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Blunt chest trauma: is there a place for rib stabilization?
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Abstract: Rib fractures are a common and highly morbid finding in patients with blunt chest trauma. Over

the past decade, a renewed interest in (and instrumentation for) rib fixation in this cohort has occurred.

Stabilization of the chest wall in this setting, particularly when a flail segment is present, is associated with

significant reductions in the rates of respiratory failure, pneumonia, ICU stay, and mortality. Thoracic

surgeons should remain actively involved in this evolving area of our specialty to further optimize patient

outcomes.
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Rib fractures are a frequent occurrence in trauma victims,

seen in up to 39% of patients following blunt chest trauma
and present in 10% of all trauma admissions (1). While

most cases are treated non-operatively, the presence of

substantial chest wall trauma is associated with considerable
morbidity and mortality. Patients with a “flail chest” pattern

of injury, defined as two fractures per rib in three (or more)
consecutive ribs, often struggle with hypoxemic respiratory
failure related to inefficient ventilatory mechanics,

underlying pulmonary contusion and subsequent
pneumonia. In these individuals, mortality rates (even in

the modern era) can reach 9-16% (2-4). For patients who
survive, difficulties with chronic chest wall pain, deformity,

longstanding disability and poor quality of life are common
(5,6). Despite these well documented outcomes, treatment

options for these patients remain poorly defined. A recent

study utilizing the National Trauma Data Bank reported
that fewer than 1% of patients with significant rib fractures
underwent surgical stabilization, and that only 8% were

treated with offered adequate pain control (4).
Can treatment protocols of early surgical stabilization,
proactive pain control, and aggressive pulmonary toilet

improve outcomes in this patient population? The answer
seems to be “yes” (7), although the literature remains

sparse in this field. In this brief article, we will review
the indications for surgical intervention and the basic
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techniques and associated treatments involved in flail chest
and significant rib injury.

Indications for surgery

The benefits of surgical stabilization have been best
characterized for those patients with a flail segment. Three

randomized clinical trials, as well as other cohort studies,
demonstrate a reduced need for mechanical ventilation,
less pneumonia, less pain, and reduced ICU stay in this

population when early surgical intervention was performed
(8-14). Three recent meta-analyses confirm these findings,

and suggest a mortality benefit as well (15-17). The verdict
has not been unanimous, though; at least two recent

retrospective studies have failed to show a benefit to
surgical stabilization in patients with flail segment (18,19).

Others have demonstrated flaws in these dissenting studies,
however, regarding methodology, timing of intervention,
confounding injuries, and patient selection (7). It is likely,
though, that optimal non-operative management (aggressive
analgesia, pulmonary toilet, and ventilator strategies) may
mitigate some of the benefits of early surgical intervention.
Indications for surgical intervention are listed in Table 1.

Traditional contraindications to surgical stabilization have
included the presence of a pulmonary contusion (22) and
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Table 1 Indications for surgical rib stabilization in severe blunt chest trauma

Acute respiratory failure attributable to fractures and refractory to medical management

Acute pain attributable to fractures and refractory to medical management

Anticipated chronic pain/impaired pulmonary mechanics (anatomic considerations)

Flail chest: 3 or more contiguous ribs with 2+ fractures
>3 severely displaced, bicortical fractures
Loss of 230% chest wall volume

Exposure required for additional thoracic procedures

Adapted in part from references (20,21).

severe traumatic brain injury (TBI), although the nuances
of the influence of lung and brain injury, over a broad
spectrum, on the benefits of rib fixation have not been well
studied.

Data for rib stabilization in non-flail segment patients
is lacking. Two recent cohort studies (12,23) have
demonstrated a benefit in these selected patients, although
further study dedicated to this question is needed. Clearly,
though, several of the indications described for surgical
intervention may be present in non-flail segment patients.

