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Purpose. Three-dimensional (3D) printing technology has been widely used in orthopedics surgery. However, its efficacy in
acetabular fractures remains unclear. The aim of this systematic review and meta-analysis was to examine the effect of using 3D
printing technology in the surgery for acetabular fractures. Methods. The systematic review was performed following the
PRISMA guidelines. Four major electronic databases were searched (inception to February 2021). Studies were screened using a
priori criteria. Data from each study were extracted by two independent reviewers and organized using a standardized table.
Data were pooled and presented in forest plots. Results. Thirteen studies were included in the final analysis. Four were
prospective randomized trials, and nine used a retrospective comparative design. The patients aged between 32.1 (SD 14.6) years
and 51.9 (SD 18.9) years. Based on the pooled analyses, overall, 3D printing-assisted surgery decreased operation time by 38.8
minutes (95% CI: -54.9, -22.8), intraoperative blood loss by 259.7ml (95% CI: -394.6, -124.9), instrumentation time by 34.1
minutes (95% CI: -49.0, -19.1). Traditional surgery was less likely to achieve good/excellent function of hip (RR, 0.53; 95% CI:
0.34, 0.82) and more likely to have complications than 3D printing-assisted surgery (RR, 1.19; 95% CI: 1.07, 1.33). Conclusions.
3D printing technology demonstrated efficacy in the treatment of acetabular fractures. It may improve surgery-related and
clinical outcomes. More prospective studies using a rigorous design (e.g., randomized trial with blinding) are warranted to
confirm the long-term effects of 3D printing technology in orthopedics surgeries.

1. Introduction

Acetabular fractures are usually caused by high-energy
trauma in young adults or body-height falls in older adults
[1]. There has been an increase in the incidence of acetabular
fractures from 3.7 cases in 2006 to 5.0 cases in 2016 per
100,000 cases; in older adults aged over 75 years, the inci-
dence was much higher, ranging from 17.1 to 23.2 cases
[2]. Although relatively uncommon, acetabular fractures
have been related to significant morbidity and mortality
[3]. There have been significant advances in the treatment
of acetabular fractures; however, this type of fracture
remains one of the most challenging fractures to treat [4].
Acetabular fractures typically come with different fracture
patterns, and there are numerous vascular and nervous ele-
ments surrounding the fractured areas [5]. The curved sur-
face of the acetabulum makes the treatment very difficult.
Because parts of the bone can only be touched without visu-

alization during the operation, treating acetabular fractures
requires exceptional visual and tactile skills. In addition to
those skills, its treatment also requires a deep understanding
of surgical anatomy. A slight incongruent reduction would
result in postoperative osteoarthritis requiring total hip
arthroplasty [6].

With the development of modern technology, new
approaches, such as 3D printing, have opened a new era for
the treatment of fractures [7]. The application of 3D printing
technology varies from anatomical models mainly intended
for preoperative planning to surgical guides and implants
[8, 9]. 3D imaging can be used to assist CT scans to accurately
visualize the fracture patterns [10, 11] and reduce the surgical
margin of error [12]. Preoperative planning is a critical pro-
cedure of acetabular surgery and can also be assisted with
3D printing technology. After reduction, the plates should
be precisely contoured in all three planes to fit the bone pelvis
[13]. With the help of 3D printing technology, the pelvis
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could be turned around freely to simulate the surgical
approach. The CT scan of the uninjured half of the pelvis
could produce a mirror image that could be used to generate
a 3D model of the acetabulum [14]. An even more advanced
approach is the use of 3D printing technologies to create
individualized implants [15–17]. This personalized regimen
represents novel applications of 3D printing technology
towards the trend of individualized patient care [18]. 3D
printing technology also demonstrated extra values for com-
plex cases [19–21].

