
INTRODUCTION 

Background 
Multiple rib fractures are the most common injuries observed af-
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and several studies have reported the efficacy of SSRF even in multiple rib fractures. However, few 
reports have discussed the hardware failure (HF) of implanted plates. We aimed to evaluate the clin-
ical characteristics of patients with HF after SSRF and further investigate the related factors. 
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moval. The patients in the reoperation group were significantly younger, had fewer fractures and 
plates, underwent costal fixation, and had a longer follow-up. There were no significant differences 
in subjective chest symptoms or lung capacity. 
Conclusions: HF after SSRF occurred in 10.9% of the cases, and screw loosening was the most com-
mon. Further longitudinal studies are needed to identify risk factors for SSRF failure. 
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ter blunt chest trauma and account for approximately 10% of all 
trauma cases [1]. As rib fractures are frequently accompanied by 
major intrathoracic and extrathoracic injuries, they are inevitably 
associated with severe damage, pain, and long-term sequelae [2–
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4]. Furthermore, more fractured ribs and older age were associat-
ed with poorer outcomes [5,6]. Insufficient ventilation and im-
paired pulmonary hygiene due to pain can lead to critical respi-
ratory complications in these patients. Pain control, respiratory 
support, and pulmonary rehabilitation are the standard thera-
pies for rib fractures, conventionally [1]. However, over the past 
few decades, there has been emerging interest in the surgical 
stabilization of rib fractures (SSRF) with technological advance-
ments in surgical instruments. Previous randomized studies 
have demonstrated that SSRF reduces the duration of hospital 
stay, ventilator days, the occurrence of pneumonia, and mortal-
ity in patients with flail chest [7–9]. Recent trials on chest wall 
injuries have shown favorable outcomes in terms of pain and 
disability-related quality of life among patients with a nonflail 
chest [10]. Throughout the literature supporting the advantages 
of SSRF, the indications for SSRF have expanded, and SSRF is 
now becoming an established technique at regional trauma 
centers [11–13]. 

As the use of SSRF increases, concerns regarding surgical com-
plications have inevitably been raised. To stabilize a fractured rib, 
SSRF usually involves nonabsorbable metallic implants. Unlike 
other bones, the ribs continue to move while breathing after or-
thopedic surgery, which can contribute to long-term complica-
tions. Recent studies have reported an incidence of up to 10% for 
complications, including bleeding, infection, inadequate bone 
healing, implant-related irritation, and implant failure [14]. De-
spite the assumption of relative safety, little is known about the 
long-term complications of SSRF, particularly those associated 
with hardware failure (HF) of the implanted plates. HF is defined 
as the unintentional loosening of screws, dislocation, or breakage 
of implanted plates and can occur for various reasons, such as 
improper placement, insufficient screw fixation, or a lack of plate 
length [15]. Previous studies have investigated the efficacy of 
SSRF and its associated risks; however, few have explored the 
clinical characteristics and factors related to HF after SSRF [14–
18]. Understanding the clinical characteristics and risk factors of 
HF can help improve patient selection, surgical techniques, and 
postoperative care, which may reduce the incidence of complica-
tions and improve patient outcomes. 

Objectives 
In this study, we aimed to retrospectively analyze the electronic 
medical records of patients who underwent SSRF for multiple rib 
fractures at a level I trauma center in Korea to assess the clinical 
characteristics of patients with HF and further investigate the fac-
tors related to reoperation. We hypothesized that HF after SSRF 

is not prevalent and typically has insignificant clinical conse-
quences. 

METHODS 

Ethics statement 
This study was approved by the Ethics Committee of Pusan Na-
tional University Hospital (No. H-2205-007-114). The require-
ment for informed consent was waived due to the retrospective 
nature of the study. The study was conducted in accordance 
with the Declaration of Helsinki for experiments involving hu-
mans. 

Study setting and populations 
This retrospective cohort study was performed at a regional trau-
ma center between January 1, 2014 and January 1, 2021. Using 
the hospital inpatient inquiry system, 5,792 patients with chest 
injuries admitted to the level I trauma center were identified. We 
selected patients who had undergone surgical fixation of the 
chest wall. A total of 728 patients who underwent SSRF were in-
cluded in the study. The exclusion criteria were as follows: no HF, 
age < 16 years, death within 48 hours after surgery, and follow-up 
duration < 30 days. The final study population comprised 80 pa-
tients with HF after SSRF (Fig. 1).  

