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Hemiarthroplasty 
through SuperPATH 
versus hemiarthroplasty 
through conventional approaches 
in patients with femoral neck 
fractures: a systematic review 
and meta‑analysis of randomized 
controlled trials
Nikolai Ramadanov 1,2*, Katarzyna Jóźwiak 3, Polina Marinova‑Kichikova 4, Philip Lazaru 5 & 
Dobromir Dimitrov 6

The aim was to conduct a systematic review of literature and meta‑analysis of randomized controlled 
trials (RCTs) comparing short‑term outcomes of bipolar hemiarthroplasty (HA) through SuperPATH 
and bipolar HA through conventional approaches (CAs) in patients with femoral neck fractures. The 
following PICO question was formulated: In human participants with femoral neck fractures, are the 
short‑term outcomes of SuperPATH HA better than the short‑term outcomes of CAs HA? The following 
databases were searched until 25 August 2023: PubMed, CNKI, CENTRAL of The Cochrane Library, 
Clinical trials, and Google Scholar. Quality assessment of the RCTs was performed, according to the 
Cochrane’s Risk of Bias 2 tool and the recommendations of the GRADE system. Furthermore, we 
evaluated publication bias with funnel plots. Mean differences (MDs) with 95% confidence intervals 
(CIs) were calculated for continuous variables using the Hartung–Knapp–Sidik–Jonkman method and 
a random effects model. Nine RCTs with overall 762 patients were included in this meta‑analysis. All 9 
RCTs were rated with a moderate risk of bias. The quality of evidence of the outcome parameters was 
rated moderate to very low. The funnel plots were overall broadly symmetrical, possibly indicating low 
to moderate publication bias. SuperPATH had a longer operation time compared to CAs (MD = 21.79, 
95% CI 12.57 to 31.02). SuperPATH decreased incision length (MD = − 4.50; 95% CI − 5.80 to − 3.20), 
intraoperative blood loss (MD = − 103.96, 95% CI − 150.27 to − 55.66), postoperative drainage volume 
(MD = − 137.30, 95% CI − 178.74 to − 95.86), time to mobilization (MD = − 3.86; 95% CI − 5.96 to − 1.76), 
pain VAS ≤ 1 week postoperatively (MD = − 1.81; 95% CI − 2.17 to − 1.45), and hospitalization time 
(MD = − 4.05; 95% CI − 4.96 to − 3.15). SuperPATH improved HHS ≤ 1 week postoperatively (MD = 11.10; 
95% CI 1.65 to 20.54) and HHS 3 months postoperatively (MD = 6.33; 95% CI 3.97 to 8.69). There was 
no difference in pain VAS 1–3 months postoperatively (MD = − 0.08; 95% CI − 0.22 to 0.05) and HHS 
6 months postoperatively (MD = 0.44; 95% CI − 0.11 to 1.00). This is the first meta‑analysis comparing 
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SuperPATH HA with CAs HA in patients with femoral neck fractures. SuperPATH HA was superior 
in the early short‑term functional outcome (HHS) compared to CAs HA, reaching minimal clinically 
important differences. Furthermore, SuperPATH HA showed significantly better results in incision 
length, blood loss, time to mobilization, pain intensity (VAS), and hospitalization time than CAs HA.

Abbreviations
BMI  Body Mass Index
CA  Conventional approach
CAD  Coronary artery disease
CENTRAL  Cochrane Central Register of Controlled Trials
CI  Confidence interval
CNKI  China National Knowledge Infrastructure
DAA  Direct anterior approach        
DHS  Dynamic hip screw
GRADE  Grading of Recommendations, Assessment, Development and Evaluation
HA  Hemiarthroplasty
HHS  Harris Hip Score
ITT  Intention-to-treat analysis
MCID  Minimal clinically important difference
MD  Mean difference
Meta-SuCAs-2  Meta-analysis SuperPATH versus conventional approaches 2
PP  Per-protocol analysis
PRISMA  Preferred Reporting Items for Systematic reviews and Meta-analyses
RCT   Randomized controlled trials
RoB  Risk of Bias
SuperPATH  Supercapsular percutenously assisted total hip
THA  Total hip arthroplasty
VAS  Visual analog scale

The possible surgical treatment of femoral neck fractures is summarized in two groups: (1) the head-preserving 
osteosynthesis such as cannulated screw fixation and the dynamic hip screw (DHS), (2) the endoprosthetic hip 
joint replacement as a total hip arthroplasty (THA) or a bipolar hemiarthroplasty (HA). There is no agreement 
in the specialist literature as to which surgical procedure represents the gold standard in the surgical treatment of 
femoral neck  fractures1,2. Only a decision framework is given, in which the surgeon must select the best operative 
procedure in each individual patient case, taking into account numerous influencing factors (fracture classifi-
cation, patient age, bone quality, functional requirements of the patient, general condition, and compliance of 
the patient, duration from trauma to surgery, manifestation of osteoarthritis)2. Nevertheless, hip arthroplasty is 
undoubtedly indicated in elderly patients with a displaced femoral neck fracture (Garden III-IV), osteoporosis, 
osteoarthritis, and a duration from fracture to surgery of more than 24  h1,2. And specifically, bipolar HA is indi-
cated in elderly patients with a shorter life expectancy of < 5 years, a lower functional requirement, and a lower 
level of  activity2. Less frequently, procedures such as unipolar HA or conservative approaches are used, especially 
in advanced dementia patients with limited mobility and no appreciable quality of life.

Hip arthroplasty is one of the most effective and successful operations performed in orthopedic  surgery3. Contin-
ued efforts led to a steady improvement in outcomes after hip arthroplasty over the past century. The further devel-
opment of the implants, the accumulation of experience by the operating surgeons, the perioperative application of 
tranexamic acid, and the intraoperative warming of the patient should be mentioned as examples. Furthermore, the 
improvement in treatment was achieved through the invention and introduction of novel operational approaches and 
surgical techniques. As part of this endeavor, James Chow introduced a new type of minimally invasive hip approach 
in 2011 – the Supercapsular percutaneously assisted approach in total hip arthroplasty (SuperPATH)4. SuperPATH 
was invented based on surgical techniques from previous microposterior approaches, namely the supercapsular 
approach (SuperCap) developed by Stephen Murphy in  20045 and the percutaneously assisted total hip approach 
(PATH) developed by Brad Penenberg in  20086. The aim of the developers of SuperPATH was to maintain and 
combine the advantages of both microposterior approaches (Figs. 1 and 2). Numerous meta-analyses have already 
shown that SuperPATH significantly improves the short-term outcome of hip replacement compared to conventional 
approaches (CAs)7–9 and other minimally invasive hip  approaches10–13. All of these meta-analyses7–13 concentrated 
on SuperPATH THA. Only two of them included some studies on SuperPATH  HA7,9. The first English-language 
meta-analysis on SuperPATH concentrated on SuperPATH THA vs. CAs THA and performed a subgroup-analysis 
with a minor number of included studies on SuperPATH HA vs. CAs  HA7. The meta-analysis by Ge et al.9 did not 
differentiate between SuperPATH THA and SuperPATH HA, which is a severe limitation. A recent scoping review 
including all publications on SuperPATH in PubMed showed that there is no meta-analysis in the literature examining 
the outcome of SuperPATH HA in patients with femoral neck  fractures14. However, there is a fundamental difference 
between SuperPATH HA and SuperPATH THA. The additional stab incision for the acetabular cup positioning is 
not required in SuperPATH HA, as it was described by Bodrogi et al. in  201615. In contrast, the CAs themselves do 
not differ depending on the choice between HA and THA. This difference might lead to even greater advantages of 
SuperPATH HA vs. CAs HA than SuperPATH THA vs. CAs THA already demonstrated.

The aim of the current study was to conduct a systematic review of literature and meta-analysis of randomized 
controlled trials comparing short-term outcomes of bipolar HA through SuperPATH and bipolar HA through 
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CAs in patients with femoral neck fractures. The following PICO question was formulated: In human partici-
pants with femoral neck fractures, are the short-term outcomes of SuperPATH HA better than the short-term 
outcomes of CAs HA?

Methods
After an initial literature search to check whether there were enough primary studies to conduct a meta-analysis, 
the study protocol was registered in PROSPERO on January 15, 2023 [CRD42023389353], available online at: 
https:// www. crd. york. ac.uk/prospero/display_record.php?RecordID=389353. We followed the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses (PRISMA)  guidelines16. The PRISMA Checklist is provided 
in the supplement. We searched the following databases and checked citations of screened studies and reviews 
for relevant manuscripts until 25 August 2023: PubMed, CNKI, CENTRAL of The Cochrane Library, Clinical 
trials. Additional studies and gray literature were also searched in Google Scholar. The reference lists of found 
articles and similar meta-analyses were also checked for relevant studies. The literature search was carried out 

Figure 1.  Illustration of the in-situ opening of the femoral canal with a reamer.

Figure 2.  Illustration of the in-situ resection of the femoral neck—a surgical step that characterises the 
SuperPATH surgical technique.

https://www.crd.york.ac
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using the BOOLEAN search strategy, which was adapted to the syntax of the databases used: ((SuperPATH) OR 
(supercapsular percutaneously assisted total hip)).

Study screening and selection
No restrictions on publication language and publication year were applied. The articles found were exported to a 
reference management software (Endnote Version × 9; Clarivate Analytics, London, UK). After removing dupli-
cates, two reviewers (NR, PMK) independently selected articles by reviewing titles and abstracts. After viewing 
the full text of the selected articles, the two investigators independently decided whether to include them in the 
meta-analysis. In case of contradictory decisions, a consensus was reached after scientific discussion. The kappa 
coefficient was used to measure agreement between the two reviewers. Chinese articles have been translated 
using an artificial intelligence machine translator.

