
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Wang et al. World Journal of Emergency Surgery            (2026) 21:5 
https://doi.org/10.1186/s13017-025-00667-7

World Journal of Emergency 
Surgery

*Correspondence:
Chien-An Liao
victorgoer@gmail.com
1Department of Trauma and Emergency Surgery, Linkou Medical Center, 
Chang Gung Memorial Hospital, No. 5, Fuxing St., Guishan Dist.,  
Taoyuan City 33305, Taiwan
2Department of Medical and Surgical Sciences, University of Bologna, 
Bologna, Italy
3Department of General and Emergency Surgery, Bufalini Hospital, 
Cesena, Italy
4Department of Biomedical Engineering, National Taiwan University, 
Taipei, Taiwan
5Chang Gung University College of Medicine, Taoyuan, Taiwan

Abstract
Introduction  Multiple rib fractures are common injuries resulting from blunt chest trauma. However, the effect of rib 
fracture displacement on pulmonary ventilation remains unclear. This study aimed to investigate the effect of severely 
displaced ribs on pulmonary ventilation function (PVF) 3 months post-trauma.

Materials and methods   This retrospective case–control study was conducted at Chang Gung Memorial Hospital. 
Patients with multiple rib fractures (≥ 3) who underwent chest computed tomography (CT) from January 2019 to 
September 2023 were included. Patient demographics, injury severity, and rib fracture morphology were assessed. 
Displaced rib fractures were defined as bicortical displacements observed on CT. PVF was measured using forced vital 
capacity (FVC) and forced expiratory volume in 1 s. Univariate and multivariate logistic and linear regression analyses 
were performed to determine whether displaced rib fractures significantly affected PVF 3 months post-trauma.

Results  Overall, 111 patients with multiple rib fractures were included. Displaced rib fractures were identified as an 
independent risk factor for having FVC < 80% at 3 months post-trauma, with each additional severely displaced rib 
increasing the odds by 31% (odds ratio: 1.31, 95% CI 1.09–1.57, p = 0.004). Subgroup analysis revealed that this effect 
was particularly significant in patients with non-flail chests. The receiver operating characteristic curve and Youden 
index identified that the optimal cutoff value for significantly displaced rib fractures affecting PVF was three or more 
fractures.

Conclusion   Severely displaced rib fractures significantly impact PVF 3 months post-trauma.
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Introduction
Multiple rib fractures are the most common injuries 
resulting from blunt chest trauma, with incidence rates of 
39–58% in patients with blunt chest trauma and 5–10% 
in those with all types of trauma [1–4]. Rib cage defor-
mity decreases pulmonary ventilation function (PVF), 
increasing pulmonary complications and mortality rates, 
especially in patients with a flail chest—a chest wall 
deformity caused by fractures in three consecutive seg-
mental ribs [5–9].

Surgical rib fixation has significantly increased over 
the years [10, 11]. Currently, the most robust evidence 
shows that surgical rib fixation is favorable for patients 
with flail chest. In these patients, surgical intervention 
reduces pain, decreases pulmonary complications, and 
shortens the duration of mechanical ventilator use [12]. 
Additionally, rib fixation in flail chest improved PVC 
within 3  months [13]. However, the indications for rib 
fixation in patients with a non-flail chest remain unclear. 
A prospective study suggested that severely displaced rib 
fractures are an indication of a non-flail chest [14]. Dis-
placement severity is related pain intensity [15]. There-
fore, although rib fixation may benefit these patients, 
supporting evidence is scarce. Furthermore, the effect of 
severely displaced rib fractures on respiration remains 
unclear. Therefore, we aimed to determine the impact 
of the number of severely displaced ribs on PVF at the 
3-month follow-up.

Materials and methods
Study design and patient selection
This single-center, retrospective, case–control analysis 
was conducted at Chang Gung Memorial Hospital. The 
selected cohort comprised adult patients (age > 16 years) 
with multiple rib fractures (≥ 3) who underwent chest CT 
scans at our institution between January 2019 to Septem-
ber 2023. Patients with severe head trauma (head abbre-
viated injury scale (AIS) score ≥ 4), in-hospital mortality, 
or missing 3-month PVF data were excluded.