Data collection  
Patient demographics, mechanisms of injury, and SSRF and HF 
characteristics were recorded. The available data included age, 
sex, mechanism of injury, Injury Severity Score (ISS), anatomical 

728 Patients 
underwent surgical fixation of 

chest wall injury  
(January 2014–January 2021)

21 Patients (26.3%) 
underwent plate removal 

surgery

59 Patients (73.7%) 
did not underwent plate 

removal surgery

648 Excluded
Patients without hardware failure 
Under age 16 yr
Expired within 48 hr after surgery 
Follow-up duration ≤30 day

80 Patients (10.9%) 
with hardware failure were 

included in this study

Fig. 1. Flowchart of the study.
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features of the chest wall injuries (flail chest, bilateral fracture, 
sternal fracture, number of rib fractures, costal fractures), HF, lo-
cation, failed plating system, failure mode, time to detection of 
HF, surgical details (such as fixation site, number of plates im-
planted, fixed rib number, and time to SSRF), any postoperative 
complication, reoperation, hospital stay, laboratory values of pul-
monary function, follow-up duration, and survival status. In ad-
dition, a subgroup analysis was performed by dividing the pa-
tients into two groups according to whether metal removal was 
performed. 

Definition of anatomic location chest wall injury 
The consensus of the Chest Wall Injury Society (CWIS) was used 
to describe the location of rib fractures [19]. The chest wall was 
defined as having three sectors: the anterior, lateral, or posterior 
sector. These were divided by the anterior and posterior axillary 
lines, where the anterior axillary line defined the border between 
the anterior and lateral fractures and the posterior axillary line 
defined the border between the lateral and posterior fractures. In 
addition to these three sectors, the costal cartilage sector was re-
corded. A flail segment was defined as three or more consecutive 
ribs that fractured in more than one location, producing a 
free-floating segment of the chest wall. 

Type of chest wall plating system 
During the study period, four thoracic surgeons performed SSRF 
using at least one of four commercially available plating systems, 
all of which were anterior bicortical screw locking systems: Ster-
naLock Blu Plate (Zimmer Biomet Inc), ARIX Sternal & Rib Sys-
tem (Jeil Medical Corp), APIS Rib Locking Plate System (TDM 
Corp), and MatrixRIB Fixation System (Depuy Synthes) (Fig. 2). 
All the systems included straight or precontoured titanium plates 
and self-drilling and self-tapping screws, except for the Matrix-
RIB Plate. The choice of plating system was at the discretion of 
the surgeon. 

Definition of HF mode 
HF was defined as follows: (1) screw loosening, defined as a 
screw that protrudes from the screw hole but does not pull out 
completely; (2) screw migration, defined as a screw being pulled 
out of a screw hole and moved to a completely different position; 
(3) plate fracture, defined as breakage of implanted plates; and (4) 
plate dislocation, defined as the displacement of a plate superiorly 
or inferiorly (Fig. 3). 

HF detection 
All patients visited the hospital regularly at 3, 6, and 12 months 

Fig. 2. Type of chest wall plating system. (A) SternaLock Blu Plate (Zimmer Biomet Inc). (B) ARIX Sternal & Rib System (Jeil Medical Corp). (C) 
APIS Rib Locking Plate System (TDM Corp). (D) MatrixRIB Plate (Depuy Synthes).
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after surgery. Three-dimensional chest computed tomography 
(CT), pulmonary function tests, and chest radiography were rou-
tinely performed. HF was confirmed using routine imaging after 
surgery. 

Outcome measure 
The primary objective of this study was to report the incidence, 
characteristics, and clinical impact of HFs. The secondary objec-
tive was to determine the differences between patients who un-
derwent reoperation (the plate removal surgery group) and those 
who did not.  

