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Comparisons of front plate, percutaneous
sacroiliac screws, and sacroiliac anterior
papilionaceous plate in fixation of unstable
pelvic fractures
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Abstract
Background: This observational study was aimed at comparing the clinical efficacy of sacroiliac anterior plate fixation (SAPF),
sacroiliac anterior papilionaceous plate (SAPP), and percutaneous sacroiliac screw internal fixation (PSCIF) introduced for patients
with unstable pelvic fracture.

Methods: Seventy-eight patients with unstable pelvic fracture (Tile type B or C) were recruited. Twenty-six patients underwent
SAPF, 26 underwent SAPP, and 26 underwent PSCIF. Matta scores were calculated to evaluate the reduction of pelvic fractures, and
Majeed scores were applied for the assessment of functional recoveries after surgery. Other perioperative clinical indicators were also
recorded, including operation time, bleeding status, length of incision, ambulation time, fracture healing time, and incision infection.

Results: Total operation time of PSCIF was remarkably shorter than that of SAPF and SAPP (P< .05), and the bleeding volume of
SAPF and SAPP group was almost 26∼29 times as high as that of PSCIF group (P< .05). Besides, SAPP resulted in significant blood
loss compared with SAPF (P< .05), while SAPF resulted in significantly larger operative incision length than SAPP and PSCIF
(P< .05). Moreover, patients’ stay time was prolonged in both SAPF and SAPP groups than in the PSCIF group (P< .05). Patients
who received PSCIF exhibited significantly higher Matta andMajeed scores than those who received SAPF (all P< .05). Finally, SAPP
was associated with fewer complications than SAPF, and complications were barely observed in the PSCIF group.

Conclusion: PSCIF may be more appropriate for patients with unstable pelvic fractures in comparison with SAPP and SAPF.
Besides, SAPP is likely to be more efficacious than SAPF especially for Tile C patients.

Abbreviations: CT = computed tomography, PSCIF = percutaneous sacroiliac screw internal fixation, SAPF = sacroiliac anterior
plate fixation, SAPP = sacroiliac anterior papilionaceous plate.

Keywords:percutaneous sacroiliac screw internal fixation, sacroiliac anterior papilionaceous plate, sacroiliac anterior plate fixation,
unstable pelvic fracture
1. Introduction

Pelvic fracture is a serious trauma mainly caused by life-
threatening external forces, such as motorbike accidents and falls
from a great height.[1] Unstable pelvic fracture, predominately
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caused by high-energy trauma, is characterized by the posterior
pelvic fracture with partial or total displacement of lateral
pelvis.[2] It has been reported that the incidence of pelvic fracture
is 2% to 8%,[3] and the global mortality of pelvic fracture even
stands as high as 33%.[4,5] As the sacroiliac joint union acts as the
main stable structure of posterior loop to bear the body weights,
any damages to sacroiliac joint union could lead to the instability
of pelvis ring,[6] Although basic measures including pelvic
harness, pelvic c-clamp, and external fixateur were taken in
pelvic fracture cases,[1] further treatments to reconstruct stable
sacroiliac joint union should be done.
Common techniques that are applied to fix unstable pelvic

fractures primarily include sacroiliac anterior plate fixation
(SAPF), percutaneous sacroiliac screw internal fixation (PSCIF),
and sacroiliac anterior papilionaceous plate (SAPP), etc. PSCIF
and SAPF can be both useful treatment for unstable pelvic ring
injuries[7]; however, PSCIF has been reported to outperform
SAPF in treatment of unstable pelvic fractures with less invasive,
less bleeding, less pain, and rapid recovery than SAPF.[8] Besides,
highly frequent complications manifest after SAPF, including the
injury of lateral femoral cutaneous nerve and lumbosacral trunk,
minor claudication, back pain, and sexual dysfunction.[9,10]

