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Objectives: To analyze the curative effect of TiRobot surgical robotic navigation and location system-assisted percuta-
neous sacroiliac screw fixation and percutaneous sacroiliac screw by traditional fluoroscopy, and to summarize the
safety and benefits of TiRobot.

Methods: A total of 91 patients with pelvic posterior ring fractures from December 2015 to February 2018 were
included in this study. According to the surgical methods selected by the patients, the patients were divided into a
TiRobot surgical robotic navigation and location system group (TiRobot group) and a percutaneous sacroiliac screw fix-
ation group (traditional group). Statistical indicators included the number of sacroiliac screws, the time of planning the
sacroiliac screw path, fluoroscopy frequency, fluoroscopy time, operation time, length of incision, blood loss, anesthe-
sia time, the healing process of skin incisions, and fracture healing time. Fracture reduction was evaluated according
to the maximum displacement degree at the inlet and outlet view X-ray or CT. Matta standard was used to evaluate
fracture reduction. At the last follow-up, the Majeed function system was used to evaluate the function.

Results: All patients were followed up for 8 to 32 months. A total of 66 sacroiliac screws were implanted in the
TiRobot group. A total of 43 sacroiliac screws were implanted in the traditional group. There were statistically signifi-
cant differences in terms of fluoroscopy frequency, fluoroscopy time, operation time, incision length, anesthesia time,
and blood loss between the two groups; the TiRobot group was superior to the traditional group. The healing time of
the TiRobot group and the traditional group was 4.61 � 0.68 months (range, 3.5–6.3 months) and 4.56 �
0.78 months (range, 3.4–6.2 months), respectively, and there was no statistical difference. Postoperatively, by Matta
standard, the overall excellent and good rate of fracture reduction was 89.28% and 88.57%, respectively. At the last
follow-up, by Majeed function score, the overall excellent and good rate was 91.07% and 91.43%. There was no statis-
tical difference between the two groups.

Conclusion: Sacroiliac screw implantation assisted by TiRobot to treat the posterior pelvic ring fractures has the char-
acteristics of less trauma, shorter operation time, and less blood loss. TiRobot has the characteristics of high safety
and accuracy and has great clinical application value.
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Introduction

Pelvic injuries are mostly caused by high-energy injuries.
Davarinos (2012) found that traffic injuries account for

72.4% and high-fall injuries account for 27.6% of pelvic inju-
ries1. Unstable pelvic fractures are associated with multiple
injuries and hemodynamic instability, with a death rate of
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21.4%2–4. The incidence of unstable posterior pelvic ring
injury was 17%–30%5. After the rescue treatment, the surgi-
cal treatment had a significant effect on the functional recov-
ery of pelvic fracture patients6. However, pelvic fractures are
difficult to treat. Poor reduction and malunion are common
complications, and may lead to pain, claudication, discrep-
ancy in limb length, and other malformations; if nerve dam-
age occurs, the consequences are serious7–12. Effective
fixation of the pelvic posterior ring injury can restore the
integrity and biomechanical stability of the pelvic ring, as
well as facilitate the treatment of other injured parts. How-
ever, reasonable surgical methods should be selected for dif-
ferent types of pelvic fractures13. Previous surgical methods
involved techniques using sacrum rods, anterior plates, pos-
terior plates, and sacroiliac screws6,14–21. The sacrum bar is
largely disused due to its poor biomechanics14. Anatomic
reduction can be achieved using an anterior plate under
direct vision, but the trauma is large, the risk of infection is
high, and the nerves are at higher risk of injury15. At the
same time, because of the narrow fixation area of the medial
sacral wing, only one screw can be fixed, the strength is poor,
and the patient cannot bear a load early. The biomechanical
stability of the posterior plate fixation is worse than that of
the spinal internal fixation system, and there is considerable
trauma and bleeding. As a result of the above reasons, the
clinical application of anterior and posterior plates is less fre-
quent at present10,12,15,22.

