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What is the optimal timing to perform surgical stabilization of rib
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Abstract: The practice of surgical stabilization of rib fractures (SSRF) for severe chest wall injury has
exponentially increased over the last decade due to improved outcomes as compared to nonoperative
management. However, regarding in-hospital outcomes, the ideal time from injury to SSRF remains a matter
of debate. This review aims to evaluate and summarize currently available literature related to timing of
SSREF. Nine studies on the effect of time to SSRF were identified. All were retrospective comparative studies
with no detailed information on why patients underwent early or later SSRF. Patients underwent SSRF
most often for a flail chest or >3 displaced rib fractures. Early SSRF (<48-72 hours after admission) was
associated with shorter hospital and intensive care unit length of stay (HLOS and ICU-LOS, respectively),
duration of mechanical ventilation (DMYV), and lower rates of pneumonia, and tracheostomy as well as lower
hospitalization costs. No difference between early or late SSRF was demonstrated for mortality rate. As
compared to nonoperative management, late SSRF (>3 days after admission), was associated with similar
or worse in-hospital outcomes. The optimal time to perform SSRF in patients with severe chest wall injury
is early (<48-72 hours after admission) and associated with improved in-hospital outcomes as compared to
either late salvage or nonoperative management. These data must however be cautiously interpreted due the
retrospective nature of the studies and potential selection and attrition bias. Future research should focus on

both factors and pathways that allow patients to undergo early SSRE.
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Introduction gold standard for diagnoses and delineation of rib fractures

Thoracic trauma is the second leading cause of mortality
after head trauma and accounts for 25% of injury-related
deaths annually (1,2). Rib fractures are common and present
in 10% of trauma admissions and with rates up to 40% the
most common injury following thoracic trauma (2-5). In
addition, rib fractures are a marker of severe injury (6,7). The

is chest computed tomography (CT) which finds on average
three additional rib fractures as compared to traditional
chest radiography (8-11). Traumatic rib fractures often
occur following high-energy trauma in younger patients,
whereas more than half of elderly patients (=65 years) sustain

rib fractures after low-energy trauma such as a ground
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level fall (12,13). There is a clear association between rib
fractures and adverse outcomes. Not only the presence of
rib fractures but also an increasing number of rib fractures
is associated with mortality and pulmonary complications
such as pneumonia (4,14-18). In elderly patients this effect
is even more prominent with 2- to 5-fold higher mortality
rates as compared to younger patients with rib fractures and
an increase in the mortality rate of 19% for each additionally
fractured rib (12,19,20). Furthermore, the degree of rib
fracture dislocation has been associated with more severe
concurrent thoracic trauma such as parenchymal injuries
or pneumohemothorax, pulmonary complications and
opioid requirement (21-23). In the long-term, sustaining rib
fractures has been associated with chronic pain, disability,
and decreased quality of life (24-28). Historically, rib
fractures have been managed nonoperatively. Nonoperative
treatment includes multimodal pain management, oxygen
support or mechanical ventilation if required, and pulmonary
physical therapy such as incentive spirometry (29). Even with
improved critical care technology and widespread adoption
of adjunctive pain management techniques, outcomes after
multiple severe rib fractures have not significantly improved
over the past 15 years (30). To date, the practice of rib
fixation or surgical stabilization of rib fractures (SSRF) has
increased exponentially and is now implemented in most
international Trauma Centers (31-35). Despite increased
use, many controversies within the field of SSRF remain.
One such controversy surrounds the optimal time from
injury to surgery. Two practice management guidelines for
SSRF suggest early operative fixation to improve in-hospital
outcomes (36,37). However, literature on the optimal
timing to SSRF is scarce. This review aimed to evaluate
and summarize current available evidence related to timing
of SSRE.

SSRF

The effect of SSRF has been studied using a variety of
techniques, including wire cerclages, absorbable plates or
Judet struts, but, to date, plating the outer cortex of the
rib with bicortical screws is the most commonly employed
technique (38,39). This procedure often comprises
standardized components such as, but not limited to,
muscle sparing or minimally invasive incisions, fiberoptic
bronchoscopy, video-assisted thoracoscopic surgery (VATS),
pleural irrigation, and chest tube placement (40,41).
Simultaneously, an evolution in practice patterns has come
with the increase of the practice of SSRE. More recently,
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implementation of intra-operative cryoablation of the
intercostal nerves or complete thoracoscopic SSRF have
been described (42-44).

