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Abstract

OBJECTIVES: First experiences with rib fixation using nitinol, in terms of reliability and morbidity, influence on pain control and quality of
life (QOL), in a large series of selected patients after blunt chest trauma.

METHODS: Data of all patients who had undergone rib fixation by the use of nitinol were retrospectively analysed in terms of indications,
morbidity and in-hospital mortality. Pain status and health-related QOL were assessed preoperatively, when possible, at discharge and at
1, 3, 6 and 12 months post-surgery using visual analogous scale and short form 12 questionnaires.
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RESULTS: From September 2017 to April 2019, 70 patients underwent rib fixation using the nitinol device, of which 47 (67%) had dislo-
cated, painful fractures, 6 (8.5%) had flail chest injuries, 6 (8.5%) were emergencies with haemodynamical instability and 11 (16%) had
pseudoarthrosis. Morbidity was 21% without wound infection; in-hospital mortality was 3%. Fracture of the material occurred in 6% of the
patients during the first year, but removal of the material was not required. Analysis of the pain score showed a statistically significant de-
crease in pain for both the whole collective and the group with a series of dislocated and painful fractured ribs (P < 0.001, Tukey contrast
on the linear mixed-effects models). Assessment of health-related QOL revealed a significant improvement in the physical score for the
mid- and long-term analysis.

CONCLUSIONS: Our results suggest that rib fixation using the nitinol device is reliable, associated with an acceptable morbidity, while sig-
nificantly decreasing pain and improving health-related QOL.
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ABBREVIATIONS

HRQOL Health-related quality of life
MCS Mental component summary
PCS Physical component summary
QOL Quality of life
VAS Visual analogous scale

INTRODUCTION

Treatment of rib fractures associated with blunt chest trauma is
still commonly conservative [1]. However, conservative manage-
ment can be associated with complications in the acute post-
traumatic phase, due to its duration or to its inefficacity [2].
Complications consist of infections and prolonged respiratory
failure, leading to prolonged hospitalization and a high mortality
rate, depending on other injuries, age and comorbidities. In
addition, several reports have shown that conservatively treated
rib fractures can be accompanied by the impairment of daily ac-
tivities and quality of life due to persistent pain or chest wall de-
formity, fracture non-union and chest tightness [3, 4]. Bhatnagar
et al. [5] observed an average loss of 70 days of work during re-
covery after conservative therapy of flail chest. Landercasper
et al. [6] described a long-term disability in up to 60% of patients.
However, the level of evidence in the published data is relatively
low due to the heterogeneity of the techniques used and the
comparatively small number of patients included in most of the
studies. Prospective randomized trials, several systematic reviews,
meta-analyses and monocentric studies have shown that early
stabilization of flail chest injuries can improve the incidence of
pneumonia, need for tracheostomy, duration of intubation,
length of stay in intensive care unit and in hospital in comparison
with conservative therapy [7–15].

In recent years, the interest in stabilization of the chest wall in
flail chest patients or in rib fixation has grown considerably.
This is evident in the development of new surgical fixation devi-
ces and in the creation of several professional training courses
on chest wall surgery with the purpose of making the indica-
tions and the techniques more familiar to the surgical commu-
nity. Concerning the technique used for rib fixation, several
systems are available (Fig. 1). Most of the modern devices are
made of titanium, which allows optimal adaptation to the anat-
omy of the ribs and ensures good protection against infection.
Systems with plates as well as screwless devices are available. A
device made from nitinol (alloy of titanium and nickel) has re-
cently been launched (central picture). This system is based on

thermic properties (shape-memory effect) as the material is
malleable at temperatures between 0 and 5�C. After application
to the fracture, simple contact with a warm dressing allows its
return to the initial hard position, thus providing stability (Video 1).
The material exhibits high elasticity, some 10–30 times that of or-
dinary metal, and as such has the potential of offering the opti-
mal method for surgical stabilization. As the number of patients
surgically treated with this material in our department is one of
the highest worldwide, we would like to publish our first experi-
ences from a consecutive series of patients with blunt chest
trauma.

MATERIALS AND METHODS

Ethical statement

This study was approved by the Ethikkommission Nordwest- und
Zentralschweiz on 17 December 2018 with the Registration No.
EKNZ 2018-02225. No specific individual informed consent was
required.