At present, percutaneous sacroiliac screw fixation has
become the optimal surgical method for the treatment of pelvic
posterior ring fractures due to its advantage of little inva-
sion19,23. However, because of the complex structure, including
the involvement of important blood vessels and nerves of the
sacroiliac joint and sacrum, percutaneous sacroiliac screw fixa-
tion has the risk of frequent X-rays, great radiation exposure,
long operation time, high screw position error rate, and even
nerve injury10,11,24. Determining how to treat pelvic fractures
effectively in a minimally invasive fashion is the difficulty and
the emphasis of current research11,20. The era of robot-assisted
artificial intelligence surgery has been entered. Computer-
assisted orthopaedic surgery (CAOS) has been widely used in
joint surgery, spine surgery, and orthopaedic trauma surgery.
Therefore, the author retrospectively analyzed the data of
patients with posterior pelvic ring fractures and dislocations
who were treated with sacroiliac screw implantation assisted by
the TiRobot surgical robotic navigation and location system,
and compared the data with that of traditional percutaneous
sacroiliac screw fixation. The aim of this study is to (i) analyze
the safety and benefits of the technique; (ii) propose matters
needing attention; and (iii) summarize the existing problems
and the possible direction for further improvement.

Materials and Methods

Inclusion and Exclusion Criteria
Inclusion criteria: (i) patients with pelvic posterior ring frac-
ture (sacral fracture and sacroiliac joint fracture

dislocations); (ii) patients who were treated with the fixation
method assisted by the TiRobot surgical robotic navigation
and location system or percutaneous sacroiliac screw fixation
without TiRobot; (iii) the main evaluation indicators include
number of sacroiliac screws, the time of planning the sacroil-
iac screw path, fluoroscopy frequency, and fluoroscopy time;
and (iv) prospective study.

Exclusion criteria: (i) preoperative vital signs were
unstable and the time from injury to operation was more
than 3 weeks; (ii) the patient refused surgery; (iii) patients
with lower limb shaft fracture; (iv) patients with pre-injury
mobility dysfunction; (v) patients with central nervous sys-
tem disorders or mental disorders; and (vi) preoperative
imaging suggesting sacral dysmorphism.

Participants
Referring to inclusion and exclusion criteria, a total of
91 patients with pelvic fractures from December 2015 to
February 2018 were included in this study. All patients were
fully informed of their condition and treatment, and patients
chose the treatment plan and signed the operation consent.
According to the surgical method selected by the patient, the
patients were divided into the TiRobot surgical robotic naviga-
tion and location system group (TiRobot group) and the percu-
taneous sacroiliac screw fixation group (traditional group).
There were 56 patients in the TiRobot group and 35 patients in
the traditional group.

There were 32 females and 24 males in the TiRobot
group, and the age of these patients were range from 22 to
50 years. According to AO classification there were: 21 type B
cases and 35 type C cases. The mechanisms of injury were traf-
fic accident in 39 cases, falling down in 14 cases, and weight
crushing in 3 cases. There were 40 patients with combined
injury and 33 cases of shock at admission. The preoperative
time was 3–18 days. There were 21 women and 14 men in the
traditional group; the age of these patients ranged from 20 to
50 years. According to AO classification there were: 15 type B
cases and 20 type C cases. The mechanisms of injury were traf-
fic accident in 15 cases, falling down in 19 cases and weight
crushing in 1 case. There were 26 patients with combined injury
and 19 cases of shock at admission. The preoperative time was
4–14 days. This study was approved by the ethics committee.

Preoperative Preparation
The patients were treated according to the strategy of dam-
age control after admission. The femoral supracondylar bone
traction was performed in patients with pelvic vertical insta-
bility. To determine fracture type and displacement, preoper-
ative examinations were completed, including radiograph of
pelvis inlet view and outlet view, CT, and 3-D reconstruction
images. Patients with stable vital signs were treated with sur-
gery, blood was prepared before surgery, and antibiotics were
used 30 min before surgery to prevent infection. The
TiRobot surgical robotic navigation and location system is
the third generation of surgical robot by Beijing TINAVI
Medical Technologies. (Model: GD-2000, Beijing, China).
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The fluoroscopy equipment used was the Ziehm mobile C-
arm X-ray machine (Ziehm8000, Nuremberg, Germany).

Operation Method of Percutaneous Sacroiliac Screw
with TiRobot Assistance
The operation mode was uniform and standardized. General
anesthesia is administered and the patient lies on a traction
bed in dorsal position.

