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Abstract
Purpose The aim was to investigate the effect of surgeon handedness on acetabular cup positioning, functional 
outcomes, and dislocation incidence during primary THA.

Methods A systematic review was conducted according to the PRISMA guidelines. Studies published in English were 
searched in three databases (PubMed, Embase, and Scopus). A dominant side is a right-handed (RHD) or left-handed 
(LHD) surgeon who operates on the right or left hip, respectively. The opposite is considered to be the non-dominant 
side. We used odds ratios for dichotomous data and mean differences for continuous data, with 95% confidence 
intervals for quantitative data synthesis. Heterogeneity was assessed using the I² test, with outcomes graphically 
represented in a forest plot and a p-value of < 0.05 considered statistically significant; analyses were performed using 
Review Manager 5.4 (RevMan 5.4.1). >.

Result Four observational studies were included out of 98 articles. Ten experienced surgeons participated (8 RHD 
and 2 LHD) and operated on 822 patients (1484 hips), divided equally between dominant and non-dominant sides, 
and the posterolateral approach was utilized in 80.9% of THAs. RHD surgeons operated on 1404 (94.6%) THAs. The 
pooled synthesis for inclination indicated no significant difference between either side [MD: 0.10 (95% CI -2.10 to 2.30, 
P = 0.93, I² = 91%)]. While the difference was significant for anteversion [MD: -2.37 (95% CI -3.82 to -0.93, P = 0.001, I² = 
31%)]. The functional outcome was better on the dominant side [MD: 1.44 (95% CI 0.41 to 2.48, P = 0.006, I² = 0%)], and 
the dislocation incidence was significantly higher on the non-dominant side [OR: 0.45 (95% CI 0.25 to 0.81, P = 0.008, I² 
= 0%)].

Conclusion Surgeon handedness and whether operating on the dominant or non-dominant side could affect the 
acetabular cup positioning and outcomes during primary THAs, even in the hands of high-volume surgeons.
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Introduction
Surgeon handedness and its effect on various aspects of 
training and practice have been a concern of surgeons 
among different specialties [1–5]. Nevertheless, for orth-
oapedic surgeons operating on skeletal areas, mostly pre-
sented bilaterally, the orientation and degree of comfort 
differ for right- or left-handed surgeons according to the 
operating side [1, 6, 7]. Such effect was attributed to vari-
ous factors, including but not limited to a more powerful 
dominant limb with subsequent better control of skilled 
activities, refined and more accurate motor control, faster 
manipulation, longer time to fatigue, and better ability of 
spatial orientation [8–13].

Sabharwal et al. reported that 46% of the left-handed 
(LHD) participants in their study reported difficulties in 
handling right-handed (RHD) instruments; furthermore, 
LHD trainees reported difficulties while training by RHD 
teaching surgeons, and these difficulties were signifi-
cantly greater than their RHD peers’ trainees, 36% and 
61%, respectively (p < 0.001) [1].

Concerning orthopedic procedures, Moloney et al. 
attributed increased sliding hip screw failures while treat-
ing left hip peri-trochanteric fractures to screw malposi-
tioning indued by RHD surgeons [14]. Additionally, Liu 
et al. showed significantly higher femoral implant malpo-
sitioning in the sagittal plane during primary total knee 
arthroplasty (TKA) when an RHD surgeon operated on 
the non-dominant compared to the dominant side [7]. 
Furthermore, Mehta and Lotke reported that the knee 
functional and pain outcomes were significantly better at 
six-month and one-year follow up on the dominant (377 
TKAs) compared to the non-dominant (351 TKAs) side 
when an RHD surgeon performed surgeries [6].

Proper implant positioning during total hip arthro-
plasty (THA) is paramount to achieve better outcomes, 
including long-term survival [15–18], and factors affect-
ing acetabular cup placement were thoroughly reported 
in the literature, including but not limited to patient’s 
position, whether lateral or supine [19, 20], which surgi-
cal approach [21, 22], surgeon experience and learning 
curve [23–25], pelvic tilt and spinopelvic relationship 
[26, 27], and patient obesity [28], and in most of the cases 
it could be multifactorial [18, 23, 24, 27–32]. One fac-
tor that has yet to be deeply investigated is the probable 
effect of surgeon handedness.

