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on sternal stability and post-operative pain: a prospective
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Background: Although the incident rate is low, sternal dislocation and dehiscence due to unstable sternal
fixation after cardiovascular surgery could cause potentially lethal complications. Thus, to enforce the
stability of closed sternum, the sternal pins have been utilized at surgeon’s discretion. However, there is no
randomized clinical trial to test whether these pins are effective to stabilize a sternum. Hence, this study
aimed to examine the clinical efficacy of bioabsorbable poly-L-lactide (PLLA) sternal pins in reinforcing
sternal stability and preventing instability of the sternum after full sternotomy.

Methods: We conducted a single institutional, prospective, randomized, single-blinded clinical study
involving 100 patients who underwent an initial cardiovascular surgery via sternotomy. Patients were
randomly allocated into two groups: with (group P) and without (group N) PLLA sternal pins, at 1:1
ratio from November 2013 to April 2016. Sternal deviation and stability were assessed with postoperative
computed tomography (CT) at two postures to put shear stress on the sternum. Additionally, information
on patient demographic indices was obtained prospectively, and patient’s pain intensity was assessed with
numerical rating scoring system during rehabilitation. Furthermore, propensity score matching was
performed for further comparative sub-analysis.

Results: Ninety-one patients (43 in group P and 48 in group N) were analyzed using the intention-to-treat
method. Group N had a significantly higher proportion of males (P=0.015) and ischemic disease as a primary
diagnosis (P=0.040) than group P. Postoperative CT showed that the degree of sternal deviation and stability
were comparable between the groups. Similarly, the numerical rating score of pain during rehabilitation
showed no difference between the groups. Even after adjusting for patient characteristics using propensity
score matching method, no significant differences in sternal gaps, stability, and numerical rating score of pain
were observed. Of note, no material-related adverse event such as wound infection was found.
Conclusions: We could not identify the efficacy of the sternal pin in enforcing sternal stability based on
CT measurements with mild shear stress on sternum after cardiovascular surgery. Nevertheless, our results
with no adverse events might encourage further investigations with a more specific cohort who is susceptible
to infection but requires an additional sternal fixation.

Trial Registration: This study was registered in University Hospital Medical Information Network
Clinical Trial Registry (UMINO000017357).
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Introduction

Sternal dislocation and dehiscence after midline sternal
incision are rare but could lead to devastating complications,
such as mediastinitis (1-6). Moreover, unstable sternal fixation
could cause postoperative pain, which impedes aggressive
rehabilitation and consequently may lead to prolonged
hospitalization. To prevent these sternal complications, stable
and tight fixation of the sternum is vital (6-8).

Sternal closure with stainless-steel wires is the widely
accepted standard procedure after median sternotomy.
However, several biomechanical experiments suggested
that stainless wire cerclage has insufficient stability,
particularly under shear stress on the sternum (7,9-12);
thus, various maneuvers have been developed to
implement firm fixation of the sternum, including external
and internal fixations (3,13-15).

Bioabsorbable sternal pins have been introduced in
the field of cardiothoracic surgery and applied along with
standard stainless wires to add the internal fixation at a
surgeon’s discretion (16,17). Poly-L-lactide (PLLA) sternal
pins (GRAND FIX Sternum Fixation; GUNZE Ltd.,
Tokyo, Japan) is designed to enhance internal fixation and
achieve robust fixation stability to prevent the sternum
from rubbing or separating. In fact, several retrospective
clinical studies showed that the additive internal fixation
using pins yields better stabilization than standard stainless
wires (17,18). Furthermore, our previous animal experiment
demonstrated that a PLLA sternal pin enforces the sternum
stiffness against anterior-posterior and cranial-caudal shear
stress (9). However, no randomized prospective trial to test
the efficacy of PLLA sternal pins in the clinical setting has
been conducted.

Hence, we elected to conduct a randomized prospective
clinical trial aimed to examine the efficacy of bioabsorbable
PLLA sternal pins in enforcing sternal stability and
preventing sternal dislocation under shear stress from
upper limb mobilization as well as in mitigating pain during
postoperative rehabilitation after full sternotomy.

We present the following article in accordance with the
CONSORT reporting checklist (available at https://jtd.
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amegroups.com/article/view/10.21037/jtd-21-1340/rc).

