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Abstract
Background  Patients with multiple rib fractures without a clinical flail chest are increasingly being treated with rib fixation; 
however, high-quality evidence to support this development is lacking.
Methods  We conducted a prospective multicenter observational study comparing rib fixation to non-operative treatment 
in all patients aged 18 years and older with computed tomography confirmed multiple rib fractures without a clinical flail 
chest. Three centers performed rib fixation as standard of care. For adequate comparison, the other three centers performed 
only non-operative treatment. As such clinical equipoise formed the basis for the comparison in this study. Patients were 
matched using propensity score matching.
Results  In total 927 patients with multiple rib fractures were included. In the three hospitals that performed rib fixation, 80 
(14%) out of 591 patients underwent rib fixation. From the nonoperative centers, on average 71 patients were adequately 
matched to 71 rib fixation patients after propensity score matching. Rib fixation was associated with an increase in hospital 
length of stay (HLOS) of 4.9 days (95%CI 0.8–9.1, p = 0.02) and a decrease in quality of life (QoL) measured by the EQ5D 
questionnaire at 1 year of 0.1 (95% CI − 0.2–0.0, p = 0.035) compared to non-operative treatment. A subgroup analysis of 
patients who received operative care within 72 h showed a similar decrease in QoL. Up to 22 patients (28%) who underwent 
surgery experienced implant-related irritation.
Conclusions  We found no benefits and only detrimental effects associated with rib fixation. Based on these results, we do 
not recommend rib fixation as the standard of care for patients with multiple rib fractures.
Trial registration  Registered in the Netherlands Trial Register NTR6833 on 13/11/2017.
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Introduction

Rib fractures are present in 10% of all trauma patients and 
are, therefore, a very common injury [1]. Despite major 
advances in trauma and intensive care medicine, it remains a 
life-threatening injury, with a mortality rate of up to 13% [1]. 
It is important to distinguish between multiple rib fractures 
with and without a clinical flail chest, because the former is 
associated with significant morbidity and increased mortal-
ity [1, 2]. Non-operative treatment has long been considered 
the gold standard for the management of multiple rib frac-
tures. However, in the last decade, there has been growing 
interest in operative treatments [3, 4]. Rib fixation has been 
shown to improve short-term outcomes in patients with a 
clinical flail chest, and as a result, surgeons are broadening 
the indications for multiple rib fractures without a flail seg-
ment, regardless of the lack of evidence [5, 6]. Only one pro-
spective study concerns operative treatment for patients with 
multiple rib fractures without flail chest; this study failed to 
show superiority of surgery [7]. Furthermore, the same study 
showed that randomized controlled trials (RCT) on this sub-
ject are not feasible, as 80% of eligible patients declined 
randomization [7]. This is a commonly encountered problem 
in (orthopedic) surgical research, and experience has taught 
us that from design to execution, RCT’s take approximately 
10 years to complete, a period in which results may become 
obsolete [8]. High-quality prospective studies are needed to 
provide evidence regarding the effects of rib fixation and to 
determine whether rib fixation should be implemented as a 
standard of care. Therefore, we conducted this multicenter 
observational cohort study to compare rib fixation with non-
operative treatment in patients with multiple rib fractures 
without a flail chest.

Methods

A detailed description of the methods and surgical proce-
dures used in this study is available in the published study 
protocol [9]. Here, we focus on patients with multiple rib 
fractures; the results of patients with a flail chest (para-
doxical movement of a portion of the chest wall) will be 
addressed in a separate study. This study adhered to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines [10].

Study design

This multicenter prospective cohort study included trauma 
patients admitted to five level 1 trauma centers in the Neth-
erlands and one in Switzerland. All hospitals had roughly 

similar volumes of trauma patients with comparable injury 
severities. Annually, approximately 1300 patients, of which 
250–400 are polytrauma patients (Injury Severity Score 
(ISS) > 16), are admitted to the emergency department of 
each participating center [11]. The study was registered in 
the Netherlands Trial Registry (NTR6833). Approval from 
the institutional review board was obtained at every study 
site. Informed consent was acquired from all participants.

Patients

Patients aged 18 years or older with computerized tomogra-
phy (CT) scan confirmed multiple rib fractures (defined as 
three or more ipsilateral rib fractures) after blunt thoracic 
trauma were eligible for inclusion. The exclusion criteria 
were cognitive impairment, non-traumatic rib fractures, and 
rib fractures due to cardiopulmonary resuscitation.

Interventions

The patients were treated according to the standard of care 
of the hospital of admission, which was determined by the 
attending trauma surgeons. Trauma patients typically receive 
care from the nearest appropriate hospital according to the 
protocol in the hospital. As a result, the treatment allocation 
was, to a large extent, determined by the geographical loca-
tion of the incident, which was expected to be independent 
of individual patient characteristics thus creating a natural 
experiment [12]. Three centers (University Medical Center 
Utrecht, Luzerner Kantonsspital and Elisabeth-TweeSteden 
hospital) performed rib fixation as standard of care, accord-
ing to the algorithm presented in Supplementary Fig. 1. For 
adequate comparison, the other three centers (University 
Medical Center Groningen, Radboud University Medical 
Center and Haaglanden Medical Center) performed only 
non-operative treatment as standard of care. As such clini-
cal equipoise formed the basis for the comparison in this 
study. More detailed descriptions of the rib fixation process 
and postoperative care have been previously described in the 
published study protocol [9]. Non-operative treatment con-
sisted of adequate pain management, supportive mechanical 
ventilation when needed, and physiotherapy for breathing 
exercises, according to standard national guidelines.

