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Abstract
Objective  At present, the core decompression (CD) has become the main surgical procedure for the treatment of 
osteonecrosis of the femoral head (ONFH); however, the CD surgery requires high operator experience and repeated 
fluoroscopy increases the radiation damage to patients, and medical staff. This article compares the clinical efficacy of 
robot-assisted and freehand CD for ONFH by meta-analysis.

Methods  Computer searches of PubMed, Web of Science, Embase, Cochrane Library, Chinese National Knowledge 
Infrastructure, China Science and Technology Journal Database, WanFang, and Chinese BioMedical Literature 
Database were conducted from the time of database inception to November 15, 2023. The literature on the clinical 
efficacy of robot-assisted and freehand CD in the treatment of ONFH was collected. Two researchers independently 
screened the literature according to the inclusion and exclusion criteria, extracted data, and strictly evaluated 
the quality of the included literature. Outcome measures encompassed operative duration, intraoperative blood 
loss volume, frequency of intraoperative fluoroscopies, visual analog scale (VAS) score, Harris hip score (HHS), 
complications, and radiographic progression. Data synthesis was carried out using Review Manager 5.4.1 software. 
The quality of evidence was evaluated according to Grades of Recommendation Assessment Development and 
Evaluation (GRADE) standards.

Results  Seven retrospective cohort studies involving 355 patients were included in the study. The results of 
meta-analysis showed that in the robot-assisted group, the operative duration (MD = -17.60, 95% CI: -23.41 to 
-11.78, P < 0.001), intraoperative blood loss volume (MD = -19.98, 95% CI: -28.84 to -11.11, P < 0.001), frequency 
of intraoperative fluoroscopies (MD = -6.60, 95% CI: -9.01 to -4.20, P < 0.001), and ΔVAS score (MD = -0.45, 95% CI: 
-0.67 to -0.22, P < 0.001) were significantly better than those in the freehand group. The GRADE evidence evaluation 
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Introduction
Osteonecrosis of the femoral head (ONFH) represents 
a significant orthopedic enigma, as its exact pathogen-
esis remains elusive, making its treatment a considerable 
challenge for orthopedic surgeons [1–2]. Alarming data 
suggest that without timely intervention, over 90% of 
ONFH cases will culminate in the collapse of the femoral 
head within five years [3–4]. Consequently, when many 
patients seek their initial consultation, the integrity of 
the hip joint is already compromised to the point where 
hip replacement becomes inevitable [5–6]. This progres-
sion places a considerable strain on patients and imposes 
a profound socioeconomic burden [7]. Therefore, the 
imperative lies in devising strategies to preemptively 
address ONFH before the onset of femoral head collapse, 
thereby decelerating the disease’s trajectory and postpon-
ing the need for joint replacement.

Core decompression (CD) has established itself as a 
pivotal therapeutic strategy in the clinical management 
of ONFH [8–9]. Traditional CD relies heavily on the 
expertise of the surgeon, aided by multiple fluoroscopic 
imaging under X-ray, to meticulously target and decom-
press the necrotic zone. Nevertheless, this method is 
not devoid of risks. There is the ever-present danger of 
inadvertently puncturing the cartilage or damaging blood 
vessels and neuromuscular structures during the pro-
cedure [10–11]. The advent and assimilation of robotic 
navigation technology into clinical orthopedics intro-
duces a promising alternative, touting advantages such 
as enhanced precision, reduced reliance on fluoroscopy, 
and bolstered patient safety [12–13]. However, the devel-
opment of robot-assisted technology is still in its infancy, 
and its clinical efficacy and safety are still uncertain. 
Hence, this meta-analysis aimed to determine whether 
the robot-assisted CD technique offers an advantage in 
clinical efficacy compared with the X-ray freehand CD 
technique.

Methods and materials
Protocol registration
This systematic review and meta-analysis was structured 
in adherence to the guidelines of the Cochrane Hand-
book for Systematic Reviews and was reported as per 

the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses [14]. The meta-analysis was regis-
tered on the PROSPERO platform under the identifier 
CRD42023420593.

Search strategy
Collaboratively, two authors (W.S.O.Y. and G.M.G.) 
embarked on a comprehensive exploration of four Eng-
lish electronic databases (PubMed, Web of Science, 
Embase, and Cochrane Library) and four Chinese data-
bases (Chinese National Knowledge Infrastructure, 
China Science and Technology Journal Database, Wan-
Fang, and Chinese BioMedical Literature Database) cov-
ering their inception to November 15, 2023. Search terms 
embraced “robotic”, “robot positioning”, “navigated”, 
“osteonecrosis of the femoral head”, “femur head necro-
sis”, “ONFH”, and “FHN”. The search strategy amalgam-
ated theme-based terms with free-text words customized 
to each database’s specifications. Additionally, to ensure 
a comprehensive search, references from the included 
articles were scanned for any other potentially rele-
vant studies. Only articles in English and Chinese were 
included. The specific PubMed search algorithm was: 
(((robotic [Title/Abstract]) OR (robot positioning [Title/
Abstract]) OR (navigated [Title/Abstract]) AND (osteo-
necrosis of the femoral head [Mesh]) OR ((femur head 
necrosis [Title/Abstract])) OR (ONFH [Title/Abstract])) 
OR (FHN [Title/Abstract]). A thorough breakdown of the 
search methodologies employed is available in Supple-
mentary Material 1.

