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R ib fractures are a common injury following blunt chest
trauma, occurring in approximately 10% of all injured pa-

tients and up to 50% after blunt chest trauma.1–5 As the number
of identified rib fractures increases, there is an exponential in-
crease in significant pulmonary-related morbidity and mortality.4,6

Furthermore, as computed tomography (CT) technology has ad-
vanced, so too has the ability to diagnose rib fractures with
greater accuracy. One third of chest wall trauma survivors will
require prolonged rehabilitation, experience chronic pain, and
remain disabled for more than 6 months.4,6 Over the last two de-
cades, however, significant advancements in the nonoperative
and operative management of rib fracture patients have resulted
in improved survival and complication rates.4,6 As pain control
remains the mainstay treatment, multimodal pain regimens, lo-
coregional analgesia, and pulmonary support continue to be im-
portant in the management of patients with chest wall injuries. In
addition to the aforementioned strategies, surgical stabilization
of rib fractures (SSRF) has repeatedly demonstrated an effective
addition to rib fracture management.7,8 However, there still re-
mains a lack of consensus on indications and timing for per-
forming SSRF.

Surgical stabilization of rib fractures was introduced as
a successful and safe surgical option for rib fractures in the
1950s, specifically as a treatment for patients with flail chest
(three or more consecutive ribs with at least two fractures on
each rib).4,9–11 As the basic orthopedic principles of reduction
and fixation of rib fractures were applied to an injured chest
wall, restoring chest wall stability helped mitigate pain and pul-
monary complications from respiratory failure.4,11–13 It also
demonstrated decreased medical costs and improved short- and
long-term functional outcomes for chest wall-injured patients.4,11,12

With the advancement of rib-specific fixation devices over the
last two decades, SSRF has repeatedly been shown to be safewith
a low complication rate and improved patient outcomes.4,8,11,14
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Additional patient outcomes demonstrated in published litera-
ture include better patient-reported pain control, decreased nar-
cotic use, decreased pneumonia, decreased intensive care unit
(ICU) length of stay (LOS) and hospital LOS, quicker return
to activities of daily living (ADLs), decreased tracheostomy
rates, improved quality of life, and decreased mortality rates.
As such, SSRF has quickly been adopted as a popular treatment
modality for patients with rib fractures.1,2,7,11–15 The quantity
and quality of research and literature supporting the benefits of
this operation continue to increase exponentially.

Despite this data, there remains hesitancy among surgeons
caring for these patients to perform SSRF. This is often said to be
related to a paucity of guidelines and indications for SSRF. This
project aims to provide evidence-based indications for SSRF in
the form of a guideline to serve as a foundation for surgeons car-
ing for their chest wall-injured patients.

PATIENTS AND METHODS

An extensive literature search was conducted using the
keywords “rib fractures,” “chest wall injury,” “surgical stabiliza-
tion of rib fractures,” “rib fixation,” “rib fracture stabilization,”
and “rib fracture management” from 2000 to 2023. Search re-
sults were grouped based on similar characteristics for creating
the guidelines, including SSRF indications and contraindica-
tions, pain management, chest wall injury imaging, and SSRF
timing. The guidelines were created based on the summary of
information from this literature search and expert opinion from
the surgeon authors of this article. Once this was completed,
the guidelines were brought before a larger group of experts,
the membership of the Chest Wall Injury Society (CWIS). At
this point, the guidelines were edited and adjusted per recom-
mendations made from the membership. Once this was com-
pleted, the final guidelines were completed. The surgeon authors
of this article then voted on each recommendation of the guide-
lineswhether or not they supported that recommendation (Table 1).
This was then sent to the CWIS Executive Committee and Board
of Directors for vetting who unanimously agreed upon the
guidelines. Lastly, the guidelines/algorithm was voted on by
the CWIS membership as a whole for adoption as the official
SSRF guidelines of the organization. The CWIS is a society of
experts in chest wall injury management, dedicated to optimiz-
ing the operative and nonoperative care of patients with chest
wall injuries. These guidelines are meant to serve as a founda-
tion for identifying patients who may potentially benefit from
SSRF and can be modified as needed for individual patient
needs. Of note, the guidelines/algorithm was originally created
in 2019 and revised and updated in 2023, so this is the second
iteration of the guidelines. The remainder of this article will ex-
plore the entirety of the guidelines with a discussion about each
portion. The full algorithm can be seen in Figure 1.

