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Abstract

Background Multiple rib fractures are associated with significant morbidity and mortality, especially in elderly patients.
There is growing interest in surgical stabilization in this subgroup of patients. This systematic review compares conservative
treatment to surgical fixation in elderly patients (older than 60 years) with multiple rib fractures. The primary outcome is
mortality. Secondary outcomes include hospital and intensive care length of stay (HLOS and ILOS), duration of mechanical
ventilation (DMV) and pneumonia rates.

Methods Multiple databases were searched for comparative studies reporting on conservative versus operative treatment
for rib fractures in patients older than 60 years. Both observational studies and randomised clinical trials were considered.
Results Five observational studies (n=2583) were included. Mortality was lower in operatively treated patients compared
to conservative treatment (4% vs. 8%). Pneumonia rate and DMV were similar (5/6% and 5.8/6.5 days) for either treatment
modality. Overall ILOS and HLOS of stay were longer in operatively treated patients (6.5 ILOS and 12.7 HLOS vs. 2.7
ILOS and 6.5 ILOS). There were only minimal reports on perioperative complications. Notably, the median number of rib
fractures (8.4 vs. 5) and the percentage of flail chest were higher in operatively treated patients (47% vs. 39%).

Conclusion It remains unknown to what extent conservative and operative treatment contribute individually to reducing
morbidity and mortality in the elderly with multiple rib fractures. To date, the quality of evidence is rather low, thus well-
performed comparative observational studies or randomised controlled trials considering all confounders are needed to
determine whether operative treatment can improve a patient’s outcome.
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Introduction

Rib fractures are a common entity among patients with
thoracic injury. Due to the optimisation of trauma care in
the last decade, overall mortality rates have dropped sig-
nificantly and currently lay around 5% to 7% in the United
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operative treatment of rib fractures include, flail chest seg-
ment, reduction of pain and disability, chest wall deform-
ity, thoracotomy and open rib fractures [8]. However, it is a
controversial topic and it remains to be seen whether these
patients benefit from surgical fixation.

A recent meta-analysis reported promising results after
operative treatment in regards to reducing mortality, pneu-
monia rate, Duration of mechanical ventilation (DMV) and
Intensive care length of stay (ILOS), however, did not spe-
cifically analyze outcomes for elderly patients [9]. Clinical
studies comparing operative treatment to conservative treat-
ment in the elderly are scarce. The few clinical studies that
have been published are relatively small and lack the power
for drawing solid conclusions. For this reason, we performed
this systematic review.

The aim of this systematic review is to compare surgical
rib fixation to conservative treatment in patients 60 years and
older with multiple rib fractures. The primary outcome is the
mortality rate. Secondary outcomes are pneumonia rates,
Hospital length of stay (HLOS), ILOS, DMV and periopera-
tive complications.

Methods

This systematic review was written according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) checklist [10]. No ethical approval was
required for this systematic review.

Search strategy and selection criteria

The PubMed/Medline, Embase, CENTRAL, and CINAHL
databases were searched on 25 May 2021, for comparative
studies reporting on conservative versus operative treatment
for rib fractures in the elderly. The search syntax is provided
in Online resources Table 1. Two reviewers (RTH, BIMvdW)
screened the title and abstract for eligibility independently.
Both randomised clinical trials and observational studies
were considered for inclusion. Both reviewers independently
performed full-text screening. Inclusion criteria were con-
servative versus operative treatment of two rib fractures or
more in elderly patients (60 years or older), reporting on
mortality rate and on secondary outcomes (pneumonia rate,
other complications, HLOS, ILOS, DMV). The cutoff point
of 60 was chosen to include a broader selection of stud-
ies. Exclusion criteria were languages other than English or
Dutch, no availability of full-text, letters, meeting proceed-
ings, and case series with fewer than ten patients. Disagree-
ments on the eligibility of full-text articles were resolved by
consensus or by a discussion with a third reviewer (FJB).
Cross referencing of all included studies was performed to
identify studies not found in the original search.

@ Springer

Data extraction and quality assessment

Two reviewers (RJH, BJMvdW) independently performed
data extraction. The following baseline characteristics
were extracted from the included studies; first author, year
of publication, study design, number of included patients,
gender, age, number of fractured ribs, flail chest percent-
age, Injury severity score (ISS) and Abbreviated injury
scale (AIS). In cases of studies that reported on the study
population of interest as part of a subgroup analysis, only
data from that particular analysis was used for the data
synthesis of the present systematic review. Two reviewers
(RJH, BJMvdW) independently assessed the methodolog-
ical quality of included studies using the Methodologi-
cal Index for Non-Randomised Studies (MINORS) [11].
Disagreements were resolved by consensus. Details on
methodological quality assessment are provided in Online
resources Table 2.