Methods
Subjects

Adult patients (>20 and <80 years old) who were slated
for an initial cardiovascular surgery with standard
cardiopulmonary bypass through a median sternotomy were
eligible for this study. Exclusion criteria included patients
undergoing chronic hemodialysis and those who had
received tranquilizers before enrollment. Moreover, patients
whose chest left open, who underwent re-exploration for
bleeding, and whose nociception could not be assessed due
to significant morbidities, such as prolonged insertion of
chest tubes and cerebral infarction, were also excluded from
evaluation.

Study design

We conducted a randomized prospective clinical trial
to examine the efficacy of bioabsorbable PLLA sternal
pins in enforcing sternal stability and preventing sternal
dislocation under shear stress. This single institutional,
single-blinded, prospective, randomized study had two
arms: with and without PLLA sternal pins (GRAND
FIX Sternum Fixation, Figure 1A) at the time of sternal
closure after a cardiovascular surgery through median
sternotomy. The PLLA sternal pins were inserted according
to the manufacture instruction. Briefly, at the end of a
cardiovascular surgery, six single stainless wires, two on the
manubrium and four on the sternal body, are put through
the sternum. After that, two holes for the sternal pins were
made on the marrow of sternum using the specific reamer
and sizer (Figure 1B) between 1st and 2nd wires and between
4th and 5th wires. Subsequently, the sternal pins were
inserted into the holes and the sternum was approximated
and closed in the usual fashion. The patients were enrolled
by surgeons, and written consents to participate in the
clinical study were obtained from all patients. The enrolled
patients were allocated into two groups at a ratio of 1:1 with
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Figure 1 Poly-L-lactide sternal pin and tools required for implantation. (A) The appearance of poly-L-lactide sternal pin (GRAND FIX

Sternum Fixation; GUNZE Ltd., Tokyo, Japan); (B) surgical instruments required to implant sternal pins, including the reamer and clamp

to grab the pin. Images were provided by GUNZE Ltd. and the permission to publish was obtained.

sternal pins in addition to conventional stainless wires (group
P, n=50) and with conventional stainless wires only (group
N, n=50) using the following randomization method by a
data manager. Firstly, the list of 100 slots with 50 of group
P and 50 of group N was created. Then, the computer-
generated random numbers were allocated to each slot. The
list was sorted according to the assigned random numbers.
Subsequently, the participants were assigned to each slot
in order. The allocation sequence was generated by the
data manager who was independent from clinical decisions
and was concealed from evaluators, including radiologists,
patients and physical therapists.

Sternal deviation was examined with computed
tomography (CT) (1 mm thickness) approximately 3 weeks
after surgery as we usually take a CT scan for patients who
underwent a typical aortic surgery at this timing. CT was
conducted with two different postures: right upper limb

© Journal of Thoracic Disease. All rights reserved.

elevation and bilateral upper limbs elevation, in order to
evaluate sternal gaps with multi-planar reconstruction
using Aquarius Net Station (TeraRecon Inc., Foster
City, CA, USA) by radiologists who were blinded to the
patients’ backgrounds and group. These two postures
can generate different directions of shear stress on
the sternum; the bilateral arms elevation yields rostral
traction on both the divided sternums, whereas the right
arm elevation induces rostral traction only on the right
divided sternum. Anterior-posterior gap was defined as
the maximal difference in the anterior surfaces between
the right and left divided sternum; cranial-caudal gap, as
the maximal difference at the top of the manubrium or
body between the right and left divided sternum (Figure 2).
Absolute values of differences in sternal gaps between
the aforementioned two postures were calculated as an
indicator of sternal stability since the direction of sternal
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At right arm elevation

Figure 2 The representative computed-tomography images with assessment of sternal gaps at the two postures. The left images were taken

with both arms elevated, while the right images were taken with only right arm elevated.

deviation, if exists, should differ among patients. All
clinical information was procured prospectively. Pain
on the chest was evaluated by a physical therapist after
10-14 days from the index operation. The level of pain
was assessed at three postures, including bed rest, right
upper limb elevation, and sit up position (Figure 3), and
expressed according to numerical rating scale (NRS),
where 0 means no pain, 1-3 means mild pain [nagging,
annoying, slightly interfering with activities of daily living
(ADLs)], 4-6 means moderate pain (significantly interferes
with ADLs), and 7-10 means severe pain (disabling or
unable to perform ADLs) (19).

