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Abstract

Purpose To compare the postoperative rehabilitation of femoral neck fractures treated with robot-assisted nailing
and freehand nailing.

Methods We systematically searched the PubMed, EMBASE, Cochrane, China National Knowledge
Infrastructure(CNKI), WanFang database, China Science and Technology Journal Database (VIP) and Web of Science
databases to identify potentially eligible articles. Indispensable data such as the year of publication, country, study
type, robot type, age, number of patients, sex distribution, study design, and outcome indicators were extracted.
The outcome indicators of interest included healing rate, length of healing time, Harris score, operation time, fre-
quency of X-ray fluoroscopy, frequency of guide pin insertion, and intraoperative blood loss. RevMan 5.4.1 was used
for the meta-analysis.

Results Fourteen studies with 908 participants were included in this meta-analysis. The results showed that in terms
of healing rate (SMD=2.75,95% Cl, 1.03 to 7.32, P=0.04) and Harris score (SMD=2.27,95% Cl, 0.79 to 3.75, P=0.003),
robot-assisted screw placement technique scores were higher than the traditional freehand technique. Additionally,
operative time (SMD =-12.72,95% Cl,-19.74 to -5.70, P=0.0004), healing time (SMD =-13.63, 95% Cl,-20.18 to -7.08,
P<0.0001), frequency of X-ray fluoroscopy (SMD=-13.64, 95% Cl, —18.32 to —8.95, P<0.00001), frequency of guide
pin insertion (SMD=-7.95, 95% Cl, —10.13 to —5.76, P<0.00001), and intraoperative blood loss (SMD=-17.33,

95% Cl, —23.66 to —11.00, P<0.00001) were lower for patients who underwent robotic-assisted screw placement
than those for patients who underwent the conventional freehand technique.

Conclusion Compared to the freehand nailing technique, robot-assisted nailing helps improve postoperative healing
rates in patients with femoral neck fractures; shortens healing times; better restores hip function; reduces the number
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of intraoperative fluoroscopies, guides pin placements; reduces intraoperative bleeding; and increases perioperative

safety.

Keywords Femoral neck fractures, Rehabilitation, Robotic surgery, Systematic review

Introduction

Femoral neck fractures are the most common hip frac-
tures, accounting for 3—4% of all fractures and 50-60%
of hip fractures [1, 2]. Currently, the mainstream treat-
ment modalities include conservative treatment, internal
fixation, external fixation, and hip arthroplasty. In clini-
cal practice, there is a general consensus for early surgi-
cal treatment of patients with femoral neck fractures,
as conservative treatment requires patients to be bed-
ridden for long periods and carries the risk of infection
and thrombosis [3]. Closed reduction with percutaneous
hollow tension screw internal fixation is one of the main
procedures used to treat femoral neck fractures [4, 5].
This method uses closed reduction, which avoids exces-
sive medically induced injuries, and its three inverted
triangular arrangements of screws [6] allow for dynamic
compression, ensuring secure fixation while ensuring
effective fixation [7]. However, this procedure relies on
the surgeon’s experience in placing screws using X-ray
fluoroscopy, which is not sufficiently precise, requires a
high level of skill, and exposes the surgeon to high radia-
tion doses. From a patient-healing perspective, the pre-
cision of freehand nail placement can also affect femoral
neck healing. Schep et al. [8] found that the precise posi-
tion and orientation of the intraoperative fixation screw
are closely related to the prognosis of fracture stability,
the occurrence of re-displacement, and fracture healing
time. In contrast, the traditional C-arm-assisted freehand
nail placement method not only requires the surgeon
to constantly adjust the position of the C-arm, but also
increases the risk of contamination of the operative area.
Moreover, because of the limited precision of freehand
nail placement, repeated drilling and puncturing can
affect blood supply and bone destruction in cases of nail
placement failure [9, 10], which in turn affects the healing
rate [11]. Despite extensive efforts to improve and inves-
tigate the use of internal fixation for femoral neck frac-
tures, an optimal fixation method has yet to be identified,
and the incidence of postoperative osteonecrosis and
femoral head necrosis remains high [12]. Accurate and
minimally invasive screw placement while reducing radi-
ation exposure to patients and surgeons during surgery,
has become an urgent challenge. Currently, with the pop-
ularity of 2D and 3D digital imaging, computer-guided
and robotic surgical systems assisted by minimally inva-
sive internal fixation are increasingly used for the treat-
ment of femoral neck fractures. Compared to traditional