SAPF may lead to the deformity of posterior pelvic ring because it
rarely takes the posterior pelvic ring into consideration. In
contrast, PSCIF is the recommended approach for posterior
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lesion treatment. Screws used in PSCIF can be placed
percutaneously once a satisfactory closed reduction is
obtained,[12] thus avoiding implant prominence, surface contam-
ination, and skin damage that are usually observed in the
application of sacral bars or plating.[13] However, subjects
undertaking PSCIF also have a high rate of screw malposition
accompanied with nerve and vessel injuries. SAPP, on the
contrary, emerges as a novel device to improve pelvic stability,
and the technique might avert the impairment of the adjacent
neurovascular structures.
To date, SAPF, PSCIF, and SAPP have not been simultaneously

compared in managing unstable pelvic fractures. To identify the
best surgery option for pelvic fracture, this study compared the
three fixation devices based on operation time, perioperative
bleeding status, length of incision, ambulation time, fracture
healing time, incision infection status,Matta radiological scoring,
Majeed functional grading scale, and incidence of complications.

2. Methods

2.1. Study design

This is an observational study. All patients with pelvic fractures
referred to the First People’s Hospital of Nanning, China, for
surgical treatment from November 2010 and December 2015
were recruited. The study protocol was approved by the First
People’s Hospital of Nanning and the ethics committee of
the First People’s Hospital of Nanning in January 2016. All
participants signed the informed consent. All patients were
followed up after surgery for 1 year. Conventional radiographs
were obtained and assessed by an experienced physician who did
not participate in their surgeries.

2.2. Participants in observational analysis

One hundred patients were recruited initially, whereas 22
patients were excluded afterwards. Among the excluded, 16
did not meet the inclusion criteria and 6 declined to participate,
leaving 78 patients as the study population. Among the 78
participants, 26 underwent SAPF, 26 underwent PSCIF, and 26
underwent SAPP.

2.3. Inclusion and exclusion criteria

The patients would be included if they were older than 18 years;
had stable vital signsand stayed sober; obtainedfinepulseof arteria
dorsalis pedis; had noother severemedical diseases;were to receive
treatment of surgery in less than3weeks;werewithout any surgical
contradictions; and were with unstable pelvic ring.
Patients were excluded if their pelvic fractures occurred on

tumorous bone; they had any surgical contraindications; they
were complicated by extrapelvic bleeding; and they suffered from
brain injury.

2.4. Preoperative procedures

The fracture type of every patient was classified using Tile
classification, which divides pelvic ring fractures into A, B, and C
types based on the degree of pelvic instability. A is stable,
B is rotationally instable, and C is rotationally and vertically
instable.[14] All patients underwent computed tomography (CT)
scan (3mm in thickness) and diagnostic radiographing, and their
fracture types were categorized. Also, a new CT scan (1mm in
thickness) and 3-D reconstruction were performed on patients at
arrival to the hospital following the preoperative protocol.
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Postoperative anteroposterior (AP) and inlet-outlet views were
also obtained. All the radiological assessments were done by a
physician who did not take part in the treatment.
2.5. Surgery

Patients with unstable pelvic fracture were generally operated on
the 5th to 14th day after trauma. Amodified ilioinguinal approach
was adopted for the treatment of the pelvic fracture. Reduction
and fixation of sacroiliac joint injury were completed through
lilac fossa, and nervus cutaneus femoris lateralis was protected
carefully when they were exposed. Patients with general
anesthesia were required to take the supine position. Supplement
Figure 1, http://links.lww.com/MD/B829 shows the conventional
radiographs of SAPF, PSCIF, and SAPP.

2.5.1. SAPF. The incision began from the anterior superior iliac
spine and extended approximately 10∼15cm along the crista
iliaca into the backward muscular layer. The abdominal muscle
was stripped from inside the white ilium, and the iliacus was
bluntly dissected from under the periost. Iliacus and pelvic organs
were retracted, and anterior sacroiliac ligaments were separated
from the attachment sites of the ilium until the lateral border of
sacroiliac joint and sacrum were exposed. Either reduction
forceps or screws were inserted into the iliac nodes for the
reduction of pelvic fractures. Then, the reconstruction plate or
T-shape plate was placed over the fracture of sacroiliac joint and
fixed with clamp screws.

