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Introduction

Compared to fractures and osteotomies of other bones in the body, medical
treatment of rib fractures has failed to progress at a similar rate. Even today,
internal positive pressure ventilation combined with various analgesic modalities
remains the most common treatment for severe chest wall injuries resulting in
instability and reduced respiratory mechanics. Ventilatory treatment offers
splinting of the chest wall during the initial stages of the healing process, but does not
provide rigid fixation for fractures of the ribs, which has been shown to enhance 
recovery and reduce pain in patients with severe chest wall injury.1,2  

Artificial respiration was first described in the literature as early as 1902 (Figure 1).
Over 40 years later, reports of chest injuries being treated with external respiratory
support surfaced. The Drinker® respirator, also known as the iron lung, employs
external splinting of the chest by creating a repetitive cycle of negative pressure
to the chest wall, inducing inspiration. Patients often spent days in the machine
followed by a period of weaning. Reports of modern internal, continuous positive
pressure ventilation date back as far as 1955.  This technique provides permanent
pneumatic stabilization for chest injury whereas earlier reports of intermittent
ventilation only decrease the physical demands on the chest wall. Use of
tracheostomy in combination with continuous positive pressure ventilation came
to be in 1968. While developments in lung-protective ventilator strategies have
continued to evolve, the basic principles of ventilation from the 1960’s are still 
in use today.3 

Analgesic treatment modalities for chest injuries have changed over time and
include the use of oral analgesics, intravenous opioids, patient-controlled opioid
analgesia, interpleural blocks, intercostal blocks, paravertebral blocks, and 
epidural analgesia.  Recently, epidural analgesia has emerged as a prevalent
treatment for pain associated with rib fractures, however, a systematic review
showed no significant benefits to mortality, the length of stay in the intensive
care unit (ICU LOS) or hospital (HLOS), or duration of mechanical ventilation
(DMV) compared to other analgesic modalities.4 

Although external support techniques including strapping the chest with
adhesive tape and percutaneous suspension date further back, modern operative
techniques first surfaced in literature in 1945. These early reports of operative
treatment utilized metal wires or sutures to attempt to stabilize the fractures,
however, suturing fails to rigidly fixate rib fractures during respiration. Treatment
progressed to the first reports of intramedullary alignment of fractures with
Kirschner wires in 1961. Kirschner wires provided improved stability compared
to suture but nonetheless lack stability in multiple degrees of freedom. Judet
struts followed in 1973 as a more robust device for stabilizing rib fractures.
Fractures were stabilized with metal plates with hooks that grasped the
circumference of the rib. In the 1990’s, surgeons began using orthopedic
reconstruction plates to fixate fractures of the chest. These plates and screws
were not ideal for the unique conditions of the chest, where ribs are more
compliant and less dense than long bones of the body. As a result, contouring
plates proved challenging and often led to screw pullout over time. 

Around the year 2010, modern rib-specific rigid fixation systems became
commercially available and led to a renewed interest in surgical fixation
with a strong increase in adoption by surgeons and high level clinical studies
documenting benefits for patients.3 The systems incorporate materials and
features that better match the characteristics and properties of ribs. Plates are
attached to the extrathoracic (cutaneous) surface of the rib by means of screws
or grasping. These systems offer distinct advantages over previous techniques,
however, they still require adequate exposure of the chest wall to place the plates
and screws. Recently, a novel system that advances the evolution of rib fracture
fixation was introduced that rigidly fixates fractures from within the thorax,
RibFix Advantage. 
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Figure 1. Timeline illustrating advances in treatment of severe chest wall injuries. Ventilatory treatment (orange line) has remained largely unchanged since the 1960’s while operative
treatment (blue line) continues to advance with the introduction of a intrathoracic rib plating system.



Current Research & Treatment

The modern era of research studying surgical fixation of rib fractures began 
around the turn of the millennium. Early studies focused on the most severely 
injured patients, those with unstable chest wall injuries necessitating mechanical
ventilation, comparing surgical fixation to conservative medical treatment. 
Studies reported on similar outcomes, the most common being incidence of 
pneumonia and tracheostomy, the number of days spent on ventilation, ICU 
LOS, and HLOS. As clinical treatment and research progressed, patient populations
being studied also evolved. Findings are summarized in Table 1.

