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Abstract

Background Robots are being used in a wide range of surgical procedures. However, in clinical practice, the effi-
cacy of orthopedic robotic-assisted treatment of femoral neck fractures is still poorly reported, particularly in terms
of screw placement accuracy, femoral neck fracture healing rates and postoperative functional recovery. Moreover,
there is a lack of comparative analysis between robot-assisted surgery and traditional surgical approaches.

Purpose The purpose of this study was to compare the clinical outcomes of patients with femoral neck fractures
treated with TiRobot-assisted hollow screw fixation with those of patients with femoral neck fractures treated with tra-
ditional surgical approaches.

Methods This study included 112 patients with femoral neck fracture who were treated from March 2017 to October
2021 with percutaneous hollow screw internal fixation. These included 56 cases in the TiRobot-assisted surgery group
and 56 cases in the standard surgery group. After at least 1 year of follow-up, the treatment outcomes of the two
groups were compared, including the amount of intraoperative bleeding, the duration of intraoperative fluoroscopy,
the number of guide pin positioning adjustments, the length of hospital stay, the accuracy rate of screw placement,
the final Harris Hip Score, the fracture healing rate, and the rate of femoral head necrosis. Statistical analysis software
was used to process and analyze the result.

Results The TiRobot-assisted group had a statistically significant improvement over the control group in terms

of intraoperative bleeding, the duration of intraoperative fluoroscopy, the number of guide pin positioning adjust-
ments, length of hospital stay, accuracy of screw placement and incidence of femoral head necrosis (P <0.05). There
was no statistically significant difference in time to surgery, final Harris hip score and fracture healing rate (P> 0.05).

Conclusion This study shows that TiRobot-assisted surgery has the advantages of short hospital stay, high safety,
minimally invasive, high success rate of nail placement, and can reduce the amount of intraoperative radiation
and the incidence of femoral head necrosis, thus achieving satisfactory clinical outcomes, and is worthy of clinical
promotion.
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Introduction

According to relevant reports, there is currently a
gradual increase in the number of hip fracture patients
worldwide. It is estimated that 4.5 million people are
disabled by hip fracture each year, and it is expected
that the number of people disabled by hip fracture will
increase to 21 million in the next 40 years [1, 2]. The
increased incidence of hip fractures also leads to higher
healthcare costs [3].

Among patients with hip fractures, the prevalence
in older patients increases progressively with increas-
ing life expectancy [4]. However, younger patients usu-
ally suffer from high-energy trauma, such as falls from
heights or high-speed traffic accidents [5]. Femoral
neck fracture is one of the most common hip fractures,
and despite surgical intervention in most patients, the
number of patients requiring reoperation continues to
grow steadily [6, 7].

The treatment of femoral neck fractures is currently
based on arthroplasty and repositioned internal fixa-
tion [8].However, complications such as non-union of
the fracture and ischemic necrosis of the femoral head
occur more commonly after common internal fixation,
which will seriously affect the functional recovery of
patients after surgery and lead to secondary surgery. How
to reduce the complications of the femoral neck fracture
internal fixation have always been a problem that plagues
clinicians and the research of many scholars [9]. Some
researchers have suggested that an adequate periopera-
tive treatment modality is essential to reduce mortality
and avoid complications [10].

Currently, artificial intelligence (AI) is being widely
used in orthopedic surgery, especially to guide the
increasing application of minimally invasive internal fixa-
tion, where, by integrating patient imaging data, robots
can establish more rational treatment patterns, simplify
clinical operations, and improve the accuracy of surgical
treatment [11-13]. Its use to assist hollow screw internal
fixation for femoral neck fractures has been reported,
and the results showed advantages in terms of minimally
invasive surgery and intraoperative adjustment of the
number of internal fixations [14].

The TiRobot (TINAVI Medical Technologies, Bei-
jing, China), which is applied in this study, is a gen-
eral-purpose orthopedic navigation robot that uses
intelligent algorithms to calculate the trajectory of the
guided screws, which can make orthopedic surgery more
precise. Robot-assisted orthopedic surgery is an eye-
brain-hand coordination process like conventional sur-
gery, and there have been reports related to TiRobot for
femoral neck fractures [15, 16]. Although the effect of
treating femoral neck fractures with the help of robotics
in clinical practical application is still controversial, some
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researchers have explained that robots have some advan-
tages in treating femoral neck fractures [17].