The collected data included demographic details, medi-
cal history (including chronic obstructive pulmonary dis-
ease (COPD) or asthma), other comorbidities, smoking 
history, trauma mechanism, injury severity (measured 
using the AIS), associated injuries. We defined lung con-
tusion as a score of at least 4 points on the Blunt Pul-
monary Contusion 18 (BPC18) scoring system, which 
includes the moderate (4–6 points) and severe (7–18 
points) categories. Surgical rib fixation details (includ-
ing interval and number of ribs fixed), severe hemotho-
rax (defined as > 50% lung cavity in either plain film or 
CT, and pneumothorax were also recorded. Rib fracture 
score was calculated as the total number of rib fractures, 
multiplied by 2 if there are bilateral fractures, plus an age 

factor (51–60 = 1; 61–70 = 2; 71–80 = 3; > 80 = 4) to reflect 
general disease severity [16].

Morphology of rib fracture
The morphology of the rib fractures was assessed using 
chest CT scans, categorizing them as unilateral or bilat-
eral. Flail chest was defined as the “radiographic flail,” 
which is the presence of three or more adjacent ribs 
fractured in two or more places, as confirmed by chest 
computed tomography (CT) scans. Fracture sites were 
classified as lateral, posterior, or combined. Severely dis-
placed rib fractures were defined as exhibiting bicortical 
displacement, displacement, or ≥ 100% displacement.

Indication of rib fixation in our facility
In this cohort, surgical rib fixation was performed based 
on three specific indications:

1.	 Flail Chest: This includes patients with a clinically 
evident flail chest or a radiologically confirmed flail 
chest.

2.	 Severely Displaced Rib Fractures: This includes 
cases with severely displaced rib fractures, typically 
defined as having a displacement of more than one 
cortex.

3.	 Other Associated Conditions: For patients without 
a flail chest or severely displaced fractures, surgery 
was indicated for impending or actual respiratory 
failure not attributable to lung contusion, inability 
to wean off of mechanical ventilation, or inadequate 
pain control.

Follow-up protocol and pulmonary function test
Patients underwent pulmonary function tests 3  months 
post-trauma. We employed a predictive equation to cal-
culate the expected lung function based on patient age 
and height[17]. The ratios of the measured to predicted 
values were used as observational indices for subsequent 
statistical analyses. PVF measurements included Forced 
vital capacity (FVC) and forced expiratory volume in 1 s 
(FEV1). All measurements were routinely performed by a 
respiratory specialist, using a portable pulmonary func-
tion detector. Each index was measured three times, and 
the mean values were used for the ratio calculations.

Statistical analysis
SPSS 29.0 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analysis. Descriptive statistics are expressed 
as numbers and percentages for categorical variables 
and as means, standard deviations, minima, and maxima 
for numerical variables. For comparisons between the 
two groups, an independent t-test was used for numeri-
cal variables, Pearson’s chi-square test for large-sample-
sized categorical variables, and Fisher’s exact test for 
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small-sample-sized categorical variables. Univariate 
and multivariate logistic regression analyses were con-
ducted, with “low forced vital capacity (< 80%)” used as 
the dependent variable to determine the risk factors for 
deteriorating pulmonary function. The receiver operating 
characteristic (ROC) curve and Youden index were used 
to determine the best cutoff value for the number of dis-
placed rib fractures affecting pulmonary vital capacity. A 
p value < 0.05 was considered significant.

Results
Overall, 729 eligible patients were identified. Figure  1 
shows the patient selection flowchart. Ultimately, 111 
patients were included; their key demographic and clini-
cal details are reported in Table 1. Among the 73 patients 
who underwent rib fixation, 67 (91.7%) had severely 
displaced rib fractures, and 38 (52.1%) had a flail chest. 
Only six (8.2%) patients underwent rib fixation for other 
reasons, such as respiratory failure or uncontrolled pain, 
without having either a flail chest or a severely displaced 
fracture. Patients were divided into two groups based 
on their FVC at the 3-month follow-up: the FVC ≥ 80% 
group (n = 49) and the FVC < 80% group (n = 62) (Table 2). 
Patients with an FVC of < 80% had significantly higher 

