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Abstract
Background. Three-dimensional (3D) printing of an acetabular wing-plate is a new minimally invasive 
surgical technique for complex acetabular fractures.

Objectives. To investigate the biomechanical stability of 3D printing acetabular wing-plates. The results 
were compared with 2 conventional fixation systems.

Material and methods. Eighteen fresh frozen cadaveric pelvises with both column fractures were randomly 
divided to 3 groups: A – iliosciatic plates fixation system; B – 3D printing plates; C – 2 parallel reconstruction 
plates fixation system. These constructions were loaded onto a biomechanical testing machine. Longitudinal 
displacement and stiffness values of the constructs were measured to estimate their stability.

Results. When the load force reached 700 N, Group A was superior to Group B in the longitudinal displace-
ment of point 1 (p > 0.05). The longitudinal displacement of point 2 showed no significant differences among 
Groups A, B and C, and the displacement of the fracture line over point 3 showed no significant differences 
between Groups A and B (p > 0.05). The axial stiffness of Groups A, B and C were 122.4800 ±8.8480 N/mm, 
168.4830 ±14.8091 N/mm and 83.1300 ±3.8091 N/mm, respectively. Group B was significantly stiffer than 
A and C (p < 0.05). Loads at failure of internal fixation were 1378.83 ±34.383 N, 1516.83 ±30.896 N and 
1351.00 ±26.046 N for Groups A, B and C, respectively. Group B was significantly superior to Groups A and C 
(p > 0.05).

Conclusions. Customized 3D printing acetabular-wing plates provide stability for acetabular fractures 
compared to intraspecific buttressing fixation.
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Introduction

Acetabular fractures are complex injuries and associ-
ated with significant morbidity and mortality.1,2 These 
injuries frequently occur in  high-energy traumas and 
can lead to posttraumatic arthritis or disabilities.3 Due 
to  the  prolongation of  human life span, coupled with 
the rise in the occurrence of osteoporosis, the incidence 
of acetabular fractures has distinctly increased.4 Cule-
mann et al. found that the force required to displace an os-
teoporotic cadaveric fracture is significantly small.5 There-
fore, it is necessary to find an effective treatment method 
for complex fractures of the acetabulum.

The  medial boundary of  the  acetabulum is  formed 
by the quadrilateral plate, and as a relatively thin bony 
structure, this area is  more prone to  fractures than 
the weight bearing areas. Fractures also occur under lower 
forces6 and appear as both-column, anterior column, and 
posterior hemi-transverse T-shaped fractures or poste-
rior column and combined transverse fractures, often ac-
companied by quadrilateral plate fractures with medial 
displacement.7

In a previous study, Letournel confirmed that conserva-
tive fracture treatment was not satisfactory.8 Open reduc-
tion and internal fixation method are currently considered 
standard treatment for displaced acetabular fractures in-
volving weight-bearing domains and fractures of the intra-
articular fragment. Inadequate reduction and stabilization 
of quadrilateral plate fractures leads to incongruous joints 
and posttraumatic arthri tis.9 The classic fixation tech-
nique is the ilioinguinal approach,10 which involves placing 
reconstruction plates at the pelvic margin and extend-
ing the screw distally to the posterior column. Although 
the current treatment protocol using multiple elongated 
or ace-shaped reconstruction plates and lag screws for 
the stabilization of the pelvic ring and hip joint has been 
shown to effec tively reduce mortality, these fixators cause 
a high frequency of new morbidities.11 Recently, studies 
have confirmed that early postoperative rehabilitation 
training is beneficial to joint function recovery; therefore, 