2.5.2. PSCIF. Subjects with minor displaced fractures all
achieved closed reduction with the aid of C-shape arm. The
needle point was determined in the third last point between the
anterior and posterior superior iliac spines. An incision (length:
1∼2cm) was created and continuously extended to iliac
periosteum. A needle was inserted into S1 through iliac bone
and sacroiliac joint in the direction that was parallel to the pelvic
cross-section. If the fixation of fracture was unstable, a second
iliosacral screw would be drilled into S2 about 1.5cm below the
fixation point.

2.5.3. SAPP. SAPP was designed in the shape of hemi-butterfly
with 6 tack holes featured by sliding compression. SAPPs were
divided into 3 categories based on their lengths (large: 23mm,
medium: 20mm, and small: 17mm). All SAPPs share the same
width of 10mm. The plate (Watson Cor., Changzhou, China)
was directly placed on the reduced sacroiliac joints. The inner
part of the plate should be close to the sacral side of sacroiliac
joint, and be placed right over the lateral part of the sacral
wing. The pin hole in the front of the plate was managed 0.5
cm away from the margin of the sacrum wing. Two kirschner
wires (diameter: 2.0mm) were applied to temporarily fix the
plate. Ultimately, 2 screws (Watson Cor.) were fixed on the
sacrum, whereas 4 screws (Watson Cor.) were fixed on
the ilia.
2.6. Postoperative treatment

Fractures were radiographed with X-ray to ensure that the
reduction was successfully achieved. Antibiotics were given on
the basis of the incision infection conditions. Routine thrombus
prevention was performed. Patients without spinal fracture were
encouraged to exercise in bed 24hours after surgery. Patients
underwent splenectomy or partial splenectomy based on the
degree of splenic rupture. The chest injuries, including rib
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Table 1

Preoperative clinical characteristics baseline of participants.

SAPF PSCIF SAPP P

Age 37.5±11.4 38.7±13.5 39.4±10.8 .834
Gender
Male 17 18 16 .874
Female 9 8 10
BMI 26.3±2.1 25.8±2.7 26.1±1.9 .737
Time from injury to

the operation, d
9.15±2.18 9.02±2.35 9.09±2.27 .950

Reasons of injuring
Traffic accident 15 18 17 .849
High-altitude falling 8 7 7
Bruise 3 1 2
Tile classification
B 22 23 23 .892
C 4 3 3

BMI=body mass index, PSCIF=percutaneous sacroiliac screw internal fixation, SAPF= sacroiliac
anterior plate fixation, SAPP= sacroiliac anterior papilionaceous plate.
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fracture, pneumothorax, hemothorax, were also handled.
Patients with concurrent acetabular fracture were managed with
open reduction internal fixation. Spinal pelvic fixation was
performed for patients with sacrum fracture. Nerve root
decompression was performed on the exposed S1 and S2 of
lumbosacral nerve trunk. Transcatheter arterial embolization
was performed to cope with presacral venous plexus rupture.

2.7. Follow-up and pelvic recovery assessment

Indicators including operation time, perioperative bleeding status,
length of incision, ambulation time, fracture healing time, and
incision infection status were recorded. Patients were followed up
every 3 months within 1 year after operation, and twice a year in
the next 1 year after surgery. Three physicians were designated to
the follow-up of the patients to eliminate the subjective bias.
Matta scoring[15] is based on postoperative radiograph, and

the reduction of pelvic fractures was assessed as excellent if the
separation was�4mm; fine if the separation ranged from 4 to 10
mm; acceptable if the separation was between 11 and 20mm; and
poor if the separation was more than 20mm.
Majeed scoring[16] was utilized to assess the recovery of pelvic

fractures. Majeed score system consists of endurance of pain
Table 2

Comparisons of patients’ perioperative clinical indicators among SA

Group
Operative
time, min

Blood
loss, mL

Length of
wound, cm

Times of
exposur

SAPF 118.5±20.6 653.8±144.5 139.2±10.9 2.53±0
Tile B 98.3±10.2 521.5±72.6
Tile C 134.7±13.9 784.2±189.2
PSCIF 88.8±14.0 22.2±6.9 19.4±3.7 2.45±0
Tile B 73.2±17.1

∗
14.3±3.6

∗

Tile C 104.8±12.6
∗

31.0±8.4
∗

SAPP 106.6±17.2 570.8±127.5 124.6±8.3 2.49±0
Tile B 90.2±14.3† 506.9±80.3†

Tile C 117.5±16.6
∗,† 599.5±152.8

∗,†

PSAPF-PSCIF <.001 <.001 <.001 .574
PSAPF-SAPP .028 .033 <.001 .785
PPSCIF-SAPP <.001 <.001 <.001 .781

PSCIF=percutaneous sacroiliac screw internal fixation, SAPF= sacroiliac anterior plate fixation, SAPP=
∗
Versus corresponding SAPF (Tile B/C).

