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Abstract
Purpose  The usefulness of chest wall stabilization after blunt chest wall trauma with unstable rib fractures has recently been 
intensely discussed. Thereby, the surgical approach seems to influence outcome, mortality and the long-term complication 
rate including chronic chest pain, thoracic deformity and quality of life. Here, we present the outcome after surgical stabili-
zation of unstable rib fractures using intramedullary splints and plate osteosynthesis.
Methods  n = 50 patients were enrolled in this trial. Surgical stabilization was performed using intramedullary splints and/or 
plate osteosynthesis. Video-assisted thoracoscopy was performed in all patients for the inspection of the thoracic cavity and 
to exactly localize the fractured ribs. The pre- and postoperative pain course was documented using the visual analog scale.
Results  A total of n = 50 patients (10 females, mean age 63 years) were included into the analysis. All patients presented with 
traumatic serial rib fractures with a mean of 3 fractured ribs (range 2–8 ribs) and an unstable thorax wall. Rib osteosynthesis 
was performed using intramedullary splints (n = 17 patients), locking plates (n = 17 patients), or a combined use of both 
procedures (n = 16 patients). Mean operating time was 80 min (31–161 min). No major complications were seen intra- and 
postoperatively. Mean hospital stay was 8 ± 2 days (2–21 days). In all patients, excellent chest wall stability was achieved. 
Moreover, a significant reduction of pain was observed (2.6 ± 0.3 postoperatively vs. 8 ± 1.15 preoperatively, p < 0.0001) 
already during the hospital stay.
Conclusions  Rib osteosynthesis is a safe and effective treatment option for patients with unstable rib fractures after blunt 
chest wall trauma. It leads to a significant reduction of the trauma-associated pain caused by the rib fractures and supports 
a quick recovery of the patients.
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Introduction

Blunt chest wall trauma is associated with a high risk of 
morbidity and mortality [1–3]. Mostly, it is associated with 
unstable rib fractures (URF) leading to mechanical instabil-
ity of the chest wall. URF could be accompanied by other 

injuries such as lung contusion, lung injury, hemothorax and 
pneumothorax. Additionally, it has been reported, that the 
incidence of pneumonia increases due to the number of frac-
tured ribs especially in the elderly [4, 5]. Chronic pain and 
disability also may remain as long-term complications after 
chest wall injury and URF. Concerning those complications, 
several studies and reviews show that surgical approaches of 
chest wall stabilization in the scenario of a flail chest influ-
ence the outcome of patients. They decrease the pneumonia 
rate, positively affect chest deformity, tracheostomy rate, the 
duration of mechanical ventilation, the length of ICU stay 
and the overall hospital stay [6–9]. Hence, surgical stabi-
lization of fractured ribs has become increasingly popular 
and the spectrum of the surgical techniques has increasingly 
applied less-invasive approaches [10].

The aim of this study was to assess the efficacy and 
postoperative outcome after rib osteosynthesis with 
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intramedullary splints and/or plate osteosynthesis in the 
scenario of URF.

Patients and methods

Between 12/2013 and 12/2017, n = 50 patients (32 
males/18 females) with unstable rib fractures due to blunt 
chest wall trauma were prospectively enrolled in this 
study and data prospectively recorded. The mean age was 
63 years (range 30–98 years). Patients’ characteristics are 
summarized in Table 1. Patients with at least n = 2 dis-
located rib fractures with concomitant hemothorax and/
or pneumothorax were included in a prospective non-ran-
domized fashion. The following factors served as exclu-
sion criteria: n = 1 fractured rib, polytrauma patients and 
patients with other co-injuries. In all cases, the patients 
were haemodynamically stable and no major intraperi-
cardial vessels were found. Figure 1 demonstrates our 
institutional blunt chest trauma management. Prior to 
surgery, all patients received a computed tomography of 
the chest (CT) with 3D-reconstruction of the chest wall 
(Fig. 2). After Evaluation, surgical rib stabilization was 

performed within 24 h after admission to the emergency 
room. For pain management, standard analgesia with opi-
oids (Naloxon/Oxycodon) was administered during the 
postoperative course in all patients.