Rib Fracture score (mean 8.4 vs. 11.2, p value: 0.026) and 
more rib fractures than did those with an FVC of ≥ 80% 
(p = 0.033). The number of severely displaced rib fractures 
was also significantly higher in the FVC < 80% group than 
in the FVC ≥ 80% group (p = 0.003). Bilateral rib fractures 
were more common in the FVC < 80% group than in the 
FVC ≥ 80% group (p = 0.043). Flail chest was observed in 
48.4% of patients with an FVC of < 80% and in 32.7% of 
patients with an FVC of ≥ 80%, although this difference 
was not significant (p = 0.095). No significant differences 
were observed in age, sex, smoking status, presence of 
COPD or asthma, associated injuries, injury severity 
score (ISS), or lung contusions between the two groups. 
While the rib fixation rate was similar between the two 
groups, time from injury to rib fixation was significantly 
longer in the FVC < 80% group (4.6 ± 2.2) compared with 
the FVC ≥ 80% group (3.8 ± 1.5) (p = 0.044).

Univariate and multivariate logistic regression analyses 
were conducted to identify factors influencing lung func-
tion 3  months post-trauma (Table  3). In the univariate 
analysis, several factors were associated with FVC of less 
than 80%. Flail chest and bilateral rib fracture demon-
strated odds ratios (ORs) of 1.93 (95% confidence interval 
(CI): 0.89–4.21, p = 0.096) and 3.68 (95% CI 0.98–13.87, 

Fig. 1  Flowchart of the patient selection protocol of the present study. This flow diagram illustrates the study process and outcomes in a cohort of pa-
tients with thoracic trauma who underwent enhanced chest CT and CXR between January 2019 and September 2023. The number of patients initially 
evaluated is 729. Patients lost to follow-up (n = 308), those with severe head trauma (n = 271), or those who died (n = 39) were excluded. The remaining 
111 patients underwent follow-up pulmonary function testing 3 months post-trauma. These patients were categorized based on their forced vital capac-
ity (FVC) values: 62 patients had FVC < 80, and 49 patients had FVC ≥ 80
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p = 0.054), indicating a significant difference. The num-
ber of rib fractures and fracture sites classified as com-
bined were significantly associated with lower FVC (OR: 
1.20, 95% CI 1.01–1.43, p = 0.039 and OR: 2.57, 95% CI 
1.13–5.85, p = 0.024, respectively). Notably, severe dis-
placement showed a significant impact (OR: 3.03, 95% CI 
1.04–8.78, p = 0.041). The number of severely displaced 
fractured ribs also differed significantly between the 
groups. Each additional severely displaced rib fracture 
increased the odds of a patient having FVC < 80% at 3 

Table 1  Characteristics of the study cohort (n = 111)
Variable n (%), 

Mean ± SD 
(min–Max)

Sex (male/female) 75 (67.6%)/36 
(32.4%)

Age 57.3 ± 14.2 
(17 − 87)

Smoking 28 (25.2%)
COPDa or asthma 3 (2.7%)
Mechanism
 Motorcycle collision 75 (67.6%)
 Fall 22 (19.8%)
 Motor vehicle collision 6 (5.4%)
 Pedestrian 3 (2.7%)
 Bicycle 3 (2.7%)
 Other 2 (1.8%)
Associated injury
 Head AISb ≥ 3 9 (8.1%)
 Chest AISb

  4 105 (94.6%)
  5 6 (5.4%)
 Abdominal AISb ≥ 3 5 (4.5%)
 ISSc 21.3 ± 5.4 

(16–41)
 Rib fracture score 9.95 ± 6.4 

(4–44)
 Lung contusion 88 (79.3%)
 Pneumothorax 51 (45.9%)
 Severe hemothoraxd 6 (5.4%)
Rib fracture morphology
 Patients with bilateral ribs fracture 15 (13.5%)
 Patients with flail chest 46 (41.4%)
 Number of fractured ribs 7.1 ± 2.7 (3–22)
 Patients with severely displaced fractures 93 (83.8%)
 Number of severely displaced fractures 3.2 ± 2.5 (0–14)
 Fracture site
  Lateral 19 (17.1%)
  Posterior 16 (14.4%)
  Combined 76 (68.5%)
Patients with rib fixation 73 (65.8%)
 Number of ribs surgically fixed 3.9 ± 1.2 (2–7)
 Length of hospital stay 11.2 ± 6.0 

(2–36)
 Length of ICU stay 2.7 ± 3.9 (0–18)
Pulmonary function test (3 months post-trauma)
 FVCe 77.2 ± 20.2 

