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Background: Acetabular fractures account for 10% of pelvis injuries, which are especially difficult to 
treat in developing countries with less access to resources. 3D printing has previously been shown to be 
a beneficial method of surgical planning, however the steep initial costs associated with purchasing a 3D 
printer may prevent some facilities form utilizing this technique. The purpose of this study was to develop 
3D printed models for acetabular surgery using methodologies of varying cost to determine differences in 
model accuracy and overall quality. 
Methods: Five acetabular fracture models were developed from de-identified CT data using (I) proprietary 
and open-source segmentation software and (II) fused deposition modeling (FDM) and stereolithography 
(SLA) 3D printing methods. The distance between the posterior inferior iliac spine (PIIS) and the ischial 
spine as well as a unique fracture fragment for each model was compared between the different printing 
methodologies. The models were then given to 5 physicians and assessed on their overall accuracy compared 
to traditional 2D images.
Results: Printing methodology did not affect the distance from PIIS to ischial spine (P=0.263). However, 
fracture fragment representation differed across 3D printed models, with the most accurate model produced 
by the high-end resin-based printer (P=0.007). The survey analysis showed that the low-cost printing 
methods produced models that were not as accurate in their representation of the fractured region (P=0.008).
Conclusions: The differences between models developed using traditional methods and low-cost methods 
have slight differences but may still provide useful information when developing a surgical plan.
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Introduction

Acetabular fracture is defined as damage to the pelvic 
bone at the hip joint, and accounts for roughly 10% of 
the 300,000 hip fractures that occur in the US every year; 
with an average 37 per 100,000 of these causing damage 
to the acetabulum as well (1,2). Repair of the pelvic 
bone can require complex orthopedic intervention at the 
acetabulum and on occasion the femur as well. These types 
of acetabular injuries are often caused by one of two issues: 
high-impact incidents such as falls from large heights or 
vehicle accidents, or low-impact incidents alongside bone 
degradation due to age or other comorbidity. The necessity 
for surgical intervention has been most commonly used in 
high-impact incidents (such as motor incidents), which have 
a higher occurrence in developing countries due to things 
such as industrialization, less access to healthcare, and an 
increased number of motor vehicles per capita (2,3). 

In regard to acetabular repair, less developed countries 
with limited resources face a number of barriers. The 
incidence of high-impact fractures is much higher and 
continuing to increase compared to more developed 
countries, which may be a result of industrialization (2).  
Additionally, the number of facilities with trained 
individuals is significantly less than those in developed 
countries. Previous studies have reported that while 
physicians in developing countries are generally trained in 
orthopedics, a majority of them have never performed an 
acetabular fracture repair (4). While the outcomes of many 
of lower-limb orthopedic intra-articular operations are 
defined as satisfactory, a reported 33% of acetabular repairs 
are defined as “fair or poor” and require either follow up 
visits or additional operations (5). Additional needs for these 
countries identified by Whiting et al. included things such 
as resources, equipment, and post-operation therapy to help 
improve the outcomes of acetabular surgery (4).

One such method that has been used to improve the 
outcome of surgical interventions is the usage of 3D printed 
anatomical models. These models have been used to assist 
with complex operations ranging from tumor resection 
within the heart and spine (6,7), and have proven to be 
especially useful in the field of orthopedics (8,9). Previous 
studies have found improvements in surgical planning due 
to increased spatial understanding of the region of interest 
when using a 3D printed anatomical model (10). This could 
help to improve surgical outcomes at institutions with less 
resources, including developing nations. However, many of 
the models developed for these purposes utilize high-end 

printers and materials that are not accessible to facilities 
with less resources. While some models for surgical 
planning have been developed using low-cost equipment, 
their accuracy may be of question. Some reports have 
found significant differences between models developed 
using different methods (11), which may discourage some 
hospitals from using 3D printed anatomical models as a part 
of their surgical planning despite its reported benefits for 
surgical planning.

