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Abstract: Acetabular or anterior pelvic ring fractures are rare but extremely complicated and chal-
lenging injuries for orthopedic trauma surgeons. Three-dimensional (3D) printing technology is
widely used in the management of these two fracture types for surgical benefits. Our study aimed to
explore whether 3D printing-assisted acetabular or pelvic surgery is beneficial in terms of shortening
the length of hospital stay (LHS) and intensive care unit (ICU) stay (ICU LS) for older patients.
This retrospective study included two groups of 76 participants over 60 years old who underwent
operations with (n = 41) or without (n = 35) guidance by 3D printing. The Mann–Whitney U test
was used to analyze continuous variables. Chi-square analysis was applied for categorical variables.
Univariable and multivariable linear regression models were used to analyze the factors associated
with LHS. The median LHS in the group without 3D printing assistance was 16 (12–21) days, and
the median ICU LS was 0 (0–2) days. The median LHS in the group with 3D printing assistance was
17 (12.5–22.5) days, and the median ICU LS was 0 (0–3) days. There was no significant difference
in LHS associated with 3D printing assistance vs. that without 3D printing among patients who
underwent open reduction and internal fixation for pelvic or acetabular fractures. The LHS positively
correlated with the ICU LS whether the operation was 3D printing assisted or not. For fracture surgery
in older patients, in addition to the advancement of surgical treatment and techniques, medical teams
require more detailed preoperative evaluations, and more personalized medical plans regarding
postoperative care to achieve the goals of shortening LHS, reducing healthcare costs, and reducing
complication rates.

Keywords: 3D printing-assisted surgery; pelvis fracture; acetabulum fracture; length of hospital stay;
geriatric patient
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1. Introduction

Acetabular fractures are fractures of the hip-joint socket. In young people, acetabular
fractures are mainly caused by high-energy trauma secondary to traffic accidents or falls
from height and are often associated with other life-threatening injuries. Acetabular frac-
tures sustained by older adults often result from minimal trauma, such as that associated
with low falls. Acetabular fractures account for about 3% of all adult fractures [1,2]. These
fractures are associated with serious morbidity and mortality [3]. Such fractures can be
managed conservatively or surgically. Operative indications of acetabular fractures include
displacements that involve the weight-bearing dome or cause femoral head incongruity and
unstable posterior wall acetabular fractures [4]. The goal of surgery is to accurately restore
the anatomic configuration of the joint’s surface, as well as the congruence and stability of
the hip joint while avoiding complications. Surgical intervention of acetabular fractures
has not been as successful in older patients as in younger patients. In comparing patients
who are younger and older than 40 years of age, anatomic reductions were achieved in less
than 60% of older patients, compared with nearly 80% of younger patients. In functional
outcomes, younger patients had better clinical results of pain control, ambulatory ability,
and hip range of motion than patients older than 40 years of age (81% vs. 68%) [5].

Pelvic fractures are fractures of the pelvic ring, including any breaks in the sacrum
and the two innominate bones joined anteriorly at the symphysis and posteriorly at the
paired sacroiliac joints. In younger patients, fractures of the pelvis, such as fractures of
the acetabulum, also occur primarily as a result of high-velocity trauma. The incidence
of pelvic ring injuries was reported to be 0.82 per 100,000 people and accounted for only
2% of all fractures [6]. The geriatric population constitutes about 22% of the overall
number of patients with pelvic ring injuries. Men are affected slightly more than women
(56% vs. 44%) [7]. Hemodynamic instability in patients with a pelvic ring fracture is a
concern, and more aggressive means of addressing pelvic bleeding such as retroperitoneal
packing and the continued use of angiography are being employed [8]. With the increasing
age of the population and the unfortunate decreasing bone quality that accompanies aging,
new fixation techniques are being evaluated and used in an effort to improve outcomes in
the geriatric patient population [9]. The following situations are amenable to nonsurgical
management: stable pelvic ring injuries, stable sacral injuries, comorbidities precluding
surgical intervention, poor bone quality, and low-energy osteoporotic pelvic ring fracture.
The appropriate treatment of pelvic injuries depends largely on the careful analysis of
the fracture pattern, neurologic involvement, and associated pelvic ring disruption. The
application of fixation implants is based on fracture patterns and orthopedic surgeons’
familiarity. Compared with other fractures, acetabular and pelvic fractures are more
difficult to manage because of the complex anatomic structures in the surrounding area;
these affect operation times, the amount of bleeding, and the patient’s functional recovery
after healing [10].

Recent technologies in 3D printing have improved and expanded applications in many
fields, such as engineering, medicine, architecture, and art and design. In many medi-
cal fields, creating tissues and organoids, surgical tools, patient-specific surgical models,
and custom-made prosthetics are four main developments that are associated with recent
innovations in 3D printing technology [11]. The application of 3D printing techniques
to guide fracture surgery was first developed in the mid-1990s and has advanced signifi-
cantly in recent years [12]. Three-dimensional printing techniques are widely applied in
transplant, cardiovascular, orthopedic, and otolaryngologic surgery. Three-dimensional-
printing-assisted fracture surgery is widely implemented for various complex fractures,
such as pelvic fractures, acetabular fractures, and complex comminuted fractures [13].
Surgical technology—from preoperative fracture model analysis, to pre-contour steel plate
application, to the design of the wound approach method—can provide surgeons with a
more complete preoperative plan. Studies have found that 3D printing-assisted methods
can effectively minimize operation times, wound size, blood loss, and postoperative recov-
ery times, as well as improve functional scores [14,15]. To our knowledge, there is currently
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no relevant literature exploring whether 3D printing-assisted surgical treatment can shorten
the length of hospital stay (LHS) and intensive care unit length of stay (ICU LS).

