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Abstract

Purpose This study aims to investigate the application value of O-arm navigation system in sacroiliac screw placement for the
treatment of unstable pelvic ring injury.

Methods A total of 40 patients (mean age = 30.75 = 14.99 years, 25 males, 15 females) were included. From January 2016 to
July 2018, 40 patients with posterior pelvic ring injury treated in our hospital were included. Of them, 19 patients underwent O-
arm navigation for screw placement (O-arm group) while the other 21 received C-arm fluoroscopy guidance (C-arm group) for
sacroiliac screw placement. Intraoperative outcomes and the outcome of screw placement were compared between groups. The
quality of radiological images was assessed by Matta’s radiological outcome grade. The outcome of complex pelvic fracture
treatment was evaluated by Majeed Functional score.

Results All demographic and clinical characteristics were comparable between the two groups. Compared with the C-arm
groups, the O-arm group had a shorter surgery time (33.19 +3.14 vs. 48.35 £4.38 min, P < 0.001), a higher overall good outcome
“excellent + good” rate of screw placement (95.45% vs. 73.91%, P <0.05), and a significantly higher Majeed Functional score
better outcome of complex pelvic fracture treatment at 1 and 3 months postoperation (both P < 0.05).

Conclusion Our results demonstrated that O-arm navigation system is feasible and safe for the treatment of posterior pelvic ring
injury and can effectively improve the accuracy and safety of sacroiliac screw placement, shorten the operation time, and help
rapid postoperative functional recovery.
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Introduction nerves, blood vessels, and abdominal organs, increasing the

difficulty of surgery [5]. As a result, in the sacroiliac joint

Adult pelvic fractures are most commonly caused by high-
energy trauma due to raid traffic accidents and fall from height
[1]. Pelvic fractures are frequently associated with other compli-
cations, such as hemorrhagic shock, craniocerebral injury, and
abdominal injury, with mortality ranging from 5 to 16% [2].
The current standard treatment for posterior pelvic ring
injury is sacroiliac joint cannulated lag screw fixation [3],
which is a method of internal fixation through the sacrum
and sacrum [4]. The posterior pelvic ring injuries are usually
located near the sacroiliac joint and are adjacent to important
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cannulated lag screw fixation, intraoperative C-arm fluoros-
copy should be repeatedly taken for positioning, and the radi-
ation exposure to both the patient and surgical staff is large
[6]. In addition, the obtained images are blurry and cannot
clearly show the anatomical structure around the sacroiliac
joint. Especially in the presence of anatomical variation, the
rate of screws malpositioning is increased [7].

It has been reported that the C-arm fluoroscopy-guided
sacroiliac screw placement has a malpositioning rate of 2 to
15% and an incidence of lumbosacral nerve and hip vascular
injuries of 7.7% [8]. The surgical treatment of posterior pelvic
ring injury is even more challenging for young surgeons. An
accurate and intuitive intraoperative fluoroscopy device is ur-
gently needed to assist the operation and improve the safety of
the operation.

The O-arm navigation system is a new generation of intra-
operative imaging platform providing real-time
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multidimensional images for surgeries [9]. The O-arm navi-
gation system has been adopted to assist surgeons in safe and
accurate screw placement for the internal fixation of pelvic
ring injuries [10, 11]. Merritt et al. have demonstrated that
the application of O-arm navigation system to assist the place-
ment of sacroiliac screw in the treatment of sacral fractures
can improve the accuracy of screw placement, shorten the
operation time, and reduce postoperative complications [9].
However, the studies on O-arm navigation system in the treat-
ment for pelvic ring injury are still limited [12, 13]. The pur-
pose of this study was to investigate the feasibility and safety
of the O-arm navigation system in sacroiliac screw placement
for the treatment of pelvic ring injury.

