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Abstract
Background: Several studies have reported that medical robot-assisted method (RA) might be superior to conventional freehand
method (FH) in orthopedic surgery. Yet the results are still controversial, especially in terms of femoral neck fractures surgery. Here, 2
methods were assessed based on current evidence.

Methods:Electronic databases including Cochrane Library, PubMed, Web of Science. and EMBASE were selected to retrieved to
identify eligible studies between freehand and RAs in femoral neck fractures, with 2 reviewers independently reviewing included
studies as well as collecting data.

Results:A total of 5 studies with 331 patients were included. Results indicated that 2 surgical methods were equivalent in terms of
surgical duration, Harris score, fracture healing time, fracture healing proportion and complications, while RA showed clinical benefits
in radiation exposure, intraoperative bleeding, total drilling times, and screw parallelism.

Conclusions:Current literature revealed significantly difference between 2 techniques and suggested that RA might be beneficial
for patients than freehand method.

Abbreviations: CI = confidence interval, FH = freehand method, RA = robot-assisted method, RR = risk ratio, SMD =
standardized mean differences, WMD = weighted mean difference.
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1. Introduction

As a common orthopedic trauma, femoral neck fractures may
occur in any age group, especially in the middle-aged and
elderly.[1] Due to high-energy trauma, young adults are also likely
to suffer femoral neck fractures, yet only accounting 2% to
3%.[1,2] Surgery was increasingly advocated inmost femoral neck
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fractures, including: in situ fixation, closed or open reduction and
internal fixation, hemiarthroplasty, and total hip arthroplasty.[3]

The Garden classification was selected to guide the surgical
method for the femoral neck fractures and was commonly
divided into 4 types.[4] Although surgical treatment was reported
to be optimal, they often resulted in many complications,
including avascular necrosis of the femoral head (14.3%),
nonunion (9.3%), malunion (7.1%), implant failure (9.7%), and
surgical site infection (5.1%), which may due to poor reduction,
fixation instability, and osteoporosis.[2,5–7] Cannulated screw
fixation is a standard surgical procedure for femoral neck
fractures in all age-groups and accurate screw placement is
consider to be essential in stable fracture fixation.[8]

Compared with FH, computer assisted orthopedic surgery
developed quickly, including:
1.
 Improvement of image-guided surgery;

2.
 Navigation systems and peri–operative assessment devices;

3.
 Robotics and simulation;

4.
 Artificial intelligence, algorithms and simulation.

These developments aim to improve visibility to the surgical
field, offers hitherto unavailable quantitative data, and increases
geometrical accuracy when carrying out surgical procedures.[9,10]

For more than 2 decades, the continuous development and
functional improvement of robot-assisted method (RA) orthope-
dic surgery has been more accurate, minimally invasive and safe,
and accepted by an increasing number of orthopedic doctors and
promoted in clinical practice.[11] Yet conversely, they were still
not commonplace compared to un-assisted, conventional
freehand method surgery (FH)[2,9–11] as previous studies failed
to prove that RA provided better clinical outcome than FH.[12–15]
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Up to now, meta-analysis comparing RA and FH in pedicle
screws implantation in spine and total hip arthroplasty have been
published and various robots, including: Renaissance, Spine
Assist, ROSA, Mazor, ROBODOC, and MAKO were proved to
improve the accuracy and decrease radiation time.[16–18]

However, due to the rarity of the RA application in femoral
neck fractures, no systematic review and meta-analysis was
performed before. On the basis of previous researches, this study
attempted to investigate the operation time (surgical duration),
fluoroscopy frequency (radiation exposure), intraoperative
bleeding, total drilling times, screw parallelism (the accuracy
of screw), Harris score, fracture healing time, fracture healing
proportion and complications between RA and FH techniques.
2. Materials and methods

2.1. Search strategy

This systematic review and meta-analysis conformed to the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines.[19] Several databases, including the Cochrane
Library, PubMed, Web of Science and EMBASE, were searched
for eligible articles before August 2020, comparing at least 2
techniques for the cannulated screw insertion involving femoral
neck fractures. We adopted the following search strategy:
containing the combinations of navigation or navigate, robot
or robotic, screw or screws, hip fracture or femur fracture, or
femoral neck fractures. The literature search was performed
without restriction to article type, publication date or language.
2.2. Eligibility criteria
2.2.1. Types of studies. Randomized controlled trials, prospec-
tive cohort, retrospective cohort, or case-control studies of FH
and RA surgery for femoral neck fracture were included in this
systematic review and meta-analysis. As for other types of
publication, reviews, case reports, conference, and meta-analyses
will be excluded from the study.