Device Connection and Skin Disinfection
The equipment was placed and connected; then the skin on
the pelvis was sterilized. The anterior superior iliac spine of
the opposite side should be exposed in the operative area.
The surgeon placed a tracer on the opposite side of the ante-
rior superior iliac spine. A sterile C-type arm sleeve was
placed on the mechanical arm and a positioning device was
connected.

Fluoroscopy
Then C-arm X-ray machine fluoroscopy is used for pelvis
inlet and outlet view, making sure all 10 markers on the
positioning device are clearly visible. The position and order
of all the markers were confirmed by X-ray at the inlet and
outlet view in the computer operating system.

Surgical Planning and Mechanical Arm Movement
Surgical planning was carried out based on the inlet and out-
let view to design the percutaneous sacroiliac screw point,
angle, and length. Method: Replace the positioning device
with the pilot sleeve and simulate the movement of the
manipulator arm in the computer operating system; after
confirming that the movement process and direction are cor-
rect, click “movement” on the operation interface of the
computer operating system; the manipulator arm moves the
pilot sleeve to the surface 3 cm away from the skin according
to the planned path, which is the percutaneous sacroiliac
screw entry point and angle.

Screw-setting
The surgeon made an incision approximately 1–2 cm long at
the location skin, separated the fascia and muscles, and
inserted the Kirschner wire along the pilot sleeve; the length
exceeded the midline of the sacrum. The surgeon measured
the length, inserted the sacroiliac screw along the Kirschner
wire, pulled out the Kirschner wire, and washed the incision
before suture. The screw position was confirmed by C-arm
X-ray machine.

Operation Method of Percutaneous Sacroiliac Screw
without TiRobot Assistance

Surgical Position and Anesthesia
The skin incision was marked approximately 1 cm below the
posterior superior iliac spine and 4–5 cm laterally. General
anesthesia is administered, with the patient lying on a trac-
tion bed in dorsal position.

Fluoroscopy and Insert Kirschner Wire
C-arm fluoroscopy to confirm the vertical displacement was
corrected; a small incision was made, which was approxi-
mately 2 cm long at the mark points. The fascia and muscles
were separated, before inserting the Kirschner wire, inclined
forward 30�–50� above the sacral foramina and the 1/3 in
sacral, slowly through the ilium and sacroiliac joint into the
S1 vertebral body.

Screw-setting
The sacroiliac screw was inserted after fluoroscopy to con-
firm the correct position of the guide needle, then the needle
was pulled out and rinsed after suture of incision.

Postoperative Management
Patients were provided symptomatic treatment, nutritional
support, infection prevention, and electrolyte balance. Review
was undertaken of the pelvic inlet and outlet X-ray or
CT. According to the actual situation of the patient, early
functional exercise is carried out under the guidance of the
Physiatrician. After the operation, the patient began isomet-
ric exercise of both lower limbs; 3–5 days after the operation,
the patient started to roll over in bed with the assistance of
family and practiced hip and knee flexion gradually. It is
important to pay attention to the prevention of
phlebothrombosis, pneumonia, pressure sores, and other
complications.

Main Outcome Measures
The main statistical indicators are shown as follows.

Time of Planning Sacroiliac Screw Path
In the TiRobot group, the time of planning the sacroiliac
screw path was from the beginning of fluoroscopy until the
time of mechanical arm movement to the correct direction
and insertion point. It represents the preparation time
required under the assistance of the TiRobot and also reflects
the proficiency of the operator in using the TiRobot.

Fluoroscopy Frequency
The number of intraoperative fluoroscopy images taken
includes the sum of the number of pelvic inlet position, the
outlet position, and the lateral position images. It can reflect
the proficiency and accuracy of the operator, as well as the
radiation exposure of the operator and the patient.

Fluoroscopy Time
The time of each intraoperative fluoroscopy was added,
including the fluoroscopy for preoperative positioning and
the fluoroscopy for verifying the correct position of the screw
placement after screw-setting. It can reflect the proficiency
and accuracy of the operator, as well as the radiation expo-
sure of the operator and the patient.
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Blood Loss
Blood loss is the sum of the amount of blood through the
suction apparatus and the bleeding volume at the gauzes.
Similar to the length of incision, it can reflect the extent of
the operation trauma.