In 2002, Tanaka et al. studied 37 patients with severe flail chest who required
prolonged ventilator support.5 Eighteen patients that underwent surgical
stabilization with Judet struts were compared to 19 patients treated with internal
pneumatic stabilization. In addition to significant findings favoring surgery for 
pneumonia, tracheostomy, duration of mechanical ventilation, and ICU LOS,
forced vital capacity was greater at 1 month and thereafter (p<0.05) and more
patients returned to full-time employment (61% S vs 5% C; p<0.05). Similarly,
Granetzny et al. evaluated 40 patients with flail chest treated either surgically 
with Kirschner wires (n=20) or conservatively by packing and strapping the chest 
combined with mechanical ventilation (n=20).6 Surgical treatment demonstrated
significant improvements in the areas of pneumonia, DMV, ICU LOS, and HLOS. 
Additionally, stability of the chest wall was achieved in 85% of the patients in the
surgical group compared to 50% in the conservative group (p=0.041). The authors
concluded that surgical solutions must be tailored to each case, but that with 
an individualized management approach, surgical treatment is a great value 
for patients with flail chest. In 2013, Marasco et al. published on a randomized trial 
of 46 ventilator dependent patients with flail chest comparing surgical fixation 
with resorbable plates (n=23) and mechanical ventilation (n=23).7 Significant 
improvements for the surgical group were seen for the incidence of tracheostomy
and ICU LOS. Non-significant improvements were seen for occurrence of 
pneumonia, DMV, and HLOS. 

Pieracci et al. took a different approach with their 2016 controlled trial on surgical
stabilization of rib fractures.2 Recognizing that surgical treatment of rib fractures
had expanded beyond the initial indications of ventilator dependent flail chest, 

inclusion was expanded to patients with three or more fractures with bicortical 
displacement, 30% or greater hemithorax volume loss, those with either severe
pain or respiratory failure despite optimal medical management, and flail chest. In
addition to expanded inclusion criteria, the study exclusively utilized rib-specific
plate and screw systems for surgical fixation within 72 hours of injury (n=35)
compared to optimal medical management that did not necessitate mechanical
ventilation (n=35). Surgical fixation resulted in significant improvements in the
incidence of tracheostomy and the duration of ventilation. The operative group
also had a significantly lower likelihood of respiratory failure (odds ratio, 0.24;
95% confidence interval, 0.06–0.93; p = 0.03). Nonsignificant improvements
were seen for incidence of pneumonia, ICU LOS, and HLOS. Based on the improved
pulmonary outcomes, the authors recommended considering surgical
stabilization of rib fractures in all patients who meet one or more of the study
inclusion criteria.

Driving the changing environment around surgical stabilization of rib fractures, 
Pieracci et al. followed up the 2016 study with a first of its kind study enrolling
only patients without flail chest.1 The trial enrolled 110 patients with ≥3 displaced
rib fractures in the absence of flail chest (n=51 surgical fixation within 72 hours,
n=59 nonoperative). The primary outcome, numerical pain score at two week
follow up, significantly favored surgical fixation in addition to the occurrence of
pulmonary space complications and a respiratory disability-related quality of life.
Narcotic consumption trended towards being lower in the operative group. 
These data support a role for surgical fixation of patients without flail chest.

Literature has well established the benefits of surgical fixation of rib fractures
for patients with flail chest injuries. Society practice management guidelines,
consensus statements, and meta-analyses support treatment of flail chest injuries
by surgical fixation.8-15 Recent data reported by Pieracci et al. has shown that 
benefits of surgical fixation can extend beyond patients with flail chest to those 
with displaced rib fractures in the absence of flail chest. These data help to expand
treatment options for patients that present with less severe injury, but that may 
progress into respiratory disability with time.



Table 1. Summary of recent research showing benefits of surgical fixation of rib fractures when compared to conservative treatment.

S = surgical treatment; C = conservative treatment; DMV = duration of mechanical ventilation; ICU = intensive care unit; LOS = length of stay; HLOS = hospital length of stay; NR = not reported; ns = not significant; 
QoL = quality of life.