2.2.2. Types of participants and interventions. Patients
diagnosed with femur fracture or femoral neck fractures or hip
fracture were included in our study. Studies assessing the effect of
RA in animals or artificial femoral neck models were excluded.
Interventions must be that patients in experimental groups
received RA surgery for cannulated screw implantation while
patients in control groups received conventional FH fixation.

2.2.3. Types of outcome. Outcomes included operation time
(surgical duration), fluoroscopy frequency (radiation exposure),
intraoperative bleeding, total drilling times, screw parallelism
(the accuracy of screw), Harris score, fracture healing time,
fracture healing proportion and complications between RA and
FH were collected.
2.3. Data extraction and quality assessment

The articles’ full-text was reviewed when the titles, subtitles and
abstracts were conformed to eligibility criteria. Two reviewers
(Zheng and Lu) were independently responsible for articles
selection and evaluating the risk of bias based on the Cochrane
Handbook. Any discrepancies were compared and resolved
through the senior (Qian) reviewer for a consensus. Two authors
independently collected the basic and clinical information,
including: first author’s name, year of the publication, study
2

type, number of patients, robot type and clinical outcomes.
Additionally, postoperative complications were collected and
classified through the Clavien–Dindo classification system.[20]

2.4. Ethics

As ameta-analysis; ethical approval, as well as institutional review
board approval, was not applicable for the study because the
includeddatawere extracted frompreviously reportedarticles, and
identification information of participants were not provided.
2.5. Data analysis

ReviewManager 5.3 (Cochrane Collaboration, Oxford, UK) and
SPSS 19.0 software (SPSS, Inc., Chicago, IL) were used for the
statistical analysis. The results were further analyzed by Chi-
Squared test and Fisher exact test. Plus, P values <.05 of the 2-
sided tests were defined as statistically significant.Weightedmean
differences (WMD) and standardized mean differences (SMD)
were used to compare continuous variables, and risk ratios (RR)
was applied to compare dichotomous variables, respectively.
SMD was adopted when the methods or units of outcome
measurements were different. The associated 95% confidence
intervals (CI) were summarized. The heterogeneity of individual
studies was assessed, according to the Higgins I2 statistic (I2>
50% was defined as a threshold). A random effects model (I2>
50%) or a fixed effect (I2<50%) was selected depended on the
heterogeneity between studies. Sensitivity analysis and subgroup
analysis were adopted for significant heterogeneity.

3. Results

3.1. Literature search

By searching the PubMed, Web of Science, Embase, and
Cochrane Library databases, 651 articles were identified as
potentially relevant, with 342 excluded as duplicates. After
screening of titles and abstracts, 287 articles were excluded with
irrelevant topics and article type. The full-text of the remaining 34
articles were assessed and 5 articles were eligible for inclusion in
the systematic review and meta-analysis. Final search results of
the literature were presented in Figure 1.

3.2. Study characteristics and quality

Five single center studies involving 159 patients in RA groups and
172 patients in FH groups were included in this study. The
average age of the participants was between 44 and 62. Injuries
were caused by traffic injuries, sports injuries, slip injuries and
high-level falls, and the average time from injury to surgery was
between 27.55 and 151.2hours. There were no statistically
significant differences between the 2 groups in gender, age, cause
of injury, fracture lateral, fracture type and time from injury to
surgery (P> .05). There were 4 retrospective case–control
studies[1,2,13,21] and 1 prospective study[11] that compared a
series of patients. Four studies used the bi-planar robot system
(TINAV/TiRobot Medical Technologies, China)[1,2,11,21] and 1
used the UR Positioning Robots (Universal Robots,
Denmark).[13] All the studies selected X-ray images of patients
to evaluate the accuracy of screws implantation. The mean time
of followed up was 12 to 24 months, and the Harris scores and
the final results of the fracture healing between 2 groups were
compared. All studies were published within past 5 years. The
main characteristics of the included studies are listed in Table 1.