Rib osteosynthesis was performed using intramedul-
lary splints (group 1), locking plates (group 2) or both 
osteosynthetic procedures (group 3). Type of osteosynthe-
sis material was determined preoperatively, depending on 
the localization of the rib fractures. Patients with multiple-
fragment rib fracture, distant fractures of the same rib, or 
with multiple fractures of the anterior or posterior cortex 
underwent rib stabilization using locking plates. Transver-
sal rib fractures or slightly oblique fractures were stabi-
lized with an intramedullary splint. To reduce friction and 
postoperative pain, subscapular rib fractions were primary 
stabilized using intramedullary splints.

All patients gave their written consent to the surgery 
pre-operatively. For pain assessment, the visual analogue 
scale (VAS) was performed pre- and postoperatively (day 
of hospital discharge). Postoperative pain was considered 
as the primary endpoint in all groups. The duration of 
surgery and hospital stay were considered secondary out-
comes (Table 2).

Table 1   Patients’ characteristics Group 1 Group 2 Group 3 Total (all groups)

Number of patients 17 17 16 50
Mean age (years) 61 ± 2 [30–98] 66 ± 2 [41–95] 63 ± 2 [42–81] 63 ± 3 [30–98]
Gender (female/male) 4/13 6/11 8/8 18/32
Bilateral fractures (patients) 0 1 0 1
Mean number of fractured ribs 4 [2–6] 4 [2–8] 5 [2–8] 4 [2–8]
Mean number of stabilized ribs 3 [2–5] 3 [2–6] 4 [2–8] 3 [2–8]

Fig. 1   Institutional blunt chest 
trauma management
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Statistical analysis

Continuous variables were described using means, standard 
deviations, and ranges. Boxplots show the distribution of 
the continuous variables within the groups. Comparisons 
between postoperative parameters of all groups were per-
formed using unpaired t tests. Test results were reported 
as mean difference between both procedures and the cor-
responding 95% confidence interval (CI). The limits of the 
95% CI will be interpreted in the sense of an equivalence 
test. Equivalence margins were not prespecified. Superiority 
p values of the unpaired t tests will be reported for informa-
tional purpose.

Surgical technique

Surgical stabilization was performed using intramedullary 
splints and/or plate osteosynthesis (MatrixRib, Synthes®, 
Germany) using a minimally invasive approach. Intraopera-
tively, a single-port video-assisted thoracoscopy was per-
formed at first in all patients for the inspection of the tho-
racic cavity determining the exact localization of dislocated 
rib fractures and for evacuation of an eventually existing 
hemothorax. Subsequently, in n = 15 patients a mini-thora-
cotomy was performed to evacuate a possibly accompany-
ing thoracic wall hematoma and finally to achieve thoracic 
wall stabilization using either splints, locking plates or both 
osteosynthetic procedures.

Fig. 2   3D-chest-CT. Computed tomography of the chest (CT) with 
3D-reconstruction of the chest wall demonstrating instable serial rib 
fracture with dislocated rib fragments lateral and dorsal

Table 2   Results of subgroups and patients’ outcome

Group 1
Mean, SD, range

Group 2
Mean, SD, range

Group 3
Mean, SD, range

Total (all groups)
Mean, SD, range

p value 95% CI

Hospital stay (days) 6 ± 1 [2–16] 9 ± 1 [3–17] 10 ± 2 [2–21] 8 ± 2 [2–21]
vs. group 2 0.007 [− 0.2, 5.3]
vs. group 3 0.005 [− 0.05, 6.8]

Duration of surgery (min) 61 ± 7.2 [31–150] 94 ± 10.4 [55–215] 95 ± 8.1 [42–161] 82 ± 5.4 [31–215]
vs. group 2 0.01 [6.55, 58.6]
vs. group 3 0.004 [11.5, 55.6]

Pain (VAS)
 Preoperative 8 ± 1 [6–10] 8 ± 1 [5–9] 8 ± 1 [7–10] 8 ± 1.15 [5–10]

