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The aim of this study was to assess the clinical results of treatment for unstable posterior pelvic fractures us-
ing a pedicle screw-rod fixator compared to use of a locking compression plate.

A retrospective study was performed between June 2010 and May 2014 and the data were collected from 46
patients with unstable posterior pelvic ring fractures. All patients were treated using either a pedicle screw-
rod fixator (study group, 24 patients) or locking compression plate (control group, 22 patients). In these pa-
tients, causes of injury included traffic accidents (n=27), fall from height (n=12), and crushing accidents (n=7).
The quality of reduction and radiological grading were assessed. Clinical assessments included the operation
time, times of X-ray exposures, bleeding volume during operation, incision length, and Majeed postoperative
functional evaluation.

No iatrogenic neurovascular injuries occurred during the operations in these 2 groups. The average follow-up
time was 24.5 months. All fractures were healed. The significant differences (P<0.05) between the 2 groups
were operation duration, size of incision, and intraoperative bleeding volume. Statistically significant differenc-
es in the Majeed postoperative functional evaluation and times of X-ray exposures were not found between
the 2 groups.

Similar clinical effects were achieved in treating the posterior pelvic ring fractures using the pedicle screw-rod
fixator and the locking compression plate. However, the pedicle screw-rod fixator has the advantages of small-
er incision, shorter duration of the operation, and less bleeding volume compared to using the locking com-
pression plate.
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Background

Resulting from high-energy trauma such as traffic accidents
and falls, unstable posterior pelvic ring fractures, with hemor-
rhage and a high mortality rate, usually lead to rotatory and
vertical instability of the pelvis because of the disruption of
the complex structure of the sacrum, sacroiliac joint, and ili-
um [1,2]. The purpose of the treatment is to rigidly stabilize
anatomical structures of the pelvis and to avoid serious asso-
ciated complications [3,4]. However, posterior pelvic ring frac-
tures are relatively difficult to manage because the pelvis has
an irregular and complex cortical surface and is also a weight-
bearing structure bearing 70% of body weight [5,6]. Associated
with surgery for pelvic ring fractures, long-term problems usu-
ally include restricted activities of daily living, post-operative
pain, nonunion, and malunion [7]. Dynamic imbalance of the
pelvis caused by malunion often results in dysfunctions of
weight bearing, which is also a serious complication [8]. In
view of these, challenges still exist for orthopedic surgeons to
acquire high-quality reduction of the posterior pelvic ring [9].

Over the past several decades, a variety of management tech-
niques have been employed to restore the integrity of the
pelvis and its relevant structures, and to relieve compression
of the nerves and blood vessels [10-12]. Among these tech-
niques, the locking compression plate (LCP) is one of the most
effective methods for stabilizing the posterior pelvic ring, due
to its convenience and relatively low trauma [6]. The pedicle
screw-rod fixator, due to its effective immobilization and min-
imal invasion, is also applied in the clinical management of
posterior pelvic ring fractures [1]. At present, few reports have
compared these 2 kinds of fixations. This study aimed to eval-
uate the clinical effects of applying the pedicle screw-rod fix-
ator and locking compression plate in the management of un-
stable posterior pelvic ring fractures.

Material and Methods

Ethics statement

This study was reviewed and approved by the Institutional
Review Board of the Shanghai General Hospital affiliated to
Shanghai Jiao Tong University. The study was performed fol-
lowing the principles of the 1964 Declaration of Helsinki.

A retrospective analysis of posterior pelvic ring fractures was
performed in this study between June 2010 and May 2014
in our trauma center. The inclusion criteria were as follows:

