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Abstract

Rib fractures are a frequent consequence of blunt chest trauma and are associated with significant
morbidity and mortality, particularly in cases of flail chest or multiple displaced fractures. While
conservative management remains the traditional approach, surgical stabilization of rib fractures
(SSRFs) has gained increasing attention for its potential to improve outcomes. This prospective
comparative cohort study, conducted between April 2018 and August 2023, compared the effective-
ness of SSRF with that of nonoperative management. A total of 114 patients with respiratory com-
promise from unstable rib fractures were enrolled, 57 of whom underwent SSRF via custom-made
titanium plates and screws (Group A) and 57 of whom received conservative treatment (Group B).
Baseline demographics and associated injuries were comparable between the groups, although
flail chest was more common in the surgical cohort (40.4% vs. 19.3%, p = 0.012). By discharge, pa-
tients in the SSRF group reported significantly lower pain scores (3.6 vs. 7.5, p < 0.001) and demon-
strated superior pulmonary function at follow-up (FEV, at 3 months: 2.84 + 0.40 L vs. 2.06 + 0.36 L,
p < 0.001). Oxygen dependence was shorter in the surgical group (2.5 £ 0.7 vs. 5.1 + 0.8 days, p <
0.001), and fewer patients required ventilatory support (12.3% vs. 29.8%, p = 0.022). Among venti-
lated patients, 50% in the SSRF group were weaned within 3 days, whereas none were weaned in
the conservative group (p < 0.001). The length of hospital stay was nearly halved with surgery (4.4
+ 1.5 vs. 9.4 £ 2.3 days, p < 0.001). Mortality was lower in the surgical group (5.3% vs. 15.8%), alt-
hough this difference was not statistically significant (p = 0.062). Importantly, return-to-work rates
at one month were markedly higher following SSRF (62.96% vs. 12.50%, p < 0.001). Compared with
conservative management, SSRF offers significant benefits in terms of pain control, respiratory
recovery, and functional outcomes. These findings support broader adoption of SSRF, particularly
in patients with flail chest or multiple displaced rib fractures, and highlight the feasibility of cus-
tom-made implants in resource-limited settings.
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1. Introduction

Thoracic trauma frequently leads to rib fractures, which are often accompanied by
damage to the pleura, intrathoracic vessels, and pulmonary parenchyma. These injuries
can lead to serious complications, such as pulmonary contusions, hemothorax, pneumo-
thorax, and diaphragmatic trauma. When rib fractures are accompanied by a flail chest
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segment, the risk of respiratory compromise significantly increases, often necessitating
ventilatory support and contributing to higher morbidity and mortality rates [1,2,3,4].

Compared with isolated and multiple nonflail rib fractures, flail chest fractures are
associated with poorer outcomes because of their increased occurrence of respiratory
insufficiency and concurrent injuries [5,6]. Traditionally, rib fractures are managed con-
servatively with respiratory support, analgesia, and physiotherapy. Although surgical
stabilization of rib fractures (SSRFs)—historically referred to as surgical fixation—was
first described in the early 20th century, it remained uncommon until recent advances in
surgical techniques, implant technology, and thoracic surgical expertise.

Several recent studies have compared SSRF with conservative approaches in the
management of rib fractures, particularly those presenting with flail chest [6]. These
studies consistently demonstrated that, compared with nonoperative treatment, SSRF
significantly reduces the duration of mechanical ventilation, ICU and hospital stays, in-
cidence of pneumonia, and need for tracheostomy [7,8].

Despite these benefits, surgical intervention is still underutilized in many centers
because of variability in clinical guidelines, the limited availability of surgical expertise,
and concerns about operative risks. Consequently, real-world data comparing the two
approaches in different trauma populations are crucial for optimizing patient selection
and outcomes. Therefore, this research aimed to evaluate the clinical outcomes of SSRF
compared with those of conservative management in patients with flail chest fractures
or multiple displaced rib fractures. We hypothesized that operative fixation, when ap-
plied under appropriate indications and performed by experienced surgeons, would
yield superior short- and medium-term outcomes and inform best practices in rib frac-
ture management.