The aim of this retrospective cohort study is to compare
and analyze the differences in clinical efficacy between
the two groups of patients with different surgical modali-
ties, which mainly includes comparing the safety and reli-
ability of the surgery. In addition, the length of hospital
stay, incidence of femoral head necrosis, and hip func-
tion after different surgical modalities were also included
in our comparison. These can provide some references
for the therapeutic efficacy of robotic-assisted system
applied to femoral neck fracture.

Methods

Patient information

One hundred and twelve patients with femoral neck
fractures treated with percutaneous hollow screw inter-
nal fixation from March 2017 to October 2021 were
selected, including 62 males (about 55%) and 50 females
(about 45%).The age range was 16—81 years (mean age
61.3+7.7 years for both sexes). According to the Garden
classification, there were 12 type I, 41 type II, 46 type III
and 13 type IV fractures.

The general data of the patients in both groups, gender,
age, BMI (body mass index), and fracture Garden typing
were statistically compared, and it was found that there
was no statistically significant difference between the
groups (P>0.05) (Table 1).

Inclusion and exclusion criteria

+ Inclusion criteria: 1: all types of femoral neck frac-
tures aged <60 years, and Garden type I and II III
femoral neck fractures aged > 60 years; 2: experienced
a follow-up period of 1 year; 3: the patient is not
injured or hospitalized for more than 14 days [18].

Table 1 Comparison of the general information of the two
groups of patients (mean + standard deviation)

Indicators TiRobot Control P
Number of persons (cases) 56 56 -
Gender (cases)

Male 32 30 0352

Female 34 36
Age (yearsx +s) 505+8.7 60.1£82 0.450
BMI(kg/m2, X +5) 231424 228+19 0.196
Garden typing

Typel 5 7 0.904

Typell 22 19

Type lll 22 24

Type IV 7 6
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+ Exclusion criteria: 1: garden Fracture Classification
Type IV at>60 years of age; 2: multiple femur frac-
tures; 3: patients with severe osteoporosis; 4: patients
with other difficult-to-tolerate combined diseases.

Surgical equipment

The surgery was performed by the TiRobot system, the
third generation of the TIAN]JI orthopedic robot. The
system equipment consisted of the robot, surgical plan-
ning, spatial alignment components, robot control soft-
ware, an optical tracking system, a master control station,
and supporting tools. The C-arm X-ray system (Siemens,
Germany), orthopedic traction bed, and other equipment
were used together in the operation.

Surgical procedure (TiRobot assisted)

The surgeries were performed by the same treatment
team with many years of experience in fracture of the
femoral neck, and the lead surgeon was a highly quali-
fied physician trained in robotic techniques. All patients
underwent X-rays and 3D imaging prior to surgery, and
the team planned the number and placement of screws.

All patients were put under general anesthesia, the
patients were lying flat on the traction bed, the affected
limbs were tractioned, and the fracture was reset by
manipulation such as internal retraction, abduction,
internal rotation, external rotation, hip flexion, and
knee flexion. Fluoroscopy with a "C" arm X-ray machine
showed that the fracture was close to anatomical resto-
ration and was compared with the contralateral intact
side. Indeed, correct traction followed by maintenance of
anatomical reduction of the fracture is a critical prerequi-
site for a successful surgical procedure, which is depend-
ent on the surgeon’s manipulative technique rather than
robot-assisted reduction.

After observing that the anterior tilt angle, neck stem
angle, and femoral distance are relatively good. Perform
preoperative preparatory operations such as sterilization
and towelling of the lower limbs.

An optical tracer was placed on the anterior superior
iliac spine, the robot arm and the positioning scale were
placed in the appropriate position, and the standard fron-
tal and lateral images of the femoral neck were acquired
by the C-arm X-ray machine. After running the surgical

(See figure on next page.)
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robot, the guide cannula was positioned in the plan-
ning position, and 3—4 parallel guide pins were driven in
sequence, The position, direction, and length of the guide
pins were again fluoroscopically appropriate. After meas-
uring the depth of the bone tract, a hollow drill was used
to drill through the lateral femoral cortex with the guide
pins, and a 7.3-mm diameter hollow screw was selected
for placement with the guide pins, and the screw was
tightened with gradual pressure. Finally, the fluoroscopic
examination of fracture repositioning and hollow screw
position was satisfactory (Figs. 1, 2).