Statistical analysis  
Summary statistics are reported as median and interquartile 
range (IQR) or mean ± standard deviation, where appropriate. 
Categorical variables are expressed as numbers and percentages. 
Chi-square and Fisher exact tests were used to compare the fre-
quencies of categorical variables between the groups. The 
Mann-Whitney U-test and Wilcoxon rank-sum test were used to 
compare the mean values of continuous variables. We used the 
receiver operating characteristic (ROC) curve and area under the 
curve (AUC) to evaluate predictive factors for plate removal. A 
P-value of < 0.05 was considered statistically significant. Statisti-
cal analysis was performed using IBM SPSS ver. 22 (IBM Corp). 

RESULTS 

Characteristics of the patients with HF 
The demographic characteristics of patients with HF are summa-
rized in Table 1. The overall incidence of HF after SSRF was 
10.9% (80 of 728). The mean age of HF patients was 56.5 ± 13.6 
years, with the most common mechanism being motor vehicle 
accidents (57.5%). The median number of fractured ribs per pa-
tient was 9 (IQR, 4–24) and 73.8% of the patients had a flail seg-
ment. The median ISS was 22 (IQR, 4–45), indicating a severe in-
jury. In terms of comorbidities, the majority of patients (68.6%) 
had no underlying disease, whereas those with diabetes mellitus 
(2.5%) had ischemic heart disease. 

SSRF was performed within 7.5 days by four thoracic surgeons 
with SSRF experience ranging from 1 to more than 10 years. At 
least one of the four commercially available plating systems was 
chosen for the SSRF, with the most commonly used system being 
ARIX (62.5%), followed by the SternaLock (41.3%), APIS 
(22.5%), and MatrixRIB (3.8%). An average of four ribs (IQR, 
1–13) were fixed, and six plates (IQR, 1–29) were implanted. 
SSRF was mainly performed anterolaterally (anterior, 52.5%; lat-
eral, 72.5%; and posterior, 43.8%). This is consistent with the 
most common location of HF. 

Although no deaths were reported during hospitalization, 
perioperative complications such as pneumonia (51.2%), acute 

Fig. 3. Failure modes of the implanted plates and screws. (A) Screw loosening: protrusion of the screw from the screw hole (black arrow) but does 
not pull out completely. (B) Screw migration: completely pulled out the screw from the screw hole and moved away to different positions (black 
arrows). (C) Plate fracture: breakage of implanted plates (white arrows). (D) Plate dislocation: displacement of a plate in the superior or inferior 
direction from normal alignment (white arrow).
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kidney injury (16.3%), and wound infection (11.3%) occurred. 
Thirty-five patients (43.8%) experienced chronic pain during fol-
low-up. Thirty-two patients (40.0%) presented with normal lung 
capacity at the last follow-up. A total of 21 patients (26.3%) un-
derwent reoperation for plate removal. 

Clinical features of HF in total cohort 
The clinical features of patients with HF are shown in Table 2. 
The mean time from implantation to HF was approximately 3 
months. HF was detected in the anterolateral region of the chest 

(78.8%), and screw loosening (73.8%) was the most common 
mode of failure. The ARIX plating system was used more fre-
quently, resulting in HF. By location, 42.4% lateral screw loosen-
ing, 52.9% anterior screw migration, 47.6% posterolateral plate 
fractures, and 57.1% anterior plate dislocations were recorded. In 
addition, the ARIX system in the anterolateral sector and the 
SternaLock system in the posterior sector failed. Screw loosen-
ing, screw migration, and plate fractures were more common in 
the ARIX system (Table 3). However, there was no statistically 
significant correlation between the failure location, failed plate, 
and failure mode. Although up to 80% of the HF cases occurred 
in the ARIX and SternaLock systems, the correlation was not sta-
tistically significant (P = 0.12 and P = 0.29, respectively). There 
was no definitive relationship between anterolateral location and 
HF (P = 0.70 and P = 0.80, respectively) (Table 4). Furthermore, 
screw failure occurred in 12 of the 14 patients (85.7%) who un-
derwent costal fixation; however, the difference was not statisti-
cally significant (P= 0.33). 