Inclusion criteria
Types of studies:

randomized controlled trials (RCTs)
Types of participants:
human participants with a femoral neck fracture
Types of interventions:
bipolar HA through SuperPATH compared to bipolar HA through CAs
Types of outcome measures:

• Operation time (in min.): The operation time was defined as the time from skin incision to suture.
• Incision length (in cm): The incision length was defined as the length of the skin incision.
• Intraoperative blood loss (in mL): The intraoperative blood loss was defined as the volume of blood collected 

in the suction system.
• Postoperative drainage volume (in mL): The postoperative drainage volume was defined as the collected 

blood volume until the wound drainage was removed.
• Time to mobilization (in d): Time to mobilization was defined as the time interval from the end of surgery 

until the patient got out of bed and took his first steps with or without the assistance of physiotherapists or 
medical staff.

• Pain visual analog scale (VAS)17,18: Pain was measured with a subjective perception of the patient assessed 
using an objective measuring instrument. As in most cases, the VAS was used to determine pain intensity, 
with “10” being the most severe pain imaginable on a scale from 0 to 10.

• Harris Hip Score (HHS)19: The HHS, developed to evaluate the outcome of hip operations, collected points 
from assessments of four aspects of the hip condition: pain, function, degree of deformity, and range of 
motion. The higher the added score, the better the outcome, with “100” being the best result on a scale from 
0 to 100.

• Hospitalization time (in d): The hospitalization time was defined as the time interval from admission to the 
hospital until the patient discharge.

• Complications: A surgical complication refers to an undesirable development or an unexpectedly diffi-
cult course from the time of surgery. The complications considered were as follows: dislocation, infection, 
periprosthetic fracture (intra- or postoperatively), deep vein thrombosis (with or without pulmonary artery 
embolism), hematoma, and reoperation or prosthesis revision. Depending on the individual RCTs, the post-
operative complications were recorded in different follow-up periods, but in each case, these were short-term 
complications (≤ 1 year).

Data extraction and analysis
Two reviewers (NR, PMK) independently extracted all relevant data: author’s name, publication year and origin 
of the RCTs, other RCT characteristics, study methods and quality, characteristics of the participants, details of 
the interventions, outcome parameters, and relevant additional information. The extracted data are available in 
the supplement. If relevant data were still missing after contacting the corresponding authors, the RCTs were 
excluded to ensure the high-quality inclusion of RCTs. If the RCTs provided different information from the 
intention-to-treat analysis (ITT) and the per-protocol analysis (PP), the numbers from the ITT analysis were 
used. The patient cohort characteristics of the SuperPATH group and the CAs group were summarized with 
unweighted descriptive measures and compared using the Mann–Whitney U test with a significance level α of 
0.05.

Quality assessment
We examined the selected RCTs for their quality. We performed a risk of bias and level of evidence assessment, 
using Cochrane’s Risk of Bias 2 (RoB 2)  tool20, respectively according to the recommendations of the GRADE 
 system21. Furthermore, we evaluated publication bias visually using funnel plots. In the funnel plot, the horizontal 
axis (“x-axis”) shows the mean difference (MD) in outcome between the two treatment groups for the individual 
RCTs, and the vertical axis (“y-axis”) shows the estimated standard error of the MD, i.e., the uncertainty of the 
estimated effect size. The vertical line is the overall effect estimated from the meta-analysis across all RCTs. The 
light gray triangle corresponds to the results based on the fixed effects model. The black triangle corresponds 
to the results based on the random effects model. Due to the small number of included studies, tests for funnel 
plots asymmetry were not  performed22.
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Meta‑analysis
The SuperPATH group was the experimental group and the CAs group was the control group. Both fixed effects 
and random effects models were calculated for each outcome. However, for the generalizability of the conclu-
sions beyond the included studies, the interpretation focused on the results of the random effects model. For 
each RCT, MD was calculated as an unstandardized mean difference and its 95% confidence interval (CI) was 
calculated assuming unequal standard deviations in the two treatment groups. Across all RCTs, MD and its 95% 
CI was based on a random effects model. The study weighting was carried out using the inverse variance method. 
The between-study variance was estimated with the DerSimonian-Laird method. Heterogeneity was assessed 
using Cochrane’s Q-test (P-value < 0.10 indicates heterogeneity) and Higgins’  I2 test (low heterogeneity: < 25%, 
moderate heterogeneity: 25–75%, and high heterogeneity: > 75%)23. All statistical analyses were performed with 
netmeta and metafor packages in R software version 4.0.3.24. The results were analyzed based on the Cochrane 
manual for systematic reviews of interventions, Cochrane’s Review Manager version 5.3.

Results
Systematic Review
The initial literature search in the scientific medical databases yielded 799 unique records (Fig. 3). After reviewing 
the titles and abstracts,  1925–43 RCTs were selected by reviewers (κ = 1.0) for further consideration. Of these 19 
RCTs, 10  RCTs34–43 were excluded after full-text screening (κ = 1.0) for the following reasons: (1) 5  RCTs34,35,40,42,43 
were excluded due to lack of randomization, (2) one RCT compared two different SuperPATH groups with each 
other and not with a  CAs36; (3) one RCT did not make any differentiation between HA   and  THA37; (4) in one 
RCT a modified SuperPATH technique was  used38; (5) one RCT compared SuperPATH THA to CAs  HA41; (6) 
one RCT was an English-language version of the included study by Jia et al.28 with a partially identical patient 
cohort and with fewer outcome  parameters39. Finally, a total of 9  RCTs25–33 were included in our meta-analysis.

Characteristics of the included RCTs
The main features of the 9 included RCTs with overall 762 patients are shown in Table 1. The 9 RCTs were pub-
lished between 2017 and 2021 in Chinese scientific journals. Five RCTs compared SuperPATH with a conven-
tional posterolateral  approach25,29–31,33, 2 RCTs compared SuperPATH with a conventional posterior  approach26,28, 
2 RCTs compared SuperPATH with a conventional lateral  approach27,32. Of the included patients, 377 were 
operated through SuperPATH, and 385 were patients operated through CAs. Of these 385 patients, 220 were 
operated on through posterolateral CA, 82 through posterior CA, and 83 through lateral CA. The RCTs examined 
the short-term outcome (≤ 1 year) with a mean follow-up time of 7.6 months (range: 6–10).

Characteristics of the patient cohort
All included patients had a unilateral femoral neck fracture, mostly dislocated (98.9%). The mean age of the 
patient cohort was 74.9 years (range: 67.1–82.8) and 47.2% of the patients were men. Only 2  studies25,32 reported 
the Body Mass Index (BMI), which averaged 24 kg/m2. The mean preoperative HHS of the patient cohort was 26.2 
points. Few studies reported information on the comorbidities. The most frequent comorbidities were arterial 
hypertension with 55.1%, coronary artery disease (CAD) with 22.5%, and diabetes mellitus with 21.9%. These 
relevant patient characteristics did not differ significantly between the SuperPATH and the CAs group (Table 2). 
Further details on patient characteristics are given in Table 3.

Quality assessment
All 9 RCTs were rated with a moderate risk of bias (Table 4). The quality of evidence of the outcome parameters 
was rated as follows: the HHS 6 months postoperatively had a moderate quality of evidence, the intraopera-
tive blood loss and the pain VAS 1–3 months postoperatively had a low quality of evidence; all other outcome 
parameters had a very low quality of evidence (Table 5). Overall, the funnel plots were broadly symmetrical, 
possibly indicating low to high publication bias. The pain VAS ≤ 1 week postoperatively, the pain VAS 1–3 months 
postoperatively, the HHS 3 months postoperatively, the HHS 6 months postoperatively, and the hospitalization 
time were rated with a low publication bias. The operation time, the intraoperative blood loss, the postoperative 
drainage volume, the time to mobilization, and the HHS ≤ 1 week postoperatively were rated with a moderate 
publication bias. The incision length was rated with a high publication bias. A representative funnel plot of the 
HHS 6 months postoperatively is shown in Fig. 4. The funnel plots of all 11 outcome parameters analyzed are 
presented in the supplement. However, it is unlikely that the short-term outcome of SuperPATH HA is not 
superior to CAs HA, because a quick look at several non-RCTs in PubMed, CNKI, CENTRAL of The Cochrane 
Library and Clinical Trials did not show any difference from our results.

Meta‑analysis
Operation time
Data on the operation time of 762 patients were pooled from 9 RCTs  (I2 = 98%, p < 0.01, Fig. 5). The SuperPATH 
group consisted of 377 patients with a weighted mean operation time of 86.6 min. The CAs group consisted of 
385 patients with a weighted mean operation time of 63.8 min. The operation time of the SuperPATH group was 
21.8 min. significantly longer than the operation time of the CAs group (MD = 21.79, 95% CI 12.57 to 31.02).

Incision length
Data on the incision length of 762 patients were pooled from 9 RCTs  (I2 = 99%, p < 0.01, Fig. 5). The SuperPATH 
group consisted of 377 patients with a weighted mean incision length of 6.9 cm. The CAs group consisted of 
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385 patients with a weighted mean incision length of 11.2 cm. The incision length of the SuperPATH group was 
4.5 cm significantly shorter than the incision length of the CAs group (MD = − 4.50; 95% CI − 5.80 to − 3.20).