It has been suggested that spine surgeons had a high
interest in the incorporation of 3D printing technology into
clinical practice [22, 23]. 3D printing technology also showed
promising results in orthopedics surgeries. Recent evidence
supports the feasibility of using 3D spinal implants [24].
Based on a systematic review of studies focusing on tibial pla-
teau fractures, compared with conventional surgery, 3D
printing technology-assisted surgery resulted in less opera-
tion time, intraoperative blood loss, and bony union time,
without causing significant complications [25]. Similarly,
3D printing was found effective and safe in the surgical treat-
ment of anatomically complex appendicular skeleton frac-
tures [26]. In recent years, 3D printing technology is also
used in the treatment of acetabular fractures. Nonetheless,
whether patients could benefit from it remains unknown,
warranting a comprehensive synthesis of current findings.
Therefore, the aim of this systematic review and meta-
analysis was to examine the efficacy of 3D printing technol-
ogy for the treatment of acetabular fractures. Findings from
this review may provide further evidence for more effective
management of acetabular fractures and thereby improve
the clinical outcomes of the patients.

2. Materials and Methods

A systematic review and meta-analysis were conducted to
examine the effect of 3D printing technology in the treatment
of acetabular fractures. This review was developed and
reported following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [27].

2.1. Search Strategy. A systematic search was conducted in
PubMed, Web of Science, Embase, and Cochrane from
inception to February 2021. The search was restricted to the
English language. We used the combination of the following
two sets of terms: (1) “3D,” “3-D,” “3 dimensional,” “3-
dimensional,” “three dimensional,” or “three-dimensional”;
AND (2) “acetabular fracture∗” or “acetabulum fracture∗.”
The search terms were used in the title/abstract/keywords
or subject terms. The bibliographies of eligible studies and
previous reviews were reviewed to identify additional studies.

2.2. Eligibility Criteria. Studies that used 3D printing in the
treatment of acetabular fractures were screened for eligibility.
The inclusion criteria were as follows: (1) studies used a pro-
spective or retrospective comparative design and (2) studies
used 3D printing for acetabular fractures. The exclusion cri-
teria were as follows: (1) studies that did not use 3D printing
models or used them for education, simulation, and biome-

chanical testing purposes where no clinical outcomes were
reported; (2) studies that did not have a control group or
had an incomparable control group where the effect of 3D
printing technology could not be evaluated; (3) nonhuman
studies; (4) duplicated reports; and (5) other types of papers
(e.g., case report or series, review, study protocol, abstract,
or non-English).

2.3. Study Selection. Two independent reviewers screened the
studies following the PRISMA flowchart [27]. In detail,
firstly, the title/abstract of the retrieved studies was screened.
Secondly, full texts of the potential studies were retrieved and
reviewed. Lastly, the two reviewers determined the final
inclusion based on the inclusion and exclusion criteria. A
third reviewer was consulted in case of any discrepancy.

2.4. Data Extraction. Two independent reviewers extracted
the data from each study. An extraction protocol describing
which data to extract was developed by the team to facilitate
the process. The protocol was piloted tested. In this review,
we extracted characteristics of each study (e.g., first author,
year of publication, country, and study design) as well as
characteristics of the patients (e.g., sex, age, BMI, and disease
duration). We also extracted the key outcomes and their
assessment methods from each study including intraopera-
tive and clinical outcomes (e.g., operation time, blood loss,
instrumentation time, quality of reduction, hip function,
and complications). For categorical variables, frequency and
percentage were extracted. Mean and standard deviation
(SD) were extracted for continuous variables, and frequency
and percent were extracted for categorical variables. In the
case of any discrepancy, a third reviewer was consulted.

2.5. Risk of Bias Assessment. The risk of bias was assessed by
two independent reviewers. The Cochrane Risk of Bias Tool
[28] was used to assess the risk of bias of RCTs. When using
this tool, the following four aspects were assessed: perfor-
mance bias, detection bias, attrition bias, and reporting bias.
The quality of retrospective comparative studies was assessed
using the Newcastle-Ottawa Scale (NOS) [29]. NOS evaluates
three aspects including Selection, Comparability, and Expo-
sure (in a case-control study). A maximum of two stars can
be given for Comparability and one star for each numbered
item within the Selection (four stars maximum) and Expo-
sure (three stars maximum) categories. Adding scores from
the three categories results in a total score, with higher scores
indicating higher quality.