(40–125)
 FEV1

f 77.8 ± 19.7 
(25–133)

aChronic obstructive lung disease
bAbbreviated injury scale
cInjury severity score
dHemothorax more than half of lung volume
eForced vital capacity f. Forced expiratory volume in 1 s

Table 2  Comparison of patients with FVCe ≥ 80% and 
FVCe < 80% 3 months post trauma

FVCe ≥ 80% 
(n = 49)

FVCe < 80% 
(n = 62)

p 
value

Sex (male/female) 32 
(65.3%)/17 
(34.7%)

43 
(69.4%)/19 
(30.6%)

0.687

Age 55.8 ± 14.2 
(17–84)

58.5 ± 14.3 
(26–87)

0.322

Smoking 11 (22.4%) 17 (27.4%) 0.661
COPDa or asthma 0 (0.0%) 3 (4.8%) 0.254
Head AISb ≥ 3 6 (12.2%) 3 (4.8%) 0.180
Chest AISb 0.692
 4 47 (95.9%) 58 (93.5%)
 5 2 (4.1%) 4 (6.5%)
Abdominal AISb ≥ 3 2 (4.1%) 3 (4.8%) 1.000
ISSc 21.0 ± 5.4 

(16–36)
21.6 ± 5.4 
(16–41)

0.597

Rib Fracture Score 8.4 ± 4.4 
(4–26)

11.2 ± 7.5 
(4–44)

0.026

Lung contusion 35 (71.4%) 53 (85.5%) 0.070
Pneumothorax 20 (40.8%) 31 (50.0%) 0.335
Severe hemothoraxd 4 (8.2%) 2 (3.2%) 0.403
Rib fracture pattern
 Patients with bilateral ribs 
fracture

3 (6.1%) 12 (19.4%) 0.043

 Patients with flail chest 16 (32.7%) 30 (48.4%) 0.095
 Number of fractured ribs 6.5 ± 2.1 

(4–13)
7.6 ± 3.0 
(3–22)

0.033

 Patients with severely displaced 
fractures

37 (75.5%) 56 (90.3%) 0.360

 Number of severely displaced 
fractures

2.4 ± 2.2 
(0–9)

3.8 ± 2.6 
(0–14)

0.003

 Fracture site 0.068
  Lateral 12 (24.5%) 7 (11.3%)
  Posterior 9 (18.4%) 7 (11.3%)
  Combined 28 (57.1%) 48 (77.4%)
 Patients with rib fixation 44 (71.0%) 29 (59.2%) 0.194
  Number of ribs surgically fixed 3.9 ± 1.2 

(2–7)
3.9 ± 1.1 
(2–6)

0.906

aChronic obstructive lung disease
bAbbreviated injury scale
cInjury severity score
dHemothorax more than half of lung volume
eForced vital capacity
fForced expiratory volume in 1 s
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months post-trauma by 31% (OR: 1.31, 95% CI 1.09–1.57, 
p = 0.004).

In the multivariate analysis, the number of severely dis-
placed ribs remained a significant risk factor for decreas-
ing PVF (adjusted OR: 1.27, 95% CI 1.02–1.58, p = 0.032). 
Other factors including sex; age; AIS scores for head, 
chest, and abdominal injuries; rib fixation; and smoking 
were not considered significant risk factors for decreasing 
PVF 3 months post trauma in the multivariate analysis.

The subgroup analysis revealed different factors affect-
ing lung function in patients with and without flail chest 
(Table  4). Among patients without flail chest (n = 65), 
those with FVC < 80% had a significantly higher Rib Frac-
ture Score (mean: 9.3 v.s. 6.8, p = 0.021), and higher inci-
dence of bilateral rib fractures (15.6% vs. 0%, p = 0.024). 
They also had more rib fractures on average (6.6 ± 2.3 vs. 
5.6 ± 1.4, p = 0.026) and more severely displaced fractures 
(2.9 ± 2.0 vs. 1.6 ± 1.6, p = 0.002). However, in patients with 

flail chest (n = 46), there were no significant differences 
between the FVC < 80% and FVC ≥ 80% groups in terms 
of Rib fracture Score, bilateral rib fractures, number of 
rib fractures, number of severely displaced fractures, rib 
fixation rates, or lung contusion rates. We further per-
formed univariate and multivariate linear regression 
analyses in patients without flail chest and found that the 
number of severely displaced fractures severely affected 
pulmonary function 3 months post-trauma in both uni-
variate and multivariate analyses (Table 5).