Figure 1. Study flow diagram.
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The Cochrane Handbook was employed to assess the risk of
bias for included studies, including 6 domains: random
sequence generation, allocation concealment, blinding of
patients and personnel, blinding of outcome assessment,
incomplete outcome data, and selective reporting risk. Three
studies failed to report the random sequence generation and
allocation concealment.[1,13,21] Blinding of patients and
personnel was unfeasible to surgeons in the included studies
and the risk of bias was judged high. The outcome assessments
were reported in all articles and they were judged to low risk of
bias. When it comes to the incomplete outcome, the Meng et al
study was judged as high risk of bias because they failed to
report intraoperative bleeding.[2] Similarly, the data of screw
parallelism, fracture healing time and complications were
incomplete, which might reduce the reliability of conclusion.
Among them, 2 articles were published in Chinese and hence
may generate other bias.[1,21] The reviewers judgments on risk
of bias of each study is presented in Figure 2.
Table 1

Main characteristics of included studies.

Study Year Study type

Meng et al 2019 retrospective
Sheng-jun et al 2019 prospective
Xiao-dong et al 2019 retrospective
Yanxiang et al 2017 retrospective
Yi et al 2016 retrospective

RA = robot-assisted, FH = freehand.
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3.3. Meta-analysis results
3.3.1. Surgical duration and radiation exposure. Four studies
defined the duration of the operation as either starting the aseptic
surgical sheet or starting the robotic systemandendingat the endof
the sutured incision, while 1 study collected the data of total
placement time of cannulated screws (minutes).[2] Compared with
the FHgroup, the surgical duration of theRAgroupwas shortened
in 2 studies[1,2] and prolonged in 1 study[13] while other 2 studies
found no statistical significance.[11,21] The combination of these
studies suggested that therewere no significant difference in overall
surgical duration between RA and FH screw implantation (I2=
89%; SMD:�0.30; 95%CI,�1.01 to 0.41; P= .41) (Fig. 3). For,
radiation exposure, 3 studies reported fluoroscopy frequency
(number) as the intraoperative radiation exposure[1,11,13] and 2
studies provided radiation exposure time.[2,21] Results showed that
the radiation exposure significantly reduced in the RA group
comparedwith FHscrewplacement (I2=91%;SMD:�2.02; 95%
CI, �2.98 to �1.06; P< .001) (Fig. 4).
Patients

RA FH Robot type

30 30 TiRobot
26 23 TiRobot
63 65 TiRobot
20 36 Universal Robots
20 18 TiRobot

http://www.md-journal.com


Figure 2. Risk of bias summary: review authors’ judgments about included
studies.
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3.3.2. Intraoperative bleeding and total drilling times. The
amount of intraoperative bleeding was compared in 4 studies and
they all supported that the blood loss in RA group was
significantly lower than FH group (I2=98%; WMD: �18.29;
95% CI, �30.08 to �6.51; P= .002) (Fig. 5). For total drilling
times, only 1 study compared the average drilling attempt for
each screw[2] while other 4 studies compared the total times of the
screw placements. There was significant difference between the 2
groups (I2=93%; SMD: �2.57; 95% CI, �3.70 to �1.43;
P< .001) (Fig. 6).
Figure 3. Forest plot of RA
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3.3.3. Screw parallelism and Harris score. Anteroposterior
and lateral X-ray images of the hip joint were taken after the
cannulated screw was placed and the parallelism and dispersion
of the screws weremeasured on the plain and lateral films[2]. Only
2 studies reported the anteroposterior screw shaft angle and
lateral screw shaft angle.[2,21] Results indicated that the screws
inserted in the robot group have better dispersion (I2=100%;
WMD:�1.59; 95% CI,�2.91 to�0.28; P= .02) (Fig. 7) and the
differences between subgroup was low (P= .78; I2=0%). Sheng-
jun et al reported the screw parallelism without mentioning the
measure methods (robot: 24.0±0.6 compared freehand: 21.5±
1.2, P< .001).[11] The Harris score was applied to evaluate the
functional recovery after 12months or at the last follow-up of the
operation. All included patients were evaluated according to the
Harris scoring standard, including: pain, function, degree of
deformity, and range of motion.[22] It is also noteworthy that the
combination of the results demonstrated that the Harris score
was higher in the RA group (I2=85%; WMD: 2.73; 95% CI,
0.49–4.98; P= .02) (Fig. 8).