Intraoperative blood loss
Data on the intraoperative blood loss of 712 patients were pooled from 8 RCTs  (I2 = 99%, p < 0.01, Fig. 6). The 
SuperPATH group consisted of 352 patients with a weighted mean intraoperative blood loss of 143.8 mL. The CAs 
group consisted of 360 patients with a weighted mean intraoperative blood loss of 248.0 mL. The intraoperative 
blood loss of the SuperPATH group was 103.0 mL significantly less than the intraoperative blood loss of the CAs 
group (MD = − 102.96, 95% CI − 150.27 to − 55.66).

Records identified from:

PubMed (n=55)

CNKI (n=197)

CENTRAL (n=19)

Clinical Trials (n=3)

Google Scholar (n=615)

Overall (n=889)

Records removed before 
screening:

Duplicate records removed 
(n=90)

Records marked as ineligible 
by automation tools (n=0)

Records removed for other 
reasons (n=0)

Records screened

(n=799)

Records excluded

(n=780)

Reports sought for retrieval

(n=19) [25-43]

Reports not retrieved

(n=0)
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(n=19) [25-43] Reports excluded:

- missing randomization 
[34,35,40,42,43]

- no comparison with CAs [36]

- no differentiation between HA 
and THA [37]
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[38]

- THA through SuperPATH [41]

- English version of a included 
study [39]
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Figure 3.  PRISMA flow chart of the literature search. CNKI China National Knowledge Infrastructure; 
CENTRAL Cochrane Central Register of Controlled Trials; THA total hip arthroplasty; HA hemiarthroplasty; 
RCT  randomized controlled trial.
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Postoperative drainage volume
Data on the postoperative drainage volume of 384 patients were pooled from 4 RCTs  (I2 = 99%, p < 0.01, Fig. 6). 
The SuperPATH group consisted of 189 patients with a weighted mean postoperative drainage volume of 
106.5 mL. The CAs group consisted of 195 patients with a weighted mean postoperative drainage volume of 
244.6 mL. The postoperative drainage volume of the SuperPATH group was 137.3 mL significantly less than the 
postoperative drainage volume of the CAs group (MD = − 137.30, 95% CI − 178.74 to − 95.86).

Pain VAS ≤ 1 week postoperatively
Data on the pain VAS ≤ 1 week postoperatively of 456 patients were pooled from 5 RCTs  (I2 = 60%, p = 0.04, 
Fig. 7). The SuperPATH group consisted of 224 patients with a weighted mean pain VAS ≤ 1 week postoperatively 
of 2.6 points. The CAs group consisted of 232 patients with a weighted mean pain VAS ≤ 1 week postoperatively 
of 4.4 points. The pain VAS ≤ 1 week postoperatively of the SuperPATH group was 1.8 points significantly lower 
than the pain VAS ≤ 1 week postoperatively of the CAs group (MD = − 1.81; 95% CI − 2.17 to − 1.45).

Table 1.  Features of the included RCTs. L, lateral; P, posterior; PL, posterolateral; S, SuperPATH; 1, 
operation time; 2, incision length; 3, intraoperative blood loss; 4, postoperative drainage volume; 5, time to 
mobilization; 6, pain VAS ≤ 1 week postoperatively; 7, pain VAS 1–3 months postoperatively; 8, HHS ≤ 1 week 
postoperatively; 9, HHS 3 months postoperatively; 10, HHS 6 months postoperatively; 11, hospitalization time; 
12, complications.

Author Publication year Origin Language English Abstract Approach Patients, N
Follow-up period, 
months

Outcome 
parameters

Dai GH et al.25 2019 China Chinese Yes
S 61 6 1, 2, 3, 4, 5, 6, 7, 

8, 9, 10, 11, 12PL 67 6

Ding B et al.26 2018 China Chinese No
S 50 –

1, 2, 3, 6
P 50 –

Huang J et al.27 2021 China Chinese Yes
S 35 – 1, 2, 3, 5, 6, 7, 

11, 12L 35 –

Jia J et al.28 2017 China Chinese Yes
S 32 8.3 1, 2, 3, 4, 5, 8, 

10, 12P 32 8.3

Wang X and Tian  J29 2021 China Chinese No
S 50 –

1, 2, 3, 4, 5, 9, 11
PL 50 –

Xia LZ et al.30 2018 China Chinese Yes
S 30 10 1, 2, 3, 5, 6, 7, 8, 

9, 10, 12PL 32 10

Xu G et al.31 2018 China Chinese Yes
S 46 – 1, 2, 3, 4, 5, 10, 

11, 12PL 46 –

Zhao  S32 2021 China Chinese No
S 48 –

1, 2, 3, 5, 6, 7, 11
L 48 –

Zhao L et al.33 2019 China Chinese No
S 25 6

1, 2, 8, 10, 11, 12
PL 25 6

Table 2.  Comparison of the patient characteristics between the SuperPATH group and the CAs group using 
the Mann–Whitney U Test with a significance level α of 0,05. CAs, conventional approaches; BMI, Body Mass 
Index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; HHS preop., Harris Hip 
Score preoperatively.

Total SuperPATH CAs p-value

N; mean/median (1st interquartile—3rd 
interquartile)

 Age 18; 74.9/73.7 (70.4–80.8) 9; 74.8/73.2 (70.4–81.0) 9; 75.1/74.1 (70.5–80.7) 0.999

 Male 18; 47.2/46.0 (37.3–58.3) 9; 46.7/48.0 (40.6–54.3) 9; 47.7/42.0 (37.3–60.4) 0.911

 BMI 4; 24.0/23.9 (22.6–25.4) 2; 24.1/24.1 (22.6–25.6) 2; 23.8/23.8 (22.5–25.1) 0.667

 Hypertension 8; 51.1/43.5 (40.2–60.9) 4; 51.7/49.3 (42.5–60.9) 4; 50.6/41.1 (39.9–61.3) 0.686

 CAD 6; 22.5/24.3 (18.8–26.9) 3; 21.8/24.6 (12.5–28.3) 3; 23.2/23.9 (18.8v26.9) 0.999

 Diabetes 8; 21.9/21.8 (17.8–27.4) 4; 22.1/23.7 (16.3–28.0) 4; 21.6/21.8 (18.9–24.4) 0.886

 COPD 4; 4.5/4.5 (3.5–5.5) 2; 4.5/4.5 (4.0–5.0) 2; 4.5/4.5 (3.0–6.0) 0.999

 HHS preop 8; 26.2/24.1 (14.6–37.7) 4; 26.4/24.3 (14.6–38.2) 4; 26.0/24.1 (14.6–37.4) 0.886
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Pain VAS 1–3 months postoperatively
Data on the pain VAS 1–3 months postoperatively of 356 patients were pooled from 4 RCTs  (I2 = 94%, p < 0.01, 
Fig. 7). The SuperPATH group consisted of 174 patients with a weighted mean pain VAS 1–3 months postopera-
tively of 0.5 points. The CAs group consisted of 182 patients with a weighted mean pain VAS 1–3 months post-
operatively of 0.6 points. There was no statistically significant difference in pain VAS 1–3 months postoperatively 
between the SuperPATH group and the CAs group (MD = − 0.08; 95% CI − 0.22 to 0.05).

HHS ≤ 1 week postoperatively
Data of 304 patients were pooled from 4 RCTs  (I2 = 99%, p < 0.01, Fig. 8). The SuperPATH group consisted of 
148 patients with a weighted mean HHS ≤ 1 week postoperatively of 59.9 points. The CAs group consisted of 156 
patients with a weighted mean HHS ≤ 1 week postoperatively of 50.4 points. The HHS ≤ 1 week postoperatively 
of the SuperPATH group was 11.1 points significantly higher than the HHS ≤ 1 week postoperatively of the CAs 
group (MD = 11.10; 95% CI 1.65 to 20.54).

HHS 3 months postoperatively
Data of 290 patients were pooled from 3 RCTs  (I2 = 79%, p = 0.01, Fig. 8). The SuperPATH group consisted of 141 
patients with a weighted mean HHS 3 months postoperatively of 89.1 points. The CAs group consisted of 149 
patients with a weighted mean HHS 3 months postoperatively of 82.6 points. The HHS 3 months postoperatively 

Table 3.  Patient characteristics. HHS, Harris Hip Score; SD, standard deviation; BMI, Body Mass Index; CAD, 
coronary artery disease; COPD, chronic obstructive pulmonary disease.

Author

Patients 
with femoral 
neck 
fractures, N

Dislocated 
femoral 
neck 
fractures, N 
(%)

HHS 
preoperatively, 
points, SD

Age, years, 
SD

Range of the 
age, years, 
min. –max.