surgery, robot-assisted surgery has the advantages of
shorter surgical time and less radiation damage; there-
fore,, so it is favoured by an increasing number of ortho-
paedic surgeons and is gradually being used in clinical
practices [13, 14]. Orthopaedic surgical robots provide
data analysis and processing, surgical navigation, simu-
lation planning, and precise positioning, and can place
screws quickly, accurately, and safely; several studies have
concluded that the accuracy of nail placement is over 98%
[15]. Although robot-assisted nail placement has been
shown to be superior to conventional nail placement in
terms of accuracy, there is a lack of evidence that robot-
assisted nail placement results in a better prognosis for
patients with femoral neck fractures. Exploring the close
relationship between robot-assisted surgery and patient
prognosis is currently the focus of clinical research in
robot-assisted femoral neck fracture surgeries [16]. Previ-
ous clinical studies have generally concluded that robot-
assisted surgery has significant advantages [17, 18] in
terms of short operative time, reduced number of fluor-
oscopic views and guide pin placements, and reduced
intraoperative bleeding, and that these advantages facili-
tate the postoperative rehabilitation of patients. However,
in terms of healing rate, healing time, and postoperative
Harris score, several studies concluded that there was
no difference between the robot-assisted nail placement
technique and the traditional freehand nail placement
technique, while some studies concluded that patients
treated with robot-assisted surgery had a better progno-
sis. In conclusion, there is controversy among research-
ers regarding whether robot-assisted nailing provides
better rehabilitation outcomes in patients with femoral
neck fractures. This study aimed to summarise previous
studies through a meta-analysis to verify the advantages
of robot-assisted nail placement in intraoperative opera-
tions and to determine whether robot-assisted nail place-
ment improves the rehabilitation outcomes of patients
with femoral neck fractures. The indicators used to eval-
uate rehabilitation outcomes were healing rate, healing
time, and postoperative Harris score.

Methods

Data search strategy

This meta-analysis followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) procedure [19]. We systematically searched
PubMed, EMBASE, Cochrane, China National
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Knowledge Infrastructure (CNKI), WanFang database,
China Science and Technology Journal Database (VIP),
and Web of Science to identify potentially eligible arti-
cles. Notably, these databases were updated on January
19, 2024. We used the following keywords: “Robotics’,
“Robot”, “Robot-assisted”, “Fracture”’, “Femoral Neck
Fractures”, and “Fracture Healing” For example, the
search strategy employed for PubMed is presented in
Table 1. Two reviewers (Li Yiyang and Sun Yadi) inde-
pendently searched all the titles and abstracts, and the
references of relevant studies were reviewed for addi-
tional valuable literature. Any divergence was resolved
through discussion or consultation with a third
reviewer (Wang Yan).

We used the Population, Intervention, Comparison,
Outcomes and Study (PICOS) system [20] for this sys-
tematic review. This system frames the review’s aim,
search strategy, and study inclusion and exclusion cri-
teria. The critical items of our systematic review are
described below:

P (Population): Patients with femoral neck fractures.
I (Intervention): Robot-assisted screw placement.

C (Comparison): Freehand screw placement.

O (Outcome): Healing rate, length of healing time,
Harris score, operation time, frequency of X-ray
fluoroscopy, frequency of guide pin insertion, and
intraoperative blood loss.

S (Study design): Randomised controlled trial and
cohort studies.

Study selection

Inclusion criteria were identified before the search,
and the following criteria were used: articles involving
robot-assisted femoral neck screw placement, quanti-
tative indicators for evaluating patient rehabilitation
outcomes, and providing sufficient data for meaningful
comparison (> 10 patients per study group). The exclu-
sion criteria were duplicate publications and articles
without traditional freehand screw placement in the
control group. Furthermore, only human studies were
considered. The inclusion of studies was not limited by

Table 1 Search strategy for Pubmed
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study size or publication type, and the excluded publi-
cations were review articles and commentaries.