Fracture assessment, non-operative treatment
and timing of surgical intervention

Routine computed tomography (CT) of the chest has
been found to be significantly more sensitive in detecting
rib fractures compared with plain chest X-ray, although
controversy exists as to the clinical significance. For
example, Chapman et 4/. (24) noted that plain films missed
about 75% of fractures diagnosed by CT; this led to
changes in clinical management in 35% of patients. Other
studies have found similar results (25,26). In contrast,
several investigators noted that while CT is more sensitive,

the additional information rarely was clinically significant
(27,28). Finally, the use of three dimensional reconstruction

in the diagnosis of rib fractures has limited utility compared
to 2-D approaches, although this may change as technology
advances (29).

Several scoring systems (30-32) have been devised to
aid the clinician in assessing the severity of rib injury,
typically incorporating the number, pattern and laterality
of fractures, and the presence of other significant factors
such as presence of a flail segment or pulmonary contusion.
Higher scores are associated with poor outcomes, such as
mortality, duration of mechanical ventilation, likelihood of
pneumonia, etc. While useful in describing the severity of
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the fracture pattern present, there are limited data regarding

the utility of these scoring systems in predicting the need or
outcome of surgical intervention.

Optimizing pain control, pulmonary toilet, and

ventilation strategies are incredibly important in this
patient population, regardless of incorporation of surgical

intervention in their treatment (7). Controversies exist
regarding the best analgesic regimen; comparison studies

fail to show clear benefit of regional techniques over other
methods (33,34), although more work is needed in this

area. Additionally, other injuries and clinical conditions
(e.g., spinal injury or coagulopathy) must be taken into
account when designing an analgesic regimen. Most
experts agree, though, that a standardized protocol for
pain control in blunt trauma patients is beneficial (7). In an
analogous fashion, use of aggressive pulmonary toilet (chest
physiotherapy, nasotracheal suctioning, mini-tracheostomy
placement, etc.) and ventilator strategies (non-invasive
ventilation, protective ventilation strategies, etc.) are crucial
in the recovery of blunt chest trauma patients.

The timing of surgical stabilization following blunt chest
trauma is felt to be important, with many investigators
favoring early intervention within a few days of the primary
injury (9,13,14,20,21,35-37). Rib fixation early in the
patient’s hospital course avoids factors such as inflammation,
severe hematoma, and early callous formation which can
complicate operative reduction of the fractures. Of course,

the timing of surgery must be made in the context of the
patients overall clinical condition, and occasionally must be

delayed while other injuries and conditions are stabilized.

Operative caveats

There are a number of caveats to surgical rib stabilization
that should be understood prior to actively engaging in the
treatment of these patients, and are well described in several
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Figure 1 An example of a rib plating system (39). Note that the plates are contoured for specific ribs, including laterality. Courtesy of DuPuy

Synthes (© DePuy Synthes 2017).

Figure 2 Application of rib plating system, with fixation using
bicortical screws. Phoro courtesy of Fredric M. Pieracci, M.D.

excellent papers on the subject (35,36,38). Some described
items are controversial, and require further study.

Mode of Fixation

There are a number of hardware options for rib fixation
currently offered, all of which have advantages and

drawbacks. The dominant method currently used employs

a plating system designed for placement on the outer cortex
of the rib, secured with bicortical screws (Figures 1,2) (39).

At least two centimeters of exposed rib on either side of
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the fracture are required to ensure adequate fixation. The
majority of studies regarding rib fixation have used this
technique, citing advantages of ease of use and adaptability
to a variety of clinical situations. The external plates have
been modified by one manufacturer with a “U”-shaped
extension to fit over the cephalad aspect of the rib (Figure 3),
allowing for uniform screw placement through the
midportion of the rib; however, these require additional

dissection for placement (40).

Recently, one company has developed an intramedullary
strut, or splint, which allows for single point fixation
per fracture (Figure 4) (41). This feature is theoretically
attractive when a minimally invasive approach is
contemplated, or difficult to expose fracture sites (e.g.,
posterior, subscapular) are addressed. Preliminary data
suggest adequate healing using splints, although much more
research is needed (42). Concerns have been raised in the
literature by some investigators that the single point of
fixation may allow distraction (separation of the bone) at the
fracture site (7).