† Versus corresponding PSCIF (Tile B/C).
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(30 points), endurance of walking (20 points), endurance of
sitting (10 points), endurance of sexual intercourse (4 points), and
endurance of standing (36 points). Overall, the functional
recovery would be evaluated as excellent if the overall score
was ≥85 points; good if the score ranges from 70 to 85 points;
acceptable if the score varies between 55 and 69 points; and poor
if the score was less than 55 points.
2.8. Statistical analysis

Measurement data (x± s) were analyzed using the t test or 1-way
analysis of variance (ANOVA), if the assumption of normal
distribution was satisfied. Otherwise, nonparametric test would be
used. Counted data were assessed by the x2 test. Age, sex ratio, and
otherpotential confounders [e.g., bodymass index (BMI), time from
injury to operation, and so on] were adjusted. Sensitivity analyses
have been conducted based on the above confounders to test the
robustness of the findings. SPSS19.0 (IBMSPSS Statistics 19.0; IBM
Co, Armonk, New York) was employed to carry out all statistical
analyses and the difference was considered statistical significant
when P< .05. PASS 11 software (NCSS Co, East Kaysville, Utah)
performedpower analysis and calculated sample sizes for this study.

3. Results

3.1. Preoperative baseline clinical characteristics
of participants

Preoperative clinical characteristics of patients were recorded
(Table 1). A total of 26 participants were included in each group
and no significant difference were observed in terms of age
(P= .834), gender (P= .874), BMI (P= .737), time from injury to
the operation (P= .950), reasons of injuring (P= .849), and tile
classification (P= .892).
3.2. Perioperative clinical indicators

The average operation time of patients undergoing SAPF (118.5
±20.6minutes) was significantly longer than those undergoing
PSCIF (88.8±14.0minutes) and SAPP (106.6±17.2minutes),
while PSCIF exhibited a significantly shorter operation time than
SAPP (P< .05) (Table 2). The average bleeding volumes during
surgery in SAPF (653.8±144.5mL) and SAPP groups (570.8±
127.5mL) were both 25∼29 times as high as that of the PSCIF
PF, PSCIF, and SAPP groups.

X-ray
es, s

Ambulation
time, m

Fracture
healing time, m Infections

Hospitalization
time, d

.52 0.9±0.3 3.6±0.9 4 16.7±3.9

.50 0.8±0.2 3.4±1.0 2 9.3±2.0

.53 0.8±0.3 3.5±0.9 2 15.4±1.8

.164 .452 <.001

.235 .690 .129
>.999 .706 <.001

sacroiliac anterior papilionaceous plate.
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Table 3

Comparison of postoperative Matta scores (n, %) among SAPF, PSCIF, and SAPP groups.

Group Number

Excellent Good Available Bad

Total excellent rate<4mm 4–10mm 10–20mm >20mm

SAPF 26 12 (46.2) 5 (19.2) 4 (15.4) 5 (19.2) 17 (65.3)
PSCIF 26 16 (61.5) 9 (34.6) 1 (3.8) 0 (0.0) 25 (96.1)
SAPP 26 15 (57.7) 8 (30.8) 3 (11.5) 0 (0.0) 23 (88.5)
PSAPF-PSCIF .037 (x2=8.514)
PSAPF-SAPP .104 (x2=6.168)
PPSCIF-SAPP .580 (x2=1.091)

PSCIF=percutaneous sacroiliac screw internal fixation, SAPF= sacroiliac anterior plate fixation, SAPP= sacroiliac anterior papilionaceous plate.
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group (P< .05). Furthermore, SAPP significantly reduced the
amount of blood loss compared with SAPF (P= .033). Stratified
analysis by fracture severity indicated that pelvic fractures of type
Tile B and C exhibited similar significant trends to the average
with respect to operation time and blood loss (P< .05).
In addition, the average operative incision lengths of SAPF

