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Abstract: Rib fractures (RF) are a common injury that cause significant morbidity and mortality,
especially in geriatric patients. RF fixation could shorten hospital stay and improve survival. The
aim of this retrospective study was to evaluate the clinical impact and proper surgical timing of
RF fixation in geriatric patients. We reviewed all the medical data of patients older than 16 years
old with RF from the trauma registry database between January 2017 and December 2019 in Chang
Gung Memorial Hospital. A total of 1078 patients with RF were enrolled, and 87 patients received RF
fixation. The geriatric patients had a higher chest abbreviated injury scale than the non-geriatric group
(p = 0.037). Univariate analysis showed that the RF fixation complication rates were significantly
related to the injury severity scores (Odds ratio 1.10, 95% CI 1.03–1.20, p = 0.009) but not associated
with age (OR 0.99, 95% CI 0.25–3.33, p = 0.988) or the surgical timing (OR 2.94, 95% CI 0.77–12.68,
p = 0.122). Multivariate analysis proved that only bilateral RF was an independent risk factor of
complications (OR 6.60, 95% CI 1.38–35.54, p = 0.02). RF fixation can be postponed for geriatric
patients after they are stabilized and other lethal traumatic injuries are managed as a priority.

Keywords: rib fracture; rib fixation; geriatric; chest trauma

1. Introduction

Rib fractures (RF) after chest wall trauma are a common injury [1]. However, RF could
lead to significant morbidity, mortality, and even long-term disabilities [2,3]. Previous
treatment options were limited to conservative management such as analgesia, pulmonary
toilet, and oxygen support in order to wait enough time for wound healing [4]. Meanwhile,
some investigations found that stabilization of the chest wall would contribute to decreasing
the length of hospital and intensive care unit (ICU) stay among RF patients [5–7]. Currently,
there is growing evidence supporting the idea that RF fixation helps to improve patients’
survival and accelerate the time of return to a normal functional state. RF fixation was
also thought to have promising benefits in terms of less narcotics use, the avoidance of
tracheostomy, and a better quality of life [7,8].

Geriatric patients who are over 65 years old have been well documented to have a poor
prognosis of RF with higher mortality and pneumonia rates than other age groups [2,9,10].
Nevertheless, there have been few studies dedicated to investigating the impact of RF
fixation on the geriatric population [4]. Although some investigations demonstrated im-
provement in mortality and pneumonia rates after RF fixation [7,8], these data were from
relatively small case numbers and did not analyze the outcomes of the senior population
specifically. With the development of plating systems for RF fixation and chest wall stabi-
lization, the practice paradigm for RF management is shifting, and operative intervention
is available at present [11]. Unlike young adults, geriatric patients with chronic disorders
elevated the surgical risk to decrease the benefit of RF fixation [2,11,12]. Furthermore,
the absolute surgical timing [13–15] and selection criteria [6,15–17] for this procedure re-
mained uncertain. Previous literature reviews recommended early surgical fixation within
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3 days after injury [18]. However, traumatic patients usually had more fatal diseases that
needed to be dealt with as a priority, which postponed RF fixation after 3 days. In this
study, we aimed to evaluate the clinical impact and proper surgical timing of RF fixation in
geriatric patients.

2. Materials and Methods
2.1. Study Design and Case Definition

We collected prospective data using a trauma registry at Chang Gung Memorial Hos-
pital (CGMH), Linkou, Taiwan, which is a Level I trauma center in Taiwan that treats
approximately 3500 trauma patients annually. Demographic data, medical history, pe-
rioperative management, treatment outcomes, and information of complications were
prospectively recorded into a computerized database. We retrospectively reviewed all
patients older than 16 years old with RF from the trauma registry database between January
2017 and December 2019 in CGMH. Case enrollment was according to the International
Classification of Diseases, tenth Revision, Clinical Modification (ICD-10-CM) codes (901.0,
901.2, 902.0, and 902.1). This study was approved by the Internal Review Board of CGMH
(202001578B0). Our team also used the same database and published another topic entitled
“The Feasibility and Efficiency of Remote Spirometry System on the Pulmonary Function
for Multiple Ribs Fracture Patients” [19].

