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Treating sacroiliac joint dislocation through percutaneous
sacroiliac screw fixation with the aid of 2 fluoroscopes: a novel
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Background: Percutaneous sacroiliac screw fixation is the standard treatment for sacroiliac joint (SIJ)
dislocation. In most hospitals, the procedure is guided by a C-arm X-ray fluoroscopy system, which must be
repeatedly repositioned during surgery. In this study, we investigated the feasibility of using 2 fluoroscopes
simultaneously.

Methods: A total of 28 consecutive patients with SIJ dislocation were included in this study. The patients
were randomly allocated to groups and underwent percutaneous sacroiliac screw fixation using either 1
or 2 fluoroscopes. Total radiation exposure frequency, radiation dose, and operation time were recorded
and compared. Dislocation reduction quality was assessed using the Tornetta and Matta standard, and the
Majeed functional score was used to evaluate clinical, imaging, and social function following pelvic injury.
Complications were also recorded.

Results: The results showed that the radiation exposure frequency was significantly less with 2 fluoroscopes
than with a single fluoroscope (21.5+8.6 and 42.6+18.3 times, respectively; P<0.001). However, the radiation
dose (156.3£67.2 mGy for 1 fluoroscope and 157.8+38.2 mGy for 2 fluoroscopes; P>0.05) between the
2 groups was not significantly different. The total operation time was also significantly shorter with
2 fluoroscopic devices than with a single device (35.8+12.9 and 65.5+19.7 minutes, respectively; P<0.001).
The dislocation reduction quality and Majeed functional score (92.3% and 86.7% for 1 fluoroscope, 93.3%
and 84.6% for 2 fluoroscopes, respectively; P>0.05) did not differ significantly between the 2 groups at
the final follow-up. Complications, such as pain, superficial infection, restricted squatting, limp, and screw
failure, were rarely recorded in either group.

Conclusions: The simultaneous application of 2 fluoroscopes is highly appropriate during percutaneous
sacroiliac screw fixation to treat SIJ dislocation, and can significantly reduce radiation exposure frequency

and operation time.
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Introduction

With the development of convenient modern transportation
and high-rise buildings, injuries caused by car accidents
and falls are becoming increasingly common. Such injuries
can affect the sacroiliac joint (SIJ), which is a weight-
bearing joint in humans (1). If SIJ dislocation is not treated
promptly, complications such as lower back pain, hip pain,
and unequal lower limb length can occur (2). Traditionally,
conservative treatment methods have been used; however,
these require patients to remain in bed for extended periods,
which is not conducive to recovery (3). When the SIJ
dislocation is reduced, the joint is returned to its standard
anatomical position as far as possible, which helps to restore
the integrity of the pelvis and significantly improves pelvic
stability (4).

A variety of surgical procedures can be used to treat SIJ
dislocation, including internal fixation with an adjustable
plate, tension band plate fixation, and sacral screw fixation
(5-8). Biomechanical testing has confirmed that sacral screw
fixation is more effective than plate fixation (9). Navigation
technology allows for accurate positioning of the screw,
minimal trauma and bleeding, a short operation time, a
simple operating procedure, and rapid fracture healing (10),
making it ideal for guiding SIJ fixation (11). However, most
primary hospitals do not have access to computer navigation
technology. C-arm X-ray systems are the most commonly
used devices to guide fracture reduction, especially in
primary hospitals. Hence, investigations to improve the
accuracy and effectiveness of the percutaneous sacroiliac
screw method, using the guidance of a C-arm X-ray system,
is warranted.

The aim of this study was to investigate whether the
use of 2 fluoroscopes simultaneously could reduce the
radiation exposure frequency, dose and operation time
of percutaneous sacroiliac screw fixation in patients with
SIJ dislocation. Related clinical outcomes were compared
between patients who underwent surgery guided by
2 fluoroscopes and those whose procedures were performed
using a single fluoroscope.

Methods
Inclusion and exclusion criteria

The inclusion criteria for patients were as follows: (I)
aged 18-75 years old; (II) clinically diagnosed with SIJ
dislocation; and (III) sacroiliac screw was sufficient to meet
the goal of anatomical reduction of the SIJ dislocation.
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The patient exclusion criteria were as follows: (I) patients
whose physical condition could not tolerate surgery; (1)
patients diagnosed with other pelvic injuries; and (III)
patients who could not commit to follow-up for longer than
24 months.