Male 
gender, N 
(%) BMI, kg/m2

Hypertension, 
N (%)

CAD, N 
(%)

Diabetes, N 
(%)

COPD, N 
(%)

Dai GH 
et al.25

61 61 (100) 33.2 ± 1.7 69.9 65–80 22 (36.1) 25.63 24 (39.3) 15 (24.6) 17 (27.9) 4 (6.6)

67 67 (100) 32.6 ± 1.8 70.3 65–79 25 (37.3) 25.13 26 (38.8) 18 (26.9) 18 (26.9) 6 (9)

Ding B et 
al.26

50 – – 81.2 ± 5.9 – 22 (44) – – – – –

50 – – 80.8 ± 5.6 – 21 (42) – – – – –

Huang J 
et al.27

35 35 (100) – 73.2 ± 4.2 67–82 21 (60) – – – – –

35 35 (100) – 74.1 ± 4.2 66–84 23 (65.7) – – – – –

Jia J et al.28
32 32 (100) 15.4 ± 2.8 77.1 ± 2.3 – 13 (40.6) – 22 (68.8) 4 (12.5) 9 (28.1) 5 (15.6)

32 32 (100) 15.6 ± 2.4 78.5 ± 2.6 – 11 (34.4) – 26 (81.3) 6 (18.8) 7 (21.9) 3 (9.4)

Wang X and 
Tian  J29

50 50 (100) 43.2 ± 8.7 67.8 ± 7.4 62–78 26 (52) – – – – –

50 50 (100) 42.2 ± 8.9 67.2 ± 6.6 61–76 27 (54) – – – – –

Xia LZ et 
al.30

30 25 (83) – 81 ± 4.6 74–91 8 (26.7) – 16 (53) – 4 (13) –

32 30 (94) – 80.7 ± 4,3 67–89 11 (34.4) – 13 (41) – 5 (16) –

Xu G et al.31
46 46 (100) 13.7 70.8 ± 6.1 61–79 25 (54.3) – 21 (45.7) 13 (28.3) 9 (19.6) –

46 46 (100) 13.5 71 ± 6 60–82 28 (60.9) – 19 (41.3) 11 (23.9) 10 (21,7) –

Zhao  S32
48 48 (100) – 70.4 ± 1.5 – 28 (58.3) 22.6 ± 1.5 – – – –

48 48 (100) – 70.5 ± 1.5 – 29 (60.4) 22.5 ± 1.5 – – – –

Zhao L 
et al.33

25 – – 81.5 ± 5.2 – 12 (48) – – – – –

25 – – 82.8 ± 6.3 – 10 (40) – – – – –

Table 4.  Risk of bias assessment. (+): low RoB; (?): unclear, some concerns, or moderate RoB; (–): high RoB. 
RoB: risk of bias.

Study
Random sequence 
generation

Allocation 
concealment Blinding

Complete outcome 
data Selective reporting Other sources of bias Overall risk of bias

Dai GH et al.25  +  + ?  +  +  + Moderate RoB

Ding B et al.26  +  + ? ?  +  + Moderate RoB

Huang J et al.27  +  + ? ?  +  + Moderate RoB

Jia J et al.28  +  + ?  +  +  + Moderate RoB

Wang X and Tian  J29  +  + ? ?  +  + Moderate RoB

Xia LZ et al.30  +  + ?  +  +  + Moderate RoB

Xu G et al.31  +  + ? ?  +  + Moderate RoB

Zhao  S32  +  + ? ?  +  + Moderate RoB

Zhao L et al.33  +  + ? ?  +  + Moderate RoB
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Table 5.  Level of evidence assessment according to GRADE recommendations. RCT, randomized controlled 
trial; HHS, Harris Hip Score; VAS, Visual Analog Scale.

No. of studies Design Risk of bias Inconsistency Indirectness Imprecision Other considerations
Quality of 
evidence

Operation time

 9 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

Incision length

 9 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

Intraoperative blood loss

 8 RCT Moderate Serious No serious indirectness Serious All studies were from 
China Very low

Postoperative drainage volume

 4 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

Time to mobilization

 7 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

Pain VAS ≤ 1 week postoperatively

 5 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

Pain VAS 1–3 months postoperatively

 4 RCT Moderate Serious No serious indirectness Serious All studies were from 
China Very low

HHS ≤ 1 week postoperatively

 4 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

HHS 3 months postoperatively

 3 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

HHS 6 months postoperatively

 4 RCT Moderate No serious inconcist-
ency No serious indirectness No serious imprecision All studies were from 

China Moderate

Hospitalization time

 6 RCT Moderate Serious No serious indirectness No serious imprecision All studies were from 
China Low

Figure 4.  Funnel plot of the HHS 6 months postoperatively. X-axis shows the MD in outcome between the 
two treatment groups, y-axis shows the estimated standard error of the MD. Vertical line is the overall effect 
estimated from the RCT meta-analysis. Black triangle corresponds to the the random effects model results. MD 
mean difference; RCT  randomized controlled trial.
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Figure 5.  Forest plot of the operation time (in min.) and incision length (in cm). SD standard deviation; CAs 
conventional approaches; MD mean difference; CI confidence interval.

Figure 6.  Forest plot of the intraoperative blood loss (in ml) and postoperative drainage volume (in ml). SD 
standard deviation; CAs conventional approaches; MD mean difference; CI confidence interval.

Figure 7.  Forest plot of the pain VAS ≤ 1 week and 1–3 months postoperatively (in points). SD standard 
deviation; CAs conventional approaches; MD mean difference; CI confidence interval.
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of the SuperPATH group was 6.3 points significantly higher than the HHS 3 months postoperatively of the CAs 
group (MD = 6.33; 95% CI 3.97 to 8.69).

HHS 6 months postoperatively
Data of 304 patients were pooled from 4 RCTs  (I2 = 0%, p = 0.98, Fig. 8). The SuperPATH group consisted of 148 
patients with a weighted mean HHS 6 months postoperatively of 92.3 points. The CAs group consisted of 156 
patients with a weighted mean HHS 6 months postoperatively of 91.2 points. There was no statistically significant 
difference in HHS 6 months postoperatively between the SuperPATH group and the CAs group (MD = 0.44; 
95% CI − 0.11 to 1.00).

Time to mobilization
Data on the time to mobilization of 612 patients were pooled from 7 RCTs  (I2 = 99%, p < 0.01, Fig. 9). The Super-
PATH group consisted of 302 patients with a weighted mean time to mobilization of 2.7 days. The CAs group 
consisted of 310 patients with a weighted mean time to mobilization of 6.4 days. The time to mobilization of 

Figure 8.  Forest plot of the HHS ≤ 1 week, 3 months and 6 months postoperatively (in points). SD standard 
deviation; CAs conventional approaches; MD mean difference; CI confidence interval.

Figure 9.  Forest plot of the time to mobilization (in d) and hospitalization time (in d). SD: standard deviation; 
CAs conventional approaches; MD mean difference; CI confidence interval.
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patients in the SuperPATH group was 3.9 days significantly shorter than the time to mobilization of patients in 
the CAs group (MD = − 3.86; 95% CI − 5.96 to − 1.76).

Hospitalization time
Data of 536 patients were pooled from 6 RCTs  (I2 = 84%, p < 0.01, Fig. 9). The SuperPATH group consisted of 265 
patients with a weighted mean hospitalization time of 9.1 days. The CAs group consisted of 271 patients with a 
weighted mean hospitalization time of 13.3 days. The hospitalization time of the SuperPATH group was 4.1 days 
significantly shorter than the hospitalization time of the CAs group (MD = − 4.05; 95% CI − 4.96 to − 3.15).

Complications
The outcome parameter “complications” was presented descriptively (Table 6), since the extracted data from the 
9 included  RCTs25–33 was insufficient to conduct a meta-analysis. Information on the complication outcomes 
was reported in  six24,27,28,30,31,34 of 9 RCTs (Table 6).  Three25,28,30 of these 6 RCTs did not detect complications 
either in the SuperPATH group or in the CAs group. The RCT by Huang et al.27 reported one dislocation in the 
CAs group compared to none in the SuperPATH group. Furthermore, 4 cases of postoperative wound infec-
tions were reported in the CAs group compared to 1 case in the SuperPATH  group27. The RCT by Xu et al.31 
reported one dislocation in the CAs group compared to none in the SuperPATH group. Furthermore, 5 cases of 
postoperative wound infections were reported in the CAs group compared to 1 case in the SuperPATH  group31. 
The RCT by Zhao et al.33 reported 2 cases of deep vein thrombosis in the CAs group compared to none in the 
SuperPATH group.

Discussion
A recent scoping review of all publications on SuperPATH in PubMed attempted to determine the nature, extent 
and quality of the current research evidence on SuperPATH and identify areas for further  investigation14. In this 
context, the present meta-analysis aimed to close the existing  gap14 in the specialist literature on SuperPATH. 
To the best of our knowledge, this is the first meta-analysis of patients with femoral neck fractures comparing 
SuperPATH HA to CAs HA, with the exception of another meta-analysis that concentrated on SuperPATH THA 
and evaluated SuperPATH HA in a minor subgroup  analysis7. The further value of this work is the inclusion of 
RCTs and the employment of high-quality statistical methods. This study is a part of a series of publications of the 
first author, whose main research area is hip arthroplasty and especially the novel SuperPATH  approach7,8,10–13.

Nine  RCTs25–33 with 762 patients were included in this meta-analysis. Of the included patients, 377 were 
operated through SuperPATH, and 385 patients were operated through CAs. All 9 RCTs had a moderate risk of 
bias. The HHS 6 months postoperatively had a moderate quality of evidence, the intraoperative blood loss and the 
pain VAS 1–3 months postoperatively had a low quality of evidence, and all other outcome parameters had a very 
low quality of evidence. Five out of 11 outcome parameters had a low publication bias. Five out of 11 outcome 
parameters had a moderate publication bias. One out of 11 outcome parameters had a high publication bias.

In general, our meta-analysis indicated that SuperPATH HA was superior to CAs HA regarding the investi-
gated outcomes. SuperPATH HA showed better results on decreasing incision length, intraoperative blood loss, 
postoperative drainage volume, time to mobilization, early postoperative pain intensity, and hospitalization time. 

Table 6.  Number of patients with complications. RCT, randomized controlled trials; CAs, conventional 
approaches.