In September 2017, we introduced a new screwless system,
the NiTi Fixing PlatesVR (EuroprismeVR , Luxembourg) to perform
rib fixation and chest wall stabilization. This system has been
available for commercial use in Switzerland from August 2016.
All the patients included in this study had suffered a blunt chest
trauma and would have had to undergo surgery irrespective of
the method used. This means that the nitinol device had abso-
lutely no influence on the indication for surgery nor on the
pre- and postoperative clinical management of the patients.
About 400 patients with rib fractures are referred to our centre
each year.

Medical data were collected from all patients in whom rib fixa-
tion or chest wall stabilization by using nitinol clips alone or in
combination with other devices had been performed between 1
September 2017 and the end of April 2019. One of the main
study objectives was to analyse the clinical outcome of the pro-
cedures performed using this new device. For this purpose, we
have retrospectively harvested general information about patient
history, clinical data, duration of surgery, length of hospital stay,
morbidity and mortality. Clinical and radiological examinations
were performed at predetermined times (Table 1). Information
about pain status and subjective health-related quality of life
(HRQOL) was collected before surgery, if possible, at hospital dis-
charge and at 1, 3, 6 and 12 months after surgery (Table 1). A vi-
sual analogous scale (VAS) was used to assess the pain score
related to the thoracic injury. For some patients with flail chest
injuries or who had undergone emergency surgery, no pain score
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could be obtained preoperatively due to intubation on admis-
sion. HRQOL was assessed using the short form 12 health survey
version 2 questionnaire, which is a standardized and validated
shortened version of the short form 36 form [16]. The 12 ques-
tions are assigned to 8 scales measuring physical and mental
health. The possible range of physical component summary
(PCS) and mental component summary (MCS) score is 0–100, a
higher PCS or MCS score indicating a better HRQOL [16]. An
analysis of the costs was not within the scope of this study.
Nevertheless, we can state that, in our centre, the overall costs of
the nitinol device are comparable to the other systems (both
with screws and screwless).

Statistical analysis was performed for the specified observation
time points (preoperative and 3, 6 and 12 months post-surgery)
for all patients and for the group of dislocated, painful fractures.
For the 3 other indications, statistical analysis was not performed
because of the low number of patients in these groups.
Cronbach’s alpha was calculated to estimate the internal consis-
tency of the short form 12 questionnaire, with values between
0.84 and 0.91 for all 4 time points showing very stable results. As
verified by quantile comparison plots, pain score, PCS and MCS
were analysed on the original scale, fulfilling the conditions of an

approximately Gaussian distribution of the residuals. Changes
over time were evaluated separately for pain score, PCS and MCS
by 3 analogous linear mixed-effects models with the preoperative
time point as reference. P-values were calculated by applying the
Tukey contrast to the mixed-effects models. The regression mod-
els were adjusted for age and gender. The estimates of the re-
gression models showed the difference of mean values together
with the corresponding 95% confidence intervals and P-values. A
P-value of <0.05 was considered significant. Analysis was per-
formed with the statistical program R version 3.5.1 [17].

Depending on the surgical technique, the approach was always
as minimally invasive as possible. In flail chest patients, a long in-
cision was avoided to minimize the trauma to the contused soft
tissue. Two small incisions were preferred, enabling the fixation
of up to four ribs. After mobilization of the muscles, the fractures
were identified. Care was taken to avoid injuring the neurovascu-
lar intercostal bundle, and the periosteum was not dissected. The
rib width was measured, and the appropriate nitinol clip was
chosen from the device range, i.e. �20% smaller than the mea-
sured width. The device was then cooled down for �1–3 min in a
refrigerated sterile physiological solution. Each pair of gripping
arms was successively opened with a dedicated instrument. After
placing the nitinol clip onto the fracture, the device was warmed
using a dressing soaked in a physiological solution of 45�C. The
clip adapted automatically to the rib, returning to its initial shape
after closure of the arms (Video 1).