Outcomes measures

The primary outcome was the mortality rate. Secondary
outcomes include pneumonia rate, HLOS, ILOS, DMV
and all other complications. None of the included studies
specified/clearly defined pneumonia nor described other
complications using uniform definitions. Therefore, rates
were taken as reported.

Statistical analysis

Information about continuous variables was presented as
means with standard deviation (SD) or range, or infor-
mation was converted to mean and SD using the meth-
ods described in the Cochrane Handbook for Systematic
Reviews of Interventions [12]. Dichotomous variables
were presented as counts and percentages. No p-values
were calculated as this review was designed for explorative
and descriptive purposes.

For all outcomes, the weighted mean or percentage was
calculated according to the size of each study population.
All outcome variables were ordered for methodological
quality or alphabetically when equal and displayed in
tables.
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Figure 1 presents the flowchart of the literature search and
study selection. A total of five articles were included. All
articles were retrospective observational studies [13—-17].

Study characteristics

The five studies included 2583 patients; 1562 received
conservative treatment and 1021 received operative treat-
ment. Operatively treated patients were younger (71 vs.
74.9 years), had more males (68% vs. 63%) and had higher
ISS scores (16.5 vs. 14.1). Notably, a median number of
rib fractures (8.4 vs. 5) and the percentage of flail chest
were higher in operatively treated patients (47% vs. 39%)
(Table 1). Stratification for these characteristics was not pos-
sible as none of the studies reported outcomes separately for
these specific subgroups.

The studies included multi-trauma patients and patients
with isolated rib fractures. One study reported on chest AIS
and non-chest AIS, patients with Non-chest AIS >2 were
excluded [13]. Another study did not report on AIS scores,
however, did exclude patients with Head AIS > 1 or Chest
AIS <3 [15]. Two studies only included patients with three or
more rib fractures and did not further mention AIS scores [16,
17]. Two studies reported stratified ISS scores [13, 17]. Details
are available in Online resources Table 3.

Quality assessment
The details and distribution of the MINORS scores are

described in Online resources Table 4. The average MINORS
score was 13+ 1.3 (range 12-15).
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Outcomes
Mortality

All five studies (n=2583) reported on mortality. The overall
weighted mean mortality rate in operatively treated patients
was 4% versus 8% in the conservative group. (Table 1).

Secondary outcomes

Pneumonia rate, HLOS and ILOS were reported in all five
studies (n=2583). The weighted pneumonia rate was 5% in
operatively treated patients and 6% in conservatively treated
patients. HLOS and ILOS were 12.7 and 6.5 days for oper-
atively treated patients and 6.5 and 2.7 for conservatively
treated patients.

Two studies reported on the duration of mechanical ven-
tilation [13, 17]. Operatively treated patients had a DMV
of 5.8 days compared to 6.5 days in conservatively treated
patients.

Other reported complications

One study reported 7 (3.5%) versus 6 (3%) cases of pleural
effusion, 7 (3.5%) cases versus 1 (0.5%) case of atrial fibril-
lation for conservative and operative treatment respectively
[17]. There was 1 (0.5%) case of abscess and one case (0.5%)
of pneumothorax for operatively treated patients and none
for conservatively treated patients. Finally, there were two
cases of arrhythmia, one in each treatment modality.

One study reported 10 (1.3%) versus 13 (1.7%) cases of
acute respiratory distress syndrome (ARDS), 6 (0.8%) versus
12 (1.6%) cases of the decubitus ulcer, 10 (1.3%) versus 13
(1.7%) cases of sepsis and sixteen (2.1%) versus 30 (4%)
cases of venous thromboembolism (VTE) in conservatively
and operatively treated patients respectively [13].

One study reported 7 (14%) cases of pleural effusion and
19 (38%) cases of recurrent pneumothorax versus zero for
either complication in operatively treated patients [14]. No
other complications were reported.