Comparison of patients’ characteristics according to 
plate removal surgery 
Table 5 demonstrates the differences between patients with HF 
who underwent reoperation (the plate removal surgery group) 
and those who did not undergo reoperation. The reoperation 
group was statistically significantly younger (59.1± 12.8 years vs. 

Table 1. Clinical characteristics of the patients included in the study 

Characteristic Value (n=80)
Demographic
 Age (yr) 56.5±13.6
 Male sex 66 (82.5)
Mechanism of injury
 Motor vehicle accident 46 (57.5)
 Fall 24 (30.0)
 Crush injury 9 (11.3)
 Penetrating injury 1 (1.3)
Injury severity
 Injury Severity Score 22 (4–45)
 Flail segment 59 (73.8)
 Bilateral rib fracture 31 (38.8)
 Sternal fracture 14 (17.5)
 No. of rib fractures 9.3±4.8
Surgical procedure
 Time from admission to SRF (day) 7.5±6.4
 No. of fixed ribs 4.4±2.0
 No. of implanted plates 6.6±4.2
 Fixation of costal cartilage 14 (17.5)
 Fixation sector of chest wall
  Anterior 42 (52.5)
  Lateral 58 (72.5)
  Posterior 35 (43.8)
  Sternum 12 (15.0)
Complication
 Wound infection 9 (11.3)
 Pneumonia 41 (51.2)
 Acute kidney injury 13 (16.3)
 Tracheostomy 29 (36.3)
Hospital stay (day) 52.0±66.1
Patients’ follow-up
 Follow-up duration (day) 358.6±291.3
 Subjective chest symptom 41 (51.2)
 FVC ≥80% predicted 32 (40.0)
 Plate removal operation 21 (26.3)
Values are presented as mean±standard deviation, number (%), or 
median (interquartile range).
SRF, surgical rib fixation; FVC, functional vital capacity.

Table 2. Clinical features of hardware failure 

Clinical feature Value (n=80)
Time to detection of hardware failure (day) 84.0±131.2
Failure location
 Anterior 28 (35.0)
 Lateral 35 (43.8)
 Posterior 18 (22.5)
 Sternum 7 (8.8)
Failed plating systema)

 SternaLock 27 (33.8)
 ARIX 45 (56.3)
 APIS 10 (12.5)
 MatrixRIB 1 (1.3)
Failure mode
 Screw loosening 59 (73.8)
 Screw migration 17 (21.3)
 Plate fracture 21 (26.3)
 Plate dislocation 7 (8.8)
Values are presented as mean±standard deviation or number (%).
a)SternaLock Blu Plate (Zimmer Biomet Inc), ARIX Sternal & Rib 
System (Jeil Medical Corp), APIS Rib Locking Plate System (TDM 
Corp), and MatrixRIB Plate (Depuy Synthes).
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49.1 ± 13.3 years, P = 0.03), had fewer fractures (10.0 ± 4.6 vs. 
7.2 ± 5.0, P = 0.01), and had more costal fixation (11.8% vs. 
80.9%, P = 0.04). SSRF performed at another location on the 
chest wall was more common in patients who did not undergo 
reoperation (67.8% vs. 47.6%, P = 0.03). Although there was no 
difference in the failure mode or plating system between the two 
groups, the failure location, especially in the anterior sternum, 
was frequent in the reoperation group (P = 0.007). The time to 
detect HF was not different, but the follow-up duration was lon-
ger in reoperation group (312.8±244.7 vs. 487.3±371.4, P=0.01). 
There were no significant differences in wound infection, subjec-
tive chest symptoms, or lung capacity at the last follow-up. A total 
of 52.4% of patients with plate removal surgery experienced 
chronic chest pain; however, no statistically significant difference 
was noted between the groups (P= 0.13) (Fig. 4). 

ROC analysis 
ROC curve analyses were performed on the variables that identi-
fied differences according to the plate removal surgery. Using a 
single-factor evaluation, AUC was low: follow-up duration, last 
functional vital capacity (FVC), time to SSRF, ISS, number of 
fractured ribs, number of implanted plates, and age showed 
AUCs of 0.647, 0.609, 0.431, 0.477, 0.331, 0.354, and 0.337, re-
spectively (Fig. 5). 