For older adults, LHS and ICU LS are associated with the rates of complications of
hospitalization, such as delirium and nosocomial infections. Our study included patients
over 60 years old who underwent surgical intervention for acetabular or pelvic fractures.
We aimed to determine whether 3D printing-assisted surgery could shorten the LHS and
the ICU LS.

2. Materials and Methods
2.1. Study Design and Participant Selection

This was a retrospective study that assessed participants with acetabular or pelvic
fractures who underwent surgical treatment at the Tri-Service General Hospital in Taiwan
from August 2009 to December 2021. We included participants (1) aged ≥ 60 years,
(2) with acetabular or pelvic fractures diagnosed by computed tomography (CT), and
(3) who underwent open reduction and internal fixation (ORIF) with plates or spinal–pelvic
instructs. Patients who died and those who had complications of ventilator dependency
or minimally invasive screw fixation surgery for anterior column fracture and sacroiliac
joint injuries were excluded. The patients included in the study were divided into two
groups: those who underwent 3D printing-assisted surgery and those who did not. The
study was approved by the Tri-Service General Hospital Institutional Review Board (TSGH
IRB). All study participants gave written informed consent, and the study was conducted
in accordance with the provisions of the Declaration of Helsinki.

2.2. Surgical Treatment

All operations were performed with the participants under general anesthesia by
a single experienced orthopedist. According to the surgical approach, the patient was
placed on a radiotransparent operating table in a supine or lateral decubitus position. For
acetabulum fractures, the Kocher–Langenbeck approach was applied for a posterior wall
fracture or posterior column fracture. The ilioinguinal approach or the modified Stoppa
approach was applied for an anterior column fracture. For pelvic fractures, the anterior or
posterior approach was used. Depending on the fracture pattern, a one-stage or two-stage
procedure was performed.

In the group without 3D printing, the reconstruction plate was contoured according
to the template determining the length and shape. The plate-bending instrument was
applied for minor adjustment. In the group with 3D printing, CT scanning images were
converted to generate patient-specific 3D printing models (1:1 models). The required plate
length, position, and location, were determined by this patient-specific 3D-printed model.
The straight locking reconstruction plate was contoured preoperatively according to this
model. The 3D printing technique was applied for the treatment of anterior pelvic ring
and acetabular fractures; otherwise, the posterior pelvic ring fractures in both groups were
managed with traditional surgical methods.

We applied the 3D printing-assisted technique to the treatment of a 61-year-old man
with a diagnosis of bilateral superior and inferior pubic ramus fracture combined with
diastasis of pubic symphysis.. The patient received pelvic X-ray exams initially (Figure 1).
He underwent diagnostic CT scans to confirm the fracture sites (Figure 2). The CT scan
images were converted to DICOM images and reconstruction images (Figure 3). To create
the reduced fracture model, the techniques of segmentation, splitting, mirroring, and
reposition were conducted through MIMICS software (version 19, Belgium), and exported
as a 3D model. The pre-contour plates were manufactured according to this customized
model preoperatively (Figure 4). The postoperative X-rays are presented in Figure 5.
Anatomical reduction of the fracture was achieved, which requires more time and expertise
on the part of the surgeon in complex pelvic surgeries.
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Figure 1. Preoperative X-ray films of the pelvis. (A) AP view, (B) outlet view, and (C) inlet view.

Figure 2. Computed tomography scan images showing bilateral superior and inferior pubic ramus
fracture (arrows) combined with diastasis of pubic symphysis (asterisks). (A,B) Axial view and
(C,D) coronal view.

Figure 3. Three-dimensional reconstruction computed tomography scan images showing bilateral su-
perior and inferior pubic ramus fracture (hollow arrows) combined with diastasis of pubic symphysis
(triangles) from (A) posterior aspect and (B) anterior aspect.
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Figure 4. Three-dimensional printing model of reduced bilateral iliac wing and pre-contoured plates
in overlapping configuration. (A) Anterior view and (B) Superior view.

Figure 5. Postoperative X-ray films of the pelvis. (A) AP view, (B) outlet view, and (C) inlet view.

2.3. Covariates

Age, gender, and body mass index were obtained from the medical records. Laboratory
data were obtained from preoperative evaluation data, including hemoglobin, platelets,
serum glucose, creatinine, aspartate transaminase (AST), sodium, and potassium levels.
Surgical subgroups were analyzed based on a combination of other types of major trauma,
as detailed in the medical records of the emergency department or outpatient clinic: fracture
other than pelvis or acetabulum, brain hemorrhage, pneumo/hemothorax, internal organ
hemorrhage, and vessel rupture requiring transarterial embolization. Operation types
were categorized as pelvic fracture, acetabular fracture, combination of both pelvic and
acetabular fractures from the same traumatic event, and pathological fractures were defined
as those due to bone tumors, including primary or metastatic bone tumors. Based on the
surgical plans of a single experienced operator, the procedures were categorized as a
one-stage surgery or a two-stage surgery.