Discussion

This systematic review of five comparative observational
studies describes outcomes of conservative and operative
treatment for rib fractures in elderly patients older than
60 years of age. Mortality was potentially lower in opera-
tively treated patients (4% vs. 8%). However, HLOS and
ILOS seem shorter in conservatively treated patients (6.5
vs. 12.7 days and 2.7 vs. 6.5 days). There were minimal

differences in pneumonia rate and DMV (5% vs. 6% and 5.8
vs. 6.5 days) between both treatment modalities and there
were only minimal reports on other perioperative complica-
tions. Results however should be interpreted taking critical
differences in baseline characteristics, described in the fol-
lowing sections, into account.

Comparison to previous literature

To our knowledge, there currently is no systematic review on
rib fractures in elderly patients. A recent systematic review
and meta-analysis were published for flail chest and multiple
rib fractures [9]. Similar to our review, they reported reduced
mortality (Risk ratio (RR) 0.41) in operatively treated
patients. However, in contrast to our systematic review,
they found a reduced pneumonia rate (RR 0.59) and shorter
ILOS in the operative group. Since this study encompasses
all adults and not just elderly, the results are only moderately
suited for comparison.

Interpretation of results

As described previously, the differences in outcomes
between the two treatment modalities found in the present
review should be viewed from a distinct perspective. Factors
such as ISS score, flail chest, number of rib fractures are
known to influence both treatment choice and development
of morbidity and mortality. As these factors differed between
both treatment groups in the present study, it is difficult to
distillate how much each factor contributed to the reported
outcomes and, as a result, the causal inference of conserva-
tive and operative treatment.

For example, ILOS and HLOS indeed were shorter
among conservatively treated patients. It is likely that the
lower ISS score, lower number of rib fractures and flail chest
among conservatively treated patients played a vital role in
the observed difference. We tried to stratify for the differ-
ences in baseline characteristics, however, this was not pos-
sible with the available data.

Interestingly, the inverse applies to mortality. Despite the
high ISS score, number of rib fractures and flail chest among
operatively treated patients, mortality was lower after opera-
tive treatment. Acute trauma and intensive care management
have drastically improved in the last decades, which has
resulted in an overall decline in mortality in trauma patients
[1, 18, 19]. It might very well be possible that the reduced
mortality rates found among operatively treated patients are
a result of these developments. To what extent the opera-
tive rib fracture treatment itself contributes to this reduction
remains unknown.

All in all, based on the results found in this study it is
difficult to determine which treatment is superior. Since it
remains unknown which patients benefit from operative

@ Springer



892

Archives of Orthopaedic and Trauma Surgery (2023) 143:887-893

treatment, especially in elderly patients, a multidisciplinary
approach is advisable [20]. The clinical outcome of patients
is dependent on multiple factors including the severity of
trauma and concomitant injuries, number of rib fractures,
type and timing of treatment and adequacy of polytrauma
care [1-3, 5, 21]. To distillate the pure contribution of
conservative and operative treatment in this multifactorial
causal relation, all these factors should be taken into account
in future studies and analyses.

Limitations

As mentioned previously, important confounders (number
of rib fractures and incidence of flail chest) were not bal-
anced equally across treatment groups, and since the defi-
nition for flail chest differed between studies, or in some
cases, was even absent, the pooling of data and performing
a meta-analysis was not feasible. Furthermore, the overall
methodological quality of included studies was poor (Online
resources Table 4). There were no randomised clinical trials
and the comparative observational studies that were included
frequently lacked clear definitions of outcomes and correc-
tion for confounders. Finally, the results are applicable to
the entire spectrum of elderly patients with rib fractures;
they give an impression of what may be expected in general
of both treatment regimes. Results cannot be used on an
individual patient level as there is much to be investigated
before hard statements can be made about whom to operate.

Conclusion

It remains unknown to what extent conservative and opera-
tive treatment contribute individually in reducing morbidity
and mortality in the elderly with multiple rib fractures. To
date quality of evidence is rather low and well-performed
comparative observational studies or randomised con-
trolled trials taking into account all described confounders
are needed to determine whether operative treatment can
improve patient outcomes. The indication for surgical treat-
ment of multiple rib fractures remains elusive in current
trauma surgery.
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Author contributions RJH and BJMW contributed to the idea, litera-
ture search, data analysis, drafting and revising the work. FIP, MK,
MH, BCL, FM, RB and RMH contributed to the idea and revising
the work.

@ Springer

Funding Open access funding provided by University of Luzern. No
funds, grants, or other support was received for this study.

