLA: University of California at Los Angeles Shoulder Score; DASH:Disabilities
of the Arm, Shoulder and Hand questionnaire; VAS: Visual Analog Scale.

At final follow-up, mean forward flexion of the injured
shoulder was 167.5+15.4°, compared with 172.5+13.6°
in the contralateral shoulder. Forward flexion of the in-
jured shoulder reached approximately 97% of the contra-
lateral side, with no statistically significant difference be-
tween sides (p=0.339). Mean abduction was 150.0+42.2°
on the injured side and 168.84+20.4° on the contralateral
side; injured-side abduction reached approximately 89%
of the contralateral shoulder, with no significant differ-
ence (p=0.148). Mean external rotation was 78.8+17.1°
on the injured side and 85.047.4° on the contralateral
side, corresponding to approximately 93% of the con-
tralateral value, without a statistically significant differ-
ence (p=0.340). Mean internal rotation was 75.0+22.5°
on the injured side and 82.5£10.3° on the contralateral
side; injured-side internal rotation reached approximately
90.9% of the contralateral shoulder, with no significant
difference between sides (p=0.221) (Table 3).

At final follow-up, the mean visual analog scale pain
score was 1.33+1.62 (median: 0.5; range: 0-4), and
no pain was reported in half of the patients. The mean
UCLA shoulder score was 31.9+3.4 (median: 32; range:
27-35), the mean DASH score was 6.1+8.8 (median:

1.15; range: 0-22.7), and the mean Constant-Murley
score was 84.018.6 (median: 86; range: 72-95) (Table 2).

Surgical timing showed a trend toward influencing
functional recovery. Patients treated within the first 8
days had slightly higher constant and UCLA scores com-
pared with those treated later, although these differences
did not reach statistical significance and therefore should
be interpreted with caution (Table 4).

DISCUSSION

In recent years, the surgical management of scapular
fractures has been increasingly favored because it pro-
vides more predictable clinical and functional outcomes.
The present study contributes to the existing literature in
several important aspects. First, it specifically evaluates
the clinical and functional outcomes of a muscle-preserv-
ing modified Judet approach, which has been relatively
underreported. Second, a comprehensive assessment in-
cluding both radiological and functional outcomes was
performed using validated scoring systems. Third, the
potential influence of surgical timing on post-operative
functional recovery was analyzed, which remains a less
clearly defined factor in current literature. These findings
provide additional insight into the role of surgical tech-
nique and timing in optimizing outcomes for displaced
scapular fractures.

Although conservative treatment has historically
been the mainstay, fractures with significant displace-
ment are frequently associated with restricted shoulder
range of motion, persistent pain, and functional impair-
ment. Disruption of anatomical alignment compromis-
es shoulder girdle biomechanics by reducing rotator
cuff efficiency, impairing scapulothoracic rhythm, and
predisposing to impingement and secondary degener-
ative changes [1]. In particular, scapular neck fractures
may result in altered glenoid orientation and distur-
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bance of the optimal length—tension relationship of the
surrounding musculature, thereby diminishing rotator
cuff strength and lever-arm mechanics and leading to
substantial functional deficits [25]. Ada and Miller
demonstrated shoulder elevation weakness, subacromi-
al pain, and motion limitation in patients with displaced
scapular neck fractures [1]. Furthermore, the systemat-
ic review by Zlowodzki et al. [26] reported poor func-
tional outcomes, radiographic deformity, and persistent
pain in a subset of conservatively treated extra-articu-
lar fractures, underscoring the importance of surgical
intervention in appropriately selected cases. Similarly,
Kannan et al. [27] emphasized that surgical fixation
yields superior clinical outcomes in markedly displaced
and comminuted fractures, particularly in scapular neck
fractures with displacement >10 mm, where post-oper-
ative functional gains are more pronounced.

Contemporary surgical series have consistently
demonstrated high union rates and satisfactory func-
tional recovery following operative fixation of scapu-
lar fractures [28, 29]. However, the absence of a clear
consensus on surgical indications and the lack of stan-
dardized reporting of radiographic parameters, such as
displacement, angulation, and the GPA, limit the appli-
cability of available evidence to clinical decision-making
(26, 28]. This heterogeneity, particularly in small case
series, complicates the interpretation and comparison
of outcomes across studies.

Scapular fractures typically result from high-energy
trauma and are frequently associated with concomitant
injuries. Rib fractures are the most commonly report-
ed associated injuries in the literature and may increase
the risk of pulmonary complications (3, 30]. In the se-
ries by Vidovi¢ et al,, [14] rib fractures constituted the
most frequent associated injury, consistent with this
expectation. Moreover, potentially severe neurovascular
injuries, including brachial plexus and subclavian artery
damage, may occur, emphasizing the importance of thor-
ough clinical evaluation and appropriate imaging [19].
Although some studies have reported an increasing inci-
dence of scapular fractures related to low-energy trauma
in elderly women, high-energy mechanisms remain pre-
dominant in patients referred to tertiary trauma centers
(28]. In the present study, 75% of injuries resulted from
high-energy mechanisms. Although associated injuries
were identified in one-third of the patients, they did not
adversely affect surgical outcomes or functional recovery.
Stabilization of concomitant acromion, coracoid, and
glenoid fractures during the same surgical session may

have contributed to restoration of shoulder girdle stabil-
ity and preservation of functional outcomes.