Methods
Study subjects

From January 2016 to July 2018, 40 patients with posterior
pelvic ring injury treated in our hospital were included. The
inclusion criteria were the following: (1) Denis classification
of sacrum fracture type 1 and type 2, (2) sacroiliac joint dis-
location (SIJ dislocation), (3) pelvic fracture tile classification
B or C, (4) Malgaigne fracture (i.e., fractures of unilateral rami
ischiopubicus or pubic symphysis, combined with extensive
fractures of the sacrum, sacroiliac joint, or sacrum). The ex-
clusion criteria included the following: (1) severe osteoporo-
sis; (2) poorly closed reduction; (3) congenital malformations;
(4) patients with severe underlying diseases, such as heart
disease or pulmonary insufficiency; (5) preoperative evalua-
tion of patients who cannot tolerate anesthesia. Of which, 19
patients undergoing O-arm navigation for screw placement
were designated as the O-arm group (n = 19), while patients
receiving C-arm fluoroscopy guidance were designated as the
C-arm group (n=21). This study was approved by the insti-
tutional review board of our hospital. Written informed con-
sent was obtained from each patient.

Preoperative preparation

All patients underwent routine preoperative examinations,
including electrocardiogram, blood routine test, and ab-
dominal B-ultrasound, as well as preoperative X-ray and
64-slice spiral CT examinations of the pelvis to fully eval-
uate the pelvic ring injury and pelvic anatomic variations.
Patients with hip dislocation received emergency hip re-
duction first. For patients with displaced sacroiliac joint
dislocations/patella fractures, bone traction was required.
Before surgery, the surgeon explained the different fea-
tures of O-arm navigation system— and traditional C-
arm-—assisted surgeries to the patients and their families.
The patients and their families chose the surgical method
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according to their own willingness. Surgery was per-
formed by the same group of patients in both groups.

Surgical methods

For the O-arm navigation, the patient was placed in the supine
position under general anesthesia. The anterior superior iliac
spine on the affected side was identified, and a 0.5-cm incision
was made. The subcutaneous tissue was bluntly separated
until the anterior superior iliac bone. The referencing frame
of the tracer was inserted, and the binocular infrared camera
was adjusted to ensure that the reflection ball of the tracer
within its camera receiving area. The O-arm 2D scan mode
was used to take the front and side radiographs and confirmed
that the affected sacroiliac joint and the surrounding structure
of S1/S2 were in the middle of the O-arm screen. The surgical
navigation equipment was connected to perform a 360° scan.
The 3D reconstruction was automatically completed and
transmitted to the Medtronic navigation device to complete
the registration process. The tip of the instrument was used
to contact the anterior superior iliac spine or pubic symphysis
to verify the accuracy of the instrument corresponding to the
actual anatomical structures and to prevent image drift. A 1—
1.5-cm incision was made, and the subcutaneous tissue was
bluntly separated until the lateral bone surface of the sacrum.
The position of the virtual guide needle on the coronal, sagit-
tal, and cross section of the target segment was observed on
the screen. After selecting a proper position of the guide
needle, the sacroiliac screw was inserted. Then, another
3D scan was performed to check whether the position and
length of the screw are appropriate to ensure accurate screw
placement. The poorly located screws should be identified
in time and revised.

For the C-arm fluoroscopy, the patient was placed in
the supine position under general anesthesia. The C-arm
was placed on the healthy side; the anteroposterior (AP)
pelvis radiograph, the standard lateral pelvic radiograph,
the inlet pelvis radiograph, and the outlet pelvis radio-
graph were taken; and the tilt angles of the C-arm during
radiographing were recorded. Under the C-arm fluorosco-
py, the incision was selected based on the surgeon’s ex-
perience, combined with the patient’s body surface marks,
anterior superior iliac spine, and iliac spine. The subcuta-
neous tissue was bluntly separated to exposes the lateral
bone surface of the patella. The insertion point was about
2 cm below the intersection of the vertical line of the
anterior superior iliac spine and axis of the femoral shaft.
The guide needle was implanted under perspective. After
confirming that there was no perforation, the screw was
implanted. Finally, the AP and lateral pelvic radiographs
were taken again to check if the screw position and length
was appropriate.
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Postoperative management

In both groups, an aerodynamic pump was applied to the
affected limb to prevent deep vein thrombosis of the lower
extremity. X-ray films and CT were taken 3 days after the
operation. On the 1st day after the operation, the hip joint of
the affected limb was moved and supplemented with massage
to further prevent deep vein thrombosis of the lower extrem-
ity. The postoperative landing time and timing for functional
exercises were determined based on the degree of injury and
bone quality of patients after surgery.