2.4. Statistical Analysis

Continuous variables are expressed as medians and interquartile ranges (IQR, Q1–Q3).
Categorical variables are expressed as numbers and percentages (%). Statistical significance
was analyzed using the Mann–Whitney U test for continuous variables and chi-square
tests for categorical variables using PASW Statistics for Windows, version 18.0 (SPSS Inc.,
Chicago, IL, USA). The Mann–Whitney U test was used for the subgroup analysis of
patients with or without a combination of other major trauma in the hospital and ICU stay
course. Simple linear regression modeling was used to analyze the regression coefficients
of LHS on the univariable factors among participants with and without 3D printing-
assisted operations. The factors with p-values < 0.1 in the univariable linear regression
underwent multivariable linear regression. Statistically significant differences were defined
by p values < 0.05.
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3. Results
3.1. Characteristics of the Study Participants

A total of 76 consecutive patients were included and divided into groups of patients
whose operations did not rely on 3D printing (n = 35) and patients whose operations
were guided by 3D printing (n = 41). Table 1 demonstrates the patients’ demographic
characteristics. In the group without 3D printing assistance, there were 16 men and
19 women, and the median age was 65 (61–73) years. In the group with 3D printing
assistance, there were 17 men and 24 women, and the median age was 67 (62–74.5) years.
Sixteen (45.7%) participants had other major trauma in the group without 3D printing
assistance, and 12 (29.3%) had other major trauma in the group with 3D printing assistance.
The median LHS for the group without 3D printing assistance was 16 (12–21) days, and the
median ICU LS was 0 (0–2) days. The median LHS for the group with 3D printing assistance
was 17 (12.5–22.5) days, and the median ICU LS was 0 (0–3) days (all p-values > 0.05).

Table 1. Demographics.

Without 3D (n = 35) With 3D (n = 41) p Value *

Category variable, n (%)

Sex 0.709

Man 16 (45.7) 17 (41.5)

Woman 19 (54.3) 24 (58.5)

Combined with other major trauma 0.138

with 16 (45.7) 12 (29.3)

without 19 (54.3) 29 (70.7)

Operation type 0.137

Pelvis 17 (48.6) 18 (43.9)

Acetabulum 12 (34.3) 14 (34.1)

Both 5 (14.3) 2 (4.9)

Pathological fracture 1 (2.9) 7 (17.1)

Surgical stage 0.425

One-stage 26 (74.3) 27 (65.9)

Two-stage 9 (25.7) 14 (34.1)

Continuous variables, median (IQR)

Age, year 65 (61–73) 67 (62–74.5) 0.155

Hb, g/dL 12.5 (10.7–13.5) 11.2 (10.1–12.7) 0.057

Platelet, 103/uL 192 (151–233) 221 (160–306.5) 0.067

Glucose, mg/dL 130 (106–155) 130 (112–169.5) 0.381

Creatinine, mg/dL 0.8 (0.6–1.0) 0.8 (0.7–1.15) 0.185

AST, U/L 29 (20–40) 27 (19–32.5) 0.287

Sodium, mmol/L 138 (136–139) 137 (136–139.5) 0.937

Potassium, mmol/L 3.8 (3.6–4.1) 3.9 (3.75–4.3) 0.114

BMI, kg/m2 23.1 (21.6–26.8) 22.9 (20.5–25.8) 0.402

Length of hospital stay, day 16 (12–21) 17 (12.5–22.5) 0.531

Length of stay in ICU, day 0 (0–2) 0 (0–3) 0.432

* Chi-square test for category variables and Mann–Whitney U test for continuous variables. Abbreviations: Hb,
hemoglobin; AST, aspartate aminotransferase; BMI, body mass index.
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3.2. Measurable Factors and the LHS

Table 2 summarizes the subgroup analysis of combinations of other major traumas.
There were no significant differences in the LHS and ICU LS between the subgroups with
or without combinations of other traumas. Table 3 demonstrates the gender subgroups
analysis. There were no significant differences in the LHS and ICU LS between males and
females (all p-value > 0.05). The regression coefficients of LHS on the measurable factors
among patients whose operations were not guided by 3D printing are detailed in Table 4.
LHS was negatively correlated with platelet count (β, p-value: −0.055, 0.019) and positively
correlated with ICU LS (β, p-value: 1.685, 0.004) in the multivariable regression model. The
regression coefficients of LHS on the measurable factors of patients who underwent 3D
printing-assisted operations are detailed in Table 5. ICU LS was positively correlated with
LHS (β, p-value: 1.131, 0.035), and preoperative serum potassium level was negatively
correlated with LHS in the univariable regression models (β, p-value: −4.934, 0.022). In the
multivariable regression model, LHS was positively correlated with ICU LS and negatively
correlated with serum potassium level (β, p-value: −4.934, 0.022).

