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ABSTRACT

Background: Scapula fractures are historically managed conservatively. Although surgical treatment has become increasingly common
and is associated with favorable outcomes, comparative studies of surgical vs. nonsurgical management remain scarce. To the best of
our knowledge, this meta-analysis is the first systematic comparison of outcomes in extra-articular scapula fractures according to
fracture localization.

Methods: MEDLINE, Embase, Cochrane Central Register of Controlled Trials, ClinicalTrials.gov, and the World Health Organization In-
ternational Clinical Trials Registry Platform were systematically searched in April 2024 for studies on extra-articular scapula fractures.
Two reviewers independently conducted a two-stage screening process. Patients were grouped into scapular neck, scapular body, and
floating shoulder fractures, each stratified by surgical or nonsurgical management. Surgically treated floating shoulder injuries were
further categorized by clavicle fixation alone or combined scapula—clavicle fixation. Outcomes included the Constant Score (CS), Uni-
versity of California Los Angeles Shoulder score, and Disabilities of the Arm, Shoulder, and Hand score. A random-effects meta-analysis
was performed.

Results: Twenty-six studies including 601 patients met the inclusion criteria. No statistical difference was observed for scapular neck
fractures (P = .62; mean CS: surgical 93.6 vs. nonsurgical 89.6). In scapular body fractures, CS differences were not significant, while
Disabilities of the Arm, Shoulder, and Hand scores showed a trend favoring surgery (P = .05; surgical 5.9 vs. nonsurgical 12.8). For floating
shoulder injuries, CSs were similar between nonsurgical management (77.3) and clavicle fixation alone (76.7), whereas combined scapula
—clavicle fixation yielded higher scores (87.0; P = .14).

Conclusion: Surgical intervention for extra-articular scapular fractures showed no significant overall benefit, though floating shoulder
injuries trended toward clinically meaningful improvement. Current evidence is limited by heterogeneity, highlighting the need for
high-quality prospective studies to guide optimal management.

Institutional review board approval was not required for this study.
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Scapular fractures account for 3%-5% of upper extremity frac-
tures and approximately 1% of all fractures.”” Data from the
U.S. National Trauma Data Bank indicate that the incidence of
scapular fractures increased from 1% to 2.2% over the course of
a decade. This upward trend is likely influenced by the broader
use of computed tomography in trauma assessment, which has
enhanced the detection of these fractures.” They are frequently
associated with high-energy trauma and severe concomitant
injuries and have historically been managed conservatively.®
However, with rising survival rates following high-energy
trauma, continued technological advances, and accumulating
evidence of favorable postoperative outcomes, surgical man-
agement is increasingly being considered for highly displaced
scapular neck and body fractures.®

Despite this shift, consensus regarding the optimal man-
agement of extra-articular scapula fractures remains elusive.
Comparative evidence on surgical vs. nonsurgical outcomes is
limited, and variability in classification systems, outcome
measures, and follow-up intervals further hinders data syn-
thesis. Most prior studies have either compared intra- vs.
extra-articular fractures or examined scapular fracture treat-
ments broadly, without stratifying results by fracture location.
To address this gap, we conducted a systematic review and
meta-analysis to compare surgical and nonsurgical outcomes
for scapular neck fractures, scapular body fractures, and
floating shoulder injuries. By evaluating these fracture types
separately, we aim to provide a location-specific overview of
the reported outcomes, while acknowledging that the current
evidence base is insufficient to support firm clinical recom-
mendations. This review consolidates the existing data and
highlights critical knowledge gaps as well as methodological
inconsistencies that limit current clinical recommendations.
Ultimately, our analysis seeks to clarify the landscape of
available evidence and to guide the design of future high-
quality studies needed to strengthen the foundation for
evidence-based decision-making and optimize care for pa-
tients with extra-articular scapular fractures. To our knowl-
edge, this is the first comprehensive meta-analysis to provide
a fracture-specific assessment of surgical vs. nonsurgical
management for these injuries.