In trauma, the use of SSRF first established ground in the
treatment of patients with a flail chest. Several randomized
controlled trials and multiple systematic reviews and meta-
analysis have demonstrated a benefit of SSRF as compared
to nonoperative management in terms of pneumonia
rate, duration of mechanical ventilation (DMYV), hospital
and intensive care unit length of stay (HLOS and ICU-
LOS, respectively), and cost-effectiveness (45-54). As a
result, consensus guidelines by among others the Eastern
Association for the Surgery of Trauma (EAST) and the
Chest Wall Injury Society (CWIS) now recommend SSRF
in patients with a flail chest (36,37). Over the last years, the
indications for SSRF extended. For example, literature on
patients with non-flail fracture patterns shows improved
short-term outcomes associated with SSRF in these patients
with for example multiple severely dislocated rib fractures
(40,55-58). In addition, traditional contraindications for
SSRE, such as traumatic brain injury (TBI), age, or severe
pulmonary contusion, are narrowing as SSRF has been shown
to be a safe procedure in these patients and has even been
correlated with improved outcomes in select patients (59-61).
Long-term outcomes following SSRF have been studied
less commonly with studies showing long-term pulmonary
function and quality of life to recover to values within
normal, but no significant benefit has been demonstrated
compared to nonoperative management (62-66).

Theoretical rationale

In orthopedics, data supports early fracture fixation (24 to
48 hours after admission) with improved in-hospital outcomes
as compared to late fixation cohorts (67-69). In case of hip
fractures, early fixation is associated with shorter HLOS,
lower mortality, pain, and complications such as pneumonia,
pressure ulcers, and infection, which might be partially due
to earlier out of bed mobilization (68,69). In patients with
open fractures of the tibia and femur, early stabilization
is paramount to restore alignment of the limb, eliminate
movement and fracture overlap, diminish further soft-
tissue damage, and decrease the risk of bacterial spread (70).
For polytraumatized patients with pelvic, acetabulum, femur
or spine fractures, early fixation is advocated because of a
lower risk of pulmonary complications and multiple organ
failure as compared to late surgery (71). When severe head
trauma [Glasgow Coma Scale (GCS), <9] is present in
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Table 1 Contraindications to early SSRF
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1. Hemodynamic instability
Other high priority injuries (e.g., spine fractures)*

. Intracranial hypertension

. Pleural empyema

2.
3
4. Inability to properly position patient (e.g., open abdomen, pelvic fixator)
5
6

. Severe chest wall tissue loss

*, the CWIS practice management guidelines advocate for a combined approach with a spine team in those patients with spine fractures
that require operative fixation (59). SSRF, surgical stabilization of rib fractures; CWIS, Chest Wall Injury Society.

patients with major orthopedic fractures, early aggressive
stabilization of these fractures is recommended if sufficient
cerebral perfusion pressure can be maintained as this might
prevent additional secondary brain injury due to hypotension,
but available studies are of low quality (72).

The optimal timing to perform SSRF is debated, but,
in general, believed to be rather early than late in patients
without contra-indications who are deemed stable for
surgery (Zable 1). Because the ribs are intimately associated
with respiration, it is impossible to immobilize them in
an effective, nonoperative fashion without impacting
pulmonary mechanics. Furthermore, rib fracture pain during
respiration results in splinting and ineffective secretion
clearance, both of which begin immediately following the
injury and, over time, act in a cumulative fashion to place
patients at a possibly increased risk for respiratory failure.
The earlier these factors can be mitigated by stabilization,
the earlier this risk is theoretically minimized.