The trial was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Tohoku
University Graduate School of Medicine (2013-2-097).
This clinical trial, which was conducted from November
2013 to April 2016, was registered in University Hospital
Medical Information Network Clinical Trial Registry
(UMINO000017357), and written informed consent was
taken from all individual participants. The enrollment was
ended when the number of applicants achieved 100.

© Journal of Thoracic Disease. All rights reserved.

Propensity score matching

A logistic regression model with sternal pin as the
dependent variable was employed for the baseline
characteristics, with sex and primary diagnosis as covariates.
One-to-one pair matching, a nearest neighbor algorithm,
and a caliper of 0.20 were used for the matching process.
Subsequently, covariate balance between the matched
subgroups was ensured. A total of 32 patients were selected
in each subgroup.

Statistical analysis

The sample size was determined based on the data from
a previous report (20). Briefly, given that the sternal
dislocation, defined as gaps between cut sternums in more
than half of the sternum depth (the average depth of
sternum is reported to be around 30 mm) will happen in
20% patients with the standard wire closure as reported (20)
as well as given that sternal pins will negate this dislocation,
the calculated required sample size was 40:40 (total 80),
with 80% power and 5% type I error level. The probability
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Sit up position

Figure 3 The postures for nociception assessment. The postoperative pain was evaluated at three postures, including bed rest, right arm

elevation (left), and sit up position (right).

Enrollment
n=100
Group P Group N
n=50 n=50
Excluded (n=2)
- delayed sternal closure
Excluded (n=7) > (n=1)
- re-exploration (n=3) - re-exploration (n=1)
> - cerebral infarction (n=2) y
- prolonged insertion of
chest tubes (n=2) Sternal pin use
n=1
Y v
Analysis Analysis
n=43 n=48

Figure 4 Study enrollment. In group P, we excluded the patients
with cerebral infarction (n=2) and prolonged insertion of chest tubes

(n=2) with a concern for inappropriate assessment of nociception.

© Journal of Thoracic Disease. All rights reserved.

of differences between two groups was determined by
Student’s #-test or Mann-Whitney U test for numerical data
and by chi-square test for categorical data. Comparisons
between three or more groups were performed using one-
way ANOVA or Kruskal-Wallis. Simple and multiple
regression analyses were performed to determine the
contribution of sternal pins and other variables to the
sternal gaps and instability. A P value <0.05 was considered
statistically significant. Statistical analyses were performed
by JMP Pro 15.2.0 (SAS, Cary, NC, USA) for regression
analysis and SPSS version 24 (IBM Corp., Chicago, IL,
USA) for the rest.

Results
Patient characteristics

As shown in Figure 4, 43 patients in group P and 48 patients
in group N were analyzed after excluding ineligible patients.
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Variables Group P (n=43) Group N (n=48) P value
Age (year)
Mean + SD 62.5+13.0 63.2+£10.0 0.208
Median (IQR) 67.0 (57.0-70.0) 65.5 (59.0-71.0) 0.965
Male, n (%) 26 (60.4) 40 (83.3) 0.015*
BMI 0.207
Mean + SD 23.3+3.3 24.1+£3.0
Median (IQR) 22.8 (16.8-25.9) 24.1 (21.8-26.3)
BSA (m?) 0.016*
Mean + SD 1.61+0.18 1.70+0.16
Median (IQR) 1.63 (1.49-1.73) 1.70 (1.60-1.82)
Smoking History, n (%) 19 (44.2) 29 (60.4) 0.122
Hypertension, n (%) 23 (63.5) 24 (50.0) 0.740
Dyslipidemia, n (%) 12 (27.9) 16 (33.3) 0.576
Diabetes mellitus, n (%) 7 (16.3) 16 (33.3) 0.062
Primary diagnosis, n (%)
Valvular 28 (65.1) 23 (47.9) 0.099
Ischemic 5(11.6) 14 (29.2) 0.040*
Aortic 11 (25.6) 9(18.8) 0.432
Others 2(4.7) 4(8.3) 0.480

P values were derived by Student’s t-test or Mann-Whitney U test or chi-square test, as appropriate. *, P<0.05. BMI, body mass index;

BSA, body surface area.