All participants enrolled in this study were managed by a trauma team when they
arrived at the emergency room through discharge from the hospital. They also received
outpatient department follow-up after discharge. Patients without a definitive diagnosis
of rib fracture or with a lost follow-up were excluded from our study. Participants above
65 years old belonged to the geriatric group, and those younger 65 years old were the
non-geriatric group. Body mass index (BMI) > 27 was classified as obesity according to
the definition from the Health Promotion Administration in Taiwan. We collected the
demographic data and severity evaluation scores including the revised trauma score (RTS),
abbreviated injury scale (AIS), injury severity score (ISS), new injury severity score (NISS),
and trauma injury severity score (TRISS). We used chest computed tomography for the
detection of RF. Both the preoperative and postoperative chest plain films were collected
for further analysis (Figure 1).
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Figure 1. The posteroanterior chest plain films of the multiple ribs fracture of one geriatric patient. (a) 

Geriatric patient suffering from left multiple ribs fracture with hemothorax and chest tube insertion. 

(b) After rib fixation with plates, the thoracic cage was reconstructed and the lung expanded well. 

Preoperative evaluations such as fractured rib number, location, associated pulmo-

nary complications, therapeutic procedures, and surgical timing after trauma were all 

Figure 1. The posteroanterior chest plain films of the multiple ribs fracture of one geriatric pa-
tient. (a) Geriatric patient suffering from left multiple ribs fracture with hemothorax and chest
tube insertion. (b) After rib fixation with plates, the thoracic cage was reconstructed and the lung
expanded well.

Preoperative evaluations such as fractured rib number, location, associated pulmonary
complications, therapeutic procedures, and surgical timing after trauma were all reviewed.
Postoperative conditions including recovery, complications, length of ICU stay (ICU
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LOS), length of hospital stay (HLOS), necessary tracheostomy, sequelae, and mortality
were recorded.

Multiple ribs fracture is defined as at least three displaced rib fractures. We used
oral analgesics with acetaminophen plus long-acting non-steroidal anti-inflammatory
drugs for the initial pain control therapy. Morphine injection would be given every 4 h
if needed. If a patient asked for morphine injection for more than three doses in one day,
oral opioid medication would be added. We further considered intercostal nerve block
for pain control if the visual analogue scale of the pain score was persistently at least four
or if morphine infection was still required for more than three doses in one day. Patient-
controlled analgesia was the last step when all the pain management strategies failed. Flail
chest and multiple displaced RF with a failure of pain control were the two indications of
RF fixation in this study. We performed an exploratory thoracoscope to evaluate the pleural
cavity and then fixed and plated the ribs. The early RF fixation group was defined as
receiving operative intervention within 5 days, and the deferred group patients underwent
RF fixation 5 days after RF. The RF fixation was performed by the same team using the
same protocols.

2.2. Statistical Analysis

Pearson’s X2 test and Fisher’s exact test were used to compare categorical variables.
Quantitative variables were compared by the Mann–Whitney U test. The risk factor
analysis of complication was performed using univariate logistic regression and backward
stepwise logistic regression. All statistical analyses were performed with R 3.6.3 with
the packages “tableone”, “finalfit”, and “MASS”. A value of p < 0.05 was considered
statistically significant.

3. Results
3.1. Demographic Data

During the study period, a total of 1078 patients with RF were admitted to our hospital.
Overall, 87 patients received RF fixation, and the other patients underwent conservative
management (Table 1). The study diagram is presented in Figure 2.
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Figure 2. The study diagram of the enrollment of rib fracture patients.

Males accounted for 71.3% (n = 62) of the participants, and 32.2% (n = 28) were obese.
The overall median age was 56 years. The causes of injury included motor vehicle collisions
(66.7%, n = 58), falls (31.0%, n = 27), and crushing (2.3%, n = 2). The median scores of ISS,
NISS, and TRISS were 20, 24, and 0.94, respectively. A total of 12.6% (n = 11) of patients
had bilateral rib fractures. The median number of fractured ribs was 6, and 49 patients had
flail segment fracture at arrival. There were 25 geriatric patients (28.7%), with a median age
of 70 years old. Compared with the non-geriatric group, the geriatric patients presented
with higher chest AIS (p = 0.037). The geriatric patients also had higher rates of rib fracture
with flail segments than the non-geriatric group (76% versus 48.4%, p = 0.031), which
might be related to the osteoporosis of aging. RF fixation was also performed in some
severe-head-injury patients, and 16.1% (n = 14) of patients had a head AIS of 3.



J. Pers. Med. 2022, 12, 1567 4 of 8

Table 1. The overall demographics and a comparison between the geriatric population and the
non-geriatric population (n = 87).