(1) unstable posterior pelvic ring fracture (including type B2,
type B3, and type C1), (2) hemodynamic stability, (3) clear con-
sciousness, (4) without serious medical conditions, (5) complete
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or fundamental repositioning of the fracture after preoperative
traction, and (6) completely collected follow-up data. Exclusion
criteria were open fractures with contaminated wound, seri-
ous osteoporosis, and type A, type C2, and type C3 fractures.
A total of 46 patients were enrolled according to these crite-
ria. The causes of injury were traffic accident in 27 patients,
fall from height for 12 patients, and crushing by a motor ve-
hicle in 7 patients. The pelvic fractures were OTA 61 type B
in 39 cases (15 type B2 and 24 type B3) and type C in 6 cas-
es (6 type C1). Among them, 24 patients (study group) were
treated with use of a pedicle screw-rod fixator and the other
22 patients (control group) were treated with a locking com-
pression plate. Among them, 31 patients (17 in study group
and 14 in control group) were poly-traumatized, including trau-
matic head injuries in 8 patients, chest trauma (rib fractures,
pneumothorax, and traumatic hemopneumothorax) in 7 pa-
tients, and femoral fractures and tibiofibular fractures in 16
patients. Traumatic skin injury of different levels were found
in all patients. The general data on these 2 groups are shown
in Tables 1 and 2.

Radiological examinations of anteroposterior, inlet, and outlet
views of the pelvis were examined in all these patients preop-
eratively. Before the surgery, to better evaluate the condition
of fracture dislocation and pelvic fracture stability, computed
tomography (CT) scanning followed by 3-dimensional (3D) re-
construction were performed as well.

Surgical procedures

Since posterior pelvic ring fracture is usually combined with
anterior pelvic ring fracture, to restore the stability and integ-
rity of unstable pelvic ring fracture, the anterior pelvic ring
fracture should be taken into account as well. After general
anesthesia, the prone position for all patients was employed
and the posterior pelvic ring was fixed with either a pedicle
screw-rod fixator or locking compression plate.

In the study group, after marking the outline of bilateral sides
of the iliac posterior superior spine, a 3-4-cm incision was
made 1 cm lateral to the iliac posterior superior spine. After
opening the back fascia and dissecting the crista iliaca, the
pedicle screw opener was used at the junction of the back 2/3
and front 1/3 of the crista iliaca cortical bone to make an os-
seous tunnel between the cortexes of the ilium towards the
iliac anterior inferior spine. After checking to ensure the tun-
nel did not penetrate the bony cortex of the medial or lat-
eral sides, we inserted screws (Johnson & Johnson Co, USA)
that were 60-80 mm long and 7 mm wide. The end of each
screw (U-type clamp) was inserted into the cancellous bone
to make it adjustable and no higher than the crista iliaca lev-
el. The proper length of the rod was selected after measuring
the distance between the screws on both sides. After linking
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Table 1. The general data of two groups.

Internal fixation with pedicle

Internal fixation with locking

. P value
compression plate group

screw and rod group

Sex (Male: Female)

Follow-up period (months) 24.96+4.80 24.05+5.14

Table 2. Additional data of two groups.

Internal fixation with pedicle screw Internal fixation with locking

compression plate group

and rod group

Osseous union (n) 24 21
Complication: malunion @) R
Complication: Incision infection () S
| Additional anterior ring stabilization @) 2 13
isolated pelvic fracture vs, additional fractures () 77 &1

Time point of the Majeed functional evaluation score Started from the 6" month in Started from the 6" month

(month) in follow-up period

follow-up period

the screws on each side through the sub-back fascia, the rod
was fixed. The adjustments of stretching or compressing of
the pedicle screw-rod fixator was performed according to the
dislocation conditions of the posterior pelvic ring to complete
the reduction and fixation (Figure 1).

In the control group, the outline of bilateral sides of the iliac
posterior superior spine, iliac posterior inferior spine, and parts
of the crista iliaca were marked. An arc incision, 2 cm lateral to
the iliac posterior superior spine, was made at the crista ilia-
ca, with an average length of 8 cm. After we dissected the iliac
posterior superior spine, iliac posterior inferior spine, and cris-
ta iliaca, 4 cm of gluteal muscles were stripped off along the
lateral surface of the ilium, followed by application of gauze
to stop bleeding, after which a 4.5-mm LCP with 10-11 holes
(Synthes Co., Switzerland) was bent for molding according to
the shape of posterior pelvis, with each side having 2-3 holes
left. The LCP was inserted into both sides through the subcu-
taneous tunnel, then the plate was reversed and both ends
were inserted into the tunnel between the gluteal muscles and
the ilium. The plate was compacted to make it stick closely
to the iliac bone surface, and then 2-3 screws on each end of
the plate were fixed and tightened without penetrating the
medial side cortex of the ilium. After carefully stopping bleed-
ing, cleaning the surgical field, and suturing the gluteal mus-
cles to the starting point, the incision was closed (Figure 2).