Sternal pins were inserted in one patient in group N based on
the surgeon’s discretion; the patient was included in group N
as part of an intention-to-treat population (Figure 4).

Patient characteristics are summarized in 7able 1. Group
N had a significantly larger proportion of males, resulting in
a larger body surface area (BSA), and ischemic disease as the
primary diagnosis than group P, although other parameters,
including hypertension, dyslipidemia, and diabetes mellitus,
were evenly distributed (Table I).

Outcomes for primary endpoint

Postoperative CT revealed that sternal deviation was not
different between groups P and N in both two postures
(1able 2). Also, no inter-group differences in the magnitude
of changes in sternal gaps according to postural changes
were found. Moreover, no difference in NRS of pain
between the two groups was observed at any of the three

© Journal of Thoracic Disease. All rights reserved.

postures during post-operative rehabilitation (7able 2).

The effects of uneven factors

"To investigate whether the uneven factors between the two
groups that we encountered in the patients’ background,
such as sex, BSA and the primary diagnosis, affected the
outcomes or not, the correlations between those factors
and sternal gaps/stability as well as NRS were analyzed. We
found that any factors that were distributed unevenly did not
have a significant correlation with the outcomes (Tables 3-5).

Regression analysis for the effects of sternal pin and
variables to sternal gaps and stability

To further examine the effects of sternal pin as well as other
variables on the sternal gaps and instability, we performed
the simple and multiple regression analyses. To simplify, we
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Table 2 Outcomes of sternal stability and pain assessment in the two groups

Variables Group P (n=43) Group N (n=48) P value
Sternal gaps (mm)
Right upper limb elevation
Anterior-posterior gap (mm) 2.06+1.02 2.08+0.89 0.928
2.00 (1.40-2.60) 1.90 (0.30-2.68) 0.824
Cranial-caudal gap (mm) 1.05+1.17 1.33+£1.39 0.308
0.90 (0.00-1.80) 1.25 (0.00-2.20) 0.346
Bilateral upper limbs elevation
Anterior-posterior gap (mm) 2.20+1.03 2.18+0.82 0.906
2.10 (1.60-2.70) 2.10 (1.50-2.90) 0.074
Cranial-caudal gap (mm) 1.11£1.58 1.35+£1.24 0.842
0.90 (0.00-1.60) 1.30 (0.00-2.35) 0.148
Difference between two postures
Anterior-posterior gap (mm) 0.36+0.28 0.27+0.28 0.125
0.30 (0.20-0.60) 0.20 (0.00-0.50) 0.077
Cranial-caudal gap (mm) 0.26+0.72 0.32+0.53 0.631
0.00 (0.00-0.20) 0.10 (0.00-0.375) 0.363
Numerical rating scale of pain
At rest (n=31, 31) 0.6+1.0 0.4+1.1 0.531
0.0 (0.0-1.0) 0.0 (0.0-0.0) 0.259
At right upper limb elevation 1.1+1.2 0.8+1.2 0.279
1.0 (0.0-2.0) 0.0 (0.0-1.0) 0.131
At sitting up 1.8+1.8 1.6+1.8 0.698
1.0 (0.0-3.0) 1.0 (0.0-2.0) 0.589

Data are presented as mean = SD and median (IQR). P values were derived by Student’s t-test and Mann-Whitney U test.

set the maximal gap, either antero-lateral or cranial-caudal
direction, and stability as outcomes. As the result, we found
that there is no significant effect on sternal gaps/stability
by either the existence of sternal pin or other variables,
including age, sex, BSA and primary diagnosis (Zibles 6,7).

Clinical course

No mortality and no wound infection, such as mediastinitis,
was observed even in the excluded patients. Clinical courses
of subjected patients were comparable between groups,
including the duration of intensive care unit stay (5.2+3.1
and 5.3£2.9 days in groups P and N, respectively; P=0.919)
and the period to drain removal (6.3+3.4 and 5.6+2.2 days

© Journal of Thoracic Disease. All rights reserved.

in groups P and N, respectively; P=0.254).