Table 2. Subgroup analysis of combination with other major trauma (median, IQR).

Without 3D (n = 35) With 3D (n = 41) p Value *

Without other major trauma n = 19 n = 29
Length of hospital stay 15 (11–19) 16 (12–22.5) 0.245
Length of stay in ICU 0 (0–2) 0 (0–2) 0.381

With other major trauma n = 16 n = 12
Length of hospital stay 18 (14.5–24.75) 19.5 (15.25–22.75) 0.945
Length of stay in ICU 0 (0–2) 1 (0–4) 0.767

* Mann-Whitney U Test.

Table 3. Subgroup analysis of sex (median, IQR).

Without 3D (n = 35) With 3D (n = 41) p Value *

Male n = 16 n = 17

Length of hospital stay 17 (12.25–21) 16 (12–24) 0.709

Length of stay in ICU 1 (0–3) 0 (0–3) 0.736

Female n = 19 n = 24

Length of hospital stay 16 (11–21) 17.5 (13.25–22) 0.651

Length of stay in ICU 0 (0–2) 0 (1–3) 0.127

* Mann–Whitney U Test.

Table 4. Regression coefficients of length of hospital stay on the measurable factors in participants
without 3D-assisted operation.

Univariable 1 Multivariable 2

β (SE) p Value β (SE) p Value

Sex −0.579 (3.320) 0.863

Combined with other major trauma 3.451 (3.266) 0.298

Operation type −0.469 (2.003) 0.819

Surgical stage 2.868 (3.752) 0.450

Age 0.152 (0.257) 0.558

Hb −1.017 (0.829) 0.229

Platelet −0.060 (0.025) 0.021 −0.055 (0.022) 0.019

Glucose 0.039 (0.051) 0.446
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Table 4. Cont.

Univariable 1 Multivariable 2

β (SE) p Value β (SE) p Value

Creatinine −1.322 (6.273) 0.834

AST 0.008 (0.029) 0.777

Na 0.309 (0.763) 0.688

K −2.256 (4.278) 0.601

BMI −0.075 (0.384) 0.847

Length of stay in ICU 1.790 (0.581) 0.004 1.685 (0.543) 0.004
1: univariable linear regression. 2: multivariable linear regression. Abbreviations: Hb, hemoglobin; AST, aspartate
aminotransferase; BMI, body mass index; ICU, intensive care unit.

Table 5. Regression coefficients of Length of hospital stay on the measurable factors in participants
with 3D-assisted operation.

Univariable 1 Multivariable 2

β (SE) p Value β (SE) p Value

Sex 1.586 (2.216) 0.479

Combined with other major trauma 1.486 (2.404) 0.540

Operation type 0.036 (1.017) 0.972

Surgical stage 4.542 (2.201) 0.046 2.896 (2.052) 0.167

Age 0.028 (0.136) 0.836

Hb 0.240 (0.537) 0.658

Platelet −0.006 (0.008) 0.480

Glucose 0.004 (0.021) 0.848

Creatinine −0.140 (0.493) 0.778

AST −0.116 (0.089) 0.202

Na −0.154 (0.270) 0.571

K −6.104 (2.108) 0.006 −4.934 (2.060) 0.022

BMI −0.140 0.661

Length of stay in ICU 1.211 (0.566) 0.026 1.131 (0.517) 0.035
1: univariable linear regression. 2: multivariable linear regression. Abbreviations: Hb, hemoglobin; AST, aspartate
aminotransferase; BMI, body mass index; ICU, intensive care unit.

4. Discussion

To our knowledge, our study is the first to explore the impact of 3D printing on
the LHS for patients older than 60 years of age who underwent surgery for pelvic and
acetabular fractures. We found no significant difference in the LHS and the ICU LS between
the groups with and without 3D-assisted surgery. We applied multivariable regression
to analyze the correlation between the parameters of preoperative evaluation and LHS in
both groups. The LHS was significantly and positively associated with the ICU LS in both
groups. In the group without 3D printing assistance, the LHS was negatively associated
with preoperative platelet levels. In the 3D printing-assisted group, the LHS was negatively
associated with preoperative serum potassium levels.

With the aid of 3D printing for complex fractures, operation times can be effectively
minimized, along with intraoperative blood loss and surgical wound size [14–16]. Typically,
pelvic fractures require longer operation times than other types of fractures. The complexity
of the surrounding structures also increases the difficulty of the operation [17–20]. The



J. Pers. Med. 2022, 12, 189 9 of 12

longer the operation time, the higher the risks of anesthesia- and surgery-related compli-
cations. In the application of 3D printing techniques, there has been great progress and
increased use in the past 10 years [21–23]. Our team previously published research on 3D
printing-technology-assisted pelvic fracture surgery, which can shorten operation times
and reduce the amount of bleeding. Moreover, it has significant benefits for surgical efficacy
and postoperative rehabilitation [14,15].