Postoperative rehabilitation and follow-up

After the operations, all patients were sent to the ICU for 24-h
observation, and no emergency situation was found during the
ICU stay. When returned to the orthopedic ward, all patients
were maintained on a non-weight-bearing status on the affect-
ed side, postoperatively. The patients were encouraged to per-
form active and passive exercises as long as the pain could be
tolerated, 3—4 days after the operation. Crutch-assisted walk-
ing was allowed at 2 weeks after the operation for type B2 and
B3 fractures, and at 4 weeks for type C1 fractures. Full weight-
bearing was allowed on the basis of the evidence of osseous
union with follow-up radiography at about 3 months postop-
eratively. Follow-ups were done and pelvic radiographs were
taken to evaluate the reduction and the osseous union at 1, 3,
and 6 months. From the 6th month during the follow-up pe-
riod, the Majeed functional evaluation scoring of all patients
was performed in both groups every 6 months (at 6, 12, and
18 months). Pelvic radiographs need to be taken at 1 year after
the internal fixator is taken out at 6 months after the operation.

Statistical analysis

Data analysis was performed with SPSS 19.0 statistical software
(SPSS Co., USA). Measurement data are presented as mean and
SD, and the t test was used for comparisons between these 2
groups, with statistical significance set as P<0.05.
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Figure 1. A 43-year-old male patient, pelvic fracture due to a crushing injury. (A, B) Preoperative X-ray plain film showed posterior
pelvic ring fracture with avulsion fracture of posterior superior iliac spine. (C, D) The postoperative X-ray plain film showed
satisfactory reduction of the fracture with rod-pedicle screw fixator. (E) The incision after the operation. (F) The fracture was
healed 1 year after the operation.

Figure 2. A 39-year-old male patient, pelvic fracture due to a traffic accident. (A, B) Preoperative X-ray plain film and CT images
displayed posterior pelvic ring fracture. (C, D) The postoperative X-ray plain film showed satisfactory reduction of the fracture
with locking compression plate (LCP). (E) The postoperative incision. (F) At 1 year after the operation, the fracture was
healed.
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Table 3. Comparison between the 2 groups.

Internal fixation with pedicle

screw and rod group
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Internal fixation with locking

. P value
compression plate group

Operation time (min) 22.08+1.91
incision length cm) 3631049
intraoperative bleeding volume (m) 43428490
Times of Xrayexposwes 6) 246:051
 The Majeed functional evaluation score 81251896

38.18+2.97 <0.0001
"""""""""""""""" 7705055 <00001
C ielsemias o001
"""""""""""""""" 250050 o7
""""""""""""""" 96081030 056

Results

No iatrogenic neurovascular injury was found during the op-
erations in these 2 groups. All 46 patients were followed up
for 14-33 months (mean 24.5 months). There was no loosen-
ing or disruption of the internal fixation in either group after
the operation. In the control group, malunion of a pubic rami
fracture was observed in 1 patient, and incision infections
were observed in 2 patients; however, after using antibiotics,
the symptoms of infection in these 2 patients were controlled.
There were statistically significant differences (P<0.05) in op-
eration time, incision length, and intraoperative bleeding vol-
ume between the study group and control group.

We performed Majeed functional evaluation scoring after the
operation in both groups. In the study group, the scores ranged
from 64 to 94 points (81.25+8.96 points); the results were ex-
cellent in 10 patients, good in 10, and fair in 4, with an excel-
lence rate of 83.3%. Three patients who were evaluated as fair
had obvious pain in the sacroiliac joint. In the control group,
the Majeed functional evaluation scores ranged from 60 to
92 points (79.59+10.33 points), with the result being rated
as excellent in 10 patients, good in 8, and fair in 4, with an
excellence rate of 81.8%. In 3 patients evaluated as fair, we
found shortened lower extremity and limp in 1 patient and
obvious pain of the sacroiliac joint in 2 patients. No statisti-
cally significant difference (P>0.05) between the 2 groups was
found in the excellence rate. The times of X-ray exposures in
the study group were 2-3 s (2.46+0.51), and 2-3 s in the con-
trol group as well (2.50+0.51). No statistically significant dif-
ference (P>0.05) was found between these 2 groups in dura-
tions of X-ray exposures (Table 3).