a rigid fixation implant for acetabular fossa and pelvic rings 
that allows early mobilization is important for these inju-
ries.12 In a biomechanical study, Mehin et al. showed that 
locking plates may improve the management of acetabular 
fractures by eliminating the need for an interfragmentary 
lag screw, and they may be helpful in revision hip arthro-
plasty in patients with pelvic discontinuity.13 However, 
their study only loaded 250 N as an axial force, which did 
not meet the requirement of physiological weight-bearing 
conditions. These fixators were associated with multiple 
complications including pin site infection and fixator loos-
ening. Besides the conventional reconstruction, bone plate 
mostly depends on the structure of the acetabulum and 
needs to be pre-contoured to bone surface before fixation.14 
Utilizing reconstruction plates and more screws to main-
tain reduction during surgery is a potentially serious post-
operative complication that may lead to post-traumatic 
osteoarthritis. In recent years, 3D printing technology 
has been widely used in orthopedics for internal implant 
manufacturing.14–16 It  allows an individual plate to be de-
signed for particular patients according to the fracture line 
and the surface of the acetabulum. A wing-shaped plate for 
both-column acetabulum fractures was designed (Fig. 1), 
and the pre-contoured shape, extended fix range, the oval 
screw hole and the angular stability were used to design 
the wing-shaped plate. However, prior to widespread adop-
tion of these new concepts, a critical step in the system-
atic investigation of any new fixation strategy involves 
comparative biomechanical efficacy in a cadaveric model.

The aim of this study was to gather the evidence regard-
ing the biomechanical stability of 3D printing acetabular-
wing plates relative to 2 conventional fixation systems. 
Firstly, an  effective method to  produce personalized 
acetabular fracture plates was developed. Then, the dis-
placement of  the  fracture line was measured and ana-
lyzed by applying stress on broken cadaver pelvises after 
internal fixation. Lastly, the stability of the 3D printed 
bone plate was evaluated by comparing the displacement 
of fracture line and stiffness with that of the traditional 
internal fixations.

Fig. 1. 3D customized 
wing plates

A – 3D customized 
wing plates for 
use in complex 
acetabular fractures; 
B – preoperative 
design of  3D custo
mized wing plates.
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Material and methods

Specimen preparation

Nine male fresh frozen cadaveric pelvises were provided 
by the Department of Anatomy of the Southern Medical 
University in Guangzhou, China. Soft tissue and ligaments 
were removed from the surface, and the joint of the sacro-
iliac and the pubic bone were sawed. Eighteen hemipelvis 
samples were obtained after trimming. All donors or their 
next of kin provided written informed consent for the study. 
All specimens were visually and radiographically examined 
for evidence of abnormalities, and the bone mineral density 
was quantified using dual energy X-ray osteodensitometers 
prior to dissection. Each specimen revealed no signs of ar-
thritis, malignancy or osteoporosis. We designed the proxi-
mal 1/3 of both femurs according to 3D specimen images 
obtained by using Mimics v. 19.0 (Materialise Software, 
Leuven, Belgium). Each hemipelvic area had an artificial 
proximal 1/3 of  femurs to match. Each artificial femur 
was connected with the biomechanical testing machine. 

We randomly divided the 18 specimens into 3  fixation 
groups (Fig. 2). In Group A, iliosciatic plating and 2 lag 
screws were used. In Group B, we used customized 3D 
printing acetabular-wing plates and 2 lag screws. In Group 
C, we used parallel reconstruction plates and 2 lag screws. 
The fixation experiments were performed in accordance 
with the relevant regulations and approved by the medical 
ethics committee of the Third  Affiliated Hospital of South-
ern Medical University in Guangzhou, China.

Fracture models

A both-column acetabulum fracture was created with 
a saw according to the Judet–Letournel classification8,17 
(Fig. 3). The 1st osteotomy line originated from the  iliac 
crest through the quadrilateral surface to the brim of the 
incisura acetabula (points a–b). The 2nd osteotomy line ran 
from the ischial spine to the center of the quadrilateral sur-
face (points c–d). The 3rd osteotomy line ran from the linear 
arcuate to the vertex of the great sciatic notch (points e–f). 
A fracture of the pubic bone was also created (point g).

Fig. 2. Groups of different fixation constructs

A – Group A: iliosciatic plates and 2 screws; B – Group B: 3D printing customized bone plates and 2 lag screws; C – Group C: 2 parallel reconstruction plates 
and 2 lag screws.