Patients with good bone quality and posterior pelvic ring
injury on the same side can stand with the aid of a walker
2 weeks after surgery, and the healthy limb can be fully
weight-bearing. Partial weight bearing can be performed on
the affected limb from 1 to 1.5 months, and complete weight-
bearing could be considered depending on the fracture healing
status at 3 months postoperation.

For patients with bilateral unstable posterior ring fractures/
dislocations, X-rays or CT examinations should be performed
at 3 months after surgery to assess fracture healing and
weight-bearing can only be performed after fracture healing.
After the posterior pelvic ring injury has completely healed,
the sacroiliac screw generally does not need to be removed.

Evaluation of outcome of screw placement

In the O-arm group, immediately after the screw place-
ment was completed, the 3D scanning was performed in
the O-arm 3D scanning mode, and the sacroiliac joint
screw position was evaluated using the Richter method
[5] as follows: excellent, the screw was completely locat-
ed in the pedicle of the sacral pedicle; good, the screw
only penetrated out of the cortex of the sacral pedicle (no
more than one-fourth of the screw diameter); and poor,
the screw clearly penetrates the sacral pedicle (more than
one-fourth of the screw diameter). Screws with a poor
grade were considered to be malpositioned screws, and
all were revised intraoperatively.

In the C-arm group: three-dimensional (3D) CT scan was
used to evaluate sacroiliac screw placement: Siemens 64-row
spiral CT thin-layer scan and 3D reconstruction were used for
evaluation and were independently evaluated by three radiol-
ogists. The screw position was also evaluated by the Richter
method [5].

Evaluation of reduction quality by the Matta score

Fracture reduction quality was assessed by Matta’s radiolog-
ical score [14] as follows: excellent, anatomical reduction
(shift <1 mm); good, satisfactory reduction (shift <3 mm);
and poor, unsatisfactory reduction (shift >3 mm). In the O-
arm group, following the screw placement, the reduction

quality can be evaluated after the 3D scanning. In the C-arm
group, 3D CT scans were performed 3 days postoperation for
evaluation of reduction quality.

Functional evaluation

The pelvis function was evaluated by the Majeed pelvic score
[15] before surgery, 1 month after surgery, and 3 months after
surgery. Majeed functional scoring system consists of several
questions in seven items, including pain (30 points), standing
(36 points), sitting (10 points), working ability (20 points),
and sexual function (4 points), which make up the total score
ranging from 0 to 100. The Majeed pelvic score of 85 to 100
points was defined as “excellent,” 70 to 84 was defined as
“good,” 55 to 69 points was defined as “normal,” and 54
points and below was defined as “bad.”

Statistical analysis

Continuous data were indicated with mean + standard devia-
tion (SD). For the comparisons between two groups, the
Student independent ¢ test and paired ¢ test were used for
independent and repeated measurements, respectively. Two-
way mixed design ANOVA was used to test the overall sig-
nificance of results at preoperative, 1 month, and 3 months
after operation in both groups. A P<0.05 would be recog-
nized as reaching the significance of each test, two-tailed. All
analyses were performed using IBM SPSS Version 25 (SPSS
Statistics V25, IBM Corporation, Somers, New Y ork).