RESULTS

Between September 2017 and the end of April 2019, 109 patients
[78 (72%) men and 31 (28%) women] with a mean age of
64.7 years (19–96) underwent chest wall stabilization or rib fixa-
tion using NiTi Fixing Plates following a blunt chest trauma.
Thirty-nine patients were excluded from the analysis: 12 patients
had not provided general informed consent for research, 26
were surgically treated with a combination of nitinol clips and

Figure 1: Illustration of the combination of different systems to obtain the optimal results in complex situations. Chest X-radiation with plates and screws (SynthesVR ,
BiometV

R

) and with nitinol clips (EuroprismeVR ) (A); 3-dimensional reconstruction examination with a series of dislocated plurifragmentary rib fractures (B); and chest
X-radiation after stabilization using nitinol clips (Europrisme) and titanium clips (MedXpertV

R

) (C).

Video 1: Use of the nitinol rib fixation system.
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other systems (MatrixRibVR , Synthes, Switzerland; StratosVR ,
MedXpert, Germany) and 1 patient underwent rib fixation after
an iatrogenic rib fracture during surgery. The analysis was per-
formed on those 70 patients who provided general informed
consent for research and were surgically treated with the nitinol
system only. The indications for surgery were a dislocated and
painful series of fractured ribs despite adequate pain therapy (47
patients), flail chest in the absence of extended lung contusion or
cerebral injuries (6 patients), emergency treatment of haemo-
thorax with haemodynamical instability (6 patients) and pseu-
doarthrosis (11 patients). Twenty-two patients included in the
study had associated injuries, consisting of 6 patients with addi-
tional abdominal and pelvic trauma, 8 patients with head and/or
spine injuries and 15 patients with trauma of the extremities.

Data regarding duration of surgery, time interval between
trauma and operation and hospitalization time are shown in
Table 2. No patient in this series required a bilateral fixation of
ribs. The operation was performed on the right side in 50% of
patients. Injury of the diaphragm was observed in 6 (9%) patients,
requiring emergency surgery for haemothorax. Bleeding could be
controlled thoracoscopically in all patients. The mean number of
fractured ribs was 5.9 (1–15). In total, 241 nitinol clips were used
in 70 patients with a mean number of 3.4 (1–10) clips per patient.
In-hospital complications were observed in 15 (21%) patients,
consisting of 5 cases of pneumonia, 1 of pneumothorax, 4 of
post-surgery delirium, 2 of seroma, 2 of haemothorax requiring
reoperation, 1 gastritis requiring gastroscopy, 1 fracture of the
hip following a fall from the bed and 1 wound haematoma. No
wound infection occurred. Three patients with pneumonia were
treated successfully with aggressive bronchial toilet and antibiot-
ics. The 2 other pneumonia patients died during hospitalization
due to multi-organ failure, resulting in an in-hospitalization mor-
tality rate of 2/70 (3%). Post-surgery delirium was seen only in
very old patients. Patients with seroma required no reoperation.
Wound haematoma developed in 1 patient, and wound revision
with vacuum assisted closure therapy was performed 8 days
post-surgery. No microorganism could be identified, and wound
healing was uneventful after the administration of broad-
spectrum antibiotics for 14 days. Three-month follow-up showed
an uneventful scar. Two patients developed a haemothorax post-
surgery. One patient underwent revision 1 day after rib fixation
for dislocated and painful rib fractures, the second patient under-
went thoracoscopy 1 week after fixation for pseudoarthrosis.
Recovery was uneventful in both patients. At 3-month follow-up,

fractures of the material occurred in 2/70 (3%) patients and a to-
tal of 2 clips (2/241, 1%) were broken. At 6 months, fractures of
the material were observed overall in 4/70 (6%) patients and a
total of 4 clips (4/241, 2%) were broken (Fig. 2). At 1 year post-
surgery, no additional fractures of the material were observed. All
fractures occurred on the back of the clip, leaving the pairs of
arms intact. In all patients, fracture of the device occurred with-
out evident new trauma. There was no dislocation of the broken
material, and no removal was required.

Regarding pain analysis, a preoperative assessment of the
VAS score could be obtained in 67 patients. The VAS score
showed a progressive decrease in pain during evolution in all
subgroups of patients (Table 3). In both the ‘all patients’ and the
‘dislocated and painful series of fractured ribs’ groups, a statisti-
cally significant decrease in the pain score was observed in the
comparison of preoperative and post-surgery VAS scores
(P < 0.001, Tukey contrast on the linear mixed-effects models,
Table 6). Analysis of HRQOL assessed by the short form 12
questionnaire is summarized in Tables 4 and 5. The analyses of
both PCS and MCS showed a worsening of the HRQOL immedi-
ately after surgery, but a progressive improvement was ob-
served between the first check-up after surgery and up to
12 months for the whole study group. In the group of dislo-
cated, painful fractures, an improvement in PCS was also con-
firmed at 6 and 12 months compared to the preoperative score
(Table 6).