Total Non-Geriatric Geriatric
p-Value †

(n = 87) (n = 62, 71.3%) (n = 25, 28.7%)

Demographic data
Gender 0.794

Male (n, %) 62, 71.3% 45, 72.6% 17, 68.0%
Female (n, %) 25, 28.7% 17, 27.4% 8, 32.0%

Age (median, IQR) 56.00 [51.00, 66.00] 54.00 [47.00, 57.75] 70.00 [67.00, 73.00] <0.001 *
Body weight (median, IQR) 68.00 [60.00, 74.85] 70.00 [60.12, 77.93] 65.00 [58.00, 70.50] 0.117

BMI (median, IQR) 25.30 [22.75, 27.65] 25.40 [22.40, 28.32] 25.10 [23.20, 26.20] 0.318
Obesity (n, %) 28, 32.2% 23, 37.1% 5, 20.0% 0.138

Mechanism 0.898
Traffic accident (n, %) 58, 66.7% 40, 64.5% 18, 72.0%

Fall (n, %) 27, 31.0% 20, 32.3% 7, 28.0%
Blunt injury(n, %) 2, 2.3% 2, 3.2% 0, 0.0%
ISS (median, IQR) 20.00 [16.00, 29.00] 20.00 [16.00, 28.50] 20.00 [16.00, 29.00] 0.292

NISS (median, IQR) 24.00 [16.50, 34.00] 24.00 [17.00, 33.50] 24.00 [16.00, 34.00] 0.880
TRISS (median, IQR) 0.94 [0.89, 0.97] 0.96 [0.90, 0.99] 0.92 [0.85, 0.94] 0.010 *
Head AIS ≥ 3 (n, %) 14, 16.1% 9, 14.5% 5, 20.0% 0.532

Chest AIS (median, IQR) 4.00 [4.00, 4.00] 4.00 [3.00, 4.00] 4.00 [4.00, 4.00] 0.037 *
Non-chest highest AIS (median, IQR) 2.00 [1.00, 3.00] 2.00 [1.00, 3.00] 2.00 [1.00, 3.00] 0.798

Trauma pattern
Rib fracture with flail segments 0.031 *

Yes (n, %) 49, 56.3% 30, 48.4% 19, 76.0%
No (n, %) 38, 43.7% 32, 51.6% 6, 24.0%

Lung contusion (n, %) 40, 46.0% 27, 43.5% 15, 60.0% 0.488
Pneumothorax (n, %) 36, 41.4% 26, 41.9% 10, 40.0% 1.000
Hemothorax (n, %) 79, 90.8% 54, 87.1% 25, 100.0% 0.099

Bilateral rib fractures (n, %) 11, 12.6% 8, 12.9% 3, 12.0% 1.000
No. of fracture ribs (median, IQR) 6.00 [5.00, 8.00] 6.00 [5.00, 8.00] 7.00 [5.00, 8.00] 0.278
No. of fracture sites (median, IQR) 8.00 [5.00, 11.00] 7.00 [5.00, 10.00] 10.00 [6.00, 13.00] 0.049 *

Pre-op ventilator usage (n, %) 14, 16.1% 10, 16.1% 4, 16.0% 1.000
Post-op ventilator usage (n, %) 33, 37.9% 22, 35.5% 11, 44.0% 0.474

Injury to operation (days, median, IQR) 5.00 [3.00, 6.00] 5.00 [3.00,6.00] 5.00 [3.00,6.00] 0.581

† statistical comparison between non-geriatric ground and geriatric group. * statistical significance. BMI, body
mass index; ISS, injury severity score; NISS, new injury severity score; TRISS, trauma injury severity score; AIS,
abbreviated injury scale; IQR, interquartile range; ICU, intensive care unit.

3.2. The Clinical Effect of Rib Fracture Fixation

The median number of days to receive RF fixation was 5.1 days. The majority of
participants had early RF surgery. A total of 16 (64%) geriatric patients underwent early
surgery within 5 days, while others received late surgery 5 days after RF. There was no
mortality among geriatric patients. Only one non-geriatric patient (1.15%) died due to
sepsis with multiorgan failure one month after RF fixation. The median hospital length
of stay was 12 days, with no significant difference between the geriatric and non-geriatric
groups (p = 0.454). Overall, 39.1% of patients need ICU admission. Geriatric patients had
higher ICU admission rates, but the ICU length of stay and the complication rates were
similar to those of the non-geriatric group (Table 2).
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Table 2. The overall outcome of rib fracture fixation surgery in the geriatric and non-geriatric groups
(n = 87).