So, the primary objective of the current systematic 
review was to investigate the effect of surgeon handed-
ness on acetabular cup positioning during primary THA. 
The secondary objectives were to compare the functional 

outcomes and dislocation incidence between the domi-
nant and non-dominant sides.

Methods
We conducted the current systematic review according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses PRISMA guidelines (Supplementary 
file 1) [33]. The protocol was registered in PROSPERO 
(CRD42023442797).

Eligibility criteria and search strategy
Comparative studies (randomized controlled tri-
als (RCTs), cohort studies, and case-control studies) 
reported in English discussing the effect of surgeon 
handedness on acetabular cup placement during pri-
mary total hip arthroplasty where the acetabular cup was 
placed using manual instruments were included. While 
reports in other languages, review articles, technical 
notes, cadaveric studies, and case reports were excluded.

In May 2023, we systematically searched the Eng-
lish language literature published in the past 20 years in 
PubMed, Embase, and Scopus databases using a combi-
nation of the following terms: “Total hip/handedness” 
and their synonyms using a boolean operator, which 
must be included in the title and abstract. Furthermore, 
a manual secondary search of the bibliography of the 
included articles’ full text for possible related articles was 
conducted (the detailed search strategy is shown in sup-
plementary file 2).

Study selection
All the identified articles were downloaded to the End-
Note 20 program, followed by the title and abstract 
screening for eligibility independently by two authors. 
After finalizing the selection process, a discussion 
between the authors was needed to resolve any contro-
versy and settle on the final articles that were included. 
Furthermore, the reference lists of the articles that were 
finally included were checked, and publications citing 
the included articles were evaluated for possible eligible 
articles.

Data collection and extraction
Data from the included articles were extracted indepen-
dently by the authors into a predetermined Excel sheet, 
which will include article characteristics (year of publi-
cation, country of origin, author name, and study type), 
Population characteristics (demographics of the included 
patients, type of THA, and management details), and out-
comes (acetabular cup position (inclination, anteversion, 

Keywords Total hip arthroplasty, Total hip replacement, Handedness, Inclination, Anteversion, Acetabular cup 
position, Systematic review
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and percentages located within the safe zone), functional 
or clinical outcomes, and complications). The estab-
lished terminology through the review was to report a 
dominant side when an RHD surgeon operated on the 
right hip or an LHD surgeon operated on the left hip; the 
opposite is considered the non-dominant side.

Risk of bias assessment
Since no RCTs were identified, the National Institutes of 
Health (NIH) quality assessment tool for observational 
cohort and cross-sectional studies was used for assess-
ment [34], carried out independently by the authors; both 
reports were compared together, and agreement was 
resolved by discussion between the authors.

Data analysis and synthesis
Qualitative synthesis
Data extracted from the included articles was presented 
in tables documenting the basic characteristics of the 
included studies and the outcomes.

Quantitative synthesis
The odds ratio (OR) was used to express the dichotomous 
data, and the mean difference (MD) was used for con-
tinuous data to express the measure’s effect with a 95% 
confidence interval. The I2 and Chi² tests were utilized 
to quantify the inconsistency and evaluate whether the 
observed differences in study results are due to hetero-
geneity rather than random chance or sampling error. A 
random-effects model was used to ensure that the results 
reflect both within-study and between-study variability, 
helping in achieving more robust and generalizable con-
clusions. A forest plot was used to graphically represent 
the differences in outcomes in the two treatment groups. 
A p-value of < 0.05 will be considered statistically signifi-
cant. Statistical analysis was performed by Review Man-
ager 5.4 (RevMan 5.4.1).

Results
Search results
The initial search of the three databases revealed 98 arti-
cles, of which, after evaluation, four articles were eligible 
for inclusion [35–38]. Search strategy details are shown 
in the PRISMA flow chart (Fig. 1).