3.3.4. Fracture healing time and proportion. Three studies
reported the fracture healing time after the operation while the
unit of time was different.[11,13,21] Results showed that no
significant difference were found between the RA group and the
FH group (I2=29%; SMD: �0.28; 95% CI, �0.61 to 0.06;
P= .11) (Fig. 9). The combined results suggested that robot-
assisted screw placement was not prior to freehand approach
(I2=0%; RR: 1.02; 95% CI, 0.97–1.08; P= .43) (Fig. 10).

3.3.5. Complications. Three studies[11,13,21] claimed no com-
plication after operation while 2 studies[1,2] reported a total of
15 patients with 5 complications among 188 patients.
Meanwhile, no significant differences were observed between
2 groups in overall complications rate (6.45% compared with
9.47%, I2=37%;RR: 0.69; 95%CI, 0.27–1.73; P= .43). Based
on the Clavien–Dindo classification, major complications
(Clavien–Dindo grade III/IV) required surgical, endoscopic,
or radiologic intervention or life-threatening complications.
Since several patients behaved more than 1 complication, the
unit of major and minor complications was person-time. Also,
no significant difference between 2 groups were found in major
complications (6.45% compared with 11.58%, I2=13%; RR:
0.57; 95% CI, 0.24–1.36; P= .20) (Fig. 11). The Fisher exact
test were selected to analyze each complication in major
complications (Table 2).

3.3.6. Sensitivity analysis and subgroup analysis. In case that
significant heterogeneity existed in the results of surgical duration,
vs FH: surgical duration.



Figure 4. Forest plot of RA vs FH: radiation exposure.

Figure 5. Forest plot of RA vs FH: intraoperative bleeding.

Figure 6. Forest plot of RA vs FH: total drilling times.

Figure 7. Forest plot of RA vs FH: subgroup analysis of screw parallelism according to the anteroposterior and lateral X-ray images of the hip joint.

Zheng et al. Medicine (2021) 100:20 www.md-journal.com
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Figure 8. Forest plot of RA vs FH: Harris score.
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radiation exposure, intraoperative bleeding, total drilling times
andHarris score. A sensitivity analysis was conducted by omitting
1 study in each turnandanalyzed theothers to estimatewhether the
heterogeneity was affected markedly by a single study. This
analysis confirmed the stability of the results in surgical duration,
radiation exposure and intraoperative bleeding. While excluded
the study by Xiao-dong et al and Yi et al, the heterogeneity
decreased in total drilling times (from 93–73) and Harris score
(from 85–66), respectively,[1,21] which may lead by clinical
heterogeneity and methodology heterogeneity. The subgroup
analysis was conducted to assess the heterogeneity among studies.
The proportion of Garden classification of I and II before the
operation were divided into 3 groups:<30%, 30%–60%,>60%.
According to the results of subgroupanalysis, therewasnoobvious
heterogeneity between studies that the proportion of Garden
classification of I and II <30%, and the combined results favored
robot-assisted screw placement (I2=0%; SMD: �3.65; 95% CI,
�4.34 to �2.97; P< .001). Similarly, no obvious heterogeneity
existed in the studies 30% to 60% (I2=15%; SMD: �2.34; 95%
CI,�2.87 to�1.80; P< .001). The subgroup analysis results both
Figure 10. Forest plot of RA vs F

Figure 9. Forest plot of RA vs
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showed that theRAgroupsignificantly reduced thenumberof total
drilling times comparedwith the FHgroup the differences between
subgroup was high (P= .78; I2=96.2%) (Fig. 12). The statistic
difference of Harris score in the included studies was cut into 3
groups: injury side cases of left were more than right, injury side
cases of left were less than right, and injury side cases of left and
right were unknown. The results of 2 subgroups were opposed
(I2=0%; WMD: 0.41; 95% CI, �0.93 to 1.76; P= .55 compared
with I2=83%;WMD:�5.65; 95%CI, 1.72–9.58;P= .005)while
the overall results favored RA group and the differences between
subgroup was high (P= .04; I2=70.0%) (Fig. 13).