Outcomes

The primary outcome measure was hospital length of stay 
(HLOS). Secondary outcomes included intensive care 
unit length of stay (ILOS), duration of mechanical venti-
lation (DMV), need for tracheostomy, pneumonia rate and 
other in-hospital complications, in-hospital mortality rate, 
and general pain (measured using a numeric rating scale 
[NRS]). Mid- and long-term outcomes were measured at 
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the outpatient clinic visit at 6 weeks and using telephone 
interviews after 12 months. These measures included pain 
with breathing and coughing (measured using the NRS), 
quality of life (measured using the EQ5D-5L), dyspnea bur-
den (measured using the modified Medical Research Coun-
cil [mMRC] dyspnea scale), and return to work and sports 
in weeks. Surgery-specific complications included super-
ficial surgical site infection and fracture-related infection 
(defined by the fracture-related infection [FRI] consensus 
definitions) [13–15], symptomatic nonunion, and implant 
removal (assessed using Hulsmans et al.’s algorithm) [16]. 
Pneumonia was defined as clinical signs and symptoms (two 
or more present; temperature > 38.5 °C, auscultation with 
suspicion for infiltrate, thoracic radiographs with signs of 
infiltrate, leukocytosis, elevated C-reactive protein, or puru-
lent sputum) requiring antimicrobial therapy. Acute respira-
tory distress syndrome (ARDS) was defined according to the 
Berlin definition [17]. Superficial surgical site infection was 
defined as redness, swelling, and/or purulent discharge from 
the wound. Symptomatic nonunion was defined as the pres-
ence of unsuccessfully healed ribs, confirmed by CT scan, 
at least 6 months after trauma, with clinical evidence of 
pain. The EQ5D-5L is a standardized instrument for generic 
health status measurements to assess the quality of life [18]. 
The mMRC is a five-category scale that characterizes the 
level of dyspnea with physical activity [19].

Patient characteristics

Patient characteristics measured at hospital admission 
included age, sex, body mass index (BMI), American 
Society of Anesthesia (ASA) score, presence of chronic 
obstructive pulmonary disease (COPD), smoking status, 
trauma mechanism, abbreviated injury scale (AIS) score, 
injury severity score (ISS), number of fractured ribs, severe 
fracture patterns (defined as three or more sequential rib 
fractures in two or more places), concomitant injuries (i.e., 
pulmonary contusion, pneumothorax, hemothorax, sternum, 
and/or clavicle fracture), and laboratory results (specifically 
pH and base excess).

Sample size and statistical analyses

Based on previous studies, the mean HLOS for conserva-
tively treated patients was estimated to be 15 days, with 
a standard deviation (SD) of 6.3 [20–22]. To detect a dif-
ference of 3 days with a power of 80% and a type-I error 
probability (alpha) of 0.05, accounting for 15% loss after 
propensity score (PS) matching, 160 patients were needed 
(i.e., 80 per treatment arm).

All analyses were performed using R statistical soft-
ware v4.1.2 [23]. Baseline continuous variables are pre-
sented as mean with SD or median with interquartile range 
(IQR). Nominal and categorical data were presented as 
frequencies and percentages. Differences in the distribu-
tion of baseline characteristics between the study groups 
were quantified using standardized mean differences 
(SMD). Multiple imputation was applied (25 times) to 
impute missing values for baseline characteristics: AIS 
head/face/thorax/extremities (4% [39/927]), base excess 
(29% [266/927]), BMI (3% [25/927]), ISS (4% [39/927]), 
pH (29% [265/927]), and smoking status (2% [16/927]), 
using the ‘mice’ algorithm in R. To control for potential 
confounding PS matching was performed. The PS was 
estimated using binary logistic regression analysis, with 
rib fixation as the dependent variable and age, sex, smok-
ing status, COPD, BMI, ASA score, trauma mechanism, 
AIS head/face/thorax/abdomen/extremities, ISS, Thorax 
Trauma Severity Score (TTSS), number of fractured ribs, 
severe fracture patterns, and concomitant injuries (includ-
ing pneumothorax, hemothorax, lung contusion, clavicle 
and sternal fractures) as prespecified covariates in the 
model. A 1:1 nearest neighbor matching was performed, 
with a maximum caliper of 0.15 of the SD of the natural 
logarithm of the PS using the MatchIt algorithm in R. 
After PS matching, the distributions of the baseline char-
acteristics were compared between the study groups and 
quantified using SMD. Primary analyses was conducted 
using a data set of PS-matched subjects. For the primary 
and secondary outcomes, the relationship between rib 
fracture fixation and outcomes was assessed using linear 
regression analysis for continuous outcomes and binary 
logistic regression analysis for binary outcomes. A sen-
sitivity analysis was performed on the HLOS, which was 
measured in this analysis from rib fixation to discharge. 
Follow-up for the non-operative group started 3  days 
after admission, which is the mean time-to-surgery. This 
is known as the landmark” method to correct for possible 
immortal time bias [24]. Subsequently, PS matching and 
analyses were repeated within a subgroup of patients who 
received fib fixation within 72 h, as the literature advocates 
rib fixation within 72 h [25]. In addition to PS matching to 
correct for confounding, multiple regression analysis was 
performed, including potential confounders as covariates 
in the regression model. All patients were included in the 
analysis, which was a linear or binary logistic regression 
analysis, depending on the outcome of interest. Analyses 
were performed separately for each imputed data set and 
the results were pooled using Rubin’s rules. To check the 
robustness of multiple imputation, a sensitivity analysis 
was performed using only complete cases. The statistical 
analyses plan did not account for multiple testing; hence, 
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the results for secondary outcomes should be interpreted 
cautiously.

Results

Patients

From January 2018 to March 2021, 927 patients with mul-
tiple rib fractures were included in all participating centers. 
In the three hospitals that performed rib fixation, 80 (14%) 
out of 591 underwent rib fixation. From the nonoperative 
centers, on average 71 patients were adequately matched 
after propensity score matching from the imputed data sets. 
Follow-up was completed in March 2022, with a completion 
rate of 82% (Fig. 1). Baseline demographic data before and 
after propensity score matching are available in Table 1, and 
show adequate matching for all potential confounders. The 
demographic data and outcomes stratified by treatment site 
are available in Supplementary Tables 1 and 2. The median 
duration to rib fixation was 2 days (IQR 1–3.25), the aver-
age duration of surgery was 109 min (SD, 79 min), and the 
average ratio of surgically fixated ribs to the number of rib 
fractures was 0.45 (Supplementary Table 3). The baseline 
demographic data of the subgroup analysis were properly 
matched and are presented in Supplementary Table 4.