DISCUSSION 

This is the first study to describe the incidence and clinical fea-
tures of HF after SSRF in a contemporary cohort of level I re-
gional trauma centers in Korea. We found that the overall inci-
dence of HF after SSRF was 10.9% (80 of 728) over the 7 years. 
Screw failure was the most common type of HF, followed by plate 
fractures and plate dislocations. HF frequently occurs in the an-
terolateral region, including the costal cartilage. Half of these pa-
tients experienced subjective symptoms, and only 26.3% under-
went plate removal surgery. Plate removal was associated with a 
younger age, fewer fixed ribs, failure location in the anterior re-
gion, especially in the costal cartilage portion, and a long fol-
low-up duration. There was no relationship among the failure 
mode, failure location, and plating system. 

SSRF has become increasingly popular in recent years as multi-
ple studies have demonstrated its benefits, even in nonfrail rib 
fractures [7–10,20]. As the indications for SSRF have expanded, it 
has become essential to identify and analyze the long-term surgi-
cal complications associated with this procedure. Since its incep-
tion in the early 21st century, there have been only a few case re-
ports or single-center studies of implant-related complications 
[21–27]. In 2019, the CWIS published a multicenter retrospective 
study reporting a 3% (38 of 1,224) HF rate after SSRF, mainly due 

Table 3. Detailed frequency of hardware failures according to location, plating system, and mode 

Variable
Failure location Failed plating systema)

Anterior Lateral Posterior Sternum SternaLock ARIX APIS MatrixRIB
Failure mode
 Screw loosening 22 (37.3) 25 (42.4) 11 (18.6) 7 (11.9) 17 (28.8) 37 (62.7) 7 (11.8) 0
 Screw migration 9 (52.9) 6 (35.3) 4 (23.5) 1 (5.9) 5 (29.4) 10 (58.8) 3 (17.6) 0
 Plate fracture 5 (23.8) 10 (47.6) 10 (47.6) 0 8 (38.1) 10 (47.6) 4 (19.0) 1 (4.8)
 Plate dislocation 4 (57.1) 2 (28.6) 2 (28.6) 0 4 (57.1) 3 (42.9) 1 (14.3) 0
Failure location
 Anterior - - - - 11 (39.3) 17 (60.7) 3 (10.7) 0
 Lateral - - - - 8 (22.9) 21 (60.0) 6 (17.1) 0
 Posterior - - - - 9 (50.0) 7 (38.9) 3 (16.7) 1 (5.6)
 Sternum - - - - 3 (42.9) 4 (57.1) 0 0
Values are presented as number (%).
a)SternaLock Blu Plate (Zimmer Biomet Inc), ARIX Sternal & Rib System (Jeil Medical Corp), APIS Rib Locking Plate System (TDM Corp), and 
MatrixRIB Plate (Depuy Synthes).

Table 4. Relationship between the location of hardware failure, failed plating system, and mode 

Variable SternaLock and ARIX P-value APIS and Matrix RIB P-value Anterolateral P-value Posterior P-value
Screw failure (n=59) 54 (91.5) 0.12 7 (8.8) 0.46 45 (76.3) 0.70 14 (23.7) 0.10
Plate failure (n=27) 22 (81.5) 0.29 6 (7.5) 0.16 20 (74.1) 0.80 10 (37.0) 0.09
Values are presented as numbers (%). Failed plating systems are SternaLock Blu Plate (Zimmer Biomet Inc), ARIX Sternal & Rib System (Jeil 
Medical Corp), APIS Rib Locking Plate System (TDM Corp), and MatrixRIB Plate (Depuy Synthes).
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Table 5. Comparison of patients according to plate removal 