Fracture Reduction Standard
Fracture reduction was evaluated according to the maximum
displacement degree at the inlet and outlet view for X-ray or
CT. Matta standard25 was adopted: displacement less than
4 mm was excellent, displacement 4–10 mm was good, dis-
placement 10–20 mm was general, and displacement greater
than 20 mm was poor.

Functional Recovery Standard
At the last follow-up, the Majeed function system was used
to evaluate the function from five aspects: pain, work, stand-
ing, sitting, and sexual life26. The full score was 100 points,
and score >85 points was excellent, 70–84 points was good,
55–69 points was general, and <55 points was poor.

Other indicators include the operation time, length of
incision, anesthesia time, the number of sacroiliac screws,
and the fracture healing time.

Statistical Method
All data were processed using SPSS 17.00 (SPSS, Chicago, IL,
USA). The measurement data includes fluoroscopy fre-
quency, fluoroscopy time, operation time, length of incision,
blood loss, anesthesia time, the healing process of skin inci-
sions, and fracture healing time; all of these were expressed
as (mean � standard deviation) and the t test was used to
compare the measurement data between the two groups. The
χ2 test or Fisher’s exact test were used for the comparison of
enumeration data, which includes the excellent and good
cases of the Matta score and the Majeed function system.
Significant level α = 0.05.

Results

General Results
All patients were followed up for 8 to 32 months. In the
TiRobot group, the age was 35.95 � 7.75 years (range,
22–50 years) and the preoperative time was 9.61 � 3.23 days
(range, 3–18 days). In the traditional group, the age was
35.68 � 8.37 years (range, 20–50 years) and the preoperative
time was 9.71 � 2.14 days (range, 4–14 days). There was no
statistical difference in general data between the two groups
(Table 1).

A total of 66 sacroiliac screws were implanted in the
TiRobot group and 43 sacroiliac screws were implanted in
the traditional group. The time for planning the sacroiliac
screw path was 6.71 � 4.19 min (range, 3–26 min), which
reflects the operator’s proficiency with the TiRobot.

Fluoroscopy Frequency
The fluoroscopy frequency was 8.49 � 2.37 (range, 4–15)
times in the TiRobot group and 18.67 � 4.18 (range, 11–26)
times in the traditional group. The t test value is 46.105 and
the P value is 0.000; there was statistically significant differ-
ence between the two groups (P < 0.05); the fluoroscopy fre-
quency in the TiRobot group was less than in the traditional
group. This means less radiation exposure for both the sur-
geon and the patient.

Fluoroscopy Time
The fluoroscopy time was 5.88 � 1.29 min (range, 3.3–-
8.2 min) in the TiRobot group and 11.05 � 2.98 min (range,
5.9–17.3 min) in the traditional group. The t test value is
28.384 and the P value is 0.000; there was statistically signifi-
cant difference between the two groups (P < 0.05); the fluo-
roscopy time was less in the TiRobot group than in the
traditional group. As well as the fluoroscopy frequency, it
means less radiation exposure for both the surgeon and the
patient.

Operation Time
The operation time was 33.25 � 6.46 min (range,
19–51 min) in the TiRobot group and 63.55 � 6.62 min
(range, 50–83 min) in the traditional group. The t test value
is 25.707 and the P value is 0.000; there was statistically sig-
nificant difference between the two groups (P < 0.05) and
the operation time was shorter in the TiRobot group than in
the traditional group.

Length of Incision
The length of incision was 1.49 � 0.21 cm (range,
1.0–1.9 cm) in the TiRobot group and 2.22 � 0.49 cm
(range, 1.5–3.6 cm) in the traditional group. The t test value
is 11.802 and the P value is 0.000; there was statistically sig-
nificant difference between the two groups (P < 0.05) and
the length of incision was shorter in the TiRobot group than
in the traditional group. This suggests less damage to
patients and less risk of infection.

Blood Loss
The blood loss was 33.89 � 16.4 mL (range, 15–80 mL) in
the TiRobot group and 43.04 � 12.34 mL (range, 30–80 mL)
in the traditional group. The t test value is 17.356 and the
P value is 0.000; there was statistically significant difference
between the two groups (P < 0.05) and the blood loss was
lower in the TiRobot group than in the traditional group. As
well as the length of incision, this suggests less damage to
patients and the use of TiRobot being more conducive to
postoperative recovery.