2.6. Statistical Analysis. Stata 12.0 (StataCorp LP, College Sta-
tion, Texas) was used for data entry, management, and statis-
tical analyses. For studies with missing data (e.g., SD),
methods introduced in the Cochrane handbook were used
to compute the data needed for the analysis. For instance,
SD was calculated from the standard error of the mean or
95% confidence interval (95% CI). For continuous variables,
the inverse variance approach was used to get a pooled
weighted or standardized mean difference (WMD or SMD)
with 95% CI. For categorical variables, the Mantel-Haenszel
method was used to get a pooled risk ratio (RR) with 95%
CI. Findings from each study and the pooled results were
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presented in forest plots. Subgroup analysis was conducted
based on study design. The random effects model could
account for unexplained heterogeneity by allowing the true
effects underlying the studies to differ. This approach is sug-
gested to be a more natural choice than the fixed effects
model in medical research and thus was used in this review
[30, 31]. Sensitivity analysis was conducted by the leave-
one-out approach. Funnel plot for publication bias was not
performed because of the small number of studies [32]. A
p < 0:05 indicates statistical significance.

3. Results

The study selection process is presented in Figure 1. A total of
878 records were identified through a systematic search of
the databases. After removing duplications, 461 records were
reviewed by the authors through reading the title and
abstract. In total, 43 studies were retrieved and 30 were
excluded after reading the full texts. Detailed exclusion cri-
teria are listed in Figure 1. A total of 13 studies [33–45] were
included in this review.

3.1. Risk of Bias. Detailed risk of bias assessment is presented
in Table 1. Table 1(a) presents the risk of bias in RCTs. The
four trials were rated a low risk of bias on randomization,
but it was unclear whether allocation concealment was used.
Detection bias was rated low as the outcome measures were
mainly objective and unlikely to be influenced by the knowl-
edge of the intervention allocation. Table 1(b) shows the
quality of the nine retrospective comparative studies, with a
NOS score of 8 (out of 10).

3.2. Study Characteristics. Characteristics of the 13 studies are
shown in Table 2. The studies were published between 2018
and 2020 and were mainly conducted in China (n = 8). Two
studies from the same research team were conducted in India
[39, 40]. Four studies were prospective RCT, and nine used a
retrospective comparative design. The sample size in each
study ranged from 7 to 48 in the case group and 9 to 48 in
the control group. Most of the studies used 3D printing tech-
nology for preoperative planning (e.g., precontoured plates).
Two studies used 3D-printed plates during the surgery.
Table 2 also shows the image processing and printing software
used by each study as well as the key outcomes and measures.

3.3. Patient Characteristics. Characteristics of the patients are
shown in Table 2. The patients had simple acetabular frac-
tures or complex acetabular fractures. Time from injury to
surgery was used as an inclusion or exclusion criteria in sev-
eral studies, typically less than 2 or 3 weeks. Patients in the
case and control group were overall comparable in age, sex,
time from injury to surgery, and other indicators wherever
reported. In brief, the patients aged between 32.1 (SD 14.6)
years and 51.9 (SD 18.9) years. The patients were mainly
males in most of the studies, except in one where all were
male patients.

3.4. Effect of 3D Printing for Acetabular Fractures. The effect
of 3D printing technology used for the treatment of acetabu-
lar fractures is shown in Table 3. Various surgery-related and

clinical outcomes were assessed. Data across studies were
quantified using meta-analyses.

3.4.1. Operation Time. All 13 studies assessed operation time
and were included in the meta-analysis. Based on the forest
plot (Figure 2), overall, using 3D printing technology resulted
in 38.8 minutes (95% CI: -54.9, -22.8) less operation time
than the conventional method. Based on the subgroup anal-
ysis, when only findings from RCTs were included, 3D print-
ing resulted in 40.3 minutes (95% CI: -84.6, 4.1) less
operation time than the conventional method. Similarly,
when findings from retrospective studies were included, 3D
printing resulted in 35.8 minutes (95% CI: -48.6, -22.9) less
operation time than the control group.

3.4.2. Intraoperative Blood Loss. All 13 studies measured
intraoperative blood loss. One study [37] provided median
and interquartile range. This study was not included in the
meta-analysis. Thus, findings from 12 studies were included
in the synthesis. Based on the forest plot (Figure 3), overall,
3D printing resulted in 259.7ml (95% CI: -394.6, -124.9) less
blood loss than the conventional method. Based on the sub-
group analysis, when only findings from RCTs were
included, 3D printing resulted in 285.9ml (95% CI: -749.0,
177.3) less blood loss than the conventional method. Simi-
larly, when findings from retrospective studies were included,
3D printing resulted in 225.1ml (95% CI: -296.9, -153.3) less
blood loss than the conventional method.

