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Abstract: Objective: This study aimed to compare the stability of Tile C pelvic fractures fixed with two iliosacral
(IS) screws, tension band plate (TBP), and minimally invasive adjustable plate (MIAP). Methods: Six embalmed
specimens of adult pelvis were used. The soft tissue was removed from the specimens, but spines from the fourth
lumbar vertebra to the proximal one-third of both femurs were retained. The pubic symphysis, bilateral sacroiliac
joints and ligaments, bilateral hip joints, bilateral sacrotuberous ligaments, and bilateral sacrospinous ligaments
were intact. Tile C pelvic fractures were created on the specimens. The symphysis pubis was fixed with a plate, and
the fracture on the posterior pelvic ring was fixed with three types of internal fixation in a randomized block design.
The specimens were placed in a biomechanical machine at a standing neutral posture. A cyclic vertical load of up to
500N was applied, and displacement was recorded. Shifts in the fracture gap were measured by a grating displace-
ment sensor. Results: Under different vertical loads, the shift in the fracture gap and displacement of the pelvic
fractures fixed with two IS screws were similar to those in fractures fixed with MIAP. However, the shift in the fracture
gap and displacement of fractures fixed with MIAP was significantly smaller than those of fractures fixed with TBP.
Conclusion: The stability of the Tile C pelvic fractures fixed with MIAP was similar to that of fractures fixed with IS
screws. MIAP performed better than TBP under vertical load.
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Introduction IS screw fixation is one of the most frequently

used methods with satisfactory results. How-
Pelvic fractures are common injuries that ever, IS screw fixation is a highly technical pro-
account for 3.64% of fractures in adults [1]. cedure that requires extensive surgical experi-
Approximately 68.3% of pelvic fractures are ence [13]. In addition, doctors and patients are
unstable fractures, which are complex and seri- exposed to large amounts of radiation during IS
ous injuries with a mortality rate of up to 19% screw fixation because continuous fluoroscopic
[2-4]. Selecting appropriate treatment for or computed tomography (CT) guidance is re-

quired for appropriate screw insertion [14, 15].
Studies reported that the average fluoroscopy
time for IS screw fixation ranges from 26s to 5.7
min using a C-arm [16-18]. Improper position,
length, and direction of the IS screws can lead
to iatrogenic neural, vascular, or visceral inju-
ries; pressurized IS screws may also damage
the sacral nerve roots and cauda equina [19-
21]. The widespread clinical application of IS

unstable pelvic fractures remains a challenging
problem for orthopedic physicians. The stability
of the pelvis is mainly related to the integrity of
the posterior pelvic ring [5]. Therefore, treat-
ment of an unstable pelvic fracture must
restore the continuity and stability of the poste-
rior pelvic ring. Internal fixation is the definitive
method used in treating pelvic fractures [6].

lliosacral (IS) screws and tension band plates screw fixation is limited by the aforementioned
(TBPs) are commonly used in clinics, and prov- disadvantages.

en to achieve good results in the treatment of

pelvic fractures [7-12]. However, the use of IS Pre-bending of TBP to adapt to the structure of

screws and TBP has some limitations. the posterior pelvic ring can reduce the strength
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Pelvic fracture

Figure 1. Structure of MIAP for posterior pelvic ring
injury.

Figure 2. Image of the specimen after creating an
unstable type C zone Il vertically oriented injury with
incision on the symphysis pubis.

Table 1. Specimen information and sequence of
internal fixation

Sequence  Age Bone mineral sequence of

number (years) density (T score) internal fixation
1 27 0.7 ISS-TBP-MIAP
2 36 0.5 TBP-MIAP--ISS
3 42 0.8 MIAP--ISS--TBP
4 45 0.3 ISS--MIAP--TBP
5 45 0.2 TBP-ISS—-MIAP
6 50 0.3 MIAP-TBP--ISS

ISS: iliosacral screw; TBP: tension band plate; MIAP: mini-
mally invasive adjustable plate.

of the plate or damage the threads of screw
holes, which can affect the stability of pelvic
fractures fixed with TBP [22]. Krappinger et al.
treated 23 patients with vertically unstable pel-
vic injury using TBP fixation, and found that the
average residual displacement of fracture
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remained at 6.1 mm [23]. Moreover, skin infec-
tions were found to be common postoperative
complications in TBP fixation. Ayoub et al.
reported a skin infection rate of 12.5% when
TBP fixation was used for the unstable vertical
fractures of the sacrum [24]. Suzuki treated 19
patients with vertical fractures of the sacrum,
of which two patients had skin infections [25].