Material and methods

This systematic review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020, PRISMA-S, and Terminology, Application, and
Reporting of Citation Searching (TARCiS) guidelines.?*?%3°
The protocol was prospectively registered in International
Prospective Register of Systematic Reviews Center for Reviews
and Dissemination (ID: 42024549695).

Eligibility criteria

Eligibility criteria were defined in accordance with our Popu-
lation, Intervention, Comparison, Outcome framework, spec-
ifying the population, interventions, comparisons, and
functional outcomes of interest.

Due to the limited number of randomized controlled trials
(RCTs) directly comparing surgical and nonsurgical in-
terventions, we included RCTs evaluating either treatment
modality individually, as well as non-RCTs, prospective cohort
studies, and retrospective analyses. Reviews, editorials,
letters, expert opinions, animal studies, biomechanical
investigations, and cadaveric studies were excluded. Only
full-text articles published in English and involving patients
aged 18 years and older were eligible. A minimum follow-up
duration of 12 months was required. Eligibility was indepen-
dent of publication date and sample size.

Inclusion criteria compromised extra-articular scapular
body and neck fractures treated surgically or nonsurgically,
and floating shoulder injuries managed nonsurgically, by
clavicular fixation alone, or by combined scapular and
clavicular fixation. No restrictions were imposed on the timing
of intervention. Where multiple follow-up intervals were re-
ported, the latest was extracted. Functional outcomes were
included only when assessed with Constant Score (CS), Dis-
abilities of the Arm, Shoulder, and Hand (DASH), or University
of California Los Angeles (UCLA) score.

Exclusion criteria were studies of scapula process or intra-
articular fractures and studies lacking fracture-specific
outcome reporting. Fracture entities were differentiated;
however, the surgical cohort encompassed diverse osteosyn-
thesis techniques that could not be analyzed separately.

Searching

We searched in April 2024 the following databases and regis-
ters for completed and ongoing studies using a search strategy
with a single concept “population: scapula fractures,” aiming
at high sensitivity and no limits.

o MEDLINE (Ovid)

e Embase (Ovid)

e Cochrane Central Register of Controlled Trials (Cochrane
Library, Wiley)

e ClinicalTrials.gov

e World Health Organization International Clinical Trials
Registry Platform search portal (http://apps.who.int/
trialsearch/)

In addition to the database searches, we performed a
backward citation search by reviewing the reference lists of
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.

doi: 10.1136/bmj.n71.

Figure 1 — PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; CS, Constant
Score; UCLA, University of California Los Angeles Shoulder score; DASH, Disabilities of the Arm, Shoulder, and Hand.

the included studies using Lens.org with the citation-chaser
Shiny app.’” References not indexed in Lens.org were
screened manually.

Complete and reproducible search strategies for all data-
bases and the citation search, accession numbers of the re-
cords found, deduplication processes, as well as PRISMA-S
and TARCIiS checklists for the search process are provided in
the supporting data, which have been deposited in a public
repository (http://doi.org/10.5283/epub.78494).

Selection of studies

Two reviews (LS, ER) independently performed an initial
screening phase of titles and abstracts using Covidence® to
identify potentially eligible studies. Each reviewer worked
separately, and all records were screened against the pre-
specified eligibility criteria within the platform. At this stage,
records that clearly did not meet inclusion criteria were
excluded, while those deemed potentially relevant by either
reviewer were carried forward for further assessment. The
platform automatically generated lists of included and
excluded studies, which were then cross-checked between
reviewers to confirm accuracy.

Full-texts were subsequently obtained for all studies that
passed the title and abstract stage. These full-texts were

uploaded into Covidence and reviewed in detail by both re-
viewers. Each study was assessed independently, with re-
viewers recording their decisions directly within the platform.
In instances where the reviewers arrived at different de-
cisions, the study was flagged by the system and then re-
evaluated together. Discrepancies regarding the study inclu-
sion were first addressed through discussion between the 2
reviewers. In cases where disagreements persisted due to
differing interpretations, a third reviewer served as an arbi-
trator to reach a final decision. The study selection process is
presented in Fig. 1.