Quality assessment and data extraction

Two reviewers independently assessed all included stud-
ies using the risk-of-bias tool. Retrospective cohort stud-
ies were evaluated using the Newcastle-Ottawa Quality
Assessment Scale, which is rated using 0-9 stars. Seven
or more stars indicate sufficiently high quality. The
Cochrane risk-of-bias criteria were used to assess the
quality of the randomized clinical trial (RCT) regarding
selection, performance, detection, attrition, reporting,
and other biases. We defined other biases as the differ-
ence in baseline characteristics between the experimental
and control groups.

Two reviewers independently extracted the data extrac-
tion. Any disagreements were resolved through discus-
sion or consultation with a third reviewer. Indispensable
data, such as publication year, study type, age, number
of patients, gender distribution, study design, and out-
comes, were extracted. Outcome indicators of inter-
est included healing rate, length of healing time, Harris
score, operation time, frequency of X-ray fluoroscopy,
frequency of guide pin insertion and intraoperative blood
loss.

Results

Characteristics of the included studies

Figure 1 shows the process of study inclusion. Nota-
bly, 2606 relevant studies were obtained through a web
search. In total, 676 studies were excluded because they
were duplicates. After assessing the titles and abstracts,
1930 studies were excluded because their content did
not meet the criteria. After verifying the full text of the
remaining 46 studies, 13 retrospective cohort stud-
ies (RCS) [6, 17, 18, 21-30] and one RCT [30] with 908
patients were finally included in this meta-analysis.
The RCT was shown to have a low risk of bias in Fig. 2.
Table 2 summarises the main characteristics of the
included studies. Baseline information was balanced and
comparable across the 14 studies. The cohort studies all
had evaluation scores greater than seven stars (Table 3),
and all the included studies demonstrated satisfactory
quality.

Database Search strategy

Pubmed

("Fractures,Bone“[Mesh] OR “Fracture Healing“[Mesh] OR “Fracture Fixation, Intramedullary“[Mesh] OR “Fracture Fixation, Internal“[Mesh]

OR “Fracture Fixation“[Mesh] OR"Open Fracture Reduction[Mesh] OR “Closed Fracture Reduction“[Mesh]) AND (“Robotics’[MeSH Terms]
OR"robot"[All Fields] OR “robotics”[All Fields] OR" robotic”[All Fields])
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Study Country Study design Mean Mean age, y

follow-up
Robot type period (month) RA FH

No.of patients Sex (M/F)

RA

FH

Outcome
indicators

Cao 2017 [23] China RCS 14.7 44.7 479
Universal Robots

Chen 2023 [28] China RCS 314 436+13.7 4571127
TiRobot

Duan 2019 [26]  China RCS 136 61.7+52 62.1+4.1
TiRobot

Huang 2017 [18] China RCS 19.6 594+56  59.1+49
Bi=planar robot

Huang 2023 [29] China RCS 22.2 482+119 485+98

TiRobot
Advance

Jing 2022 [22] China RCS 7.0 552 55
TiRobot

Lei 2021 [25] China RCS 6.0 51.86+4.89 5133+43
TiRobot

N=56
RA=20
FH=36

N=68
RA=32
FH=36

N=49
RA=26
FH=23

N=64
RA=32
FH=32

N=53
RA=25
FH=28

N=74
RA=31
FH=43

N=42
RA=21
FH=21

10/10

18/14

19/17

17/19

11/15 9/14

10/22

11/20

12/9

12/20

12/16

14/29

14/7

Healing rate;
Length of healing
time; Harris score;
Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss

Harris score;
Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss

Healing rate;
Length of healing
time; Harris score;
Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss

Length of healing
time; Harris score;
Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss

Length of healing
time; Harris score;
Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss

