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INTRODUCTION

The treatment of old pelvic fractures is challenging for 
surgeons because of signifi cant intraoperative diffi culties and 
postoperative uncertainties. Few treatment cases have been 
reported in the literature. Thus, there is no widely accepted 
treatment strategy for old pelvic fractures. The primary goals 
of pelvic surgery are to restore the integrity and symmetry 
of the pelvic ring, paying careful attention managing soft 
tissue, to facilitate a rapid postoperative recovery with early 
rehabilitation, and to achieve a long-term functioning hip 

joint.[1,2] Proper patient evaluation and surgical planning are 
necessary to achieve these goals. To obtain the best outcomes, 
a wide range of preoperative planning techniques can be 
applied, some of which provide surgeons with an opportunity 
to practice and refi ne the planned procedure. Such practice 
may improve the surgeon’s effi ciency in the operating room, 
shorten the operative time, and reduce the incidence of 
iatrogenic complications. The traditional two-dimensional 
images often fail to capture the complex pelvic anatomy, 
whereas three-dimensional (3D) imaging technology and 
software expands the capabilities of planning and surgical 
practice alike. Because proprietary hardware, software, and 
service products can be costly, it is important to combine 
open reduction and internal fixation with 3D printing 
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technology to economically and effectively prepare for the 
surgical reconstruction of complex pelvic deformities.[3,4] 
In the present paper, we describe a technique to prepare 
for the surgical reconstruction of deformed pelvises. This 
technique provided us with an affordable, reproducible, 
and personalized 3D printed template of the pelvis before 
surgical intervention, allowing us to preoperatively practice 
and refi ne our surgical approach.

METHODS

Production and assessment of the three-dimensional 
printed models
Each patient’s pelvis was scanned using computed 
tomography (CT). The CT scans were processed using 
the open-source software  Blender, a DICOM image 
processing software for Windows XP. The resultant fi les 
were uploaded and printed with a CANVBOT-D900MN 
[Figure 1] through a commercial company (Guangruide 
Technology Co., Ltd., Beijing, China) that provides 
public access to 3D printing. The 3D printing processing 
chain includes: CT scanning, Blender processing, mesh 
processing, and 3D printing. We performed the file 
processing ourselves and printed the models through 
Guangruide Technology.

Sixteen dried human cadaveric pelvises (supplied by Beijing 
Anatomic Association) were used to confi rm the anatomical 
accuracy of the 3D models printed based on radiographic 
data. First, a section of a real cadaver   pelvis was scanned 
using CT. A 3D printed model was then produced of the 
open section of the pelvis. The model was then validated 
by making measurements using digital electronic vernier 
calipers at defi ned intervals (from the tip of the ischial spine 
to the tip of the anterior inferior spine) along the model 
bones and at the same points on the real cadaver pelvis. 
Two observers independently measured the same segments 
three times each [Figure 2]. Differences between the pelvis 
and model measurements were assessed using a paired 
Student’s t-test.

Patients and data acquisition
Between January 2009 and April 2013, nine patients 
(seven males and two females) with a median age of 
47 years (range: 14–51 years) were prospectively included 
in this study after obtaining informed consent. According 
to Tile classifi cation, the pelvic injuries were type C in 
all nine patients (C3 in four cases, C2 with an acetabular 
fracture in two cases, C1 with an acetabular fracture in two 
cases, and C3 with a T-shaped fracture in one case). All 
patients underwent a whole pelvic CT scan (Sensation 64, 
Siemens Medical Solutions, Erlangen, Germany) on the 
day of admission according to the standard hospital trauma 
protocol. Near-isotropic axial-oriented CT images with a slice 
thickness of 1 mm were reconstructed using a bone kernel 
for sharp depiction of the bone fragment edges. The data 
were transferred to a picture archiving and communication 
system, and then we produced a model of preoperative use 
according to the   3D print processing workfl ow.