Characteristics and quality of the included studies (Table 1)
The four included studies were retrospective observa-
tional studies, with ten surgeons participating (8 RHD 
and 2 LHD), and all were high-volume experienced sur-
geons (as reported by the authors in all articles). They 
operated on 822 patients (1484 hips); all were primary 
THAs where the acetabular cup was placed using man-
ual instruments and was divided equally between domi-
nant and non-dominant sides. 1200 (80.9%) THAs were 

performed through the posterolateral approach (PLA), 
204 (13.7%) through a direct anterior approach (DAA), 
and 80 (5.4%) through a direct lateral approach (DLA). 
RHD surgeons operated on 1404 (94.6%) THAs, while 
80 (5.4%) THAs (40 THA through the PLA and 40 THAs 
through the DLA) were operated on by LHD surgeons. 
All patients were operated upon in the lateral decubitus 
position, except for patients in the study by Kong et al. 
(DAA) [38], who were operated upon in a supine posi-
tion. All surgeons stand on the same side of surgery.

Although all the articles indicated that the acetabu-
lar cups were placed using manual techniques, none 
explained the exact technique to obtain the desired intra-
operative cup position.

Regarding the targeted zone for cup placement, three 
articles clearly stated their desired targets, upon which 
the acetabular cup positioning accuracy was evaluated 
postoperatively. Two articles [36, 38], defined the tar-
get zone as the safe zone described by Lewinnek et al. 
(an anteversion of 15° ± 10° and an inclination of 40° ± 
10°) [30]. In the third article [37], the authors narrowed 
the target zone to 20° ± 5° of anteversion and 40° ± 5° of 
inclination.

The quality of all studies was graded as fair per the NIH 
quality assessment tool (Supplementary file 2).

Outcomes (Table 2)
Acetabular cup positioning
Inclination This item was reported in all studies; three 
studies showed a significant difference between both 
sides (in two studies, Pennington et al. [35] and Song et 
al. [36], the dominant side cup inclination was higher than 
the non-dominant side. In contrast, in the study by Kong 
et al. (DAA) [38], the non-dominant side had higher cup 
inclination. The study by Kong et al. (PLA) [37], showed 
no statistically significant difference between both sides. 
The pooled synthesis indicated no significant difference 
between either side. The MD was 0.10 (95% CI -2.10 to 
2.30, P = 0.93, I² = 91%), Fig. 2a.

Anteversion It was reported in three studies [36–38]; 
cup anteversion was higher on the dominant side in the 
study by Song et al. [36], higher on the non-dominant side 
in the study by Kong et al. (PLA) [37], and not different 
between both sides in the study by Kong et al. (DAA) [38]. 
The pooled synthesis indicated a significant difference 
between both sides. The MD was − 2.37 (95% CI -3.82 to 
-0.93, P = 0.001, I² = 31%), Fig. 2b.

Percentage of cups located within the safe or targeted 
zones This was reported in all studies. Pennington et al. 
[35] reported that 100% of the cups on both sides were 
within the Lewinnek safe zone for inclination. In the Song 



Page 4 of 11Khalifa and Hassan BMC Musculoskeletal Disorders          (2024) 25:792 

et al. study [36], the authors reported no difference in the 
percentage of cups located within the safe zone of inclina-
tion only, while the difference was significant regarding 
the anteversion and both parameters, being better on the 
dominant side. Kong et al. (PLA) [37] (who used a nar-
rower target zone) reported no difference between both 
sides regarding the percentage of cups located within their 
target zone. Kong et al. (DAA) [38] reported no differ-
ence between both sides in the percentage of cups located 
within the safe zone for both inclination and anteversion.

Restoration of the hip center of rotation (COR) This 
was reported in one study [35], where the authors reported 
less medialization on the dominant side; however, the dif-
ferences did not reach statistical significance.

Operative time
This was only reported by Song et al. [36], where the 
authors showed that operative time was significantly lon-
ger on the non-dominant side.

Functional outcomes
Hip functional outcomes measured by Harris Hip Score 
(HHS) were reported in two studies [37, 38], and both 
reported no difference between both sides. In the Kong 
et al. (PLA) [37] study, HHS was reported postopera-
tively, while in the Kong et al. (DAA) [38] study, HHS was 
reported after a mean follow up of 17.11 ± 2.58 months. 
The pooled synthesis indicated a significant difference 
between both sides (favoring the dominant side). The MD 
was 1.44 (95% CI 0.41 to 2.48, P = 0.006, I² = 0%), Fig. 2c.