Anesthesia Time
The anesthesia time was 43.54 � 6.69 min (range,
30–60 min) in the TiRobot group and 75.18 � 6.87 min
(range, 30–80 min) in the traditional group. The t test value
is 164.522 and the P value is 0.000; there was statistically
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significant difference between the two groups (P < 0.05) and
the anesthesia time was shorter in the TiRobot group than in
the traditional group. This suggests that the risk is lower and
recovery may be faster.

Wound and Fracture Healing Results
The wounds healed well in both groups. All the sacroiliac
screw positions were satisfactory in the TiRobot group. Post-
operative CT indicated that 1 case had been cut by the screw
in the sacral canal in the traditional group, but no neurologi-
cal damage had occurred.

All fractures in both groups healed well; the healing
time of the TiRobot group and the traditional group was
4.61 � 0.68 months (range, 3.5–6.3 months) and 4.56 �
0.78 months (range, 3.4–6.2 months). The t test value is
0.629 and the P value is 0.530; there was no statistical differ-
ence (P > 0.05) (Table 2).

Matta Standard Results
Matta standard: There were 48 excellent cases (Figs 1 and 2),
2 good cases (Fig. 3), 6 general cases, and 0 poor cases in the
TiRobot group; the overall excellent and good rate was
89.28%. There were 28 excellent cases, 3 good cases, 4 general
cases, and 0 poor cases in the traditional group; the overall
excellent and good rate was 88.57%. There was no statistical
difference between the two groups.

Majeed Function Score Results
At the last follow-up, there were 49 excellent cases, 2 good
cases, 5 general cases, and 0 poor cases in the TiRobot group;
the overall excellent and good rate was 91.07%. There were
30 excellent cases, 2 good cases, 3 general cases, and 0 poor
cases in the traditional group; the overall excellent and good

rate was 91.43%. There was no statistical difference between
the two groups (Table 3).

Discussion

The Advantages of TiRobot Over Traditional Surgical
Techniques
Biomechanical studies confirmed that the stability of the
anterior and posterior pelvic rings accounted for 40% and
60%27–30. The stability of the posterior pelvic ring is
maintained by the sacroiliac joint complex, which is com-
posed of the bilateral ilium, the sacrum, the sacroiliac joint,
and the surrounding ligaments; it also plays an important
role in the stability of the pelvic ring21. With the develop-
ment of minimally invasive surgery, imaging equipment and
technology, sacroiliac screw fixation is the most commonly
used method for the treatment of posterior pelvic ring inju-
ries due to its central fixation and stable biomechanical
properties19,31–34. Iorio et al.7 believed that percutaneous
sacroiliac screw internal fixation was suitable for the treat-
ment of unstable posterior pelvic ring injuries, sacral frac-
tures, sacroiliac joint fractures, and dislocation. It has the
advantages of less surgical trauma, shorter operation time,
fewer complications, faster recovery, and satisfactory curative
effect. However, due to the special anatomical structure of
the posterior pelvic ring and the numerous influencing fac-
tors during C-arm fluoroscopy, repeated fluoroscopy is often
required to confirm the anatomical structure and screw posi-
tion35; there is risk of great radiation exposure, long opera-
tion times, a high screw position error rate, and even nerve
injury10,11,31,33. Factors such as the size of the patient and
intestinal contents also affect the results36,37. There is often
variation in the sacrum, with a reported rate of 20%, which
can also lead to screw misalignment. Gautier et al.38 reported

TABLE 1 Comparison of the general data between the two groups

Variables Cases Age/yr.
Male/Female

(case)
Preoperative

time (d)
Type

(B/C) (case)
Combined
injury (case)

Shock
(case)

TiRobot group 56 35.95 � 7.75* 32/24 9.61 � 3.23* 21/35 40 33
Traditional
group

35 35.68 � 8.37* 21/14 9.71 � 2.14* 15/20 26 19

t 0.909 0.072 0.544 0.259 0.088 0.190
P 0.364 0.788 0.587 0.611 0.766 0.663

Note:* , mean � standard deviation

TABLE 2 Comparison of intraoperative and postoperative results between the two groups (mean � standard deviation)

Variables Cases
Fluoroscopy
frequency

Fluoroscopy
time (min)

Operation
time (min)

Length of
incision (min)

Anesthesia
time (min)

Blood
loss (mL)

Fracture heal-
ing time (m)