Primary outcome

After propensity score matching, rib fixation was associated 
with an increase in HLOS of 4.9 days (95% confidence inter-
val [CI] 0.8–9.1; p = 0.019). The median HLOS was 9 days 
and 12 days for non-operative treatment and rib fixation, 
respectively (Table 2). Multiple regression analysis of the 
multiple imputed data sets, while adjusting for confound-
ing factors, yielded similar results (Supplementary Table 5).

Secondary outcomes

Rib fixation was associated with a decrease in EQ5D-5L 
index value at 1 year follow-up of 0.1 (95% CI − 0.2–0.0, 
p = 0.035). No relationship was observed between rib fixa-
tion and in-hospital, mid-, or long-term complications, 
or with other secondary outcomes. The overall mortality 
was low and did not differ between the treatments (2.3% 
vs. 2.7%). Patients appeared to develop pneumonia more 
frequently after rib fixation (30.2% vs. 17.1%), although 
this difference was not statistically significant (p = 0.123). 
The rates of other (pulmonary) complications and mortal-
ity were low in both treatment groups. All outcomes are 
presented in Tables 2 and 3. Twenty-two patients (28%) 
experienced implant-related irritation after rib fixation. 

Supplementary Table 6 shows all outcomes before propen-
sity score matching.

Subgroup and sensitivity analyses

A propensity score matched analysis of patients who 
received rib fixation within 72 h or were conservatively 
treated revealed no association between rib fixation and 
HLOS (3.5 days, 95% CI − 1.6–8.6, p = 0.18). Rib fixa-
tion was associated with a decrease in the EQ5D-5L index 
score at 1 year follow-up by 0.09 (95% CI − 0.2 to − 0.0, 
p = 0.043). No relationship was observed between rib fixa-
tion and any other secondary outcome (Table 4). The pneu-
monia rates were 26.4% and 17.1% in the rib fixation and 
non-operative groups, respectively (p = 0.313). The out-
comes of subgroup analysis are presented in Table 4.

The complete case analysis yielded similar results with 
regard to hospital length of stay as the primary analyses 
(Supplementary Table 5).

Discussion

Rib fixation for multiple rib fractures failed to show any 
benefit over non-operative treatment. Rib fixation prolonged 
the hospital stay by 4.9 days (95% CI 0.8–9.1), was associ-
ated with a decrease in quality of life after 1 year (EQ5D-5L 
score − 0.1, 95% CI − 0.2–0.0), and 28% of the patients 
experienced implant-related irritation.

This is the largest study to date with 927 prospectively 
enrolled patients, which addresses this research question. 
Decreasing HLOS is a fundamental issue because of pres-
sure on healthcare in general. The HLOS reflects the results 
of different medical problems in the heterogeneous group of 
patients with multiple rib fractures. As no association was 
found between ILOS, DMV, and mortality, the prolonged 
HLOS can safely be attributed to rib fixation instead of envi-
ronmental factors. It is possible that HLOS was increased 
in patients who underwent rib fixation, because they were 
hospitalized several days before surgery; As was hypothe-
sized by many previous studies [22, 26, 27]. However, when 
adjusted for time-to-operation, outcomes were similar which 
makes this hypothesis less likely. Another explanation could 
be that the anesthesia inherent to and physiological stress 
induced by surgery inhibit recovery time compared to non-
operative patients [28]. Previous studies have reported con-
trasting results regarding HLOS. Two studies found roughly 
similar durations of HLOS as our study (10 days vs. 12 days, 
and 6.5 days vs. 12.7 days, both in favor of non-operative 
treatment) [29, 30]. However, the first study did not find 
a statistically significant association [29], which might be 
attributable to the small sample size, whereas the second 
study emphasized the possibility of residual confounding 
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[30]. One meta-analysis reported a reduced mean difference 
of 5.8 days after rib fixation [6]. The results of this meta-
analysis should be interpreted cautiously, because out of the 
nine studies included in this meta-analysis, only four were 
used to estimate effects regarding this outcome, there was 

significant heterogeneity between the studies, and none of 
the studies corrected for confounding.

A decrease in quality of life after rib fixation was the 
second association we found. No other study has investi-
gated the quality of life 1 year after rib fixation for multiple 

Site 3
n=640

Site 2
n=195

Site 1
n=287

Site 4
n=299

Site 5
n=374

Site 6
n=390

Rib fixa�on Non-opera�ve treatment 

n=447
(70%)

n=152 
(78%)

n=46 
(16%)

n=106
(37%)

n=79
(21%)

n=172
(46%)

RF=78
NOM=369

RF=42 
NOM=110

RF= 9
NOM= 37 NOM=106 NOM=79 NOM=172

Eligible pa�ents per site based on trauma registry

Pa�ents included
(% included) 

Rib fixa�on
n=129

Non-opera�ve treatment
n=873

Included
RF n=80

NOM n=847

Clinical Flail chest
RF n=49
NOM n=26

Follow-up (6 weeks)
825 (89%)

Follow-up (1 year)
763 (82%)

Standard of care

Fig. 1   Flow chart of inclusions per study site. RF rib fixation, NOM nonoperative management
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rib fractures. The average EQ5D-5L score for the Dutch 
population was 0.839 for people aged ≥ 60 years [31]. Stud-
ies have suggested that trauma patients are not completely 

representative of the general population [32]; however, 
while the non-operative group was close to this average 
(0.82, SD 0.2), the rib fixation group was not (0.74, SD 

Table 1   Baseline characteristics before and after propensity score matching

AIS abbreviated injury score, ASA-score American society of anesthesiologists score, BMI body mass index, COPD chronic obstructive pulmo-
nary disease, ISS injury severity score, MVA motor vehicle accident, IQR interquartile range, SD standard deviation, TTSS thoracic trauma sever-
ity score
*Numbers indicate the average of 25 matched imputed sets, SMD standardized mean difference, **SMD < 0.1 indicates adequate matching

Variable Before matching After matching

Nonoperative 
(n = 847)

Rib fixation (n = 80) p value SMD Nonoperative 
(n = 71)*

Rib fixation (n = 71)* SMD**

Age (mean ± SD) 57.6 ± 17.05 63.8 ± 13.4 0.002 0.405 63.5 ± 14.7 63.1 ± 13.6 0.026
Male (n, %) 621 (73.3) 64 (80.0) 0.243 0.158 56 (78.5) 55 (77.8) 0.018
ASA-score (n, %) 0.257 0.144 0.005
 1–2 637 (75.2) 55 (68.8) 48 (67.6) 48 (67.8)
  > 2 210 (24.8) 25 (31.2) 23 (32.4) 23 (32.2)