Total Non-Geriatric Geriatric
p Value †

(n = 87) (n = 62, 71.3%) (n = 25, 28.7%)

Surgical timing 1
Early surgery (n, %) 56, 64.4% 40, 64.5% 16, 64.0%
Late surgery (n, %) 31, 35.6% 22, 35.5% 9, 36.0%

Mortality (n, %) 1, 1.1% 1, 1.6% 0, 0.0% 1
Length of stay (days, median, IQR) 12.00 [10.00, 15.00] 11.00 [9.25, 14.00] 12.00 [10.00, 17.00] 0.454

ICU admission 0.630
Yes (n, %) 34, 39.1% 23, 37.1% 11, 44.0%
No (n, %) 53, 60.9% 39, 62.9% 14, 56.0%

ICU length of stay (days, median, IQR) 5.00 [3.00,10.00] 7.00 [3.00, 10.00] 3.00 [2.00, 10.00] 0.745
Ventilatory days (days, median, IQR) 4.00 [2.00,7.00] 4.00 [1.00, 13.00] 3.00 [1.00, 8.00] 0.628
Chest tube days (days, median, IQR) 7.00 [4.00,11.75] 7.00 [4.00, 11.75] 9.00 [4.00, 12.00] 0.895

Complications (n, %) 14, 16.1% 10, 16.1% 4, 16.0% 1

† statistical comparison between the non-geriatric group and geriatric group. ICU, intensive care unit; IQR,
interquartile range.

3.3. Risk Factors Associated with Postoperative Complications

A total of 14 (16.1%) patients had postoperative complications, including 9 (64%) with
hospital-acquired pneumonia, 1 (7%) with pneumothorax, 1 (7%) with intractable pain, 1
(7%) with wound infection, and 2 (15%) with cerebral vascular accidents. The risk factors
analysis of complications is shown in Table 3. Univariate analysis showed that the ISS, the
NISS, the TRISS, the number of fractured ribs, the number of fracture sites, and bilateral RF
were significant risk factors. On the other hand, age (OR 0.99, 95% CI 0.25–3.33, p = 0.988)
and surgical timing (OR 2.94, 95% CI 0.77–12.68, p = 0.122) did not increase the risk of
postoperative complications. Further backward stepwise regression showed that only
bilateral RF was an independent risk factor of complications (OR 6.60, 95% CI 1.38–35.54,
p = 0.02).

Table 3. The risk factors regarding complications with univariate and multivariate regression analyses.

No Complication
(n = 73)

With Complication
(n = 14)

Univariate
OR (95% CI, p-Value)

Multivariate †
OR (95% CI, p-Value)

Age group
Geriatric (n, %) 21, 28.8% 4, 28.6% 0.99 (0.25–3.33, p = 0.988)

Non-geriatric (n, %) 52, 71.2% 10, 71.4% 1
Gender

Male (n, %) 20, 27.4% 5, 35.7% 1.47 (0.41–4.82, p = 0.530)
Female (n, %) 53, 72.6% 9, 64.3% 1

Obesity 25, 89.3% 3, 10.7% 0.52 (0.11–1.86, p = 0.353)
ISS (median, IQR) 20.00 [16.00, 24.00] 29.00 [21.25, 34.00] 1.12 (1.04–1.21, p = 0.003 *)

NISS (median, IQR) 24.00 [16.00, 29.00] 33.50 [24.25, 41.00] 1.09 (1.03–1.16, p = 0.003 *) 1.06 (1.00–1.13, p = 0.071)
TRISS

(median, IQR) 0.96 [0.92, 0.98] 0.85 [0.65, 0.91] 0.01 (0.00–0.23, p = 0.010 *)

No. of fracture ribs
(median, IQR) 6.00 [5.00, 8.00] 8.00 [6.25, 11.75] 1.26 (1.05–1.52, p = 0.014 *)

No. of fracture sites
(median, IQR) 7.00 [5.00, 11.00] 10.50 [7.50, 14.75] 1.14 (1.02–1.29, p = 0.024 *)

Bilateral rib
fractures 5, 45.5% 6, 54.5% 10.20 (2.55–43.63, p = 0.001 *) 6.60 (1.38–35.54, p = 0.020 *)