INITIAL EVALUATION AND MANAGEMENT

Imaging
As one of the adjuncts of the primary survey in trauma,

chest x-rays are obtained in almost all trauma patients during
the early stage of evaluation, aiming to identify life-threatening
of the American Association for the Surgery of Trauma. 523
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TABLE 1. Author Consensus on Guideline Recommendations

Recommendation n Agree Disagree %

1. All chest wall injured patients should have a CT scan of their chest prior to rib fixation to assess the extent of chest wall damage 11 11 0 100%

2. Respiratory status should be determined with incentive spirometry as early as possible to assess baseline 11 11 0 100%

3. All rib fracture patients should be placed on a multimodal pain regimen 11 11 0 100%

4. All rib fracture patients should be assessed for the use of locoregional pain therapy 11 11 0 100%

5. On-going shock is considered an absolute contraindication for SSRF 11 10 1 91%

6. Once the shock state is resolved, it is okay for SSRF to be considered 11 11 0 100%

7. Nonsurvivable TBI is an absolute contraindication for SSRF 11 10 1 91%

8. If a patient has chest wall injury instability defined by the following, it would be an indication for SSRF:

a. Flail chest on imaging (three or more consecutive, ipsilateral rib fractures with two or more fractures per rib on imaging) 11 11 0 100%

b. Flail chest with paradoxical chest wall motion clinically 11 11 0 100%

c. Off set rib fractures: 3+ ipsilateral rib fractures with 100% rib width displacement on axial CT imaging 11 11 0 100%

d. Palpable chest wall instability or clicking/popping reported by the patient from the rib fractures 11 11 0 100%

9. If the patient is on the ventilator and the failure to wean is due to the rib fractures, this should be an indication for SSRF 11 11 0 100%

10. If the patient is not on the ventilator, has 3 or more rib fractures that are displaced 50% or more on the axial cut of the CT scan,
and has the presence of 2 or more pulmonary derangements, this should be an indication for SSRF

11 11 0 100%

11. The following should be considered a pulmonary derangement:

a. Respiratory rate consistently greater than 20 breaths per minute 11 11 0 100%

b. Incentive spirometry values less than 50% predicted or moving in the wrong direction 11 11 0 100%

c. Pain score consistently greater than 5 out of 10 11 10 1 91%

d. Poor cough 11 11 0 100%

12. Other surgical priorities should be addressed before SSRF, which should be considered on an individual patient basis and
discussed with other surgical specialties

11 11 0 100%

13. All SSRF procedures should occur within 72 h of injury when possible 11 11 0 100%

14. SSRF should not be avoided if it cannot be performed within 72 h of injury if the patient meets the indications for the
operation and it would provide benefit to the patient

11 11 0 100%

15. The following could be considered relative contraindications for performing SSRF:

a. Pediatric patient 11 11 0 100%

b. Significant comorbidities following multi-disciplinary discussions 11 11 0 100%

c. Post-CPR fractures 11 10 1 91%

d. Severe TBI 11 11 0 100%

e. Spinal cord injury/unstable spinal fractures 11 11 0 100%

f. Empyema 11 11 0 100%

g. Pulmonary contusion(s) 11 10 1 91%

h. Acute cardiac event 11 11 0 100%

i. Uncorrected coagulopathy 11 11 0 100%

Bauman et al.
J Trauma Acute Care Surg

Volume 99, Issue 4
thoracic injuries such as pneumothorax, hemothorax, and wid-
ened mediastinum associated with aortic injury. However, it has
low sensitivity in detecting rib fractures, missing up to 50% to
74.5% of them.16,17 In current practice, computed tomography
(CT) plays a significant role in identifying traumatic injuries that
may not be clinically overt during the initial trauma evaluation. Chest
CT has been usedmore in blunt thoracic trauma to identify and eval-
uate thoracic and pulmonary injuries, including rib fractures, with in-
creased sensitivity.18 Most studies agree that chest CTaids diagnosis
and clinical management, but whether it improves clinical outcomes
is still debatable.17,19–22ChestCTalso provides important anatomical
details that guide interventions for pain management and/or surgical
planning and is more likely to identify other pulmonary complica-
tions associatedwith rib fractures.17,23 It is therefore recommended
to obtain a chest CT to truly assess the number and severity of rib
fractures, as well as help determine if the patient is a candidate
for SSRF. If the patient is determined to be a candidate for SSRF,
cross-sectional imaging should help with surgical planning, in-
cluding approach, incision placement, and patient positioning.
524 © 2025 The Author(s). Published by Wolters Kluwer Health,
Incentive Spirometry
Tools to assess respiratory function are also recommended