Surgical reconstruction guided by preoperative 
planning and intraoperative navigation using the 
three-dimensional printed models
The mobile fragments of the model were virtually reduced by 
translation and rotation operations to change the position and 
alignment, and the fi nal reduction was assessed for “best fi t” 
apposition and restoration of the anatomic architecture. The 
surgery was simulated using a 3D printed template. Once a 
satisfactory correction was achieved in the skeletal geometry, 
measurements of the shape of the elements to be resected 
were taken and analyzed for subsequent 3D templating 
and in vivo surgical application. With this technique, we 
were able use the virtual skeletal model to determine the 
osteotomy position and angle required to create the best 
wedge resection geometry for surgically correcting the 
deformed pelvis, even before taking the patient into the 
operating room.

The printed anatomic templates were used to select the 
best incision placement, instrumentation, osteotomy, 
and placement of the internal fi xation devices. Kirschner 
wire (K-wire) axis guides were inserted to replicate the 

Figure 1: The three-dimensional printer used (CANVBOT-D900MN, 
Guangruide Technology Co., Ltd., China). Figure 2: The real acetabulum and the three-dimensional printed model.
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apices of the identifi ed resection geometry. The osteotomies 
were performed from the anterior or posterior approaches, 
directed toward the central axis guidewires, as determined 
by the measured landmarks. Once the simulated surgical 
reduction was reproduced on the physical anatomic 
template, the osteosynthesis plating system was assembled 
by referencing the printed template. Next, the best plating 
construct was determined, and the internal fi xation implant 
was sterilized and stored until intraoperative application 
to the patient. After practicing on the printed template 
models of the patient’s pelvis, the patient was taken into 
the operating room where the surgical plan was executed. 
The planned approach was marked on the pelvis using 
fluoroscopic image intensification localization of the 
underlying bone and joint structures. Dissection was then 
performed to expose the malunion and nonunion sites. 
Once the deformity was exposed, the planned osteotomy 
was marked again under fl uoroscopic guidance. Axis guide 
pins, 2.0-mm K-wires, were placed at the distal and proximal 
apices of the planned osteotomy based on the information 
from the preoperative computer simulations and physical 
bone model manipulations. The planned osteotomy was 
then performed, and the   anterior ring reduced into anatomic 
alignment in all three planes relative to the posterior ring. 
The osteotomy was refi ned through reciprocal planning to 
ensure good bone-to-bone contact, and then inter-fragmental 
compression screw fi xation was applied across the osteotomy 
interface. After placement of the internal fi xation screws that 
stabilized the reduced osteotomy, the previously constructed 
and sterilized the plate was applied.

Evaluation
The bone and model measurement were compared to 
assess the anatomical accuracy of the 3D printed models. 
In addition, the time needed for producing the 3D printed 
models (building the patient-specifi c models from the CT 
datasets and the 3D printing itself), as well as the fracture 
union time, was recorded. In all patients, a follow-up CT 
was performed two to four days after the surgery. Hip 
function was assessed using the Majeed score. A qualitative 
visual analysis of the accuracy of the internal fi xation was 
performed using hybrid renderings of the postoperative CT 
and respective preoperative planning guide, after manually 
registering the pelvic bones into the same space. The 
placement of the osteosynthesis implants was then compared 
on these renderings.

Statistical analysis
All data analyses were performed in SPSS version 17.0 
software (SPSS Inc., Chicago, IL, USA). The Student’s t-test 
was used to compare the measurements made on the 3D 
printed models to those from the cadaveric bones. P < 0.05 
was considered statistically signifi cant. The clinical data are 
reported as mean ± standard deviation (SD).

RESULTS

No statistical difference (P = 0.7943) in dimensions between 
the printed models and the original cadaver pelvis was 

found, indicating that the accuracy of the 3D printed models 
was within specifi cation. Model production based on CT 
DICOM imaging data took 7 hours (range: 6–9 hours). 
The printed 3D preoperative planning was feasible in all 
cases. The selected surgical approach, osteotomy, and 
placement of the fi xation plate on the pelvic ring showed 
very good matches between the planning and actual 
execution in all nine cases. A good correlation was found 
when comparing the postoperative follow-up CT scans to 
the respective preoperative planning templates. In addition, 
the anatomical landmark-based measurements were helpful 
for intraoperative navigation. The patients were followed for 
3–29 months (median: 5 months). The fracture healing time 
was 9–17 weeks (mean: 10.7 weeks). None of the patients 
showed delayed healing of the incision, wound infection, 
or fracture nonunion. At the last follow-up, the results were 
excellent in two cases, good in fi ve cases, and poor in two 
cases based on the Majeed scores.