Fig. 3. Complex bothcolumn acetabular fracture

A – the 1st osteotomy line originated from the iliac crest through the quadrilateral surface to the brim of the incisura acetabular (points a–b).  
The 2nd osteotomy line ran from the ischial spine to the center of the quadrilateral surface (points c–d). The 3rd osteotomy line ran from the linear arcuate 
to the vertex of the great sciatic notch (points e–f). A fracture of the pubic bone was also created (point g); B – the dorsal view of specimen with fracture 
line.
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Design of the customized 3D-printing 
acetabular-wing plate

3D models of the specimens

A computed tomography (CT) was performed for each 
intact specimen, and data was obtained in the Digital Im-
aging and Communications in Medicine (DICOM) format. 
The CT data of the pelvis specimens was imported into 
the Materialise’s interactive medical image control system 
(Mimics v. 19.0) and a 3D model was calculated according 
to the CT data. All data was stored as binary stereolitho-
graphy (STL) data (Fig. 4).

Original shape of the customized bone plate

Binary STL data was imported into Geomagic® Studio  
v.  12.0 (3D Systems, Rock Hill, USA) and the  loca-
tion of the pelvic fracture line was used as a reference. 
The graphics of the bone plate was obtained according 
to  the  contralateral acetabulum surface morphology, 
the location and shape of the acetabulum fracture, and 
the placement of the bone plate area. The bone plate thick-
ness (3 mm) and fitted the curved surface of the custom-
ized 3D bone plate model were set. The pelvic and bone 
plate models were derived in the STEP format (Fig. 4).

Fabrication of screw holes of the customized 
bone plate

Screw holes were added according to  the  shape and 
specifications of the screws. M3.5 compressive screws and 

M6.5 pressure screws (generally used for conventional 
bone plates) were employed (Fig. 4).

Manufacturing the bone plate

Customized 3D printing acetabular-wing plates were 
manufactured using metal additive manufacturing tech-
nology. Processed data was imported into a self-developed 
DiMetal-100 metal 3D printing device. The final step in-
volved heat and surface treatment. Samples were heated 
to 820°C for 3 h, incubated for 2 h, and cooled to 450°C 
in a furnace. The furnace was then opened and the samples 
were air-cooled. Surface treatment procedures included 
roll casting, oil cleaning, acid pickling, polishing, anodiz-
ing, cleaning, and disinfection.18 The properties of the cus-
tomized bone plate were then evaluated (Fig. 4).

Biomechanical testing

Specimens were fixed in the stance position as previ-
ously described by Gillispie et al.19 According to the single 
inverted foot standing method, specimens were fixed us-
ing denture-based polymers. At  the base of  the biome-
chanical experimental machine (BOSE Corporation, Eden 
 Prairie, USA), specimens were embedded and the upper 
end of the test machine was connected to the broken ends 
of the femoral shaft for biomechanical testing. Points 1, 
2 and 3 on each specimen were marked as the displace-
ment measurement points along the fracture line as shown 
in Fig. 5A. The 100 N preload was applied on 3 occasions 
and a 20 N/s rate was continually loaded to 700 N. Longi-
tudinal displacement of the fracture was measured using 

Fig. 4. Design process of 3D customized 
wing plates

A – 3D model of the specimens; 
B – original shape of the customized 
bone plate; C – fabrication of screw 
holes of the customized bone plate; 
D – manufacturing the bone plate.
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a high-precision grating displacement sensor. Specimens 
were repeatedly loaded on 6 occasions and mean values were 
obtained. Stiffness was defined as the slope of the force vs 
the displacement curve.