For all studies that met the eligibility criteria, the 2
reviewers independently extracted detailed study-level and
patient-level data from a total of 601 patients across 26
studies.1,3*6,9*13,16,18,19,21,23725,27,31734,36,37,40,41 EXtraCted Variables
included author, year of publication, study population, length
of follow-up, and treatment modality. At the patient level,
functional outcomes were extracted and limited to the CS,
DASH score, and UCLA score, when these measures were re-
ported. Special attention was given during extraction on
whether the intervention involved surgical or nonsurgical
management and to the type of fracture included in each study.
This information was documented systematically to allow
subgroup analyses. Fig. 2 illustrates the articulation of our
research question in relation to the subgroups defined for the
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Extra-articular Scapula fractures

Surgical Non-Surgical
Scapula neck Floating Scapula body Scapula neck Floating Scapula body
fractures Shoulder fractures fractures Shoulder fractures
fixation of fixation of both
clavicle clavicle + scapula

Figure 2 — Flowchart research question.

study. All data were systematically recorded and managed
using Microsoft Excel (Redmond, WA, USA).

Methodological quality assessment

The methodological quality assessment was evaluated using
the Risk of Bias in Non-Randomized Studies of Interventions
tool®> developed by the Cochrane Collaboration. The
assessment addressed the following domains of bias: con-
founding, selection of participants, classification of in-
terventions, deviations from intended interventions, missing
data, measurement of outcomes, and selection of the re-
ported result. Each study was assessed independently by 2
reviewers, with judgments recorded for every domain as
“low risk,” “moderate risk,” “high risk,” or “no information.”
To enhance the clarity and accessibility of the risk-of-bias
evaluation, the risk-of-bias visualization tool’® was
employed. This software enabled the creation of traffic-light
plots for domain-specific assessments as well as weighted
bar plots summarizing the overall distribution of risk-of-bias
judgments across all the included studies. These visual out-
puts were used in combination with the narrative assess-
ments to provide a comprehensive overview of the
methodological quality of the evidence base.

Statistical analysis

The statistical analysis was performed by L.S. using R Version
4.4.2 (Posit, Boston, MA, USA)*'**>%° to generate forest plots of
each subgroup. Continuous outcomes were analyzed, and
results are presented as mean scores for the CS, DASH, and
UCLA instruments. All comparisons were accompanied by
95% confidence intervals (CIs). Heterogeneity was assessed
using the Higgins I statistic and interpreted as follows: 0%-
40% low, 30%-60% moderate, 50%-90% substantial, and 75%-
100% considerable heterogeneity. Forest plots were used to
illustrate the results of the analysis and to summarize effect
estimates. Statistical significance was defined at a P value

threshold of <.05. For outcomes with insufficient data to
perform meta-analysis, results were reported descriptively.

Results
Study identification

The database search identified 7,587 records. After removal
of duplicates, 5,645 titles and abstracts were screened,
resulting in 255 articles selected for full-text review. Twelve
articles could not be retrieved despite repeated author con-
tact attempts, leaving 243 full-text reports for assessment. Of
these, 217 were excluded for the following reasons: wrong
study design (n = 97), injury not meeting inclusion criteria
(n = 65), CS/DASH/UCLA not used (n = 42), non-English
(n = 12), and inclusion of minors (n = 1). Twenty-six studies
fulfilled the inclusion criteria and were included in the meta-
analysis.

Backward citation search identified 562 additional records;
after deduplication, 135 remained. Screening these 135 re-
cords yielded no new findings, and all were excluded. The final
evidence base compromised 14 retrospective case series, 9
retrospective cohort studies, 1 prospective case series, 1 pro-
spective cohort study, and 1 RCT.