2. Methodology
2.1. Study design and setting

This prospective, comparative cohort study was conducted at the Department of
Thoracic Surgery, Combined Military Hospital (CMH), Rawalpindi, between April 2018
and August 2024.

2.2. Selection criteria

Patients aged > 16 years who presented with respiratory compromise due to painful,
unstable rib fractures refractory to analgesia were considered for inclusion. Eligible
cases included individuals with flail chest, multiple (> 4) severely displaced rib fractures,
or thoracic injuries requiring thoracotomy. Patients were excluded if they had severe
head or spinal injuries; polytrauma with multiorgan failure (MOF); acute respiratory dis-
tress syndrome (ARDS); empyema; or significant systemic diseases such as advanced car-
diac, hepatic, or renal dysfunction.

2.3. Sample size

The sample size was based on Liu et al. [9], who reported mean ICU stays of 4.02 +
1.41 days after surgery versus 5.06 + 1.80 days with conservative care. Using these values,
with a pooled standard deviation of 1.615, a two-tailed a of 0.05, and 80% power, the min-
imum required sample size was estimated to be 38 patients per group via the online sam-
ple size calculator ClinicCal [10]. To strengthen the analysis and allow for detailed sub-
group comparisons, a total of 57 patients were enrolled per group.
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2.4. Study groups and interventions

A total of 114 patients meeting the criteria were enrolled via convenience sampling
and divided into two equal groups. Group A (n = 57) underwent SSRF via titanium locking
plates (1.9 mm thickness, 10 mm width) and 3.5 mm locking screws. All procedures were
performed by experienced thoracic surgeons under general anesthesia. Group B (n =57)
received conservative treatment consisting of multimodal analgesia (oral, intravenous,
or epidural), oxygen therapy, nebulization, and chest physiotherapy.

2.5. Follow-up and outcome measures

A three-month follow-up was completed for all patients, with assessments at 1, 2,
and 3 months post-treatment. The outcomes evaluated included pain severity via the
VAS, pulmonary function measured via spirometry (FEV1), and radiographic assessment
of rib healing. Additional parameters included hospital and ICU stay duration, oxygen
dependence, need for ventilatory support and duration of weaning, incidence of pulmo-
nary infection, mortality, and return-to-work status. Associated injuries such as hemo-
thorax, pneumothorax, flail chest, clavicle fractures, and diaphragmatic injury were also
documented.

2.6. Ethical approval

The study was approved by the Institutional Review Board of the CMH, Rawalpindi
(No. 815). All participants provided written informed consent.

2.7. Statistical analysis

Statistical analysis was performed using IBM SPSS version 26. The data were ana-
lyzed as the means with standard deviations, frequencies, and percentages. Group com-
parisons were conducted with the Mann-Whitney U test, chi-square test, and Fisher’s
exact test. A p value < 0.05 was considered statistically significant.

3. Results

Table 1 shows the baseline demographic and injury-related characteristics of the pa-
tients in both groups. The distributions of sex, hemothorax, pneumothorax, bilateral rib
fractures, clavicle fractures, and diaphragmatic injuries were statistically comparable
between the groups (p > 0.05 for all). However, flail chest was significantly more common
in the SSRF group, affecting 40.4% of patients, whereas it affected 19.3% of patients in
the conservative group (p = 0.012). While hemothorax and pneumothorax were slightly
more common in the SSRF group (91.2% and 89.5%, respectively), these differences were
not statistically significant. Diaphragmatic injury was observed only in the SSRF group
(3.5%) but occurred rarely overall.

Table 1. Baseline demographic and injury-related characteristics of patients undergoing surgical
fixation versus conservative management (N = 114).

Group A: Surgical  Group B: Conservative

Variables (n=57) (n=57) p Value
Frequency (%) Frequency (%)
Male 39 (68.4) 33 (57.9)
Sex 0.244

Female 18 (31.6) 24 (42.1)
Hemothorax 52 (91.2) 46 (80.7) 0.106
51 (89.5) 53(93.0) 0.508

Pneumothorax
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Group A: Surgical Group B: Conservative
Variables (n=57) (n=57) p Value
Frequency (%) Frequency (%)
Bilateral rib fracture 8 (14.0) 9 (15.8) 0.793
Flail chest 23 (40.4) 11 (19.3) 0.012™
Clavicle fracture 9 (15.8) 7 (12.3) 0.590
Diaphragmatic injury 2(3.5) 0(0.0) 0.496

" Data were analyzed via the chi-square test and Fisher’s exact test. = Significance at p < 0.05.