Healing rate;
Length of healing
time; Harris score;
Intraoperative
blood loss

Healing rate;
Length of healing
time; Harris score;
Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss
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Table 2 (continued)
Study Country Study design Mean Mean age, y No.of patients Sex (M/F) Outcome
follow-up — indicators
Robot type period (month) RA FH RA FH
Liao 2022 [30] China RCS 8.0 441+87 488+8.0 N=28 6/8 7/7 Length of healing
) RA=14 time; Harris score;
TiRobot Il FH=14 Operation time;
Frequency of X-ray
fluoroscopy
Liu 2015 [24] China RCS 12.5 652+4.2 60.5+5.1 N=46 8/13  11/14 Length of healing
GD-2000 RA=21 time; H.arris ‘score;
FH=25 Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss
Nie 2023 [17] China RCS 14.9 56.00+4.22 5487+481 N=41 8/10  10/13 Harris score;
TiRobot RA=18 Operation time;
FH=23 Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss
Tong 2016 [21]  China RCS 18.0 475 515 N=38 12/8 11/7  Healing rate;
TiRobot RA=20 L.ength of.healing
FH=18 time; Harris score;
Operation time;
Frequency of X-ray
fluoroscopy; Fre-
quency of guide
pin insertion;
Intraoperative
blood loss
Wang 2019 6]  China RCS 12.0 49.03+£823 49.80+7.68 N=128 30/33 31/34 Healing rate; Harris
TiRobot RA=63 score; Operation
FH=65 time; Frequency
of X-ray fluoros-
copy; Frequency
of guide pin inser-
tion; Intraopera-
tive blood loss
Yi 2022 [31] China RCT 18.0 585+6.3 575+53 N=68 19/13 16/20 Length of healing
TINAVI RA=32 time; H_arris_score;
FH=36 Operation time
Zhu 2021 [27] China RCS 38.8 479+135 477+126 N=153 26/24 47/36 Healing rate; Harris
TiRobot RA=50 s;ore; Operation
FH=83 time; Frequency

of X-ray fluoros-
copy; Intraopera-
tive blood loss

Healing rate and length of healing time

Seven studies provided data on the healing rate, and five
studies provided data on the healing time. The results
show that a higher percentage of patients recovered
from robotic-assisted surgery (standardised mean differ-
ence (SMD)=2.75, 95% confidence interval (CI), 1.03—
7.32, P=0.04; Fig. 3) with a shorter healing time (SMD

= -13.63, 95% CI, -20.18 — -7.08, P<0.0001; Fig. 4) than
from unassisted surgery.

Harris score

Ten studies provided data on the Harris score. The results
showed that the Harris score for patients who underwent
robotic-assisted screw placement (SMD=2.27, 95% CI,
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Table 3 Risk of bias assessment of the cohort studies
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0.79-3.75, P<0.003; Fig. 5) was greater than that of those
who underwent the conventional freehand technique.

RCS Selection Comparability Outcome  Total
Ca02017 23] % # % * Soteske FAAARAK Operation time
Chen2023[28]  w#wk % Fobok jlalakalalalale Eight studies provided data on operation time. The
Duan2019(26] - seseses & Fo FrTA results showed that the robot-assisted technique requires
E';f"g 2017 e K e HRAAAR less operation time (SMD = -12.72, 95% CI, -19.74 —
Huang2023[29] % % % % % St Srtesedfede et -5.70, P<0.0004; Fig. 6) than the freehand technique.
Jing2022[22] A kKA A Aok Ft AR AAK
Lei 2021 [25] *OK K * KAK FAAAAAK Frequency of X-ray fluoroscopy
Lia0202230] x A A% % St FRAA AR Eight studies provided data on the frequency of X-ray
Liu2015024]  # % % * ok FAAAA A fluoroscopy. The results showed that patients undergo-
Nie2023[17] %A% % kot Sk fedetefe ing robot-assisted surgery require less fluoroscopy (SMD
Tong 2016 [21] ¥ s % * Atk ot A A A = -13.64, 95% ClI, -18.32 — -8.95, P<0.00001; Fig. 7) than
Wang 2019 (6] ¥ # % ¥ Rt A A AAAS those undergoing traditional surgery.
Zhu2021[27] & # % Fetese FAAAAAK
Frequency of guide pin insertion
Eight studies provided data on the frequency of guide
pin insertion. The results showed that the robot-
assisted technique requires fewer guide pin insertions
Identification of studies via databases and registers ]
)
5 Records removed before screening:
s Records identified from: Du}ghcat%recorcli(s ;emqve? (t:r:l =t? 76)
fg Databases (n — 2,606) > ecoras ma_r ed as ine Igl e by
= Registers (n = 0) automation tools (n = 0)
g Records removed for other reasons
= (n=0)
—
v
Y
Records screened Records excluded
—>
(n =1,930) (n = 1,856)
v
Reports sought for retrieval Reports not retrieved
o (n = 46) — (n=32)
=
[
o
o A
)
Reports excluded:
Reports assessed for eligibility No appropriate comparison (n = 18)
(n=14) —> No data on outcome of interest
(n=11)
Conference abstracts (n = 3)
—
v
o Studies included in review
T (n=14)
° Reports of included studies
= (n=0)