Head AIS ≥ 3 10, 71.4% 4, 28.6% 2.52 (0.60–9.29, p = 0.176)
Late surgery 23, 74.2% 8, 25.8% 2.90 (0.91–9.74, p = 0.074) 2.94 (0.77–12.68, p = 0.122)

* statistical significance. † statistical comparison between no complication ground and complication group.
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4. Discussion

Early RF fixation could reduce complications, improve pulmonary function, and
shorten the HLOS. However, severe trauma-associated injuries usually limit the possibility
of early operative intervention for RF. In this study, we provided evidence that delayed RF
fixation after 5 days did not lead to a poorer outcome in geriatric patients. No patient needed
further tracheostomy or other ventilation assistance after RF fixation. Some publications
consistently found that age was not a risk factor for poor prognosis after RF fixation [20].

In the past decades, a minority of surgeons recognized that selected patients with flail
chests received a benefit from surgical fixation. However, only sporadic series of RF fixation
utilizing various techniques were reported [21]. Patients with chest wall deformities were
also considered as another indication for fixation if the displaced RF or chest wall defect
was too severe to heal spontaneously [22]. With the advances of technology and material
science, increasing surgical instruments and plates were invented to change the ways to
deal with this trauma. RF fixation has become an available therapeutic option with multiple
clinical advantages for severe RF patients [5,23–25]. Surgical fixation of the fractured ribs
also ensured the restoration of the chest wall integrity and reduced chest pain, contributing
to the recovery in pulmonary function, which was necessary for adequate ventilation and
the effective clearance of airway secretions [6,26].

Nevertheless, associated traumatic injuries and underlying chronic disorders increased
the surgical risk in the geriatric population [2,12]. Some previous research even excluded the
elders in the study design to prevent further complications of RF fixation due to potential
osteoporosis [8]. Currently, more and more publications provide evidence to support early
RF fixation for geriatric patients [4,27]. Surgical fixation contributed to the earlier recovery
of pulmonary function [4]. RF fixation has also been shown to decrease the long-term
sequelae of RF such as chronic pain, chest wall stiffness, impaired breathing excursions,
and chest wall deformity [28–30]. In addition, thoracoscopic surgery combined with RF
fixation had several advantages for severe chest trauma patients [31]. Therefore, our team
also applied a thoracoscope to evacuate the hemothorax and pleural effusion during RF
fixation to reduce the possibility of lung atelectasis and defer residual pleural effusion.

The best surgical timing of RF fixation has been discussed for years, and early inter-
vention was recommended [15,27]. However, other associated traumatic injuries usually
postponed the timing for RF fixation. Delayed operation was thought to prolong ICU ad-
mission, increase ventilator-dependent days, and lead to complications such as pneumonia,
lung atelectasis, residual pleural effusion, and even mortality [32]. In this study, we found
that the main reasons for prolonged ventilator-dependent days and ICU LOS were related
to other traumatic-associated injuries rather than RF fixation complications. Therefore,
the most appropriate time for RF fixation should be when the patients received primary
resuscitation and achieved stabilization.

There were some limitations in our study. First, the mechanism of the bone healing
process was complicated. Some studies found that the irisin hormone levels and the high
mean platelet volume were associated with bone fracture [33,34]. Fractures in patients with
high mean platelet volume values were more likely to need additional surgical interven-
tions [34]. However, we did not evaluate all the associated predictors but focused mostly
on the influence of age and the severity of trauma. Further investigations are still needed
in the future. Second, this retrospective observational study was performed in one single
medical center. The surgical timing was based on the patient’s clinical condition rather than
randomly assigned, which might cause selection bias. Third, the RF fixation devices were
not covered by the National Health Insurance during the study period. Patients would
refuse this surgery because it was unaffordable. Therefore, the number of participants was
relatively small for detecting significant differences in all the variables used in the study.
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5. Conclusions

RF fixation is an appropriate therapeutic option in both geriatric and young RF patients
to improve pulmonary function, relieve pain, and maintain life quality. The surgical timing
was not a significant risk factor for increasing complication rates or worsening clinical
outcome after RF fixation in geriatric patients. Therefore, RF fixation can be postponed for
geriatric patients after they are stabilized and other lethal traumatic injuries are managed
as a priority.