TiRobot group 56 8.49 � 2.37 5.88 � 1.29 33.25 � 6.46 1.49 � 0.21 43.54 � 6.69 33.89 � 16.4 4.61 � 0.68
Traditional group 35 18.67 � 4.18 11.05 � 2.98 63.55 � 6.62 2.22 � 0.49 75.18 � 6.87 43.04 � 12.34 4.56 � 0.78
t 46.105 28.384 25.707 11.802 164.522 17.356 0.629
P 0.000 0.000 0.000 0.000 0.000 0.000 0.530
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that the failure rate of sacroiliac screw implantation was 2%–
13%. Ecker et al.39 believed that preoperative determination
of the nail entry point and angle was conducive to increasing
the accuracy of the percutaneous sacroiliac screw, shortening
the operation time, and minimizing the radiation exposure
of patients and operators through cadavers’ studies. Studies
have reported that both CT and C-arm X-ray machine-
guided placement of sacroiliac screws require repeated fluo-
roscopy, but CT further improved the accuracy of screw
position40.

The core difficulty of traditional surgery lies in the lim-
itations of the operator’s field of vision and operation; surgi-
cal injury is inevitable. Due to the great difficulty and danger
of surgery, the surgeon cannot see the internal structure, and
cannot obtain real-time 3D images of the surgical site during
the operation, so there is a high risk of injury the surround-
ing tissue. Therefore, navigation technology has developed
rapidly in orthopaedics in recent years to overcome the
above disadvantages as far as possible41–43. However, the
principle of navigation technology is to confirm the position
of navigation tools by using the 2D images of multiple planes
obtained during the operation, which have no 3D aspect and
cannot be observed dynamically. In addition, there are many
instruments and there is a lot of equipment in the navigation
system, the operation is complex, and the cost is high.

However, 3D navigation technology overcomes these short-
comings. It can not only achieve 3D imaging and real-time
imaging intraoperatively but also provides higher image
quality and greater accuracy of screw placement42,44. After
analyzing the data of 2D and 3D navigation screw implanta-
tion in sacroiliac screws from four medical centers, Thakkar
et al.42 concluded that 3D navigation has obvious advantages
in reducing the incidence of radiation dose exposure and the
screw dislocation rate, improving accuracy45. At present, the
navigation system is a photoelectric navigation system. Its
advantages are conformed to suit doctors’ surgical habits, but
doctors are still required to complete the operation by hand,
so instability and imprecision of manual operation remain
factors. Supported by the continuous development of science
and technology, the concept of precision medicine and the
technology of minimally invasive surgery continue to
develop46,47; surgery has entered the era of robot-assisted
artificial intelligence surgery.

The TiRobot surgical robotic navigation and location
system is the third generation of surgical robot by Beijing
TINAVI Medical Technologies, which is the latest generation
of orthopaedic surgery robot systems independently devel-
oped in China and recognized internationally. The system
adopts modular, miniaturization, and generalized design;
positioning is accomplished through spatial mapping,

A B C

D E F

Fig. 1 The patient was a 42-year-old man. Preoperative pelvic X-ray (A) showed both pubic rami fracture and acetabular fracture, left acetabular

dysplasia, the femoral neck, which is shorter than the contralateral, and the sacral fracture, which involves the sacral foramen. Preoperative CT (B,

C) showed sacral fracture involving the sacral foramen and canal, and the bone fragment was displaced into the sacral canal. The postoperative X-ray

(D) and CT (E, F) showed that the sacroiliac screw position is good and the bone fragment had been removed.
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surgical planning, and motion navigation. With the charac-
teristics of being minimally invasive, precise, intelligent, and
stable, its indication has been extended to spine surgery.

Compared with the traditional navigation system,
TiRobot has the following differences. The first is that
TiRobot can not only observe the change of the screw posi-
tion in the sacrum bone in real time during the needle inser-
tion process, but also timely observe the screw position
deviation and prompt the surgeon to make adjustments,
which has the ability of real-time correction of screw posi-
tion deviation in bone. The second is that the nailing path
planning is carried out from the top according to the
obtained image reconstructed by computer. TiRobot has the
real-time tracking function of an optical tracking system,
which can monitor the movement of patients in real time
through spatial positioning, and calculate the direction and
size of the movement. Not only the injection point and
direction can be adjusted in real time but also the length of
the screw can be measured. The third is that the traditional
navigation system requires manual nailing, and the

operator’s action control force is affected by many factors;
the repeatability and stability error cannot be controlled.