LHS is also an important consideration for the care of patients. At present, many
improvements in surgical methods, the evolution of different bone-fixation materials, and
various dressings, for example, are also aimed at reducing the complications of surgery
and shortening ICU LS and overall LHS. Prolonged hospitalization increases the rates of
nosocomial infections and delirium, hospital costs, and functional decline [24–27]. Our
research found no significant effect of 3D printing-assisted surgery on LHS. A possible
explanation is that the initial wound-healing process of older patients takes longer than
that of younger patients [28,29]. Older adults also have more comorbidities17. During
hospitalization, acute physiological stress causes changes in preexisting chronic diseases,
such as diabetes mellitus and hypertension, which affects the safety considerations for
assessing and discharging patients [30–34]. These factors are encountered regardless of
whether 3D printing techniques are used or not.

Taiwan has a universal health insurance system, and patients and their families hope
that they can be taken care of before being discharged from the hospital in a relatively
stable condition [35,36]. Whether patients with pelvic fractures can be discharged from the
hospital is mainly evaluated by the attending physician and medical team. In principle,
if the surgical wound is adequately healed, patients without other complications can be
discharged from the hospital if they are in stable condition. The time to discharge patients
from the hospital depends on the medical team’s discretion, the condition of patients, and
sometimes the caregiver’s or family’s expectations, and the LHS results of the two groups
may be similar because of these multifactorial contributions.

The ICU LS depends mainly on the initial injury of the patient and whether the patient
is at high risk. It is necessary to conduct close monitoring in the ICU for postoperative and
post-anesthesia care. This is jointly managed by the surgeon and the anesthesiologist. In
the case of multiple traumas, particularly in combination with changes in consciousness
and other major organ trauma, including cerebral hemorrhage, pneumo/hemothorax, or
other organ bleeding caused by hemodynamic imbalance, and the use of ventilators, ICU
LS increases [37]. This may explain the lack of a statistical difference between the two
groups we compared. In Table 2, we provide a subgroup analysis of the presence or absence
of trauma in other organ systems. For patients with pelvic or acetabular fractures, there
was no statistical difference in the number of hospitalization days and ICU days whether
combined with other major trauma or not.

To investigate specific factors associated with LHS and ICU LS, we collected preoper-
ative biomarker data. We found that a lower preoperative potassium concentration was
associated with a longer ICU LS. A low potassium level may indicate electrolyte imbalance.
More serious trauma, or a frailer pre-injury state, along with electrolyte imbalances and
poor nutritional status, for example, may be risk factors that lengthen hospital stays. In the
regression model, ICU LS was positively correlated with LHS. Before the development of
3D printing, because of the higher risks associated with surgery, risk of blood loss, and the
high technical threshold of pelvic and acetabular surgery, a higher proportion of patients
with pelvic fractures in the past chose conservative treatment. Thus, the average LHS
and ICU LS of the group without 3D printing assistance may have been underestimated.
Preoperative investigations before and during admission do have predictable effects on
LHS, including in terms of early mortality after open abdominal surgery [38]. The severity
of electrolyte imbalances has been associated with longer LHS and increased in-hospital,
30-day, and 1-year mortality in an unselected emergency department population [39].
Preoperative low and high platelet counts have been correlated with perioperative compli-
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cations after total hip arthroplasty, including major or minor adverse effects and hospital
readmissions [40].

The present study has some limitations. First, this was a retrospective study. Due to
the rarity of pelvic or acetabular fractures, the sample size was small. We did not perform
a sample size calculation, and the limited number of study patients may have affected
the statistical significance of our results. Confounding factors related to the patients and
interventions also exist. Second, the past medical history, nutritional status, daily functional
status, and the bone health of participants are variable, and limited data regarding these
variables could be obtained from the medical records. Third, the indicator that we used to
assess the risk of anesthesia and surgery was ICU LS (whether or not the patient required
postoperative ICU admission), and the length of stay in the ICU was jointly determined
by the surgeon and the anesthesiologist. Larger-scale, prospective studies are required to
further evaluate the clinical applications of 3D printing-assisted technology for treating
pelvic and acetabular fractures. Moreover, more rigorous study designs (e.g., randomized
controlled trials with blinding) should be considered in the future.

5. Conclusions

To our knowledge, our study is the first to determine the lack of a significant difference
in LHS among older pelvic or acetabular fracture patients receiving ORIF with or with-
out 3D printing assistance. Current evidence suggests that 3D printing-assisted surgery
helps improve intraoperative parameters, but it may not affect the patient’s postoperative
recovery. For fracture surgery for older patients, in addition to the advancement of surgical
treatment and techniques, medical teams require more detailed preoperative evaluations,
and more personalized medical plans regarding postoperative care to achieve the goals of
shortening LHS, reducing healthcare costs, and reducing complication rates.

Author Contributions: Conceptualization, C.-C.H. and T.-T.Y.; Data curation, W.-L.C.; Formal analy-
sis, Y.-W.C. and W.-L.C.; Investigation, C.-C.H. and J.-L.W.; Project administration, T.-T.Y.; Resources,
J.-L.W. and S.-H.L.; Software, Y.-W.C.; Supervision, T.-T.Y.; Validation, T.-T.Y.; Visualization, J.-L.W.,
Y.-W.C. and S.-H.L.; Writing—original draft, C.-C.H. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This work was supported by the Tri-Service General Hospital (TSGH-D-110105, TSGH-B-
110008, MND-MAB-110-016, TSGH-NTUST-109-04, TSGH-A-109004, TSGH-B-109007, TSGH-C108-001,
MAB-108-034, TSGH-C107-001, TSGH-B-111015 and MND-MAB-111035).