during the initial evaluation. Respiration rate, oxygen saturation,
and ventilator settings with arterial blood gas, if intubated, should
be used to assess respiratory functions. The achieved incentive
spirometer (IS) volume in relation to the predicted IS volume based
on age, sex, and patient height is also commonly used as a metric
for evaluating respiratory function. Previous research has shown
that IS is a validated surrogate for vital capacity, which can help
predict pulmonary complications after rib fractures.24 Therefore,
it is recommended to obtain a baseline IS value for patients with
rib fractures as early as possible to help guide clinical and operative
decisionmaking as values < 50% predicted based on device nomo-
gram or downward trends may indicate a need for SSRF.

Pain Management
Early and effective pain control is a critical step in the

management of rib fractures. The restricted chest wall motion
and weak coughing effort because of poor pain control can lead
Inc. on behalf of the American Association for the Surgery of Trauma.



Figure 1. Surgical stabilization of rib fractures algorithm. N, no; Y, yes.
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to reduced tidal volume and alveolar collapse. Decreased lung
expansion predisposes patients to pulmonary complications
and ultimately, poor clinical outcomes. Multimodal analgesia
and locoregional anesthesia in selective cases are recommended
to achieve optimal pain control while limiting narcotic use in
light of their potential adverse effects.25 Given recent practice
management guidelines, locoregional analgesia should focus
more on paravertebral, erector spinae, and serratus anterior block-
ade. Historical use of thoracic epidurals has been surpassed by
more focused techniques because of their high adverse-effect
profile, often difficult placement, and contraindications in poly-
trauma patients.4,26 This guideline does not specify a multimodal/
locoregional pain regimen. However, the authors encourage in-
stitutions to develop an institutional-specific protocol for rib
fracture patients based on available pain medications and proce-
dural capabilities for locoregional analgesia. These protocols for
optimal pain management remain critical in rib fracture manage-
ment whether or not the patient undergoes surgery.4

INDICATIONS FOR SSRF

Chest Wall Instability
Chest wall instability can be defined as the presence of a

clinical flail chest with paradoxical chest wall motion, offset
fractures with chest wall motion, or “clicking/popping” with pal-
pation or as reported by the patient. Chest wall instability is con-
sidered an indication for SSRF. This patient population often sus-
tains polytraumawith concomitant surgical priorities that may be
addressed first (e.g., unstable spinal injury, open abdomen, sig-
nificant vascular trauma, and pelvic external fixation); however,
SSRF should be completed as soon as patient stability allows.

Definition of Flail Chest
Radiographic flail chest occurs when three or more con-

secutive ribs have fractures in two or more separate locations.
Clinical flail chest is defined by paradoxical chest wall motion,
disrupting respiratory effort and decreasing lung volume
capacity.2,27–30 An effective breath comes from orchestrated ac-
tions of the diaphragm, external and internal costal muscles, and
accessory muscles. The injured segment in the flail chest moves
paradoxically and independently from the remaining chest wall,
leading to ineffective ventilation and chest wall instability. This
is commonly associated with underlying pulmonary contusions
and significant rib fracture pain, both contributing to poor pul-
monary outcomes.2–4,11,23,27

Flail chest from rib fractures is themost researched and es-
tablished indication for SSRF.2–4,7,8,11,27 As early as the 1990s, a
retrospective cohort study recognized better clinical outcomes
among trauma patients with flail chest undergoing SSRF.28

Since then, six prospective, randomized clinical trials have dem-
onstrated that SSRF for flail chest leads to improved clinical out-
comes, including shorter periods of mechanical ventilation,
shorter ICU stay, decreased rates of pneumonia and other pul-
monary complications, decreased need for tracheostomy, faster
return to ADLs, decreased pain (especially with coughing and
deep breathing), and/or decreased mortality.29,31–35 Multiple ad-
ditional studies have confirmed these conclusions via systematic
reviews and meta-analyses.27,30,36–42 Previously published prac-
tice management guidelines and consensus statements have
526 © 2025 The Author(s). Published by Wolters Kluwer Health,
supported SSRF for flail chest given the significant benefits
demonstrated in the aforementioned literature.2,3