Variable No (n=59) Yes (n=21) P-value
Age (yr) 59.1±12.8 49.1±13.3 0.030
Male sex 49 (83.1) 17 (80.9) -
Motor vehicle accident 34 (57.6) 12 (57.1) -
Injury severity
 Injury Severity Score 23.5±9.0 21.5±12.7 -
 Flail segment 50 (84.7) 9 (42.8) 0.010
 Bilateral rib fracture 25 (42.4) 6 (28.6) -
 Sternal fracture 9 (15.3) 5 (23.8) -
 No. of rib fractures 10.0±4.6 7.2±5.0 0.010
Surgical procedure
 Time from admission to SRF (day) 8.0±7.0 6.1±4.4 -
 No. of fixed ribs 4.5±1.7 4.1±2.8 -
 No. of implanted plates 6.8±3.4 5.9±5.9 0.050
 Fixation of costal cartilage 7 (11.8) 17 (80.9) 0.040
 Fixation sector of chest wall 0.030
  Anterior 6 (10.2) 4 (19.0)
  Lateral 7 (11.8) 2 (9.5)
  Posterior 6 (10.2) 2 (9.5)
  Combined 40 (67.8) 10 (47.6)
  Sternum (isolated) 0 3 (14.3)
HF
 Failure mode -
  Screw loosening 42 (71.2) 17 (80.9)
  Screw migration 7 (11.8) 0
  Plate fracture 13 (22.0) 8 (38.1)
  Plate dislocation 12 (20.3) 5 (23.8)
 Failed plating systema) 0.060
  SternaLock 19 (32.2) 8 (38.1)
  ARIX 33 (55.9) 12 (57.1)
  APIS 8 (13.6) 2 (9.5)
  MatrixRIB 0 1 (4.8)
 Failure location 0.007
  Anterior 18 (30.5) 10 (47.6)
  Lateral 31 (52.5) 4 (19.0)
  Posterior 11 (18.6) 7 (33.3)
  Sternum 2 (3.4) 5 (23.8)
Complication
 Wound infection 6 (10.2) 14 (66.7) -
 Pneumonia 34 (57.6) 7 (33.3) -
 Acute kidney injury 11 (18. 6) 2 (9.5) -
 Tracheostomy 26 (44.1) 3 (14.3) 0.018
Hospital stay (day) 53.2±61.3 49.2±79.6 -
Patients’ follow-up
 Time to detection HF 62.8±96.8 143.9±189.0 -
 Follow-up duration (day) 312.8±244.7 487.3±371.4 0.010
 Subjective chest symptoms 27 (45.8) 14 (66.7) -
 FVC ≥80% predicted 19 (32.2) 15 (71.4) -
Values are presented as mean±standard deviation or number (%).
SRF, surgical rib fixation; HF, hardware failure; FVC, functional vital capacity
a)SternaLock Blu Plate (Zimmer Biomet Inc), ARIX Sternal & Rib System (Jeil Medical Corp), APIS Rib Locking Plate System (TDM Corp), and 
MatrixRIB Plate (Depuy Synthes).
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Fig. 4. Subjective chest symptoms in patients with hardware failure. 
No statistically significant differences were noted between the groups. 
SRF, surgical rib fixation.
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Fig. 5. Receiver operating characteristics curve analysis for the pre-
diction of plate removal surgery in patients with hardware failure. The 
area under the curve for follow-up duration was 0.65 (0.5≤95% confi-
dence interval≤0.79), but not statistically significant. FVC, functional 
vital capacity; SRF, surgical rib fixation.

to screw migration (n = 17, 44.7%) and plate fracture (n = 18, 
47.4%) in the posterolateral region. Forty percent of these pa-
tients were asymptomatic, and 55% required explantation of the 
hardware [15]. The authors concluded that HF after SSRF rarely 
occurs and is clinically insignificant. A systematic review pub-
lished in 2020 also reported a low HF risk [14]. Through a review 

of 1952 SSRF patients, the study reported 173 surgery- and im-
plant-related complications (10.3%). Implant irritation was the 
most common (n= 65, 6.9%) implant-related complication, and 
only one patient (0.1%) presented with a plate fracture. The most 
recent meta-analysis showed similar results, with 4% (range, 3%–
7%) of HF cases reported, including mechanical failure, infec-
tion, pain or discomfort, and nonunion [28]. Broken plates were 
the most common cause of HF, and insufficient patient data pre-
cluded the characterization of the failure location and reasons for 
failure. 