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board of Tri-Service General Hospital
(Approval number: 2-106–05-092 and date of approval: 8 June 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within the article or supplementary material.

Conflicts of Interest: All authors reported no conflict of interest in this work. The authors declared
that they had no competing interests.

References
1. Grotz, M.R.; Allami, M.K.; Harwood, P.; Pape, H.C.; Krettek, C.; Giannoudis, P.V. Open pelvic fractures: Epidemiology, current

concepts of management and outcome. Injury 2005, 36, 1–13. [CrossRef] [PubMed]
2. Giannoudis, P.V.; Grotz, M.R.; Papakostidis, C.; Dinopoulos, H. Operative treatment of displaced fractures of the acetabulum. A

meta-analysis. J. Bone Jt. Surg. Br. 2005, 87, 2–9. [CrossRef]
3. Dechert, T.A.; Duane, T.M.; Frykberg, B.P.; Aboutanos, M.B.; Malhotra, A.K.; Ivatury, R.R. Elderly patients with pelvic fracture:

Interventions and outcomes. Am. Surg. 2009, 75, 291–295. [CrossRef] [PubMed]
4. Tornetta, P., 3rd. Displaced acetabular fractures: Indications for operative and nonoperative management. J. Am. Acad. Orthop. Surg.

2001, 9, 18–28. [CrossRef] [PubMed]
5. Matta, J.M. Fractures of the acetabulum: Accuracy of reduction and clinical results in patients managed operatively within three

weeks after the injury. J. Bone Jt. Surg. Am. 1996, 78, 1632–1645. [CrossRef]

http://doi.org/10.1016/j.injury.2004.05.029
http://www.ncbi.nlm.nih.gov/pubmed/15589906
http://doi.org/10.1302/0301-620X.87B1.15605
http://doi.org/10.1177/000313480907500405
http://www.ncbi.nlm.nih.gov/pubmed/19385287
http://doi.org/10.5435/00124635-200101000-00003
http://www.ncbi.nlm.nih.gov/pubmed/11174160
http://doi.org/10.2106/00004623-199611000-00002


J. Pers. Med. 2022, 12, 189 11 of 12

6. Papakostidis, C.; Giannoudis, P.V. Pelvic ring injuries with haemodynamic instability: Efficacy of pelvic packing, a systematic
review. Injury 2009, 40 (Suppl. 4), S53–S61. [CrossRef]

7. Yoshihara, H.; Yoneoka, D. Demographic epidemiology of unstable pelvic fracture in the United States from 2000 to 2009: Trends
and in-hospital mortality. J. Trauma Acute Care Surg. 2014, 76, 380–385. [CrossRef]

8. Spahn, D.R.; Bouillon, B.; Cerny, V.; Coats, T.J.; Duranteau, J.; Fernández-Mondéjar, E.; Filipescu, D.; Hunt, B.J.; Komadina, R.;
Nardi, G.; et al. Management of bleeding and coagulopathy following major trauma: An updated European guideline. Crit. Care
2013, 17, R76. [CrossRef]

9. Padilla Colón, C.J.; Molina-Vicenty, I.L.; Frontera-Rodríguez, M.; García-Ferré, A.; Rivera, B.P.; Cintrón-Vélez, G.; Frontera-Rodríguez, S.
Muscle and Bone Mass Loss in the Elderly Population: Advances in diagnosis and treatment. J. Biomed. 2018, 3, 40–49. [CrossRef]

10. Letournel, E. Acetabulum fractures: Classification and management. Clin. Orthop. Relat. Res. 1980, 81–106. [CrossRef]
11. Ventola, C.L. Medical Applications for 3D Printing: Current and Projected Uses. Pharm. Ther. 2014, 39, 704–711.
12. Erickson, D.M.; Chance, D.; Schmitt, S.; Mathis, J. An opinion survey of reported benefits from the use of stereolithographic

models. J. Oral Maxillofac. Surg. 1999, 57, 1040–1043. [CrossRef]
13. Lal, H.; Patralekh, M.K. 3D printing and its applications in orthopaedic trauma: A technological marvel. J. Clin. Orthop. Trauma

2018, 9, 260–268. [CrossRef] [PubMed]
14. Hung, C.C.; Li, Y.T.; Chou, Y.C.; Chen, J.E.; Wu, C.C.; Shen, H.C.; Yeh, T.T. Conventional plate fixation method versus pre-operative

virtual simulation and three-dimensional printing-assisted contoured plate fixation method in the treatment of anterior pelvic
ring fracture. Int. Orthop. 2019, 43, 425–431. [CrossRef] [PubMed]

15. Hsu, C.L.; Chou, Y.C.; Li, Y.T.; Chen, J.E.; Hung, C.C.; Wu, C.C.; Shen, H.C.; Yeh, T.T. Pre-operative virtual simulation and
three-dimensional printing techniques for the surgical management of acetabular fractures. Int. Orthop. 2019, 43, 1969–1976.
[CrossRef]