Offset Fractures
Offset fractures are defined as three or more ipsilateral

fractures with displacement of 100% the rib width (also known
as bicortical displacement) on CT.43,44 Offset fractures signifi-
cantly disrupt the continuity of the chest wall and negatively affect
ventilation and respiratory mechanics.43,44 Bicortical displace-
ment of three or more rib fractures also results in an unstable chest
wall but without the paradoxical motion physiology. Although
fewer prospective studies have studied SSRF outcomes in this
rib fracture pattern, a recent prospective trial sponsored by the
CWIS demonstrated benefits from surgical management. This
clinical study (CWIS NON-FLAIL) conducted by Pieracci et al.8

revealed that patients with three or more severely displaced rib
fractures in the absence of flail chest benefit from SSRF in terms
of better pain control and improved respiratory disability-related
quality of life. Several retrospective studies have also demon-
strated benefits of SSRF (decreased pain, shorter ICU and hos-
pital LOS, decreased pulmonary complications and need for
tracheostomy, quicker return to ADLs, and better quality of life)
in patients with offset rib fractures.45–47

Clicking/Popping
“Clicking and/or popping” is a sensation felt by the patient

or on palpation by the clinician of fracture movement at the frac-
ture sitewhen the patient moves or breathes. Although it may not
necessarily affect respiratory mechanics, the clicking/popping
can result in significant chest wall instability with breathing, pain,
and decreased ability to perform ADLs. Clicking/popping has a
higher association with rib fracture nonunion.1,48,49 Given these
symptoms, clicking and/or popping may be considered as an un-
stable chest wall and as an indication of SSRF, regardless of CT
findings.

Patients Requiring Mechanical Ventilation
Patients who are intubated because of significant respira-

tory distress from rib fractures, without parenchymal injury,
and fail to progress to a spontaneous breathing within 48 hours
of injury, by definition, are considered “failure to wean.”50 Pa-
tients who tolerate a spontaneous breathing trial for 60 minutes
or more but exhibit two or more of the following signs of respi-
ratory stress clearly associated with the initiation of the sponta-
neous breathing trial are also included in the definition of failure
to wean50:

• Increased respiratory rate >35 breaths per minute
• Increased heart rate >140 beats per minute
• Oxygen saturation below 90%
• Rapid shallow breathing index (respiratory rate/tidal volume
in liters) >105

• Signs of anxiety
• Diaphoresis
• Signs of agitation.

Patients may be considered for SSRF if they have three or
more rib fractures and fail to wean from the ventilator, and it is
determined that the failure is due to the rib fractures. In the flail
chest population receiving SSRF, a consistent finding is a
Inc. on behalf of the American Association for the Surgery of Trauma.
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decreased length of mechanical ventilation (MV) need, which
ultimately contributes to a lower rate of complications from
MV.2–4,6,7,11,27,29,31–34,51 Additional prospective and retrospec-
tive studies have also evaluated the effect of SSRFon rib fracture
patients without flail chest with MV needs and suggest that
SSRF can facilitate weaning from MV in patients with severe
blunt chest wall injuries.2,4,7,11–14,34,52,53 Based on expert opin-
ions and observed outcomes in current literature, many centers
performing SSRF use failure towean fromMVas an indications
for SSRF.2,54,55

Patients Not on Mechanical Ventilation
If a patient has rib fractures but is not on MV, a different

approach to assessing the patient for SSRF must be undertaken.
If the patient has chest wall instability, significant deformity,
and/or substantial lung volume loss, SSRF should be considered.
If these factors are not present, a thorough evaluation of the patient's
chest CT should occur. Patients with three or more ipsilateral rib
fractures that are 50% or more displaced on the axial CT scan
should then be clinically evaluated. The patient with these radio-
graphic findings combined with two or more of the following
pulmonary derangements should be considered for SSRF:

• Respiratory rate > 20 breaths per minute
• Incentive spirometry value < 50% of predicted (or a value
that is moving in a negative direction)

• Consistent numerical pain score > 5 out of 10
• Poor cough.