Assessment after propensity score matching

Since the even distribution of patients’ background failed
to some extent, propensity score matching analysis was
performed with procured data to obtain more reliable
results. Using a 1:1 propensity score matching, we
generated a subpopulation with two groups (32 patients in
each group), with adjustment for sex and primary diagnosis.

As shown in Tuble 8, the distribution of all baseline
patient characteristics was balanced and the outcomes were
compared between the two subgroups. The gaps in both
anterior-posterior and cranial-caudal directions were still
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Table 3 Difference in sternal deviations/stability between sexes in all participants

Variables Male (n=66) Female (n=25) P value
Sternal gaps (mm)
Right upper limb elevation
Anterior-posterior gap (mm) 2.02+1.00 2.21+0.82 0.398
1.80 (1.40-2.63) 2.20 (1.50-2.60) 0.322
Cranial-caudal gap (mm) 1.22+1.31 1.12+£1.28 0.747
1.00 (0.00-2.13) 1.00 (0.00-1.65) 0.699
Bilateral upper limbs elevation
Anterior-posterior gap (mm) 2.13+0.95 2.34+0.81 0.333
2.05 (1.50-2.53) 2.30 (1.80-2.90) 0.182
Cranial-caudal gap (mm) 1.30£1.50 1.09+£1.16 0.528
1.20 (0.00-2.03) 1.10 (0.00-1.70) 0.598
Difference between two postures
Anterior-posterior gap (mm) 0.32+0.28 0.30+0.27 0.733
0.30 (0.10-0.50) 0.20 (0.10-0.50) 0.723
Cranial-caudal gap (mm) 0.34+0.71 0.15+0.27 0.210
0.05 (0.00-0.40) 0.07 (0.00-0.20) 0.550
Numerical rating scale of pain
At rest (n=43, 19) 0.5+1.1 0.5+0.8 0.976
0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.332
At right upper limb elevation (n=64, 24) 0.9+1.3 0.9+1.0 0.922
0.0 (0.0-2.0) 1.0 (0.0-1.0) 0.567
At sitting up (n=64, 24) 1.6+1.8 1.9+1.7 0.514
1.0 (0.0-3.0) 2.0 (1.0-2.8) 0.284

Data are presented as mean = SD and median (IQR). P values were derived by Student’s t-test and Mann-Whitney U test.

comparable between the matched groups (groups P and N;
Table 9). Moreover, differences in the corresponding gaps
between the two postures were also comparable between
the subgroups. Regarding pain assessment, no differences in
the magnitude of pain at any of the three postures between
the two groups were noted even after matching (7able 9).

Discussion

With the prospective, randomized clinical study, we
investigated the efficacy of PLLA sternal pins used in the
combination with conventional stainless wires to achieve
more stable fixation of the divided sternum. We assessed
motion deviation in addition to static misalignment based on

© Journal of Thoracic Disease. All rights reserved.

early post-operative CT with multi-planar reconstruction
as well as possible modification of nociception as a clinical
manifestation of sternal instability. Against our hypothesis
where the additional sternal pins would provide more stable
fixation leading to less misalignment of the sternum, we
found no significant mitigation of static misalignment and
motion deviation along with the magnitude of motion pain
in patients with additive PLLA pins in comparison to those
without sternal pins. However, the present study was found
to bear one obvious limitation, the uneven distribution
of patients’ background factors, possibly due to the small
sample size in each group. Thus, we subsequently examined
possible confounding bias by analyzing the correlations
between unevenly distributed factors, such as sex, BSA and
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Table 4 Difference in sternal deviations/stability between the primary diagnoses in all participants