Surgical procedure in the standard group

After the broken end of the fracture is successfully repo-
sitioned, routine disinfection is performed. Firstly, under
C-arm fluoroscopy, the insertion position and angle
of the guide pin need to be adjusted repeatedly. Subse-
quently, the guide pin is gradually advanced using the
guide pin under the best frontal and lateral images until
the cartilage level of the femoral head is reached. Finally,
3-4 7.3 mm diameter hollow screws were selected for
placement with the guide pins, and the screws were tight-
ened with gradual pressure. After fluoroscopy showed
that the screws were well positioned, the guide pins were
removed and the skin was sutured layer by layer.

Postoperative treatment and efficacy evaluation index
Patients in both groups were treated in the same way
after surgery. The patients were advised to avoid extreme
external rotation, abduction, and adduction of the
affected hip for 6 weeks. The hip X-ray, including the
orthogonal and lateral hip X-rays of the affected hip, was
reviewed on the second postoperative day. The healing of
the femoral neck fracture was reviewed and observed at
1 month, 3 months, 6 months, and 1 year after surgery.
After at least 1 year of follow-up, the two groups
were compared in terms of treatment outcome, which
included intraoperative bleeding, intraoperative fluor-
oscopy time, number of guide pin position adjustments
(number of adjustments made during guide pin fixa-
tion of fractures. It is necessary to adjust the guide pins
according to the position of the guide pins in relation to
the fracture fixation as observed by X-ray fluoroscopy),
length of hospital stay, accuracy of screw placement, final
Harris hip score, fracture healing rate and incidence of

Fig. 1 Patient 1, male, 56 years old, left femoral neck fracture (a, b) X-ray examination shows: left femoral neck fracture, Garden type Ill. ¢ After
traction on the affected limb and satisfactory alignment of the femoral neck fracture, routine lower limb disinfection was performed. d, e
Computerized planning of the femoral neck hollow nail placement path, length and diameter by the robot. f-h Use the surgical robot to position
the guide cannula in the desired position, then drive three parallel guide pins in turn, fluoroscopy the guide pin position, direction, and length

as needed. i The hollow drill bit is drilled through the lateral femoral bone cortex with the guide pins, the 7.3 mm diameter hollow screw is selected
for placement with the guide pins, and the screw is tightened with gradual pressure. j, k Postoperative X-ray fluoroscopy showed satisfactory

fracture repositioning and hollow screw position
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Fig. 1 (Seelegend on previous page.)
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femoral head necrosis. Finally, the results were processed
and analyzed using statistical analysis software.

Statistical analysis

The data were analyzed using SPSS 25.0 statistical soft-
ware. The mean + standard deviation (¥ +s) was used to
express the normal distribution of the measures, and the
median (lower quartile, upper quartile) was used for the
non-normal distribution. Comparisons between groups
were made using the independent samples t-test. The
chi-square test was applied to the statistical data. P<0.05
is considered statistically significant.

Results

All patients completed the surgery successfully, and all
chose the lateral femoral incision without complications
such as neurovascular injury and incisional infection.

The results showed that the TiRobot-assisted group
had better intraoperative bleeding, intraoperative fluor-
oscopy time, number of guide pin position adjustments,
length of stay and incidence of femoral head necrosis
than the control group, which was statistically significant
(P<0.05). There was no statistically significant difference
in the time to surgery, final Harris hip score and fracture
healing rate (P> 0.05).

Postoperative orthogonal and lateral radiographs of
the hip joint were collected from patients in the TiRobot
and control groups, and these images were imported into
computer software and the screw placement accuracy
was calculated. The software calculated the deviation
angle of the screw from the neck-shaft angle and anterior
tilt angle placement, respectively, according to the corre-
sponding algorithms. The results of the analysis showed
that the difference between the TiRobot group and the
control group was statistically significant (P<0.05) in the
deviation angles of the neck-shaft angle and anterior tilt
angles (Table 2).

Discussion

As healthcare technology is growing exponentially and
Al technologies are introduced in healthcare, one of the
most intriguing technologies is currently robot-assisted
surgical operations. The potential benefits of robotic sur-
gery include improved surgical workflow, increased effi-
cacy, and reduced operative time. Parsley argues that we

(See figure on next page.)