Study Description Pneumonia Tracheostomy DMV (Days) ICU LOS (Days) HLOS (Days)

Tanaka
et al.
20025 

Granetzny
et al.
20056 

Marasco
et al. 
20137

Pieracci
et al.
20162

Pieracci
et al.
20201

Ventilator dependent flail chest;
18 patients treated with Judet struts vs
19 pneumatic stabilization 

Patients with flail chest;
20 patients treated with K wires vs
20 adhesive strapping

Ventilator dependent flail chest;
23 treated with resorbable plates vs
23 mechanical ventilation

Flail and non-flail;
35 patients plated vs
35 managed non-operatively

Patients without flail chest;
51 patients plated vs
59 managed non-operatively

39% S vs 70% C
p=0.04

14% S vs 46% C
p=0.01

0.5 S vs 1.2 C
p=0.05

22% S vs 90% C
 p<0.05

10% S vs 50% C
p=0.014

48% S vs 74% C
p=0.07

20% S vs 31% C
ns

0.9 S vs 4.5 C
p<0.01

Numeric
Pain Score

Narcotic
Equivalents

Respiratory
Disability-
Related QoL

Overall QoL Pleural Space
Complications

17% S vs 79% C
 p<0.05

NR

10.8 S vs 18.3 C
p<0.05 

2 S vs 12 C
p<0.001

9.6 S vs 14.6 C
p<0.001

13.5 S vs 18.7 C
p=0.03

6.3 S vs 7.5 C
ns

0 S vs 5.0 C
p<0.01

6.0 S vs 9.0 C
ns

21 S vs 25 C
p=0.03

5 S vs 5 C
ns

16.5 S vs 26.8 C
p<0.05 

11.7 S vs 23.1 C
p<0.001

20 S vs 25 C
ns

13.0 S vs 16.0 C
ns

0% S vs 10% C
p=0.02

NR 

Post-op day 21

2-week follow up 2-week follow up 2-week follow up 2-week follow up
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Current Approaches

The introduction of rib-specific rigid fixation systems encouraged a renewed
interest in surgical fixation of rib fractures. Many physicians learn the procedure
in practice, outside of academic instruction. The beginning of the learning curve
often includes a period of time where fixation is accomplished through large 
incisions with extensive disruption to muscles of the chest wall and those 
above it. While this approach provides the skeletal benefits of fixation, it an also
result in significant morbidity and impairment of function near the surgical site
due to the division of muscles, nerves, or vessels. With increasing proficiency, 
the size of incisions may be reduced and more importantly, muscle sparing 
techniques can be applied. 

Taylor et al. were the first to report on functional outcomes of flail chest patients
treated with muscle sparing techniques.16 By working through internervous
planes, injured tissue, or elevating muscle directly off ribs or fascial layers, 
muscle transection was avoided. Findings indicated that the 8 measures of
periscapular strength improved over the course of follow up and relative to the 
contralateral side, reached a mean of 102% at 6 months postoperative. Muscle 
sparing techniques may greatly reduce the morbidity associated with implanting 
extrathoracic fixation systems, however, the speed of recovery can be accelerated 
with a less invasive procedure.
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RibFix Advantage is the first rib fixation system to stabilize fractures by buttressing
the intrathoracic (pleural) surface of the rib during a procedure known as Intrathoracic
Rib Fixation (IRF). The system consists of curved bridges with adjustable posts
that are secured to the ribs with washers and locking caps. Through video-assisted 
thoracoscopic surgery (VATS) and a small external incision, ribs are visualized and
drilled in preparation for placement of the adjustable posts. Intrathoracic bridges
are then implanted during VATS utilizing a unique cable system that allows the bridges
to be positioned while reducing the fracture, eliminating the need for additional
reduction instruments or pre-bending of bridges. Once bridges are positioned 
and fractures reduced, washers and locking caps are placed through the small

external incision to secure the intrathoracic bridge construct. This technique
allows IRF to be a less invasive procedure than traditional extrathoracic fixation.

Because RibFix Advantage is implanted utilizing VATS, fractures can be visualized
from inside the chest without the need for a large cutaneous exposure.
Additionally, IRF can be combined with an evacuation procedure for those patients
with a hemothorax. Although RibFix Advantage can provide a less invasive
solution for many patients, caution should be exercised for patients unable to 
tolerate single lung ventilation and for comminuted fractures requiring additional 
points of fixation.