To address these limitations, we introduced a
novel minimally invasive adjustable plate (MI-
AP), which was based on the structural charac-
teristics of the posterior pelvic ring (Patent NO.
ZL.201010130312.6). Chen et al. constructed
zone | vertical sacral fracture models, which
were fastened to an Electroforce 3520-AT Bose
biomechanical testing machine in sitting posi-
tion and fixed with three types of internal fixa-
tion under both vertical and torsional loads;
they demonstrated that these fractures fixed
with MIAP were as stable as those fixed with
two IS screws, and fractures fixed with MIAP
and two IS screws were more stable than those
fixed with TBP [26]. However, Chen et al. only
compared the stability of vertical fractures of
the posterior pelvic ring fixed with three types
of internal fixation in sitting position. Clinically,
to avoid long-term complications associated
with bed rest, patients treated with internal fix-
ation were asked to walk earlier because of
strong fixation. Therefore, a biomechanical ex-
periment using the type C zone Il pelvic fracture
model in standing position was designed to
compare the stability of posterior pelvic ring
disruptions fixed with three types of internal
fixation, and provide a basis for the clinical
application of MIAP.

Materials and methods
Preparation and preservation of specimens

Six embalmed adult male cadaver pelvises
(provided by the Department of Anatomy of
Hebei Medical University) were used for biome-
chanical investigations. The average age of the
specimens was 40.8 years (range 27 to 50
years). The inclusion criteria for pelvis specime-
ns were as follows: (1) Specimens from patients
with tuberculosis, rheumatism, cancer and
other diseases, and anatomic variations were
excluded. (2) Specimens that were proven to
have osteoporosis using an osteocore 3 dual
energy X-ray osteodensitometer (Medilink Com-
pany, Parc de la Mediterranee, France) were
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Figure 3. Posterior pelvic ring fixed with two IS screws. A. Posterior view of the specimen. B. Outlet radiograph of
the pelvis.

Figure 4. Posterior pelvic ring fixed with TBP. A. Posterior view of the specimen. B. Anteroposterior radiograph of the
pelvis.

excluded. (3) The fourth and fifth lumbar verte- middle third. All specimens were prepared by
brae must be intact, and both femurs must be removing the soft tissues. Ligaments (anterior,
amputated at the transition of the upper to the posterior, interosseal sacroiliac ligament,
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Figure 5. Posterior pelvic ring fixed with MIAP. A. Posterior view of the specimen and grating displacement sensor. B.

Anteroposterior radiograph of the pelvis.
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Figure 6. Load-displacement scattergraph of the
specimens indicates that the deformation of speci-
mens was elastic.

sacrospinous ligament, and sacrotuberous liga-
ment) were left intact. (4) Hip joints and pubic
symphysis must be intact. The specimens were
packaged and stored at-20°C. The frozen spec-
imens were melted at room temperature 12 h
before the experiment. This study was conduct-
ed in accordance with the declaration of Hel-
sinki. This study was approved by the Hospital
Ethics Committee of the Third Hospital of Hebei
Medical University (Shijiazhuang, Hebei, China).
Written informed consent was obtained from all
participants.
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Structure of MIAP

The MIAP (Tianjin Zhengtian Medical Instrument
Company Ltd., Tianjin, P.R.C.) is composed of
two Z-shaped brackets and an adjustable con-
nection bar (Figure 1). Each Z-shaped bracket
consists of an upper wing, web plate, and lower
wing. The connection is made up of a hexago-
nal tube and two custom-made eye bolts, which
can be stretched or shortened by rotating the
hexagonal tube. The Z-shaped bracket was
positioned with the upper wing on the dorsal
surface of the posterior superior iliac spines
and the lower wing close to the dorsal surface
of the sacrum. Some long cancellous screws
were inserted through the holes of the upper
and lower wings to secure the Z-shaped bracket
on the ilium and sacrum, respectively.