(139.2±10.9cm) and SAPP (124.6±8.3cm) were significantly
larger than that of PSCIF (19.4±3.7cm) (P< .05). Besides, the
average incision length of SAPF was significantly larger than that
of SAPP (P< .05). The stay-in-hospital time of patients in the
SAPF and SAPP groups was significantly different from the PSCIF
group (P< .05). However, the times of X-ray exposures,
ambulation time, fracture healing time, and infections incidence
were not different between the 3 groups.
3.3. Matta score

In terms of pelvic function recovery, there appeared to be no
significant difference in the score of patients between the SAPF
(excellent: 12; good: 5; acceptable: 4; poor: 5) and SAPP groups
(excellent: 15; good: 8; acceptable: 3; poor: 0) (Table 3). Apart
from that, there was no significant difference in the score of
patients between the PSCIF (excellent: 16; good: 9; acceptable: 1;
poor: 0) and SAPP groups (excellent: 15; good: 8; acceptable: 3;
poor: 0) (P> .05). By contrast, patients with PSCIF exhibited
evidently better favorable recovery than SAPF (P= .037).
3.4. Majeed score

It is summarized in Table 4 that PSCIF (excellent: 14; good: 10;
acceptable: 2; poor: 0) exhibited more favorable prognosis than
SAPF (excellent: 6; good: 11; acceptable: 8; poor: 1) (P= .049),
but the prognosis difference between the SAPF (excellent: 6;
good: 11; acceptable: 8; poor: 1) and SAPP group (excellent: 13;
Table 4

Comparison of postoperative Majeed scores (n, %) among SAPF, PS

Group Number

Excellent Good
85–100 score 70–84 score

SAPF 26 6 (23.1) 11 (42.3)
PSCIF 26 14 (53.8) 10 (38.5)
SAPP 26 13 (50.0) 9 (34.6)
PSAPF-PSCIF
PSAPF-SAPP
PPSCIF-SAPP

PSCIF=percutaneous sacroiliac screw internal fixation, SAPF= sacroiliac anterior plate fixation, SAPP=
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good: 9; acceptable: 4; poor: 0) as well as that between the PSCIF
and SAPP group were insignificant (P> .05).
3.5. Postoperative complications

The incidence of during-operation and follow-up complications
between SAPP and SAPF was not significant (all P> .05)
(Table 5). Of note, none of the complications were observed
in patients undergoing PSCIF during or after the surgery.
Compared with SAPP or SAPF group, PSCIF group showed no
significant difference.
4. Discussion

As amain portion of the pelvis stable structure, sacroiliac complex
is an indispensable structure of the human bone, as it
accommodates the intrapelvic organs and props up both trunks
and spine. Fractures of sacroiliac joints usually occur because of
external violence. As pelvic fracture reduces one’s mobility,
rebuilding the structural stability of sacroiliac joint complex has
been considered as an effective strategy. Both conservative exterior
fixation and surgical intervention have been reported to effectively
manage pelvic fracture.[17–20] Nevertheless, conservative exterior
fixation such as pelvic band, pelvic splint, and plaster external
fixation usually takes longer time to recover from the fracture and
may result in unexpectedly highmortality rate.[15,21–23] As a result,
surgical treatments that facilitate the recovery process and reduce
the incidence of complications have been widely advocated,
including sacrum plate fixation, SAPF, PSCIF, SAPP, and fixation
of the spine pelvis nail rod system.[7,23] Appropriate surgical
methods are chosen tobestfit in thefixationdevices considering the
fracture type and severity.[24] Thus, this study was carried out to
compare the tolerance and efficacy of SAPF, PSCIF, and SAPP in
managing Tile B/C unstable pelvic fractures.
CIF, and SAPP groups.

Available Bad

Total excellent rate55–69 score <55 score

8 (30.8) 1 (3.8) 17 (65.4)
2 (7.7) 0 (0.0) 24 (92.3)
4 (15.4) 0 (0.0) 22 (84.6)

.049 (x2=7.848)

.164 (x2=5.112)

.685 (x2=0.756)

sacroiliac anterior papilionaceous plate.