These pulmonary physiologic derangements are com-
monly included in rib fracture scoring systems that identify chest
wall injury patients at high risk for pulmonary complications.
The Pain, Inspiratory Effort, Cough score developed by Bass
et al.56 provides a composite score based on the numeric pain
scale, IS volume, and cough strength that can predict potential
respiratory failure and critical care needs with moderate confi-
dence in patients with rib fractures. Furthermore, it has been
shown in rib fracture patients that every 10% increase in vital ca-
pacity is associated with a significantly lower discharge to an
extended care facility (odds ratio, 0.74; p < 0.0001) and a signif-
icantly lower risk of a pulmonary complication (odds ratio, 0.64;
p < 0.0001).24 This study also demonstrated that a vital capacity
great than 50% was statistically significant for a lower risk of
pulmonary complications (p = 0.018).24 Since IS can be used
to determine vital capacity, and given these previous findings,
an IS value of less than 50% predicted (or a trend in a negative
direction) was identified as pulmonary derangement for these
guidelines since SSRF can improve upon this value.24 Lastly, a
previous prospective study by Pieracci et al.8 used these four pul-
monary parameters in addition to three or more severely displaced
rib fractures (> 50% of the rib width on axial CT imaging) as in-
clusion criteria. The improved outcomes, including improved
pain scores with decreased narcotic consumption, reduced pleural
space complications, and improved respiratory disability-related
quality of life, suggest that patients with two or more of these pul-
monary derangements in the presence of three or more severely
displaced rib fractures can be given consideration for SSRF.8

Several recent retrospective studies demonstrate that rib
fractures become more displaced over time.1,57 Therefore, it
© 2025 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
is important to remember the incipient chest CT scan may
underrepresent the severity of a patient's rib fracture displace-
ment, which may not be apparent for several days after the initial
trauma.1,57 Surgeons are strongly encouraged to personally re-
view chest CT scans, as radiologists are often not as well versed
in the terminology or classification of rib fracture displace-
ment.58 The authors of this guideline are not advocating for rou-
tine repeat chest CT. If the patient's pulmonary status declines or
there is a progression of chest wall instability, consideration may
be given for SSRF, regardless of the displacement shown on the
initial CT.

Another pulmonary derangement, which may provide
guidance for SSRF, is inadequate pain control. Pain is a subjec-
tive measure based on the patient's experiences and tolerance
and can pose a challenge as a surgical indication. Several pro-
spective and retrospective cohort studies have demonstrated that
patients who underwent SSRFachieve greater pain relief follow-
ing surgery compared with a nonoperative medical treatment
group.8,46,59–61 Additional studies are currently underway, ex-
amining the implementation of SSRF for pain control for rib
fractures. Expert opinion recommends that optimal multimodal
analgesia should be the first-line treatment for rib fracture pain.
Surgical stabilization of rib fractures may be considered for re-
fractory pain despite maximal optimization of multimodal anal-
gesia and locoregional techniques. Surgical stabilization of rib
fractures may also be indicated for nonventilated trauma patients
with progressive respiratory failure or a worsening respiratory
function stratification score. The most overt sign would bewors-
ening hypoxia requiring invasive or noninvasive mechanical
ventilation. Several scoring systems for trauma patients with
rib fractures can be used to augment clinical judgment. The Se-
quential Clinical Assessment of Respiratory Function (SCARF)
score is a prognostic tool using dynamic pulmonary parameters,
specifically, IS volume, respiratory rate, numeric pain score, and
cough effort.62 A worsening SCARF score is associated with a
higher risk of pneumonia and longer ICU stay.62 The STUdy
of the Management of BLunt chest wall trauma (STUMBL)
score identifies patients at increased risk of developing pulmo-
nary complications (i.e., pulmonary infection, pleural effusion,
pneumothorax, hemothorax, or empyema) or who require ICU
admission, have a prolonged hospital stay >7 days, or suffer a
mortality because of their rib fractures.63 Surgical stabilization
of rib fractures has been shown to improve many of these out-
comes; therefore, using SCARF or STUMBL may help identify
patients who may benefit from SSRF to mitigate complica-
tions.63 Several other respiratory stratification scores currently
exist to help guide chest wall injury management. Although dis-
cussion of all these scores is outside the scope of this article, the
authors strongly encourage their use. When these prognostic
scoring tools are applied and predict worse outcomes, utilization
of SSRF may be considered to help improve outcomes.