Page 5 of 9

are entering a brave new world with the era of artificial
intelligence and orthopedic robotics [19]. The avenues we
can see in the application of Al whether it is for survival,
cost prediction, assisting with image diagnosis, clinical
decision support, or even implant design and improve-
ment are vast and varied [11].

Problems associated with conventional surgery

Femoral neck fracture is a common hip fracture, and
anatomical repositioning and effective fixation are the
keys to a good outcome of hip preservation therapy after
femoral neck fracture, and satisfactory results can be
achieved in about 59% of patients by closed repositioning
[1, 20]. The femoral neck is in a special position, with the
femur located within the joint capsule, and the surface of
the femoral neck is not covered by muscles, blood vessels,
or other soft tissues, so the blood supply is poor, and after
the fracture, the basic blood supply is destroyed, which
makes healing difficult and can easily cause ischemic
necrosis of the femoral head. This anatomical structure
can easily cause the hollow nail to penetrate the bone
cortex during surgery, leading to a series of postoperative
complications and ultimately to surgical failure [21, 22].
When operating in the traditional surgical way, there is
no way to judge the position precisely, which can easily
cause deviation. And it is more difficult to control when
adjusting the position of the screw placement, which has
the possibility of causing medical injuries. At the same
time, unsuccessful surgical operations can lead to longer
operating times and increase the surgeon’s exposure to
radiation during the operation.

There is variability among orthopedic surgeons in
terms of optimal treatment and variations in treatment
trends with regard to the choice of surgical approach for
patients with femoral neck fractures [23]. When choos-
ing to treat displaced femoral neck fracture patients
younger than 60 years of age, relevant scholars believe
that primary total hip arthroplasty can be performed
due to the presence of risk factors and the fact that oste-
otomies are associated with a high risk of complications
(ischemic necrosis of the femoral head, bone non-union)
[24]. However, some other researchers have argued that
anatomical reduction and stable internal fixation are rec-
ommended for patients under 70 years of age, regardless

Fig. 2 Patient 2, male, 61 years old, a, b X-ray showed: left femoral neck fracture, Garden type lll. ¢ The affected limb was first placed in traction

until the alignment of the femoral neck fracture was satisfactory, and then routine lower limb disinfection was performed. d, e The robot’s computer
plans the path, length, and diameter of the femoral neck hollow nail placement. f-h Then, the surgical robot is run to position the guide cannula

in the planned position, and three parallel guide pins are drilled in sequence, with the position, direction, and length of the guide pins again
fluoroscopically appropriate. i Finally, the hollow drill bit is drilled through the lateral femoral bone cortex with the guide pins, and the 7.3-mm
diameter hollow screw is selected for placement with the guide pins, and the screw is tightened with gradual pressure. j, k Postoperative X-ray
fluoroscopy showed satisfactory fracture repositioning and hollow screw position
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Table 2 Comparison of general results between the two groups (mean + standard deviation)

Results TiRobot Control group P
Intraoperative bleeding(ml) 11.73+2.88 70.63+16.32 P<0.001
Intraoperative fluoroscopy time (s) 20.16+2.41 56.68+9.30 P<0.001
Number of needle position adjustments (times) 6.05+1.67 15.88+4.82 P<0.001
Length of hospitalization (Number of days) 8.82+1.83 11.04+2.02 P<0.001
Time to surgery(min) 73.29+10.62 7346+11.31 0.932
Final Harris hip score (score) 89.48+4.63 89.30+4.32 0.833
Screw deviation angle from neck-shaft angle(angle) 3.77+1.19 571+147 P<0.001
Screw deviation angle from anterior tilt angle(angle) 6.70+1.63 9.40+2.10 P<0.001
Fracture healing rate (%) 96.43(54/56) 92.86(52/56) 0.675
Femoral head necrosis (%) 3.57(2/56) 19.62(11/56) P<0.05

of the degree of displacement of the fracture, except for
those with severe disease and risk of over-operation [25].