One traditional SSRF indication is the failure of
nonoperative management or the development of
progressive pain or respiratory insufficiency. Advocates of
this indication believe that primary nonoperative treatment
avoids an unnecessary surgery. However, as mentioned,
debilitating pulmonary morbidity rates including
pneumonia, retained hemothorax, or empyema remain high
in these patients and possibly precede this nonoperative
management failure, whereas SSRF might have potentially
prevented these complications (55,73,74). In addition, early
SSRF creates an opportunity to clear the pleural space and
place guided loco-regional anesthesia. Furthermore, tissue
inflammation and edema of both lung parenchyma and
thoracic wall soft tissue peak at approximately 72 hours
after injury with dissection often being bloodier and more
challenging as compared to early SSRF (75). Also, hardware

implantation in patients who have had recent pneumonia or
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empyema might lead to infected hardware, often requiring
an additional operative procedure of implant removal
(76,77). Practice patterns and consensus statements appear
to be shifting towards early SSRFE.

Literature review

Currently, there have been nine studies specifically addressing
the effect of timing on outcomes after SSRF (1able 2). The
earliest of these studies was a retrospective single center
cohort study comparing patients who underwent SSRF (n=22)
with a matched cohort of nonoperatively managed patients
(n=28) (78). Indications for SSRF were a radiographic or
clinical flail chest, and pulmonary hernia. The SSRF group
consisted of 17 (77.3%) male patients with a mean age of
48 years with a mean ISS of 25 and 6 rib fractures. Patients
underwent SSRF with 2.7 mm locking reconstruction
plates and mean operative time of 55 minutes at a mean of
2.3 (range, 1-5) days after injury. The total cohort had a
follow-up time of 17.8 (range, 13-22) months during which
no cases of hardware failure, surgical site infection, or
nonunion were reported. In regression analysis, shorter time
to SSRF was associated with decreased HLOS, ICU-LOS
and DMV.

The following study was a retrospective single center
cohort study of 102 patients, stratified by time to SSRF
(early, <48 hours or late, >48 hours) (79). Patients with a flail
chest or >3 displaced rib fractures were considered for SSRE,
but patients with chest wall deformity, inadequate analgesia,
hemopneumothorax, or increasing ventilatory support
when intubated, were also assessed for SSRF candidacy. A
multidisciplinary team decided if patients should require
SSRF and aimed to perform the procedure as soon as
possible. Patients underwent SSRF with precontoured
titanium rib fracture plates at 2 (range, 0-16) days
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after admission. The groups had similar sex, ISS, and
presence of flail chest, hemopneumothorax, and additional
non-chest injuries, but the early SSRF group was younger.
The early SSRF group had significantly shorter HLOS
(11.5 versus 17.3 days; P=0.008), ICU-LOS (3.3 versus
7.1 days; P=0.01), and DMV (4.8 versus 2.0 days; P=0.03),
and decreased rate of pneumonia (n=11, 17% versus n=18,
49%; P=0.001), and tracheostomy (n=4, 6% versus n=8,
22%; P=0.02). The mortality rate was similar between
groups.

The third study was a multicenter retrospective cohort
study of 551 patients who underwent SSRE, stratified by
timing to SSRF as early (day 0, <24 hours), mid (day 1-2),
or late (days 3-10) (75). The choice of rib fixation system
was left to the discretion of the surgeon and operative
time varied significantly by group and was shortest in the
mid group (median, 122 minutes) and longest for the late
group (median, 201 minutes; P<0.01). Time to SSRF was
significantly associated with study site, year of surgery,
age, body mass index (BMI), and mechanism of injury. On
univariate analysis, patients who underwent early SSRF
had shorter HLOS, ICU-LOS and lower rate of DMV
>24 hours. Rate of mortality, pneumonia, and tracheostomy
did not differ between groups. Multivariable logistic
regression showed that each additional day to SSRF
was associated with an increased likelihood of 31% for
pneumonia, 27% for DMV >24 hours, and 26% for
tracheostomy.

The fourth study was a single center retrospective cohort
study of 33 patients who underwent SSRE, stratified as early
(<3 days) or late (>3 days) (80). The two groups had similar
age, BMI, sex, comorbidities, ISS, presence of flail chest,
and associated injuries. Patients underwent SSRF with non-
precontoured 2.4 or 3.5 mm metal locking plates between
0 and 14 days after injury. Operative time was similar
between groups. The early SSRF group had significantly
shorter HLOS (12 versus 18 days; P=0.005), ICU-LOS
(123 versus 230 hours; P=0.005), and DMV (36 versus
90 hours; P=0.03). The rate of pneumonia, mortality,
and total hospital costs were similar between groups.
Multivariable regression analysis showed that time to SSRF
was positively associated with shorter HLOS, ICU-LOS,
DMV, and national health insurance costs.