The purpose of this study was to develop anatomical 
models specifically for acetabular repair using previously 
described methods, as well as low-cost alternatives and 
to compare the accuracy of the different development 
methods. The researchers hypothesized that there would be 
no significant difference between the development methods 
and that any method of anatomic model development 
would be beneficial for surgical planning. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-5069/rc). 

Methods

This study was approved through the IRB at the University 
of Nebraska Medical Center (258-18-EP) with waiver of 
consent due to the data being deidentified and accessed 
retrospectively. Five acetabular fractures, including the 
entire pelvis, were modeled using two approaches and 
printed on four 3D printers (total of 20 models). Models 
were created from the same CT scan using two different 
segmentation software packages and then 3D printed on 
a variety of “high-end” and “low-cost” printers to assess 
differences between the production methods (Figure 1). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Experimental procedure

To assess the printed models’ accuracy in replicating the 
correct size of the patient’s pelvic bone, the distance from 
the posterior inferior iliac spine to the ischial spine was 
recorded from the CT scan and compared to physical 
measurements taken directly on the 3D printed models. 
A unique fracture fragment was also measured directly 
on the CT imaging data and then compared to physical 
measurements taken from the printed models. To assess the 
overall quality of the 3D printed models, they were given 
to 5 practicing physicians (MD) who completed a survey 

https://atm.amegroups.com/article/view/10.21037/atm-21-5069/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-5069/rc
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for each model. The survey data was analyzed to observe 
differences in representation and their potential utility 
within the operating room. 

Model development

The CT scans utilized were acquired from five CT pelvis 
studies, with slice thicknesses of 1.25 mm for 4 models and 
0.625 mm for 1 model. In-plane pixel resolution ranged 
from 0.6–0.8 mm. Models were segmented using semi-
automatic thresholding techniques on both Mimics (Version 
20.0, Materialise, Belgium; cost $12,975.00) and 3D Slicer 
(Version 4.8.1, Brigham and Women’s Hospital, Boston, 
MA; cost free, open-source) (12-14). Segmentation was 
performed using a combination of semi-automatic and 
manual thresholding techniques by experienced medical 
image segmentation specialists and verified by a licensed 
radiologist. Each segmentation on both 3D Slicer and 
Mimics took a similar amount of time, at approximately  
60 minutes per model. To standardize the orientation of 
each of the printing methods, all models were printed with 
the acetabulum facing upward on the build platform. Post-
processing procedures varied per printer: Objet model 
support was removed via a high-pressure water cleaner 
(Powerblast, Balco, UK), uPrint support was removed via 
a dissolvable support solution (ABS, Stratasys, Inc. Eden 
Praire, MN, USA), Form 2 support was removed manually 

and soaked in an isopropyl alcohol solvent bath, and 
Ultimaker support was removed manually.

Model grouping

Models were developed using two different methods: a 
high-cost method that involved proprietary segmentation 
software and high-quality 3D printers, and a low-cost 
method that utilized open-source segmentation software 
and low-cost desktop 3D printers to account for the varying 
level of resources that different institutions may have. The 
models segmented using the proprietary software Mimics 
were printed on two high-end printers and focused on two 
popular methods of printing: resin-based SLA printing and 
hard-plastic filament based FDM printing. The printers 
used in this study include the Objet260 Connex3 (Stratasys, 
Inc. Eden Prairie, MN; cost $158,900.00) which is a high-
end 3D resin-based printer that is capable of printing 
with multiple colors and materials, and the uPrint SE Plus 
(Stratasys, Inc. Eden Prairie, MN; cost $26,934.00), a 
high-end industrial FDM printer with dissolvable support 
structures. The models were also segmented using open-
source software 3DSlicer and were printed on two low-cost 
desktop 3D printers: the Form 2 (Formlabs, Somerville, 
MA; cost $3,350.00), a stereolithography (SLA) printer that 
uses liquid resin, and the Ultimaker 2 Extended + (Ultimaker 
B.V., Geldermalsen, The Netherlands; cost $2,999.00), an 