3.4.3. Quality of Reduction. Twelve studies assessed the qual-
ity of reduction and were included in the meta-analysis.
Based on the forest plot (Figure 4), overall, the control group
was less likely to achieve good/excellent reduction than the
3D printing group (RR, 0.55; 95% CI, 0.38, 0.81). Based on
the subgroup analysis, when only findings from RCTs were
included, the control group was less likely to achieve good/-
excellent reduction than the 3D printing group (RR: 0.55;
95% CI: 0.33, 0.91). Similarly, when findings from retrospec-
tive studies were included, the control group was less likely to
achieve good/excellent reduction than the 3D printing group
(RR: 0.57; 95% CI: 0.32, 0.98).

3.4.4. Other Clinical Outcomes. Other clinical outcomes
included instrumentation time, function of the hip joint,
and number/time of intraoperative fluoroscopy. Specifically,
four studies measured instrumentation time and were
included in the meta-analysis. Based on the forest plot
(Figure 5), overall, 3D printing resulted in 34.1 minutes
(95% CI: -49.0, -19.1) less instrumentation time than the
conventional method.

Six studies measured the function of the hip joint. One
[33] reported the mean score instead of the percentage of
good/excellent function. Thus, five studies were included in
the meta-analysis. Based on the forest plot (Figure 6), overall,
the control group was less likely to achieve good/excellent
function of the hip than the 3D printing group (RR: 0.53;
95% CI: 0.34, 0.82).

Five studies measured the number or time of intraopera-
tive fluoroscopy. Due to significant heterogeneity between
the studies, data were not meta-analyzed. Overall, four
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studies found a significantly lower number or time of intra-
operative fluoroscopy in the 3D printing group than in the
control group. In one study [35], there was no significant dif-
ference in radiation exposure during the surgery.

3.4.5. Complications. Eight studies assessed the rate of com-
plications in both treatment groups. They were included in

the meta-analysis. Based on the forest plot (Figure 7), overall,
the control group was more likely to have complications than
the 3D printing (RR: 1.19; 95% CI: 1.07, 1.33). Based on the
subgroup analysis, when only findings from RCTs were
included, the control group was more likely to have postsur-
gery complications (RR: 1.36; 95% CI: 1.34, 1.63). When find-
ings from retrospective studies were included, the control
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A�er removal of duplicates 
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Figure 1: PRISMA flowchart for the process of study selection.

Table 1

(a) Risk of bias in randomized controlled trials

First author, year
Selection bias Performance bias Detection bias

Attrition bias Reporting bias
Randomization Concealment Participant/personnel blinding Assessor blinding

Huang, 2020 [37] L UC H L∗ L L

Maini, 2018 [39] L UC H L∗ L L

Maini, 2018 [40] L UC H L∗ L H

Wan, 2019 [42] L UC H L∗ L L

L: low risk; H: high risk; UC: unclear; ∗it was not clear whether the assessor was blinded; however, the outcome measures were mainly objective and unlikely to
be influenced by knowledge of the intervention received by the participants.

(b) Risk of bias in retrospective comparative studies

First author, year Selection Comparability Exposure/outcome

Chen, 2019 [34] ★★★★ ★ ★★★

Hsu, 2019 [36] ★★★★ ★ ★★★

Li, 2019 [38] ★★★★ ★ ★★★

Wang, 2020 [44] ★★★★ ★ ★★★

Ansari, 2020 [33] ★★★★ ★ ★★★

Downey, 2020 [35] ★★★★ ★ ★★★

Öztürk, 2020 [41] ★★★★ ★ ★★★

Wang, 2020 [43] ★★★★ ★ ★★★

Wu, 2020 [45] ★★★★ ★ ★★★
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group was more likely to have complications than the 3D
printing group, but the effect was not significant (RR: 1.12;
95% CI: 0.97, 1.27).

4. Discussion

This systematic review analyzed the general use of 3D print-
ing technology for the whole perioperative management
including preoperative planning and intraoperative setting
in the treatment of acetabular fractures. Overall, 3D
printing-assisted surgery resulted in better surgery-related
and clinical outcomes as compared with conventional sur-
gery. These findings demonstrated the potential benefits of
3D printing technology in orthopedics surgery and provided
further evidence for more effective management of acetabu-
lar fractures.