4. Discussion and conclusions

In prior decades, the spine seems to be an appealing field to be
exploited by robotic technologies.[23,24] However, the incidence
of femoral neck fractures in the middle and elderly is increasing
with the aggravation of the aging population and the traffic
accidents while the application of robots in femoral neck
fractures received less concern.[1,25] To our knowledge, this study
H: fracture healing proportion.

FH: fracture healing time.



Figure 11. Forest plot of RA vs FH: subgroup analysis of complications according to overall (number) and major (person-time) complications.

Table 2

Complications between robot-assisted surgery and freehand
surgery.

Complications RA FH P

Major complications (person-time) 6 11
Femoral head necrosis 1 4 .37
Femoral neck shortened 5 2 .28
hardware failure 0 3 .25
Severe fracture 0 2 .50
Minor complications (person-time) 0 1
Nonunion 0 1 1.00
Total patients (number) 6 9

RA = robot-assisted, FH = freehand.

Figure 12. Forest plot of RA vs FH: subgroup analysis of total drilling times accor

Zheng et al. Medicine (2021) 100:20 www.md-journal.com
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was first attempt to conduct the systematic review and meta-
analysis to compare RA and FH screw implantation in various
aspects for the femoral neck fractures with the consideration of
heterogeneity across included studies.[26] This meta-analysis of 4
retrospective studies and 1 prospective study including 331
patients compared the surgical duration, radiation exposure,
intraoperative bleeding, total drilling times, screw parallelism,
Harris score, fracture healing time, fracture healing proportion,
and complications.
In this study, no statistical difference was found in surgical

duration, which was consistent with previous hypothesis.[27]

However, other studies reported that RA group prolonged the
operation time,[14,28] which may be affected by the fact that most
ding to the proportion of Garden classification of I and II before the operation.

http://www.md-journal.com


Figure 13. Forest plot of RA vs FH: subgroup analysis of Harris score according to the injury side cases of each study.
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of the time was spent on equipment placement and debugging,
image acquisition, and other noninvasive procedures, implying
that the preoperative preparation time is long.[11] Another study
suggested that as a new technique, the increase in RA surgical
time can be partly attributed to the learning curve.[26] Extensive
radiation exposure may endanger patients and medical staff, and
lead to an higher cancer risk.[29,30] Plus, this study reported that
the radiation exposure showed significant difference between the
2 groups. Similarly, other studies showed that the radiation
exposure in the FH group was 2 to 4 times than RA group.[27,31]

On the contrary, other studies reported that the duration of
intraoperative radiation exposure was similar between 2 groups
which might reflect a request for control of the robot system and
limited confidence in the robot system’s accuracy.[14,32] Consis-
tent with previous studies, the intraoperative bleeding was less in
the robot-assisted group in this study.[33,34] Yet previous studies
have claimed that it can reflect the extent of the operation trauma
and increase while prolong the duration of the operation.[1,33] In
this study, there was no correlation between the surgical duration
and the intraoperative bleeding, which may be attributed to the
high heterogeneity of included studies and hence lead to false-
negative. What’s more, results suggested that robot can help
surgeons to insert the screws accurately and reduce the total
drilling times, which means less trauma and intraoperative
bleeding.[11] Since the robot system provided prompts to
complete the path planning, drilling positioning and guiding
needle adjusting based on 2-D X-ray images while effectively
ensured the safety of the operation.[11] In addition, the risk of
iatrogenic fractures was reduced due to less drilling attempts and
the operating platform can provide the length of the screws after
inserted, which helped to complete the screw placement and
reduce radiation exposure.[2] The accuracy of screw placement
and Harris score were critical for patients, and showed statistical
difference in this study. Despite a meta-analysis reported no
differences between 2 groups,[35] it has reported that the
8