CT Data

Resin:  
The Objet260  

Connex3

FDM:
uPrint SE Plus

Resin:  
Form 2

FDM:  
Ultimaker 2 
Extended +

Proprietary:  
Mimics

Open-source: 
3DSlicer

Figure 1 Depiction of the workflow used to produce the anatomical models. High-end models were segmented using the proprietary 
software Mimics (license cost: $12,975.00) and were printed on the Objet260 (printer cost: $158,900.00 and the uPrint (printer cost: 
$26,934.00). Low-cost models were segmented using the open-source software 3DSlicer (license cost: $0) and were printed on the Form 2 
(printer cost: $3,350.00) and the Ultimaker 2 Extended+ (printer cost: $2,999.00). FDM, fused deposition modeling.
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FDM printer without dissolvable supports. An outline of 
the segmentation software and printers used can be found 
in Figure 1. 

Model price

The price to produce each model was based solely on the 
amount of material used and did not include engineering 
time, since roughly each model took approximately  
60 minutes to develop (segmentation time). The price for 
each uPrint (high-end FDM) model was $43.04±6.80 and 
$33.64±5.52 for each Form 2 (low-cost resin) model. The 
price per Objet (high-end resin) model was significantly 
higher at $107.70±9.82, and the price of the Ultimaker 
(low-cost FDM) model was significantly lower at $4.00±0.69 
per model. Additional information regarding printing time 
can be found on Table 1.

Model evaluation

The 3D printed models were evaluated based on their 
accuracy as well as their utility in displaying the clinically 
significant information. In order to measure model accuracy 
in displaying the region of interest, digital measurements 
were taken on the original CT imaging data using the 
Change picture archiving and communication system 
(PACS) (Change Healthcare, USA) of the distance between 
specific landmarks and then replicated on the physical 
3D printed models. Measurements were performed on 
multiplanar maximum intensity projection (MIP) 10 mm 
reformats, which were sufficient to identify the landmarks 
of interest. The distance between the posterior inferior iliac 
spine (PIIS) and the ischial spine was measured across all 
models as an easily identifiable anatomical landmark as a 
way to quantitatively assess accuracy of the representation 
(Figure 2). In addition, an easily identifiable bone fragment 

within the fracture was measured for each case as a 
pathological measurement. First, digital measurements were 
taken using Change PACS. The measurements were then 
repeated on the 3D renderings after segmentation using 
the respective segmentation software. Then, separately, 
physical measurements taken from the 3D printed models 
were recorded using high-grade digital calipers (PEC 
Tools, Santa Monica, CA, USA) by a second observer who 
was blinded to the model type (15). Measurements were 
rounded to the nearest tenth of a millimeter on both the 
digital measurements and the physical measurements. The 
difference between the measurement recorded on the CT 
scan and the physical 3D printed model was recorded and 
used for data analysis as the measurement error; absolute 
values were also recorded to analyze errors without 
direction bias.

Clinical evaluation

The models were evaluated using a 15-question survey 
(10 point Likert scale, with 10 being a positive response, 
and 1 being a negative response) adapted from previous 
observations of anatomical modeling within surgical 
planning (11,16). Five physicians (one orthopedic 
surgeon involved in the operation, three radiologists, 
and an anesthesiologist) provided clinical feedback about 
the models. Questions include topics such as accuracy, 
production time, assistance in planning, efficiency, 
inventory management, potential complication avoidance, 
recommendation for future operations (Appendix 1). 