Acetabular fractures have brought huge physical, psycho-
logical, and functional burdens to the patients. Acetabular
anatomy is complex, adjacent to important blood vessels

and nerves [1]. Thus, the anatomical reconstruction of ace-
tabular fractures is very challenging, especially for patients
with complex acetabular fractures. Effective reduction and
internal fixation are key to the treatment of acetabular frac-
tures [46]. Preoperative imaging of the location and degree
of acetabular fractures should be considered in order to effec-
tively restore the biomechanical stability of the acetabulum.
Similarly, the surgical approach and internal fixation method
should be determined before the surgery to achieve satisfac-
tory outcomes [19]. In recent years, 3D printing technology
has been widely used for a variety of fractures. It requires
comprehensive and efficient interactions between medical
engineers and medical staff [47, 48]. Nonetheless, compared
to traditional surgery, 3D printing-assisted surgery has
unique advantages. This method could produce solid fracture
models equivalent to the actual ones. The tactile feedback
from those models allows the surgeons to feel resistance, con-
tours, textures, and edges of the fractures [49, 50]. This tech-
nology can facilitate preoperative planning and thus may
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Figure 2: Forest lot for operation time. Subgroup-RCT: WMD ð95%CIÞ = −40:3 (-84.6, 4.1) minutes, z = 1:78, p = 0:075; subgroup-
retrospective: WMD ð95%CIÞ = −35:8 (-48.6, -22.9) minutes, z = 5:47, p < 0:001; overall: WMD ð95%CIÞ = −38:8 (-54.9, -22.8) minutes,
z = 4:743, p < 0:001.
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Figure 3: Forest lot for intraoperative blood loss. Subgroup-RCT:WMD ð95%CIÞ = −285:9 (-749.0, 177.3) ml, z = 1:21, p = 0:226; subgroup-
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p < 0:001.
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help to achieve accurate reduction and improve surgical
outcomes.

We found that 3D technology-assisted surgery signifi-
cantly improved surgery-related outcomes including opera-
tion time, intraoperative blood loss, and time of
intraoperative fluoroscopy. In this review, 3D printing tech-
nology was mainly used for preoperative planning. It reduced
operation time by approximately 40 minutes, intraoperative
blood loss by around 260ml, and intraoperative instrumen-
tation time by 34 minutes. It also decreased the number/time
of intraoperative fluoroscopy. These findings are consistent
with the ones from previous reviews conducted in patients

with other fractures (e.g., humeral fractures, elbow fractures,
and pelvic fractures) [51–55]. Based on a meta-analysis of
studies conducted in patients with traumatic fractures, 3D
printing-assisted surgery significantly reduced operation
time, intraoperative blood loss, and the number of fluoros-
copies [56]. Similar results were found for patients with tibial
plateau fractures [25]. Previous evidences [46, 57] suggest
that 3D printing technology is reliable and accurate in the
classification of acetabular fractures. Compared with conven-
tional surgery, 3D printing technology could help the sur-
geons to better understand the anatomic features of the
fracture and get better prepared before the surgery. During
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conventional surgery, important structures may be damaged
and thus increase the operation time and blood loss. With the
assistance of 3D printing technology, the surgeons can select
suitable plates in vitro and predetermine the best position
and contour of the plates [58, 59]. It thus can decrease the
operation time by avoiding repeatedly bending the plates
during the surgery. The surgery for complex acetabular frac-
tures is even more difficult and with higher risks than that for
simple acetabular fractures. By using 3D printing technology
to simulate the operation process, the surgeons could fully
understand the complex procedures and practice before the
surgery, thereby improving their operation skills and
decreasing the operation time [60]. Collectively, the above
results suggest that 3D printing technology can optimize
the operation process and improve intraoperative related
outcomes.