Results
Patients’ demographic and clinical characteristics

A total of 40 patients with posterior pelvic ring injury (mean
age=30.75=+14.99 years, 25 males, 15 females) were includ-
ed, 19 patients underwent O-arm navigation for screw place-
ment while the other 21 received C-arm fluoroscopy guidance
for sacroiliac screw placement. The causes of injury included
traffic accidents (n=21, 52.50%), falling (n =14, 35.00%),
and injured by crashing objects (n=15, 12.50%). As for the
fracture pattern, 31 (77.50%) were categorized into Tile clas-
sification B and 9 (22.50%) cases were Tile classification C.
The mean duration from injury to surgery was 30.75 £
14.99 days. Patients” demographic and clinical characteristics
were summarized in Table 1. There was no significant differ-
ence in all characteristics above between the O-arm group and
the C-arm group (all P> 0.05), indicating well comparability
between the two groups.
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Table 1 Patients demographic and clinical characteristics
Parameters O-arm navigation (n=19) C-arm (n=21) All (n=40) tx* P
Age (year) 30.15+£16.23 31.30+14.18 30.75+14.99 0.242 0.810
Sex 0.007 0.935
Male 12 (63.16) 13 (61.90) 25 (62.50)
Female 7 (36.84) 8 (38.10) 15 (37.50)
Cause 0.436 0.804
Traffic accident 11 (57.89) 10 (47.62) 21 (52.50)
Falling 6(31.58) 8 (38.10) 14 (35.00)
Injured by crashing object 2(10.53) 3(14.29) 5(12.50)
Fracture tiles 0.044 1.000
B 15 (78.95) 16 (76.19) 31 (77.50)
C 4 (21.05) 5(23.81) 9 (22.50)
Time from injured to surgery (day) 7.60+4.57 7.20+5.10 7.39+4.79 0.264 0.794

Intraoperative findings

The mean surgery time was significantly shorter in the O-arm
group than in the C-arm group (33.19+3.14 vs. 48.35+
4.38 min, P <0.001; Table 2). However, there was no signif-
icant difference in the intraoperative bleeding between the two
groups (P =10.589; Table 2).

Postoperative results
As shown in Table 2, the overall outcome of screw placement
was significantly different between the two groups (P =

0.037). The overall good outcome (excellent + good) rate of
screw placement was significantly higher in the O-arm group

Table 2  Patient’s intraoperative information and postoperative results

(than in the C-arm group (95.45% vs. 73.91%, P <0.05).
Fracture reduction quality was assessed by Matta’s radiolog-
ical score. The result showed that the excellent + good rate
was not significantly different between the O-arm group
(94.74%) and the C-arm group (95.24%).

The outcome of complex pelvic fracture treatment was
evaluated by Majeed Functional score. In the intragroup com-
parisons of both groups, the Majeed Functional score was
significantly improved at 1 month and 3 months postoperation
as compared with the results in preoperation (all P<0.05;
Table 2; Fig. 1). As for the intergroup comparison, the O-
arm group had a significantly higher Majeed Functional score
than the C-arm group at 1 month and 3 months postoperation
(both P<0.05).

Parameters O-arm navigation (n=19) C-arm (n=21) All (n=40) 2 P
Surgery time (min) 33.19+3.14 48.35+4.38 41.15+£3.79 12.622 <0.001
Intraoperative bleeding (ml) 19.00+5.26 20.00+6.36 19.53+5.79 0.546 0.589
Outcomes of screw placement™ 6.605 0.037
Excellent 17 (77.27) 10 (43.48) 27 (60.00)
Good 4 (18.18) 7 (30.43) 11 (24.44)
Poor 1 (4.55) 6 (26.09) 7 (15.56)
Matta’s radiological outcome grade 0.427 0.808
Excellent 10 (52.63) 9 (42.86) 19 (47.50)
Good 8 (42.11) 11 (52.38) 19 (47.50)
Poor 1(5.26) 1 (4.76) 2 (5.00)
Majeed score
Preoperative 37.19+£4.54 38.43+4.19 37.84+£4.30 0.910 0.368
1 month 73.79+5.18 62.36+5.03 67.79+£5.04 7.169 <0.001
3 months 90.12+9.51 81.31+7.08 85.49+8.21 3.388 0.002

*There were 22 and 23 screws being placed in O-arm with navigation group and C-arm group, respectively
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Fig. 1 The mean plot of the patient’s Majeed score at preoperation,
1 month, and 3 months after operation in both the O-arm and C-arm
groups

Classic case

A 29-year-old female patient was admitted 1 h after a car
accident. The diagnosis was a right sacral fracture and bilateral
upper and lower limb fractures of the pubis (C1-3 type).
Figure 2 indicates the preoperative X-ray (Fig. 2a) and CT
(Fig. 2b). Intraoperative O-arm navigation was performed
(Fig. 2c¢), and the 3D scan showed a good screw position
during operation (Fig. 2d). Postoperative CT (Fig. 2e) and
X-ray (Fig. 2f) showed that the screws were in good position
after the operation. The patient’s pelvic function recovered
well 3 months after operation (Fig. 2g).