Eligibility criteria

1)	 Research Types: Published randomized controlled 
trial studies and retrospective cohort studies.

2)	 Participants: Inclusion involved patients diagnosed 
with ONFH based on recognized criteria. Staging 
references were the Association Research Circulation 
Osseous stages, Ficat stages, and Steinberg stages 
[15–17]. No restrictions were imposed based on 
demographic factors such as age, gender, ethnicity, 
geographical location, or the study’s origin.

showed ΔVAS score as low quality and other indicators as very low quality. There was no significant difference in the 
terms of ΔHHS (MD = 0.51, 95% CI: -1.34 to 2.35, P = 0.59), complications (RR = 0.30, 95% CI: 0.03 to 2.74, P = 0.29), and 
radiographic progression (RR = 0.50, 95% CI: 0.25 to 1.02, P = 0.06) between the two groups.

Conclusion  There is limited evidence showing the benefit of robot-assisted therapy for treatment of ONFH patients, 
and much of it is of low quality. Therefore, caution should be exercised in interpreting these results. It is recommended 
that more high-quality studies be conducted to validate these findings in future studies.

Systematic review registration  https://www.crd.york.ac.uk/prospero/ #recordDetails, CRD42023420593.

Keywords  Robotics, Core decompression, Osteonecrosis of the femoral head, Meta-analysis, Systematic review
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3)	 Interventions: Control group: CD therapy by 
freehand under X-ray fluoroscopy. Intervention 
group: CD therapy assisted by robotic positioning 
system.

4)	 Type of outcome measures: Included studies were 
required to include one of the following outcomes: 
operative duration, intraoperative blood loss volume, 
frequency of intraoperative fluoroscopies, visual 
analog scale (VAS) score, Harris hip score (HHS), 
complications, and radiographic progression.

Exclusion criteria

1)	 Literature with overlapping data or duplicate 
publications.

2)	 Literature reviews, case reports, animal experiments, 
basic experimental studies, letters, and review 
articles.

3)	 Primary or relevant outcome indicators are 
unavailable.

Data extraction
Titles and abstracts of the gathered studies were metic-
ulously scrutinized by two independent reviewers 
(W.S.O.Y. and T.P.J.). A thorough reading of the full-
text articles ensued to determine alignment with both 
inclusion and exclusion criteria. Any discordance was 
resolved through in-depth discussions and, if neces-
sary, in collaboration with a third reviewer (X.L.Z.) to 
reach a unanimous decision. Two authors (W.S.O.Y. and 
G.M.G.) employed a systematic data extraction template 
to mine essential study features, encompassing title, pub-
lication year, lead author, country, study design, sample 
size, treatment strategies, treatment duration, primary 
outcome measures, and follow-up time. Key outcomes 
were extracted separately by two other reviewers (C.W.Z. 
and X.L.Z.) for data synthesis. A collaborative consensus 
approach was adopted in data extraction discrepancies 
between reviewers, involving all reviewers.

Literature quality assessment
The methodological quality of each included random-
ized controlled trial study was separately assessed by 
two review authors (W.S.O.Y. and G.M.G.) by using the 
Cochrane Risk of Bias tool [18]. All included retrospec-
tive studies underwent a rigorous quality assessment 
utilizing the Newcastle-Ottawa Scale (NOS). This scale 
evaluates pivotal aspects such as the selection of study 
populations, the comparison of study cohorts, and the 
methods employed for outcome assessments [19]. If the 
two researchers disagree, it can be resolved by consulting 
a third reviewer author (C.W.Z.).

Quality of evidence assessment
We used the principles of the Grades of Recommenda-
tion Assessment Development and Evaluation (GRADE) 
system to assess the quality of the body of evidence 
associated with outcomes [20]. Developed to grade the 
overall certainty of a body of evidence, this approach 
incorporates six main domains: limitation in study 
design, risk of bias, inconsistency of results, indirect-
ness, imprecision, and publication bias [21]. Two review 
authors (W.S.O.Y. and G.M.G.) separately assessed each 
domain for each selected outcome. If the two researchers 
disagree, it can be resolved by consulting a third reviewer 
author (C.W.Z.). We documented all decisions regarding 
up- or down-grading the certainty of evidence to ensure 
transparency.

Statistical analysis
Statistical computations were executed using the Review 
Manager 5.4.1 software (provided by the Cochrane 
Collaboration, Oxford, UK). The Risk Ratio (RR) was 
employed for binary data, while the Mean Difference 
(MD) served for continuous data types. Both metrics 
were accompanied by a 95% Confidence Interval (CI) 
to encapsulate the effect magnitude when juxtaposing 
treatment and control groups. Inherent heterogeneity 
was assessed using the χ2 test and quantified by the I2 
value. An I2 value of ≤ 50% coupled with P ≥ 0.1 suggested 
homogeneity across studies, warranting the application 
of a fixed-effects model. Conversely, an I2 value surpass-
ing 50% alongside P ≤ 0.1 indicated significant hetero-
geneity, prompting the utilization of a random-effects 
model.