Functional outcomes following scapular fractures vary
widely in the literature for both surgical and conserva-
tive management. Vidovi¢ et al. [14] reported high Con-
stant-Murley scores (93.548.9) after surgical treatment;
while Bartoni¢ek and Fri¢ and Porcellini et al. [29, 31] also
documented satisfactory post-operative Constant-Murley
scores. Schroder et al. [28] demonstrated a 100% union
rate and favorable functional outcomes with low DASH
scores. In contrast, results of conservative treatment are
more heterogeneous: Schofer et al. [30] reported a mean
Constant-Mutley score of 79, Bozkurt et al. [32] 78.8,
and van Noort and van Kampen 90 [33]. Rajfer et al.
(34] and Darwish [20] reported good functional out-
comes with low DASH scores following non-operative
treatment. In the present study, a mean Constant-Mutley
score of 84.0+8.6 and a mean DASH score of 6.1+8.8
indicate that patients were able to return to daily activities
with minimal functional limitation. These findings sup-
port the notion that surgical fixation of displaced scapular
fractures, when performed with appropriate indications,
facilitates meaningful functional recovery.

From a technical standpoint, the classic Judet ap-
proach may require substantial retraction of the infraspi-
natus muscle to access the scapular neck and infraglenoid
region, which has been associated with post-operative in-
fraspinatus atrophy and external rotation weakness [31,
35, 36]). The modified Judet approach aims to preserve
muscle integrity by minimizing infraspinatus dissection.
Porcellini et al. [31] reported reduced infraspinatus hyp-
otrophy and external rotation deficits with the modified
technique. Jaikish and Sambandam [19] similatly report-
ed no post-operative loss of muscle strength, even in cas-
es requiring medial column fixation, provided that metic-
ulous muscle repair was performed. In the present study,
no patient demonstrated post-operative infraspinatus
hypotrophy or clinically significant external rotation
weakness. These findings suggest that the soft-tissue—
sparing nature of the modified Judet approach, combined
with careful rotator cuff repair, contributes positively to
functional recovery.

Reported complication rates following surgical treat-
ment of scapular fractures are generally low. Kiritsis et al.
(5] reported an eatly post-operative complication rate of
2.0% and a surgical site infection rate of 0.8%. Bauer et
al. [37] and Cole et al. [38] reported no short-term com-
plications in their respective series of 20 and 6 patients.
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Similarly, Vidovi¢ et al. [14] observed no post-operative
infections in a series of 14 patients. In contrast, Lantry et
al. [39] reported an infection rate of 4.2% in a systematic
review, and Rollo et al. [40] reported surgical site infec-
tion and reoperation rates of 5% in a 20-patient series. In
the present study, implant irritation occurred in only one
patient (8.3%) and was managed with elective implant
removal after fracture union. No surgical site infections,
neurovascular injuries, or major complications requir-
ing reoperation were observed. These low complication
rates indicate that safe and reliable surgical outcomes can
be achieved in scapular fractures with appropriate tech-
nique and meticulous soft-tissue handling.

Regarding shoulder range of motion, several stud-
ies have reported no significant differences between the
injured and contralateral shoulders following surgical
treatment [19, 20, 28]. However, many reports present
absolute values without direct statistical comparison to
the uninjured side. In the present study, shoulder range
of motion was assessed comparatively, demonstrating
that forward flexion, abduction, internal rotation, and
external rotation of the injured shoulder reached 97%,
89%, 90.9%, and 93% of the contralateral side, respec-
tively, with no statistically significant differences. This
finding is clinically relevant, as it demonstrates that sur-
gical treatment can effectively restore shoulder function
to near-symmetrical levels.

ORIF performed through the muscle-sparing modi-
fied Judet approach was associated with successful frac-
ture union, satisfactory functional recovery, and pres-
ervation of shoulder range of motion in patients with
displaced scapular fractures. Although a trend toward
better functional outcomes was observed in patients who
underwent eatlier surgery, this finding did not reach sta-
tistical significance and should be interpreted with cau-
tion. Further studies with larger patient cohorts are re-
quired to better clarify the potential influence of surgical
timing on post-operative outcomes.

This study has several limitations. Its retrospective
design and relatively small sample size (n=12) may limit
both the statistical power and the generalizability of the
findings. The absence of a control group precluded direct
comparison between surgical and conservative treatment
modalities. In addition, heterogeneity in fracture pat-
terns and the presence of associated injuries may have
influenced the outcomes. Therefore, the results should be
interpreted with caution, and larger multicenter studies
are needed to validate the present findings.

Conclusion

In conclusion, the present study suggests that ORIF
performed via the modified Judet approach is associat-
ed with high union rates, a low complication profile, and
satisfactory clinical and functional outcomes in displaced
scapular fractures. Post-operative shoulder range of mo-
tion closely approximated that of the contralateral side,
and functional scores were comparable to those report-
ed in previous case series. Although these findings are
encouraging, they should be interpreted in light of the
retrospective design, small sample size, and absence of a
comparative group. Further studies with larger cohorts
and comparative designs are needed to confirm the effec-
tiveness of this approach and to better define its role in
the management of displaced scapular fractures.
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