DISCUSSION

Fixation of rib fractures is still a matter of debate. Some prospec-
tive monocentric studies have described a positive long-term
outcome after chest wall stabilization in patients with flail chest
with a 100% return-to-work rate at 2 months with a 95–100%
working capacity and no restriction in lung function test at
6 months [18–21]. Majercik et al. [22] observed no residual pain
after fixation as early as 5.4 weeks post-surgery with a mean satis-
faction score of 9.2 on a visual scale.

Our first experience with the nitinol device is positive. The
technique is remarkably simple, quick and reproducible. This
could be an advantage in comparison to plates and screws. In
our patients, the mean surgery duration can be considered com-
paratively long. This is mainly due to the use of thoracoscopy in
most patients or to combined procedures with the trauma

Table 1: Standard assessment of patients undergoing rib fix-
ation or chest wall stabilization after blunt trauma

Preoperative At discharge At 1-, 3-, 6- and
12-month
post-surgery

Clinical examination + + +
Wound/scar control – + +
Chest X-ray – + +
Chest CT scan + – –
Pain score (+) + +
HRQOL (+) + +

(+): when possible, according to the indication for surgery.
CT: computed tomography; HRQOL: health-related quality of life; X-ray: X-
radiation.

Table 2: Duration of surgery, time interval between trauma
and operation, hospitalization time according to the indica-
tion for surgery [mean value (standard deviation) number of
patients]

Operation
duration
(min)

Time interval
between
trauma and
operation (days)

Hospitalization
time (days)

All patients 107 (40) 70 82 (201) 70 14 (9) 70
Dislocated, painful

fractures
109 (37) 47 14 (17) 47 15 (9) 47

Flail chest 112 (51) 6 35 (58) 6 21 (11) 6
Emergency 120 (29) 6 13 (12) 6 8 (4) 6
Pseudoarthrosis 91 (53) 11 437 (334) 11 6 (2) 11
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surgeons in the case of additional injuries. We observed no infec-
tion, which correlates with the low rate found by Thiels et al. [23]
(0–10%). In the patients with seroma, no removal of the material
was required, which could guarantee the further stability of the
chest wall and avoid progressive dislocation of the ribs. We ob-
served 4/70 (6%) patients with fractures of material after 1 year
corresponding to a fracture rate of 2% of the used clips. Ruptures
of titanium-made materials have already been described, some-
times leading to reoperation because of pain or instability of the
chest wall [24]. With the nitinol alloy, such fractures were not
expected, since the alloy is highly elastic and should not suffer fa-
tigue. An explanation of the observed fractures could be the im-
possibility to modify the shape of the clip because of its shape-
memory properties. It means that the device is not perfectly
shaped for all the anatomical aspect of the ribs. In the 4 patients
with fractured clips, the rib fractures were not ideally located
anterolaterally but rather in the lateral and posterolateral aspect
of the ribs. For the comparatively rare indication of fractures local-
ized in this portion of the ribs, we would therefore recommend
the use of more bendable systems. Another potential disadvantage
of the nitinol system is the availability of only one length of plate
(50 mm) with 4 pairs of arms. This might be too short to correctly
cover and fix complicated fractures with multiple fragments or
oblique fractures. In such a situation, it is potentially possible to
apply 2 clips close to each other or to use another system. These 2
observations explain why in some patients we have used a combi-
nation of several devices, which also shows the advantage of hav-
ing several systems available in order to offer patients the optimal
solution depending on the localization of the fractures and of the
quality of the bone (Fig. 1).

The mean duration of hospitalization was 15 days for patients
with dislocated and painful rib fractures. This can be considered
long, but most of these patients had first been offered

conservative therapy, with surgery only proposed several days af-
ter admission. Another explanation of the prolonged
hospitalization time is that many patients in Switzerland usually
go to a rehabilitation clinic after discharge from hospital. They
are obliged to go there directly without a transitory stay at home,
thereby prolonging their hospitalization. In recent years, the indi-
cation for rib fixation has been extended to selected patients
without flail chest.