Results
Search results
Out of an initial pool of 276 potential articles concerning 
robot-assisted CD treatment for ONFH, 165 duplicates 
were identified and removed. Subsequent screenings 
based on titles and abstracts eliminated another 56 arti-
cles, while 38 more were excluded following full-text 
reviews and criteria assessment. Consequently, this meta-
analysis incorporated seven articles [22–28] (Fig. 1).

Study characteristics
In the selected studies, 355 adult ONFH patients were 
documented. Among them, 183 were in the freehand 
group, and 172 were in the robot-assisted group. Every 
included study specified clear criteria for inclusion and 
exclusion, and consistent baseline data was observed 
across the freehand and robot-assisted cohorts (Table 1). 
Regarding financial support, four out of the seven studies 
[23–26] were funded by governmental bodies or profes-
sional entities, whereas the remaining 3 [22, 27–28] did 
not specify their funding source.
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Demographic and staging
A total of 355 patients were included in the system-
atic review and meta-analysis. The age of the patients 
enrolled in these included studies ranging from 34.5 to 
53.0. The included studies had a minimum follow-up of 
6 months. The study of the longest follow-up came from 
China, where Li’s study [25] reported a 28-year result. 
Three kinds of diagnostic standards were utilized in all 
of the studies. Among them, Four studies [22, 24–25, 28] 

followed ARCO classification, 2 studies [26–27] reported 
data on the basis of Ficat classification, and the left 1 
study [23] used the steinberg staging system.

Bias risk assessment
Included seven literature articles [22–28] were all ret-
rospective cohort studies, with no randomized con-
trolled studies. According to the NOS assessment, there 
were four literature [23–25, 28] scores of eight and the 

Fig. 1  Literature screening process and results
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remaining three literature [22, 26–27] scores of seven 
(additional data in Supplementary Material 1: Table S1).

Meta-analysis outcomes
Operative duration
All seven studies [22–28] comprising 355 patients com-
pared operative duration across both groups. Significant 
heterogeneity was observed (P < 0.00001, I2 = 98%), neces-
sitating the application of a random effects model. The 
results signified that the operative duration was statisti-
cally shorter in the robot-assisted group (MD = -17.60, 
95% CI: -23.41 to -11.78, P < 0.001) (Fig.  2). Sensitivity 
analysis was then conducted by individually excluding 
each study. The outcome remained consistent, reinforc-
ing the stability of the meta-analysis results (additional 
data in Supplementary Material 1: Table S2).

Intraoperative blood loss volume
Out of the studies, 6 [22–27], with a collective patient 
count of 335, provided data regarding intraoperative 
blood loss volume. A notable heterogeneity was recorded 

(P < 0.00001, I2 = 97%), warranting the use of a random 
effects model. The data revealed a statistically signifi-
cant reduction in intraoperative blood loss volume for 
the robot-assisted group (MD = -19.98, 95% CI: -28.84 to 
-11.11, P < 0.001) (Fig.  3). A sensitivity analysis, exclud-
ing individual studies, was executed, which reasserted 
the stability of the derived results from the meta-analysis 
(additional details in Supplementary Material 1: Table 
S3).

Frequency of intraoperative fluoroscopies
The frequency of intraoperative fluoroscopies between 
the groups was reported from the five studies [22, 24–27] 
of 304 patients. Significant heterogeneity was observed 
(P < 0.00001, I2 = 98%), prompting the utilization of a ran-
dom effects model. The analysis indicated a statistically 
significant reduction in the frequency of intraoperative 
fluoroscopies for the robot-assisted group (MD = -6.60, 
95% CI: -9.01 to -4.20, P < 0.001) (Fig.  4). A sensitivity 
analysis, where each study was individually excluded, 
confirmed the stability of the meta-analysis results 

Table 1  Basic characteristics of the seven studies included in the meta-analysis
Authors & Country Study design Sample

(M/F)
Hip
(M/F)

Age
(years)

Diagnostic 
standard

Disease 
stage

Follow-up
(months)

Tian et al., 2023 [22] China Retrospective cohort 
study

T: 17 (NA)
C: 24 (NA)

T: 28 (NA)
C: 42 (NA)

T: 40.8 ± 8.1
C: 42.1 ± 6.4

ARCO II 14.6 ± 4.8

Liu et al., 2022 [23] China Retrospective cohort 
study

T: 18 (13/5)
C: 13 (9/4)

T: NA
C: NA

T: 36.8 ± 4.8
C: 34.5 ± 6.1

Steinberg II/III/IV 6

Zhang et al., 2022 [24] 
China

Retrospective case 
control study

T: 30 (19/11)
C: 30 (20/10)

T: NA
C: NA

T: 38.50 ± 10.61
C: 40.63 ± 10.63

ARCO I T: 
23.40 ± 1.65
C: 
23.30 ± 1.66

Li et al., 2022 [25] China Retrospective cohort 
study

T: 50 (36/14)
C: 50 (37/13)

T: NA
C: NA

T: 47.52 ± 12.50
C: 50.68 ± 13.42

ARCO II 28.53 ± 0.5

Luo et al., 2020 [26] China Retrospective cohort 
study

T: 18 (12/6)
C: 22 (12/10)