BMI (mean ± SD) 26.1 ± 4.5 26.6 ± 4.4 0.352 0.110 26.7 ± 4.5 26.5 ± 4.3) 0.035
COPD (n, %) 51 (6.0) 4 (5.0) 0.903 0.045 4 (5.9) 4 (5.6) 0.012
Current smoker (n, %) 158 (18.9) 12 (15.6) 0.568 0.089 10.2 (14.3) 11 (15.5) 0.035
Trauma mechanism 

(n, %)
0.429 0.142 0.061

 Motor vehicle 
accident

475 (56.1) 41 (51.2) 34.6 (48.6) 37 (51.6)

 Fall from height/
stairs

309 (36.5) 30 (37.5) 28 (40) 26 (37.2)

 Other 63 (7.4) 9 (11.2) 8 (11.4) 8 (11.2)
ISS (mean ± SD) 18.7 ± 8.9 17.85 ± 7.2 0.429 0.100 18.0 ± 7.3 17.9 ± 7.4 0.007
TTSS (mean ± SD) 8.3 ± 3.0 10.3 ± 3.1  < 0.001 0.655 10.0 ± 3.1 10.1 ± 3.2 0.028
AIS (median, IQR)
 Head 0 (0–2) 0 (0–1) 0.353 0.112 0 (0–1) 0 (0–2) 0.034
 Face 0 (0–0) 0 (0–0) 0.592 0.063 0 (0–0) 0 (0–0) 0.012
 Thorax 3 (3–3) 3 (3–4) 0.081 0.188 3 (3–3) 3 (3–4) 0.015
 Abdomen 0 (0–0) 0 (0–0) 0.024 0.315 0 (0–0) 0 (0–0) 0.002
 Extremities 2 (0–2) 2 (0–2) 0.551 0.072 2(0–2) 2 (0–2) 0.008

No. of rib fractures 
(median, IQR)

6 (4–8) 9 (7–11)  < 0.001 0.921 8 (6–10) 8 (7–10) 0.022

Severe fracture pattern 
(n, %)

133 (15.7) 40 (50.0)  < 0.001 0.756 31 (44.2) 31 (44) 0.005

Bilateral rib fractures 
(n, %)

184 (21.7) 24 (30.0) 0.307 0.132 19 (26.7) 19 (26.5) 0.005

Concomitant thoracic 
injuries (n, %)

 Pulmonary contusion 
(n, %)

318 (37.5) 39 (48.8) 0.065 0.228 33 (46.6) 34 (48.3) 0.034

 Pneumothorax (n, %) 396 (46.8) 60 (75.0)  < 0.001 0.605 52 (72.8) 51 (71.8) 0.021
 Hemothorax (n, %) 147 (17.4) 44 (55.0)  < 0.001 0.851 33 (46.6) 35 (49.3) 0.054
 Sternum fracture 

(n, %)
82 (9.7) 9 (11.2) 0.799 0.051 8 (11.1) 8 (11.5) 0.012

 Clavicle fracture 
(n, %)

164 (19.4) 19 (23.8) 0.426 0.107 15 (20.6) 15 (21) 0.010

Blood pH (mean ± SD) 7.36 ± 0.07 7.35 ± 0.07 0.305 0.141 7.36 ± 0.07 7.36 ± 0.07 0.014
Base excess 

(mean ± SD)
− 0.63 ± 3.67 − 0.82 ± 3.23 0.693 0.056 − 0.83 ± 3.8 − 0.69 ± 3.4 0.039
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0.2). We hypothesized that the high rate of implant irrita-
tion (28%) was of influence on the decrease in QoL. A sub-
group analysis comparing QoL in patients with and without 
implant irritation strengthens this hypothesis (0.69 ± 0.2 vs. 
0.77 ± 0.2); however, this was an underpowered subgroup 
analysis. Furthermore, many of these patients were consid-
ering implant removal. Since our follow-up was limited to 1 
year, we could not study the influence of implant removal. 
Future studies are needed to determine whether there indeed 
is an association.

Regarding ILOS, DMV, pneumonia rate, and mortality, 
no statistically significant association with rib fixation was 
found, which is consistent with recently published prospec-
tive studies [7, 33]. It is worth noting that the pneumonia 
rate was considerably higher than in other studies, which 
is most likely explained by the varying definitions used for 
pneumonia in clinical research. Furthermore, the differences 
between rib fixation and non-operative treatment for pneu-
monia rate (30.1% vs. 17.1%) and ILOS (4 days vs. 2 days) 
were considerable, even though they were not statistically 

significant. The sample size was not adjusted for these out-
comes, and may, therefore, be insufficient. The mortality 
rate, however, was low, similar to that in recent national 
registry studies [1, 2]. Mortality rates after rib fractures have 
declined over the past decade, most likely due to the opti-
mization of acute trauma and intensive care management 
[34, 35].

Therefore, these studies have shifted their focus to other 
outcomes. One study analyzed pain at 2 weeks follow-up 
and found a statistically significant difference in 1.5 NRS 
in favor of rib fixation; however, there was no reduction in 
narcotic use [7]. Although pain and potential consequen-
tial pneumonia are important factors in the treatment of rib 
fractures, this outcome alone is not sufficient to justify rib 
fixation, as the benefits should clearly outweigh the costs and 
risks before it should be considered.