Fig. 1 Schematic diagram of the study procedure
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

~)
-~
-~

Yi 2022

Fig. 2 The risk of bias of the included randomised controlled trial

(SMD = -7.95, 95% CI, -10.13 — -5.76, P<0.00001;
Fig. 8) than the freehand technique.

Intraoperative blood loss

Ten studies provided data on intraoperative blood
loss. The results showed that patients with femoral
neck fractures treated with robot-assisted surgery have
less intraoperative blood loss (SMD = -17.33, 95% CI,
-23.66 — -11.00, P<0.00001; Fig. 9).

Page 7 of 12

Sensitivity analysis and publication bias test

In case of significant heterogeneity in the Harris score,
operation time, frequency of X-ray fluoroscopy, fre-
quency of guide pin insertion, and intraoperative blood
loss results, a sensitivity analysis was conducted by omit-
ting one study in each turn, and then the others were
analysed to estimate whether a single study markedly
affected heterogeneity. This analysis confirmed the stabil-
ity of the Harris score, operation time, frequency of X-ray
fluoroscopy, frequency of guide pin insertion, and intra-
operative blood loss results.

Funnel plots were performed to test for possible publi-
cation bias. Supplemental material 1 shows that the stud-
ies were nearly symmetrically distributed on both sides of
the vertical line, indicating a relatively small publication
bias.

Discussion

This meta-analysis showed that robot-assisted screw
placement significantly improved patient recovery and
reduced intraoperative injuries compared with tradi-
tional freehand screw placement. Femoral neck fractures
are currently increasing in middle-aged and older adults,
and ischemic necrosis of the femoral head and non-union
of the fracture remain major postoperative complications
[32]. Weil et al. [33] reported that in surgeries for femo-
ral neck fractures, selecting an appropriate implantation
site and depth is crucial. Wang et al. [6] also showed that
the direction and position of intraoperative hollow screw
placement are closely associated with the re-displace-
ment, fixed stability, and healing of the fractures postop-
eratively. The more accurate the hollow screw placement,
the more stable the internal fixation of the femoral neck
fracture, and the lower the risk of fracture bone disconti-
nuity [34]. Robots are increasingly used in femoral neck
repair surgery because of their accuracy. Experimental
evidence shows that robot-assisted femoral neck repair
surgery is more accurate than freehand nail placement.

Robot-assisted Freehand Odds Ratio Odds Ratio

—Study or Subgroup __Events _ Total Events Total Weight M-H, Fixed, 95% C| M-H, Fixed, 95% CI

Cao 2017 20 20 36 36 Not estimable

Duan 2019 23 26 19 23 42.7% 1.61[0.32, 8.12] B I S

Jing 2022 30 31 43 43  31.5% 0.23 [0.01, 5.93] i

Lei 2021 21 21 18 21 7.7% 8.14[0.39, 167.98]

Tong 2016 20 20 16 18 7.6% 6.21[0.28, 138.56]

Wang 2019 63 63 65 65 Not estimable

Zhu 2021 50 50 77 83 10.5% 8.47[0.47,153.68]

Total (95% CI) 231 289 100.0% 2.75[1.03, 7.32] B

Total events 227 274

Heterogeneity: Chiz = 3.99, df = 4 (P = 0.41); I? = 0% 5 5)1 0=1 / 1=0 150

Test for overall effect: Z =2.03 (P = 0.04)

Favours [Freehand] Favours [Robot-assisted]

Fig. 3 Forest plot of robot-assisted techniques versus conventional freehand techniques in femoral neck screws placement for healing rate
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Robot-assisted Freehand Mean Difference Mean Difference

Studv or Subgroup  Mean  SD Total Mean SD Total Weight V. Fixed. 95% CI IV, Fixed. 95% Cl

Cao 2017 183 675 20 1791 651 36 3.2%  3.90 [-32.53, 40.33]