T: 26 (NA)
C: 29 (NA)

T: 50.91 ± 7.59
C: 51.39 ± 7.38

Ficat I/II 6

Luo J et al., 2020 [27] 
China

Retrospective case 
control study

T: 30 (18/12)
C: 33 (20/13)

T: 41 (NA)
C: 46 (NA)

T: 53.00 ± 7.09
C: 50.00 ± 8.84

Ficat I/II 6

Bi et al., 2019 [28] China Retrospective case 
control study

T: 9 (7/2)
C: 11 (8/3)

T: 16 (NA)
C: 20 (NA)

T: 34.88 ± 3.81
C: 35.30 ± 4.72

ARCO II T: 
26.8 ± 3.42
C: 
26.4 ± 3.65

Note: ARCO, Association Research Circulation Osseous; C, Control group; NA, Not available; T, Treatment group

Fig. 2  Forest plot of the meta-analysis comparing the operative duration

 



Page 6 of 10Ouyang et al. BMC Musculoskeletal Disorders          (2024) 25:476 

(additional details in Supplementary Material 1: Table 
S4).

ΔVAS score
Out of five studies [22–25, 28] that included 252 partici-
pants, the change in VAS score was reported from base-
line to the last follow-up. Minimal heterogeneity was 
found (P = 0.24, I2 = 28%), allowing the use of a fixed effect 
model. The analysis highlighted a significant difference 
in ΔVAS score, favoring the robot-assisted group (MD = 
-0.45, 95% CI: -0.67 to -0.22, P < 0.001) (Fig. 5).

ΔHHS
Seven studies [22–28], comprising 355 participants, 
detailed the changes in the HHS from baseline to the 
last follow-up. Notable heterogeneity was observed 
(P = 0.006, I2 = 67%), necessitating a random effects 
model. Interestingly, no significant difference in ΔHHS 
was detected (MD = 0.51, 95% CI: -1.34 to 2.35, P = 0.59) 
(Fig. 6). To further analyze the stability of the results, we 

made sensitivity analyses and excluded each study from 
the analysis. Excluding other studies, the meta-analysis 
result indicated that the data analysis was stable. After 
excluding Liu’s study [23], the heterogeneity changed 
significantly (P = 0.15, I2 = 39%). This suggested that this 
study may have been the source of heterogeneity in 
ΔHHS data (additional details in Supplementary Material 
1: Table S5).

Complications
Only two studies [23, 27] with 94 participants reported 
complications between the groups. In Liu’s study [23], 
one instance of deep vein thrombosis in the freehand 
group was noted, while Luo J’s study [27] documented 
a single case of wound infection, also in the freehand 
group. A fixed effect model was utilized given the low 
heterogeneity (P = 0.86, I2 = 0%). The results did not show 
any statistical significance concerning complications 
(RR = 0.30, 95% CI: 0.03 to 2.74, P = 0.29) (Fig. 7).

Fig. 5  Forest plot of the meta-analysis comparing the ΔVAS score

 

Fig. 4  Forest plot of the meta-analysis comparing the frequency of intraoperative fluoroscopies

 

Fig. 3  Forest plot of the meta-analysis comparing the intraoperative blood loss volume
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Radiographic progression
Four studies [22, 25, 27–28] that included 293 hips 
reported radiographic progression between the groups. 
Minimal heterogeneity was found (P = 0.65, I2 = 0%), 
allowing the use of a fixed effect model. The results did 
not show any statistical significance concerning radio-
graphic progression (RR = 0.50, 95% CI: 0.25 to 1.02, 
P = 0.06) (Fig. 8).

GRADE evaluation
Based on the principles of the GRADE evaluation, we 
evaluated the quality of the evidence provided via the 
operative duration, intraoperative blood loss volume, fre-
quency of intraoperative fluoroscopies, and ΔVAS score. 
Table S6 shows that, except for ΔVAS score which was 
classified as low in quality, the others were evaluated as 
very low quality.

Discussion
Summary of evidence
In this analysis of seven retrospective studies with a col-
lective of 355 patients, we aimed to discern the efficacy 
and safety of robot-assisted CD in the management of 
ONFH. Our findings reveal that the robot-assisted group 
offers a superior approach over the freehand group in 
various aspects such as operative duration, intraoperative 
blood loss volume, frequency of intraoperative fluoros-
copies, and ΔVAS score; the differences were statistically 
significant. However, no meaningful differences emerged 
between the two groups when evaluating parameters like 
ΔHHS, complications, and radiographic progression.