In this study, we believe that treatment should be indi-
vidualized according to the patient’s condition. Firstly, we
excluded patients who were older than 65 years and had
more severely displaced fractures. However, there were
individual patients who were older but had non-displaced
fractures and were in relatively poor general health and
could not tolerate arthroplasty. We chose the minimally
invasive TiRobot-assisted surgery to reduce pain and
improve the quality of life of the patients, and the results
were favorable.

Advantages of TiRobot system assisted surgical operation
The TiRobot system surgery, with the help of artificial
intelligence, significantly improves the accuracy of plac-
ing hollow screws, significantly reduces operation time,
and significantly reduces the number of fluoroscopies.
The TiRobot robotic system has the only registration
license from the China Food and Drug Administration
and has been certified for use in orthopedic surgery.
The system is one of the most advanced multifunctional
orthopedic surgical robotic navigation systems in the
world, with the advantages of simple operation, precise
positioning, minimal invasiveness, and minimal radia-
tion exposure, representing a combination of stereotactic
technology and automated manipulators. Several related
authors have reported their experience and the feasibil-
ity of its clinical application in orthopedics [26—28]. This
study confirms the advantages of the TiRobot system in
the treatment of femoral neck fractures, provided that
the fracture is in good position after traction and reposi-
tioning, so good preoperative traction and repositioning
is a prerequisite for the success of the procedure.

The rapid and precise placement of the guide pin
during the surgical operation reduces the bone dam-
age caused by repeated adjustment of the guide pin to

achieve a satisfactory internal fixation position in tra-
ditional surgery. Especially in middle-aged and elderly
patients with osteoporosis (non-severe), the accuracy of
internal fixation placement is improved by avoiding the
repeated penetration of the guide pin that would cause
bone pitting in the access area. In addition, the TiRobot
system reduces the length of the incision and intraopera-
tive bleeding in a precise mode of operation, speeding
up the patient’s postoperative recovery and conforming
more to the concept of rapid rehabilitation, which also
shortens the patient’s hospital stay. Relevant scholars
believe that hip fracture patients have decreased muscle
mass and even loss of physical function [29]. Therefore,
rapid postoperative rehabilitation of patients is particu-
larly important.

The TiRobot system offers the advantage of a more
minimally invasive procedure than traditional surgery
and reduces the incidence of femoral head necrosis.
Relatively speaking, there is no significant difference in
the healing rate of femoral neck fractures and functional
recovery of the hip joint. However, further follow-up
observations are required for patients with possible fem-
oral head necrosis after 2—3 years.

Limitations of robot-assisted systems

Firstly, the TiRobot operation still requires good trac-
tion and fracture reduction prior to surgery in order to
maintain the fracture position of the femoral neck to its
advantage. In addition, the operation of the orthopedic
surgery robot needs to be performed by experienced sur-
geons, especially for the path planning of screws during
surgery, which has a certain learning curve. And, the high
cost of surgical robotic machines ($2 million) is one of
the factors hospitals need to consider. Finally, orthope-
dic surgical robots are not fully available in primary hos-
pitals, and patients with traumatic fractures may not be
able to choose a medical unit for timely consultation.
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Application prospect and outlook

As orthopedic robot-assisted surgery becomes more
widely used in clinical practice, the role of the surgeon
will also change, gradually evolving from the performer
of surgery to the designer of surgery. Therefore, the
surgeon’s experience and technique are particularly
important, and a detailed surgical operation plan needs
to be developed. In clinical surgery applications, sur-
gical robotic navigation systems are tools of great sig-
nificance, promoting the development of orthopedic
surgery and even medicine as a whole. It is believed that
with the progress and development of medicine, surgi-
cal robots will be popularized in other fields of surgery,
and the surgical navigation system will be improved
even more, bringing benefits to more patients.

Conclusion

This study shows that TiRobot-assisted surgery has the
advantages of short hospital stay, high safety, minimally
invasive, high success rate of nail placement, and can
reduce the amount of intraoperative radiation and the
incidence of femoral head necrosis, thus achieving sat-
isfactory clinical outcomes, and is worthy of clinical
promotion.

Authors’ contributions

XW was responsible for writing this paper, JW, WF and JD were responsible for
the study design and implementation, YZ and LL were responsible for data
analysis, and Lei Xu was responsible for receipt collection. First author: Xiaofei
Wang. Corresponding authors: Wenyong Fei, Jihang Dai and Jingcheng Wang.