Duan 2019 138 57 23 159 63 19  3.2% -21.00[-57.68, 15.68]

Huang 2017 177 75 32 189 84 32  2.8% -12.00[-51.02, 27.02]

Huang 2023 1442 322 25 1659 539 28 7.7% -21.70 [-45.32, 1.92] s —

Lei 2021 1194 99 21 1335 144 18 69.0% -14.10[-21.99,-6.21] -

Liao 2022 183 36 14 189 33 14 66% -6.00[-31.58, 19.58] e E—

Liu 2015 159 75 21 183 90 25 1.9% -24.00[-71.68, 23.68]

Yi 2022 183 63 32 192 51 36 57% -9.00[-36.46, 18.46] e R

Total (95% CI) 188 208 100.0% -13.63 [-20.18, -7.08] <>

Heterogeneity: Chi? = 2.15, df = 7 (P = 0.95); I> = 0% _5=0 25 5 2=5 5=0

Test for overall effect: Z = 4.08 (P < 0.0001)

Favours [Robot-assisted]

Favours [Freehand]

Fig. 4 Forest plot of robot-assisted techniques versus conventional freehand techniques in femoral neck screws placement for the length

of healing time

Robot-assisted Freehand Mean Difference

Mean Difference

—Study or Subaroup Nean  SD Total Mean SD Total Weight 1V, Random, 95% Cl IV, Random, 95% C|
Cao 2017 87.05 3.12 20 86.78 2.83 36 8.3% 0.27 [-1.38, 1.92] -1
Chen 2023 88.1 29 32 886 36 36 8.4% -0.50 [-2.05, 1.05] -1
Duan 2019 88.3 4.4 26 876 39 23 7.5% 0.70 [-1.62, 3.02] I
Huang 2017 80.5 3.9 32 832 23 32 8.4% -2.70 [-4.27, -1.13] -
Huang 2023 88.6 5.6 25 848 63 28 6.5% 3.80 [0.60, 7.00] -
Jing 2022 824 58 31 79 7.7 43 6.6% 3.40[0.32, 6.48] -
Lei 2021 94.24 7.52 21 88.86 9.24 21 4.4% 5.38 [0.28, 10.48]
Liao 2022 926 27 14 906 1.9 14 8.2% 2.00[0.27, 3.73] -
Liu 2015 87.6 3.1 21 86.9 4.7 25 7.6% 0.70 [-1.57, 2.97] -1
Nie 2023 89.83 5.63 18 85.61 6.39 23 5.9% 4.220.53, 7.91] -
Tong 2016 87.1 3.7 20 793 47 18 71% 7.80[5.09, 10.51] -
Wang 2019 86.86 4.74 63 83.08 5.44 65 8.2% 3.78 [2.01, 5.55] -
Yi 2022 91.5 5.7 32 894 48 36 7.3% 2.10[-0.42, 4.62]
Zhu 2021 93.2 103 50 884 119 83 5.7% 4.80[0.97, 8.63] -
Total (95% ClI) 405 483 100.0% 2.27[0.79, 3.75] ’
Heterogeneity: Tau? = 6.18; Chi2 = 75.07, df = 13 (P < 0.00001); I2 = 83% } 1 1 }
Test for overall effect: Z = 3.00 (P = 0.003) -10 -5 0 5 1
. . . Favours [Freehand] Favours [Robot-assisted]
Fig. 5 Forest plot of robot-assisted techniques versus conventional freehand techniques in femoral neck screws placement for Harris score
Robot-assisted Freehand Mean Difference Mean Difference
Studv or Subaroup  Mean  SD Total Mean  SD Total Weight 1V, Random. 95% Cl IV. Random. 95% CI
Cao 2017 90.1 18.61 20 79.36 15.74 36 7.6% 10.74 [1.10, 20.38]
Chen 2023 46.8 10.9 32 66 154 36 8.3% -19.20 [-25.49, -12.91] -
Duan 2019 77.3 9.3 26 79 9.8 23 8.4% -1.70[-7.07, 3.67] -
Huang 2017 28.8 7.3 32 438 7.9 32 8.7% -15.00 [-18.73, -11.27] -
Huang 2023 32.7 4.8 25 569 113 28 8.6% -24.20[-28.79, -19.61] I
Lei 2021 64.12 10.86 21 88.29 14.29 21 8.0% -24.17 [-31.85, -16.49] -
Liao 2022 66.5 3.7 14 771 3.9 14 8.8% -10.60[-13.42,-7.78] -
Liu 2015 752 10.6 21 851 113 25 8.3% -9.90 [-16.24, -3.56] -
Nie 2023 56.94 7.85 18 72.71 10.49 23 8.4% -15.77 [-21.39, -10.15]
Tong 2016 79.7 157 20 741 149 18 7.6% 5.60 [-4.13, 15.33] -1
Wang 2019 65.7 9.87 63 73.74 9.78 65 8.7% -8.04 [-11.44, -4.64] -
Yi 2022 30.4 5.2 32 66.5 7.6 36 8.7% -36.10[-39.17, -33.03] -
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Test for overall effect: Z = 3.55 (P = 0.0004)
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Fig. 6 Forest plot of robot-assisted techniques versus conventional freehand techniques in femoral neck screws placement for operation time