Analysis of findings
One salient benefit of employing robot-assisted CD for 
ONFH treatment is the observed reduction in opera-
tive duration. This is attributed to robot-assisted tech-
niques that utilize advanced digital technology which 

Fig. 8  Forest plot of the meta-analysis comparing the radiographic progression

 

Fig. 7  Forest plot of the meta-analysis comparing the complications

 

Fig. 6  Forest plot of the meta-analysis comparing the ΔHHS
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harnesses marker points on the robotic arm, preopera-
tive CT reconstruction data, and intraoperative X-ray 
fluoroscopic images. Combining these resources empow-
ers surgeons to meticulously plan their surgical path-
way, ascertain the optimal nail entry point with a single 
guide needle measurement, and perform all surgical 
tasks via a minimally invasive incision. Not only does 
this significantly cut down the operative duration [22, 
25], but it also diminishes the patient’s intraoperative 
incision exposure time, consequently lowering the risk 
of joint infections. However, we must not overlook the 
observed heterogeneity. Potential causes include the rela-
tively nascent adoption of robot-assisted CD by specific 
research centers, the consequent surgical inexperience, 
and differing calculations of surgery time among centers. 
Some research facilities consider the operative duration 
from skin disinfection, which typically necessitates an 
extended preoperative preparation [25, 27], while others 
[28] start the clock at the skin incision. Such inconsisten-
cies can inadvertently skew the research outcomes.

Another pivotal metric for gauging surgical safety and 
quality is the intraoperative blood loss volume. Excessive 
intraoperative bleeding during femoral head surgery ele-
vates the risks of perioperative complications, prolongs 
hospital stay, and subsequently hikes up hospitalization 
expenses. As highlighted by Liu’s study [23], orthope-
dic robotic systems stand out for their precision. These 
robotic aids enable surgeons to meticulously plan their 
paths and pinpoint targets accurately, minimizing dam-
age to the blood vessels and surrounding tissues during 
surgery.

Our analysis underscores the advantages of robot-
assisted groups in managing ONFH. Evident benefits 
include shortened operative duration, reduced intraop-
erative blood loss volume, and a significant reduction in 
the frequency of intraoperative fluoroscopies. Consider-
ing the often-underplayed radiation risks in orthopedic 
surgery, the latter is especially crucial. Freehand group 
necessitates multiple uses of C-arm fluoroscopy to 
achieve desired results, inadvertently increasing radiation 
exposure for both healthcare professionals and patients. 
With accumulating radiation exposure, risks such as 
compromised immunity, heightened susceptibility to 
blood disorders, and cancer become paramount concerns 
[29–31]. Tian’s study [22] suggested that robot-assisted 
techniques can enable intraoperative femoral drilling in a 
three-dimensional view by matching preoperative three-
dimensional reconstructed images with intraoperative 
X-ray images. Similarly, Luo’s study [26] indicated that 
the intraoperative use of robot-assisted techniques can 
reduce the frequency of intraoperative fluoroscopies, 
which has some clinical application prospects.

For early-stage ONFH patients, the typical manifesta-
tion is hip pain, making the VAS score a pertinent gauge 

for patient outcomes. Simultaneously, the HHS remains 
a benchmark for postoperative hip function assessment. 
Our comparative analysis, grounded in statistical evalu-
ation of the difference between preoperative and subse-
quent follow-up VAS score and HHS [32], indicates that 
robot-assisted CD’s minimally invasive nature, which 
involves smaller incisions and minimal collateral tissue 
damage, can effectively attenuate postoperative pain, as 
evidenced in Luo J’s study [27]. The lack of discernable 
difference in ΔHHS might be attributed to its inherently 
subjective nature. Patient perceptions and experiences 
can introduce biases, suggesting the need for more exten-
sive, rigorous studies to validate these findings. In theory, 
robotic surgery can reduce the number of medical inju-
ries by positioning the procedure more precisely. While 
robot-assisted CD emerges as a promising advancement 
in ONFH management, further rigorous studies are 
imperative for a more comprehensive understanding and 
potential wider clinical adoption.

For the patient, delaying the collapse of the femoral 
head is the primary principle in the treatment of ONFH. 
Tian’s study indicated that robot-assisted therapy could 
improve the success rate of core decompression and 
effectively reduce the collapse rate of early- and mid-
stage ONFH [22]. Meanwhile, in the final follow-up 
observation, it was found that most of the patients in the 
robot-assisted therapy group had intact femoral head 
morphology. Li’s study concluded that robot-assisted 
techniques are effective in improving surgical accuracy 
and minimizing damage to cortical bone [25]. Even when 
judgments about radiographic progression were made, 
there was considerable subjectivity. This also emphasizes 
the importance of intervention concealment and imple-
mentation of blinding.

The quality of the included studies was evaluated using 
the GRADE system, which adopts a highly structured 
approach to classify the level of evidence and clearly 
presents the evaluation items in itemized lists so that cli-
nicians can understand the effectiveness and feasibility of 
the treatment measures on their own and then make clin-
ical decisions. Among the metrics in this study, the ΔVAS 
score was rated as low quality, the operative duration, 
intraoperative blood loss volume, and frequency of intra-
operative fluoroscopies were rated as very low quality. 
The reasons may be related to the fact that the included 
studies were all non-randomized controlled trials, large 
heterogeneity among some studies, and publication bias. 
Hence, there is still a need to include higher quality stud-
ies to improve the level of evidence in the future. In the 
clinical management of patients with ONFH, there is still 
a need for a comprehensive assessment of the patient’s 
overall condition in order to make scientific clinical 
decisions.
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Limitations
This systematic review aimed to determine the effec-
tiveness of robot-assisted CD in managing ONFH. The 
results suggest that robot-assisted CD holds promise in 
offering a better treatment approach when compared 
to freehand CD. However, there are several limitations 
to consider. Robot-assisted CD, a relatively newer pro-
cedure, lacks high-quality randomized controlled trials 
to validate its efficacy. The included studies were cohort 
reviews, and the overall evidence grade from these stud-
ies is relatively low. Second, the meta-analysis consid-
ered only seven studies, pointing to potential search 
deficiencies and limited sample size. Non-Chinese and 
English articles were not included, which might have fur-
ther biased our study. Third, Different levels of familiar-
ity with robotic navigation techniques among operators 
could introduce significant heterogeneity in some of the 
data and possible bias in the study results. Finally, the 
included studies were conducted in China, which may 
affect the reliability of the conclusions. However, we still 
hope that more physicians will participate in this study.