In addition, TiRobot completes the path planning.
Moving to the nail into position is a six-axis, highly stable
robotic arm; it realizes the navigation path and the surgeon
does not need to look for the insertion point and angle;
the error of traditional artificial nail placement is effectively
avoided, and the accuracy and stability are greatly
improved.

Finally, if the screw position is not satisfactory,
TiRobot can be returned to the programming interface for
path planning, without the need to collect images again.

Surgical Efficacy and Safety Analysis of TiRobot
In this study, there was no statistical difference in baseline
data between the two groups. Because pelvic fractures are
often combined with more injuries2–4, in terms of the timing
of surgery, theoretically, the earlier the surgical reduction is,
the easier it is. However, the earlier the operation is, the
more bleeding there is and the greater the surgical risk.

A B C

D E F

Fig. 2 The patient was a 22-year-old man, with a pelvic fracture caused by falling down. Preoperative pelvic X-ray (A) showed both pubic rami fracture

and sacral fracture, and the left sacroiliac joint dislocation. Preoperative CT (B, C) showed sacral fracture involving the sacral foramen and canal, and

the left sacroiliac joint dislocation. Intraoperative X-ray (D, E) showed the sacroiliac screw implantation assisted by TiRobot. The postoperative CT (F,

G) showed that the sacroiliac screw position is excellent.
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Connor et al.48 believe that surgery is best performed within
1 week after injury. Percutaneous sacroiliac screw fixation
can be performed after the hemodynamic stability of patients
48–72 h after injury due to its small incision trauma and
bleeding. Early reduction and fixation are conducive to

recovery. In this study, the earliest operation time was
advanced to 3–4 days after injury, which is basically consis-
tent with the reports in the literature.

The fluoroscopy frequency and the fluoroscopy time of
the TiRobot group is significantly shorter than that of the

A B C

FED

G H

Fig. 3 The patient was a 53-year-old man, pelvic fracture caused by heavy objects squeezing, concomitant hemorrhagic shock, left clavicle fracture,

right humerus surgical neck comminuted fracture, flail chest, bilateral multiple rib fractures, and lung and kidney contusion. Preoperative pelvic X-ray

(A) and CT (B, C) showed that the right acetabular fracture, sacral fracture. Intraoperative X-ray (D, E) showed the sacroiliac screw implantation

assisted by TiRobot. The postoperative CT (F, G, H) showed that the sacroiliac screw position is good.
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traditional group. The traditional group requires repeated
fluoroscopy during the operation to confirm the correct
position. The results of this study are consistent with the
results reported in other studies49. Compared with
Wang50, who reported the time of sacroiliac screw under
the navigation system, the TiRobot operation time is
shorter; this may be associated with the reduced time for
3D scanning reconstruction. Once TiRobot gains excellent
positioning images, it can be used as planning navigation
image until a satisfactory planning path is obtained. Even
if it is necessary to adjust the planning path, it can be ret-
urned to the programming interface without the need for
perspective images. After accurate positioning, effective
traction, and accurate reduction, TiRobot has a high suc-
cess rate, which significantly reduces the frequency of fluo-
roscopy, greatly shortens the irradiation time, and reduces
the damage of radiation to both doctors and patients.
However, the time comparison between different studies
cannot ignore the interference of the following factors:
one is the proficiency of the operator and the tacit under-
standing of the operation team, the second is the type and
severity of the fracture, and the third difference is the use
of equipment50. The time of planning the sacroiliac screw
path was 6.71 � 4.19 min (range, 3–26 min), which is
related to the surgeons’ inexperience, low proficiency, and
poor coordination degree between team members in the
early application of TiRobot. With experience, proficiency,
and degree of tacit understanding of cooperation gradually
increasing, the duration of operations can be significantly
shortened.