Table 5

Comparisons of postoperative complications (n, %) among SAPF, PSCIF, and SAPP groups.

Group

During operation Follow-up

Massive
hemorrhage

Injury of
LFCN

Lumbosacral
trunk Inability/pain

Minor
claudication

Back
pain

Sexual
dysfunction

SAPF 1 (3.8) 4 (15.4) 2 (3.8) 2 (7.7) 2 (7.7) 1 (3.8) 1 (3.8)
PSCIF 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
SAPP 1 (3.8) 1 (3.8) 0 (0.0) 1 (3.8) 0 (0.0) 1 (3.8) 0 (0.0)
PSAPF-PSCIF NA NA
PSAPF-SAPP .478 (x2=1.479) .620 (x2=1.778)
PPSCIF-SAPP NA NA

LFCN= lateral femoral cutaneous nerve, NA=not available, PSCIF=percutaneous sacroiliac screw internal fixation, SAPF= sacroiliac anterior plate fixation, SAPP= sacroiliac anterior papilionaceous plate.
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In accordance with our investigation, SAPF appeared to be the
most time-consuming approach for managing patients with
unstable pelvic fractures in comparison with PSCIF and SAPP.
Moreover, SAPF exhibited the highest level of blood loss along
with the largest wound length. Therefore, when the T-shape
board is implanted into the subjects undergoing SAPF, the
complex anatomical structures should be prudently examined, as
iatrogenic injury may occur, and damages on the 4th and 5th
lumbar nerve are usually observed clinically when nerves (length:
>1–1.5cm) from the sacroiliac joint were stripped.[25] Although
SAPP also requires the implantation of a steel plate, its simplified
operation process usually takes less time in placing the steel plate
and thus blood loss can be reduced. PSCIF appears to have the
least harm, as only a small incision in the rear is required in the
operation. However, there is no significant difference in
ambulation time or fracture healing time among the above 3
approaches, suggesting that they might have similar efficacy in
managing pelvic fracture, similar with the discovery of Morris
et al.[26]

The superiority of PSCIF over SAPF with respect to Matta and
Majeed rating may be explained by the fact that PSCIF mainly
relies on the sacroiliac screw that is firmly fixed through sacroiliac
joint in S1.[27] The central location of PSCIF is usually near the
fracture or dislocation area, contributing to more effective
biomechanics and larger steel plate intensity than SAPF.However,
Yu et al[28] found no significant difference in the Majeed score
between SAPF and PSCIF treatments (x2=1.004, P> .05). This
inconsistency may result from differences in the study cohorts and
the operation conditions. Moreover, SAPP appears not to be
significantly superior over SAPF in terms ofMatta/Majeed ratings
of patients, but SAPP could adapt to the irregular shape of sacrum
and ilium than SAPF. As suggested by the observed during-surgery
and after-surgery complications, SAPP was associated with fewer
complications than SAPF. This is probably because that SAPP is
able to fix sacroiliac joints on an entire plane with more
biomechanical stability. Nonetheless, rarely any complications
were observed in patients treated with PSCIF, which may be
attributed to the smaller incisions PSCIF needed, resulting in the
reduced risk of damage on certain crucial curves.[29–31]

However, there are still some limitations in our study. Only 78
patients were investigated and the sample size is comparatively
small. Besides, age is an important factor that influences the
treatment and prognosis of pelvic fractures, suggesting us that
relevant researches are needed to investigate the correlation
between the age and treatments. Besides, until now, pelvic
fracture management is still challenging, as most management
approaches are invasive. Hence, noninvasive treatment strategies
are always encouraged.
5

Generally, SAPF, PSCIF, and SAPP are valid remedy options
for managing unstable pelvic ring injuries. Our study suggested
that SAPP might be more efficacious than SAPF for Tile C
patients given that SAPP can simplify the operation process,
shorten the time to place steel plate, and facilitate the rotating
shift. Furthermore, PSCIF was a moderate percutaneous
fixation with a minimum wound and it was reported to be
efficacious in treating sacrum fractures and sacroiliac arthrosis
split.
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