Author/RCT Approach Overall complications Dislocation Infection
Periprosthetic 
frakture Deep vein thrombosis Haematoma

Reoperation/
Revision

Dai GH et al.25
SuperPATH 0 0 0 0 0 0 0

CAs 0 0 0 0 0 0 0

Ding B et al.26
SuperPATH – – – – – – –

CAs – – – – – – –

Huang J et al.27
SuperPATH 1 0 1 0 0 0 0

CAs 5 1 4 0 0 0 0

Jia J et al.28
SuperPATH 0 0 0 0 0 0 0

CAs 0 0 0 0 0 0 0

Wang X and 
Tian  J29

SuperPATH – – – – – – –

CAs – – – – – – –

Xia LZ et al.30
SuperPATH 0 0 0 0 0 0 0

CAs 0 0 0 0 0 0 0

Xu G et al.31
SuperPATH 1 0 1 0 0 0 0

CAs 6 1 5 0 0 0 0

Zhao  S32
SuperPATH – – – – – – –

CAs – – – – – – –

Zhao L et al.33
SuperPATH 0 0 0 0 0 0 0

CAs 2 0 0 0 2 0 0
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Moreover, SuperPATH HA improved early postoperative functional outcome. However, SuperPATH HA and 
CAs HA had comparable later short-term postoperative pain intensity and functional outcome.

As there exists no previous comparable study on this topic, we discussed the outcome parameters examined 
point by point comparing them to similar meta-analyses7–9,44–46. The first English-language meta-analysis of 
SuperPATH by Ramadanov et al.7 was published in 2020 and compared SuperPATH THA with CAs THA with a 
minor subgroup analysis of SuperPATH HA vs. CAs HA. The update of this meta-analysis, called Meta-SuCAs-2, 
compared only SuperPATH THA with CAs  THA8. Another 2021 meta-analysis by Ge et al.9 did not differenti-
ate between SuperPATH HA and SuperPATH THA, which is a severe limitation. Furthermore, there are three 
meta-analyses of direct anterior approach (DAA) HA vs. CAs  HA44–46. The comparison between SuperPATH 
HA and DAA HA is interesting because DAA has long been considered the leading approach in short-term 
THA outcomes. This appears to be changing in favor of SuperPATH since its introduction one decade  ago10–12.

The operation time was the only outcome parameter in which SuperPATH HA showed worse results than 
CAs HA. SuperPATH HA had a 21.8 min. significantly longer operation time than CAs HA. This supposed 
disadvantage of SuperPATH HA must be put into perspective. Too long operation times are associated with 
higher complication  rates47,48. In contrast, there is no evidence that noticeably short operation times would lead 
to a reduction in complication rates. Rather, an average, moderate operation time must be assumed, which is 
associated with low complication rates. This has not yet been determined for HA in patients with femoral neck 
fractures. In THA, this low-risk operation time is about 80 min, which is shown in a 2019 analysis of 89,802 cases 
by Surace et al.48. Compared to this recommendation, the weighted mean operation time of SuperPATH HA was 
86.6 min. and the weighted mean operation time of CAs was 63.8 min. A recent scoping  review14 of the current 
SuperPATH literature concluded, based on the studies reviewed, that there is a clear learning curve for the Super-
PATH technique. Using operation time as a surrogate, the learning curve begins to rise after 40–50 SuperPATH 
cases. This means that the operation time of SuperPATH can be further reduced as the surgeon becomes more 
familiar with the technique. The three meta-analyses of DAA HA found no significant differences in operation 
time compared to CAs  HA44–46. The three meta-analyses of SuperPATH vs. CAs showed inconsistent  results7–9. 
While Ge et al.9 found no significant differences in operation time, the other two meta-analyses showed that 
SuperPATH had a 14.3–18.4 min. longer operation time compared to  CAs7,8.

On the one hand, the incision length has cosmetic relevance, on the other hand, it reflects the intraoperative 
tissue traumatization to a certain extent. The lower tissue traumatization of the small skin incision relates mainly 
to the superficial tissue. In some cases, however, there are surgical techniques that can cause more deep tissue 
damage, even using smaller skin incisions. The weighted mean incision length of SuperPATH HA was 6.9 cm, 
ranging from 5.4–7.8 cm. It was 4.5 cm significantly shorter than the incision length of CAs HA. The three meta-
analyses of DAA HA vs. CAs HA did not examine the incision  length44–46. The other three meta-analyses found 
a smaller incision length through SuperPATH compared to  CAs7–9. In Meta-SuCAs-28, the mean incision length 
of SuperPATH THA was 7 cm, ranging from 5.8 to 10.4 cm. When comparing, it is noticeable that the ranges of 
the incision length of SuperPATH HA are somewhat shorter than the ranges of the incision length of SuperPATH 
THA. This can be explained by the additional stab incision that is required in SuperPATH  THA4 and that can be 
omitted in SuperPATH  HA15. However, in DAA hip replacement it cannot be assumed that the incision length 
differs due to the choice between THA and HA. The incision length of DAA THA has already been determined 
and it was significantly longer than the incision length of SuperPATH  THA10–12. Thus, SuperPATH meets one of 
the well-known conditions to be considered a minimally invasive approach better than DAA, namely having an 
incision length ≤ 10 cm in hip replacement.

The blood loss reflects the intraoperative trauma. It was measured intraoperatively and postoperatively. The 
weighted mean intraoperative blood loss of SuperPATH HA was 143.8 mL, ranging from 56.2 to 193.6 mL. 
SuperPATH HA had a 103.0 mL significantly lower intraoperative blood loss compared to CAs HA. The weighted 
postoperative drainage volume of SuperPATH HA was 106.5 mL, ranging from 86 to 116.8 mL. SuperPATH HA 
had a 137.3 mL significantly lower postoperative drainage volume compared to CAs HA. Any blood loss requir-
ing transfusion should be considered clinically relevant, although there is no evidence in the literature as to what 
specific blood loss constitutes a minimal clinically important difference (MCID). The difference in intraopera-
tive and postoperative blood loss between SuperPATH HA and CAs HA totaling approximately 240 mL is not 
irrelevant. Such a difference can certainly prevent a blood transfusion in some cases. The two meta-analyses by 
Kunkel et al.44 and by Khan et al.45 showed no significant difference in perioperative blood loss between DAA 
HA and CAs HA. In Meta-SuCAs-28, SuperPATH THA had a mean intraoperative blood loss of 132 mL, ranging 
from 89 to 1108 mL. The intraoperative blood loss was only 61 mL lower compared to CAs  THA8. The reduced 
intraoperative blood loss of SuperPATH HA compared to SuperPATH THA can certainly be explained by the 
reaming of the acetabular cup in THA. The additional stab incision required for THA may also make a small 
contribution to the overall blood loss.

The weighted mean time to mobilization of SuperPATH HA was 2.7 days, ranging from 1.7 to 3.7 days. 
SuperPATH HA had a 3.9 days significantly shorter time to mobilization compared to CAs. The specialist litera-
ture is sparse with reliable studies on the time to mobilization after HA according to different hip approaches. 
Nevertheless, the outcome parameter is important, since early mobilization is necessary, particularly in older 
patients, in order to prevent concomitant diseases (e.g. pneumonia, decubitus).

Pain is a subjective perception of the patient, which was recorded with the objective measurement instrument 
pain VAS. The pain intensity was measured ≤ 1 week and 1–3 months postoperatively. The recording of the pain 
intensity is also part of the determination of the HHS. The pain intensity has a clear effect on the patient’s comfort. 
Even more important is that the high intensity of pain can slow down the patient’s time to mobilization with 
all the possible complications that may result from this delay. The weighted pain VAS ≤ 1 week postoperatively 
of SuperPATH HA was 2.6 points, ranging from 2.1 to 4.1 points. It was 1.8 points significantly lower than the 
pain VAS ≤ 1 week postoperatively of CAs HA. A recent comparative study by Danoff et al.49 found that a pain 
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difference of 18.6 mm for THA patients, measured on a 100 VAS-P scale, is considered to be a MCID. This would 
correspond to a difference of 1.9 points, applied to the 10-point pain VAS. This difference was almost achieved 
by SuperPATH HA compared to CAs HA. The results for the pain VAS 1–3 months postoperatively between 
SuperPATH HA vs. CAs HA were not significantly different, emphasizing that the strength of SuperPATH HA 
is to improve the early short-term HA outcome. Other meta-analyses came to the same conclusion. In the first 
English-language meta-analysis of SuperPATH, the pain VAS 1 day postoperatively of SuperPATH was 0.8 points 
lower and the pain VAS 7 days postoperatively of SuperPATH was 1.4 points lower in comparison to  CAs7. Later, 
it became comparable at 3 and 12 months postoperatively. In the meta-analysis by Ge et al.9, the pain VAS 7 days 
postoperatively of SuperPATH was 1.3 points lower compared to CAs. Again, it became comparable at 1, 3, 6, 
and 12 months postoperatively. In Meta-SuCAs-28, the pain VAS 1 day postoperatively of SuperPATH THA was 
1 point lower and the pain VAS 3 days postoperatively of SuperPATH THA was 1.2 points lower compared to 
CAs THA. Accordingly, SuperPATH HA seems to deliver even better pain relief results than SuperPATH THA. 
Literature is contradictive on the results of DAA HA in postoperative pain scores compared to CAs  HA44,45.