The following study was a single center retrospective
cohort study of 95 patients who underwent SSRE, stratified
by number of hospital days to SSRF (0-2, 3-4, 5-6, and
>6 days) (81). These SSRF groups were compared to patients
who were treated nonoperatively, matched in a 1:2 ratio by
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age, ISS, AIS chest and head. Patients underwent SSRF with
a non-specified fixation system with a mean operative time
of 147 minutes on hospital day 5.5 (range, day 1-25). Over
35% of patients underwent SSRF for other indications than
flail chest such as pain and rib displacement which were not
further defined. As compared to the nonoperative group,
the SSRF group had a significant higher number of rib
fractures, pulmonary contusion, presence of flail chest, and
history of smoking. Within the SSRF groups, patients who
underwent early SSRF (0-2 days) had shorter HLOS than
the other groups (11.8 versus 3—4 days: 12.6 versus 5-6 days:
13.4 versus >6 days: 19.6 days; P=0.003). As compared to
nonoperative management, patients who underwent SSRF
after day 2 had longer HLOS and ICU-LOS.

The sixth study was a retrospective national database study
of 162 patients with rib fractures who required mechanical
ventilation within 1 day of admission and underwent
SSRF within 3, 6, or 10 days after admission (82). There
was no information on rib fracture severity or operative
characteristics. These SSRF groups were compared to
patients who were treated nonoperatively, based on “overlap
weighting”, a propensity scoring method. After overlap
weighting, there were no differences between groups in
baseline and injury characteristics. On adjusted analysis,
patients who underwent SSRF within 3 days had shorter
HLOS and DMV than nonoperatively treated patients.
The rates of pneumonia, tracheostomy, and mortality were
similar. There were no significant differences in all outcomes
between patients who underwent nonoperative management
and those who underwent SSRF within 6 or 10 days after
admission.

The next study was a retrospective national database
study of the same time period and patient population as
the previous study (83). In this study (n=211), patients
who underwent SSRF were stratified based on the median
time to SSRF in <6 and >6 days (no range given) following
admission. There was no information on rib fracture
severity or operative characteristics. Patients in the <6 days
group were more often male, and more often had a higher
GCS score, and flail chest. Propensity score matching was
performed to compare outcomes between the two groups.
On adjusted analysis, patients who underwent SSRF within
6 days had shorter HLOS (percent difference, -27.1,
95% CI, -40.0 to -11.5; P=0.001), DMV (=34.1, 95%
CI, -53.8 to -6.2; P=0.02, and lower total hospitalization
costs (-28.4, 95% CI, -38.4 to -16.9; P<0.001). The rates
of tracheostomy, pneumonia, and mortality were similar
between groups.

© Journal of Thoracic Disease. All rights reserved.
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The eighth study on timing to SSRF was a retrospective
study of the Trauma Quality Improvement Program
database comparing patients >65 years who underwent
SSRF to nonoperatively treated elderly patients (84). A
subgroup analysis was performed of 741 patients who
underwent SSRE, stratified as early (<3 days) or late
(>3 days). While injury characteristics such as ISS and
chest AIS were known, no detailed information on rib
fracture severity or SSRF characteristics was available. The
early SSRF group had a higher rate of male patients and
lower rate of intubation on ED arrival. After propensity
score matching, the early SSRF group had lower rates of
tracheostomy (6.6% versus 15.5%; P<0.001) and ventilator-
associated pneumonia (0.8% versus 4.8%; P<0.001) and
shorter HLOS (10 versus 15 days; P<0.001), ICU-LOS
(6 versus 10 days; P<0.001), and DMV (4 versus 8 days;
P<0.001) as compared to the late SSRF group. There was
no difference in mortality rate.