Author Contributions: Conceptualization and methodology, S.-A.C.; formal analysis, C.-T.C.; data
curation, C.-A.L., L.-W.K. and C.-P.H.; writing—original draft preparation, S.-A.C.; writing—review
and editing, C.-H.O.; supervision, C.-T.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by Chang Gung Memorial Hospital, grant number CMRPG3L0211.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Chang Gung Memorial Hospital
(201900495B0).

Informed Consent Statement: Informed consent was waived by the Institutional Review Board of
Chang Gung Memorial Hospital (201900495B0).

Data Availability Statement: The data are available from the corresponding author upon reasonable
request.

Acknowledgments: We appreciate the help of all members of the Chang Gung Memorial Hospital
research program in supporting this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cameron, P.; Dziukas, L.; Hadj, A.; Clark, P.; Hooper, S. Rib Fractures in Major Trauma. ANZ J. Surg. 1996, 66, 530–534. [CrossRef]
2. Bulger, E.M.; Arneson, M.A.; Mock, C.N.; Jurkovich, G.J. Rib fractures in the elderly. J. Trauma 2000, 48, 1040–1046. [CrossRef]
3. Ziegler, D.W.; Agarwal, N.N. The morbidity and mortality of rib fractures. J. Trauma Inj. Infect. Crit. Care 1994, 37, 975–979.

[CrossRef]
4. Fitzgerald, M.T.; Ashley, D.W.; Abukhdeir, H.; Christie, D.B., 3rd. Rib fracture 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, 524–527. [CrossRef]
5. Slobogean, G.P.; MacPherson, C.A.; Sun, T.; Pelletier, M.E.; Hameed, S.M. Surgical fixation vs nonoperative management of flail

chest: A meta-analysis. J. Am. Coll Surg. 2013, 216, 302–311.e1. [CrossRef]
6. Granetzny, A.; Abd El-Aal, M.; Emam, E.; Shalaby, A.; Boseila, A. Surgical versus conservative treatment of flail chest. Evaluation

of the pulmonary status. Interact Cardiovasc. Thorac Surg. 2005, 4, 583–587. [CrossRef]
7. Fitzpatrick, D.C.; Denard, P.J.; Phelan, D.; Long, W.B.; Madey, S.M.; Bottlang, M. Operative stabilization of flail chest injuries:

Review of literature and fixation options. Eur. J. Trauma Emerg. Surg. 2010, 36, 427–433. [CrossRef]
8. Marasco, S.F.; Davies, A.R.; Cooper, J.; Varma, D.; Bennett, V.; Nevill, R.; Lee, G.; Bailey, M.; Fitzgerald, M. Prospective Randomized

Controlled Trial of Operative Rib Fixation in Traumatic Flail Chest. J. Am. Coll. Surg. 2013, 216, 924–932. [CrossRef]
9. Marini, C.P.; Petrone, P.; Soto-Sánchez, A.; García-Santos, E.; Stoller, C.; Verde, J. Predictors of mortality in patients with rib

fractures. Eur. J. Trauma Emerg. Surg. 2021, 47, 1527–1534. [CrossRef]
10. Shi, H.H.; Esquivel, M.; Staudenmayer, K.L.; Spain, A.D. Effects of mechanism of injury and patient age on outcomes in geriatric

rib fracture patients. Trauma Surg. Acute Care Open 2017, 2, e000074. [CrossRef]
11. Choi, J.; Mulaney, B.; Laohavinij, W.; Trimble, R.; Tennakoon, L.; Spain, D.A.; Salomon, J.A.; Goldhaber-Fiebert, J.D.; For-

rester, J.D. Nationwide cost-effectiveness analysis of surgical stabilization of rib fractures by flail chest status and age groups.
J. Trauma Acute Care Surg. 2021, 90, 451–458. [CrossRef]

12. Liman, S.T.; Kuzucu, A.; Tastepe, A.I.; Ulasan, G.N.; Topcu, S. Chest injury due to blunt trauma. Eur. J. Cardio-Thorac. Surg. 2003,
23, 374–378. [CrossRef]

13. Pieracci, F.M.; Coleman, J.; Ali-Osman, F.; Mangram, A.; Majercik, S.; White, T.W.; Jeremitsky, E.; Doben, A.R. A multicenter
evaluation of the optimal timing of surgical stabilization of rib fractures. J. Trauma Acute Care Surg. 2018, 84, 1–10. [CrossRef]