Future directions
To better understand robot-assisted CD’s efficacy, 
addressing these limitations in future research is crucial. 
Given the surge in robot-assisted technology in medicine, 
it would also be beneficial to continuously offer training 
opportunities to budding physicians. More holistic future 
research could focus on patient quality of life, fracture 
risk, and patient satisfaction to ensure more reliable out-
comes. Meanwhile, with the development of computer 
technology, artificial intelligence, and mechanical man-
ufacturing, robot-assisted technology will continue to 
evolve to improve the safety and effectiveness of surgery. 
Although more relevant, high-quality research is lacking, 
there is clinical value in advancing continued research in 
robot-assisted technology.

Conclusion
We conclude that there is inadequate evidence to regu-
larly recommend robot-assisted therapy for the treatment 
of patients with ONFH. In future studies, higher-quality 
research will be needed to better define robot-assisted 
therapy as a treatment option for ONFH.

Abbreviations
CD	� Core decompression
CI	� Confidence interval
GRADE	� Grades of Recommendation Assessment Development and 

Evaluation
HHS	� Harris hip score
MD	� Mean difference
NOS	� Newcastle-Ottawa Scale
ONFH	� Osteonecrosis of the femoral head
RR	� Risk ratio
VAS	� Visual analog scale

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12891-024-07592-x.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Gratitude is extended to Changchun University of Chinese Medicine and the 
affiliated hospital for facilitating the literature resources for this study.

Author contributions
All authors contributed to the writing of the manuscript. Wensi Ouyang: First 
author, designed the study, article writing, article selection, literature quality 
assessment, and data collation. Guimei Guo: Second author, article writing, 
article selection, literature quality assessment, and statistical analysis. Tianpei 
Jiang: Third author, data collation, article modification, investigation, and 
statistical analysis. Changwei Zhao: Correspondent author, article revision, 
data collation, literature quality evaluation, and article review. Xiaoling Zhou: 
Correspondent author, article revision, article selection, article modification, 
and data collation. All authors read and approved the final manuscript.

Funding
The authors received no specific funding for this work.

Data availability
All data generated or analysed during this study are included in this published 
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Changchun University of Chinese Medicine, Changchun 130117, China
2Hospital Affiliated to Changchun University of Traditional Chinese 
Medicine, Changchun 130021, China

Received: 12 January 2024 / Accepted: 12 June 2024

References
1.	 Cui Q, Jo WL, Koo KH, Cheng EY, Drescher W, Goodman SB, et al. ARCO 

Consensus on the pathogenesis of non-traumatic osteonecrosis of the 
femoral head. J Korean Med Sci. 2021;36(10):e65. https://doi.org/10.3346/
jkms.2021.36.e65.

2.	 Quaranta M, Miranda L, Oliva F, Aletto C, Maffulli N. Osteotomies for avascular 
necrosis of the femoral head. Br Med Bull. 2021;137(1):98–111. https://doi.
org/10.1093/bmb/ldaa044.

3.	 He MC, He XM, Li TY, Xiao H, He W, Wei QS. A novel lateral classification of 
osteonecrosis of femoral head based on CT reconstruction of necrotic area 
and its clinical verification. Chin J Reconstr Surg. 2023;37(04):423–30.

4.	 Chang YH, Wang HC, Liu YW. Research Progress of Core Decompression com-
bined with bone grafting in the treatment of osteonecrosis of the femoral 
head. China Med Guide. 2022;24(11):1108–12.

5.	 Migliorini F, La Padula G, Oliva F, Torsiello E, Hildebrand F, Maffulli N. Opera-
tive management of avascular necrosis of the femoral head in skeletally 
immature patients: a systematic review. Life (Basel). 2022;12(2):179. https://
doi.org/10.3390/life12020179.

https://doi.org/10.1186/s12891-024-07592-x
https://doi.org/10.1186/s12891-024-07592-x
https://doi.org/10.3346/jkms.2021.36.e65
https://doi.org/10.3346/jkms.2021.36.e65
https://doi.org/10.1093/bmb/ldaa044
https://doi.org/10.1093/bmb/ldaa044
https://doi.org/10.3390/life12020179
https://doi.org/10.3390/life12020179


Page 10 of 10Ouyang et al. BMC Musculoskeletal Disorders          (2024) 25:476 

6.	 Ng MK, Gordon AM, Piuzzi NS, Wong CHJ, Jones LC, Mont MA. Trends in 
Surgical Management of Osteonecrosis of the femoral head: a 2010 to 
2020 Nationwide Study. J Arthroplasty. 2023;38(7S):S51–7. https://doi.
org/10.1016/j.arth.2023.03.071.