The HHS is one of the most common scores that can be used to assess hip function after surgery. In the litera-
ture on hip arthroplasty, the hip function measured using HHS or other measurement tools is usually regarded 
as the most important outcome parameter. The weighted mean HHS ≤ 1 week postoperatively of SuperPATH 
HA was 59.9 points, ranging from 33.2 to 80.2 points. SuperPATH HA had a 11.1 points significantly higher 
HHS ≤ 1 week postoperatively compared to CAs HA. The weighted mean HHS 3 months postoperatively of 
SuperPATH HA was 89.1 points, ranging from 87.2 to 91.1 points. SuperPATH HA had a 6.3 points significantly 
higher HHS 3 months postoperatively compared to CAs HA. The weighted mean HHS 6 months postopera-
tively of SuperPATH HA was 92.3 points, ranging from 90.4 to 95.4 points. The HHS 6 months postoperatively 
was not significantly different between SuperPATH HA and CAs HA. Again, this emphasizes that the strength 
of SuperPATH HA lies within the early short-term HA outcome. The ability to improve the early short-term 
functional outcome has already been noticed in other minimally invasive hip  approaches10–13. In the further 
course, the differences in the late short-term outcome and in the middle-term outcome balance each other out. 
The lowest MCID reported in the literature is no less than 7.9 points on the 0–100 HHS  scale50. This value was 
clearly exceeded by SuperPATH HA in the early short-term outcome using HHS ≤ 1 week postoperatively. To 
our knowledge, such differences have been extremely rarely achieved by other minimally invasive approaches 
in hip  replacement10–13,44,45,51–55. We can state that the early short-term functional outcome of SuperPATH HA is 
statistically and clinically superior compared to CAs HA. The significantly improved early functional outcome of 
SuperPATH HA is also striking when compared to SuperPATH THA. In Meta-SuCAs-2, SuperPATH THA had 
a 2.4 points higher HHS 3 months postoperatively, a 2.1 points higher HHS 6 months postoperatively, and a 0.7 
points higher HHS 12 months postoperatively than CAs  THA8. This further improvement in the early functional 
outcome of SuperPATH HA compared to the known good results of SuperPATH THA could probably be related 
to the surgical technique. The omission of the additional stab incision in the SuperPATH  HA15 operational tech-
nique ultimately leads to a further reduction in the already minor damage to the soft tissue.

The weighted mean hospitalization time of SuperPATH HA was 9.1, ranging from 8.4–9.3 days. SuperPATH 
HA had a 4.1 days significantly shorter hospitalization time compared to CAs HA. Kunkel et al.44, in their meta-
analyses of DAA HA, found no significant differences in hospitalization time compared to CAs HA. The other 
two related meta-analyses did not report hospitalization  time45,46. The first English-language meta-analysis on 
 SuperPATH7 as well as the meta-analysis by Ge et al.9 found no significant differences in hospitalization time 
compared to CAs. In Meta-SuCAs-28, the hospitalization time was not reported. With this outcome parameter, 
it is again noticeable that SuperPATH HA vs. CAs HA showed even a better effect than SuperPATH THA vs. 
CAs THA as well as DAA HA vs. CAs HA.

Due to insufficient data from the included  RCTs25–33, the complications were presented only descriptively. 
There were two cases of prosthetic dislocation in the CAs group compared to none in the SuperPATH  group27,31. 
There were 9 cases of wound infection in the CAs group compared to 2 cases in the SuperPATH  group27,31. There 
were 2 cases of deep vein thrombosis in the CAs group compared to none in the SuperPATH  group33. In general, 
the three meta-analyses of DAA HA found that DAA HA had significantly lower complication rates compared to 
CAs  HA44–46. The three meta-analyses of SuperPATH vs. CAs showed inconclusive  results7–9. The first English-
language meta-analysis of SuperPATH found that SuperPATH had an 83% lower risk of complications compared 
to  CAs7. Meta-SuCAs-2 found no significant differences in complication rate between SuperPATH THA and 
CAs  THA8. The meta-analysis by Ge et al.9 did not report complications.

A recently published scoping  review14, which included all 51 studies on SuperPATH published up to 1 August 
2023 from PubMed, showed that these articles came from 13 countries, of which China was the most productive 
(35%). The results of our systematic review reflect this trend. All 9 RCTs included in the present meta-analysis 
also originated from China. This raises the question of credibility in scientific circles. However, it is not clear 
whether SuperPATH is preferentially published in Chinese journals or whether the publication of SuperPATH 
in Western journals is avoided. This trend should continue to be monitored and analyzed.

We identified several limitations: (1) In some cases, the study quality assessment delivered questionable 
results. (2) In some outcome parameters, considerable heterogeneity between individual studies was observed, 
which might affect the final outcomes. (3) Confounding factors like the surgeon’s operating skills, intraoperative 
warming, injection of local anesthetics, the utilization of tranexamic acid and anticoagulants, bone cement, or 
the types of implants for HA probably influenced the results. (4) Due to insufficient data, complications were 
presented descriptively without performing a meta-analysis. (5) All of the 9 included RCTs were published in 
Chinese scientific journals which raises the question of credibility. However, that it is not clear whether Super-
PATH is preferentially published in Chinese journals, or whether publication of SuperPATH in Western journals 
is avoided.
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Conclusion
This is the first meta-analysis comparing SuperPATH HA with CAs HA in patients with femoral neck fractures. 
Despite the stated limitations, this meta-analysis found that SuperPATH HA was superior in the early short-
term functional outcome (HHS) compared to CAs HA, reaching MCID. Furthermore, SuperPATH HA showed 
significantly better results in incision length, blood loss, time to mobilization, pain intensity (VAS), and hospi-
talization time than CAs HA.

Data availability
The study protocol was registered in PROSPERO on January 15, 2023 [CRD42023389353], available online at: 
https:// www. crd. york. ac. uk/ prosp ero/ displ ay_ record. php? Recor dID= 389353. The extracted data set is available 
in supplement.

Received: 26 March 2023; Accepted: 16 December 2023

References
 1. Sendtner, E., Renkawitz, T., Kramny, P., Wenzl, M. & Grifka, J. Fractured neck of femur–internal fixation versus arthroplasty. Dtsch. 

Arztebl. Int. 107(23), 401–407. https:// doi. org/ 10. 3238/ arzte bl. 2010. 0401 (2010).
 2. Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften e.V. S2-Leitlinie “Schenkelhalsfraktur des 

Erwachsenen” der deutschen Gesellschaft für Unfallchirurgie. https:// regis ter. awmf. org/ de/ leitl inien/ detail/ 187- 008 (2015). 
Accessed 25 December 2022.

 3. Varacallo, M. A., Herzog, L., Toossi, N. & Johanson, N. A. Ten-year trends and independent risk factors for unplanned readmission 
following elective total joint arthroplasty at a large urban academic hospital. J. Arthroplast. 32(6), 1739–1746. https:// doi. org/ 10. 
1016/j. arth. 2016. 12. 035 (2017).

 4. Chow, J., Penenberg, B. & Murphy, S. Modified micro-superior percutaneously-assisted total hip: Early experiences & case reports. 
Curr. Rev. Musculoskelet. Med. 4(3), 146–150. https:// doi. org/ 10. 1007/ s12178- 011- 9090-y (2011).

 5. Murphy, S. B. Tissue-preserving, minimally invasive total hip arthroplasty using a superior capsulotomy. In Minimally Invasive 
Total Hip and Knee Arthroplasty (ed. Hozack, W.) 101–107 (Springer-Verlag, 2004).

 6. Penenberg, B. L., Bolling, W. S. & Riley, M. Perkutan assistierte Hüftendoprothetik (PATH): Ein vorläufiger Bericht. J. Bone Jt. 
Surg. Am. 90(Suppl 4), 209–220. https:// doi. org/ 10. 2106/ JBJS.H. 00673 (2008).

 7. Ramadanov, N., Bueschges, S., Liu, K., Klein, R. & Schultka, R. Comparison of short-term outcomes between SuperPATH approach 
and conventional approaches in hip replacement: A systematic review and meta-analysis of randomized controlled trials. J. Orthop. 
Surg. Res. 15(1), 420. https:// doi. org/ 10. 1186/ s13018- 020- 01884-3 (2020).

 8. Ramadanov, N. An updated meta-analysis of randomized controlled trials on total hip arthroplasty through SuperPATH versus 
conventional approaches. Orthop. Surg. 14(5), 807–823. https:// doi. org/ 10. 1111/ os. 13239 (2022).

 9. Ge, Y. et al. A systematic review and meta-analysis of the SuperPATH approach in hip arthroplasty. BioMed Res. Int. 21(2021), 
5056291. https:// doi. org/ 10. 1155/ 2021/ 50562 91 (2021).

 10. Ramadanov, N., Bueschges, S., Liu, K., Lazaru, P. & Marintschev, I. Comparison of short-term outcomes between direct anterior 
approach (DAA) and SuperPATH in total hip replacement: A systematic review and network meta-analysis of randomized con-
trolled trials. J. Orthop. Surg. Res. 16(1), 324. https:// doi. org/ 10. 1186/ s13018- 021- 02315-7 (2021).

 11. Ramadanov, N., Bueschges, S., Liu, K., Lazaru, P. & Marintschev, I. Direct anterior approach vs. SuperPATH vs. conventional 
approaches in total hip replacement: A network meta-analysis of randomized controlled trials. Orthop. Traumatol. Surg. Res. 
107(8), 103058. https:// doi. org/ 10. 1016/j. otsr. 2021. 103058 (2021).

 12. Ramadanov, N., Bueschges, S., Liu, K., Lazaru, P. & Marintschev, I. Direct and indirect comparisons in network meta-analysis of 
SuperPATH, direct anterior and posterior approaches in total hip arthroplasty. Sci. Rep. 12(1), 16778. https:// doi. org/ 10. 1038/ 
s41598- 022- 20242-3 (2022).

 13. Ramadanov, N., Marinova-Kichikova, P., Hable, R. & Dimitrov, D. Minimally invasive versus conventional approaches in total hip 
arthroplasty: A systematic review and meta-analysis of 47 randomized controlled trials. Prosthesis 5(3), 962–993. https:// doi. org/ 
10. 3390/ prost hesis 50300 67 (2023).