Statistical analysis

The material costs associated with manufacturing were 
calculated based on the amount of material used and cost 
per weight of the material. Two one-way ANOVAs were 

Table 1 Printing and measurement outcomes for each of the respective methods used

Printer Printing time (hh:mm) Material cost ($) Measurement 1 accuracy error (mm) Measurement 2 accuracy error (mm)

Form 2 15 h 20 m ± 2 h 07 m $33.64±$5.52 0.44±0.48 0.30±0.12

Objet 20 h 03 m ± 2 h 23 m $107.70±$9.82 0.28±0.35 0.04±0.09

Ultimaker 16 h 40 m ± 3 h 23 m $4.00±$0.69 0.82±0.47 0.34±0.17

uPrint 29 h 04 m ± 3 h 56 m $43.04±$6.80 0.30±0.12 0.30±0.12

Print times are as reported by the printer. Costs are calculated in USD ($). Measurement 1 Accuracy Error is the mean absolute error 
between the posterior inferior iliac spine and the ischial spine (as measured in mm) and Measurement 2 Accuracy Error is the mean 
absolute error for the fracture fragment (as measured in mm).

https://cdn.amegroups.cn/static/public/ATM-21-5069-Supplementary.pdf
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used to analyze the mean absolute error values for the 
distance recorded between the PIIS and the ischial spine 
as well as the error values of the fracture fragment for each 
of the 4 printers used with a significance level of P≤0.05. A 
one-way ANOVA was used to compare the survey results of 
the different models produced, with a significance level of 
P≤0.05. 

In addition, the data was also analyzed using a Bland-
Altman analysis (17,18). Pearson product-moment 
correlation coefficient was calculated to examine the 
correlations between the difference and the mean of the 
difference from the mean values and explain the agreement 
between the two quantitative measures taken. A P value 
≤0.05 was considered statistically significant for the 
measurement of proportional bias. 

Results

Model descriptions

The following measurements were recorded when 

measuring the distance from the PIIS to the ischial spine 
directly on the CT images: Model 1 at 47.0 mm, Model 2 
at 53.7 mm, Model 3 at 51.5 mm, Model 4 at 52.5 mm, and 
Model 5 at 70.0 mm. 

The fracture fragments used to measure the precision 
of the printing method varied depending on the nature of 
the fracture and was measured directly on the CT imaging 
data. Model 1 was a both-column acetabular fracture, 
and the measured fragment was posterior and superior to 
the acetabulum and measured 63.2 mm. Model 2 was an 
acetabular fracture with a protrusion, with the fracture 
fragment located anterior to the acetabulum on the 
superior aspect measuring 35.4 mm. Model 3 was a gunshot 
acetabular fracture with the measured fragment posterior 
to the acetabulum and measuring 41.4 mm. Model 4 was 
a both column acetabular fracture with the measured 
fragment being a triangular fragment along the inner iliac 
wing and measured 44.4 mm. Model 5 was a posterior 
acetabular fracture with the fragment being superior to the 
hip joint and measured 38.1 mm. 

Figure 2 Example of the measurements taken to observe the distance between the posterior inferior iliac spine (PIIS) and the ischial spine 
on (A) the computer tomography (CT) data and (B) the 3D printed model, as well as the unique fracture fragment on (C) the CT data and (D) 
the 3D printed model.

A B

C D
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Measurements of the distance between the PIIS to the 
ischial spine and the acetabular fracture fragment were 
assessed with the respective software that was used for the 
segmentation process and can be seen in Table 2. The mean 
absolute error from the software measurements was found 
not to be statistically significant between software types 
for both the PIIS to ischial spine distance and the fracture 
fragment distance, F(3,19) =0.426, P=0.737.

Measurement comparison

The one-way ANOVA showed that there was no significant 
difference in the measurement error between the models 
produced from either method, F(3,19) =1.459, P=0.263 
(Figure 3A). When comparing the error in the fracture 
fragment measurement between the models, there was a 
significant difference between the Objet and the other three 

methods, F(3,19) =5.768, P=0.007. The Objet models had 
significantly less error than the uPrint models (P=0.026), 
Form 2 models (P=0.026), and the Ultimaker models 
(P=0.010) (Figure 3B). Examination of the distributions of 
measurement errors indicate physical models both over- and 
under-estimated the true distance with a slight bias towards 
over-estimation on all four printers (Figure 4).