Zhu et al. [27] and He et al. [35] mention that the screw
parallelism in the robot-operated group was better than
that in the freehand-operated group. However, the prog-
nostic outcomes of the robot- and freehand-operated

groups have been evaluated differently in different stud-
ies, with Zhu et al. [27] concluding that patients in the
robot-operated group had a higher postoperative heal-
ing rate, and Wan et al. [25] concluding that both groups
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Robot-assisted Freehand Mean Difference Mean Difference
—Studv or Subaroup Mean  SD Total Mean  SD Total Weight IV, Random. 95%Cl| IV, Random, 95% CI
Cao 2017 11.6 3.15 20 49.64 11.72 36  9.1% -38.04[-42.11,-33.97] -
Chen 2023 8 24 32 137 29 36  9.7% -5.70 [-6.96, -4.44] -
Duan 2019 286 96 26 46.7 8.5 23  8.7% -18.10[-23.17,-13.03] -
Huang 2017 114 32 32 439 11 32 9.1% -32.50[-36.47, -28.53] -
Huang 2023 79 14 25 16.3 6 28  9.5% -8.40[-10.69, -6.11] -
Lei 2021 122 211 21 19.86 3.29 21 9.6% -7.66 [-9.33, -5.99] -
Liao 2022 128 1.6 14 187 25 14 9.6% -5.90 [-7.45, -4.35] -
Liu 2015 285 9.8 21 486 8.1 25  8.7% -20.10[-25.36, -14.84] -
Nie 2023 22.94 5.01 18 34.09 4.24 23 9.4% -11.15[-14.04, -8.26] -
Wang 2019 13.67 4.39 63 17.09 4.02 65  9.6% -3.42[-4.88, -1.96] -
Zhu 2021 40.1 285 50 38.6 21 83 7.1% 1.50 [-7.60, 10.60] -1
Total (95% CI) 322 386 100.0% -13.64 [-18.32, -8.95] , ‘. , ,
e P . Chi2 = - 2=
Heterogeneity: Tau? = 58.79; Chi? = 457.89, df = 10 (P < 0.00001); I> = 98% _2'0 _1'0 0 1'0 2'0

Test for overall effect: Z = 5.70 (P < 0.00001)

Favours [Robot-assisted]
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Fig. 7 Forest plot of robot-assisted techniques versus conventional freehand techniques in femoral neck screws placement for frequency of X-ray

fluoroscopy
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Fig. 8 Forest plot of robot-assisted techniques versus conventional freehand techniques in femoral neck screws placement for frequency of guide

pin insertion

Robot-assisted

—Study or Subgroup Mean _ SD Total Mean SD Total Weight V. Random, 95% Cl

Cao 2017 1925 95 20
Chen 2023 508 9.8 32
Duan 2019 95 68 26
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Tong 2016 8 34 20
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Zhu 2021 13 73 50
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Fig. 9 Forest plot of robot-assisted techniques versus conventional freehand techniques in femoral neck screws placement for intraoperative blood

loss

showed no statistical difference regarding healing rates.
This is inconsistent with previous studies theory that
states that “greater precision in nail placement leads to a

better prognosis” Therefore, a meta-analysis was neces-
sary to pool past studies.
Our research showed that robot-assisted treatment of