Funding

This study was supported by the Jiangsu Provincial Medical Innovation Team
(Grant No. CXTDB2017004) and Jiangsu Funding Program for Excellent Post-
doctoral Talent (Grant No: 2022ZB896).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This article does not contain any studies with human participants or animals
performed by any of the authors.

Competing interests
The authors declare that they have no conflict of interest.

Author details

'Dalian Medical University, Dalian 116044, China. 2Department of Orthope-
dics, Northern Jiangsu People’s Hospital, Clinical Medical College, Yangzhou
University, Yangzhou 225001, China.

Received: 10 May 2023 Accepted: 2 August 2023
Published online: 28 August 2023

(2023) 18:633

Page 8 of 9

References

1. Fixation using Alternative Implants for the Treatment of Hip fractures
(FAITH) Investigators. Fracture fixation in the operative management
of hip fractures (FAITH): an international, multicentre, randomised
controlled trial. Lancet. 2017;389(10078):1519-1527.

2. Marsillo E, Pintore A, Asparago G, Oliva F, Maffulli N. Cephalomedullary
nailing for reverse oblique intertrochanteric fractures 31A3 (AO/OTA).
Orthop Rev (Pavia). 2022;14(6):38560.

3. Gargano G, Poeta N, Oliva F, Migliorini F, Maffulli N. Zimmer natural
nail and ELOS nails in pertrochanteric fractures. J Orthop Surg Res.
2021;16(1):500.

4. Quaranta M, Miranda L, Oliva F, Migliorini F, Pezzuti G, Maffulli N. Haemo-
globin and transfusions in elderly patients with hip fractures: the effect of
a dedicated orthogeriatrician. J Orthop Surg Res. 2021;16(1):387.

5. HuH, Cheng J,Feng M, Gao Z, Wu J, Lu S. Clinical outcome of femoral
neck system versus cannulated compression screws for fixation of femo-
ral neck fracture in younger patients. J Orthop Surg Res. 2021;16(1):370.

6. MundiS, Pindiprolu B, Simunovic N, Bhandari M. Similar mortality rates in
hip fracture patients over the past 31 years. Acta Orthop. 2014,85:54-9.

7. Bhandari M, Devereaux PJ, Tornetta P 3rd, et al. Operative management
of displaced femoral neck fractures in elderly patients. An international
survey. J Bone Joint Surg Am. 2005;87:2122-30.

8. van Leent EAP, Schmitz PP, de Jong LD, Zuurmond RG, Vos CJ, van
Susante JLC, Somford MP. Complications and survival of conversion
to total hip arthroplasty after failed primary osteosynthesis compared
to primary total hip arthroplasty in femoral neck fractures. Injury.
2022;53(8):2853-8.

9. Stockton DJ, Dua K, O'Brien PJ, Pollak AN, Hoshino CM, Slobogean GP.
Failure patterns of femoral neck fracture fixation in young patients.
Orthopedics. 2019;42(4):e376-80.

10. Maffulli N, Aicale R. Proximal femoral fractures in the elderly: a few things
to know, and some to forget. Medicina (Kaunas). 2022;58(10):1314.

11. Poduval M, Ghose A, Manchanda S, Bagaria V, Sinha A. Artificial intel-
ligence and machine learning: a new disruptive force in orthopaedics.
Indian J Orthop. 2020;54(2):109-22.

12. Karthik K, Colegate-Stone T, Dasgupta P, Tavakkolizadeh A, Sinha J.
Robotic surgery in trauma and orthopaedics: a systematic review. Bone
Joint J. 2015;97:292-9.

13. Ju DG, Rajaee SS, Mirocha J, et al. Nationwide analysis of femoral neck
fractures in elderly patients: a receding tide. J Bone Joint Surg (Am).
2017;99(22):1932-40.

14. Wan L, Zhang X, Wu D, et al. Application of robot positioning for can-
nulated screw internal fixation in the treatment of femoral neck fracture:
retrospective study. JMIR Med Inform. 2021,9(1): e24164.

15. Wu XB, Wang JQ, Sun X, Han W. Guidance for the treatment of femoral
neck fracture with precise minimally invasive internal fixation based
on the orthopaedic surgery robot positioning system. Orthop Surg.
2019;11(3):335-40.