Decision to Perform SSRF
Once the decision to perform SSRF has been made, the

timing of the surgery should be optimized in relation to other in-
juries that may take surgical priority. If the patient has “life or
limb” threatening injuries that require operation, those proce-
dures should take precedence over SSRF. For example, when po-
sitioning for SSRF, it is preferable that the abdomen is closed;
of the American Association for the Surgery of Trauma. 527
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however, an open abdomen does not constitute an absolute
contraindication for SSRF. Recent data suggest that it is safe to
perform SSRF before definitive repair of nonurgent pelvic inju-
ries.64 If an external pelvic fixator is present, appropriate pad-
ding and careful positioning are mandatory.64 Finally, consider-
ation should be given to performing combined procedures. It is
always preferable to avoid multiple operations and exposure to
anesthetics when possible. Therefore, if feasible, SSRF should
be performed in conjunction with other operations. It is impor-
tant to examine the risks and benefits when timing SSRF com-
pared with other surgical needs and discussed with all involved
providers.

Timing of SSRF
Ideally, SSRF should be performed within 72 hours of the

initial injury, as several retrospective studies have demonstrated
improved patient outcomes, including improved pain control,
shorter ICU and hospital LOS, decreased ventilator days, de-
creased rates of pneumonia, decreased need for tracheostomy,
decreased operative times, and earlier mobilization and return
to ADLs.65–69 Furthermore, a recent prospective, randomized
controlled trial demonstrated even greater benefits of perform-
ing SSRF within 48 hours, including decreased hospital costs
and decreased inflammatory cytokine levels and infection bio-
marker levels, preventing hyperinflammation and further reduc-
ing infection rates.70 All attempts should be made to perform
SSRF as early as possible after the initial injury. It is important
to note that when SSRF cannot be performed within 72 hours,
the potential for the procedure should not be abandoned alto-
gether. Clinical gains are still possible outside of this initial time
window.

ABSOLUTE CONTRAINDICATIONS TO SSRF

Patients who are actively receiving resuscitation for their
injuries should not undergo SSRF. The word “resuscitation” has
no uniform definition. Therefore, it is recommended that patients
be evaluated on an individual case basis. It is important to recog-
nize that, although a patientmay be actively receiving resuscitation,
patients may remain candidates for SSRFonce the process is com-
pleted. Careful reevaluation of patients meeting criteria will allow
for timely SSRF once resuscitation efforts have been completed.

Nonsurvivable traumatic brain injury (TBI) is an absolute
contraindication for SSRF. It is well-known that TBI can be a
difficult injury to prognosticate; however, in cases where TBI
is deemed nonsurvivable (likely determined by a neurosurgeon),
SSRF should not be undertaken. Further discussion about the
survivable TBI patients and their appropriateness for SSRF
is described in more detail in the Relative Contraindications
section.

RELATIVE CONTRAINDICATIONS TO SSRF

Pediatric Patients
There is a paucity of data regarding SSRF in the pediatric

population. One theoretical concern is the disruption of normal
rib growth following surgical intervention. However, several
case reports have described successful SSRF in pediatric pa-
tients.71 The previously discussed inclusion criteria for SSRF
528 © 2025 The Author(s). Published by Wolters Kluwer Health,
should be applied on an individual basis for pediatric patients.
Additionally, the pediatric patient's bone development should
be assessed. If needed, the pediatric patient may be returned to
the OR for plate removal after the initial SSRF and the fractures
are healed to allow for continued bone growth.

Significant Comorbidities and Frailty
Elderly patients (older than 65 years) with multiple co-

morbidities and/or increased frailty may not be considered ideal
candidates to undergo the stress associated with surgery. How-
ever, multiple retrospective studies have demonstrated outcome
benefits specific to this patient population when undergoing
SSRF, including decreased mortality, pneumonia rates, ICU
and hospital LOS, narcotic usage, faster return to ADLs, im-
proved sleep hygiene, and higher likelihood of discharge to
home.11,15,72–75 Given the inability of those patients with multi-
ple comorbidities or increased age/frailty to tolerate multiple rib
fractures, the risks of SSRF can be less than the risks of develop-
ing a complication from the rib fractures themselves.11,15,72–76 It
is also well-known that comorbidities often occur on a spectrum
of severity, making the decision to perform SSRFevenmore chal-
lenging. Collaboration with all care teams before surgery will best
optimize patient outcomes. It is important to weigh all risks and
benefits of SSRF for the elderly, frail, or those with multiple co-
morbidities while strongly considering the increased risk of poor
outcomes associated with nonoperative management.