In this review, 3D printing technology achieved a better
quality of reduction and function of the hip joint than tradi-
tional surgery. These findings are in line with a previous
study conducted on patients with pelvic fractures [54]. How-
ever, based on two previous meta-analyses, 3D printing
technology-assisted surgery did not have a significant impact
on the quality of reduction and postoperative function recov-
ery [25, 56]. Several reasons may explain the inconsistency.
In one review [56], various traumatic fractures were included
such as anterior pelvic ring fracture, proximal humeral frac-
ture, and acetabulum fracture, contributing to the significant
heterogeneity between studies. In the other review [25], only
tibial plateau fractures were included. Different pathophysi-
ology is involved in different types of fractures. Acetabular
fractures are more complex than tibial plateau fractures and
thus require more preparations and clinical experiences. This
finding suggests that patients with acetabular fractures might
benefit more from 3D technology than those with simple
fractures.

In this review, we also found that 3D printing technology
reduced postoperative complications. This finding is in line
with the one from a previous systematic review conducted

in patients with mandibular angle fractures [61]. Acetabular
fractures are intra-articular fractures, and most acetabular
fractures have a complex three-dimensional displacement
(i.e., rotational displacement). The surgery of acetabular frac-
tures is large; achieving anatomical reduction and firm fixa-
tion as well as preventing the surgical and postsurgery
complications are key to the success of its treatment [46].
There are several vital steps during the surgery, including
protecting the blood supply of the sciatic nerve and femoral
head, protecting the L5 nerve root and femoral nerve, and
reducing the risk of heterotopic ossification [62, 63]. In tradi-
tional surgery without the assistance of 3D printing technol-
ogy, surgeons might be limited by factors (e.g., angle of the
fracture site or overlapping fracture patches), which may
often lead to uneven joint surface, resulting in a high inci-
dence of postoperative complications [19]. With 3D printing
technology, a fracture model of the patient can be produced
before the surgery. The surgeons thus can have a more intu-
itive understanding of the fracture characteristics, develop an
individualized therapeutic regimen, and simulate the surgery
process. Those advantages could improve the clinical effect
and postoperative functions of the patients [42].

In recent years, 3D printing technology has been widely
used in orthopedics surgery. To the best of our knowledge,
the systematic review was among the first that quantified
the efficacy of using 3D technology in the treatment of ace-
tabular fractures. However, findings from this review need
to be interpreted in light of the limitations. A majority of
the studies included in this review were conducted in China.
Findings from this review may not be generalized to western
countries. Similarly, patients included in this review were
mostly middle-aged. The rate of acetabular fractures in the
elderly is on the rise, with a rise of up to 23% per annum
[64]. Management of acetabular fractures in the elderly
requires a unique approach, due to complexities conferred
by underlying conditions and compromised bone quality
[65]. Thus, studies focusing on the geriatric population are
warranted. In addition, this review analyzed the general use
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of 3D printing technology for the whole perioperative man-
agement, and data were pooled together, which has pre-
cluded us from looking at the separate efficacy of 3D
printing technology for preoperative planning and intraoper-
ative setting. Studies included in this review were mainly ret-
rospective in design, limiting the causal inference. We
performed subgroup analyses based on study design, and
most of the findings were robust. With the increasing use of
3D printing technology, there will be more studies investigat-
ing the safety and efficacy of its use. Future studies should
consider using a more rigorous design (e.g., randomized trial
with blinding). Another limitation is the lack of follow-up
information. Although postoperation complications were
measured, the long-term benefits of 3D printing technology
could be assessed. Some complications may occur after a long
period of time (e.g., secondary osteoarthritis). Thus, a long-
term follow-up is needed in future research to provide fur-
ther evidence for the clinical use of 3D printing technology
in the treatment of fractures. In this review, few studies
examined the time used for preoperative planning (e.g.,
printing time). Recent evidence suggests the benefits of devel-
oping a 3D printing workflow [66, 67]. As such, more studies
of this type are warranted.

In conclusion, 3D printing technology demonstrated effi-
cacy in the treatment of acetabular fractures. It may reduce
operation time, blood loss, and postoperative complications
as well as improve the quality of reduction and function of
the hip joint. Nonetheless, surgeons should bear in mind that
the use of 3D printing technology requires them not only to
have rich clinical experience in preoperative design but also
to master the application of digital orthopedic software.
Although there is an initial learning curve, these become eas-
ier with practice and experience. In addition, high-quality CT
images are required to improve the accuracy of the simulat-
ing model and avoid errors during the surgery. 3D printing
technology also has limitations such as not being able to
reflect the blood vessels, nerves, and other conditions of the
bone injury site. The guidance of experienced surgeons is
thus needed.
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