Modeling type C pelvic ring injury and fixation
of specimens

The anterior and posterior pelvic rings are dis-
rupted in Tile C fractures, leading to translation
and rotation instability. Anteriorly, a symphysis
pubis rupture was manipulated by cutting
through the symphysis pubis, which was stabi-
lized with a five- or four-hole plate placed on the
cranial aspect of the symphysis. Posteriorly, a
Denis type Il fracture was created by an oscillat-
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Table 2. Displacement of the pelvis fixed with three types of internal fixation under vertical load (X s,
n=06)

Load (N) ISS (mm) TBP (mm) MIAP (mm)  F value/p value p value

ISS vs TBP ISS vs MIAP TBP vs MIAP
100 0.664+0.256 1.553+0.517 0.884+0.424 7.525/0.005 0.002 0.372 0.013
200 1.106+£0.333 2.284+0.738 1.411+0.697 5.891/0.013 0.005 0.405 0.027
300 1.556+0.429 2.805+0.863 1.783+0.707 5.571/0.016 0.007 0.577 0.022
400 2.022+0.609 3.508+1.137 2.253+0.730 5.243/0.019 0.009 0.647 0.023
500 2.423+0.753 4.144+1.129 2.795+0.893 5.592/0.015 0.006 0.502 0.025

ISS: iliosacral screw; TBP: tension band plate; MIAP: minimally invasive adjustable plate.

Table 3. Shifts in the fracture gap of the pelvis fixed with three types of internal fixation under a load

of 500 N (X+s, n = 6)

Load (N) ISS (mm) TBP (mm)

MIAP (mm) F value/p value

p value
ISS vs TBP ISS vs MIAP  TBP vs MIAP

500 0.756+0.233 1.983+0.454 1.074+0.324 19.957/<0.001 <0.001 0.135 <0.001

ISS: iliosacral screw; TBP: tension band plate; MIAP: minimally invasive adjustable plate.

ing saw passing through the left sacral foramen
(Figure 2). After the reduction of sacral frac-
tures, three types of internal fixation were
implanted (Table 1) to reduce the experimental
error.

Three types of internal fixation were used in
this study as follows:

@ IS screw group: Two 2.0 mm Kirschner wires
were inserted through the ipsilateral external
surface of the ilium and into the first sacral ver-
tebral body. Fluoroscopy (anteroposterior, inlet,
and outlet views) was used to confirm appropri-
ate screw placement. Two 7.3 mm cannulated,
partially threaded, and cancellous IS screws
(Tianjin Zhengtian Medical Instrument Com-
pany Ltd., Tianjin, P.R.C.) were inserted into the
first sacral vertebral body with Kirschner wires
(Figure 3). CT scan was used to confirm appro-
priate screw placement.

@ TBP group: The TBP (Tianjin Zhengtian Me-
dical Instrument Company Ltd., Tianjin, P.R.C.)
was bent according to the structural features of
the posterior pelvic ring. Suitable screws were
inserted into the external surface of the ilium
(Figure 4).

® MIAP group: The posterior side of the sacrum
and ilium was exposed, and an appropriate
MIAP was chosen. Some long cancellous sc-
rews were inserted into the ilium and sacrum
(Figure 5).
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Measurements

Bilateral distal femurs of the specimens were
fixed in the homemade clamp by Type Il den-
ture-based self-curing denture acrylic (Shanghai
Medical Instrument Company Ltd, Shanghai,
P.R.C.). The pelvic specimens were placed in
the Electroforce 3520-AT Bose biomechanical
testing machine (BOSE Corporation, Eden
Prairie, USA) at a standing neutral position, and
both anterior superior iliac spines and ventral
surface of the pubic symphysis were covered by
the same plane. The L4 vertebral body was also
fixed in the homemade clamp. The positioning
pins of a grating displacement sensor (Gua-
ngzhou Lokshun CNC Equipment Ltd., Guang-
zhou, P.R.C.) were set to enclose an angle paral-
lel to the posterior inferior iliac spine (PIIS) and
perpendicular to the fracture gap, which was
fastened to the testing machine. After internal
fixation was implanted, a vertical load of 200 N
was applied to eliminate creep. The vertical
cyclic load was between 0 and 500N, and in-
creased at a rate of 10 N/s. The cyclic load was
applied in 20 cycles. In the last three cycles,
the displacement of the specimens was record-
ed at vertical loads of 100, 200, 300, 400, and
500 N by the testing machine. Shifts in the
fracture gap were recorded at a vertical load of
500 N by the grating displacement sensor.

