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Background: This study analyzed the effects of ankle arthroplasty on the recovery of motor function in 
patients with orthopedic ankle injury.
Methods: English databases including PubMed, Web of Science, Embase, and the Cochrane Library 
were searched for randomized controlled trials (RCTs) examining the effects of ankle arthroplasty, ankle 
replacement, and joint prosthesis on motor function recovery in patients with orthopedic ankle injury. The 
outcome indicators included the American Orthopedic Foot and Ankle Society (AOFAS) score, the 36-item 
short form survey (SF-36) score, the Foot and Ankle Ability Measures (FAAM) score, and the visual analog 
scale (VAS) score. The quality of the included literature was evaluated using the Jadad tool, and meta-analysis 
of the experimental data was performed using the Review Manager 5.3 software.
Results: A total of 7 articles, including 443 patients, were analyzed. The meta-analysis showed significant 
improvement in AOFAS scores among patients in the experiment group (who underwent ankle replacement) 
compared with those in the control group (who did not undergo ankle replacement) [mean difference (MD) 
=−41.89, 95% confidence interval (CI): −51.29 to 32.49, Z=8.73, P<0.00001], VAS scores (MD =5.59, 95% 
CI: 4.84 to 6.34, Z=14.56, P<0.00001), SF-36 scores (MD =−13.89, 95% CI: −26.74 to 1.04, Z=2.12, P=0.03), 
and FAAM scores (MD =−25.78, 95% CI: −31.27 to 20.29, Z=9.20, P<0.00001) compared to patients in the 
control group.
Discussion: Ankle arthroplasty had a positive effect on the quality of life, daily activities, and motor 
function recovery of patients with orthopedic ankle injuries. While ankle arthroplasty has potential for 
clinical application, future high-quality, long-term studies with larger samples and more outcome indicators 
are warranted to verify these results. 
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Introduction

The ankle joint is a typical type of tackle joint. It is 
composed of the fibula, the joint surface at the lower end 
of the tibia, and the trochlea of talus. The lower articular 
surface of the tibia and the inner and outer ankle surfaces 
jointly form the socket for the talus pulley (joint head). 
The front of the pulley joint is wide and the back is narrow. 
When the foot is in dorsiflexion, the wider front part enters 
the socket and the joint is stable. In plantar flexion, the 
narrow back of the tackle enters the socket and the ankle 
is loose and can move laterally, but the ankle is prone to 
injury at this time. As the lateral malleolus is longer and 
lower than the medial malleolus, excessive eversion of the 
talus can be prevented. Therefore, ankle joint injuries often 
tend to be varus injuries (1-3). In addition to the injury 
caused by external forces such as sprains, arthritis can be a 
major source of ankle problems, causing serious pain and 
psychological pressure to the patient’s daily life, as well 
as economic and nursing burden to the patient’s family 
(4,5). With advances in the development of social medical 
technology and the gradual improvement of people’s 
requirements for their own quality of life, the treatment of 
ankle joint disease has attracted much attention.

In patients with advanced ankle arthroplasty, surgery is 
usually limited to joint fusion and total ankle arthroplasty 
(TAA). Posttraumatic ankle arthritis differs from other 
acute joint diseases and accounts for 56% to 80% of all 
ankle injuries. Since the patients are generally young, the 
survival rate of the implants is an important factor. During 
the past 15 years, a large number of global literatures have 
demonstrated that TAA can be an alternative to ankle 
fusion (6,7). The first generation of ankle replacement 
prostheses appeared between 1970 to 1985. During this 
period, artificial joint replacement of the hips and knees 
developed rapidly (8,9), and gradually became the dominant 
surgical method for the treatment of end-stage arthritis. 
Correspondingly, fusion surgery, with its increased rates of 
associated complications, became rarer and almost extinct 
as its shortcomings were being recognized. Inspired by the 
success of hip and knee arthroplasty, doctors and scientists 
developed a variety of artificial ankle prostheses (10-12). 
For patients with advanced ankle arthroplasty, surgery is 
usually limited to joint fusion and TAA, with other options 
such as traction joint replacement (13,14) and allograft 
considered in specific cases. Particularly in Europe, the 
emergence of a new generation of mobile bearing non-bone 
cement prostheses has piqued people’s interest in TAA. 