Table 2 compares the clinical outcomes between the two groups across pain scores,
lung function (FEV1), and oxygen dependence. The initial pain scores at admission were
similar (p = 0.416), indicating comparable baseline discomfort. By discharge, however,
patients who underwent SSRF reported significantly lower pain scores, averaging 3.6 vs.
7.5in the conservative group (p < 0.001). In addition, the analgesic requirements differed:
patients in the SSRF group were managed with on-demand oral or epidural analgesia,
whereas those in the conservative group required continuous multimodal analgesia for
approximately three days. Pulmonary function, as measured by FEV1, was consistently
greater in the SSRF group than in the control group at all follow-up intervals. At three
months, the mean FEV1 reached 2.84 L in the SSRF group compared with 2.06 L in the
conservative group, reflecting a 38% greater volume (p < 0.001). The need for supple-
mental oxygen was also significantly lower among surgically treated patients, who re-
quired support for an average of 2.5 days versus over 5 days in the conservative group (p
<0.001), demonstrating faster respiratory recovery.

Table 2. Comparison of clinical outcomes between the surgical and conservative groups in terms
of pain score, FEV1, and oxygen dependence (N = 114).

Group A: Surgical

Group B: Conservative

Variables (n=57) (n=57) p Value
Mean + SD Mean + SD

Pain Score at admission 8.544 £ 0.569 8.632 £ 0.522 0.416
Pain score at discharge 3.579 +1.209 7.526 +1.754 <0.001"
FEV1 at 1 month (L) 2.062 + 0.137 1.534+0.310 <0.001 ™
FEV1 at 2 months (L) 2.597 £0.440 1.859 +0.317 <0.001™
FEV1 at 3 months (L) 2.838 £ 0.400 2.056 £ 0.358 <0.001™
Oxygen dependence (in days) 2.509 +0.710 5.140 + 0.833 <0.001 "

" Data were analyzed via the Mann-Whitney U test. ~ Significance at p < 0.05.

Table 3 highlights significant differences in ventilatory needs and hospital course.
Ventilatory support was required in 12.3% of the SSRF patients compared with 29.8% in
the conservative group (p = 0.022). Among ventilated patients, half of those in the SSRF
group were weaned within 3 days, whereas no patient in the conservative group achieved
early weaning. The majority of conservatively managed patients (70.6%) required pro-
longed ventilation beyond 5 days (p < 0.001). The mean hospital stay was markedly
shorter in the SSRF group (4.4 + 1.5 days) than in the conservative group (9.4 + 2.3 days)
(p < 0.001). Although mortality was lower in the SSRF group (5.3% vs. 15.8%), this differ-
ence did not reach statistical significance (p = 0.062).
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Table 3. Comparison of ventilation support, weaning duration, hospital stay, and mortality across

study groups.
) Group A: Surgical Group B: Conservative
Variables p Value
Frequency (%) Frequency (%)
Ventilatory support 7 (12.3) 17 (29.8) 0.022™
Weaning < 3 days 4 (50.00) 0 (0.0) <0.001 ™
Weaning from ventilator Weaning 3-5 days 4 (50.00) 5(29.4)
Weaning > 5 days 0(0.0) 12 (70.6)
Mean hospital stay (days + SD) 4.421 +1.499 9.421 +2.322 <0.001™
Mortality 3(5.3) 9 (15.8) 0.062

" Data were analyzed via the chi-square test, Fisher’s exact test, or the Mann-Whitney U test. ~ Duration of
weaning categorized by intervals. ™ Significance at p < 0.05.