Results

Longitudinal displacement

The  longitudinal displacement of  each group of  frac-
tures under the same load was used to evaluate the stability 

of internal fixation. No plates were broken 
and no screws were pulled out or  broken 
at a force ≤700 N. As shown in Table 1 and 
Fig. 6, the significant difference of fracture 
displacement was presented when the load-
ing force exceeded 500 N at point 1 region 
as well as point 3. However, no statistical sig-
nificant displacement was displayed in each 
group at point 2 region. When the loading 
force reached 700  N (the  average human 
body weight), the significant differences were 
shown between Groups B and A, B and C 
in the fracture line longitudinal displacement 
measurement of point 1 region. No significant 
differences between Group A and C occurred. 
The performance of Group B was superior 
to Groups A and C. The results of the fracture 
line longitudinal displacement measurement 
point  2 showed no significant differences 
among Groups A, B and C. And the results 

of the fracture line longitudinal displacement measurement 
point 3 showed no significant differences between Groups A 
and B (p > 0.05), both of which were superior to the Group C 
(p < 0.05) (Fig. 7).

Axial stiffness

The axial stiffness of the internal fixation is reflected 
by its ability to resist deformation and maintain joint stabil-
ity under axial loads. Using the formula: S = F/ΔL (S – axial 
stiffness, F – load, ΔL – deformation displacement) the axial 
stiffness of Groups A, B and C were 122.4800 ±8.8480 N/mm, 

Table 1. Mean displacement of different fixations in each point when under pressure

Loading force [N] 100 200 300 400 500 600 700 

Displacement 
[mm]

point 1

Group A 0.10 ±0.03 0.21 ±0.02 0.32 ±0.07 0.45 ±0.11 0.66 ±0.09 0.87 ±0.09 1.09 ±0.15

Group B 0.10 ±0.03 0.20 ±0.06 0.30 ±0.10 0.38 ±0.10 0.44 ±0.10 0.50 ±0.11 0.62 ±0.08

Group C 0.11 ±0.03 0.21 ±0.03 0.37 ±0.07 0.54 ±0.13 0.77 ±0.12 0.96 ±0.18 1.27 ±0.10

point 2

Group A 0.12 ±0.03 0.28 ±0.05 0.44 ±0.08 0.65 ±0.12 0.83 ±0.10 1.10 ±0.14 1.44 ±0.09

Group B 0.10 ±0.02 0.21 ±0.02 0.35 ±0.05 0.56 ±0.05 0.75 ±0.03 1.01 ±0.06 1.24 ±0.09

Group C 0.15 ±0.02 0.31 ±0.04 0.54 ±0.07 0.73 ±0.09 0.99 ±0.12 1.31 ±0.07 1.62 ±0.06

point 3

Group A 0.11 ±0.02 0.20 ±0.03 0.33 ±0.04 0.56 ±0.04 0.67 ±0.05 0.79 ±0.04 0.93 ±0.03

Group B 0.09 ±0.02 0.18 ±0.03 0.31 ±0.03 0.49 ±0.05 0.63 ±0.06 0.74 ±0.07 0.87 ±0.05

Group C 0.11 ±0.03 0.22 ±0.03 0.41 ±0.02 0.64 ±0.09 0.80 ±0.11 1.02 ±0.13 1.35 ±0.07

Fig. 5. The load cell and jig used to position the pelvis 
and femur

A – positions of the displacement at points 1–3 
around the pelvis; B–C – biomechanical testing. 
Specimens were fixed in the stance position, fixed 
using denturebased polymers. Specimens were 
embedded and the upper end of the test machine was 
connected to the broken ends of the femoral shaft for 
biomechanical testing.
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168.4830 ±14.8091 N/mm and 83.1300 ±3.8091 N/mm, re-
spectively (Table 2). Group B was significantly stiffer than 
Groups A and C (p < 0.05) (Table 3).

Loads at failure of internal fixation

The dislocation of the articular surface fracture >3 mm 
was recognized as the internal fixation failure standard.7,20 

The stability of the internal fixation is reflected by the load 
at which failure occurs. These values were 1378.83 ±34.383 N, 
1516.83 ±30.896 N and 1351.00 ±26.046 N for Groups A, B 
and C, respectively (Table 4). Group B was significantly supe-
rior to Groups A and C (p < 0.05). No significant differences 
were evident between Groups A and C (p > 0.05) (Table 5).