femoral neck fractures leads to a better prognosis. The
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healing rate and time may be associated with the precise
nail placement of the robot. Robotic precision nail place-
ment leads to higher parallelism and discrete rates [35].
Zhou et al. [36] demonstrated that a standard, inverted
triangle distribution and good parallelism can promote
fracture healing. Regarding the operative length, the
analysis showed that robotic surgery was significantly
shorter than conventional surgery. However, other stud-
ies arrived at a contradictory conclusion. Cao et al. [23]
suggested that the robot requires more time. Nassim
et al. [37] and Zheng et al. [38] concluded that the robotic
and freehand screw placement showed no difference in
operative time. These studies indicated that there is still
room for improvement in reducing the operative time
with robot-assisted technology. Arand et al. [39] also
cited experience as vital in the length of surgery, as the
actual intraoperative needle may shift to a certain extent
when it encounters resistance, and less experienced
operators may spend more time adjusting the needle
position. Notably, other studies have attributed the pro-
longed operative time to the operative steps of the robot-
assisted procedure; however, Duan et al. [26] suggest that
most of the time spent in robot-assisted surgery is spent
on device placement and commissioning, image acquisi-
tion, and other non-invasive procedures. Furthermore,
Cao et al. [23] suggest in more detail why robot-assisted
techniques take longer in operative steps. These include
longer image acquisition time, sometimes requiring mul-
tiple x-rays; longer image transfer time, with images cur-
rently acquired by the C-arm needing to be copied to the
system workstation for path planning; and the fact that
most systems do not support simultaneous planning of
multiple screw paths, with only one screw being placed
in a single pass.

Notably, most studies agree that robotic-assisted sur-
gery is less invasive than conventional surgery in the
number of X-ray fluoroscopies, intraoperative bleeding,
and guide needle placements, providing strong evidence
that robotic-assisted surgery helps patient recovery.
Robotic-assisted techniques do not require repeated
fluoroscopy to determine needle placement [21] and can
significantly reduce the number of fluoroscopies. Semi-
automated needle placement results in fewer errors and
significantly fewer needle placements than unassisted
placement, facilitating the healing of the patient’s inci-
sion. In middle-aged and elderly patients with reduced
bone mass, repeated pin placement can cause punctate
loss of bone in the access area, preventing the pin from
being placed in the right place and affecting the accuracy
of internal fixation placement. Such subtle changes may
not be accurately analysed from radiographic data but
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can affect long-term outcomes [22]. Similarly, fewer nee-
dle placements result in less bleeding, which benefits the
early postoperative recovery of older patients, especially
those with poor systemic organ function, and improves
perioperative safety.

The application of orthopaedic robots in traumatic
orthopaedics is still new compared with spinal and joint
replacement surgeries, and robot-assisted femoral neck
fracture treatment is currently the scenario that most
commonly uses robots in traumatic orthopaedics. There-
fore, studying the clinical outcomes and rehabilitation
results of patients undergoing this kind of surgery is
significant in selecting treatment modalities for femoral
neck fractures and has reference values for developing
orthopaedic robots. We believe that applying robotics to
femoral neck fractures will ultimately improve the heal-
ing rate and shorten the healing time. This study deter-
mined the statistical differences between robot-assisted
femoral neck fracture surgery and the freehand nail
placement technique regarding healing rate, healing time,
and postoperative Harris scores. The results showed that
the robot-assisted technique was more effective than the
unassisted screw placement technique in improving heal-
ing rates, reducing healing times, and improving patients’
postoperative Harris scores. This study also demon-
strated the advantages of robotics in reducing the num-
ber of fluoroscopies, needle placements, and bleeding.

Our study had some limitations. First, most of the
included studies were RCSs, and the level of evidence was
not as high as that of RCTs. Second, most robot mod-
els are made in China, making the conclusions of this
study non-generalizable to other robot models. How-
ever, despite these limitations, the RCSs included in this
meta-analysis all had scores of seven stars or above and
remained of high quality.

Conclusion

Robot-assisted nailing technique helps improve post-
operative healing rates in patients with femoral neck
fractures, shortens healing times, restores hip function,
reduces the number of intraoperative fluoroscopies,
guides pin placements, reduces intraoperative bleeding in
patients, and increases perioperative safety than the free-
hand nailing technique.
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