Fig. 1 Flowchart showing the study selection process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
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Complications
All complications reported in the respective studies are 
reported in (Table  2); however, we have to emphasize 
the instability issues (mainly dislocation) related to the 
acetabular cup positioning. Dislocation incidents were 
reported in three studies [36–38]; overall, it was more 
on the non-dominant side than the dominant side (37 vs. 
17); however, only in the Song et al. study did the authors 

report that this difference reached statistical significance 
[36]. The pooled synthesis for dislocation incidence indi-
cated a significant difference between both sides, with a 
higher incidence on the non-dominant side. The OR was 
0.45 (95% CI 0.25 to 0.81, P = 0.008, I² = 0%), Fig. 2d.

Table 2 Primary and secondary outcomes of the included studies
Variables Study
Parameter side Pennington 

et al.
Song et al. Kong et al. (PLA) Kong et al. 

(DAA)
Acetabular cup positioning
Cup inclination* Dominant 46.4 ± 4.31 38.59 ± 6.84

(18–72.5)
39.35 ± 5.26
(23–48)

39.42 ± 7.19

Non-dominant 43.5 ± 5.22 37.5 ± 6.76
(15.5–70)

40.35 ± 5.77
(25–55)

42.61 ± 7.32

Cup anteversion* Dominant NR 22.01 ± 6.35
(7.5–41.5)

22.44 ± 8.67
(1–41)

15.79 ± 6.99

Non-dominant 25.28 ± 7.16
(6.5–45)

24.77 ± 10.44
(0–55)

16.91 ± 7.49

Located within safe zone (% 
of cups)
according to Lewinnek et al.**

Dominant Inclination: 100% 88% NR NR
Anteversion NR 71%
both NR 62% 32.25% 81.37%

Non-dominant Inclination: 100% 87% NR NR
Anteversion NR 52%
both NR 46% 27.41% 73.53%

The mean difference between 
both sides*

Inclination 3 degrees 1.08 ± 9.46
(− 47–26)

Difference > 5 de-
grees in 77%

NR

Anteversion NR 3.27 ± 7.37
(− 17.5–24.5)

LLD (mm)* Dominant 0.5 ± 5.34 NR NR NR
Non-dominant 0.0 ± 5.67

Center of Rotation
Medialization*

Dominant 0.4 ± 2.04 NR NR NR
Non-dominant 1.7 ± 4.54

Functional outcomes
Follow up period (months) NR NR 3 months 17.11 ± 2.58
HHS* Dominant NR NR 83.63 ± 9.02

(71–95)
94.33 ± 4

Non-dominant 81.11 ± 9.3
(68–95)

93.01 ± 3.94

Complications
Dislocation** Dominant NR 16 (3.21%) 0 (0.0%) 1 (0.98%)

Non-dominant 35 (7.02%) 2 (0.0%) 0 (0.0%)
PJI** Dominant NR 0 (0.0%) NR

Non-dominant 1 (1.6%)
vascular injury** Dominant NR 0 (0.0%)

Non-dominant 2 (1.96%)
periprosthetic fracture** Dominant 3 (2.94%)

Non-dominant 1 (0.98%)
LFCN palsy** Dominant 9 (8.82%)

Non-dominant 12 (11.76%)
HO** Dominant 2 (1.96%)

Non- dominant 0 (0.0%)
*Data presented as Mean ± SD (range). **Data presented as percentages. LLD: leg length difference, PJI: periprosthetic joint infection, LFCN: lateral femoral cutaneous 
nerve, HO: heterotopic ossification, NR: not reported, PLA: posterolateral approach, DAA: direct anterior approach
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Discussion
Although it is considered one of the most successful 
surgical procedures [39], failures after THA still occur, 
partially attributed to component malpositioning [16, 
17, 40]. So, it becomes evident that proper implant 

positioning during THA is crucial for better outcomes, 
including higher survival rates [15–18]; furthermore, 
how to get the component in the proper position, even 
without the assistance of newer technologies, is still a 