This study had several potential limitations. Although we 
were able to correct for many confounders, the possibility 
of unmeasured confounding exists. However, we believe we 
have included the most relevant potential confounders in our 

Table 2   In-hospital outcomes after propensity score matching

RF rib fixation, ICU intensive care unit, NRS numeric rating scale, ARDS acute respiratory distress syndrome, IQR interquartile range, b regres-
sion coefficient between rib fixation and non-operative treatment, CI confidence interval, OR odd ratio, SE standard deviation, NA no answer 
(due to small numbers)
*Numbers indicate the average of 25 matched imputed sets

Outcome variable Rib fixation for multiple rib fractures

Median (IQR) or n (%) Nonoperative* Rib fixation* Regression coef-
ficient (b)

95% CI SE p value

Hospital length of stay 9 (6–13) 12 (8–18) 4.9 0.8 to 9.1 2.130 0.019
Hospital length of stay from RF 6 (3–10) 8 (6–15) 4.8 0.8 to 8.9 2.073 0.019
Need for ICU (n,%) 23.4 (32.9) 23.4 (32.7)
ICU length of stay 2 (1–6) 4 (2–11) 1.2 − 0.4 to 2.8 0.823 0.140
Duration of invasive mechanical ventilation 4 (2–5) 6 (3–12.5) 1.0 − 0.1 to 2.1 0.564 0.071
Duration of epidural analgesia 5 (4–6) 4 (3–5) 0.5 − 0.6 to 1.5 0.533 0.382
Duration of intravenous analgesia 3 (1–6) 3 (2–6) 1.0 − 0.7 to 2.6 0.846 0.258
NRS (pain)
 Day 3 3 (2–4) 2 (2–3) − 0.4 − 1.0 to 0.3 0.334 0.253
 Day 5 2 (2–3) 2 (2–4) 0.2 − 0.5 to 0.9 0.357 0.665
 Day 7 2 (2–4) 2 (1–4) 0.2 − 0.5 to 0.8 0.339 0.622

Outcome variable Rib fixation for multiple rib fractures

In-hospital complications (n, %) Nonoperative* Rib fixation* OR 95% CI SE p value

ARDS 0.4 (0.6) 0 (0.0) NA 0 to Inf NA NA
Tracheostomy 0.5 (0.7) 3 (4.2) NA 0 to Inf NA NA
Pneumonia 12.6 (17.1) 21.4 (30.2) 2.1 0.8 to 5.6 0.494 0.123
Pleural effusion 1.4 (1.9) 3.1 (4.4) NA 0 to Inf NA NA
Pneumothorax 2.6 (3.6) 5.7 (8.1) NA 0 to Inf NA NA
Hemothorax 2.9 (4.1) 5 (7) 1.9 0.3 to 10.4 0.871 0.464
Other complication 20.3 (28.6) 31.4 (43.7) 1.9 0.9 to 4.2 0.397 0.093
Mortality 1.6 (2.3) 1.9 (2.7) NA 0 to Inf NA NA
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analyses, and therefore, the potential impact of unmeasured 
confounding is expected to be limited. For all observed con-
founders, the SMD was below 0.1 after matching, indicating 
that the measured confounding was adequately controlled for 
[36]. Moreover, multiple regression analysis showed similar 
results, thus providing evidence of the robustness of results 
against different modelling assumptions.

A second limitation that must be mentioned, are the indi-
cations for rib fixation. Thoracic deformity and inadequate 
pain management were always assessed by the attending 
trauma surgeon(s); however, they were clinical assessments 

and, therefore, were subjective to some extent. It does, how-
ever, resemble daily clinical practice.

Our study shows the feasibility of observational studies 
in trauma surgery. Alternatively, we could have performed 
a randomized controlled trial, where we would not have the 
potential limitation of unmeasured confounding. However, 
the recent study on rib fractures by Pieracci et al. illustrates 
the challenges that may occur in randomized studies in 
trauma surgery 80% of the eligible subjects declined rand-
omization [7]. The feasibility of large orthopedic trials has 
been questioned previously [37]. Observational studies often 

Table 3   Mid- and long-term outcomes after propensity score matching

IQR interquartile range, b regression coefficient between rib fixation and non-operative treatment, CI confidence interval, SE standard deviation, 
NA no answer (due to small numbers), MMRC modified medical research council dyspnea scale, NRS numeric rating scale
*Data shown is the average of 25 matched imputed sets

Mid- and long-term outcomes Rib fixation for multiple rib fractures

Nonoperative* Rib fixation* Regression coef-
ficient (b)

95% CI SE p value

Follow-up 6 weeks
EQ5D-5L index value, mean ± SD 0.72 ± 0.2 0.71 ± 0.2 − 0.0 − 0.1 to 0.1 0.038 0.778
EQ5D-5L VAS, mean ± SD 66.2 ± 17 67.3 ± 17 1.1 − 5.8 to 8.1 3.546 0.750
MMRC, median (IQR) 0 (0–1) 0 (0–1) 0.2 − 0.3 to 0.6 0.231 0.437
NRS
 General 2 (1–3) 2 (1–4) 0.3 − 0.5 to 1.1 0.414 0.416
 Breathing 0 (0–2) 1 (0–3) 0.7 − 0.1 to 1.5 0.393 0.063
 Coughing 2 (0–4) 3 (1–5) 0.7 − 0.3 to 1.8 0.520 0.155

Complications (n, %)* Rib fixation for multiple rib fractures

Nonoperative* Rib fixation* OR 95% CI SE p value

Pneumonia 0.2 (0.3) 0.1 (0.2) NA NA NA NA
Pleural effusion 1.3 (1.8) 1 (1.4) NA NA NA NA
Pneumothorax 0.1 (0.1) 0 (0) NA NA NA NA
Hemothorax 0 (0) 0 (0) NA NA NA NA
Follow-up 1 year
EQ5D-5L index value, mean ± SD 0.81 ± 0.2 0.74 ± 0.2 − 0.1 − 0.2 to 0.0 0.042 0.035
EQ5D-5L VAS, mean ± SD 74.8 ± 19 72.4 ± 17 − 3.0 − 11.1 to 5.1 4.119 0.463
MMRC, median (IQR) 0 (0–1) 0 (0–1) 0.2 − 0.2 to 0.5 0.163 0.334
NRS (pain)
 General 0 (0–2) 2 (0–4) 0.9 − 0.1 to 1.8 0.469 0.064
 Breathing 0 (0–0) 0 (0–0) 0.1 − 0.3 to 0.4 0.175 0.704
 Coughing 0 (0–0) 0 (0–1) 0.8 0.1 to 1.5 0.342 0.054