Discussion

Acetabular fractures are one of the most difficult frac-
tures to  treat due to  their complex anatomical struc-
tures, morphological differences among individuals and 

Table 2. Mean stiffness values and standard deviations for different 
fixation modalities at a load of 700 N

Groups n
Stiffness [N/mm]

mean ±SD 95% CI

Group A 6 122.4800 ±8.8480 113.1946, 131.7654

Group B 6 468.4830 ±14.8091 152.8771, 183.9595

Group C 6 83.1300 ±3.8091 79.1326, 87.1274

n – number of specimens; SD – standard deviation; 95% CI – 95% con
fidence interval; Group A – iliosciatic plates; Group B – 3D printing 
acetabularwing plates; Group C – 2 parallel reconstruction plates.

Fig. 7. Mean displacement for 3 groups in each point when the load force 
reached 700 N

* p < 0.05.

Fig. 6. Relationship between the displacement of the fracture line and the load force of the 3 points

* p < 0.05.
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limitations of surgical approaches. In addition, it is difficult 
to fix them because of the thinness of quadrilateral plate 
and bearing area. Pelvic malunion and joint incoordination 

are associated with the long-term risk of osteoarthritis, 
and the greatest challenge in the management of acetabu-
lar fractures is to obtain adequate fracture reduction.21–23 
The ultimate goal of complex acetabular fractures therapy 
is to reduce complications, improve quality of  life, and 
maximize recovery and post-recovery functional status. 
It has remained a great challenge to find an effective way 
to fix a quadrilateral plate for complex acetabular fractures. 
As is known to all, it is difficult to achieve anatomical con-
touring intraoperatively due to the complexity of the ace-
tabulum, so surgeons need to pre-contour the conventional 
reconstruction plate when using it during the operations.14 
However, the  repeated bending of  the plate will cause 

Table 4. Failure test in cadaveric specimens used to compare 3 kinds 
of plate fixations: Compressive force

Groups n
Compressive force [N]

mean ±SD 95% CI

Group A 6 1378.83 ±34.383 1342.75, 1414.92

Group B 6 1516.83 ±30.896 1484.41, 1549.26

Group C 6 1351.00 ±26.046 1323.67, 1378.33

SD – standard deviation; 95% CI – 95% confidence interval.

Table 5. Comparisons of compressive force for different fixations. Multiple comparisons

Dependent variable: Compressive force

Group mean difference SE p-value
95% CI

lower bound upper bound

LSD

Group A
Group B –138.000* 17.686 0.000 –175.70 –100.30

Group C 27.833 17.686 0.136 –9.86 65.53

Group B
Group A 138.000* 17.686 0.000 100.30 175.70

Group C 165.833* 17.686 0.000 128.14 203.53

Group C
Group A –27.833 17.686 0.136 –65.53 9.86

Group B –165.833* 17.686 0.000 –203.53 –128.14

Dunnett T3

Group A
Group B –138.000* 18.871 0.000 –191.49 –84.51

Group C 27.833 17.609 0.358 –22.63 78.30

Group B
Group A 138.000* 18.871 0.000 84.51 191.49

Group C 165.833* 16.497 0.000 118.93 212.74

Group C
Group A –27.833 17.609 0.358 –78.30 22.63

Group B –165.833* 16.497 0.000 –212.74 –118.93

The mean difference is significant at the 0.05 level.

Table 3. Comparisons of axial stiffness. The Group B constructs were stiffer than the Group A and Group C constructs (p < 0.05, α = 0.05). Multiple 
comparisons