Fig. 2 Forest plot showing the pooled results of the included studies. a, acetabular cup inclination. b, acetabular cup anteversion. c, functional outcome 
according to Harris Hip Score. d, dislocation rate. (Forest plot a, shows high heterogeneity (I² = 91%), indicating substantial variability among the stud-
ies. Forest plot b, demonstrates moderate heterogeneity (I² = 31%), suggesting that the observed differences are partially due to true heterogeneity. In 
both, a random-effects model accounted for the variability and provided a more conservative estimate of the overall effect. Forest plots c and d, show no 
heterogeneity (I² = 0%), implying minimal variability among the studies. In such cases, a fixed-effects model could be justified; however, a random-effects 
model was still applied to provide a more generalized result, consistency across analyses, and account for potential unobserved heterogeneity)
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concern and was thoroughly reported in a recent review 
by Meermans et al. [18].

Various factors have been investigated to affect implant 
positioning, particularly the acetabular cup [18, 23, 24, 
27–29, 31, 32]. However, the effect of surgeon handed-
ness was studied less than other factors [35–38, 41]. The 
results of the current review indicate that surgeon hand-
edness affects acetabular cup positioning (anteversion 
more than inclination) during primary THAs concerning 
which side is being operated (dominant vs. non-dom-
inant) and a possible effect on the functional outcomes 
and dislocation rates. Although some of the reported 
differences could be considered clinically insignificant, 
the results should be interpreted considering that all the 
operated surgeons were “experienced” and operated on 
considerably straightforward primary THAs.

Possible reasons for differences in parameters between 
dominant and non-dominant sides based on surgeon 
handedness could be suggested.

First, the side where the surgeon stands
In the current review, all surgeons reported standing on 
the same side of the surgery, which most surgeons com-
monly practice. So, an RHD surgeon operating on the 
right hip (dominant side) will prepare the acetabulum 
using mainly the right hand (holding the reamer or ham-
mering the cup in place), and the left hand will support 
the instrument. In contrast, when operating on the left 
side (non-dominant side), the surgeon has to choose 
between leading the acetabulum preparation by the non-
dominant hand (the left) or using the dominant hand, but 
in the latter, the body will be in a disadvantageous posi-
tion [36].

Song et al. reported that while impacting a cement-
less acetabular cup on the non-dominant side while the 
patient is in the lateral decubitus position, the surgeons 
need to place their dominant hand (which is holding the 
hammer) above the non-dominant hand (which is hold-
ing the acetabular cup handle), which could affect the 
working space compared to operating on the dominant 
side, leading to an uncomfortable operating position. 
Furthermore, the authors attributed less operative time 
on the dominant side to comfortability during surgery 
[36].

However, if a surgeon chose to stand on the opposite 
side [40], this could seriously affect cup positioning, as 
shown in a study by Grammatopoulos et al. on a pelvic 
model aiming at assessing the accuracy of cup placement 
by surgeons of different experience levels and if stand-
ing on different sides of the operative table will affect cup 
positioning, the authors reported higher variability of 
cup inclination estimation (up to 14 degrees) when the 
surgeons changed his position to stand on the assistant 
side [42].

Second, using manual instruments
Using manual instruments and freehand technique for 
acetabular cup placement, combining external and ana-
tomical landmarks has been the standard for many sur-
geons, mainly if they cannot utilize newer technologies 
such as computer navigation or robotic-assisted surger-
ies [40, 43, 44]. Callanan et al. reported on the variability 
of freehand acetabular cup positioning when operating 
through various surgical approaches, where 57.3%, 37%, 
and 32% were within Lewinnek et al. safe zone when 
operating through the posterolateral, anterolateral, and 
direct lateral approaches respectively [31]. Furthermore, 
higher accuracy and consistency and fewer outliers of 
acetabular cup placement were proved when computer 
navigation assisted surgery compared to manual free-
hand techniques [45, 46].

All acetabular cups included in the current review were 
placed using the freehand technique. However, in one of 
the studies by Kong et al. (PLA) [37], the authors included 
a comparative group of 53 bilateral robotic-assisted 
THAs, where no difference in acetabular cup positioning 
between both sides was reported in this group; further-
more, the cups located outside the safe zone was lower 
than the manual freehand group (48% vs. 70%, p = 0.001), 
and the consistency (measured as > 5 degrees difference 
between both sides) was lower in the robotic-assisted 
THAs group (45% vs. 77%, p = 0.000).