Ankle fusion surgery is effective and long-lasting, with high 
patient satisfaction. It has always been the gold standard 
for the treatment of end-stage ankle arthritis. Ankle fusion 
can significantly reduce pain and improve function; but 
complications are still inevitable, including neurovascular 
injury, poor incision healing, pain caused by internal 
plants, unequal length of lower limbs, infection, nonunion, 
stress fractures, and amputation. In addition, fusion of the 
ankle joint can cause loss of tibiotalar joint activity and 
abnormal gait. The adjacent joints accelerate degeneration 
due to increased stress, which may lead to the occurrence 
of secondary arthritis over time. Compared with ankle 
joint fusion, ankle joint replacement has the advantages of 
preserving joint mobility, improving gait, and reducing the 
load of adjacent joints; and there is no significant difference 
in pain relief from ankle joint fusion. Disadvantages related 
to the risk of mechanical complications may require the 
removal of implants and subsequent joint fusion, which can 
be technically demanding and lead to less satisfactory results 
than the initial joint fusion (15). Postoperative function and 
implant durability are particularly important in effective 
joint replacement. The main causes of TAA failure are 
loosening and/or movement of implants, wear, fracture or 
dislocation of mobile bearings, infection, and unexplained 
pain (16,17). Therefore, while TAA is rapidly emerging as a 
suitable alternative to ankle joint erosion, questions remain 
regarding the long-term functional outcomes, implant 
survival, and complications.

At present, there are many studies on the effect of 
ankle joint replacement and ankle fusion on the recovery 
of motor function of patients with ankle joint injury. 
However, many clinical studies are concentrated, and there 
are few articles that systematically analyze and compare 
the results of these studies. This meta-analysis conducted 
a systematic analysis of the long-term effects of TAA on 
functional outcomes and complications in patients with 
ankle injuries, aiming to provide reference and basis for the 
clinical treatment of related diseases and the application of 
related technologies. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at https://apm.amegroups.com/article/view/10.21037/apm-
21-3871/rc).

Methods

Literature retrieve

English databases including PubMed, Web of Science, 

https://apm.amegroups.com/article/view/10.21037/apm-21-3871/rc
https://apm.amegroups.com/article/view/10.21037/apm-21-3871/rc
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Embase, and The Cochrane Library were searched 
for related literatures published from January 2000 to 
September 2020 using the following search terms: “ankle 
arthroplasty”, “joint prosthesis”, and “treatment results”.

Inclusion and exclusion criteria

The following inclusion criteria were applied: (I) literature 
reporting the impact of ankle arthroplasty on the recovery 
of motor function of patients with orthopedic ankle injuries 
published at home and abroad; (II) studies that evaluated the 
motor function recovery of orthopedic ankle arthroplasty 
patients directly or indirectly; and (III) studies that included 
at least 15 samples.

The following exclusion criteria were applied: (I) repeat 
publications of data in the same group; (II) review articles, 
conference reports, empirical lectures, case reports, and 
comments; (III) studies unrelated to this research topic; 
(IV) studies with no control group, or the samples between 
groups were not comparable; and (V) studies with unclear 
outcome indicators and incomplete results and data.

Literature quality evaluation

Two researchers read the full text of the literature and 
extracted relevant information. Any disagreements or 
disputes were resolved through discussion or consultation 
with a third researcher. The Jadad score was used to evaluate 
the quality of the included literature, including: (I) whether 
the literature was a randomized controlled trial (RCT); (II) 
whether the random method used was appropriate; (III) 
whether the literature was double-blinded; (IV) whether the 
double-blinded method was appropriate; and (V) whether 
patients were lost to follow-up or dropped out during the 
study, whether the reasons were explained, and whether 
the literature adopted an intentional analysis method. An 
answer of “Yes” to the above counted as 1 point, and “No” 
counted as 0 points. Literatures with a score of less than 2 
point out of a possible 5 points were considered low quality 
research. Literatures with a score of more than 2 points was 
considered high quality research.