Dependent variable: Axial stiffness

Group mean difference SE p-value
95% CI

lower bound upper bound

LSD

Group A
Group B –45.93833 5.88883 0.000 –58.4901 –33.3866

Group C 39.35000 5.88883 0.000 26.7983 51.9017

Group B
Group A  45.93833 5.88883 0.000  33.3866 58.4901

Group C  85.28833 5.88883 0.000  72.7366  97.8401

Group C
Group A –39.35000 5.88883 0.000 –51.9017 –26.7983

Group B –85.28833 5.88883 0.000 –97.8401 –72.7366

Dunnett T3

Group A
Group B –45.93833 7.04268 0.000 –66.6754 –25.2013

Group C 39.35000 3.93268 0.000 27.2371 51.4629

Group B
Group A  45.93833 7.04268 0.000  25.2013 66.6754

Group C 85.28833 6.24258 0.000  64.9809 105.5957

Group C
Group A –39.35000 3.93268 0.000 –51.4629 –27.2371

Group B –85.28833 6.24258 0.000 –105.5957 –64.989

LSD – least significant difference; SE – standard error; 95% CI – 95% confidence interval. The mean difference is significant at the 0.05 level.
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fatigue damage and lead to complications of internal fixa-
tion failure. In recent years, one possible way to solve this 
problem is using 3D printing technology to design and as-
semble anatomical models. Here, we have designed a novel 
customized wing-shaped plate for the particular acetab-
ulum rupture according to the mirror model of the pa-
tient’s healthy side of the hemi-pelvis. The customized 
fixation system designed directly from the specific patient 
is better adapted to the bone surface when compared with 
the traditional fixation system, which will reduce the time 
of  bending and fixing the  plate during the  operation. 
It contains 3 parts, of which the anterior branch was to be 
fixed to the pubic branch, the posterior was to be fixed 
to the above great sciatic notch, and the lower branch was 
to be fixed to the ischium spine. The lower 2 parts form 
an arc as a barrier plate on the surface that can effectively 
fix the quadrilateral area of  the comminuted fracture, 
avoiding medial subluxation of the femoral head. This de-
sign concept was consistent with the direction of the ac-
etabular trabecula and can effectively fix the anterior and 
posterior column of the acetabulum. A personalized bone 
plate can facilitate better preoperative planning and bet-
ter intraoperative work. It could greatly reduce the opera-
tion time and blood loss during surgery with no need for 
pre-bending according of the acetabulum surface. And 
in previous studies, we have demonstrated that the custom-
ized acetabular-wing plates had the equivalent hardness, 
tensile strength, yield strength, and mechanical properties 
as traditional plates.18

Quadrilateral surface buttress plates and traditional 
forms of both column acetabular fracture fixation usually 
use multiple bone plates during the operation. In this study, 
we used just 1 plate and fewer screws instead of multiple re-
construction plates to fix the ruptured pelvis, which could 
decrease the risk of the screws penetrating the acetabulum 
fossa. Besides, the results presented that a single wing-plate 
is stable enough, as the axial stiffness of Groups A, B and C 
were 122.4800 ±8.8480 N/mm, 168.4830 ±14.8091 N/mm 
and 83.1300 ±3.8091 N/mm, respectively (Table 2). Group B  
was significantly stiffer than Groups A and C (p < 0.05) 
(Table 3). The novel customized wing-shape plates span-
ning the posterior and anterior columns are biomechani-
cally comparable and, in some cases, superior to tradi-
tional forms of fixation in this cadaveric hemipelvis model. 
 Another advantage is  that fracture reduction could be 
judged according to the surface morphology of the bone 
plate during the operation, thus avoiding errors caused 
by intraoperative fluoroscopy.

Computer-aided design (CAD) combined with 3D print-
ing is a novel surgical technique that is frequently applied 
in the orthopedic field.18,24,25 Computer-aided design and 
3D printing technology have been used for the design and 
assembly of anatomical models, the production of surgery 
assisted instruments and the printing of implants and pros-
theses.26–28 The procedure is typically conducted for pre-
operative bending of the bone plates to assess the position 

and length of the screws using a 3D printing pelvic model. 
Patient-specific pre-contoured plates in acetabular fracture 
have been studied by a few researchers, and metal 3D print-
ing technology has been widely used to fabricate custom-
ized spinal prostheses, knee joint prostheses, and femoral 
prostheses,15 but personalized plate study was lacking. 
Selective laser welding (SLM) can be used to rapidly pre-
pare customized plates to meet the urgent need of surgi-
cal treatment. Using 3D printers as production tools has 
become known in the industry as additive manufacturing 
(as opposed to the old, subtractive business of cutting, 
drilling and bashing metal). Therefore, combined with 
SLM, a customized plate for complex acetabular fracture 
fixation can be used in clinics to improve the quality and 
efficiency of surgery.