Illustrative case
A 46-year-old female patient presented 8 months after being 
injured in a car accident. The CT scan showed a vertically 
displaced fracture involving the iliac blade starting 3 cm 
below the iliac crest and extending forward, reaching up to 
the acetabular roof and triradiate cartilage, involving both the 
anterior and posterior columns. There was a mild protrusion 
of the femoral head, and the fracture line extension was 
present until the superior pubic rami [Figure 3a-c].

The preoperative surgical planning for the pelvis included 
the following sequential steps: 3D reconstruction and 
segmentation of the CT scan data, surgical simulation, 
template design, sizing and alignment of the implant, and 
3D printing of the templates [Figure 3d]. The CT scanning 
of all sections was performed with 1 mm-thick slices. During 
the preoperative planning process, a template was used to 
contour the 3.5 mm-thick reconstruction plate. The screw 
sizes were determined preoperatively, and the position of the 
plate and holes was also chosen and marked with indelible 
ink on the 3D model [Figure 3e and f]. An ilioinguinal 
approach was used to anteriorly expose the fracture site. 
The total surgical time required was 4 hours and 10 minutes. 
Of this time, the instrumentation took only 20 minutes. The 
blood loss during the procedure was approximately 1000 ml, 
and the patient was transfused with six units of whole blood.

DISCUSSION

Deformity after pelvic fracture is a common problem, and the 
correction of such deformities for old pelvic fractures is very 
diffi cult because on the one hand the multiple areas around 
the fracture line of the pelvic ring need to be reopened or 
osteotomized, but on the other hand, the severe contracture 
of the soft tissue requires extensive lysis. The many nerves, 
blood vessels, and other important structures surrounding 
the pelvic area further increase the diffi culty of the operation 
and treatment risks. Because of the lack of a suffi cient 
number of cases and the diffi culty in treating this kind of 
injury, the surgical outcome is typically not satisfactory. 
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Kanakaris et al. performed a meta-analysis of 25 papers 
on old pelvic fractures between 1965 and 2008, including 
a total of 437 cases of pelvic malunion or nonunion cases. 
The total healing rate was 86.1%, and the pain relief rate was 
93%, with a satisfaction rate of 79% and only 50% of the 
patients returned to their pre-injury activity level. However, 
there was a high incidence of complications, including nerve 
injury in 5.3%, deep venous thrombosis in 5%, pulmonary 
embolism in 1.9%, and deep wound infections in 1.6%.[5] 
Deformities after pelvic fracture are usually 3D complex, 
including rotation and shortening deformities in different 
planes, compounded by the difficult-to-understand 3D 
anatomy of the pelvis.[3,4,6] Routine imaging examinations, 
including anteroposterior and inlets/outlets X-ray, CT 
scanning and 3D reconstruction, give valuable information 
on pelvic deformities, but may not be able to provide 
suffi cient information for preoperative planning in cases 
of old pelvic fractures with complicated 3D deformities. 
Strict preoperative planning is obviously a crucial step for 
pelvic surgery. Therefore, 3D printing technology has been 
applied to assist the surgeon and to improve the precision of 
the operative procedure. We used 3D printing technology to 
assist in preoperative planning for old pelvic fractures from 
2007, and the initial results of this clinical application are 
reported herein.

3D printing technology provides doctors with more 
choices. Based on the imaging data, 3D printing 
technology can provide a true-size model for the doctors 
to use, making the preoperative planning more direct and 
accurate. 3D modeling has been used for preoperative 
planning of complex cranio-maxillofacial surgeries since 
the 1990s.[7,8] In addition, 3D printing technology has 
been used for preoperative planning before intracranial 
aneurysm[9] and living donor liver transplantation.[10] 
There have also been reports of the use of 3D printing 
technology for orthopedic surgery. Cimerman and Kristan 
introduced a surgical planning software for pelvic and 
acetabular fractures with a mouse-based CAD-style 