Availability of data and materials The data supporting the findings
of this study are available within the article and its supplementary
materials.

Declarations

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

Ethical approval No ethics approval was required for this systematic
review.

Informed consent No consent to participate or to publish was required
for this systematic review.

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://creativecommons.org/licenses/by/4.0/.

References

1. Hietbrink F, Houwert RM, van Wessem KJP et al (2020) The
evolution of trauma care in the Netherlands over 20 years. Eur
J Trauma Emerg Surg 46:329-335. https://doi.org/10.1007/
s00068-019-01273-4

2. Peek J, Ochen Y, Saillant N et al (2020) Traumatic rib fractures:
a marker of severe injury. A nationwide study using the National
Trauma Data Bank. Trauma Surg Acute Care Open 5:¢000441.
https://doi.org/10.1136/tsaco-2020-00044 1

3. PeekJ, Beks RB, Hietbrink F et al (2020) Epidemiology and out-
come of rib fractures: a nationwide study in the Netherlands. Eur J
Trauma Emerg Surg. https://doi.org/10.1007/s00068-020-01412-2

4. Cheema FA, Chao E, Buchsbaum J, Giarra K, Parsikia A, Stone
ME, Kaban JM (2019) State of rib fracture care: a NTDB review
of analgesic management and surgical stabilization. Am Surg
85(5):474-478

5. Vana PG, Neubauer DC, Luchette FA (2014) Contemporary man-
agement of flail chest. Am Surg 80(6):527-535. https://doi.org/
10.1177/000313481408000613

6. Pieracci FM, Majercik S, Ali-Osman F, Ang D, Doben A, Edwards
JG, French B, Gasparri M, Marasco S, Minshall C, Sarani B, Tisol
W, VanBoerum DH, White TW (2017) Consensus statement: sur-
gical stabilization of rib fractures rib fracture colloquium clini-
cal practice guidelines. Injury 48(2):307-321. https://doi.org/10.
1016/j.injury.2016.11.026

7. Duong W, Grigorian A, Nahmias J et al (2020) An increasing
trend in geriatric trauma patients undergoing surgical stabiliza-
tion of rib fractures. Eur J Trauma Emerg Surg. https://doi.org/
10.1007/s00068-020-01526-7


https://doi.org/10.1007/s00402-022-04362-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00068-019-01273-4
https://doi.org/10.1007/s00068-019-01273-4
https://doi.org/10.1136/tsaco-2020-000441
https://doi.org/10.1007/s00068-020-01412-2
https://doi.org/10.1177/000313481408000613
https://doi.org/10.1177/000313481408000613
https://doi.org/10.1016/j.injury.2016.11.026
https://doi.org/10.1016/j.injury.2016.11.026
https://doi.org/10.1007/s00068-020-01526-7
https://doi.org/10.1007/s00068-020-01526-7

Archives of Orthopaedic and Trauma Surgery (2023) 143:887-893

893

10.

11.

12.

14.

15.

Lafferty PM, Anavian J, Will RE, Cole PA (2011) Operative treat-
ment of chest wall injuries: indications, technique, and outcomes.
J Bone Joint Surg Am 93(1):97-110. https://doi.org/10.2106/
JBJS.1.00696

Beks RB, Peek J, de Jong MB, Wessem KIJP, Oner CF, Hietbrink
F, Leenen LPH, Groenwold RHH, Houwert RM (2019) Fixa-
tion of flail chest or multiple rib fractures: current evidence and
how to proceed. A systematic review and meta-analysis. Eur J
Trauma Emerg Surg. 45(4):631-644. https://doi.org/10.1007/
s00068-018-1020-x

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD et al (2021) The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 372:n71. https://
doi.org/10.1136/bmj.n71

Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chip-
poni J (2003) Methodological index for non-randomized studies
(minors): development and validation of a new instrument. ANZ
J Surg 73(9):712-716. https://doi.org/10.1046/j.1445-2197.2003.
02748.x

Higgins JPT, Altman DG, Ggtzsche PC et al (2011) The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMIJ (Online). https://doi.org/10.1136/bm;j.d5928

. Chen Zhu R, de Roulet A, Ogami T, Khariton K (2020) Rib fixa-

tion in geriatric trauma: mortality benefits for the most vulnerable
patients. J Trauma Acute Care Surg 89(1):103-110. https://doi.
org/10.1097/TA.0000000000002666