Anterior columns can be combined to posterior hemi-
transverse fractures (ACPHTFs), which commonly occur 
in geriatric acetabular fractures.29 To assess the stabil-
ity of anterior columns, posterior columns and quadri-
lateral plates, we designed complex acetabular fractures 
on the basis of ACPHTFs and added an additional fracture 
line across the acetabular dome to the iliosciatic notch, 
parallel to the posterior fracture line. This fracture model 
splits the quadrilateral plate into 2 distinct regions, with 
the rear region and the acetabulum being weight-bear-
ing free, thus fitting our experimental aims. Meanwhile, 
the complex classical fracture model offers complex ace-
tabulum fracture references for acetabulum biomechanical 
research. To assess the direct blocking effect of the steel 
plate on  the  quadrilateral plate and acetabular dome, 
we made some artificial upper femur sections. The artifi-
cial femoral head was oriented 25° in the retroversion and 
45° in the abduction as shown by Khajavi et al.30 Theoreti-
cally, the force applied to acetabular fossa from a single 
stance was equal to the double Body Weight (BW). How-
ever, patients were recommended to limit weight-bearing 
loads to about 20% of their BW during recovery and after 
surgery.31,32 In this study, we selected a rigorous loading 
scenario (up to 700 N) to simulate the body bearing. Force 
and displacement data was collected and analyzed to cal-
culate the construction stiffness.

The  standard of  the  “internal fixation failure” was 
a 3-mm acetabular fracture gap, which easily leads to ar-
thritis.4,7,20 In the failure test, we monitored the increase 
in fracture gap to 3 mm in the presence of a loading force, 
incrementally increased at 20 N/s. Control groups con-
sisted of  intrapelvic buttressing fixation as  a  method 
to support the quadrilateral plate. A single group produced 
an intrapelvic buttressing plate along the arcuate, in com-
bination with an additional pelvic plate and lag screws 
to fix the anterior and posterior columns. The other group 
had intrapelvic buttressing from the iliac surface to the sit-
ting joint, and could prevent quadrilateral plate medial 
displacement and fix the posterior column.

There were limitations to this study. Firstly, we chose 
to use a fresh frozen cadaver pelvis, with a sample size 
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of 6 for each group. Although bone mineral density was 
quantified before the biomechanical test, the accuracy 
of the experiment may have been affected by the insuffi-
cient samples and different specimen quality levels. Cada-
veric specimens were from an older population and there 
were individual differences among them. Secondly, our 
experiments focused on mechanical studies of the im-
mediate stability of fracture repair and did not simulate 
a gait loading condition. It is believed that the early stages 
of healing involving static loading allow for a comparison 
of the biomechanical properties of implants, and imme-
diate biomechanical stability has an important influence 
on fracture healing during this period. Thirdly, we ex-
cised strong musculature that leads to deforming forces, 
providing only weak support for the fractures. There are, 
therefore, deficiencies that require improvement. These 
include: 1) customized 3D printing acetabular-wing plates 
designed on the basis of the anatomic reduction of frac-
tures, and if fracture reduction does not occur, the bone 
surface becomes poorly fitted to the bone plate, and pre-set 
screws become difficult to position; 2) during the design 
and production processes, the influence of local soft tissue 
was not fully considered. The internal fixation method 
based on the preoperative design may thus not be real-
ized by the soft tissue influence. Therefore, the outcome 
of wing-plate for acetabular fracture requires long-term 
follow-up in clinical practice.

Conclusions

The main finding of this study was that treatment of dis-
placed both-column acetabular fractures using a 3D print-
ing wing-plate appears to be a safe option with good sta-
bility outcomes. Our method used computer aid design 
according to the digital pelvic model, to which patient-
specific implants were perfectly matched to the ruptured 
acetabulum. Combined with 3D printing technology, 
the customized plate with optimal structure can be pro-
duced quickly to meet the emergency time requirements.
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