The results of the Bland-Altman analysis show that the 
differences between production methods resulted in similar 
results when comparing the representation of the general 
anatomy as well as the fracture fragment. In each Bland-
Altman plot produced, a majority of the values fell within 
two standard deviations of the mean. For all the Bland-
Altman analyses, there were no significant linear regression 
values for the PIIS to ischial spine measurement or the 
fracture measurement (r=0.022 and r=0.103, respectively) 
or indications of proportional bias (P=0.927 and P=0.625, 

Table 2 Measurements of the distance between the posterior inferior iliac spine (PIIS) and the ischial spine (IS) and the unique acetabular fracture 
fragment for models segmented on 3D Slicer and Mimics

Model
Original CT (mm) 3D Slicer Segmentation (mm) Mimics Segmentation (mm)

PIIS to IS Fracture PIIS to IS Fracture PIIS to IS Fracture

1 47.0 63.2 47.6 62.9 47.3 62.4

2 53.7 35.4 53.4 34.6 53.6 34.8

3 51.5 41.4 52.0 40.7 52.2 41.4

4 52.5 44.4 52.2 44.1 52.8 44.9

5 70.0 38.1 69.1 37.7 69.6 38.0

Figure 3 Average absolute value measurement error of (A) the distance between the posterior inferior iliac spine (PIIS) and the ischial spine 
and (B) the acetabular fracture fragment. No significant differences were found between the distance from the PIIS to the ischial spine. 
There was a significant difference between the measurement of the fracture fragment on the models printed by the Objet compared to the 
uPrint (P=0.026), Form 2 (P=0.026), and Ultimaker (P=0.010). *P<0.05.
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respectively) (Figure 5).

Clinical survey comparison

For the survey analysis, only questions that were relevant 
to the study and received more than one response were 
included in the analysis (Table 3). This meant the exclusion 
of Question 5, Question 8, Question 9, Question 10, 
Question 11, and Question 12. These questions were 
outside the scope of the study and/or did not receive 
sufficient feedback (N≤1). 

The one-way ANOVA of the survey data indicated that 

there was a significant difference between model types 
F(3,79) =4.256, P=0.008. Tukey post-hoc analysis showed 
that there was a significant difference in the perceived 
representation of the fracture between the uPrint (high-
end FDM) and the Ultimaker (low-cost FDM) (P=0.047), 
as well as the Objet (high-end resin) and Ultimaker (low-
cost FDM) (P=0.032). There were no significant differences 
found between the other questions and model types 
included in the survey. The low sample size of the survey 
and number of responses indicate the survey is subject to 
potential bias and will be addressed more thoroughly in the 
discussion.

Figure 4 Boxplot of the raw measurement mean error for (A) the distance between the posterior inferior iliac spine (PIIS) and the ischial 
spine and (B) the acetabular fracture fragment.

Figure 5 Bland-Altman analysis of the measurement error of (A) the distance between the posterior inferior iliac spine (PIIS) and the ischial 
spine and (B) the acetabular fracture fragment. For both the PIIS to the ischial spine measurement and the fracture measurement, there 
were no significant linear regression values (r=0.022 and r=0.103, respectively) or indications of proportional bias (P=0.927 and P=0.625, 
respectively).

1.5

1.0

0.5

0.0

–0.5

–1.0

0.6

0.5

0.4

0.3

0.2

0.1

0.0

–0.1

–0.2

–0.3

E
rr

or
 (m

m
)

E
rr

or
 (m

m
)

Form 2         Objet         Ultimaker       uPrint Form 2         Objet         Ultimaker       uPrint

PIIS to ischial spine measurement bias Fracture fragment measurement bias
A B

1.50

1.00

0.50

0.00

–0.50

–1.00

–1.50

0.40

0.20

0.00

–0.20

–0.40

–0.60

–0.80

P
IIS

 to
 is

ch
ia

l s
pi

ne
 m

ea
su

re
m

en
t 

di
ffe

re
nc

e 
(m

m
)