Fitzgerald MT, Ashley DW, Abukhdeir H, Christie DB 3rd (2017)
Rib fracture fixation in the 65 years and older population: a para-
digm shift in management strategy at a Level I trauma center. J
Trauma Acute Care Surg 82(3):524-527. https://doi.org/10.1097/
TA.0000000000001330

Pieracci FM, Leasia K, Hernandez MC, Kim B, Cantrell E, Bau-
man Z, Gardner S, Majercik S, White T, Dieffenbaugher S, Eriks-
son E, Barns M, Benjamin Christie III D, Lasso ET, Schubl S,
Sauaia A, Doben DR (2021) Surgical stabilization of rib fractures
in octogenarians and beyond-what are the outcomes? J Trauma
Acute Care Surg 90(6):1014-1021. https://doi.org/10.1097/TA.
0000000000003140

16.

17.

18.

19.

20.

21.

Kane ED, Jeremitsky E, Bittner KR, Kartiko S, Doben AR (2018)
Surgical stabilization of rib fractures: a single institution experi-
ence. J Am Coll Surg 226(6):961-966. https://doi.org/10.1016/].
jamcollsurg.2017.11.008

Ali-Osman F, Mangram A, Sucher J, Shirah G, Johnson V, Moeser
P, Sinchuk NK, Dzandu JK (2018) Geriatric (G60) trauma patients
with severe rib fractures: is muscle sparing minimally invasive
thoracotomy rib fixation safe and does it improve post-operative
pulmonary function? Am J Surg 216(1):46-51. https://doi.org/10.
1016/j.amjsurg.2018.02.022

Jochems D, Leenen LPH, Hietbrink F, Houwert RM, van Wessem
KJP (2018) Increased reduction in exsanguination rates leaves
brain injury as the only major cause of death in blunt trauma.
Injury 49(9):1661-1667. https://doi.org/10.1016/j.injury.2018.05.
012

Lansink KW, Gunning AC, Leenen LP (2013) Cause of death and
time of death distribution of trauma patients in a level I trauma
centre in the Netherlands. Eur J Trauma Emerg Surg 39(4):375-
383. https://doi.org/10.1007/s00068-013-0278-2

Zegg M, Kammerlander C, Schmid S, Roth T, Kammerlander-
Knauer U, Gosch M, Luger TJ (2012) Multidisciplinary approach
to lifesaving measures in the elderly individuals with flail chest
injury with ORIF of rib fractures: a report of 2 cases. Geriatr
Orthop Surg Rehabil 3(4):164-166. https://doi.org/10.1177/21514
58513476297

Lin FC, Li RY, Tung YW, Jeng KC, Tsai SC (2016) Morbidity,
mortality, associated injuries, and management of traumatic rib
fractures. J Chin Med Assoc 79(6):329-334. https://doi.org/10.
1016/j.jema.2016.01.006

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.2106/JBJS.I.00696
https://doi.org/10.2106/JBJS.I.00696
https://doi.org/10.1007/s00068-018-1020-x
https://doi.org/10.1007/s00068-018-1020-x
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1097/TA.0000000000002666
https://doi.org/10.1097/TA.0000000000002666
https://doi.org/10.1097/TA.0000000000001330
https://doi.org/10.1097/TA.0000000000001330
https://doi.org/10.1097/TA.0000000000003140
https://doi.org/10.1097/TA.0000000000003140
https://doi.org/10.1016/j.jamcollsurg.2017.11.008
https://doi.org/10.1016/j.jamcollsurg.2017.11.008
https://doi.org/10.1016/j.amjsurg.2018.02.022
https://doi.org/10.1016/j.amjsurg.2018.02.022
https://doi.org/10.1016/j.injury.2018.05.012
https://doi.org/10.1016/j.injury.2018.05.012
https://doi.org/10.1007/s00068-013-0278-2
https://doi.org/10.1177/2151458513476297
https://doi.org/10.1177/2151458513476297
https://doi.org/10.1016/j.jcma.2016.01.006
https://doi.org/10.1016/j.jcma.2016.01.006

	Rib fractures in the elderly population: a systematic review
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy and selection criteria
	Data extraction and quality assessment
	Outcomes measures
	Statistical analysis

	Results
	Search
	Study characteristics
	Quality assessment

	Outcomes
	Mortality
	Secondary outcomes
	Other reported complications

	Discussion
	Comparison to previous literature
	Interpretation of results
	Limitations

	Conclusion
	References