In this study, all 46 patients had different levels of anterior
pelvic ring fractures. Thus, in order to minimize the damage
of LCP to the surrounding tissue, in the LCP group 13 patients
with bilateral pubic rami fractures or unstable unilateral pu-
bic rami fractures were treated with combined anterior stabi-
lization. All 24 patients in the pedicle screw-rod group were
treated with combined anterior stabilization due to its minimal
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damage to the surrounding tissue. For poly-traumatized pa-
tients in both 2 groups, additional fractures and injuries (e.g.,
skin injuries, traumatic head injuries, chest trauma, femoral
fractures, and tibiofibular fractures) were managed by differ-
ent departments and treatment teams during the whole treat-
ment period and good results were obtained.

Discussion

Pelvic fractures with posterior ring instability, including sac-
roiliac (SI) diastasis, fracture-dislocation of the Sl joint, and
sacral fractures are usually accompanied with vertical and ro-
tational instability, and are regarded as unstable pelvic frac-
tures [13-15]. Currently, surgical interventions are necessary
for treating posterior pelvic ring fractures and it remains a chal-
lenge to orthopedic surgeons [6]. Various techniques, includ-
ing minimally invasive pedicle screw-rod fixator, LCP, transiliac
bars, percutaneous sacroiliac screws, and external fixation, have
been investigated for use in posterior pelvic fixation. However,
due to complicated and irregular pelvic anatomical structures,
no consensus has been achieved regarding the optimal fixa-
tion for these fractures, although the treatment continues to
evolve [1]. To reduce the incidences of short-term and long-
term complications, such as persistence pain, abnormal gait,
and dysfunction, proper reduction and fixation should be per-
formed at an early stage. Postoperative discomfort and dys-
function might be used as predictable outcomes for detecting
patients who were not treated promptly [16]. Current fixation
methods still require improvements in reduction handling, soft
tissue irritation, and anatomical matching between the inter-
nal fixator and pelvis.

As one of the most widely used fixation methods, LCP has the
advantages of simple manipulation, less trauma, and secure
fixation [17]. Biomechanical studies have been performed by
previous researchers. Mehin et al. found that a locking plate
used for fixing pelvic ring fractures is as strong as the conven-
tional plate combined with lag screws. Its application can im-
prove the treatment of pelvic ring fractures [18]. Compared to
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screw fixation, Sahin et al. used the locking plate to fix bilat-
eral sacroiliac dislocations and reported achieving sufficient
strength [19]. Before fixation, it is necessary to pre-bend the
plate according to the irregular cortical morphology of the
posterior pelvic ring; this procedure is technically demand-
ing. However, repeatedly bending the plate may reduce its
strength or even damage the threads of the screw holes, and
the manual pre-bending is not always precise. Effective reduc-
tion should be first performed for the posterior ring fracture
to match the plate when placing the LCP, which is also a chal-
lenge to surgeons, especially those without sufficient expe-
rience. There also is a potential risk to the blood vessels and
nerves when soft tissue is stripped off [7]. The subcutaneous
plate easily stimulates local soft tissue, which would further
irritates the already damaged soft tissue. When in supine po-
sition, the LCP makes some patients feel uncomfortable [6];
therefore, it may be better to place it in an area with thick sub-
cutaneous fat. Another concern is its limited reduction func-
tion, and it cannot effectively be used for reduction for the
compression or separation of sacral fractures. Moreover, LCP
is not suited for the fixation of bilateral iliac fractures, espe-
cially for comminuted fractures [20]. During the internal fixa-
tion procedure, fluoroscopy should be performed repeatedly
to guide the correct placement of the screws. Using LCP, the
operation time and the intraoperative bleeding volume were
obviously increased. Hence, the insufficient reduction potential,
damage to the threads of screw holes during pre-contouring
procedure, and potential injury to the nerve and blood vessels,
as well as the length of the incision and intraoperative bleed-
ing volume, are the main concerns in using LCP.