Two recently published smaller studies suggest that patients
benefit from rib fixation in terms of pain control and functional
results [25, 26]. In our study, the subgroup of patients with dislo-
cated, painful fractures was by far the largest, corresponding to
67% of the indications for surgery. Our initial policy had been to
consider first an adequate pain therapy, consisting of different
possible combinations of oral drugs, patient-controlled anaesthesia
pump or peridural analgesia. After 4–5 days, rib fixation was dis-
cussed for patients with persisting pain and dislocated ribs.
Analysis of the pain score showed a positive effect of the proce-
dure even in the early post-surgery phase, with a clear reduction
in all indication groups. An important finding was not only the
early pain reduction in the group of patients with dislocated series
of fractures, confirming the first published data, but also the con-
tinuation of the surgery’s positive effect in long-term observation,
probably justifying a more liberal approach to rib fixation in se-
lected patients of this group. Based on our growing positive expe-
rience, we have changed our policy and now advise surgery earlier
for selected patients to reduce hospitalization time, especially for
young active patients who wish to be fit again as soon as possible
and also for selected older patients who are living on their own,
independently and who are still active with a good quality of life.

Our study also showed the positive effect of surgery with the
nitinol system on HRQOL. It is the first report of a mid- and
long-term benefit on patients’ post-surgery HRQOL. In the de-
scriptive analysis, both PCS and MCS were improved for up to
12 months post-surgery in all patients as well as in each subgroup
of indications. Interestingly, at the time of discharge, both scores
were lower than preoperatively, probably due to several factors
such as the trauma itself, the operation, associated injuries and
the hospitalization. But at the first follow-up 1 month after sur-
gery, both scores had already improved. Statistical analysis con-
firmed the analysis of the pain score in all patients and in the
main subgroup, also showing a statistically significant improve-
ment of PCS in comparison to the preoperative score at mid-
and long-term follow-up (Table 6). The short-term analysis at
3 months showed no statistical significance, probably because
despite significant pain reduction, complete physical and mental
recovery required a little bit longer than 3 months in our patient
collective.

Limitations

Our study has several limitations due to its retrospective design
without a comparison arm. Although to our knowledge, it is the
largest study on rib fixation with the nitinol system to date, the
number of patients remains comparatively small. A complete sta-
tistical analysis was possible only in the total group and in the
subgroup of dislocated, painful rib fractures. HRQOL analyses are
difficult to evaluate as they are influenced by an abundance of
factors. Not only rib fixation but also associated injuries, other in-
vasive procedures, hospitalization and rehabilitation, as well as
personal background, have an impact on HRQOL.

Figure 2: Chest X-radiation 3-month post-surgery showing fracture of 1 clip
without dislocation of the rib fractures.
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CONCLUSION

In conclusion, our study shows that chest wall stabilization or rib
fixation with the nitinol screwless system is safe and easy to use
in different indication groups. The rate of broken material is a lit-
tle disturbing, but in none of the cases, this complication had a

detrimental effect on the well-being of the patients or required
reoperation. It indicates room for further improvement to the
system, underscoring the advantage of access to a range of fixa-
tion systems. Our report demonstrates a clear post-surgery bene-
fit in selected patients in terms of short-, mid- and long-term
pain control and in the mid- and long-term improvement to

Table 5: Descriptive analysis of the SF-12 questionnaire mental score (MCS) in the 70 patients undergoing rib fixation only with the
nitinol system [mean (SD) patients]

All patients Dislocated, painful fractures Flail chest Emergency Pseudoarthrosis

Preoperative 46.5 (11.5) 56 47.2 (12.9) 39 42.3 (10.8) 4 45.5 (0.5) 3 45.8 (7.0) 10
At discharge 41.4 (7.2) 53 41.4 (6.7) 37 37.2 (6.5) 4 35.7 (9.5) 3 45.5 (7.8) 9
1-Month post-surgery 43.6 (9.3) 58 44.3 (9.1) 42 45.8 (3.9) 4 35.3 (15.2) 2 41.8 (10.7) 10
3-Month post-surgery 47.4 (10.3) 52 48.7 (9.3) 37 31.6 (14.5) 3 45.5 (8.7) 3 48.3 (10.8) 9
6-Month post-surgery 49.8 (10.4) 48 52.8 (8.8) 34 41.3 (15.6) 3 47.7 (2.5) 2 42.1 (11.2) 9
12-Month post-surgery 52.3 (9.0) 43 53.3 (8.1) 28 50.7 (17.5) 4 50.3 (5.2) 2 50.6 (8.6) 9

MCS: mental component summary; SD: standard deviation; SF-12: short form 12.