This was a prospective randomized trial, which was

conducted in accordance with the principles outlined in
the Declaration of Helsinki, and it was granted approval
by the Ethics Committee of the Second Hospital of Jilin
University (No. 20160321). Written informed consent to
participate was given by all patients involved in the study.
Participant data were anonymized to ensure confidentiality
and privacy.
The power for the radiation exposure frequency and
radiation dose were calculated using PASS 11 software
(NCSS, East Kaysville, UT, USA) based on a 2-sample
t-test power analysis with a significance level of 5%. With
a sample size of 11 participants treated using 1 fluoroscope
and 11 participants treated using 2 fluoroscopes, the trial
would have more than 92% power to detect a difference
between 2 groups in the proportion of participants with
a radiation time greater than 5%. Finally, 28 consecutive
patients who sustained SIJ dislocation were included in
the study; SIJ dislocation was caused by traffic accidents
and falling from a height in 20 and 8 cases, respectively.
Preoperative X-ray (Figure 14) and three-dimensional (3D)
computed tomography (CT) examination of the pelvis were
performed conventionally. Before surgery, the patients were
randomly divided into 2 groups. The study group consisted
of patients who were operated on using 2 fluoroscopes,
while the control group comprised patients operated with a
single fluoroscope. The type of C-arm X-ray machine was
Brivo OEC 715, and its single radiation dose was 3.67 mGy.
All participants were operated on by a single senior surgeon
in the department.

Planned operative technique

The steps of operations were performed sequentially
as follows: (I) with the patient lying supine, the C-arm
machine projection angle at the pelvic entrance position,
determined from the CT sagittal section (Figure 1B), was
positioned at 30-40 degrees to the horizontal line on the
ground, unobstructed by the pubic bone; (II) the screw
channel on transverse plane CT (Figure 1C) was designed
so that screw entry was optimal (the upper edge of the first
countersink was 5-12 mm and the abdominal and head
inclination angles were 25 and 10-15 degrees, respectively).
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Figure 1 Preoperative X-ray of a patient who sustained left SIJ dislocation (A). C-arm machine projection angle at the pelvic entrance

position, determined from the CT sagittal section (B). Screw channel design on transverse plane CT (C). SIJ, sacroiliac joint; CT,

computerized tomography.

Positioning of patients and fluoroscopes

General anesthesia was routinely performed with patients in
a supine position with 5 cm of padding under the buttocks.
A C-arm machine was used to visualize the entrance
position (Figure 2A), exit position (Figure 2B), and the
sacrum lateral position (Figure 2C). The anterior margin
of the SIJ and the anterior sacrum were visualized at the
entrance position, along with the first sacral foramen on the
affected side and the upper edge of the sacral wing near the
tangent to the exit position.

The 2 C-arm machines were placed on each side of the
operating table, according to the previously measured angle
(Figure 34,B), so that 2 images from different angles could
be viewed simultaneously (Figure 3C) when the 2 pedals
were operated together (Figure 3D). This ensured there was
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no need to move the C-arm machine during surgery; it was
only necessary to adjust the position of the guide needle.
The operated area was regularly sterilized and draped with
sterile sheets, according to standard practice (Figure 3E).
The arc-shaped arm of the machine was wrapped with
sterile towels to avoid intraoperative contamination, and the
surgeon was able to perform the surgical procedures in the
gap beneath the C-arm machine (Figure 3F).

Surgical technique

A Kirschner wire (0=2.5 mm) was pressed against the skin
at the potential insertion point, and a camera was used for
visualization. When the position of the insertion point was
satisfactory, a small incision (~10 mm) was made in the
corresponding skin. The 2 images were used for real-time
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Figure 2 C-arm machine projection angles at the pelvic entrance position (A), exit position (B), and the sacrum lateral position (C),

illustrated on a digital model. Red arrows mark the needle direction. The red dot indicating the needle entry point.

monitoring, which allowed the guide needle to be inserted
accurately. The position of the guide needle was closely
monitored with the help of 2 C-arm machines to avoid
damage to the presacral venous plexus and sacral nerve
(Figure 44,B,C). A sacroiliac screw was implanted along the
guide pin (Figure 4D,E), and then use of the dual C-arm was
completed. Finally, the position of the sacroiliac screw was
verified again from the lateral view before the incision was
closed (Figure 4F).