Complications Rib fixation for multiple rib fractures

Nonoperative* Rib fixation* OR 95% CI SE p value

Implant related irritation (n,%) 0 (0) 19 (27) NA NA NA NA
Implant removal (n, %) 0 (0) 1.6 (2.2) NA NA NA NA
Symptomatic non-union (n, %) 1.2 (1.8) 1 (1.4) NA NA NA NA
Deceased (n, %) 1.3 (1.9) 0.8 (1.1) NA NA NA NA
Return to work (weeks), median (IQR) 12 (7–20) 12 (10–20) 0.1 − 3.7 to 3.6 1.873 0.969
Return to sports (weeks), median (IQR) 14 (8–26) 12 (10–20) − 0.7 − 4.5 to 3.0 1.917 0.704
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do not suffer from these hardships and may better represent 
daily clinical practice [38]. Our study is exemplarily of the 
potential of observational studies, while 4 years were pro-
jected, the inclusion was finished in three, and has resulted 
in the largest prospective cohort of patients with multiple 
rib fractures to date. One aspect worth mentioning here is 
the large variation in inclusion rates between participating 
centers, which ranged from 16 to 78%, which supports the 
notion that the inclusion rate in observational trauma surgery 
studies is still subject to “enthusiasm” of the investigators as 
immaculately worded by Jeray et al. [39].

In conclusion, we found no benefit of rib fixation over 
non-operative treatment. Based on these results, we do not 

recommend rib fixation as the standard of care for patients 
with multiple rib fractures.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00068-​022-​02093-9.
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Table 4   Outcomes after propensity score matching with rib fixation within 72 h

RF rib fixation, ICU intensive care unit, IMV invasive mechanical ventilation, IV intravenous, NRS numeric rating scale, ARDS acute respiratory 
distress syndrome, IQR interquartile range, b regression coefficient between rib fixation and non-operative treatment, CI confidence interval, SE 
standard deviation, NA no answer (due to small numbers)
*Numbers indicate the average of 25 matched imputed sets

Outcome variable Rib fixation for multiple rib fractures

Median (IQR) or n (%) Nonoperative* Rib fixation* Regression coef-
ficient (b)

95% CI SE p value

Hospital length of stay 9 (6–13) 10 (8–16) 3.5 − 1.6 to 8.6 2.597 0.175
Hospital length of stay from RF 6 (3–10) 8 (6–16) 5.0 − 0.1 to 10.1 2.599 0.052
Need for ICU (n,%) 17.7 (33.5) 14.6 (27.6)
ICU length of stay 2 (1–6) 4 (2–14) 0.7 − 1.0 to 2.5 0.898 0.427
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Duration of epidural analgesia 5 (4–6) 3 (2–4.5) − 0.5 − 1.7 to 0.8 0.651 0.474
Duration of Intravenous analgesia 3 (1–6) 3 (2–5) 0.5 − 1.2 to 2.3 0.875 0.537
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 Day 5 3 (2–4) 3 (2–4) 0.1 − 0.9 to 0.7 0.423 0.831
 Day 7 2 (2–3) 2 (1–4) 0.1 − 0.7 to 0.9 0.407 0.836

Outcome variable Rib fixation for multiple rib fractures

In-hospital complications (n, %) Nonoperative* Rib fixation* OR 95% CI SE p value

ARDS 0.6 (1.1) 0 (0.0) NA 0 to Inf NA NA
Tracheostomy 0.6 (1.2) 3 (5.7) NA 0 to Inf NA NA
Pneumonia 9.0 (17.1) 14.0 (26.4) 1.8 0.6 to 5.5 0.573 0.313
Pleural effusion 1.3 (2.5) 2 (3.8) NA 0 to Inf NA NA
Pneumothorax 1.6 (3) 2 (3.8) NA 0 to Inf NA NA
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Other complication 13.5 (25.6) 19.9 (37.7) 1.8 0.7 to 4.8 0.501 0.248
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Follow-up 1 year
EQ5D-5L index value, mean ± SD 0.81 ± 0.2 0.73 ± 0.2 − 0.09 − 0.2 to 0.0 0.049 0.043
EQ5D-5L VAS, mean ± SD 74.1 ± 19 72.6 ± 16 − 3.7 − 12.6 to 5.1 3.806 0.454
MMRC, median (IQR) 0 (0–1) 0 (0–1) 0.1 − 0.2 to 0.5 0.185 0.409

https://doi.org/10.1007/s00068-022-02093-9
http://www.next-studygroup.org


	 R. J. Hoepelman et al.

1 3

statistical reports and tables) in the study and can take responsibility for 
the integrity of the data and the accuracy of the data analysis.

Declarations 

Conflict of interest  The authors have no conflicts of interest to declare.

Ethical approval  The regional Medical Research Ethics Committee 
UMC Utrecht approved a waiver of consent (reference number WAG/
mb/17/024787 and METC protocol number 17–544/C). The study 
was conducted according to the Declaration of Helsinki. Patients were 
fully informed of the purpose and procedures of the study, and signed 
informed consent was obtained in agreement with the General Data 
Protection Regulation.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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 http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Peek J, Ochen Y, Saillant N, Groenwold RHH, Leenen LPH, 
Uribe-Leitz T, et al. Traumatic rib fractures: a marker of severe 
injury. A nationwide study using the National Trauma Data Bank. 
Trauma Surg Acute Care Open. 2020;5: e000441. https://​doi.​org/​
10.​1136/​tsaco-​2020-​000441.

	 2.	 Peek J, Beks RB, Hietbrink F, de Jong MB, Heng M, Beeres FJP, 
et al. Epidemiology and outcome of rib fractures: a nationwide 
study in the Netherlands. Eur J Trauma Emerg Surg. 2020. https://​
doi.​org/​10.​1007/​s00068-​020-​01412-2.

	 3.	 Kane ED, Jeremitsky E, Pieracci FM, Majercik S, Doben AR. 
Quantifying and exploring the recent national increase in sur-
gical stabilization of rib fractures. J Trauma Acute Care Surg. 
2017;83:1047–52.

	 4.	 Pieracci FM, Majercik S, Ali-Osman F, Ang D, Doben A, Edwards 
JG, et al. Consensus statement: surgical stabilization of rib frac-
tures rib fracture colloquium clinical practice guidelines. Injury. 
2017;48:307–21.