16.  Schuijt HJ, Hundersmarck D, Smeeing DPJ, van der Velde D, Weaver MJ.
Robot-assisted fracture fixation in orthopaedic trauma surgery: a system-
atic review. OTA Int. 2021;4(4): e153.

17. ZhengY,Yang J, Zhang F, Lu J, Qian Y. Robot-assisted vs freehand can-
nulated screw placement in femoral neck fractures surgery: a systematic
review and meta-analysis. Medicine (Baltimore). 2021;100(20): €25926.

18. Nikkel LE, Kates SL, Schreck M, Maceroli M, Mahmood B, Elfar JC. Length
of hospital stay after hip fracture and risk of early mortality after discharge
in New York state: retrospective cohort study. BMJ. 2015;351: h6246.

19. Parsley BS. Robotics in orthopedics: a brave new world. J Arthroplasty.
2018;33(8):2355-7.

20. Florschutz AV, Langford JR, Haidukewych GJ, et al. Femoral neck fractures:
current management. J Orthop Trauma. 2015;29(3):121-9.

21. Rupprecht M, Grossterlinden L, Ruecker AH, de Oliveira AN, Sellenschloh
K, Nuichtern J, Pischel K, Morlock M, Rueger JM, Lehmann W. A compara-
tive biomechanical analysis of fixation devices for unstable femoral neck
fractures: the Intertan versus cannulated screws or a dynamic hip screw. J
Trauma. 2011;71(3):625-34.

22. Johannesdottir F, Poole KE, Reeve J, Siggeirsdottir K, Aspelund T,
Mogensen B, Jonsson BY, Sigurdsson S, Harris TB, Gudnason VG, Sigurds-
son G. Distribution of cortical bone in the femoral neck and hip fracture: a
prospective case-control analysis of 143 incident hip fractures; the AGES-
REYKJAVIK Study. Bone. 2011;48(6):1268-76.



Wang et al. Journal of Orthopaedic Surgery and Research

23.

24.

25.

26.

27.

28.

29.

(2023) 18:633

Florschutz AV, Langford JR, Haidukewych GJ, Koval KJ. Femoral neck
fractures: current management. J Orthop Trauma. 2015;29(3):121-9.
Melisik M, Hrubina M, Daniel M, Cibula Z, Rovnak M, Necas L. Ultra-short
cementless anatomical stem for intracapsular femoral neck fractures in
patients younger than 60 years. Acta Orthop Belg. 2021;87(4):619-27.
Yuan KX, Yang F, Fu K; et al. Internal fixation using fully threaded can-
nulated compression screws for fresh femoral neck fractures in adults. J
Orthop Surg Res. 2022;17(1):108.

Wang JQ Wang Y, Feng Y, Han W, Su YG, Liu WY, Zhang WJ, Wu XB, Wang
MY, Fan YB. Percutaneous sacroiliac screw placement: a prospective
randomized comparison of robot-assisted navigation procedures with a
conventional technique. Chin Med J (Engl). 2017;130(21):2527-34.

Yan K, Zhang Q, Tian W. Comparison of accuracy and safety between
second-generation TiRobot-assisted and free-hand thoracolumbar pedi-
cle screw placement. BMC Surg. 2022;22(1):275.

Wang B, Cao J, Chang J, Yin G, Cai W, Li Q Huang Z, Yu L, Cao X. Effec-
tiveness of Tirobot-assisted vertebroplasty in treating thoracolumbar
osteoporotic compression fracture. J Orthop Surg Res. 2021;16(1):65.
Chen YP, Kuo YJ, Hung SW, et al. Loss of skeletal muscle mass can be
predicted by sarcopenia and reflects poor functional recovery at one year
after surgery for geriatric hip fractures. Injury. 2021;52(11):3446-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Robotic-assisted systems for the safe and reliable treatment of femoral neck fractures: retrospective cohort study
	Abstract 
	Background 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient information

	Inclusion and exclusion criteria
	Surgical equipment
	Surgical procedure (TiRobot assisted)
	Surgical procedure in the standard group
	Postoperative treatment and efficacy evaluation index
	Statistical analysis

	Results
	Discussion
	Problems associated with conventional surgery
	Advantages of TiRobot system assisted surgical operation
	Limitations of robot-assisted systems
	Application prospect and outlook

	Conclusion
	References