14. Radomski, M.; Pieracci, F. Timing of Surgical Stabilization of Rib Fractures. Curr. Surg. Rep. 2019, 7, 18. [CrossRef]
15. de Moya, M.; Nirula, R.; Biffl, W. Rib fixation: Who, What, When? Trauma Surg. Acute Care Open 2017, 2, e000059. [CrossRef]
16. Peek, J.; Beks, R.B.; Kremo, V.; van Veelen, N.; Leiser, A.; Houwert, R.M.; Link, B.C.; Knobe, M.; Babst, R.H.; Beeres, F.J.P. The

evaluation of pulmonary function after rib fixation for multiple rib fractures and flail chest: A retrospective study and systematic
review of the current evidence. Eur. J. Trauma Emerg. Surg. 2021, 47, 1105–1114. [CrossRef]

http://doi.org/10.1111/j.1445-2197.1996.tb00803.x
http://doi.org/10.1097/00005373-200006000-00007
http://doi.org/10.1097/00005373-199412000-00018
http://doi.org/10.1097/TA.0000000000001330
http://doi.org/10.1016/j.jamcollsurg.2012.10.010
http://doi.org/10.1510/icvts.2005.111807
http://doi.org/10.1007/s00068-010-0027-8
http://doi.org/10.1016/j.jamcollsurg.2012.12.024
http://doi.org/10.1007/s00068-019-01183-5
http://doi.org/10.1136/tsaco-2016-000074
http://doi.org/10.1097/TA.0000000000003021
http://doi.org/10.1016/s1010-7940(02)00813-8
http://doi.org/10.1097/TA.0000000000001729
http://doi.org/10.1007/s40137-019-0238-9
http://doi.org/10.1136/tsaco-2016-000059
http://doi.org/10.1007/s00068-019-01274-3


J. Pers. Med. 2022, 12, 1567 8 of 8

17. Tanaka, H.; Yukioka, T.; Yamaguti, Y.; Shimizu, S.; Goto, H.; Matsuda, H.; Shimazaki, S. Surgical Stabilization of Internal Pneumatic
Stabilization? A Prospective Randomized Study of Management of Severe Flail Chest Patients. J. Trauma Inj. Infect. Crit. Care
2002, 52, 727–732. [CrossRef]

18. Pieracci, F.M.; Leasia, K.; Bauman, Z.; Eriksson, E.A.; Lottenberg, L.; Majercik, S.; Powell, L.; Sarani, B.; Semon, G.; Thomas, B.;
et al. A multicenter, prospective, controlled clinical trial of surgical stabilization of rib fractures in patients with severe, nonflail
fracture patterns (Chest Wall Injury Society NONFLAIL). J. Trauma Acute Care Surg. 2019, 88, 249–257. [CrossRef]

19. Van Vledder, M.G.; Kwakernaak, V.; Hagenaars, T.; Van Lieshout, E.M.M.; Verhofstad, M.H.J.; South West Netherlands Trauma
Region Study Group. Patterns of injury and outcomes in the elderly patient with rib fractures: A multicenter observational study.
Eur. J. Trauma Emerg. Surg. 2019, 45, 575–583. [CrossRef]

20. Nirula, R.; Diaz, J.J., Jr.; Trunkey, D.D.; Mayberry, J.C. Rib fracture repair: Indications, technical issues, and future directions.
World J. Surg. 2009, 33, 14–22. [CrossRef]

21. Moore, B.P.; Grillo, H.C. Operative stabilization of nonpenetrating chest injuries. J. Thorac. Cardiovasc. Surg. 1975, 70, 619–630.
[CrossRef]

22. Leinicke, J.A.; Elmore, L.; Freeman, B.D.; Colditz, G.A. Operative management of rib fractures in the setting of flail chest: A
systematic review and meta-analysis. Ann. Surg. 2013, 258, 914–921. [CrossRef]

23. Dehghan, N.; de Mestral, C.; McKee, M.D.; Schemitsch, E.H.; Nathens, A. Flail chest injuries: A review of outcomes and treatment
practices from the National Trauma Data Bank. J. Trauma Acute Care Surg. 2014, 76, 462–468. [CrossRef]

24. Coary, R.; Skerritt, C.; Carey, A.; Rudd, S.; Shipway, D. New horizons in rib fracture management in the older adult. Age Ageing
2019, 49, 161–167. [CrossRef]