Another subgroup analysis was performed based on 
whether patients underwent rib fixation. In patients 
who underwent rib fixation, we compared those with 
FVC ≥ 80% and FVC < 80%. The only significant difference 
was the number of severely displaced fractures (mean 
3.21 vs. 4.52, p = 0.025), which suggests that even after rib 
fixation, a higher number of severe displaced fractures 
is associated with a poor pulmonary function outcome. 
Furthermore, in this subgroup, patients with multiple 
severe displaced fractures (≥ 3) had a poorer 3-month 
post-trauma FVC (mean: 72.4% vs. 83.5%, p = 0.038) and 
a higher proportion of patients with FVC < 80% (69.1% vs. 
33.3%, p = 0.016). On the other hand, in patients without 

Table 3  Logistic regression analysis of factors affecting lung 
function (FVC < 80%) 3 months post-trauma

Univariate logistic 
regression

Multivariate lo-
gistic regression

Odds Ratio (95% 
CI)

p 
value

Odds 
Ratio 
(95% CI)

p 
value

Sex (male/ female) 1.20 (0.54 to 2.67) 0.651
Age 1.01 (1.00 to 1.04) 0.319
Head AISa 0.74 (0.47 to 1.17) 0.193
Chest AISa 1.62 (0.28 to 9.24) 0.587
Abdominal AISa 1.11 (0.72 to 1.71) 0.649
Smoking 1.31 (0.55 to 3.12) 0.550
Lung contusion 2.36 (0.92 to 6.03) 0.074 1.00 (0.30 

to 3.30)
0.993

Pneumothorax 1.45 (0.68 to 3.09) 0.336
Severe hemothoraxb 0.38 (0.07 to 2.14) 0.269
Patients with flail 
chest

1.93 (0.89 to 4.21) 0.096 0.73 (0.25 
to 2.19)

0.577

Patients with bilateral 
ribs fracture

3.68 (0.98 to 13.87) 0.054 2.53 (0.48 
to 13.27)

0.274

Number of fractured 
ribs

1.20 (1.01 to 1.43) 0.039 1.01 (0.78 
to 1,30)

0.945

Fracture site
 Lateral 0.39 (0.14 to 1.09) 0.073
 Posterior 0.57 (0.19 to 1.65) 0.296
 Combined 2.57 (1.13 to 5.85) 0.024 0.73 (0.25 

to 2.19)
0.297

Patients with severely 
displaced fractures

3.03 (1.04 to 8.78) 0.041

Number of severely 
displaced fractures

1.31 (1.09 to 1.57) 0.004 1.27 (1.02 
to 1.58)

0.032

Patients with rib 
fixation

1.69 (0.77 to 3.72) 0.195

Number of ribs surgi-
cally fixed

0.98 (0.65 to 1.47) 0.904

aAbbreviated injury scale
bHemothorax more than half of lung volume

Table 4  Factors affecting lung function 3 months post-trauma 
in patients with and without flail chest

FVC ≥ 80% FVC < 80% p 
value

Patient without flail chest (n = 65) (n = 33) (n = 32)
Rib Fracture Score 6.8 ± 1.9 

(4–12)
9.3 ± 5.5 
(4–30)

0.021

Patients with bilateral ribs fracture 0 (0.0%) 5 (15.6%) 0.024
Fracture site
 Combined 12 (36.4%) 18 (56.3%) 0.108
Number of fractured ribs 5.6 ± 1.4 

(4–8)
6.6 ± 2.3 
(3–14)

0.026

Patients with severely displaced 
fractures

21 (63.6%) 27 (84.4%) 0.057

Number of severely displaced 
fractures

1.6 ± 1.6 
(0–6)

2.9 ± 2.0 
(0–6)

0.002

Patients with rib fixation 16 (48.5%) 19 (59.4%) 0.379
Lung contusion 20 (60.6%) 20 (62.5%) 0.126
Patient with flail chest (n = 46) (n = 16) (n = 30)
Rib Fracture Score 11.6 ± 6.0 

(6–26)
13.2 ± 8.8 
(6–44)