The incidence of HF in our study was slightly higher (10.3%) 
than that reported previously. This difference can be attributed to 
two factors. First, the detection rate may have increased due to 
regular follow-up after surgery. Previous multicenter study lacked 
follow-up imaging protocols, which may have led to underre-
porting [15]. However, in our center, we followed a specific imag-
ing protocol, including an x-ray check-up 2 weeks after postdis-
charge and three-dimensional CT imaging at 3, 6, and 12 months 
after surgery, which could have contributed to the higher detec-
tion rate. Second, the surgeon might have played a role, as the 
four surgeons involved may have differed in ability, experience, 
and technical selection, such as the number of screws and plate 
length, based on the fracture pattern. Although the plate locking 
screw system theoretically leads to more plate fractures or dislo-
cations, the higher screw failure rate in our study could be at-
tributed to technical errors. To minimize technical errors, it is es-
sential to be meticulous during surgery, focusing on details such 
as bicortical screwing, proper plate fitting on the rib surface, ade-
quate plate length, and reduction in bone defects. 

Compared to other orthopedic surgeries, SSRF poses unique 
technical challenges because immobilization after surgery is not 
possible. The posterolateral region is known to experience the 
most stress during respiration, and plate fatigue in this area can 
result in the fracture or dislocation of the plate [15,29]. We found 
that plate fracture or dislocation occurred more frequently in the 
posterolateral region of the chest. However, to better understand 
the correlation between the location and mode of metal failure, 
further research on the biomechanics of metal respiration is nec-
essary. In terms of plating systems, we used four distinct locking 
screw plate systems that varied in terms of metal thickness, 
shape, and minor deviations. Despite these variations, no correla-
tion between the plating system and the failure modes was ob-
served in this study. Although ARIX occurred more frequently in 
HF cases, it was deemed insignificant because it was the most 
commonly used metal. 

Among the patients who experienced HF, only 23% under-
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went metal removal surgery. Of these patients, only two under-
went removal due to infection, while the rest underwent surgery 
due to irritation symptoms, such as pain, tightness, or sensitivity 
to touch, or during surgery to remove metal from other areas, 
particularly in cases of orthopedic surgery. Metal removal sur-
gery was more common in younger patients, those with fewer rib 
plates, and in the anterior region, particularly the costal cartilage, 
than in the nonsurgical group. Elderly patients with multiple ar-
eas requiring metal removal surgery may be hesitant to undergo 
this procedure because of the potential increased surgical risks 
and associated complications. Given the relatively infrequent oc-
currence of HF and the low likelihood of subsequent reopera-
tions, the clinical implications of HF are not particularly substan-
tial. However, this is a technical shortcoming; it is essential to fol-
low proper surgical techniques and carefully monitor patients af-
ter surgery to minimize the risk of mechanical complications. 

Limitations 
This study had several limitations. First, as this was a single-cen-
ter study, it cannot be considered representative of other trauma 
centers in Korea. Second, the sample size was insufficient to yield 
statistically significant results. Although we observed a high fre-
quency of screw failure in the anterior region, no significant cor-
relation was found between the associated variables. Therefore, it 
is imperative to conduct further multicenter studies with a larger 
patient cohort to elucidate the underlying characteristics of HF in 
patients undergoing SSRF. Third, this study had several con-
founding factors. Differences in technical skills, such as the type 
of plates selected, the length of the plates used, and the number of 
screws used, may vary among surgeons. Because HF is a techni-
cal error, these factors may have influenced the results. Moreover, 
the frequency of the surgical sites or plating systems cannot be 
applied uniformly, leading to a selection bias that affects the re-
sults. Given the constrained sample size of the four plating sys-
tems, it was impractical to establish any discernible variance in 
HF outcomes attributed to the particular plating system em-
ployed. To conduct an investigation in this regard, it would be 
necessary to perform an analysis incorporating each plating sys-
tem with a substantial sample size, carried out by a single sur-
geon. 

Conclusions 
HF occurred in 10.9% of cases following SSRF, with no observed 
correlation between the mode, location, or type of plate used. Pa-
tients with coastal fractures require special attention. Although 
not all patients require plate removal surgery, HF is a technical 

shortcoming requiring increased surgical vigilance. Furthermore, 
a deeper understanding of respiratory dynamics through addi-
tional research is needed to better understand the etiology of HF. 
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