Methodological quality assessment

The majority of included studies were observational in nature,
compromising either case series or cohort designs. These
study types inherently lack randomized comparison groups,
and as such, they carry intrinsic limitations with respect to
internal validity and susceptibility to certain forms of bias.
Across the included studies, the principal concerns identified
pertained to bias in the selection of the reported result, bias
due to missing data, and bias arising from potential con-
founding factors that were not controlled for within the study
design. By contrast, the risk of bias in participant selection
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Figure 3 — Risk of bias. NI, no information.

was generally low. Cases were consistently identified based on
the presence of extra-articular scapular fractures, and the
primary objective of most studies was to provide descriptive
clinical insight rather than to establish causal inference or
population-level representativeness. Consequently, the se-
lection process for study participants was largely systematic
and clearly reported, minimizing this particular source of bias.
Similarly, the risk of bias related to intervention classification
and outcome measurement were judged to be minimal.
Overall, the observational design of the majority of studies
imposed certain limitations. The identified areas of concern
highlight the need for cautious interpretation. The results of
the methodological quality assessment are presented in Fig. 3.

Study characteristics

Data from 601 patients across 26 studies were included in the
analysis. Forty-five patients were assessed with both the CS
and the DASH score. Patients were stratified into 3 subgroups
based on fracture location: scapular body fractures, scapular
neck fractures, and floating shoulder injuries. Overall, 35%

underwent nonsurgical management and 65% received sur-
gical treatment, though this distribution varied by injury type.
For scapular body fractures, the treatment proportions
mirrored the overall cohort (34% nonsurgically, 66% surgi-
cally). Scapular neck fractures were more frequently managed
nonsurgically (52%), whereas floating shoulder injuries were
predominantly treated surgically, with only 32% managed
nonsurgically. Among surgically treated floating shoulder in-
juries, 20% underwent fixation of both the scapula and clav-
icle, while 48% received fixation of the clavicle alone. The
mean duration of follow-up was 30 months. The meta-
analytic results are depicted in the forest plots shown in Fig. 4.

Subgroup 1 (scapula neck fracture)

A total of 64 patients with scapular neck fractures were
included in this subgroup, of whom 31 underwent surgical
management and 33 were treated nonsurgically. The mean
duration of follow-up was comparable between the groups,
with 45 months in the surgical cohort and 46 months in the
nonsurgical cohort.
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Subgroup 1 (Scapula neck fracture)

Forest Plot Scapula neck fracture (Constant Score)

Subgroup 2 (Scapula body fracture)

Forest Plot Scapula body fracture (Constant Score)

Subgroup 3 (Floating Shoulder)

Forest Plot Floating Shoulder — Non-Surgical vs. fixation of clavicle (Constant Score)
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Figure 4 — Forest plots. (a) Forest plot scapula neck fracture (Constant Score). (b) Forest plot scapula body fracture (Constant
Score). (c) Forest plot scapula body fracture (DASH score). (d) Forest plot scapula body fracture (UCLA score). (e) Forest plot
floating shoulder: nonsurgical vs. fixation of clavicle (Constant Score). (f) Forest plot floating shoulder (UCLA score). (g) Forest
plot floating shoulder: nonsurgical vs. fixation of both scapula and clavicle (Constant Score). CS, Constant Score; UCLA,
University of California Los Angeles Shoulder score; DASH, Disabilities of the Arm, Shoulder, and Hand; CI, confidence interval.

CS outcomes were available for 51 patients (33 nonsurgical,
18 surgical). The mean CS was 89.6 in the nonsurgical group
(95% CI, 78.4-100.8) and 92.6 in the surgical group (CI, 89.4-
95.7). The difference between the 2 groups did not reach sta-
tistical significance (P = .62). Considerable heterogeneity was
observed among the nonsurgical patients (I* = 96.6%), indi-
cating variability in outcomes across the included studies.