0.532

Patients with bilateral ribs fracture 3 (18.8%) 7 (23.3%) 1.000
Fracture site
 Combined 16 (100.0%) 30 (100.0%) 1.000
Number of fractured ribs 8.2 ± 2.2 

(4–13)
8.7 ± 3.4 
(5–22)

0.305

Patients with severely displaced 
fractures

16 (100.0%) 29 (96.7%) 1.000

Number of severely displaced 
fractures

4.2 ± 2.2 
(2–9)

4.8 ± 2.8 
(0–14)

0.214

Patients with rib fixation 13 (81.3%) 25 (83.3%) 1.000
Lung contusion 15 (93.8%) 28 (93.3%) 1.000
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rib fixation, there was no significant difference in the 
number of severely displaced fractures between those 
with FVC ≥ 80% and FVC < 80%. Likewise, there was no 
significant difference in pulmonary function outcomes 
between the groups with and without multiple severe dis-
placed fractures (≥ 3) (Supplementary Tables 1 and 2).

To determine the optimal cutoff value for the number 
of severely displaced rib fractures affecting pulmonary 
function 3 months post-trauma, ROC curve analysis and 
Youden index were used. The analysis identified three or 
more severely displaced rib fractures as the optimal cut-
off value with a sensitivity of 71.0%, specificity of 59.2%, 
positive predictive value of 68.8%, and negative predictive 
value of 61.7% (Fig. 2).

Discussion
To our knowledge, this study is the first to investigate 
the correlation between displaced rib fractures and pul-
monary function outcomes 3  months post-trauma. The 
definition of displaced rib fractures varies in the litera-
ture, with bicortical displacement being the most com-
monly cited [18]. Bugaev proposed a three-dimensional 
equation to evaluate the displacement; however, its com-
plexity limited its practical application [19]. Previous 
studies have suggested that displaced rib fractures inde-
pendently increase the risk of pneumonia and respiratory 

failure, and tracheostomy [15, 20–22]. However, no pre-
vious studies have specifically linked these fractures to 
long-term pulmonary function outcomes. Our study 
found that bicortical displacement in rib fractures signifi-
cantly affected pulmonary function outcomes 3  months 
post-trauma.

Previous studies have investigated the correlation 
between displaced rib fractures and increased opioid use, 
which indicated more severe pain [15]. This pain may 
limit deep breathing capacity, leading to shallow breath-
ing and atelectasis, which can further affect PVF. Another 
possible pathophysiological mechanism is that the 
increased displacement in rib fractures suggests higher 
impact energy, leading to increased tissue damage and 
inflammation. Although not previously demonstrated 
specifically in rib fractures, displaced fractures are a 
known risk factor for other bones’ nonunion [23–25]. 
These factors can predispose patients to a further com-
promised respiratory function.

Many medical facilities and clinical studies have con-
sidered significantly displaced rib fractures as indications 
for surgical rib fixation [26, 27]. Randomized multicenter 
trials have demonstrated that surgical fixation of non-flail 
chest rib fractures can significantly shorten hospital stay 
in intubated patients [28]. Pieracci et al. further observed 
a lower rate of intrapulmonary complications and 
reduced pain in patients with three or more displaced 
rib fractures who underwent surgical rib fixation [14]. 
However, our study did not find a significant difference in 
3-month PVF outcomes between patients with and with-
out surgical rib fixation. Selection bias occurred because 
patients with flail chest and severely displaced fractures 
underwent surgical rib fixation at our facility, indicating 
a higher severity of rib fractures in this group. Therefore, 
the efficacy of rib fixation for improving pulmonary ven-
tilation remains unclear.

Subgroup analysis showed that, within the flail chest 
subgroup, no significant difference was found in dis-
placed rib fractures between patients with and without 
pulmonary function impairment. This is largely due to 
the prevalence of displaced rib fractures in most patients 
with flail chest. However, a lower PVF tended to correlate 
with a higher number of displaced rib fractures, although 
this was not statistically significant. Conversely, in the 
non-flail chest subgroup, displaced rib fractures sig-
nificantly affected PVF outcomes. This underscores the 
importance of displaced rib fractures as a crucial factor 
affecting PVF outcomes in patients with a non-flail chest, 
indirectly suggesting the potential benefits of surgical rib 
fixation in this subgroup.