7.	 Migliorini F, Maffulli N, Baroncini A, Eschweiler J, Tingart M, Betsch M. 
Prognostic factors in the management of osteonecrosis of the femoral head: 
a systematic review. Surgeon. 2023;21(2):85–98. https://doi.org/10.1016/j.
surge.2021.12.004.

8.	 Lou P, Zhou G, Wei B, Deng X, Hou D. Bone grafting for femoral head necrosis 
in the past decade: a systematic review and network meta-analysis. Int J Surg. 
2023;109(3):412–8. https://doi.org/10.1097/JS9.0000000000000231.

9.	 Wan J, Hu Y, Li J, Zeng Y, Ren H. Comparison of the outcome of different bone 
grafts combined with modified core decompression for the treatment of 
ARCO II stage femoral head necrosis. Int Orthop. 2022;46(9):1955–62. https://
doi.org/10.1007/s00264-022-05418-w.

10.	 Zhao Y, Zhang G, Song Q, Fan L, Shi Z. Intramedullary core decompression 
combined with endoscopic intracapsular decompression and debridement 
for pre-collapse non-traumatic osteonecrosis of the femoral head. J Orthop 
Surg Res. 2023;18(1):6. https://doi.org/10.1186/s13018-022-03477-8.

11.	 Wei C, Yang M, Chu K, Huo J, Chen X, Liu B, et al. The indications for core 
decompression surgery in patients with ARCO stage I-II osteonecrosis of the 
femoral head: a new, comprehensive prediction system. BMC Musculoskelet 
Disord. 2023;24(1):242. https://doi.org/10.1186/s12891-023-06321-0.

12.	 Abel F, Avrumova F, Goldman SN, Abjornson C, Lebl DR. Robotic-navigated 
assistance in spine surgery. Bone Joint J. 2023;105–B(5):543–50. https://doi.
org/10.1302/0301-620X.105B5.BJJ-2022-0810.R3.

13.	 Matur AV, Palmisciano P, Duah HO, Chilakapati SS, Cheng JS, Adogwa O. 
Robotic and navigated pedicle screws are safer and more accurate than 
fluoroscopic freehand screws: a systematic review and meta-analysis. Spine J. 
2023;23(2):197–208. https://doi.org/10.1016/j.spinee.2022.10.006.

14.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ et al. 2022. 
Cochrane Handbook for Systematic Reviews of Intervention, Chichester: John 
Wiley & Sons, 2019.

15.	 Yoon BH, Mont MA, Koo KH, Chen CH, Cheng EY, Cui Q, et al. The 2019 
Revised Version of Association Research Circulation Osseous Staging System 
of Osteonecrosis of the femoral head. J Arthroplasty. 2020;35(4):933–40. 
https://doi.org/10.1016/j.arth.2019.11.029.

16.	 Ficat RP. Idiopathic bone necrosis of the femoral head. Early diagno-
sis and treatment. J Bone Joint Surg Br. 1985;67(1):3–9. https://doi.
org/10.1302/0301-620X.67B1.3155745.

17.	 Steinberg ME, Hayken GD, Steinberg DR. A quantitative system for staging 
avascular necrosis. J Bone Joint Surg (Br). 1995;77(1):34–41.

18.	 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The 
Cochrane collaboration’s tool for assessing risk of bias in randomised trials. 
BMJ. 2011;343:d5928. https://doi.org/10.1136/bmj.d5928.

19.	 Claudio L, Brendon S, Marco S, Nicola V. Assessing the quality of studies in 
meta-analyses: advantages and limitations of the Newcastle Ottawa Scale. 
World J Meta Anal. 2017;5(04):80–4.

20.	 Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S et al. Grading qual-
ity of evidence and strength of recommendations. BMJ (clinical research ed.). 
2004;328(7454):1490. https://doi.org/10.1136/bmj.328.7454.1490.

21.	 Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guide-
lines: 1. Introduction-GRADE evidence profiles and summary of findings 
tables. J Clin Epidemiol. 2011;64(4):383–94. https://doi.org/10.1016/j.
jclinepi.2010.04.026.

22.	 Tian R, Yang P, Wang CS, Wang KZ. Robot⁃assisted core decompression com-
bined with bone grafting in the treatment of early osteonecrosis of femoral 
head. Chin J Orthop January. 2023;43(1):16–22.

23.	 Liu Y, Shen J, Han W, Liu L. Clinical effects of orthopaedic robot-assisted free 
vascularized fibular grafting for the treatment of osteonecrosis of the femoral 
head. Beijing Biomedical Eng. 2022;41(05):477–82. https://doi.org/10.3969/j.
issn.1002-3208.2022.05.007.

24.	 Zhang YF, Hao YQ, Yu WX, Xu K, Li H, Yang Z, et al. Case control study on robot 
assisted core decompression and conventional core decompression for 
early necrosis of femoral head. China J Orthop Trauma. 2022;35(12):1183–8. 
https://doi.org/10.12200/j.issn.1003-0034.2022.12.014.