25. Lardinois, D.; Krueger, T.; Dusmet, M.; Ghisletta, N.; Gugger, M.; Ris, H.-B. Pulmonary function testing after operative stabilisation
of the chest wall for flail chest. Eur. J. Cardio-Thorac. Surg. 2001, 20, 496–501. [CrossRef]

26. 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. [CrossRef]

27. Mayberry, J.C.; Kroeker, A.D.; Ham, L.B.; Mullins, R.J.; Trunkey, D.D. Long-term morbidity, pain, and disability after repair of
severe chest wall injuries. Am. Surg. 2009, 75, 389–394. [CrossRef] [PubMed]

28. Shelat, V.G.; Eileen, S.; John, L.; Teo, L.T.; Vijayan, A.; Chiu, M.T. Chronic pain and its impact on quality of life following a
traumatic rib fracture. Eur. J. Trauma Emerg. Surg. 2012, 38, 451–455. [CrossRef]

29. Gordy, S.; Fabricant, L.; Ham, B.; Mullins, R.; Mayberry, J. The contribution of rib fractures to chronic pain and disability.
Am. J. Surg. 2014, 207, 659–663. [CrossRef]

30. Schots, J.P.M.; Vissers, Y.L.J.; Hulsewé, K.W.E.; Meesters, B.; Hustinx, P.A.; Pijnenburg, A.; Siebenga, J.; de Loos, E.R. Addition of
Video-Assisted Thoracoscopic Surgery to the Treatment of Flail Chest. Ann. Thorac. Surg. 2017, 103, 940–944. [CrossRef]

31. Todd, S.R.; McNally, M.M.; Holcomb, J.B.; Kozar, R.A.; Kao, L.S.; Gonzalez, E.A.; Cocanour, C.S.; Vercruysse, G.A.; Lygas, M.H.;
Brasseaux, B.K.; et al. A multidisciplinary clinical pathway decreases rib fracture–associated infectious morbidity and mortality
in high-risk trauma patients. Am. J. Surg. 2006, 192, 806–811. [CrossRef] [PubMed]

32. Witt, E.C.; Bulger, E.M. Comprehensive approach to the management of the patient with multiple rib fractures: A review and
introduction of a bundled rib fracture management protocol. Trauma Surg. Acute Care Open 2017, 2, e000064. [CrossRef] [PubMed]

33. Serbest, S.; Tiftikçi, U.; Tosun, H.B.; Kısa, Ü. The Irisin Hormone Profile and Expression in Human Bone Tissue in the Bone
Healing Process in Patients. Med. Sci. Monit. 2017, 23, 4278–4283. [CrossRef] [PubMed]

34. Serbest, S.; Tiftikci, U.; Tosun, H.B.; Gumustas, S.A.; Uludag, A. Is there a relationship between fracture healing and mean platelet
volume? Ther. Clin. Risk Manag. 2016, 12, 1095–1099. [CrossRef]

http://doi.org/10.1097/00005373-200204000-00020
http://doi.org/10.1097/TA.0000000000002559
http://doi.org/10.1007/s00068-018-0969-9
http://doi.org/10.1007/s00268-008-9770-y
http://doi.org/10.1016/S0022-5223(19)40291-2
http://doi.org/10.1097/SLA.0b013e3182895bb0
http://doi.org/10.1097/TA.0000000000000086
http://doi.org/10.1093/ageing/afz157
http://doi.org/10.1016/S1010-7940(01)00818-1
http://doi.org/10.1097/TA.0000000000002666
http://doi.org/10.1177/000313480907500508
http://www.ncbi.nlm.nih.gov/pubmed/19445289
http://doi.org/10.1007/s00068-012-0186-x
http://doi.org/10.1016/j.amjsurg.2013.12.012
http://doi.org/10.1016/j.athoracsur.2016.09.036
http://doi.org/10.1016/j.amjsurg.2006.08.048
http://www.ncbi.nlm.nih.gov/pubmed/17161098
http://doi.org/10.1136/tsaco-2016-000064
http://www.ncbi.nlm.nih.gov/pubmed/29766081
http://doi.org/10.12659/MSM.906293
http://www.ncbi.nlm.nih.gov/pubmed/28869754
http://doi.org/10.2147/TCRM.S108790

	Introduction 
	Materials and Methods 
	Study Design and Case Definition 
	Statistical Analysis 

	Results 
	Demographic Data 
	The Clinical Effect of Rib Fracture Fixation 
	Risk Factors Associated with Postoperative Complications 

	Discussion 
	Conclusions 
	References