	 5.	 Beks RB, Peek J, de Jong MB, Wessem KJP, Öner CF, Hietbrink 
F, et al. Fixation of flail chest or multiple rib fractures: current evi-
dence and how to proceed. A systematic review and meta-analysis. 
Eur J Trauma Emerg Surg. 2019;45:631–44. https://​doi.​org/​10.​
1007/​s00068-​018-​1020-x.

	 6.	 Wijffels MME, Prins JTH, Perpetua Alvino EJ, van Lieshout 
EMM. Operative versus nonoperative treatment of multiple sim-
ple rib fractures: a systematic review and meta-analysis. Injury. 
2020;51:2368–78. https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​
S0020​13832​03056​84.

	 7.	 Pieracci FM, Leasia K, Bauman Z, Eriksson EA, Lottenberg L, 
Majercik S, et al. A multicenter, prospective, controlled clini-
cal trial of surgical stabilization of rib fractures in patients with 

severe, nonflail fracture patterns (Chest Wall Injury Society NON-
FLAIL). J Trauma Acute Care Surg. 2020;88:249–57.

	 8.	 Axelrod D, Trask K, Buckley RE, Johal H. The Canadian ortho-
paedic trauma society. Bone Jt J. 2021;103-B:898–901. https://​
doi.​org/​10.​1302/​0301-​620X.​103B5.​BJJ-​2020-​2245.

	 9.	 Beks RB, de Jong MB, Sweet A, Peek J, van Wageningen B, 
Tromp T, et al. Multicentre prospective cohort study of nonop-
erative versus operative treatment for flail chest and multiple rib 
fractures after blunt thoracic trauma: study protocol. BMJ Open. 
2019;9: e023660. https://​doi.​org/​10.​1136/​bmjop​en-​2018-​023660.

	10.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Van-
denbroucke JP. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: guidelines for 
reporting observational studies. J Clin Epidemiol. 2008;61:344–9.

	11.	 Gunning AC, Lansink KWW, van Wessem KJP, Balogh ZJ, 
Rivara FP, Maier RV, et al. Demographic patterns and outcomes 
of patients in level I trauma centers in three international trauma 
systems. World J Surg. 2015;39:2677–84. https://​doi.​org/​10.​1007/​
s00268-​015-​3162-x.

	12.	 The Natural Experiments Study Group. (cited 2022 Aug 1). www.​
next-​study​group.​org.

	13.	 Metsemakers WJ, Morgenstern M, McNally MA, Moriarty TF, 
McFadyen I, Scarborough M, et al. Fracture-related infection: a 
consensus on definition from an international expert group. Injury. 
2018;49:505–10. https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​
S0020​13831​73056​36.

	14.	 Sliepen J, Onsea J, Zalavras CG, Depypere M, Govaert GAM, 
Morgenstern M, et al. What is the diagnostic value of the Centers 
for Disease Control and Prevention criteria for surgical site infec-
tion in fracture-related infection? Injury. 2021;52:2879–85.

	15.	 Onsea J, van Lieshout EMM, Zalavras C, Sliepen J, Depypere 
M, Noppe N, et al. Validation of the diagnostic criteria of the 
consensus definition of fracture-related infection. Injury. 2022.

	16.	 Hulsmans MHJ, van Heijl M, Houwert RM, Hammacher ER, Mey-
laerts SAG, Verhofstad MHJ, et al. High irritation and removal 
rates after plate or nail fixation in patients with displaced midshaft 
clavicle fractures. Clin Orthop Relat Res. 2017;475:532–9.

	17.	 Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Cald-
well E, Fan E, et al. Acute respiratory distress syndrome: the Ber-
lin definition. JAMA. 2012;307:2526–33.

	18.	 Rabin R, de Charro F. EQ-SD: a measure of health status from the 
EuroQol Group. www.​annrn​ed.​org

	19.	 Rajala K, Lehto JT, Sutinen E, Kautiainen H, Myllärniemi M, 
Saarto T. mMRC dyspnoea scale indicates impaired quality of life 
and increased pain in patients with idiopathic pulmonary fibro-
sis. ERJ Open Res. 2017;3:00084–2017. https://​doi.​org/​10.​1183/​
23120​541.​00084-​2017.

	20.	 Velasquez M, Ordoñez CA, Parra MW, Dominguez A, Puyana JC. 
Operative versus nonoperative management of multiple rib frac-
tures. Am Surg. 2016;82:103–5. https://​doi.​org/​10.​1177/​00031​
34816​08200​502.

	21.	 Wu W-M, Yang Y, Gao Z-L, Zhao T-C, He W-W. Surgical treat-
ment or conservative treatment? Int J Clin Exp Med. 2015. www.​
ijcem.​com/

	22.	 Fitzgerald MT, Ashley DW, Abukhdeir H, Christie DB. Rib frac-
ture fixation in the 65 years and older population: a paradigm shift 
in management strategy at a level I trauma center. J Trauma Acute 
Care Surg. 2017;82:524–7.

	23.	 R Core Team. R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna. 2020. 
[cited 2022 Mar 3]. http://​www.r-​proje​ct.​org/​index.​html.

	24.	 Dekkers OM, Groenwold RHH. When observational studies can 
give wrong answers: the potential of immortal time bias. Eur J 
Endocrinol. 2021;184:E1–4. http://​www.​ncbi.​nlm.​nih.​gov/​pub-
med/​33112​276.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/tsaco-2020-000441
https://doi.org/10.1136/tsaco-2020-000441
https://doi.org/10.1007/s00068-020-01412-2
https://doi.org/10.1007/s00068-020-01412-2
https://doi.org/10.1007/s00068-018-1020-x
https://doi.org/10.1007/s00068-018-1020-x
https://linkinghub.elsevier.com/retrieve/pii/S0020138320305684
https://linkinghub.elsevier.com/retrieve/pii/S0020138320305684
https://doi.org/10.1302/0301-620X.103B5.BJJ-2020-2245
https://doi.org/10.1302/0301-620X.103B5.BJJ-2020-2245
https://doi.org/10.1136/bmjopen-2018-023660
https://doi.org/10.1007/s00268-015-3162-x
https://doi.org/10.1007/s00268-015-3162-x
http://www.next-studygroup.org
http://www.next-studygroup.org
https://linkinghub.elsevier.com/retrieve/pii/S0020138317305636
https://linkinghub.elsevier.com/retrieve/pii/S0020138317305636
http://www.annrned.org
https://doi.org/10.1183/23120541.00084-2017
https://doi.org/10.1183/23120541.00084-2017
https://doi.org/10.1177/000313481608200502
https://doi.org/10.1177/000313481608200502
http://www.ijcem.com/
http://www.ijcem.com/
http://www.r-project.org/index.html
http://www.ncbi.nlm.nih.gov/pubmed/33112276
http://www.ncbi.nlm.nih.gov/pubmed/33112276