25.	 Li H, Zhang K, Hao YQ, Feng L, Yang Z, Xu P, et al. Robot-assisted core decom-
pression and bone grafting for ARCO II osteonecrosis of the femoral head. 
Chin J Tissue Eng Res. 2022;27(4):547–51.

26.	 Luo J, Lan H, Yan YJ. Comparison of robot-assisted drilling decompression 
and traditional surgery for treatment of aseptic necrosis of femoral head. 
Chin J Tissue Eng Res. 2020;24(27):4317–21. https://doi.org/10.3969/j.
issn.2095-4344.2804.

27.	 Luo J, Yan YJ, Wang XD, Long XD, Lan H, Li KN. Accuracy and safety of 
Robot-assisted drilling decompression for osteonecrosis of the femoral head. 
Orthop Surg. 2020;12(3):784–91. https://doi.org/10.1111/os.12678.

28.	 Bi B, Zhang S, Zhao Y. The effect of robot-navigation-assisted core decom-
pression on early stage osteonecrosis of the femoral head. J Orthop Surg Res. 
2019;14(1):375. https://doi.org/10.1186/s13018-019-1437-x.

29.	 Baudin C, Vacquier B, Thin G, Chenene L, Guersen J, Partarrieu I, et al. Occu-
pational exposure to ionizing radiation in medical staff: trends during the 
2009–2019 period in a multicentric study. Eur Radiol. 2023;33(8):5675–84. 
https://doi.org/10.1007/s00330-023-09541-z.

30.	 Raza M, Geleit R, Houston J, Williams R, Trompeter A. Radiation in orthopae-
dics (RIO) study: a national survey of UK orthopaedic surgeons. Br J Radiol. 
2021;94(1125):20210736. https://doi.org/10.1259/bjr.20210736.

31.	 Tian FL, Li HL, Du ML, Zhang XM, Yin XQ. Research progress of radiation 
protection in orthopedic surgery. Chin Nurs Res. 2020;34(16):2916–9. https://
doi.org/10.12102/j.issn.1009-6493.2020.16.022.

32.	 Li Y, Wang Y, Ma X, Ma J, Dong B, Yang P, et al. Comparison of short-term 
clinical outcomes between robot-assisted and freehand pedicle screw place-
ment in spine surgery: a meta-analysis and systematic review. J Orthop Surg 
Res. 2023;18(1):359. https://doi.org/10.1186/s13018-023-03774-w.

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

https://doi.org/10.1016/j.arth.2023.03.071
https://doi.org/10.1016/j.arth.2023.03.071
https://doi.org/10.1016/j.surge.2021.12.004
https://doi.org/10.1016/j.surge.2021.12.004
https://doi.org/10.1097/JS9.0000000000000231
https://doi.org/10.1007/s00264-022-05418-w
https://doi.org/10.1007/s00264-022-05418-w
https://doi.org/10.1186/s13018-022-03477-8
https://doi.org/10.1186/s12891-023-06321-0
https://doi.org/10.1302/0301-620X.105B5.BJJ-2022-0810.R3
https://doi.org/10.1302/0301-620X.105B5.BJJ-2022-0810.R3
https://doi.org/10.1016/j.spinee.2022.10.006
https://doi.org/10.1016/j.arth.2019.11.029
https://doi.org/10.1302/0301-620X.67B1.3155745
https://doi.org/10.1302/0301-620X.67B1.3155745
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.3969/j.issn.1002-3208.2022.05.007
https://doi.org/10.3969/j.issn.1002-3208.2022.05.007
https://doi.org/10.12200/j.issn.1003-0034.2022.12.014
https://doi.org/10.3969/j.issn.2095-4344.2804
https://doi.org/10.3969/j.issn.2095-4344.2804
https://doi.org/10.1111/os.12678
https://doi.org/10.1186/s13018-019-1437-x
https://doi.org/10.1007/s00330-023-09541-z
https://doi.org/10.1259/bjr.20210736
https://doi.org/10.12102/j.issn.1009-6493.2020.16.022
https://doi.org/10.12102/j.issn.1009-6493.2020.16.022
https://doi.org/10.1186/s13018-023-03774-w

	﻿Comparison of clinical efficacy of robot-assisted and freehand core decompression in the treatment of osteonecrosis of the femoral head: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods and materials
	﻿Protocol registration
	﻿Search strategy
	﻿Eligibility criteria
	﻿Exclusion criteria


	﻿Data extraction
	﻿Literature quality assessment
	﻿Quality of evidence assessment
	﻿Statistical analysis
	﻿Results
	﻿Search results
	﻿Study characteristics
	﻿Demographic and staging
	﻿Bias risk assessment
	﻿Meta-analysis outcomes
	﻿Operative duration
	﻿Intraoperative blood loss volume
	﻿Frequency of intraoperative fluoroscopies
	﻿ΔVAS score
	﻿ΔHHS
	﻿Complications
	﻿Radiographic progression


	﻿GRADE evaluation
	﻿Discussion
	﻿Summary of evidence
	﻿Analysis of findings
	﻿Limitations
	﻿Future directions

	﻿Conclusion
	﻿References