The Cochrane Reviewer’s Handbook4.2.5 was used to 
evaluate the literature quality. The evaluation included: (I) 
whether it was an RCT; (II) whether allocation concealment 
was adopted; (III) whether a blinded method was used; (IV) 
whether the result data was complete; (V) whether there 
was selective reporting of results; and (VI) whether there 
were other biases.

Data extraction

The following data were collated: (I)  the general 
characteristics of the literature including first author, 
publication year, evaluation results, and other data; (II) the 
evaluation results including the number of research subjects, 
experimental design, specific measures, research time, and 
outcome indicators; (III) the baseline data of the patients; 
and (IV) the indicators of research quality.

Statistical analysis

Data were statistically analyzed using the Revman5.3 
software provided by the Cochrane collaboration. 
Heterogeneity tests were performed on the experimental 
results using α=0.05 as the cutoff. The Peto method was 
used for literature heterogeneity analysis. When I2<50%, 
it was considered that there was no heterogeneity in the 
literature and the fixed effects model (FEM) was used for 
analysis. When I2>50%, it was considered that there was 
heterogeneity, and the random effects model (REM) was 
used for analysis. Among the measurement data results, 
weighted mean difference (WMD) was used for the results 
using the same unit of measure, otherwise, standard mean 
difference (SD) was used. The results of counting data were 
expressed by relative risk (RR). All results were expressed 
using 95% confidence intervals (CI). Funnel plots were 
drawn and publication bias was assessed using the symmetry 
of the funnel plot and the centralization of literature 
towards the midline. Sensitivity analysis was used to assess 
the reliability and stability of the results.

Results

Literature retrieval results

A total of 618 records were retrieved from the databases, 
and 226 publications related to this study were obtained 
after duplicates were deleted. After reading the abstracts 
and titles of the articles, 26 documents that satisfied the 
selection criteria were identified. Finally, after a review 
of the full text, 7 literatures were included in this study  
(18-24). The literature retrieval process is shown in  
Figure 1 and the basic information of the included 
literature is shown in Table 1.

Bias risk assessment of included literature

The quality of the included literature was first evaluated 
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Figure 1 A flowchart showing the literature retrieve process.
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Records removed before screening:
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• Records marked as ineligible by automation 
tools (n=185)
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Reports excluded:
• Reason 1: repeated publication of the same 
data (n=5)
• Reason 2: unclear outcome indicators (n=11)
• Reason 3: the result data are incomplete (n=3)
etc.

Table 1 The basic characteristics of the included literature

First author Year of publication Outcome indicators Test Control

Braito M (18) 2014 AOFAS, VAS 101 40

Esparragoza L (19) 2011 AOFAS, SF-36 14 16

Dalat F (20) 2014 AOFAS, SF-36, FAAM 59 46

Brunner S (21) 2013 AOFAS, VAS 72 72

Bonnin M (22) 2011 AOFAS 64 23

Pedowitz DI (23) 2016 VAS, FAAM 41 27

Veljkovic AN (24) 2019 SF-36 88 50

AOFAS, American Orthopedic Foot and Ankle Society; VAS, visual analogue scale; SF-36, 36-item short form survey; FAAM, Foot and 
Ankle Ability Measures.
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Selective reporting (reporting bias) 

Other bias

Figure 3 The risk assessment of bias in the included literature.

Figure 2 A bar chart showing the bias risk assessment of the included literature.
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using the bias risk assessment tool recommended by the 
Cochrane Systematic Review Manual, and the results 
are shown in Figure 2 and Figure 3. Random sequence 
generation (selection bias), incomplete outcome data 
(selection bias), and selective reporting were not present 
in any of the 7 studies (reporting bias). Overall, the risks 
included in this study were low.