The pelvic fracture model was constructed and
fixed by the same surgeon. Designing the loca-
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tion and direction of the internal fixation prior to
implantation and using X-ray fluoroscopy after
the procedure can reduce the influence of pre-
fixation on subsequent operations.

Statistical analysis

Data are presented as mean + SD. All statisti-
cal analyses were performed using SPSS ver-
sion 16.0 software (SPSS Inc., Chicago, IL,
USA). Displacement and shifts in the fracture
gap were compared by ANOVA. Significant dif-
ferences between groups were compared using
the Student-Newman-Keuls test. Significance
was set at P<0.05.

Results
General situation

During the test period, the specimens were
fixed at a standing neutral position without any
obvious obliquity or fracture. Breakage, loosen-
ing, and evulsion of the internal fixation were
not observed. All displacements were recorded
by the BOSE biomechanical workstation under
vertical load, and shifts in the fracture gap were
simultaneously recorded by a surgeon. (Figure
6) shows that the load-displacement scatter-
graph of the specimens was a smooth straight
line, which indicates that the deformation ob-
served in the specimens was elastic.

Displacement of the specimens

Under vertical load, the displacement of the
specimens fixed with either MIAP or two IS
screws was significantly lower than that of
specimens fixed with TBP (P<0.05). The dis-
placement of the pelvis fixed with two IS screws
was similar to that of specimens fixed with
MIAP (P>0.05) (Table 2).

Displacement at the fracture gap

Under the vertical load of 500 N, the shifts in
the fracture gap of specimens fixed with two IS
screws and MIAP were 0.756+0.233 and
1.0744£0.324 mm, respectively, which were sig-
nificantly smaller than that of specimens fixed
with TBP [1.983+0.45 mm (P<0.05)]. How-
ever, no significant difference was observed
between the IS screw group and MIAP group
(P>0.05) (Table 3).

Discussion

Open reduction or minimally invasive reduction
internal fixation is the main method used for
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the treatment of unstable pelvic fractures.
Chen et al. treated patients with Denis type |
sacral fractures using MIAP, and yielded satis-
factory clinical outcomes [22, 27]. MIAP was
applied using a minimally invasive procedure,
and the incidence of iatrogenic injury involving
nerves and blood vessels was low [22, 26, 27].
IS screws and TBP are commonly used in clinics
[7-12]. The aim of our biomechanical experi-
ment was to compare the stability of posterior
pelvic ring disruptions fixed with two IS screws,
TBP, and MIAP under physiological conditions.

Injury model and biomechanical experiment
design

Tile C pelvic fractures are vertically and rota-
tionally unstable injuries that are associated
with high energy trauma. Posterior injuries con-
sist of a dislocation or fracture dislocation of
the sacroiliac joint or vertical fracture of the
sacrum. Anteriorly, the injury may comprise dis-
ruption of the symphysis pubis or unilateral or
bilateral fractures of the pubic rami. In this
study, we constructed a Tile C pelvic fracture,
the most frequent sacral fracture, by cutting
the symphysis pubis using a scalpel and cutting
the sacrum through the sacral foramen using
an oscillating saw [28]. Some scholars believe
that conservative treatment is most effective
when the separation of the symphysis pubis is
less than 2.5 cm [29]. However, some scholars
advocate open reduction and fixation [30]. In
our study, we stabilized the symphysis pubis
using a five- or four-hole plate. Given that the
sacroiliac complex has an important load-bear-
ing function, it was stabilized by rigid internal
fixation after reduction [31] to achieve better
effects. In this study, the performances of fre-
quently used IS screws and TBP were compared
with that of MIAP. We used a randomized block
design to avoid inaccuracies caused by age,
bone density of specimens, and implanting
sequence of internal fixation.