misplacement rates range from 5% to 41% in the lumbar spine
and from 3% to 55% in the thoracic spine with conventional
techniques.[36] As long-duration operations predisposed the
surgeon to both physical and mental exhaustion and hence
decreased the accuracy while robots performed the repetitive
tasks, held tools for long periods, eliminated physiological tremor
and human manual errors.[17,37,38] Additionally, robots can
achieve more accurate and precise movements which was close to
0mm deviation, while improve the stability of fracture
fixation.[11,26] However, the present study revealed the fact that
there were no statistical difference in the fracture healing time and
proportion between 2 methods. The subgroup analysis showed
no difference of complications while the other 3 included studies
reported no complications at the end of follow-up, which was
consistent with another meta-analysis.[32] Meanwhile, the entry
points suggested by the robot were checked by surgeons and
hence reduced postoperative revision rate.[32,39,40] The reason
may be that the patients were included for routine femoral neck
fractures with clear anatomy, resulting in the lack of obvious
advantages of the RA system.[31,32] As it suggested that in severe
deformity spinal cases with insufficient anatomy, especially when
the pedicles were deformed, the RA may be advantageous.[31,32]

Apart from the robots mentioned in this study, Japanese
scholars have developed a robot to assist in femoral neck
fractures reduction which can track the relative positions of bone
fragments and generate an appropriate reduction path.[41]

Boiadjiev et al developed a robot which had the advantage of
predicting the optimal hole depth, minimized the radiation
exposure and reduced the risk of capsule penetration.[42] Both
methods have been well tested in the laboratory, but have not yet
been applied to the clinic. Although the computer-assisted
navigation systems for insertion of cannulated screws in femoral
neck fractures presented better results than freehand surgery,[8,43]

the robots were superior to computer-assisted navigation
group.[44] Moreover, robots may be safely used to train surgical
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novices in a basic procedure, which is able to avoid harmful
radiation and avoid causing potential risk for patients.[45]

Yet conversely, scholars pointed out that RA surgery was
expensive and grassroots hospitals need a cheap auxiliary
positioning device like Kirschner wire positioning device which
can assist in quantitative positioning and guide the placement
with high efficiency, less radiation exposure and penetration
damage.[46] While another scholar claimed that robots show net
cost neutrality, since they are capable to reduce inventory,
eliminate surgical trays, improve workflow and surgical
efficiency.[47] Besides, robot-assisted surgery required longer
preoperative preparation time and placed ilium with an optical
tracer, which may be harmful.[2] Meanwhile, the experience of
the surgeons to conduct appropriate intraoperative planning is
crucial for the robot system.[2]

Several limitations to this study are not expected to be ignored.
First, there was a lack of sufficient multi-center randomized
controlled studies with a large sample size and long follow-up.
Second, the results demonstrated serious statistical heterogeneity,
though the sensitivity analysis and subgroup analysis have shown
the stability of the results. Third, may be affected by little studies
used robots for femoral neck fractures, the conclusion of the
present study may only represent the surgical robots for the
femoral neck fractures rather than as a whole. Fourth, all of our
included studies failed to focus on the effect on each type of
Garden classification of femoral fracture.
This meta-analysis suggested that robot-assisted cannulated

screw fixation may be superior to conventional freehand method.
To be specific, 2 surgical methods were equivalent in terms of
surgical duration, Harris score, fracture healing time, fracture
healing proportion and complications, while robot-assisted
surgery showed clinical benefits in radiation exposure, intraop-
erative bleeding, total drilling times and screw parallelism. In this
paper, 5 robotic studies on femoral neck fracture have been
included and preliminary conclusions have been obtained, the
authors confirmed that there was a significant benefit to robotics
for femoral neck fractures. Although robots in femoral neck
fractures are not general currently, it will definitely achieve
satisfactory clinical results as it develops. Thus, more well
designed comparative studies are required for further validate the
benefits of robots for femoral neck fractures.
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