Bioabsorbable plating hardware has been available for
many years, and is used primarily in areas of low load stress

(e.g., face, cranium) to assist in bone healing. Absorbable
plates amenable for rib fixation are also now available; made
from poly-L-lactide, they are engineered to dissolve within
18-24 months (43). They may be cut to specific lengths,
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Figure 3 Modification of external rib plating hardware with a “U”-
shaped extension over the cephalad aspect of the rib (40). This
modification aligns the bicortical screws in the midportion of the rib,
away from the neurovascular bundle. Additional dissection is required
to use this system. Courtesy of ACUTE Innovations”.

e
Figure 4 An example of an intramedullary strut, or splint, with single
point fixation (41). Courtesy of DuPuy Synthes (© DePuy Synthes 2017).

are malleable, and can be combined to provide additional
length or rigidity (Figure 5). When used as indicated by the
manufacturer, these plates are a bit less rigid, and allow for a
bit more movement at the fracture site; as such, they may be
poorly suited for reconstruction at areas of high load stress (44).
However, the lack of complete rigidity at the fracture

site may be advantageous through the concept of “stress
shielding”, which postulates that some load stress is needed

at the fracture to stimulate optimal bone regrowth. This load

stress is often missing in completely rigid fixation associated
with plate stabilization, but present to some degree with

bioabsorbable or intramedullary splint repairs (45).
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Figure 5 An absorbable plate adaptable for rib fixation (43).
Courtesy of ACUTE Innovations®.

Surgical approach

Surgical rib stabilization has traditionally been accomplished
through an open approach, and all significant series in the

literature have used this method. The exact placement of
incision(s) depends on the fracture pattern, the mode of
fixation, and the other injuries present. A muscle-sparing
approach is preferred.

A recent case report broached the subject of stabilization
through a thoracoscopic approach (46), using a standard

plating system modified to align with the inner cortex of
the fractured ribs. This method allows access to virtually

all rib segments typically addressed with surgical fixation,
through minimally invasive incisions. While feasibility was
demonstrated, widespread application of this approach will
require availability of commercially available instrumentation.

Should all fractures be addressed?

This question can be framed in a variety of ways—
for example: should both sides of a flail segment be
stabilized, or just one side, converting the flail chest to
simple fractures? Is stabilization of every other fracture
as efficacious as fixation of every fracture? Can certain
ribs be routinely excluded from consideration of repair?
Selective fixation is faster, simpler, less expensive, and often
less invasive. The question of selective versus complete rib
stabilization has not been addressed in a scientific fashion,
and expert opinion is divided on the subject (7,38,47,48).
Most agree, though, that certain ribs can be excluded from
stabilization efforts. Ribs 1 and 2 contribute minimally to
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respiratory function, and exposure to allow fixation at the
chest apex can be challenging. In a similar vein, free floating
ribs very low within the chest usually do not mandate repair.

Is surgical intervention cost-effective?

Several investigators have found early surgical rib
stabilization in patients with blunt chest trauma to be more
cost effective than non-operative treatment alone (13,17,49).

The higher cost of the surgical intervention is more than
offset by the decreased costs of subsequent care—less

pneumonia, less respiratory failure, shorter ICU stay, etc.
Further work in this area is needed.

Who will perform surgical rib stabilization?

Currently, a variety of surgical subspecialties participate
in rib stabilization of blunt chest trauma patients—trauma
(or acute care) surgeons, orthopedic trauma surgeons, and
thoracic surgeons. Each subspecialty brings specific expertise
to the care of these patients, and each is critical in a high
functioning trauma unit. The trauma/acute care surgeons
often are the attending of record, and have the best overall
knowledge of the management of the poly-trauma patient.

The orthopedic surgeons are perhaps most familiar with the
hardware and instrumentation crucial to fracture fixation.

Finally, the thoracic surgeons clearly are best acquainted
with the anatomy of the chest wall, and are best equipped to
deal with other intrathoracic pathology. However, the reality

is that thoracic surgeons often delegate the care of these
patients to others. It is incumbent for thoracic surgeons to

maintain an active interest in this area of our specialty, lest it
slip away to other able subspecialists; it is difficult to argue

against the notion that the care of the chest trauma patient is
optimized when dedicated thoracic surgeons are involved.
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