 14. Ramadanov, N. SuperPATH-current status of evidence and further investigations: A scoping review and quality assessment. J. 
Clin. Med. 12(16), 5395. https:// doi. org/ 10. 3390/ jcm12 165395 (2023).

 15. Bodrogi, A. W., Sciortino, R., Fitch, D. A. & Gofton, W. Use of the supercapsular percutaneously assisted total hip approach for 
femoral neck fractures: Surgical technique and case series. J. Orthop. Surg. Res. 11(1), 113. https:// doi. org/ 10. 1186/ s13018- 016- 
0446-2 (2016).

 16. Page, M. J. et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 372, n71. https:// doi. 
org/ 10. 1136/ bmj. n71 (2021).

 17. Gould, D., Kelly, D., Goldstone, L. & Gammon, J. Examining the validity of pressure ulcer risk assessment scales: Developing and 
using illustrated patient simulations to collect the data. J. Clin. Nurs. 10(5), 697–706. https:// doi. org/ 10. 1046/j. 1365- 2702. 2001. 
00525.x (2001).

 18. Huskisson, E. C. Measurement of pain. Lancet 2(7889), 1127–1131. https:// doi. org/ 10. 1016/ s0140- 6736(74) 90884-8 (1974).
 19. Harris, W. H. Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold arthroplasty. An end-

result study using a new method of result evaluation. J. Bone Jt. Surg. Am. 51, 737–755 (1969).
 20. Sterne, J. A. C. et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 28(366), l4898. https:// doi. org/ 10. 

1136/ bmj. l4898 (2019).
 21. Guyatt, G. H. et al. GRADE: An emerging consensus on rating quality of evidence and strength of recommendations. BMJ 

336(7650), 924–926. https:// doi. org/ 10. 1136/ bmj. 39489. 470347. AD (2008).
 22. Higgins, J.P.T., Deeks, J., Altman, D. Special topics in statistics, in Cochrane Handbook for Systematic Reviews of Interventions (eds 

Higgins, J.P.T., Green, S.) Version 5.1.0. The Cochrane Collaboration; 2011: chap 10: 10.4.3.1 Recommendations on testing for 
funnel plot asymmetry. https:// handb ook-5- 1. cochr ane. org/ chapt er_ 10/ 10_4_ 3_1_ recom menda tions_ on_ testi ng_ for_ funnel_ 
plot_ asymm etry. htm#: ~: text= As% 20a% 20rule% 20of% 20thu mb,disti nguish% 20cha nce% 20from% 20real% 20asy mmetry

 23. Higgins, J. P. & Thompson, S. G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 21(11), 1539–1558. https:// doi. org/ 10. 
1002/ sim. 1186 (2002).

 24. Neupane, B., Richer, D., Bonner, A. J., Kibret, T. & Beyene, J. Network meta-analysis using R: A review of currently available 
automated packages. PLoS One 9(12), e115065. https:// doi. org/ 10. 1371/ journ al. pone. 01150 65. Errat um. In: PLoSO ne. 2015; 10(4): 
e0123 364 (2014).

 25. Dai, G. H., Yin, Y., Ji, Y. Y. & Yi, S. Q. Effect of artificial femoral head replacement on senile osteoporotic femoral neck fracture. J. 
Trauma Surg. 21(10), 761–765. https:// doi. org/ 10. 3969/j. issn. 1009- 4237. 2019. 10. 011 (2019).

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=389353
https://doi.org/10.3238/arztebl.2010.0401
https://register.awmf.org/de/leitlinien/detail/187-008
https://doi.org/10.1016/j.arth.2016.12.035
https://doi.org/10.1016/j.arth.2016.12.035
https://doi.org/10.1007/s12178-011-9090-y
https://doi.org/10.2106/JBJS.H.00673
https://doi.org/10.1186/s13018-020-01884-3
https://doi.org/10.1111/os.13239
https://doi.org/10.1155/2021/5056291
https://doi.org/10.1186/s13018-021-02315-7
https://doi.org/10.1016/j.otsr.2021.103058
https://doi.org/10.1038/s41598-022-20242-3
https://doi.org/10.1038/s41598-022-20242-3
https://doi.org/10.3390/prosthesis5030067
https://doi.org/10.3390/prosthesis5030067
https://doi.org/10.3390/jcm12165395
https://doi.org/10.1186/s13018-016-0446-2
https://doi.org/10.1186/s13018-016-0446-2
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1046/j.1365-2702.2001.00525.x
https://doi.org/10.1046/j.1365-2702.2001.00525.x
https://doi.org/10.1016/s0140-6736(74)90884-8
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.39489.470347.AD
https://handbook-5-1.cochrane.org/chapter_10/10_4_3_1_recommendations_on_testing_for_funnel_plot_asymmetry.htm#:~:text=As%20a%20rule%20of%20thumb,distinguish%20chance%20from%20real%20asymmetry
https://handbook-5-1.cochrane.org/chapter_10/10_4_3_1_recommendations_on_testing_for_funnel_plot_asymmetry.htm#:~:text=As%20a%20rule%20of%20thumb,distinguish%20chance%20from%20real%20asymmetry
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1371/journal.pone.0115065.Erratum.In:PLoSOne.2015;10(4):e0123364
https://doi.org/10.1371/journal.pone.0115065.Erratum.In:PLoSOne.2015;10(4):e0123364
https://doi.org/10.3969/j.issn.1009-4237.2019.10.011


16

Vol:.(1234567890)

Scientific Reports |        (2023) 13:22861  | https://doi.org/10.1038/s41598-023-50206-0

www.nature.com/scientificreports/

 26. Ding, B. et al. Minimally invasive SuperPath approach versus conventional approach in elderly patients with femoral neck fracture. 
J. J. Trauma. 23(3), 471–472. https:// doi. org/ 10. 3969/j. issn. 1009- 7147. 2018. 03. 026 (2018).

 27. Huang, J., Lu, X., Chen, C., Chen, G. & Chen, X. Study on the rapid rehabilitation of elderly patients with femoral neck fracture 
after hip replacement via minimally invasive SuperPATH approach. Med. Innov. China 18(07), 001–005 (2021).

 28. Jia, J., Yu, B., Wu, L., Zhi, Z. & Pan, L. Hip hemiarthroplasty for senile femoral neck fractures: Minimally invasive SuperPath 
approach versus traditional posterior approach. Chin. J. Geriatr. Orthop. Rehabil. 3(4), 223–231. https:// doi. org/ 10. 3877/ cma.j. 
issn. 2096- 0263. 2017. 04. 006 (2017).

 29. Wang, X. & Tian, J. Minimally invasive femoral head replacement for elderly femoral neck fractures: Study on the effect of post-
operative hip joint range of motion. Guizhou Med. J. 45(5), 780–782 (2021).

 30. Xia, L. Z. et al. Common bipolar femoral head by SuperPATH approach for senile femoral neck fractures. Chin. J. Tissue Eng. Res. 
22(19), 2953–2960. https:// doi. org/ 10. 3969/j. issn. 2095- 4344. 0282 (2018).

 31. Xu, G., Hu, L. & Yang, S. SuperPATH minimally invasive approach artificial femoral head replacement: A short-term follow-up 
study on the treatment of femoral neck fractures in the elderly. Hainan Med. J. 29(17), 2400–2404. https:// doi. org/ 10. 3969/j. issn. 
1003- 6350. 2018. 17. 010 (2018).

 32. Zhao, S. Minimally invasive SuperPATH approach hip arthroplasty for aged legs: Clinical curative effect analysis of patients with 
neck fracture. Mod. Diagn. Treat. 32(22), 3593–3594 (2021).

 33. Zhao, L., Li, Q. & Xu, B. Treatment of hemiarthroplasty with SuperPATH minimally invasive approach: Clinical curative effect 
analysis of femoral neck fracture in elderly patients. Contemp. Med. 25(34), 144–146. https:// doi. org/ 10. 3969/j. issn. 1009- 4393. 
2019. 34. 060 (2019).

 34. Chang, M., Liu, X., Feng, Y. & Liu, Z. Treatment of bipolar femoral head replacement with modified SuperPATH approach: Early 
and mid-term curative effect analysis of femoral neck fracture in the elderly. Chin. J. Clin. 50(4), 465–468. https:// doi. org/ 10. 3969/j. 
issn. 2095- 8552. 2022. 04. 027 (2022).

 35. Ding, Y. Minimally invasive SuperPath approach artificial femoral head replacement in the treatment of femoral neck fractures in 
the elderly. Shenzhen J. Int. Med. 28(16), 129–131. https:// doi. org/ 10. 16458/j. cnki. 1007- 0893. 2018. 16. 064 (2018).

 36. Gong, Q. et al. SuperPATH approach artificial femoral head replacement combined with traditional Chinese medicine in the 
treatment of elderly femoral neck. Pract. Int. Trad. Chin. West Med. 18(8), 36–38. https:// doi. org/ 10. 13638/j. issn. 1671- 4040. 2018. 
08. 016 (2018).

 37. Gu, S., Wang, J., Xu, K. & Liu, H. Short-term effect of hip arthroplasty through the SuperPATH approach for femoral neck fractures. 
Chin. J. Bone Jt. Surg. 11(10), 742–745. https:// doi. org/ 10. 3969/j. issn. 2095- 9958. 2018. 10. 005 (2018).

 38. Ji, D. et al. Conventional instrument SuperPATH approach versus the anterolateral approach for femoral head replacement: A 
randomized controlled comparison of efficacy. Chin. J. Tissue Eng. Res. 25(30), 4833–4838. https:// doi. org/ 10. 12307/ 2021. 270 
(2021).