Variables Valvular (n=52) Ischemic (n=19) Aortic (n=19) Others (n=7) P value
Sternal gaps (mm)
Right upper limb elevation
Anterior-posterior gap 2.04+0.89 2.13+0.96 2.08+1.15 1.80+0.99 0.888
2.00 (1.50-4.00) 1.9 (1.40-2.50) 1.90 (1.10-2.60) 1.9 (1.00-2.40) 0.933
Cranial-caudal gap 1.06+1.11 1.95+1.68 0.78+1.15 1.13+0.84 0.435
1.00 (0.00-1.80)  2.20(0.00-3.00)  0.00 (0.00-1.80)  1.50 (0.00-1.80) 0.646
Bilateral upper limbs elevation
Anterior-posterior gap 2.10+0.81 2.28+0.87 2.31£1.17 1.91+£1.08 0.672
2.10(1.50-2.70)  2.20(1.60-3.00) 1.80(1.60-2.60)  1.90 (1.10-2.20) 0.752
Cranial-caudal gap 1.11£1.10 1.82+1.38 0.96+2.02 1.24+0.93 0.210
1.05(0.00-1.78)  1.90 (0.00-2.90)  0.00 (0.00-1.30)  1.30 (0.00-2.00) 0.310
Difference between two postures
Anterior-posterior gap 0.27+0.27 0.37+0.34 0.42+0.23 0.31+0.23 0.216
0.20 (0.03-0.43)  0.30(0.20-0.50)  0.50 (0.20-0.60) 0.3 (0.10-0.50) 0.101
Cranial-caudal gap 0.22+0.43 0.28+0.49 0.44+1.07 0.43+0.44 0.549
0.04 (0.00-0.30)  0.00 (0.00-0.40  0.00 (0.00-0.30)  0.20 (0.20-0.90) 0.341
Numerical rating scale of pain
At rest (n=33, 14, 12, 6) 0.5+0.9 0.1+0.4 0.9+1.6 0.0+0.0 0.134
0.0 (0.0-1.0) 0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0) 0.136
At right upper limb elevation (n=50, 19, 18, 7) 0.9+1.1 0.8+1.2 1.5+1.3 0.9+1.9 0.327
0.5 (0.0-2.0) 0.0 (0.0-1.0) 1.0 (0.8-2.0) 0.0 (0.0-1.0) 0.125
At sitting up (n=50, 19, 18, 7) 1.8+1.8 1.2+1.6 2.0£1.9 1.7+2.1 0.528
1.0 (0.0-3.0) 1.0 (0.0-2.0) 2.0 (0.0-2.3) 1.0 (0.0-2.0) 0.382

Data are presented as mean = SD and median (IQR). P values were derived by one-way ANOVA or Kruskal-Wallis test.

the primary diagnosis and pre-determined endpoints. We,
then, found that it is unlikely that those factors affected the
outcomes, including sternal gaps/stability and NRS. We
further confirmed these findings with matching unevenly
distributed factors using the propensity score matching
technique.

Previously, we demonstrated that PLLA sternal pins
could increase sternal stability particularly under shear stress
on the sternum in biomechanical experiments using an
extirpated sternum from juvenile swine (9). Koshiyama er a/.
also biomechanically showed the efficacy of hydroxyapatite/
PLLA using an artificial sternum (21). Nevertheless, we
could not identify the efficacy of the sternal pins in this
study. Of note, the sternal misalignments and pain at the

© Journal of Thoracic Disease. All rights reserved.

evaluations without sternal pins were already negligible in
the present cohort. Thus, the room for the additive PLLA
pins to improve sternal stability and to relieve pain was
extremely limited. Furthermore, the previous mechanistic
studies showed that the external force required to make a
1 mm deviation in the steel wire-fixed artificial sternum
was over 50 N (approximately 5.1 kgf) in the anterior-
posterior direction and over 80 N (approximately 8.2 kgf) in
the cranial-caudal direction (9,10). However, human upper
limb weight is supposed to be approximately 5.0 % of the
body weight (22), which corresponds to only 3.5 kg in a
patient weighing 70 kg. Thus, even though we attempted
to add some shear stress on the sternum with a careful
consideration of potential risks unlike a previous clinical
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Table 5 Correlation between BSA and sternal deviations/stability in all participants

Variables Pearson’s r P value
Sternal gaps (mm) (n=91)
Right upper limb elevation
Anterior-posterior gap 0.099 0.866
Cranial-caudal gap 0.259 0.744
Bilateral upper limbs elevation
Anterior-posterior gap -0.359 0.522
Cranial-caudal gap -0.040 0.963
Difference between two postures
Anterior-posterior gap -0.037 0.829
Cranial-caudal gap -0.075 0.845
Numerical rating scale of pain
At rest (n=62) -0.297 0.692
At right upper limb elevation (n=88) -0.410 0.589
At sitting up (n=88) -0.396 0.719

The r and P values were derived with the Pearson’s linear regression model. BSA, body surface area.