Discussion

Compared with conventional intraoperative C-arm fluorosco-
py navigation, the O-arm navigation system often requires less
operative time [16]. The O-arm navigation system used in this
study is composed of O-arm surgical fluoroscopy, display
image system, and Medtronic surgical navigation system. It
can complete high-quality image acquisition, 3D reconstruc-
tion, and transmission process within 60 s, and the scanned
data can be directly transferred to the navigation computer for
automatic matching and registration, which markedly sim-
plifies the tedious registration procedure in other conventional
computer-assisted navigation systems, such as preoperative
CT navigation, intraoperative two-dimensional C-arm naviga-
tion, and intraoperative isocentric C-arm 3-dimensional navi-
gation [17], thus further shortening the operation time. In this
study, we found that the mean operation time was significant-
ly shorter in the O-arm group than in the C-arm group. The
main reason is that the O-arm navigation system can intraop-
eratively acquire high-quality images within only 13 s and
complete the 3D reconstruction within 30 s. The registration
is automatically completed after connecting to the Medtronic
navigation system. After the image transmission, the relative

positional relationship between the surgical instrument and
the important anatomical structures (such as sacral pedicle,
spinal canal, anterior iliac foramen, vertebral body) can be
directly displayed. This allows the operation to be performed
“under direct view,” and repeated fluoroscopy guidance is
unneeded, avoiding inducing damages to important nerves,
blood vessels, and other physiological anatomical structures,
thereby shortening the screw placement time, improving the
accuracy of screw placement, and reducing complications.

It has been shown that O-arm navigation system can im-
prove the accuracy of iliosacral screw placement and reduc-
tion of screw malposition [3, 18]. In addition, O-arm naviga-
tion system has been shown to reduce the rate of screw mal-
position for less experienced surgeons [19, 20]. Supporting
these findings, our results found that in the O-arm group, the
overall good outcome rate (excellent + good) of sacroiliac
screws placement was 95.45%. There were no cannulated
lag screws penetrating the sacral pedicle or the cortex of the
sacral vertebra into the sacral canal or pelvis. In the C-arm
group, the overall good outcome rate of screw placement
was 73.91%, which was significantly lower than that of the
O-arm group. In the C-arm group, 6 patients (26.09%) had
poor screw placement, as the poor screw placement could be
identified only by postoperative 3D CT scan. By contrast, the
O-arm group had only one case (4.55%) of poor screw place-
ment, and the case should be attributed to that the surgical
assistant accidentally hit the referencing frame, leading to im-
age drift and then screws malposition. Maintaining stability of
referencing frame and patient position during operation are
important prerequisites for accurate screw placement of O-
arm navigation. The loose or displacement of the referencing
frame or the change of the patient’s pelvic position will cause
the image drift, resulting in screw malposition.

O-arm combined with the Medtronic navigation system
can achieve highly visualizable screw placement in a real-
time manner, avoiding the inaccuracies caused by anatomical
variations or variations in the surgeon’s hand feeling based on
traditional C-arm positioning. This result suggested that in the
sacroiliac screw placement, the intraoperative O-arm naviga-
tion system is more accurate than the C-arm navigation. The
O-arm navigation system can intraoperatively re-perform a
3D scan of the surgical site immediately after completing
screw placement, and the malpositioned screws can be revised
or removed in time to avoid reoperation.