Third, surgeons experience
In the current review, while all the operating surgeons 
were considered “high-volume and experienced,” there 
are still differences in acetabular cup positioning between 
both sides. Barrack et al. reported that low-volume sur-
geons had a higher possibility of acetabular cup malpo-
sitioning [47]. Furthermore, less experienced surgeons 
showed less consistency for acetabular cup placement 
than experienced surgeons, as shown by Kim et al., where 
the authors found that hip COR restoration was signifi-
cantly accurate and consistent in the hands of experi-
enced surgeons [15]. Moreover, Bosker et al. reported 
that senior surgeons were better than residents regard-
ing acetabular cup inclination and anteversion [23]. This 
raises concerns about amplifying differences reported in 
acetabular cup positioning when less experienced sur-
geons are involved.

Fourth, the surgical approach and patient position
The surgical approach could play a role; variations in 
acetabular cup positioning were reported in the current 
review, where surgeries were performed through three 
main approaches, namely the DLA, PLA (patients were 
in the lateral decubitus position), and DAA (patients 
were in supine position). Crawford et al. reported differ-
ences attributed to the surgical approach when evaluating 
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THAs performed by a single RHD surgeon; they found 
that cup positioning was generally better (according to 
cups located within Lewinnek safe zone) while utilizing 
DAA (supine position) compared to the DLA (lateral 
decubitus position); furthermore, the inclination was sig-
nificantly higher on the dominant side for DAA (p = 0.03), 
while the anteversion was significantly higher on the 
dominant side for the direct lateral approach (p = 0.004) 
[41].

Last, instruments control and spatial cognition
The ability to control the instruments better, as the domi-
nant hand is more powerful than the non-dominant 
hand, enables the surgeon to have better control over 
skilled motor activities, faster manipulation, and longer 
time to fatigue [8, 12]. Furthermore, spatial cognition and 
visuospatial ability refer to the surgeons’ ability to locate 
points in space, determine lines and objects’ orientation, 
assess location in depth, and process motion, includ-
ing motion in depth [48]. These factors were related to 
surgical skills acquisition and had been shown to differ 
between surgeons according to their experience level [13, 
49]. In the Pennington et al. study, higher COR medial-
ization on the non-dominant side was explained by the 
fact that the surgeon led acetabular preparation with 
the non-dominant hand, where more force and pressure 
could be exerted while using the power reamers [35].

The current review has some inherent limitations, 
which should be considered when interpreting the 
results. First, only two articles reported the functional 
outcomes; furthermore, these needed to be more con-
sistent regarding when these were reported. Second, the 
long-term revision rates, mainly secondary to loosen-
ing, were not reported, which could be closely related 
to implant positioning. Third, all the surgeons included 
were experienced and high-volume, which guards against 
generalizing the results over low-volume and less expe-
rienced surgeons. Fourth, most included implants were 
cementless, further questioning the results’ applicability 
over cemented acetabular cups. Fifth, none of the articles 
accurately described their manual freehand acetabular 
cup placement technique, which could differ between 
surgeons. Sixth, the Lwenniek safe zone numbers range 
was considered by some authors of the included arti-
cles to determine the appropriateness of acetabular cup 
placement; however, the reliability of these numbers has 
been questioned in the literature and leaning toward 
more personalized cup placements safe target zones as 
well as considering the combined anteversion are recom-
mended. Finally, although all studies were comparative, 
all were retrospective.

Conclusion
Surgeon handedness and whether he or she is operating 
on the dominant or non-dominant side could affect the 
acetabular cup positioning during primary THAs regard-
less of the surgical approach, even in the hands of expe-
rienced, high-volume surgeons. Although the functional 
outcomes were affected, more comparative studies are 
needed to support this result. Furthermore, the effect of a 
surgeon’s handedness when young, less experienced, and 
low-volume surgeons operate needs further evaluation. 
Likewise, whether the results we obtained in the current 
review could differ when operating on complex primary 
or revision THAs is still to be determined. Additionally, 
the results obtained from the current systematic review 
should be cautiously interpreted, considering the small 
number of included articles and their relatively lower 
quality.
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