In consideration of these limitations of LCP, the novel adjust-
able minimally invasive pedicle screw-rod fixator has obvious-
ly advantages. This fixator functions as a suspension bridge
structure similar to the sacroiliac complex. When treating a
posterior pelvic ring fracture accompanied with the anterior
ring damage, fixation at the posterior ring using pedicle screw-
rod fixator, with its arc structure, partly maintains the integri-
ty of the pelvic ring, which can facilitate the reconstruction of
osseous structure for the anterior ring as well. As a minimally
invasive procedure, only 2 small incisions are needed to place
this fixator during the operation, which significantly shortens
the operation time and reduces intraoperative bleeding vol-
ume. The soft tissues attached to the posterior wing were not
stripped off, which could avoid iatrogenic injury to nerves and
blood vessels. The incisions healed well and no deep infections
or wound complications occurred in the study group after sur-
gery. A similar technique was also performed by Sar et al. [21]
in a biomechanical study; 2 pedicle screws and 1 connecting
bar were used to fix the posterior pelvic ring, and biomechan-
ical testing showed satisfactory results. This device offers 2
functionalities that can be used for reducing compressed or
separated fractures by adjusting the length of the connecting
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rod. Schildhauer et al. [22] utilized the pedicle screw-rod fix-
ator to fix sacral fractures, which provide satisfactory outcome
and sufficient biomechanical strength. With this fixator, open-
book pelvic fractures can be reduced by lengthening the con-
nected rod, while closed-book pelvic fractures can be reduced
by shortening the connected rod to restore the anatomical
structures. Our study results indicate that the average opera-
tion time, intraoperative bleeding volume, and the size of in-
cision in the pedicle screw-rod fixator group were much bet-
ter than in the LCP group, and we achieved satisfactory clinical
and radiological outcomes in the current study. However, some
concerns should also be taken into account [23,24]. First, the
screw should be strong enough during the procedure of re-
duction and adjustment. Second, due to lack of sufficient un-
derlying muscle in the sacroiliac area, the pedicle screw-rod
used at this site should be buried in the iliac cortex to avoid
skin problems when using a supine position.

For posterior combined with unstable anterior pelvic ring frac-
ture, especially the bilateral pubic rami fractures or unstable
unilateral pubic rami fractures, additional fixation of the ante-
rior pelvic ring may have benefits. First, better pelvic ring integ-
rity can be achieved. Second, the pain of activity after the op-
eration will be relieved to a certain extent. For stable anterior
pelvic ring fractures, as long as the fracture can be healed, no
negative effects are shown in the functional outcome. To poly-
traumatized patients, the main additional fractures and injuries
were traumatic head injuries, chest trauma (e.g., rib fractures,
pneumothorax, and traumatic hemopneumothorax), femoral
fractures, and tibiofibular fractures. In the inclusion criteria,
we selected patients with clear consciousness and without se-
rious medical conditions, effectively excluding patients with
serious traumatic head injuries. After the treatment for head
injuries, no negative effects were found on pelvic functional
outcome. After the recovery of rib fractures, pneumothorax,
and traumatic hemopneumothorax, no special effects of chest
trauma on pelvic functional outcome were shown, but femo-
ral and tibiofibular fractures usually needed 6-12 months for
complete recovery. During this period some effects, mainly of
pain and limited mobility, were shown in the pelvic function-
al outcome. After 12 months, these negative effects on pelvic
functional outcome were no longer obvious.

Limitations of the present study should be acknowledged. First,
the sample size was relatively small and more cases should
be compared by using these 2 methods to evaluate the effica-
cy. Second, our study lacked long-term functional results and
long duration of follow-up, which need to be features of fu-
ture studies, as well as biomechanical analyses between ped-
icle screw-rod fixator and LCP.
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Conclusions

Base on the results of this study, we conclude that both of
these methods can stabilize unstable posterior pelvic fractures
(types B2, B3, and C1). However, use of the pedicle screw-rod
fixator is less invasive, has less blood loss and greater techni-
cal safety, and can be performed more quickly. Its application
can achieve good clinical and radiological outcomes, and can
be a good choice for treating posterior pelvic ring fractures.
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