The Jadad scale was used to evaluate the quality of each 
included literature, and the results are shown in Table 2. 
All 7 articles included in the study had low risk of bias and 
satisfied the requirements of subsequent analyses.

Meta-analysis of the American Orthopedic Foot and Ankle 
Society (AOFAS) score in patients after ankle arthroplasty

In the included literature, 5 studies described in detail the 
AOFAS scores of patients after ankle arthroplasty (Figure 4). 
There was significant heterogeneity in the AOFAS scores 
of patients in the control group (who did not undergo ankle 
replacement) and the experimental group (who underwent 
ankle replacement) (I2=95%, P<0.00001) and the REM was 
used for statistical analysis. The AOFAS scores of patients 
who underwent ankle arthroplasty were significantly 
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Table 2 The Jadad scale for quality assessment of the included literature

First author Randomization Binding Allocation concealment Withdrawals and dropouts
Reason for dropouts  

and withdrawals
Jadad

Braito M (18) Yes No NMT MT No 5

Esparragoza L (19) Yes No NMT MT Yes 3

Dalat F (20) Yes No NMT MT Yes 3

Brunner S (21) Yes No NMT MT Yes 3

Bonnin M (22) Yes No NMT MT No 4

Pedowitz DI (23) Yes No NMT MT No 4

Veljkovic AN (24) Yes No NMT MT No 4

MT, mentioned; NMT, not mentioned.

Figure 4 Forest plot of American Orthopedic Foot and Ankle score (AOFAS) comparison between experimental group and control group.

different to the scores of control patients (who did not 
undergo ankle replacement) (MD =−41.89, 95% CI: −51.29 
to −32.49, Z=8.73, P<0.00001). 

Meta-analysis of the visual analogue scale (VAS) score in 
patients after ankle arthroplasty

In the included literature, 3 studies evaluated the VAS 
scores of patients after ankle arthroplasty (Figure 5). There 
was significant heterogeneity in the VAS scores of the 
control group and the experimental group (I2=52%, P=0.12) 
and the REM was used. Meta-analysis revealed that the 
VAS scores were significantly different between patients 
who underwent ankle arthroplasty and those who did not 
(MD =5.59, 95% CI: 4.84 to 6.34, Z=14.56, P<0.00001). 

Meta-analysis of the 36-item short form survey (SF-36) 
score in patients after ankle arthroplasty

In the included literature, 3 studies examined the SF-36 scores 
of patients after ankle arthroplasty (Figure 6). There was 
significant heterogeneity in the SF-36 scores of the control 

group and the experimental group (I2=97%, P<0.00001) 
and the REM was used. Meta-analysis showed that the SF-
36 scores were significantly different between patients who 
had undergone ankle arthroplasty and control patients  
(MD =−13.89, 95% CI: −26.74 to −1.04, Z=2.12, P=0.03). 

Meta-analysis of the Foot and Ankle Ability Measures 
(FAAM) score in patients after ankle arthroplasty

In the included literature, 2 studies detailed the FAAM 
scores of patients after ankle arthroplasty (Figure 7). There 
was no significant heterogeneity in the FAAM scores 
between the control group and the experimental group 
(I2=0%, P=0.61) and the FEM was used for statistical 
analysis. The results revealed that the FAAM scores were 
significantly different between ankle arthroplasty patients 
and control patients (MD =−25.78, 95% CI: −31.27 to 
−20.29, Z=9.20, P<0.00001).

Publication bias analysis

The publication bias of the AOFAS score, SF-36 score, 
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Figure 6 A forest map showing the 36-item short form survey (SF-36) scores in patients after ankle arthroplasty.

Figure 5 A forest map showing the visual analogue scale (VAS) scores after ankle arthroplasty. 

FAAM score, and VAS score was analyzed (Figure 8). 
The funnel plots were symmetrical and the data were 
concentrated, indicating that none of the four functional 
indexes included in this study had significant publication 
bias.