Additional functional outcomes from studies not included
in the forest plot are presented separately. Heim et al'’
assessed 9 surgically treated patients using the UCLA score,
reporting a mean of 30.0 (range 27.6-32.4).Mulawka et al”’/
evaluated 4 surgically treated patients with the DASH score,
yielding a mean of 17.5 (95% CI, 2.7-32.3).

Subgroup 2 (scapula body fracture)

Among 229 patients with scapular body fractures, 150 under-
went surgical treatment and 79 received nonsurgical

management. The mean follow-up was 17 months for the
surgical cohort and 27 months for the nonsurgical cohort.

CS outcomes were available for 156 patients, including 131
surgical and 25 nonsurgical cases. The mean CS was 92.4 in
the surgical group (95% CI, 90.9-93.9) and 86.0 in the nonsur-
gical group (95% CI, 80.8-91.2). Despite this numerical differ-
ence, the comparison did not reach statistical significance
(P = .91).

DASH scores were reported for 105 patients, compromising
51 surgically treated and 54 nonsurgically managed in-
dividuals. Of the 51 surgical patients, 45 overlap with the 131
surgical patients reported above for the CS, reflecting that
these individuals were assessed with both outcome measures.
The mean DASH score was 5.9 (surgical) vs. 12.8 (nonsurgical).
The P value of .05 approaches the conventional threshold for
statistical significance, suggesting a tendency toward slightly
better patient-reported functional outcomes following surgi-
cal management. Thirteen surgically treated patients were
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assessed using the UCLA score, yielding a mean of 30.8 (95%
CI, 21.7-39.9).

Subgroup 3 (floating shoulder)

This subgroup compromised 308 patients diagnosed with
floating shoulder injuries. Of these, 147 underwent open
reduction and internal fixation of the clavicle alone with a
mean follow-up of 24 months. Sixty-one patients underwent
open reduction and internal fixation of both clavicle and
scapula (mean follow-up, 23 months), and 100 were managed
nonsurgically (mean follow-up, 33 months).

CS outcomes were available for 217 patients. Comparing
nonsurgical management with fixation of the clavicle alone
(n = 88 vs. 129), mean scores were 77.2 (95% CI, 66.4-88.0) and
76.7 (95% CI, 70.9-82.4), respectively (P = .92). Both cohorts
exhibited wide CIs and substantial heterogeneity.

When comparing nonsurgical management (n = 88) with
fixation of both scapula and clavicle (n = 54), mean CS values
were 77.2 (95% CI, 66.4-88.0) and 87.0 (95% CI, 80.1-93.9),
respectively, with a P value of .14.

UCLA scores were reported for 18 patients undergoing
clavicle-only fixation, yielding a mean of 33.0 (95% CI, 31.6-
34.5). DASH outcomes were reported by Egol et al'’ for 12
nonsurgical patients (mean, 53; 95% CI, 38.4-67.6) and 7 pa-
tients received combined fixation (mean 46; 95% CI: 37.2-
54.8). UCLA scores were reported for 18 patients undergoing
clavicle-only fixation, yielding a mean of 33.0 (95% CI, 31.6-
34.5). Meta-analysis is shown in Fig. 4 Aa—Gforest plots.

Discussion
The key findings are as follows:

e The overall comparative evidence remains limited, pre-
cluding definitive treatment recommendations and high-
lighting the need for further high-quality studies to clarify
optimal management strategies.

e No statistically significant differences were observed be-
tween surgical and nonsurgical treatment approaches.

e In patients with floating shoulder injuries, mean differ-
ences in outcomes were most pronounced and approached
the threshold of the minimal clinically important differ-
ence (MCID), suggesting a potential clinical advantage of
surgical management in this subgroup.

Historically, scapular fractures were predominantly
managed nonsurgically. Zlowodzki et al*” reported that 70% of
465 cases were treated nonsurgically, with nearly all isolated
body fractures managed without surgery.