 39. Jianbo, J. et al. Hip hemiarthroplasty for senile femoral neck fractures: Minimally invasive SuperPath approach versus traditional 
posterior approach. Injury 50(8), 1452–1459. https:// doi. org/ 10. 1016/j. injury. 2019. 06. 006 (2019).

 40. Li, Y., He, Z. K., Guo, X. M., Sun, X. & Yang, Y. Effects of artificial femoral head replacement between SuperPath approach and 
small incision posterolateral approach on elderly patients with femoral neck fractures. J. Rare Uncommon Dis. 26(5), 66–75. https:// 
doi. org/ 10. 3969/j. issn. 1009- 3257. 2019. 05. 024 (2019).

 41. Li, M. VAS score and hip recovery in patients with femoral neck fractures treated with SuperPATH approach for hip arthroplasty. 
Pract. Int. Med. 21(13), 28–29. https:// doi. org/ 10. 13638/j. issn. 1671- 4040. 2021. 13. 013 (2021).

 42. Tian, M., Gao, Y., Wu, W. & Shu, J. SuperPATH approach for hip arthroplasty in the treatment of femoral neck fractures: Effective-
ness and effect on complication rate. Chin. J. Clin. 48(1), 82–84. https:// doi. org/ 10. 3969/j. issn. 2095- 8552. 2020. 01. 025 (2020).

 43. Wu, G. H., Di, Y., Ma, Y. H., Zhao, J. L. & Liang, Y. H. Short-term efficacy of SuperPATH approach for hip arthroplasty in the elderly 
with femoral neck fracture. Chin. J. Mult. Organ Dis. Elder. 17(7), 529–532. https:// doi. org/ 10. 11915/j. issn. 1671- 5403. 2018. 07. 119 
(2018).

 44. Kunkel, S. T., Sabatino, M. J., Kang, R., Jevsevar, D. S. & Moschetti, W. E. A systematic review and meta-analysis of the direct 
anterior approach for hemiarthroplasty for femoral neck fracture. Eur. J. Orthop. Surg. Traumatol. 28(2), 217–232. https:// doi. org/ 
10. 1007/ s00590- 017- 2033-6 (2018).

 45. Khan, I. A. et al. Direct anterior approach in hip hemiarthroplasty for femoral neck fractures: Do short-term outcomes differ with 
approach?: A systematic review and meta-analysis. JBJS Rev. https:// doi. org/ 10. 2106/ JBJS. RVW. 21. 00202 (2022).

 46. Zhang, J. K., Wu, J. L., Zheng, X. G., Zhu, H. M. & Pang, Q. J. Meta-analysis of direct anterior approach and other approaches for 
hemiarthroplasty in elderly patients with femoral neck fracture. Zhongguo Gu Shang 33(8), 776–783. https:// doi. org/ 10. 12200/j. 
issn. 1003- 0034. 2020. 08. 018 (2020).

 47. Wills, B. W. et al. Impact of operative time on early joint infection and deep vein thrombosis in primary total hip arthroplasty. 
Orthop. Traumatol. Surg. Res. 104(4), 445–448. https:// doi. org/ 10. 1016/j. otsr. 2018. 02. 008 (2018).

 48. Surace, P. et al. The association between operative time and short-term complications in total hip arthroplasty: An analysis of 
89,802 surgeries. J. Arthroplast. 34(3), 426–432. https:// doi. org/ 10. 1016/j. arth. 2018. 11. 015 (2019).

 49. Danoff, J. R., Goel, R., Sutton, R., Maltenfort, M. G. & Austin, M. S. How much pain is significant? Defining the minimal clinically 
important difference for the visual analog scale for pain after total joint arthroplasty. J. Arthroplast. 33(7S), S71–S75. https:// doi. 
org/ 10. 1016/j. arth. 2018. 02. 029 (2018).

 50. Nwachukwu, B. U. et al. Minimal clinically important difference and substantial clinical benefit after revision hip arthroscopy. 
Arthroscopy 34(6), 1862–1868. https:// doi. org/ 10. 1016/j. arthro. 2018. 01. 050 (2018).

 51. Higgins, B. T., Barlow, D. R., Heagerty, N. E. & Lin, T. J. Anterior vs. posterior approach for total hip arthroplasty, a systematic 
review and meta-analysis. J. Arthroplast. 30(3), 419–434. https:// doi. org/ 10. 1016/j. arth. 2014. 10. 020 (2015).

 52. Kucukdurmaz, F., Sukeik, M. & Parvizi, J. A meta-analysis comparing the direct anterior with other approaches in primary total 
hip arthroplasty. Surgeon 17(5), 291–299. https:// doi. org/ 10. 1016/j. surge. 2018. 09. 001 (2019).

 53. Miller, L. E. et al. Does surgical approach affect outcomes in total hip arthroplasty through 90 days of follow-up? A systematic 
review with meta-analysis. J. Arthroplast. 33(4), 1296–1302. https:// doi. org/ 10. 1016/j. arth. 2017. 11. 011 (2018).

 54. Putananon, C. et al. Comparison of direct anterior, lateral, posterior and posterior-2 approaches in total hip arthroplasty: Network 
meta-analysis. Eur. J. Orthop. Surg. Traumatol. 28(2), 255–267. https:// doi. org/ 10. 1007/ s00590- 017- 2046-1 (2018).

 55. Wang, Z. et al. A systematic review and meta-analysis of direct anterior approach versus posterior approach in total hip arthroplasty. 
J. Orthop. Surg. Res. 13(1), 229. https:// doi. org/ 10. 1186/ s13018- 018- 0929-4 (2018).

Author contributions
N.R. and P.M.K. performed the search and data extraction. K.J. and N.R. performed all statistic calculations and 
created all figures. N.R. created all tables. N.R. wrote the draft of the manuscript. D.D. supervised the whole 
work. All authors read and checked the final version.

Funding
Open Access funding enabled and organized by Projekt DEAL.

https://doi.org/10.3969/j.issn.1009-7147.2018.03.026
https://doi.org/10.3877/cma.j.issn.2096-0263.2017.04.006
https://doi.org/10.3877/cma.j.issn.2096-0263.2017.04.006
https://doi.org/10.3969/j.issn.2095-4344.0282
https://doi.org/10.3969/j.issn.1003-6350.2018.17.010
https://doi.org/10.3969/j.issn.1003-6350.2018.17.010
https://doi.org/10.3969/j.issn.1009-4393.2019.34.060
https://doi.org/10.3969/j.issn.1009-4393.2019.34.060
https://doi.org/10.3969/j.issn.2095-8552.2022.04.027
https://doi.org/10.3969/j.issn.2095-8552.2022.04.027
https://doi.org/10.16458/j.cnki.1007-0893.2018.16.064
https://doi.org/10.13638/j.issn.1671-4040.2018.08.016
https://doi.org/10.13638/j.issn.1671-4040.2018.08.016
https://doi.org/10.3969/j.issn.2095-9958.2018.10.005
https://doi.org/10.12307/2021.270
https://doi.org/10.1016/j.injury.2019.06.006
https://doi.org/10.3969/j.issn.1009-3257.2019.05.024
https://doi.org/10.3969/j.issn.1009-3257.2019.05.024
https://doi.org/10.13638/j.issn.1671-4040.2021.13.013
https://doi.org/10.3969/j.issn.2095-8552.2020.01.025
https://doi.org/10.11915/j.issn.1671-5403.2018.07.119
https://doi.org/10.1007/s00590-017-2033-6
https://doi.org/10.1007/s00590-017-2033-6
https://doi.org/10.2106/JBJS.RVW.21.00202
https://doi.org/10.12200/j.issn.1003-0034.2020.08.018
https://doi.org/10.12200/j.issn.1003-0034.2020.08.018
https://doi.org/10.1016/j.otsr.2018.02.008
https://doi.org/10.1016/j.arth.2018.11.015
https://doi.org/10.1016/j.arth.2018.02.029
https://doi.org/10.1016/j.arth.2018.02.029
https://doi.org/10.1016/j.arthro.2018.01.050
https://doi.org/10.1016/j.arth.2014.10.020
https://doi.org/10.1016/j.surge.2018.09.001
https://doi.org/10.1016/j.arth.2017.11.011
https://doi.org/10.1007/s00590-017-2046-1
https://doi.org/10.1186/s13018-018-0929-4


17

Vol.:(0123456789)

Scientific Reports |        (2023) 13:22861  | https://doi.org/10.1038/s41598-023-50206-0

www.nature.com/scientificreports/

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 50206-0.

Correspondence and requests for materials should be addressed to N.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-50206-0
https://doi.org/10.1038/s41598-023-50206-0
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Hemiarthroplasty through SuperPATH versus hemiarthroplasty through conventional approaches in patients with femoral neck fractures: a systematic review and meta-analysis of randomized controlled trials
	Methods
	Study screening and selection
	Inclusion criteria
	Data extraction and analysis
	Quality assessment
	Meta-analysis

	Results
	Systematic Review
	Characteristics of the included RCTs
	Characteristics of the patient cohort
	Quality assessment
	Meta-analysis
	Operation time
	Incision length
	Intraoperative blood loss
	Postoperative drainage volume
	Pain VAS ≤ 1 week postoperatively
	Pain VAS 1–3 months postoperatively
	HHS ≤ 1 week postoperatively
	HHS 3 months postoperatively
	HHS 6 months postoperatively
	Time to mobilization
	Hospitalization time
	Complications


	Discussion
	Conclusion
	References