When considering rib fixation, it's notable that even 
after surgery, patients with more severely displaced 
fractures had significantly worse pulmonary function. 
This highlights the importance of fracture severity. This 

Table 5  Subgroup analysis of factors affecting FVC (%) 3 months 
post-trauma in patients without flail chest (n = 65)

Univariate lin-
ear regression

p 
value

Multivari-
ate linear 
regression

p 
value

B (95% CI) B (95% CI)
Patients with bilat-
eral ribs fracture

 − 17.18 (− 35.87 
to 1.50)

0.071  − 5.62 
(− 26.54 to 
15.30)

0.593

Number of frac-
tured ribs

 − 2.73 (− 5.31 
to − 0.15)

0.038  − 1.36 (− 4.36 
to 1.63)

0.366

Fracture site: 
combined

 − 10.21 (− 20.13 
to − 0.28)

0.044  − 5.96 
(− 16.88 to 
4.97)

0.280

Number of severely 
displaced fractures

 − 3.81 (− 6.36 
to − 1.25)

0.004  − 3.03 (− 5.80 
to − 0.25)

0.033

Patients with rib 
fixation

 − 6.70 (− 16.81 to 
3.42)

0.191

Number of ribs 
surgically fixed

1.51 (− 6.99 to 
10.01)

0.720

Lung contusion  − 13.13 (− 23.69 
to − 2.56)

0.016  − 2.37 
(− 15.40 to 
10.66)

0.717

Pneumothorax  − 0.95 (− 11.45 to 
9.56)

0.858

Severely 
hemothoraxa

 − 14.08 (− 55.45 
to 27.29)

0.499

*R-squared of the multivariate linear model 0.194; F: 2.792, Sig. 0.025
*FVC: Forced vital capacity
aHemothorax more than half of the lung volume
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may be due to more severe underlying damage and the 
fact that fixation often targets only the 3rd to 10th ribs, 
potentially missing other severe fractures. Conversely, 
in patients without rib fixation, there was no significant 
difference in pulmonary function. This could be due to a 
selection bias, as most patients with multiple severe frac-
tures were likely referred for surgery. Additionally, while 
60–70% of this group had displaced fractures, the average 
was only one or two, which may not be severe enough to 
significantly impact pulmonary function.

Our study had several limitations. First, the substantial 
loss to follow-up may have compromised the overall reli-
ability of the results. Furthermore, the lack of long-term 
follow-up, such as at 6  months and 1  year, reduces the 
value of the findings. Second, we lacked pre-injury PVF 
data, which is a common challenge in trauma studies. 
Additionally, we lacked data on early postinjury pulmo-
nary function, which would have provided a more com-
prehensive understanding of the immediate impact of 
rib fractures on pulmonary function. Furthermore, there 

Fig. 2  Number of severely displaced rib fractures and FVC < 80 at 3 months post-trauma—ROC curve analysis. The receiver operating characteristic (ROC) 
curve illustrates the diagnostic performance of the number of severely displaced rib fractures in predicting forced vital capacity (FVC) < 80 at 3 months 
post-trauma. The area under the ROC curve (AUROC) is 0.674, suggesting moderate discriminative ability. The best cutoff value identified for the number 
of displaced rib fractures is ≥ 3. At this threshold, the sensitivity is 71.0%, specificity is 59.2%, positive predictive value (PPV) is 68.8%, and negative predic-
tive value (NPV) is 61.7%
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was a lack of analysis regarding the quantity of hemo-
thorax and pneumothorax, as well as the proportion of 
patients who used chest tubes. Third, we did not collect 
data on pain level or pulmonary complications, which are 
crucial factors in evaluating patient outcomes and treat-
ment effectiveness. Finally, our study did not conclusively 
determine the efficacy of surgical rib fixation in the man-
agement of displaced rib fractures.

Conclusions
Severely displaced rib fractures significantly impair PVF 
3  months post-trauma, particularly in patients with a 
non-flail chest. Each additional severely displaced rib 
increased the odds of a patient having FVC < 80% at 3 
months post-trauma by 31% (OR = 1.31), with three or 
more displaced ribs constituting the critical threshold. 
Therefore, more attention should be given to assessing 
rib displacement degree when managing chest trauma. 
Further research is required to evaluate the potential 
benefits of surgical rib fixation in patients with a non-flail 
chest and severe rib displacement.
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