16. Xiong, L.; Li, X.; Li, H.; Chen, Z.; Xiao, T. The efficacy of 3D printing-assisted surgery for traumatic fracture: A meta-analysis.
Postgrad. Med. J. 2019, 95, 414–419. [CrossRef]

17. Morgan, S.J.; Jeray, K.J.; Phieffer, L.S.; Grigsby, J.H.; Bosse, M.J.; Kellam, J.F. Attitudes of orthopaedic trauma surgeons regarding
current controversies in the management of pelvic and acetabular fractures. J. Orthop. Trauma 2001, 15, 526–532. [CrossRef]

18. Suzuki, T.; Smith, W.R.; Mauffrey, C.; Morgan, S.J. Safe surgical technique for associated acetabular fractures. Patient Saf. Surg.
2013, 7, 7. [CrossRef]

19. Capone, A.; Peri, M.; Mastio, M. Surgical treatment of acetabular fractures in the elderly: A systematic review of the results.
EFORT Open Rev. 2017, 2, 97–103. [CrossRef]

20. Firoozabadi, R.; Cross, W.W.; Krieg, J.C.; Routt, M.L.C. Acetabular Fractures in the Senior Population- Epidemiology, Mortality
and Treatments. Arch. Bone Jt. Surg. 2017, 5, 96–102.

21. Meesters, A.M.L.; Trouwborst, N.M.; de Vries, J.P.M.; Kraeima, J.; Witjes, M.J.H.; Doornberg, J.N.; Reininga, I.H.F.; FFA, I.J.; Ten
Duis, K. Does 3D-Assisted Acetabular Fracture Surgery Improve Surgical Outcome and Physical Functioning?—A Systematic
Review. J. Pers. Med. 2021, 11, 966. [CrossRef] [PubMed]

22. Cao, J.; Zhu, H.; Gao, C. A Systematic Review and Meta-Analysis of 3D Printing Technology for the Treatment of Acetabular
Fractures. BioMed. Res. Int. 2021, 2021, 5018791. [CrossRef] [PubMed]

23. Zou, R.; Wu, M.; Guan, J.; Xiao, Y.; Chen, X. Therapeutic Effect of Acetabular Fractures Using the Pararectus Approach Combined
with 3D Printing Technique. Orthop. Surg. 2020, 12, 1854–1858. [CrossRef] [PubMed]

24. Hoogerduijn, J.G.; Schuurmans, M.J.; Duijnstee, M.S.; De Rooij, S.E.; Grypdonck, M.F. A systematic review of predictors and
screening instruments to identify older hospitalized patients at risk for functional decline. J. Clin. Nurs. 2007, 16, 46–57. [CrossRef]
[PubMed]

25. O’Keeffe, S.; Lavan, J. The Prognostic Significance of Delirium in Older Hospital Patients. J. Am. Geriatr. Soc. 1997, 45, 174–178.
[CrossRef] [PubMed]

26. Bail, K.; Goss, J.; Draper, B.; Berry, H.; Karmel, R.; Gibson, D. The cost of hospital-acquired complications for older people with
and without dementia; a retrospective cohort study. BMC Health Serv. Res. 2015, 15, 91. [CrossRef]

27. Palmisano-Mills, C. Common Problems in Hospitalized Older Adults: Four Programs to Improve Care. J. Gerontol. Nurs. 2007, 33, 48–54.
[CrossRef] [PubMed]

28. Sgonc, R.; Gruber, J. Age-related aspects of cutaneous wound healing: A mini-review. Gerontology 2013, 59, 159–164. [CrossRef]
[PubMed]

29. Gould, L.; Abadir, P.; Brem, H.; Carter, M.; Conner-Kerr, T.; Davidson, J.; DiPietro, L.; Falanga, V.; Fife, C.; Gardner, S.; et al.
Chronic wound repair and healing in older adults: Current status and future research. J. Am. Geriatr. Soc. 2015, 63, 427–438.
[CrossRef]

30. Marik, P.E.; Bellomo, R. Stress hyperglycemia: An essential survival response! Crit. Care 2013, 17, 305. [CrossRef]
31. Chakroun-Walha, O.; Rejeb, I.; Boujelben, M.; Chaari, A.; Ksibi, H.; Kammoun, L.; Chaari, A.; Bouaziz, M.; Rekik, N. Epidemiolog-

ical features of stress hyperglycemia in elderly at emergency department. Tunis. Med. 2016, 94, 140–144. [PubMed]
32. Chen, G.; Li, M.; Wen, X.; Wang, R.; Zhou, Y.; Xue, L.; He, X. Association Between Stress Hyperglycemia Ratio and In-hospital

Outcomes in Elderly Patients With Acute Myocardial Infarction. Front. Cardiovasc. Med. 2021, 8, 698725. [CrossRef] [PubMed]
33. Lee, P.G.; Halter, J.B. The Pathophysiology of Hyperglycemia in Older Adults: Clinical Considerations. Diabetes Care 2017, 40, 444–452.