Table 4 shows the return-to-work outcomes across the follow-up intervals. A signif-
icantly greater proportion of SSRF patients had resumed work by one month (62.96% vs.
12.50%, p < 0.001). At two months, the return-to-work rates increased in both groups
(27.78% in the SSRF group vs. 41.67% in the conservative group). By three months, 100%
of the SSRF patients had resumed work, whereas 77.09% had resumed work in the con-
servative group, indicating faster and more complete functional recovery with surgical
management.

Table 4. Number of patients who resumed occupational activities at follow-up intervals.

Group A: Surgical Group B: Conservative

Variables (n=>54) (n=48) p Value
Frequency (%) Frequency (%)
At 1 month 34 (62.96) 6 (12.50)
Return to work status At 2 months 15 (27.78) 20 (41.67) <0.001™
At 3 months 5(9.26) 11 (22.92)

" Return-to-work frequencies were calculated among surviving patients and compared via the chi-square test.
™ At 3 months, 11 patients (22.92%) in Group B had not returned to work. ™ Significance at p < 0.05.

Preoperative imaging (Figure 1) provided detailed 3D CT reconstructions of rib frac-
tures, assisting in surgical planning. Intraoperative photographs (Figure 2) illustrate the
exposure, reduction, and fixation of fractures with titanium plates and screws, demon-
strating the technical feasibility of SSRF. Postoperative radiographs (Figure 3) confirmed
satisfactory alignment and secure fixation, which was consistent with the improved clin-
ical outcomes observed in the SSRF group.

Figure 1. Three-dimensional computed tomography (CT) reconstruction of the thoracic cage
demonstrating multiple displaced rib fractures predominantly involving the left lateral and poster-
olateral ribs. This scan was used preoperatively for fracture assessment and surgical planning.
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Figure 2. Intraoperative images showing surgical rib fixation via titanium locking plates and
screws. (a) Exposure of multiple displaced rib fractures prior to fixation. (b) Alignment and plating
of fractured segments. (c) Final view after complete fixation and stabilization of the ribs.

Figure 3. Postoperative chest X-ray image showing stable alignment of the ribs with visible tita-
nium plates on the right side of the thoracic cage, confirming successful surgical fixation.

4. Discussion

This study demonstrated that the SSRF offers meaningful clinical benefits over non-
operative management in adult patients with multiple rib fractures following blunt chest
trauma. Patients in the surgical group experienced significantly shorter hospital stays,
reduced oxygen dependence, and improved pulmonary function recovery. These find-
ings support the growing body of evidence favoring operative fixation in carefully se-
lected patients with unstable chest wall injuries [11,12].

The observed benefits are attributed primarily to biomechanical stabilization of the
thoracic cage, which improves pulmonary mechanics, reduces paradoxical chest move-
ment, and enhances pain control, as evidenced by our lower discharge VAS scores (3.6
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vs. 7.5). Similar improvements in pain relief with surgical fixation have been reported by
Majeed et al., who reported a significant reduction in postoperative pain compared with
conservative management (VAS 3.6 vs. 5.5, p = 0.032) [13]. This enhanced stabilization
facilitates improved pulmonary hygiene, earlier ambulation, and accelerated respiratory
recovery, as reflected in our superior FEV, values at 1, 2, and 3 months post-injury. These
outcomes are consistent with prior evidence demonstrating the role of SSRF in optimiz-
ing pulmonary function recovery [14,15].

In addition, the surgical cohort in our study required significantly less ventilatory
support, was weaned earlier, and demonstrated a trend toward lower in-hospital mortal-
ity than did the nonoperative cohort. These results align with those of the meta-analysis
by Leinicke et al., which revealed that, compared with conservative management, surgi-
cal stabilization reduced the duration of ventilator use by an average of 4.5 days; short-
ened the ICU stay by 3.4 days and hospital stay by 5 days; and significantly lowered the
risks of pneumonia, tracheostomy, and mortality [16].

However, our results contrast with those of Meyer et al., who, in a randomized con-
trolled trial of severe chest wall injury without clinical flail chest, reported a significantly
longer hospital stay in surgically managed patients (median 9 days) than in those treated
conservatively (median 6 days) [17]. While some studies have similarly reported longer
ICU or hospital stays among surgically treated patients, these findings are often attribut-
able to differences in baseline injury severity. In particular, a greater proportion of flail
chest cases in the operative groups—as observed in our cohort (23 vs. 11 cases)—likely
contributed to the increased resource utilization in those studies [18].