Table 6: Multiple comparisons by the Tukey contrast of the linear mixed-effects models predicting either the VAS score, SF-12 ques-
tionnaire physical score (PCS) or mental score (MCS) for all patients and the group dislocated, painful fractures

All patients Dislocated, painful fractures

VAS PCS MCS VAS PCS MCS

3 months versus preoperative P < 0.001 P = 0.82 P = 0.86 P < 0.001 P = 1.0 P = 0.89
6 months versus preoperative P < 0.001 P = 0.003 P = 0.057 P < 0.001 P = 0.033 P = 0.028
12 months versus preoperative P < 0.001 P < 0.001 P = 0.003 P < 0.001 P = 0.018 P = 0.065

MCS: mental component summary; PCS: physical component summary; SF-12: short form 12; VAS: visual analogous scale.

Table 3: Descriptive analysis of pain levels as per VAS score in the 70 patients undergoing rib fixation only with the nitinol system
[mean (SD) patients]

All patients Dislocated, painful fractures Flail chest Emergency Pseudoarthrosis

Preoperative 7.5 (2.4) 67 8.3 (1.5) 47 7.0 (4.1) 5 6.4 (2.6) 5 5.0 (2.8) 10
At discharge 3.6 (1.5) 66 3.6 (1.6) 47 4.6 (1.1) 5 2.5 (0.6) 4 3.7 (1.5) 10
1-Month post-surgery 2.8 (1.5) 63 2.7 (1.6) 45 2.8 (2.2) 5 2.7 (2.1) 3 3.2 (0.9) 10
3-Month post-surgery 2.0 (1.8) 61 2.0 (1.7) 43 2.8 (3.8) 4 0.8 (0.5) 4 2.3 (0.9) 10
6-Month post-surgery 1.8 (1.9) 52 1.4 (1.5) 37 3.0 (3.6) 3 1.3 (2.3) 3 2.8 (2.7) 9
12-Month post-surgery 1.6 (1.9) 50 1.5 (1.9) 35 1.5 (1.9) 4 2.5 (3.5) 2 2.1 (2.0) 9

Mean values represent scores ranging from 0 to 10. A higher score corresponds to greater pain levels.
SD: standard deviation; VAS: visual analogous scale.

Table 4: Descriptive analysis of the SF-12 questionnaire physical score (PCS) in the 70 patients undergoing rib fixation only with the
nitinol system [mean (SD) patients]

All patients Dislocated, painful fractures Flail chest Emergency Pseudoarthrosis

Preoperative 39.5 (11.1) 56 40.5 (11.4) 39 32.5 (10.1) 4 41.8 (12.9) 3 38.0 (10.2) 10
At discharge 36.1 (7.4) 53 36.0 (7.7) 37 29.0 (4.6) 4 37.4 (4.1) 3 39.0 (6.6) 9
1-Month post-surgery 39.3 (7.0) 58 39.0 (7.2) 42 42.4 (4.5) 4 38.1 (5.1) 2 39.5 (7.6) 10
3-Month post-surgery 41.2 (8.0) 52 40.8 (8.6) 37 42.4 (2.1) 3 38.7 (5.4) 3 43.0 (7.7) 9
6-Month post-surgery 45.0 (8.9) 48 46.2 (8.8) 34 43.2 (13.2) 3 48.1 (9.1) 2 40.4 (7.7) 9
12-Month post-surgery 46.7 (8.3) 43 47.3 (9.0) 28 44.4 (7.2) 4 44.9 (7.4) ) 2 46.2 (7.6) 9

PCS: physical component summary; SD: standard deviation; SF-12: short form 12.
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quality of life. The data available in the literature on conservative
therapy with a high incidence of long-term disability together
with the clear results from our study might point to the need of a
prospective study comparing conservative therapy and surgery in
selected patients with painful and dislocated rib fractures.
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