RibFix Advantage™ Intrathoracic Rib Fixation System

Figure 2. RibFix Advantage is the first rib fixation system to stabilize fractures by buttressing the intrathoracic surface of the rib during a procedure known as Intrathoracic Rib Fixation (IRF).
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1 million cycles of 16x normal breathing
loads17, 22

TESTING DESIGN

To test the fatigue strength of RibFix Advantage, constructs were 
subjected to simulated respiratory loading for 1 million cycles. The 
number of cycles represents 6 weeks of fracture healing at a rate 
of 16 breaths per minute. The applied load was increased with 
each test until a maximum load was reached that sustained 1
million cycles without failure.

RESULTS

RibFix Advantage constructs endured a maximum bending
moment of 630 Nmm for 1 million cycles. 630 Nmm equates to 
16x normal physiologic breathing loads experienced by a rib.17, 22 
Testing showed that the strength of RibFix advantage is
comparable to the strength of extrathoracic plating systems.18,19

Mechanical Strength

Figure 3. RibFix Advantage mechanical testing fixture for fatigue strength.
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In an ovine animal study, RibFix Advantage 
neared complete pleural encapsulation at 3 
weeks20

STUDY DESIGN

Three RibFix Advantage bridges were implanted in a sheep 
during a VATS procedure. Bridges were assessed at 3 and 8 
weeks for encapsulation by pleural tissue and adhesions to 
lung tissue.

RESULTS

At the 3 week interim assessment, the 3 RibFix Advantage
bridges neared complete pleural encapsulation. The 8 week 
assessment showed sustained pleural encapsulation with no 
significant lung adhesions and healing of all fractures. Implanting
RibFix Advantage bridges into a sheep showed that there were
no adverse effects inside the thoracic cavity and that the bridges
were quickly covered by tissue.

In-Vivo Animal Model

Implantation
Figure 4. RibFix Advantage bridge implanted in a sheep to assess intrathoracic response.
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RibFix Advantage Technical Report

Figure 5. Three-week images showing near complete pleural encapsulation of bridges 
with no significant lung adhesions.

PLEURAL ENCAPSULATION
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RibFix Advantage washer reduces bone deformation and stress21

Finite Element Model Strength

RESULTS 

In the area of bone near the locking cap, use of the
RibFix Advantage washer results in a 48% reduction
in bone deformation and a 25% reduction in peak
stress of the bone.

FEA modeling showed that using the washer when 
implanting RibFix Advantage can reduce compression
on the rib during tightening.

FEA model results applicable within model parameters only.

TESTING DESIGN 

RibFix Advantage implants were modeled using
Finite Element Analysis (FEA) software.

The bridges were assembled to simulated ribs with 
correct material properties to create constructs with 
and without washers. Locking caps were tightened 
to the same cap torque and bone deformation and 
stress were calculated.
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Figure 6. Finite element model of RibFix Advantage and rib construct.
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Finite Element Model Strength

PLATE CONSTRUCT WITHOUT WASHER

BONE DEFORMATION

BONE STRESS
Figure 7.  FEA results without construct washer showed increased
bone stress and deformation during cap tightening.

  MAX
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PLATE CONSTRUCT WITH WASHER

  MAX

BONE DEFORMATION
48% reduction in bone deformation

BONE STRESS
25% reduction in peak stress Figure 8.  FEA results showed that using the construct washer 

during cap tightening reduced compression on the rib resulting in 
lower stress and deformation.
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Summary

Despite continued use of principles established in the 1960’s, internal positive 
pressure ventilation remains the most common treatment for severe chest wall 
injuries resulting in instability and reduced respiratory mechanics. However, the 
recent advent of rib-specific fixation systems has led to a large increase in patients
being treated surgically and a boom in research demonstrating the benefits of
fixation. These rib-specific systems attach to the extrathoracic surface of the 
ribs and therefore require adequate exposure for implantation that increases the
likelihood of surgical site morbidity. RibFix Advantage is the first system for IRF
and offers a less invasive procedure for rib fixation which may reduce surgical
site morbidity and speed patient recovery. 

When RibFix Advantage bridges were implanted into a sheep, there were no adverse
effects inside the thoracic cavity and the bridges were quickly covered by tissue.20

Mechanical testing showed that the strength of RibFix Advantage is comparable
to the strength of extrathoracic plating systems and FEA modeling showed that
using the washer can reduce compression on the rib during tightening.17-19,21 
RibFix Advantage is a novel rib fixation system that provides stability from
within the thorax and is implanted in a less invasive procedure providing a new 
option for patients that may be considered for surgical fixation of rib fractures.
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