interface.[11] In 20 cases of acetabular fracture, Hurson 
et al. obtained 3D printed models based on 3D CT data 
and compared to the traditional imaging examination 
(anteroposterior, Judet oblique, CT). They found an 
increased consistency of acetabular fracture classification 
based on the 3D printing model, indicating that this 
technology is helpful for doctors to understand the 
morphological characteristics of complex fractures.[12] 
Despite the rapid advances in the operative application 
of   3D printing technology in recent years, surgical 
simulation and planning based on 3D printed models is 
rarely used routinely in the clinic. There are many different 
reasons for the slow adoption of such technologies.[13,14] 
One important factor may be the reservation of surgeons 
to explore new technologies because they are devoted 
to their technical skills and performance. The most 
difficult step during the production algorithm was the 
segmentation process, which should be performed by 
computer engineers and controlled by radiologists.[15,16] 
Another reason for the slow adoption is the proprietary 
nature of these technologies can result in a process that 
is costly, and third party payers are unlikely to reimburse 
this expense. Therefore, the cost would have to be passed 
on to the patients, care facilities, or even absorbed by the 
surgeon, limiting application of this type of technology 
outside of the research team.[17-19]

In 2009, we developed an experimental computer program 
in collaboration with computer engineers from TINAVI 
Inc. that enables the performance of a virtual operation on 
an injured pelvis, and all the steps can be performed by 
a surgeon. The purpose of the software was to allow the 
performance of all the steps of the 3D printing procedure 
on a standard PC computer. This application combined 
open-source, freeware, and proprietary software with the 
hardware (the printer used to manufacture the physical 
model of the pelvis). This method can be used with minimal 
costs. All the steps can be performed on a standard personal 
computer by the surgeon who is doing the preoperative 

Figure 3: (a) Preoperative plain film X-ray; (b) Preoperative three-dimensional (3D) computed tomography; (c) 3D print model; (d and e) The 
preoperative osteotomy, reduction, and fixation virtual operation on the model; (f) After successful completion of the operation.
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planning. This is a novel development because the 
segmentation can be performed by the surgeon instead of 
a computer engineer. In that way, all the fracture lines can 
be studied in 3D during the segmentation process. The 
procedure is quick and easy. We currently use this program 
routinely in all pelvic fractures, and in most other diffi cult 
articular fractures as well. We also trained three surgeons 
to use the program independently using a one-day course 
composed of theoretical and practical exercises.

In the present study, the planned fracture fi xation resulted 
in acceptable hip function according to the Majeed score 
in all nine cases. A good correlation was found between 
the preoperative planning and the respective postoperative 
follow-up CT scans. The approach, osteotomy, and 
placement of the fixation plate on the pelvic ring 
showed very good matches between the planning and 
actual execution. We found no serious postoperative 
complications, such as deep infections or failure of the 
osteosynthesis implants. Thus, the physical 3D models 
produced by 3D printing can be successfully applied 
preoperatively to determine the amount, position, and 
extent of the fractures, and to determine the level and 
direction of the osteotomy site and the osteotomy line. 
The model was useful to plan the surgical procedure and 
to determine whether only an anterior or both anterior 
and posterior surgical entries would be required. Such 
models can also be successfully applied during the surgical 
procedure to aid communication between surgical team 
members by demonstrating the orientation relative to 
patient anatomy and assisting in bending the reconstruction 
plates. In other studies, the application of the 3D printed 
model resulted in a clear reduction in surgery time, surgeon 
fatigue, and blood loss.[20,21]

The limitations of this study include the small number 
of patients and the absence of long-term follow-up data. 
Furthermore, the variability in the injury patterns made it 
diffi cult to perform quantitative correlations. Therefore, we 
were only able to show our initial experiences in the present 
study, and a larger patient population is needed to further 
assess this tool for clinical use.

During the preoperative planning process for old pelvic 
fractures, 3D printing technology is a useful supplement to 
conventional imaging examination.[2,6,14] 3D models can help 
the operating doctor to understand complicated deformities 
of pelvic fractures by osteotomy simulation, operation, and 
fi xation in order to understand the feasibility of the operation 
scheme, shorten the operation time, improve the fi nal fracture 
reduction and fi xation, and ultimately improve the operation 
outcome for patients.
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