Discussion

Ankle arthroplasty is a type of artificial joint replacement 
for the treatment of ankle diseases. The main purpose is 
to provide patients with a more stable and functional ankle 
joint. The replaced ankle prostheses generally require good 
soft tissue tension and non-collision range of motion (25).  
This joint replacement can effectively improve the 
symptoms of joint pain in patients.

To analyze the impact of ankle arthroplasty on functional 
recovery in patients with ankle injuries, this study included 
the AOFAS score as an evaluation indicator. Although the 
AOFAS score is not a scoring system specifically validating 

ankle arthroplasty, it is the most commonly used clinical 
outcome score in foot and ankle surgery since 1994 (26,27). 
The AOFAS score has also been shown to be sufficient to 
evaluate the postoperative improvement of patients with 
TAA. There were significant differences in AOFAS scores 
between the experimental group and the control group at 
the same time. It is worth noting that some studies showed 
a gradual decrease in AOFAS score during longer follow-
up periods. There are two possible reasons for the gradual 
decline in AOFAS scores (28,29). First, long-term wear of 
the polyethylene lining and sinking and loosening of the 
prosthesis can lead to reduced ankle function. In addition, 
issues related to stability, pain, or the development of 
heterotopic ossification may develop over time, leading to a 
decline in clinical outcome scores. However, the decline in 
AOFAS scores was not widespread during the long follow-
up period.

The survival rate of ankle implants was not included in 
our investigation, although this is an important outcome 

Figure 7 A forest map showing the Foot and Ankle Ability Measures (FAAM) scores in patients after ankle arthroplasty.
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Figure 8 Funnel plots of the related indicators, including (A) the American Orthopedic Foot and Ankle Society (AOFAS) score; (B) the 
visual analogue scale (VAS) score; (C) the 36-item short form survey (SF-36) score; and (D) the Foot and Ankle Ability Measures (FAAM) 
score. SE, standard error; MD, mean difference.

measure in ankle arthroplasty. Restoration surgery may lead 
to additional risks of infection, morbidity, and mortality, as 
well as further hospitalization and rehabilitation (30). All 
these impose a significant burden on health systems and the 
social economy. Data vary widely from country to country, 
including a 5-year survival rate of 83% reported by the 
Finnish Arthroplasty Registry (n=515), a 7-year survival 
rate of 91.3% reported by the National Joint Registry 
of England, Wales, and Northern Ireland (n=4,687), an  
11-year survival rate of 79.5% reported by the New Zealand 
Joint Registry (n=1,380), and a 10-year survival rate of 
69% reported by the Swedish Ankle Registry (n=780) (31). 
Therefore, these data were not included in our analysis to 
avoid errors due to regional differences and different data 
collection methods.

Since the present study was a systematic review 
of prospective and retrospective studies, there was 
heterogeneity in the data regarding surgery, implant design, 
and surgical technique. Therefore, there may be some 

differences in the results, which were minimized in this 
study. Moreover, the indicators examined in this report 
were limited and future studies assessing other indicators 
should be conducted to verify these results.

Conclusions

In this meta-analysis, a total of 7 suitable articles, involving 
443 patients, were selected. The quality of the included 
literature was evaluated using the Jadad tool and meta-
analysis of the experimental data was performed using 
the Review Manager 5.3 software. Meta-analysis showed 
significant differences in preoperative and postoperative 
AOFAS scores, VAS scores, SF-36 scores, and FAAM scores 
between the experimental group (who underwent ankle 
replacement) and the control group (who didn’t receive 
ankle replacement). In conclusion, ankle arthroplasty has 
a positive effect on the recovery of motor function, quality 
of life, and daily activities in patients with orthopedic 
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ankle injuries. Future studies involving higher-quality 
research, larger sample sizes, and more outcome indicators 
was warranted to verify the clinical application of ankle 
arthroplasty.
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