Postoperative evaluation

Postoperative evaluation of SIJ dislocation included
assessment of fracture reduction, fracture healing, and
functional recovery. Fracture reduction and fracture healing
were assessed by an independent orthopedic surgeon
using the Tornetta and Matta standard (12). Postoperative
functional recovery was evaluated using the Majeed
functional score to comprehensively assess clinical, imaging,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and social function at 6 and 12 months postoperatively, and
then annually thereafter (13). Complications, such as pain,
superficial infection, restricted squatting (being unable
to squat completely), limp, and screw failure were also
recorded.

Statistical analysis

Total radiation exposure frequency was collected from
the fluoroscopic devices at the end of the reduction and at
the end of surgery, and radiation dose was calculated by
multiplying total exposure frequency and single radiation
dose by the number of fluoroscopes used. Procedure
durations, from incision to wound closure, were collected
and compared between the 2 groups. Data were presented
as mean * standard deviation, and differences in median
values between the 2 groups were also assessed. Differences
were evaluated using the chi-square test for nominal
variables and a 2-sample 2-sided independent population
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Figure 3 Two C-arm X-ray devices were used to visualize the entrance position (A) and exit position (B) in the operating room. Both images

(C) could be obtained simultaneously using 2 pedals placed side by side (D). Draped sterile sheets (E). Photograph showing the position of

the surgeon (F).

t-test. A P value <0.05 was considered to be statistically
significant.

Results
Patient information and intra-operative findings

A total of 28 patients (mean age, 42.6 years; median age,
44 years) participated in the study, including 12 females
(42.9%) and 16 males (57.1%). The envelope draw method
was used to randomly assign 15 patients to receive surgery
with the assistance of 1 fluoroscope, and the other 13 to
receive surgery with the assistance of 2 fluoroscopes. The
total radiation exposure frequency was significantly less
in the group operated on with 2 fluoroscopic devices than

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

in the group in which a single device was used (21.5+8.6
and 42.6+18.3 times, respectively; P<0.001). However,
there were no significant differences between the 2 groups
regarding radiation dose (156.3+67.2 mGy for 1 fluoroscope
and 157.8+£38.2 mGy for 2 fluoroscopes; P>0.05). The
total operation time was also significantly shorter with
2 fluoroscopic devices than with a single device (35.8+12.9
and 65.5+19.7 minutes, respectively; P<0.001). The results
are summarized in Table 1.

Follow-up outcomes

At the last follow-up, a large majority of patients in both
groups demonstrated excellent or good Tornetta and
Matta standard values for rates of postoperative fracture
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Figure 4 Images of guide needle insertion (A,B,C), sacroiliac screw implantation (D,E), and final verification from the lateral view before

closure of the incision (F).

Table 1 Operation time, radiation exposure frequency and radiation dose in patients operated using 1 or 2 fluoroscopes

Variables No. of fluoroscopes used Mean + SD* Median P value

Operation time (minutes) 1 fluoroscope 65.5+19.7 72 <0.001
2 fluoroscopes 35.8+12.9 38

Radiation exposure frequency (times) 1 fluoroscope 42.6+18.3 44 <0.001
2 fluoroscopes 21.5+5.2 23

Radiation dose (mGy)* 1 fluoroscope 156.3+67.2 >0.05
2 fluoroscopes 157.8+38.2

*, mean + SD presented as mean (standard deviation), *, radiation dose was calculated by multiplying total exposure frequency and single

radiation dose by the number of fluoroscopes used.

reduction (92.3% and 93.3% for the groups with 2 and
1 fluoroscope, respectively). Similarly, most patients in
both groups had excellent or good Majeed scores for pelvic
functional recovery, with mean values of 86.7% and 84.6%
for the 2 and 1 fluoroscope groups, respectively. Neither the
postoperative fracture reduction rate nor pelvic functional
recovery differed significantly between the 2 groups
(P>0.05). Moreover, complications, such as pain, superficial
infection, restricted squatting, limp, and screw failure, were
seldom recorded in either group. Implant removal rates at
the final follow-up for the double and single fluoroscope

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

groups were 76.9% and 80.0%, respectively (Tuble 2).