Pre- vs. postop. < 0.0001
 Postoperative 2.6 ± 0.3 [1–5] 3 ± 0.3 [1–5] 2.6 ± 0.3 [1–4] 2.6 ± 0.3 [1–5]

vs. group 2 0.5 [− 0.58, 1.18]
vs. group 3 0.7 [− 0.92, 0.62]

Additional findings
 Hemothorax 12 15 11 38
 Pneumothorax 3 5 2 10
 Lung injury 2 5 1 8
 Diaphragm injury 0 1 0 1
 Soft tissue damage 1 7 7 15
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In all patients in group 1, a minimally invasive approach 
using an incision of 2 cm was performed to expose the area 
of the fracture. Subsequently, the splint was inserted under 
thoracoscopic visualization to confirm regular intramedul-
lary positioning (Fig. 3).

Results

Patients in this study presented with serial rib fractures of 
a mean of four ribs (range 2–8 ribs) with accompanying 
unstable chest wall. Among them, n = 7 patients were pre-
sented with two displaced fractured ribs. In these patients 
indication for surgery was the concomitant hemothorax 
(n = 5 patients) and persistent pneumothorax (n = 2 patients). 
Depending on the location of the fractures, rib osteosyn-
thesis was achieved using intramedullary titanium splints 
in n = 17 patients, locking plates in n = 17 patients or both 
techniques in n = 16 patients. Thoracoscopic evacuation 
of a hemothorax due to rupture of the intercostal vessels 
was performed in n = 38 patients. In n = 8 patients, atypical 
wedge resection of injured lung tissue was performed. n = 10 
patients presented with pneumothorax. In one case, a rupture 
of the diaphragm was sutured. n = 15 patients had significant 
soft tissue damage with pronounced hematoma.

Evaluating postoperative pain course, when analyzing all 
patients, a mean VAS of 2.6 ± 0.3 (range 1–5) postopera-
tively compared to a mean VAS of 8 ± 1.15 (range 5–10) 

preoperatively was documented (Fig. 4). Here, we could 
show a significant reduction of the pain already during the 
hospital stay (p < 0.0001, 95% CI − 5.68 to − 4.672). A com-
parison of techniques (groups) revealed no significant dif-
ference between group 1 (VAS of 2.6 ± 0.3, range 1–5) and 
group 2 (VAS of 3 ± 0.3, range 1–5) regarding postoperative 
pain course (p = 0.5, 95% CI − 0.58 to 1.18) (Fig. 3). The 
mean postoperative VAS in group 3 was 2.6 ± 0.3 (1–4). In 
addition, there were no significant differences in postopera-
tive pain comparing group 1 vs. group 3 (p = 0.7, 95% CI 
− 0.92 to 0.62) and group 2 vs. group 3 (p = 0.3, 95% CI 
− 1.3 to 0.4). However, in all groups a significant reduction 
in pain could be seen after the procedure compared with 
preoperative levels, indicating that pain reduction is inde-
pendent from the applied technique (Fig. 4).

The mean duration of surgery was 82 ± 5.4 min (range 
31–215) in all groups. The mean duration of surgery was 
61 ± 7.2 min (range 31–150) in group 1 and 94 ± 10.4 min 
(range 55–215) in group 2 (p = 0.01, 95% CI 6.55–58.6). 
Therefore, a significantly shorter duration of surgery was 
observed in group 1 compared with group 2 (Fig. 5). Com-
paring the duration of surgery between group 1 and group 3 
(95 ± 8.1 min, range 42–161 min), operating time in group 
1 was significantly shorter (p = 0.004, 95% CI 11.5–55.6). 
There was no difference in operating time seen between 
group 2 and 3 (p = 0.94, 95% CI − 26.5 to 28.41).

The mean postoperative hospital stay was 8 ± 2 days 
(2–21 days) in all patients. The mean postoperative hospital 
stay was 6 ± 1 day (range 2–16) in group 1 compared to 
9 ± 1 days (range 3–17) in group 2 (p = 0.07, 95% CI − 0.2 
to 5.3), and to 10 ± 2 days (range 2–21) in group 3 (p = 0.05, 
95% CI − 0.05 to 6.8). Although a clear trend toward shorter 
postoperative hospital stay was observed in group 1, no sig-
nificance could be shown (Fig. 6). Comparing the postopera-
tive hospital stay between group 2 and group 3, there was 
no statistical difference shown (p = 0.65, 95% CI − 2.97 to 
4.63).