Table 6 Regression analysis results for maximal gaps

Simple linear regression analysis

Multiple regression analysis

Variables
Coefficient Standard error P value Coefficient Standard error P value
Age 0.0128 0.0101 0.2076 0.0069 0.0113 0.5455
Male -0.0362 0.1301 0.7815 -0.0725 0.1837 0.6941
BSA -0.2358 0.6722 0.7266 -0.0720 0.9115 0.9372
Primary diagnosis
Valvular 0.1625 0.1161 0.1651 0.3442 0.2630 0.1942
Ischemic -0.1667 0.1418 0.2428 0.0958 0.2653 0.7189
Aortic -0.067 0.1427 0.6401 0.1801 0.2532 0.4788
Others 0.1613 0.2173 0.4598 0.4086 0.3297 0.2187
Sternal pin 0.0068 0.1163 0.9535 -0.0171 0.1277 0.8936

R square for multiple regression analysis =0.0576. BSA, body surface area.

trial (16), the lack of beneficial effect of PLLA pins as an
additive internal fixation in the present study is likely due to
the insufficient shear stress on the sternum, which is one of
the limitations of this study. Nevertheless, when considering
the realistic clinical condition during the early post-
operative period, it might be suboptimal to put shear stress
on the sternum with a magnitude as high as that employed

© Journal of Thoracic Disease. All rights reserved.

in the aforementioned biomechanical experiments. In fact,
even with relatively aggressive guidelines for rehabilitation,
mobilization and resistance training during the post-
operative phase are restricted during 4-6 weeks after
cardiac surgery, such as coronary artery bypass grafting,
for safety and efficacy (23). Furthermore, in this study, we
did not include some high-risk patient cohorts, such as
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Table 7 Regression analysis results for sternal instability

Simple linear regression analysis Multiple regression analysis

Variables
Coefficient Standard error P value Coefficient Standard error P value

Age 0.0077 0.0055 0.1661 0.0067 0.0061 0.2731
Male 0.0915 0.0707 0.1989 0.1680 0.0987 0.0925
BSA -0.0616 0.3687 0.8677 -0.5709 0.4900 0.2469
Primary diagnosis

Valvular 0.1128 0.0632 0.0778 0.0508 0.1412 0.7201

Ischemic -0.0453 0.0782 0.5637 -0.0886 0.1425 0.9526

Aortic -0.1451 0.0768 0.0622 -0.0886 0.1360 0.5165

Others 0.006 0.1195 0.9604 -0.0658 0.1771 0.7110
Sternal pin 0.0075 0.0638 0.9062 -0.0283 0.0686 0.6806
R square for multiple regression analysis =0.0954. BSA, body surface area.
Table 8 Patient characteristics after propensity score matching
Variables Matched Group P (n=32) Matched Group N (n=32) P value
Age (year)

Mean + SD 62.3+12.4 64.0+10.4 0.536

Median (IQR) 66.5 (54.8-70.0) 66.0 (61.0-71.8) 0.596
Male, n (%) 26 (81.3) 26 (81.3) 1.000
BMI

Mean + SD 23.7+3.2 24.1+2.8 0.584

Median (IQR) 23.30 (20.87-26.52) 24.06 (21.80-26.37) 0.734
BSA (m?)

Mean + SD 1.66+0.15 1.68+0.16 0.704

Median (IQR) 1.67 (1.59-1.77) 1.67 (1.53-1.8) 0.764
Smoking history, n (%) 18 (26.3) 16 (50.0) 0.616
Hypertension, n (%) 18 (56.3) 17 (63.1) 0.802
Dyslipidemia, n (%) 7(21.9) 11 (34.4) 0.266
Diabetes mellitus, n (%) 6(18.8) 8 (25.0) 0.545
Primary diagnosis, n (%)

Valvular 18 (56.3) 18 (56.3) 1.000

Ischemic 4(12.5) 4 (12.5) 1.000

Aortic 8 (25.0) 8 (25.0) 1.000

Others 2(6.9) 2(6.3) 1.000

P values were derived by Student’s t-test or Mann-Whitney U test or chi-square test, as appropriate. BMI, body mass index; BSA, body

surface area.