Fr
ac

tu
re

 fr
ag

m
en

t m
ea

su
re

m
en

t 
di

ffe
re

nc
e 

(m
m

)

PIIS to ischial spine measurement differences Fracture fragment measurement differences

r=0.022 r=0.103

0.937
0.233

–0.281
–0.205

–0.643

–1.498

45.0    50.0      55.0     60.0     65.0      70.0    75.0 35.0    40.0      45.0      50.0     55.0      60.0      65.0
PIIS to ischial spine measurement mean (mm) Fracture fragment measurement mean (mm)

A B



Salazar et al. 3D printed acetabular fracture modelsPage 8 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(7):391 | https://dx.doi.org/10.21037/atm-21-5069

Discussion

The results of this study found that the type of printer 
used to develop acetabular fracture models has a slight 
effect on the final product. When analyzing the mean 
absolute error of the distance between the PIIS and the 
ischial spine compared to the original CT, there were no 
significant differences between any of the models produced 
(P=0.263). However, the high-end resin (Objet) printer had 
a significantly different mean absolute error of the fracture 
fragment measurement than the other printers (P=0.007) 
indicating higher accuracy, which was expected. Of the 
9 different survey questions used for analysis, there was 
only a significantly lower difference in the representation 
of the pathology when using the low-cost FDM method 
(7.35±1.23) when compared to the two different high-end 
prints (FDM =8.25±0.85, Resin =8.30±0.80). 

The purpose of this study was to observe if acetabular 
fracture models could be produced using more affordable 
methods while still maintaining the same clinical validity 
as high-end models. Comparisons made between the 
pathological measurements indicated that the models 
produced by the high-end resin (Objet) printer were 
significantly more precise than the models produced by 
all 3 other printers (P=0.007). In this case, the error was 
0.3 mm, which was only 0.48% of the largest fracture 
length (63.2 mm) and 0.85% of the smallest fracture length 
(35.4 mm), and thus unlikely to be clinically significant. 
While this small error may be negligible in structures as 
large as the acetabulum, it could prove significant when 
modeling small structures or vasculature in pediatric 
patients. Furthermore, this small difference in the fracture 
pattern was also reflected by the physicians who provided 
feedback on the anatomic models. There was a significant 
difference in Question 3, which asked “Is the model an 
accurate representation of the pathology?” (P=0.047). 
However, the subsequent question in the survey asked “If 
there are inaccuracies to the pathology representation, are 
they clinically significant to you?” and this was found not 
to be significant (P=0.412). This suggests that the model 
differences produced by each method (both high-end and 
low-cost) are not significant enough to result in a different 
clinical outcome, or that they still convey the same amount 
of information about the fracture and can still be utilized 
for things such as surgical planning. Currently, 3D Slicer 
is intended for research purposes, rather than clinical 
application like Mimics is. However, the results of this study 
indicate that the open-source software could offer some 
utility to institutions that do not have the resources for 
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proprietary software.
The results of the survey suggest that anatomical models 

can play a valuable role in pre-surgical planning regardless 
of the methodology used for development. All of the 
acetabular models were found to be accurate representations 
of the general anatomy (average of 8.58±0.94), and that 
any inaccuracies between the imaging data and the model 
itself were not clinically relevant for both the general 
anatomy (8.85±1.35) and for the fracture itself (7.6±2.09). 
Additionally, the 3D model provides a new and useful 
perspective compared to 2D CT images alone (6.67±1.35) 
and that there was an overall satisfaction with the final 
product (8.69±1.14). However, one major limitation from 
this study is the quality of information that can be drawn 
from the survey portion. The models were reviewed by 5 
participants in different fields of medicine, not all of which 
would use the model for the intended surgical planning 
purpose and may be subject to a fair amount of bias. The 
survey suggests that the models are representative and 
accurate, however may not be conclusive from this study 
alone. 