Post–Cardiopulmonary Resuscitation Fractures
Small case series and case reports have demonstrated ben-

efits in performing SSRF for patients with severe rib fractures
resulting from cardiopulmonary resuscitation (CPR).77,78 These
benefits include liberation from MV, improved pulmonary
function, and better performance with rehabilitation.77,78 These
fractures can often be complex, involving bilateral ribs, the
costochondral portion of the ribs, and the sternum. The sheer na-
ture of cardiac arrest and the requirement of CPR suggest that
these patients are often initially unstable and may have some un-
derlying neurologic derangements. Therefore, it is important to
evaluate these patients on an individual basis to ensure that they
are appropriate for the operation before proceeding with SSRF.

Severe TBI/Intracranial Hypertension
Significant controversy persists regarding the role and

timing of SSRF in patients with traumatic brain injuries. Recent
retrospective studies have demonstrated mortality benefits, de-
creased time on MV, and shorter ICU and hospital LOS in pa-
tients with concomitant rib fractures and moderate to severe
TBI undergoing SSRF.79–82 Often, the progression of TBI is un-
certain. Hence, careful patient selection is required to determine
if a given TBI patient will truly receive the benefits associated
with SSRF. It is also important to consider one of the key tenants
in the management of patients with moderate to severe TBI: pre-
vention of hypotension and hypoxia.83 If the chest wall injury is
severe, especially with the paradoxical motion that can arise
from a flail chest, and the patient is hypoxic, consideration should
be given to SSRF to help alleviate hypoxia and prevent secondary
brain insult. As always, a thorough discussion should occur with
the patient's family or medical decision maker regarding expec-
tations and goals of care.
Inc. on behalf of the American Association for the Surgery of Trauma.
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Spinal Cord Injury/Unstable Spinal Fracture
Spinal cord injury and vertebral body fractures occur on a

spectrum of severity, and patients with concomitant rib fractures
should be evaluated on an individual basis for SSRF. Available
studies suggest that SSRF combined with spinal surgery is feasible
and safe and can result in better outcomes.84,85 The timing of SSRF
still remains controversial regarding which procedure (SSRF vs.
spinal fixation) should occur first. Recognizing spinal stabilization
often requires a prolonged period of prone positioning, severe chest
wall trauma (especially flail chest) can potentially result in aborting
the spinal repair due to ongoing intraoperative hypoxia.85,86 There-
fore, it may be beneficial, in these instances, to perform SSRF be-
fore the spinal stabilization. Discussions with the spinal surgeon
should occur to determine which procedure should be performed
first to minimize operative risk while the patient is positioned for
the spinal surgery. Care should always be taken when moving
these patients to minimize spine movement. Furthermore, the
patient's level of spinal injury should influence the decision to per-
form SSRF for symptom relief and/or tracheostomy prevention.

Empyema
Empyema increases the risk of hardware infections. How-

ever, SSRF may still be appropriate in select cases, especially if
respiratory mechanics are compromised because of the rib frac-
tures. Isolated case reports indicate successful SSRF in patients
with empyema.86,87 A few prospective and retrospective studies
have demonstrated a reduction in empyema formation because
of the evacuation of any retained hemothorax with hemithorax
irrigation.8,88 Prolonged antibiotics will likely be necessary, and
hardware may need to be removed once the rib fractures are
healed.89 For these reasons, empyema should not be considered
an absolute contraindication to performing SSRF.86

Pulmonary Contusions
Historically, the presence of severe pulmonary contusions

served as a contraindication for SSRF. Recent literature has shown
that SSRF can be done safely and may be considered in patients
sustaining any severity level of pulmonary contusions.65,90–92 In
some instances, it may be of greater benefit for patients with
rib fractures and pulmonary contusions to undergo rib fixation
without delay based on some retrospective data.65

Acute Cardiac Event
Patients experiencing an acute cardiac event should avoid

undergoing early urgent/semi-elective operations, given their need
for anticoagulation/antiplatelet medications.93 The more time allot-
ted between an acute cardiac event and noncardiac surgery demon-
strates a substantial decrease in postoperative myocardial infarc-
tion.94 If SSRF is necessary because of factors such as ongoing
hypoxia from a severe flail chest, discussions with cardiology and
anesthesia, and a preoperative cardiac workup are strongly recom-
mended.93 Perioperative cardiac surveillance for cardiac events and
the continuation of ongoing cardiovascular medical therapy are
key.93 Patients falling into this category with rib fractures should
be evaluated on an individual basis, weighing all risks and benefits.