The most recent study is by the senior author of this
review (85). This was a retrospective multicenter study
comparing patients aged 80 years or older who underwent
SSRF (n=133) with a matched cohort of nonoperatively
managed patients (n=227). Indications for SSRF were
radiographic flail segment and/or >3 ipsilateral, displaced
rib fractures. The choice of rib fixation system was left to
the discretion of the surgeon. Patients underwent SSRF
at a median of 3 days after injury and operative time was
115 (range, 92-161) minutes. Chest wall injury severity
and likelihood of additional urgent procedures were similar
between groups. On multivariable logistic regression,
early SSRF was associated with lower mortality but also
associated with a higher risk of pneumonia and ICU-
LOS >3 days, as compared to late SSRF or nonoperative
management. This was hypothesized to be attributable
to survivor bias, inadequate control of associated injuries,
variability in practice across centers, and invasive impact
of intubation and tissue trauma of SSRF in this frail
population. Subgroup analysis was performed for patients
who underwent SSRF <72 versus >72 hours. The early
SSRF group was older, more likely to be women, and had a
lower BMI. In this analysis, there was no observed benefit
to early vs. late surgery.

Logistical considerations

While some studies were able to correct for patient- and
injury characteristics when analyzing outcomes, many
other factors might also confound time from admission to
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the operative room (OR). In these retrospective studies, it
is difficult to grasp what affects getting the patient to the
OR besides characteristics available on chart review. The
time to theatre might for example be delayed by associated
comorbidities including cardiac problems, medication use
such as anticoagulation, or higher priority injuries requiring
immediate operative or invasive repair (86) .

In addition to the hypothesized patient- and injury
characteristics which might preclude SSRF, logistical
considerations might also be of significance. For
example, admission delay from emergency department to
hospitalization due to shortage of beds, delayed diagnosis,
or OR availability might affect time to surgery and
negatively affect outcome (87). It is possible that the shift to
earlier SSRF over the years might have to do with increased
familiarity with this procedure. Whereas OR access might
have been limited in the first years of implementation,
a subtle shift might occur over the years, allowing OR
access at a lower threshold for a known service. In line
with implementation of a new procedure, there might
not be a trained surgeon available to perform SSRF at
any moment during the night or weekends. Furthermore,
a relatively novel practice such as SSRF or aspects of it
(e.g., bronchoscopy) might not be considered standard of
care in its early years. As a result of this unfamiliarity, it
might be more difficult to gain approval from Institutional
Review Boards to conduct high quality research such as
randomized controlled trials to strengthen the benefit of a
new procedure or get informed consent from the patient or

family to perform SSRF (88).

Comments

Current practice management guidelines for SSRF both
advocate early operative fixation (<72 hours, once other life-
threatening injuries have been identified and stabilized) to
reduce HLOS, ICU-LOS, DMV, and rate of mechanical
ventilation requirement, pneumonia, and tracheostomy
(36,37). While only the first study was available at the time
of developing these guidelines, the more recently published
studies corroborate this consensus of early SSRF benefit
(75,78-80,82-84,89). In addition, early SSRF appears to be
safe and also beneficial in elderly patients for all outcomes
and is associated with lower hospitalization costs (80,83,84).
Interestingly, recent studies have also suggested that while
early fixation within 2-3 days after admission is associated
with improved in-hospital outcomes, performing SSRF after
this time period might actually correlate with outcomes
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inferior to nonoperative management (81,82). This might
be associated to exposing the patient to the risks of surgery
without the benefit of early fixation such as improving chest
wall stability, evacuation of hemothorax or trans positioned
chest wall tissue, and possible prevention of pneumonia
and a lengthy hospitalization. Furthermore, no association
between time to SSRF and mortality rate was demonstrated
in any of the studies.