Cost has often been cited as a barrier to entry for 3D 
printing, which is especially true for developing countries (19). 
Any usage after the initial purchase is reduced to only the 
cost of the material, which for this experiment ranged 
from $3.30 to $4.70 for the low-cost FDM models. Many 
of the questions included on the survey indicate that the 
models produced are both accurate representations of the 
overall structure (average score of 8.58) and a useful step in 
planning the operation (average score of 8). This indicates 
that for as low as $3.30, it is possible to create an acetabular 
model that could both improve surgery preparation as well 
as teach students about complex cases that may arise. In one 
educational application, a model developed for ~$10 was 
estimated to have saved 45 minutes within the operating 
room, and was equivalent to saving $2,700 for the hospital (8). 
While these numbers are estimates, they help to show how 
the monetary benefits from this type of education would 
be difficult to calculate but likely outweigh the cost of the 
material for facilities with less access to resources.

While some hospitals are well funded and can afford 
to use equipment regardless of its cost for medical 3D 
printing, hospitals with less abundant resources likely do not 
have this option. This study was designed to test the entire 
production method from segmentation to final product with 
this application in mind. A portion of error was included 
as a result of both segmentation methods, however the 
difference between them was not significant. This suggests 

that the main source of difference between the final 
product is the printer used for manufacturing. Based on the 
hardware limits of the 3D printers, it has been reported that 
models produced using SLA methods/resin based material 
would likely have the most accurate results in reflecting the 
anatomy (20). However, the error differences found in this 
study were extremely small, often times less than 1mm, and 
would likely not play a significant role in surgical planning 
for orthopedic purposes. Even with the slight differences 
in accuracy, the low-cost FDM model had similar physician 
feedback like what has been reported in other studies, and 
should encourage its usage in more countries (21,22).

Focusing specifically on the acetabulum for model 
development allows for easier comparison between 
production types, however, makes it more difficult to apply 
the results to models of different structures such as the 
heart or the liver for complex tumor representations. 3D 
printing specifically for orthopedics will likely have similar 
results, but more complex multi-part models may need 
access to more material textures and colors. This type of 
material mixing currently does not easily exist for low-
cost 3D printing. High-end printers like the Objet that are 
capable of mixing materials have much more versatility in 
what types of models can be produced. The results of this 
study only reflect single material anatomical models but 
could be replicated with a low-cost multi-material printer 
once it becomes more accessible.

As previous research has indicated, the utility of 3D 
printed models is only beginning to be explored due to 
the number of factors that can influence model utilization. 
This includes the purpose of the model, imaging techniques 
used to drive segmentation, segmentation expertise and 
software used, and printer specifications (9). In some cases, 
information such as operating room time and follow-up 
time were recorded to observe the impact of the models 
(8,23,24). However, a majority of the articles involving 
anatomical modeling report little to no qualitative 
information (25-28). One reason for the large variety of 
measured outcomes is that different operations will have 
different measures of success. The differences in model 
purpose make comparing the effectiveness of each model 
unique to its application, and the results from one study 
may not be generalizable to other studies. 

These findings indicate that low-cost methods of 
developing 3D printed acetabular fracture and possibly 
other models may be sufficient to produce accurate 
representations that provide substantial clinical value to 
the surgeons. Therefore, the practice of printing models 
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to improve surgical outcomes should be feasible for clinics 
with limited funding. Future studies should determine the 
extent to which the low-cost application is feasible through 
implementation in different regions of the body as well as 
impacts on different operations outcomes and which ones 
are relevant to their study.

Conclusions

This study observed 3D printed acetabular fracture 
models made using different production methods, their 
representations of the fracture, and potential utility as a 
method of surgical planning. The results found that while 
there was a minor difference in the accuracy between the 
methods of production, there was no difference between 
the quality of information that the models provided. 
Hospitals with less access to resources could potentially use 
this information to consider including low-cost 3D printed 
anatomic models for their complex surgical procedures. 
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