© Journal of Thoracic Disease. All rights reserved.
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Table 9 Outcome after propensity score matching

Variables Matched Group P (n=32) Matched Group N (n=32) P value
Sternal gaps (mm)
Right upper limb elevation
Anterior-posterior gap (mm) 2.04+1.05 2.06+0.91 0.929
1.90 (1.33-2.58) 1.90 (1.43-2.78) 0.888
Cranial-caudal gap (mm) 1.18+1.29 1.08+1.30 0.715
0.90 (0.00-1.88) 0.65 (0.00-1.90) 0.774
Bilateral upper limbs elevation
Anterior-posterior gap (mm) 2.15+1.08 2.19+0.86 0.868
2.00 (1.60-2.48) 2.10 (1.43-3.00) 0.819
Cranial-caudal gap (mm) 1.28+1.78 1.12+£1.24 0.685
1.05 (0.00-1.95) 0.85 (0.00-2.08) 0.949
Difference between two postures
Anterior-posterior gap (mm) 0.33+0.26 0.26+0.26 0.283
0.20 (0.13-0.50) 0.20 (0.03-0.50) 0.176
Cranial-caudal gap (mm) 0.31+0.83 0.25+0.49 0.715
0.05 (0.00-0.28) 0.00 (0.0-0.20) 0.821
Numerical rating scale of pain
At rest (n=23, 18) 0.6+1.1 1.6+1.3 0.995
0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.844
At right upper limb elevation (n=32, 29) 1.1£1.3 1.0+1.1 0.665
1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.766
At sitting up (n=32, 29) 1.7+1.9 2.1+£1.8 0.457
1.0 (0.0-3.0) 2.0 (1.0-3.0) 0.298

Data are presented as mean = SD and median (IQR). P values were derived by Student’s t-test and Mann-Whitney U test.

elder patients and patients who require chronic dialysis,
which are known as risk factors of sternal complications
(24,25). Although our exclusion criteria had been set in
consideration of the risk where artificial material could
increase infection rate in these susceptible patients to
infection, this also could be a reason by which we did not
observe any beneficial effect by the sternal pins.

As such, in consideration of clinically practical usage of
PLLA pins, there is a tenacious concern that the artificial
material could potentially increase the chances of infection.
Of importance, in this study, no artificial material-related
adverse events, such as wound infection, were found,
which is consistent with several previous studies (3,16,20).

© Journal of Thoracic Disease. All rights reserved.

What makes this PLLA pins unique from other rigid
sternal fixations is that the PLLA is bioabsorbable. In
fact, the strength of the sternal pin drops relatively fast in
4-6 months due to degradation by hydrolysis, although the
molecules itself remains until a couple of years later (26);
thus, there is little long-term concern about infection on
the material. This feature and our findings would encourage
us to explore the efficacy of the sternal pins in a patient who
is susceptive to infection but requires an extra-fixation due
to friable sternum, which is likely to contribute to sternal
misalignment and/or nonunion (25,27).

This study has some limitations, including the intrinsic
limitations derived from a single institutional study and
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the small sample size. Another limitation is that despite
the small sample size targeted, the present study required
a relatively long period, approximately 2.5 years, to enroll
100 patients since there were some other simultanecously
running clinical studies and some eligible patients opted not
to be enrolled. Furthermore, the differences in sternal gaps
were evaluated between the two postures, i.e., right upper
limb elevation and bilateral upper limbs elevation, as the
indices for sternal instability; however, the measurements
of sternal gaps in a natural posture with bilateral limbs
down were not performed in view of minimizing radiation
exposure to our study patients for this specific research
protocol. Moreover, although we did not measure the
sternal dehiscence between cut sternums as the sternal pin
is deemed not to have any support in inward direction, the
sternal dehiscence is an important factor leading to the
sternal complication. Such additional measurements might
have provided us with some different data.

Conclusions

In this study, no significant difference in sternal stability
and in pain during the early phase of post-cardiovascular
surgery between patients with and without sternal pins was
observed. Nevertheless, since no material-related morbidity
was observed, our result might encourage to examine the
efficacy of this sternal fixation method in patients with a
higher risk of sternal complications. Additionally, further
clinical studies with longer term observation and more
aggressive shear stress on the sternum corresponding to the
daily activities are needed.
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