Another important factor is patient selection bias inherent in nonrandomized stud-
ies, where patients with more severe injuries are frequently allocated to surgical inter-
vention. This may partly explain the variability in reported outcomes across the literature
and emphasize the importance of context-specific interpretation of results [19].

In the context of low-resource settings, the adoption of custom-made, low-cost rib
fixation implants has been associated with favorable clinical outcomes and a significantly
faster return to work [19,20]. In our study, all surgically treated patients had resumed
employment by three months, compared with only 77.09% in the conservative group.
These results highlight not only the clinical benefits of SSRF but also its potential long-
term economic and functional advantages, particularly in resource-limited healthcare
settings [19].

Our findings also align with several recent meta-analyses, including a comprehen-
sive review in 2022, which concluded that SSRF reduces mortality, pneumonia, and du-
ration of mechanical ventilation—particularly in patients with flail chests [19,20]. These
analyses also emphasize the importance of early surgical intervention, with Sawyer et al.
demonstrating that procedures performed within 72 hours were associated with signifi-
cantly improved outcomes, including shorter hospital and ICU stays, lower pneumonia
rates, and fewer deaths [21].

Finally, beyond short-term recovery, surgical fixation restores thoracic symmetry,
corrects deformities, and prevents nonunion—factors that are crucial for preserving
long-term pulmonary function and optimizing physical recovery [22,23]. While some re-
ports suggest comparable pain outcomes between operative and nonoperative groups
[24,25], our data indicate a superior quality of recovery with surgical intervention, as ev-
idenced by lower discharge VAS scores and improved pulmonary function over follow-
up. These discrepancies are likely explained by patient selection bias in nonrandomized
studies [26].

As this was a single-center study, our results may not be generalizable to other pub-
lic or private institutions with different patient populations, socioeconomic back-
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grounds, or levels of surgical expertise. Variability in operative technique and implant
selection could also influence outcomes, and nonuniform follow-up durations may have
limited the accuracy of assessing chronic pain, nonunion, or long-term functional recov-
ery [27]. Although efforts have been made to control for confounding factors, such as the
uneven distribution of flail chest cases, selection bias remains an inherent limitation.
While propensity score matching and careful statistical adjustment can reduce this ef-
fect, they cannot substitute for the rigor of randomized controlled trials. In addition, ex-
cluding deceased patients from functional outcomes such as return-to-work may intro-
duce survivor bias, potentially overestimating recovery in the conservative group, where
mortality was higher. The reliance on scheduled follow-up rather than real-time moni-
toring may also have introduced recall or reporting bias in outcomes such as return-to-
work or pain scores. Future research should therefore focus on large, multicenter RCTs
to validate the benefits of rib fixation in both flail and nonflail fracture patterns, comple-
mented by rigorous cost-effectiveness analyses to better define the economic implica-
tions of surgical stabilization. Additionally, the development of standardized treatment
protocols—including clear indications, optimal timing of fixation, implant choice, and
postoperative rehabilitation—will help reduce variability in practice. Finally, incorporat-
ing patient-reported outcomes, such as pain, quality of life, and return-to-work
measures, will provide a more holistic evaluation of treatment success and its impact on
long-term recovery [28].

5. Conclusions

Compared with conservative management, SSRF in appropriately selected patients
with flail chest fractures or multiple displaced rib fractures demonstrated clear clinical
benefits in this study. Operative fixation resulted in significantly better pain control, im-
proved pulmonary function recovery, shorter hospital stays, earlier return to work, and
reduced ventilatory support requirements. Although a trend toward lower mortality was
observed in the surgical group, this difference did not reach statistical significance. The
successful use of custom-made, low-cost implants further highlights the feasibility and
value of SSRF in resource-limited settings. Conservative treatment remains an appropri-
ate option for nondisplaced injuries or patients who are unfit for surgery and who are
provided with optimal analgesia and pulmonary care.
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