We fixed the specimens at a standing neutral
position and used a peak load of 500 N, which
corresponded to the weight of the upper body
of an average adult [19, 32]. Twenty cycles were
examined to determine the stability of the pos-
terior pelvic ring fixed with three types of inter-
nal fixation. Sagi [10] only examined ten cycles,
whereas Schildhauer performed 10,000 cycles
in biomechanical tests [33].

Under vertical load, the shifts in the fracture
gap in Tile C injuries were not limited to vertical
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(z-axis) shifts but also included rotational (x-
axis) and translational (y-axis) shifts [34]. Shifts
arising along the three axes were calculated,
and the shifts in the fracture gap on the level of
the PIIS were measured using the grating dis-
placement sensor, which was used to reflect
the stability of pelvic fractures fixed with three
types of internal fixation. Although the vertical
displacement recorded by the biomechanical
testing machine reflected the total displace-
ment of the entire structure, three types of
internal fixation were fixed in the same speci-
men in sequence, so our data were compa-
rable.

Stability of the posterior pelvic ring fixed with
three types of internal fixation

The results of this study indicate that using two
IS screws, TBP, and MIAP in the treatment of
Tile C pelvic ring injuries restored most of the
stability of the pelvic ring. Two IS screws placed
in the first sacral vertebral body to stabilize the
posterior pelvic ring were considered to be the
strongest fixation among the three types of fixa-
tion [7]. Yinger et al. [35] and Padalkar et al.
[36] showed that two IS screws are stiffer than
TBP in stabilizing the posterior pelvic ring, wh-
ich was consistent with the results obtained in
our experiment. TBP can effectively stabilize po-
sterior pelvic ring disruptions [11, 12], but it
also reduces the strength of the plate and may
even damage the threads of screw holes
because of pre-bending of TBP [12]. Compared
with IS screws and MIAP simultaneously fixed in
the ilium and sacrum, TBP was used to stabilize
the posterior pelvic ring by being fixed in the
ilium. Therefore, the stability of the posterior
pelvic ring fixed with two IS screws and MIAP
was significantly better than that fixed with TBP
in our study.

Biomechanical studies suggested that two IS
screws provide better fixation than only one
screw in stabilizing the posterior pelvic ring [11,
35]. IS screw fixation is considered as a “two
point” fixation technique that provides strong
fixation because IS screw placement into the
S1 body penetrates through three layers of cor-
tical bone [37, 38]. MIAP was designed accord-
ing to the structure of the posterior pelvic ring,
and functioned as a suspension bridge struc-
ture similar to the sacroiliac complex [22]. MIAP
was attached to the dorsal part of sacroiliac
joints without pre-bending, and fixed the ilium
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and sacrum through long cancellous screws.
MIAP was used to reduce separated or com-
pressed fractures by rotating the connection
bar. In this study, we found that the stability of
the posterior pelvic ring fixed by two IS screws
was better than that fixed by MIAP, but the dif-
ference was not statistically significant.

Our study had several limitations. We implant-
ed three types of internal fixation in the same
specimen in sequence to reduce the influence
caused by bone and skeletal age, but the
implantation and removal of pre-fixation was
bound to affect the holding power of subse-
quent fixation and strength of the posterior pel-
vic ring. Therefore, when we implanted each
internal fixation, we accurately located the posi-
tion and direction of the screws to minimize the
interference between screw channels. Only six
specimens were used in our study because the
acquisition of a large number of specimens was
difficult. In future studies, we should increase
the sample size and compare the stability of
the posterior pelvic ring fixed with three types
of internal fixation.

In conclusion, the stability of Tile C pelvic frac-
tures fixed with MIAP was similar to that of frac-
tures fixed with two Sl screws, and better than
that of fractures fixed with TBP under vertical
load. MIAP could be used in the clinical treat-
ment of longitudinal fractures in the posterior
pelvic ring.
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