Our analysis did not reveal statistically significant overall
benefit of surgical vs. nonsurgical treatment. Among the
different fracture types, only scapular body fractures showed a
single outcome approaching statistical significance: the mean
DASH score was lower in surgically managed patients (5.9)
compared with those treated nonsurgically (12.8). Although this
difference approached conventional statistical significance
(P = .05), it remained below the MCID, precluding any conclu-
sions regarding the superiority of either treatment approach.

Floating shoulder injuries, however, emerged as a notable
exception. While the differences did not reach statistical sig-
nificance, mean outcome scores approached the MCID (CS: 77
for nonsurgical vs. 86 for fixation of both scapula and clavicle),
suggesting a potential clinically relevant superiority of com-
bined scapular and clavicular fixation. Floating shoulder in-
juries are inherently unstable.'® The anteromedial traction of
the arm on the glenohumeral joint destabilizes the anatomy,
predisposing to nonunion, malunion, impingement, and
degenerative joint disease.”® According to Egol et al'’ neglect
may result in limb shortening, persistent weakness, and
chronic brachial plexopathy.

Against this backdrop, the present review synthesizes the
current body of evidence, emphasizing an under-recognized
injury pattern and the need for additional research. While
not conclusive, the observed trends suggest that scapula
fractures represent a fracture pattern meriting focused
investigation. These observations underscore a critical gap in
the literature and the need for prospective studies to evaluate
the impact of surgery on functional outcomes and to guide
evidence-based strategies for managing extra-articular scap-
ula fractures.

Limitations

The limitations of our meta-analysis reflect the current state
of the literature on extra-articular scapula fractures. Most
included studies were retrospectively designed, with only a
minority being prospective, resulting in variable methodo-
logical quality and limiting the strength of causal inferences.
Study designs ranged from observational cohorts to pro-
spective series, and fracture types were not always uniformly
classified, introducing additional heterogeneity. Especially
the classification of floating shoulder injuries is inconsistent
in literature, while some studies defining it as scapular neck
plus clavicle fracture, and others including any double
disruption of the superior shoulder suspensory complex. In
our analysis, we included all reported floating shoulder in-
juries defined as a combination of scapula and clavicle
fractures.

Heterogeneity was also evident in outcome assessment
tools and follow-up intervals, which ranged from 12 to
74 months. This variability, combined with differing scoring
systems, constrained the comparability of results and pre-
cluded more granular meta-analytic pooling for certain out-
comes. Many studies reported only mean values for entire
cohorts without providing individual patient-level data,
limiting the ability to perform subgroup analyses or adjust for
confounding factors.

The surgical group encompassed a heterogeneous array
of osteosynthesis techniques, including variations in fixa-
tion methods and plate configurations, which could not be
analyzed separately. Additional heterogeneity stems from
variation in surgical indications, as no standardized
criterion-based thresholds (eg, angulation or displacement)
were consistently applied to guide surgical management.
Furthermore, only a limited number of studies performed
direct comparisons between surgical and nonsurgical
management, restricting statistical power to detect
differences.
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Potential biases further limit the interpretability and
generalizability of our findings. These include selection bias,
reporting bias, confounding, bias due to missing data, and the
risk of publication bias, which is particularly relevant in sur-
gical literature.

Despite these limitations, pooling data from 26 selected
studies provides a comprehensive overview of the current
evidence and identifies overarching trends that can inform
clinical decision-making and guide future research.

Conclusion

Our analysis did not demonstrate a statistically significant
overall benefit of surgical intervention for extra-articular
scapular fractures, precluding definitive conclusions.
Nevertheless, floating shoulder injuries exhibited a ten-
dency toward clinically meaningful improvement, with
combined clavicle and scapula fixation approaching the
MCID. Although these findings are not conclusive, they
underscore the limitations of the current evidence and the
impact of heterogeneous outcome measures. High-quality,
prospective studies are needed to clarify optimal manage-
ment strategies and inform evidence-based treatment of
scapula fracture.
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