Non‑operative vs. operative treatment for multiple rib fractures after blunt thoracic trauma:…

1 3

	25.	 Pieracci FM, Coleman J, Ali-Osman F, Mangram A, Majercik S, 
White TW, et al. A multicenter evaluation of the optimal timing of 
surgical stabilization of rib fractures. J Trauma Acute Care Surg. 
2018;84:1–10.

	26.	 Kane ED, Jeremitsky E, Bittner KR, Kartiko S, Doben AR. Surgi-
cal stabilization of rib fractures: a single institution experience. J 
Am Coll Surg. 2018;226:961–6.

	27.	 Chen Zhu R, de Roulet A, Ogami T, Khariton K. Rib fixation 
in geriatric trauma: mortality benefits for the most vulnerable 
patients. J Trauma Acute Care Surg. 2020;89:103–10.

	28.	 Desborough JP. The stress response to trauma and surgery. Br J 
Anaesth. 2000. https://​doi.​org/​10.​1093/​bja/​85.1.​109.

	29.	 Beks RB, Reetz D, de Jong MB, Groenwold RHH, Hietbrink 
F, Edwards MJR, et al. Rib fixation versus non-operative treat-
ment for flail chest and multiple rib fractures after blunt thoracic 
trauma: a multicenter cohort study. Eur J Trauma Emerg Surg. 
2019;45:655–63.

	30.	 Hoepelman RJ, Beeres FJP, Heng M, Knobe M, Link B-C, Min-
ervini F, et al. Rib fractures in the elderly population: a systematic 
review. Arch Orthop Trauma Surg. 2022. https://​doi.​org/​10.​1007/​
s00402-​022-​04362-z.

	31.	 Versteegh MM, Vermeulen KM, Evers SMAA, de Wit GA, 
Prenger R, A. Stolk E. Dutch tariff for the five-level version of 
EQ-5D. Value Health. 2016;19:343–52. https://​linki​nghub.​elsev​
ier.​com/​retri​eve/​pii/​S1098​30151​60000​97.

	32.	 van der Vliet QMJ, Bhashyam AR, Hietbrink F, Houwert RM, 
Öner FC, Leenen LPH. Routine incorporation of longer-term 
patient-reported outcomes into a Dutch trauma registry. Qual Life 
Res. 2019;28:2731–9.

	33.	 Pieracci FM, Lin Y, Rodil M, Synder M, Herbert B, Tran DK, 
et al. A prospective, controlled clinical evaluation of surgical 
stabilization of severe rib fractures. J Trauma Acute Care Surg. 
2016;80:187–94. https://​journ​als.​lww.​com/​01586​154-​20160​
2000-​00001.

	34.	 Bulger EM, Arneson MA, Mock CN, Jurkovich GJ. Rib fractures 
in the elderly. J Trauma Injury Infect Critical Care. 2000. https://​
doi.​org/​10.​1097/​00005​373-​20000​6000-​00007.

	35.	 Hietbrink F, Houwert RM, van Wessem KJP, Simmermacher 
RKJ, Govaert GAM, de Jong MB, et al. The evolution of trauma 
care in the Netherlands over 20 years. Eur J Trauma Emerg Surg. 
2020;46:329–35.

	36.	 Austin PC. An introduction to propensity score methods for reduc-
ing the effects of confounding in observational studies. Multivari-
ate Behav Res. 2011;46:399–424. http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​21818​162.

	37.	 Steinhausen E, Bouillon B, Rixen D. Are large fracture trials really 
possible? What we have learned from the randomized controlled 
damage control study? Eur J Trauma Emerg Surg. 2018;44:917–
25. https://​doi.​org/​10.​1007/​s00068-​017-​0891-6.

	38.	 Houwert RM, Beks RB, Dijkgraaf MGW, Roes KCB, Öner FC, 
Hietbrink F, et al. Study methodology in trauma care: towards 
question-based study designs. Eur J Trauma Emerg Surg. 
2021;47:479–84.

	39.	 Jeray KJ, Tanner S, Schemitsch EH, Bhandari M. Are large frac-
ture trials possible? J Orthopaedic Trauma. 2010;24:S87–92. 
https://​journ​als.​lww.​com/​00005​131-​20100​3001-​00018.

https://doi.org/10.1093/bja/85.1.109
https://doi.org/10.1007/s00402-022-04362-z
https://doi.org/10.1007/s00402-022-04362-z
https://linkinghub.elsevier.com/retrieve/pii/S1098301516000097
https://linkinghub.elsevier.com/retrieve/pii/S1098301516000097
https://journals.lww.com/01586154-201602000-00001
https://journals.lww.com/01586154-201602000-00001
https://doi.org/10.1097/00005373-200006000-00007
https://doi.org/10.1097/00005373-200006000-00007
http://www.ncbi.nlm.nih.gov/pubmed/21818162
http://www.ncbi.nlm.nih.gov/pubmed/21818162
https://doi.org/10.1007/s00068-017-0891-6
https://journals.lww.com/00005131-201003001-00018

	Non-operative vs. operative treatment for multiple rib fractures after blunt thoracic trauma: a multicenter prospective cohort study
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Study design
	Patients
	Interventions
	Outcomes
	Patient characteristics
	Sample size and statistical analyses

	Results
	Patients
	Primary outcome
	Secondary outcomes
	Subgroup and sensitivity analyses

	Discussion
	Acknowledgements 
	References