[CrossRef] [PubMed]

http://doi.org/10.1016/j.injury.2009.10.037
http://doi.org/10.1097/TA.0b013e3182ab0cde
http://doi.org/10.1186/cc12685
http://doi.org/10.7150/jbm.23390
http://doi.org/10.1097/00003086-198009000-00012
http://doi.org/10.1016/S0278-2391(99)90322-1
http://doi.org/10.1016/j.jcot.2018.07.022
http://www.ncbi.nlm.nih.gov/pubmed/30202159
http://doi.org/10.1007/s00264-018-3963-2
http://www.ncbi.nlm.nih.gov/pubmed/29725736
http://doi.org/10.1007/s00264-018-4111-8
http://doi.org/10.1136/postgradmedj-2019-136482
http://doi.org/10.1097/00005131-200109000-00012
http://doi.org/10.1186/1754-9493-7-7
http://doi.org/10.1302/2058-5241.2.160036
http://doi.org/10.3390/jpm11100966
http://www.ncbi.nlm.nih.gov/pubmed/34683107
http://doi.org/10.1155/2021/5018791
http://www.ncbi.nlm.nih.gov/pubmed/34458367
http://doi.org/10.1111/os.12738
http://www.ncbi.nlm.nih.gov/pubmed/33112031
http://doi.org/10.1111/j.1365-2702.2006.01579.x
http://www.ncbi.nlm.nih.gov/pubmed/17181666
http://doi.org/10.1111/j.1532-5415.1997.tb04503.x
http://www.ncbi.nlm.nih.gov/pubmed/9033515
http://doi.org/10.1186/s12913-015-0743-1
http://doi.org/10.3928/00989134-20070101-09
http://www.ncbi.nlm.nih.gov/pubmed/17305269
http://doi.org/10.1159/000342344
http://www.ncbi.nlm.nih.gov/pubmed/23108154
http://doi.org/10.1111/jgs.13332
http://doi.org/10.1186/cc12514
http://www.ncbi.nlm.nih.gov/pubmed/27532531
http://doi.org/10.3389/fcvm.2021.698725
http://www.ncbi.nlm.nih.gov/pubmed/34355031
http://doi.org/10.2337/dc16-1732
http://www.ncbi.nlm.nih.gov/pubmed/28325795


J. Pers. Med. 2022, 12, 189 12 of 12

34. Sparrenberger, F.; Cichelero, F.T.; Ascoli, A.M.; Fonseca, F.P.; Weiss, G.; Berwanger, O.; Fuchs, S.C.; Moreira, L.B.; Fuchs, F.D.
Does psychosocial stress cause hypertension? A systematic review of observational studies. J. Hum. Hypertens. 2009, 23, 12–19.
[CrossRef]

35. Wu, T.Y.; Majeed, A.; Kuo, K.N. An overview of the healthcare system in Taiwan. Lond. J. Prim. Care 2010, 3, 115–119. [CrossRef]
36. Cheng, T.M. Reflections On The 20th Anniversary Of Taiwan’s Single-Payer National Health Insurance System. Health Aff.

2015, 34, 502–510. [CrossRef] [PubMed]
37. Boles, J.-M.; Bion, J.; Connors, A.; Herridge, M.; Marsh, B.; Melot, C.; Pearl, R.; Silverman, H.; Stanchina, M.; Vieillard-Baron, A.; et al.

Weaning from mechanical ventilation. Eur. Respir. J. 2007, 29, 1033–1056. [CrossRef]
38. Ebrahim, M.; Larsen, P.B.; Hannani, D.; Liest, S.; Jørgensen, L.N.; Jørgensen, H.L. Preoperative risk factors including serum levels

of potassium, sodium, and creatinine for early mortality after open abdominal surgery: A retrospective cohort study. BMC Surg.
2021, 21, 62. [CrossRef]

39. Tazmini, K.; Nymo, S.H.; Louch, W.E.; Ranhoff, A.H.; Øie, E. Electrolyte imbalances in an unselected population in an emergency
department: A retrospective cohort study. PLoS ONE 2019, 14, e0215673. [CrossRef]

40. Malpani, R.; Bovonratwet, P.; Clark, M.G.; Ottesen, T.D.; Mercier, M.R.; Grauer, J.N. Preoperative High, as well as Low, Platelet
Counts Correlate With Adverse Outcomes After Elective Total Hip Arthroplasty. JAAOS Glob. Res. Rev. 2020, 4, e20.00049.
[CrossRef]

http://doi.org/10.1038/jhh.2008.74
http://doi.org/10.1080/17571472.2010.11493315
http://doi.org/10.1377/hlthaff.2014.1332
http://www.ncbi.nlm.nih.gov/pubmed/25732502
http://doi.org/10.1183/09031936.00010206
http://doi.org/10.1186/s12893-021-01070-0
http://doi.org/10.1371/journal.pone.0215673
http://doi.org/10.5435/JAAOSGlobal-D-20-00049

	Introduction 
	Materials and Methods 
	Study Design and Participant Selection 
	Surgical Treatment 
	Covariates 
	Statistical Analysis 

	Results 
	Characteristics of the Study Participants 
	Measurable Factors and the LHS 

	Discussion 
	Conclusions 
	References