In both groups of this study, the volume of intraopera-
tive bleeding ranged from 11 approximately to 25 mL,
and no significant difference was observed between the
two groups. The surgical procedures of both groups
belonged to closed screw placement, the surgical incisions
were about 1 cm, and the percutaneous implantation re-
duces the damage to the muscles, the nerves, and the
ligaments around the sacroiliac joint. The amounts of in-
traoperative bleeding of both groups were relatively small,
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Fig. 2 a Preoperative X-ray
showed: (1) the right sacral
fracture and (2) bilateral upper
and lower limb fractures of the
pubis. b Preoperative CT scan
showed: (1) the right sacral
fracture and (2) bilateral upper
and lower limb fractures of the
pubis. ¢ Implantation of the guide
pin in O-arm navigation during
operation. d O-arm 3D scan
showed a good screw position
during operation. e Postoperative
CT showed the good position of
the screw. f The X-ray showed
that the screws were in good
position after the operation. g
Three months after surgery,
pelvic function recovered well

meeting the standard of minimally invasive surgery. As
for the postoperative complications, no obvious neurolog-
ical symptoms occurred in the O-arm group, whereas 2
cases had numbness and predehydration in the left lower
extremity after surgery, which were resolved by symp-
tomatic treatments, such as hormone and nutritional nerve
treatment for 3 months. In the C-arm group, 3 patients
showed postoperative nerve root injury, and the symp-
toms improved significantly after 3—6 months of treat-
ment. One patient had screw displacement that required
removal and reinsertion. On the other hand, in most cases
with O-arm navigation system, screw placement can be

@ Springer

completed with a single scan, and the radiation exposure
to the surgeon and patient is low [21], further increasing
the safety of the operation.

Guo et al. have studied on pedicle screw implantation in
bovine lumbar spine specimens using the O-arm navigation
system and found that the movement of bovine spine speci-
mens and loose referencing frame may induce changes in the
relative position in the 3D images, causing screw malposition
[22]. Before each insertion of the guide needle, an intelligently
certified sleeve must be used to contact body surface land-
marks, such as the anterior superior iliac spine or the pubic
symphysis, to verify whether the navigation image indeed
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corresponds to the actual anatomical landmark and determine
whether rescan is needed based on surgeon’s clinical experi-
ence and anatomy knowledge. In addition, the referencing
frame should be fixed as close as possible to the operation
area (the needle entry point on the outside of the sacrum),
because the referencing frame too far away from the operation
area will also cause image drift. A study on O-arm navigation
system—assisted spinal pedicle screw placement has revealed
that the referencing frame too far from the vertebral body of
the target segment will increase the risk of pedicle perforation
[23]. Placing the infrared camera system on the healthy side
can reduce the smart infrared camera system from being
blocked by front objects and reduce the number of times to
adjust the navigation position to find the signal of the reflec-
tion ball, thus effectively shortening the operation time. In this
study, the O-arm group had a significantly higher Majeed
Functional score than the C-arm group at 1 month and
3 months postoperation, implying a better postoperative func-
tional recovery in the O-arm navigation system for the sacro-
iliac screw placement as compared with the C-arm fluorosco-
py guidance.

The 3D scanning of the O-arm navigation system has a
higher dose of radiation exposure than ordinary X-ray fluo-
roscopy [24]. To minimize the radiation dose in the O-arm
system, Su et al. have reported that the fluoroscopy dose of
the O-arm for pediatric can be reduced by larger than 75%
without impacting the image quality to guide the screw place-
ment and the accuracy of screw placement [25]. Kassis et al.
have proposed a protocol of combining pedicle screw stimu-
lation with spinal navigation to reduce radiation exposure in
thoracolumbar spine instrumentation [26]. After screw place-
ment, the pedicle screw-induced electromyography can be
used to determine the screw position. If there are no abnor-
malities in the electromyography, O-arm 3D scanning is not
required after screw placement.

There are still some limitations of this study. First, the
doctor’s learning curve may have some impact on the results.
In addition, the sample size of this study was small, and the
follow-up duration was short. Moreover, we did not measure
the exact radiation exposure of the O-arm navigation and C-
arm fluoroscopy in this study. All these limitations should be
addressed in the future. A well-designed prospective trial
should be conducted to verify the findings of the current
study.

Conclusions

In summary, our results demonstrated that compared with
conventional C-arm fluoroscopy, O-arm navigation can effec-
tively improve the accuracy and safety of sacroiliac screw
placement, shorten the operation time, and provide reliable
internal fixation, meeting the concepts of minimally invasive

medical and precision medicine and helping rapid postopera-
tive functional recovery.
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