There are several methodologic considerations when
interpreting this data addressing optimal timing of SSRE.
The first is selection bias. While most studies tried to adjust
for covariates, in general, patients who are selected for early
SSRF are often less severely injured. Thus, any observed
improved outcomes might be due to the patient’s associated
injuries or lack thereof. A second limitation is attrition bias.
This comprises patients who are initially considered for
surgery but improve after observation and are discharged
following nonoperative treatment. By contrast, patients who
deteriorate after an uncomplicated period of observation
might ultimately undergo SSRF late in their hospitalization
and represent the late SSRF group. While the first example
of attrition bias results might affect the nonoperative group
which was studied in two of the abovementioned studies
(81,82), the second example possibly affects the late SSRF
groups in all studies. The missing piece of information in
all reviewed studies to overcome this bias is an overview of
the reasons for stratification of these patients in either the
early or later SSRF groups. Hypothetical reasons can be
injury severity, logistic reasons as surgeon, operating room,
and fixation system availability, and patient or surgeon
preference. Furthermore, all studies were retrospective with
most follow-up time limited to index hospitalization, and
often either small sample sizes or no insight in chest wall
injury severity. Also, only one study controlled for study
year which could confound outcomes as complication rates
or other in-hospital outcomes tend to improve over time
after implementation of a relatively novel procedure such as
SSRF (75,90).

The authors’ practice pattern is derived from the study by
the senior author and includes early performance of SSRE,
ideally within 24 hours of admission if there are no contra-
indications present (Table 1) (75). The SSRF procedure has
been standardized to include general anesthesia, fiberoptic
bronchoscopy, muscle sparing incisions, VAT S-inspection
of the thorax, evacuation of retained hemothorax, pleural
irrigation, chest tube placement, and lately, an injection
of locoregional intercostal nerve analgesia. It is believed
that these adjunctive maneuvers positively impact the
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Figure 1 Inital chest radiography (A) of a 55-year-old male who sustained left 4-9 rib fractures which were nondisplaced. Chest radiography

of the same patient 24 hours after ICU admission (B) showing interval rib fracture displacement. Chest radiography after SSRF (C) during

which this patient received 11 plates to restore chest wall stability. ICU, intensive care unit; SSRE, surgical stabilization of rib fractures.

Figure 2 Initial chest CT displaying two offset posterior fractures of rib six and seven (A). After two days, a repeat chest CT showed interval

rib fracture displacement of these same fractures (B). CT, computed tomography.

patients’ recovery, pain level, and decrease the likelihood
of the development of pneumonia, retained hemothorax
or empyema, and respiratory failure. Also, interval rib
fracture displacement has been previously described in
the rib fracture literature and incidentally experienced
by the authors in patients who were initially not deemed
SSRF candidates but developed severe interval rib fracture
displacement along fracture lines which thus increased chest
wall instability, pain, and risk for pulmonary morbidity (91).
This interval displacement can be discovered by comparing
sequential chest radiography, but it is unclear in how many
patients this occurs following trauma or which patients are

© Journal of Thoracic Disease. All rights reserved.

at risk (Figure I). A prospective study on the rate of interval
rib fracture displacement in terms of rib fracture taxonomy
and impact on in-hospital outcomes is now being conducted
at the authors’ institution (Figure 2).

Over the decade of implementation of this procedure,
average time from admission to SSRF in the senior author’s
center has decreased from 2 days to within 24 hours, which
is most likely multifactorial. First, the aforementioned
studies and guidelines have advocated a clinical benefit to
early SSRE. Second, the contention is that, as case volume
and experience with SSRF increases, there is an increased

familiarity with the procedure by operating room staff.
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Third, as staff becomes more familiar with the operation,
a subtle shift may occur, allowing quicker OR access for a
known instead of novel service.

Conclusions

In line with current guidelines and consensus, increasing
amounts of data support the benefit of early (<48-72 hours
after admission) SSRF in properly selected stable patients
as compared to late salvage SSRF. Performing early SSRF
is associated with reduced HLOS, ICU-LOS, and DMV, as
well as lower hospitalization costs and rates of pneumonia
and tracheostomy. These data must however be interpreted
with caution and attention to potential selection and attrition
bias. The current studies are all retrospective with often small
sample sizes and short follow-up. The authors’ practices aim
to perform SSRF as soon as possible and ideally within the
first 24 hours after injury. The current exponential increase
in number of SSRF cases performed and international
collaborations should accommodate the possibility to
perform sufficiently powered analyses of the effect of timing
of SSRF on both acute and long-term outcomes.
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