Discussion

Prompt surgery, an appropriate surgical plan, and control
of operation time are essential factors influencing the
outcomes of patients with SIJ dislocation caused by high-
impact injury (14). The sacroiliac screw has become the
“gold standard” for treatment of SIJ dislocation, and its
biological characteristics and clinical efficacy have been
confirmed (15). Behrendt e a/. reported that a 3D computer
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Table 2 Postoperative outcomes and complications

Indices

One fluoroscope Two fluoroscopes

Average follow-up period, months
Radiographic evaluation (Tornetta and Matta standard), n (%)
Excellent reduction
Good reduction
Fair reduction
Functional recovery (Majeed score), n (%)
Excellent
Good
Poor
Complications, n (%)
Pain
Superficial infection
Restricted squatting
Limp
Screw failure

Implant removal (according to patient’s wishes)

33.7 [24-72] 35.6 [24-72]
11(73.3) 10 (76.9)
3(20.0) 2 (15.4)

1(6.7) 1(7.7)
9 (60.0) 8(61.5)
4 (26.7) 3(23.1)
2(13.3) 2(15.4)

1(6.7) 1(7.7)

0(0) 0(0)

2(13.3) 1(7.7)

2(13.3) 2(15.4)
0 (0) 0(0)
12 (80.0) 10 (76.9)

navigation system could improve the accuracy of sacroiliac
screw placement and also prevented operator exposure
to the radiation area, although there was no difference
in the operation time between surgery conducted using
the navigation system and that performed using other
methods (10). However, most primary hospitals do not
have access to navigation equipment, which restricts its
application in these settings. The double-fluoroscopic
technique was first reported by Brin ez 4l., who revealed
its advantages of easy operation, time efficiency, and good
clinical outcomes for closed reduction and internal fixation
of stable intertrochanteric fractures (16). Therefore, we
attempted to demonstrate that this technique might be also
suitable for minimally invasive treatment of SIJ dislocation
by percutaneous sacroiliac screw fixation.

The importance of detecting sacral malformations
before surgery is well known; such malformations include
lumbar sacralization, sacral lumbarization, and congenital
malformations of the sacrum. If the slope of the sacral wing
is excessively inclined, the screw channel of the SIJ will
be extremely narrow, and the anterior cortex will be easily
penetrated, which may damage the L5 nerve root and the
obturator nerve. Herein, the SIJ screw was preoperatively

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

designed for unilateral fixation of the sacral 1 vertebral body
through CT 3D reconstruction. During the operation,
2 C-arm machines were used to dynamically observe the
position and direction of the screw, thus significantly
reducing the possibility of errors.

We found that using 2 devices could reduce the operation
time by 45.3%. This difference in procedure length derives
from the fact that, when working with 2 devices, it is not
necessary to repeatedly relocate the fluoroscope during
the procedure, which is a time-consuming process that
is conducted several times when a single fluoroscope is
used. Each time the fluoroscope is relocated, the radiology
technician and the surgeons have to find the best position,
which lengthens the entire procedure. Generally, longer
operation times also involve increased tissue exposure
time and decreased systemic physiological defenses, which
may increase the risk of infection (17,18). Further, shorter
procedures can help to accommodate the inclusion of more
cases in the operating room schedule.

"This study also showed that using 2 fluoroscopes reduced
the radiation exposure frequency during surgery by 49.5%
from 42.6+18.3 to 21.5+8.6 times. The mean addition in
radiation exposure frequency for a single operation was
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21.1 times, due to the extra projections required when
the fluoroscope was relocated to provide different views
during surgery. The surgeon and radiology technician are
often dissatisfied with either the image quality or the angle
of image capture, requiring the device to be repeatedly
readjusted (19). These numerous readjustments lead to
increased radiation exposure frequency. When 2 devices are
used, there is no need for device relocation for either view,
saving time and decreasing radiation exposure frequency.
As the patients treated with 2 fluoroscopic devices were
exposed to 2 radiation sources simultaneously in a single
operation, in theory, their total radiation dose should have
been doubled. Hence, there were no significant differences
in the radiation dose to surgeons between the groups in our
study, even though the radiation exposure frequency with
a single fluoroscopic device group was double that with
2 fluoroscopic devices.

Potential disadvantages of the approach described here
include that access to 2 C-arms for simultaneous use must
be feasible for the orthopedic trauma team to implement
this technique. Further, surgeons are required to operate in
a less comfortable position to avoid contact with the placed
machines. Moreover, these findings require replication
in a larger cohort to improve confidence in their broad

applicability.

Conclusions

The procedure tested in this study achieved reduced
operation times, and protected surgeons and patients from
excessive radiation exposure. Therefore, we recommend
percutaneous sacroiliac screw fixation using 2 fluoroscopes
simultaneously as a feasible alternative option for the
treatment of SIJ dislocation.
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