In the TiRobot group, the operation time, the length of
incision, the blood loss, and the anesthesia time are signifi-
cantly shorter than in the traditional group. This is associ-
ated with the surgical mode of TiRobot. The TiRobot group
cut the skin after the nail placement path planning was com-
pleted. Then the surgeon made an incision approximately
1–2 cm long, separated the fascia and muscles, inserted the
Kirschner wire along the pilot sleeve, and inserted the sacro-
iliac screw along the Kirschner wire; the operation mode was
“first look, then cut.” The operation time was short and the
invasive operation time was short, so the blood loss was low.
At the same time, TiRobot assistance can shorten the anes-
thesia time of patients. A study found that the infection rate
after internal fixation of type C pelvic fractures was 3.4%12.
In this study, there was no incisional infection, which may
be related to abundant soft tissue and blood supply of the

buttocks, small trauma, short operation time, and less
bleeding.

Postoperative, Matta standard: The overall excellent
and good rate was 89.28% in the TiRobot group and 88.57%
in the traditional group. There was no statistical difference.
This fully proves that the application of TiRobot to assist
sacroiliac screw placement has the advantages of high accu-
racy and safety, strong operability, and repeatability. The
author believes that good reduction is the key, and displace-
ment greater than 1 cm can cause obvious dysfunction7.

Functional recovery after operation, Majeed function
score: the overall excellent and good rate was 91.07% in the
TiRobot group and 91.43% in the traditional group. There
was no statistical difference. Meta-analysis found that the
superior rate of Majeed’s pelvic fracture quantitative evalua-
tion system was 88%–90% after follow up 15–33 months
after the percutaneous sacroiliac screw fixation49; this is con-
sistent with the results of this study. The author believes that
the degree of comminuted and displaced fractures, whether
combined with nerve injury and fracture of other parts of
lower limbs, may also lead to different results among differ-
ent studies. Further studies are needed to analyze and com-
pare the effects of these factors on prognosis.

Key Technologies Used by TiRobot
TiRobot can provide accurate spatial positioning and stable
path navigation, with a short operation time, excellent safety,
and high efficiency. In the process of the operation, the
author considers that the following key points should be
noted:
(i) Cleansing enema must be performed preoperatively and

complete imaging examination is necessary to exclude
sacral variation.

(ii) Sterile area protection and instrument protection: C arm
sleeve is used to protect C-arm and TiRobot. When
using the tracer, attention must be paid to protect the
reflective ball to avoid errors caused by friction.

(iii) Position protection: The tracer of the patient should be
fixed reliably to ensure that the optical tracking camera
can recognize the manipulator tracer and the patient
tracer. After the ideal position of the TiRobot is deter-
mined, the protection of the ground support system
should be turned on to prevent displacement. Slight
changes in position may cause image errors and affect
the accuracy of positioning.

TABLE 3 Comparison of functional evaluation between the two groups

Variables Cases

Matta standard (case) Majeed function score (case)

Excellent Good General Poor Excellent Good General Poor

TiRobot group 56 48 2 6 0 49 2 5 0
Traditional group 35 28 3 4 0 30 2 3 0
χ2 0.011 0.003
P 0.916 0.953
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(iv) Perspective points: Master the perspective angle and
requirements of the standard pelvic inlet position, the
outlet position, and the lateral position radiographs. The
author suggests that the lateral images should be viewed
first, and then the pelvic inlet and outlet X-ray.

(v) After the nailing path planning is completed, the motion
simulation function is normally used to ensure the cor-
rect target position of the TiRobot.

(vi) When placing screws, the sleeve is close to the bone sur-
face of the nail point. If it is found that the navigation
path and the planning path have a large error, the linear
motion can be selected for finetuning until the error is
within the acceptable range.

Limitations of the research
There are some limitations in this study. TiRobot is a new
technology in our institute and the number of cases included

in the study was small. The above results are for early work,
the follow-up time was relatively short, and further experi-
ence needs to be gained in more clinical cases. Because the
use of TiRobot is still in its infancy, we used single sacroiliac
joint screw fixation in this study; the resistance shear and
rotation were poor.

To sum up, sacroiliac screw implantation assisted by
TiRobot to treat posterior pelvic ring fractures has the char-
acteristics of being minimally invasive, safe, convenient, and
accurate. In addition, it is a safe and effective method that
reduces fluoroscopy frequency and radiation exposure in sur-
gery. It is believed that with the further development of digi-
tal orthopaedics and precision medicine, more intelligent,
safer, more accurate, more stable, and more convenient
orthopaedics robotics will provide clinical services.
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