No relevant complications were observed during the intra- 
and postoperative course. In all patients, excellent chest wall 
stability was achieved. Even at further follow-up at a mean 
of 16 ± 3 months (range 2–27) we did not notice any disloca-
tion of the applied osteosynthesis and any instability.

Discussion

Blunt chest trauma is often associated with instable rib 
fractures, especially in elderly patients with the evidence 
of osteoporosis. This in particular influences mortality and 
morbidity. It affects appropriate breathing and ventilation 
leading to pneumonia in up to 30% of patients [1, 11].

The reasons for surgical rib fixation are the reduction of 
trauma-associated acute and chronic pain, optimization of 

Fig. 3   Intraoperative images demonstrating the minimally invasive 
rib osteosynthesis using intramedullary splint. Through a single port 
VATS the affected ribs are localized (a). Thereafter, a 2 cm incision is 
made (d) to expose the area of the dislocated ribs (b). Subsequently, 
the intramedullary splints are inserted (b, c)
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Fig. 4   Pain assessment. Pain 
assessment using the VAS 
shows a significant reduction 
in pain postoperatively in all 
patients. Comparing the postop-
erative pain course between the 
different groups no significant 
difference was noticed

Fig. 5   Duration of surgery. Data 
showed a significant reduc-
tion of the operating time for 
patients who only received 
intramedullary splints (group 
1) compared to group 2 and 
group 3
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the breathing excursion and ventilation and avoidance of 
mechanical ventilation. Although the surgical chest wall 
stabilization has become increasingly popular, especially 
in patients with a flail chest, the surgical approach remains 
controversial [12, 13].

Several surgical approaches for rib fixation have been 
described in the literature [10]. First, Jones and co-workers 
reported surgical rib fixation in 1926 in a patient with flail 
chest using a clamp which was fixed in the sternum and held 
under traction [14]. The high mortality rate associated with 
chest wall trauma, mostly as a complication of mechanical 
ventilation leading to pneumonia, induced intense activity in 
the development of novel surgical techniques and materials 
[15]. Dor et al. reported the first open surgical rib fixation 
using K-wires [16]. Other techniques applied intramedul-
lary approaches, as well as suturing and bridging techniques, 
where fractured ribs were stabilized with metal wires and 
sutures. Due to insufficient results and a relevant number of 
reported complications, rib osteosynthesis using titanium 
plates has become more preferable [10].

Recent reports have demonstrated an association of 
minimally invasive surgical stabilization of a flail chest 
with reduced need for mechanical ventilation and a lower 
incidence of pneumonia [17, 18]. Bottlang et al. described 
the application of plates and intramedullary splints with 
promising results in a prospective study with 20 patients 
who underwent stabilization of a flail chest injury. Thereby, 

intramedullary rib splints provided a less-invasive and reli-
able fixation of rib fractures [19]. In a retrospective descrip-
tive review of a clinical case series, Marasco et al. reported 
comparable results regarding functional recovery in patients 
after rib splinting compared to patients after plate osteo-
synthesis [20]. In our study, the use of splints, plates and 
the combination of both techniques were applied without 
any complications, achieving an excellent stabilization of 
the chest wall, leading to significant initial pain reduction. 
Additionally, in group comparison, no differences in post-
operative pain course were documented.

Several randomized controlled trials have been published 
through the past decades comparing surgical approaches in 
the management of flail chest with conservative treatment. 
All these works demonstrated significant improvement after 
surgical stabilization with regards to the length of mechani-
cal ventilation und ICU stay, as well as decreasing rate of 
pneumonia. Also a significant improvement in long-term 
outcome such as chest pain, chest tightness, dyspnea, time 
to return to work and ability to high-activity work was 
reported in several studies [4, 18, 21]. In contrast, Farquhar 
et al. reported recently a retrospective study including 19 
patients that underwent surgical rib fixation and 36 patients 
with conservative management, that showed no benefit of 
surgical rib fixation vs. conservative treatment regarding 
time of mechanical ventilation, length of hospital stay and 
pneumonia onset. A limitation of this study was the small 