Uncorrected Coagulopathy
Coagulopathy should be corrected before performing SSRF

when possible. Surgical interventionmay be considered for patients
© 2025 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
with deranged coagulopathy if clinically indicated. Still, all risks
and benefits must beweighed and discussed with the patient and
family during the consenting process.95 It is not unreasonable to
proceed with SSRF if the degree of coagulopathy is minimal,
but all attempts should be made to correct it before surgical in-
tervention.95 When possible, antiplatelet medication should be
continued, especially if the patient has had a previous coronary
artery intervention.95

Limitations
There are some limitations to this set of guidelines. First,

these guidelines were created through the CWIS based on current
literature and expert opinion frommembers of the organization it-
self. Although all attempts were made to make the methodology
as robust as possible, other guideline methodologies such as
GRADE or PRISMAwere not used. The authors do think, how-
ever, that the method used for this guideline is a good starting
point to a provide a strong foundation for surgeons considering
SSRF for their rib fracture patients. Future revisions of this
guideline should use one of these more structured methods. Sec-
ond, these guidelines were created using literature through 2023.
Although these guidelines still hold true today, future revisions
will include more timely articles as reference. Lastly, these
guidelines provide a framework for providers, and some of the
recommendations may not have literature to support them, but
rather the experience of expert surgeons performing this opera-
tion. Therefore, it is important to not exclude patients who do
not necessarily fall into these guidelines, especially if there is
the thought they may obtain the benefits from SSRF.

CONCLUSION

The SSRF continues to demonstrate viability as a treat-
ment option for patients with rib fractures. These guidelines rep-
resent the current opinions of chest wall injury expert surgeons,
their practice patterns, and the best available research evidence.
These guidelines must be adjusted based on the surgeon's judg-
ment and available clinical resources but can serve as a solid foun-
dation for driving decision making around surgical intervention.

SUMMARY OF RECOMMENDATIONS

Indications
Ventilated Patients
1. Chest wall instability
a. Three or more bicortical rib fractures with greater than 50%

displacement on imaging
b. Paradoxical chest wall motion (may not see with positive

pressure ventilation)
c. Significant chest wall deformity (volume loss ≥ 20%)
d. Clicking or popping reported by the patient or palpated by

the health care provider

2. Failure to wean from mechanical ventilation because of
chest wall instability

Nonventilated Patients
1. Chest wall instability
a. Three or more bicortical rib fractures with greater than 50%

displacement on imaging
of the American Association for the Surgery of Trauma. 529
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b. Paradoxical chest wall motion
c. Significant chest wall deformity (volume loss ≥ 20%)
d. Clicking or popping reported by the patient or palpated by

the health care provider

2. Progressive respiratory failure or failure to improve despite
multimodal analgesia

3. Three or more displaced rib fractures with two or more pul-
monary physiologic derangements
a. Respiratory rate ≥ 20 breaths per minute
b. Incentive spirometry value < 50% of predicted (or a value

that is moving in a negative direction)
c. Numeric pain score consistently greater than 5 out of 10
d. Poor cough

4. Abnormal/worsening stratification score (e.g., SCARF,
STUMBL, RibScore)

Contraindications
Absolute
1. Hemodynamic instability with ongoing resuscitation
2. Nonsurvivable brain injury

Relative
1. Pediatric patients
2. Significant comorbidities, following multidisciplinary discussion
3. Post-CPR fractures
4. Severe TBI
5. Spinal cord injury/unstable spinal fractures
6. Empyema
7. Pulmonary contusion
8. Acute cardiac event
9. Uncorrected coagulopathy

Timing
1. Earliest feasible time — ideally within 72 hours of injury
2. SSRF may be delayed in the face of additional high-priority

injuries
3. SSRF may be safely combined with other surgical proce-

dures when practical (e.g., open reduction internal fixation
of the spine, pelvis, scapula, others)
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