Fig. 6   Postoperative hospital 
stay. Shows that the performed 
procedure did not have any 
influence on postoperative 
hospital stay. Although a clear 
trend toward shorter postopera-
tive hospital stay was observed 
in group 1, no significance 
could be shown
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number of patients, especially in the surgical group. Fur-
thermore, patients were considered for surgical rib fixation 
after ineffective conservative treatment. This could lead to 
selection bias and better results in the non-operative group. 
Therefore, an earlier surgical approach might lead to a bet-
ter outcome in the surgical group [12]. In a retrospective 
study, DeFreest et al. reported longer hospitalization and 
ventilator duration for polytrauma patients after surgical rib 
fixation (n = 41 patients) compared to non-operative man-
agement (n = 45 patients). Limitations of this study were the 
heterogeneity of the polytrauma patients with different co-
morbidities and co-injuries and the small number of patients 
involved. Furthermore, some of the patients in the surgical 
group were offered surgery several days after admission to 
the hospital. Although longer hospitalization in the surgical 
group was observed, mortality rate was lower compared to 
the non-operative group (n = 1 vs. n = 5 patients) [22].

In our study, 50 patients with blunt chest trauma and 
unstable rib fractures were subjected to rib osteosynthesis 
using plate osteosynthesis, intramedullary splinting and the 
combination of both techniques. After Evaluation, surgical 
rib stabilization was performed within 24 h after admission 
to the emergency room. Even in the postoperative course 
during the hospital stay, a significant reduction of pain was 
observed regardless the technique used. No postoperative 
mechanical ventilation was needed. Chest wall stability was 
achieved in all patients without any implant dislocation also 
at further follow up. Also no postoperative pneumonia devel-
oped in study patients. Therefore, early rib stabilization of 
the dislocated rib fractures and the instable chest wall is 
recommended in the early phase after blunt chest trauma, to 
prevent further complications.

The role of VATS in management of chest trauma has 
been described in the literature. In a small case series of 
hemodynamically stable patients with penetrating thoracic 
trauma and major lung or intercostal injuries without major 
intrapericardial vessels bleeding, VATS was successfully 
performed demonstrating the efficacy in acute trauma man-
agement [23]. Furthermore Jin et al. also demonstrated the 
efficacy of VATS for treatment of stable thoracic trauma 
patients compared to open thoracotomy in a randomized 
fashion [24]. Although a very sparse amount of randomized 
prospective data for the role of VATS in operative manage-
ment of chest trauma patients exists, VATS can be benefi-
cial in non-critical, hemodynamic stable patients. VATS can 
be a useful explorative and therapeutic procedure for non-
major-vessel-bleeding hemothorax, pleural space debride-
ment, lung parenchymal and diaphragmatic lesions [25, 
26]. Therefore, thoracoscopic evaluation of the thoracic 
cavity can identify misdiagnosed lesions and avoid delayed 
complications.

Regarding the surgical approach, in our opinion, the 
minimally invasive technique for surgical rib fixation using 

intramedullary splints is a safe treatment option for patients 
with dislocated rib fractures after chest trauma. In compari-
son to conventional locking plates, they can be implanted 
minimally invasively using a significant shorter operating 
time. In multiple fractured ribs, locking plates seem to be 
the technique of choice but necessitate more invasive surgi-
cal incision.

Conclusion

Early rib osteosynthesis in patients with unstable rib frac-
tures leads to a significant reduction of trauma associated 
pain. Rib fixation using intramedullary splints, locking 
plates or the combination of both operative techniques is 
a safe treatment option for patients after blunt chest trauma 
with dislocated rib fractures and an instable chest wall. 
Post-traumatic complications such as pneumonia, chest wall 
deformity and chronic pain are rare. The surgical stabiliza-
tion reduces the pain by restoring the chest wall stability, 
which supports a quick recovery. It should be considered 
in the acute phase after chest traumatization and not only 
after failure of conservative treatment, where nociceptional 
mechanisms of chronic pain development have already been 
initiated.
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