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Abstract

Background: End-stage ankle osteoarthritis often requires one of 2 major surgical procedures: total ankle arthroplasty or
ankle arthrodesis. Although the gold standard has been arthrodesis, patients with diabetes represent a unique cohort that
requires additional considerations because of their decreased mobility and risk factors for cardiovascular complications.
The purpose of this study is to review odds of major and minor adverse events for patients with diabetes and patients
without diabetes in both total ankle arthroplasty and ankle arthrodesis.

Methods: A total of 14 articles published between 2010 and 2020 were included in this review. Databases included
PubMed, Scopus, MEDLINE/Embase, and Cochrane Library. Key words included ankle arthroplasty, total ankle arthroplasty,
ankle arthrodesis, and diabetes.

Results: The total number of procedures was 26 287, comprising 13830 arthroplasty and 12457 arthrodesis procedures.
There was a significant association between patients with diabetes treated with arthrodesis and major adverse events
(odds ratio [OR] 1.880, 95% CI 1.279, 2.762), whereas no significant association was observed between patients with
diabetes treated with arthroplasty and major adverse events (OR 1.106, 95% Cl 0.871, 1.404).

Conclusion: This meta-analysis suggests patients with diabetes to be at significantly higher risk for major and minor
adverse events after undergoing ankle arthrodesis. However, it suggests no significant differences in major adverse events
between patients with diabetes and patients without diabetes having undergone total ankle arthroplasty.

Level of Evidence: Level lll, systematic review and meta-analysis.

Keywords: arthrodesis, arthroplasty, diabetes, ankle replacement, total ankle arthroplasty, ankle arthrodesis

Introduction healthy counterparts because disease progression directly

Osteoarthritis (OA) is a debilitating disease of the joints that
affects approximately 31 million or 13.8% of the adult pop-
ulation in the United States.® OA has severe humanistic,
clinical, and economic burdens at both the individual and
population levels. In 2019, it was estimated that the adjusted
incremental annual total health care costs among adults
with OA were $1778 per person and $45 billion at the
national level.® Adults with OA have significantly poorer
health-related quality of life (HRQOL) compared with their

impacts their ability to ambulate and maintain overall inde-
pendence.?’3¢ The ability to ambulate has been strongly
linked to overall health and mortality.'>?° These affected
individuals are more likely to report pain interference with
activities and functional limitations related to activities of
daily living.?! Patients with diabetes have approximately
twice the likelihood to develop OA compared to patients
without diabetes and deemed as more complex because of
the pathophysiology of the disease and presence of other
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comorbidities.'*!*?® Maintaining mobility and indepen-
dence is of heightened importance in patients with diabetes
as diabetes is already associated with fewer steps per day,
an increased risk for experiencing cardiovascular morbid-
ity, and overall mortality.>*!?

Total ankle arthroplasty (TAA) and ankle arthrodesis
(AA) are the 2 primary surgical options for patients who suf-
fer from chronic osteoarthritis of the ankle that have failed
conservative treatment. AA has been the gold standard in
treatment of end-stage OA of the ankle.'> However, to main-
tain ankle motion, improve gait, and preserve adjacent joints,
TAA was developed as an alternative technique.' Diabetes
has historically been a relative contraindication for TAA
because of increased comorbidity and poor surgical out-
comes compared with nondiabetics.'” However, patients
with diabetes may stand to gain the most from a TAA due to
TAA’s inherit ability to maintain joint motion and in turn
promote more steps per day, continued mobility, and encour-
age functional independence.3%3? The investigators sought to
investigate the odds of major and minor adverse events for
patients with diabetes and patients without diabetes in both
TAA and AA.

Materials and Methods

A systematic review was conducted across 4 databases
between November 15, 2021, and December 15, 2021. Two
researchers independently searched the following 4 data-
bases: PubMed, MEDLINE/Embase, Cochrane, and Web of
Science. The search algorithm incorporated the keywords
ankle arthroplasty, total ankle arthroplasty, ankle arthrod-
esis, and diabetes.

The following inclusion and exclusion criteria were
used for the article selection. All citations must have been
written in English, be full-length, and have a comparative
study design. Data must have also met the inclusion criteria
of containing extractable, 2 X 2 information. Major adverse
events (MAEs) were defined by complications post TAA or
AA that involved the patient returning to the operating
room, having a major amputation (below-the-knee amputa-
tion), mortality, or myocardial infarction. Minor adverse
events (AEs) were defined as all complications exclusive
of MAEs as well as any other complications including

infections. True positive data indicated subjects were dia-
betic and had a positive outcome of MAE or AE. False
positive were nondiabetics with an outcome of MAE or
AE. True negative were nondiabetics that did not have an
outcome of revision or MAE or AE. False negatives were
diabetics who did not have an outcome of MAE or AE. All
study cohorts must consist of adults (>18 years) and have
been treated with either total ankle arthroplasty or ankle
arthrodesis. Historical systematic reviews, study propos-
als, meta-analyses, and case studies were excluded. This
systematic review and meta-analysis were conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines.

Once each database was screened, Mendeley (Elsevier)
was used to check and delete duplicate citations. Two
reviewers then independently examined and screened titles
and abstracts using inclusion and exclusion criteria. Any
disagreements were resolved by consensus discussion with
a third reviewer.

One author completed holistic data extraction for arti-
cle publication date, author, study design, patient demo-
graphics, gender, ethnicity, mean age, diabetes status, and
ankle surgery. The complete search strategy is detailed in
Supplemental Figure S1. The primary outcome examined
in this review is diabetics who underwent TAA or AA and
their clinical driven outcomes of MAE or AE in compari-
son to nondiabetics that also underwent TAA or AA.
Diabetes status was extracted from demographics pro-
vided in each citation.

All data were compiled using Microsoft Office Excel
software and flow chart diagrams were generated using
Microsoft Office PowerPoint. Comprehensive Meta-
Analysis Software (Biostat, Englewood, NJ, 2006) was
implemented to calculate odds ratios (ORs) and effect
sizes for outcomes. Statistical heterogeneity was evalu-
ated using the Cochrane Q test and /I? statistic ranging
from 0% to 100%. Cls of 95% were calculated and can be
visualized on forest plots generated by the Comprehensive
Meta-Analysis Software. For analyzing publication bias,
funnel plots and Eggers test were used (Supplemental
Figure S2). Remaining statistical assessments were per-
formed in SAS statistical software, version 9.3 (SAS,
Cary, NC).
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Table I. Study Characteristics.

General Characteristics Year Technique Examined Age, y Follow-up
Schipper et al?’ 2015 TAR and arthrodesis 59 (diabetes) NA
55 (no diabetes)
Patton et al?? 2015 TAR 54 55 mo
Best et al® 2020 TAR 64 NA
Raikin et al*® 2010 TAR NA NA
Pitts et al** 2020 Arthrodesis 54 13 mo
Woukich et al*® 2011 Arthrodesis 61 (diabetes) 33 mo
54 (no diabetes)
Myers et al'® 2012 Arthrodesis 57 =6 mo
Woukich et al** 2015 Arthrodesis 59 (diabetes) 12 mo
57 (no diabetes)
Lee et al'” 2021 Arthrodesis 6l 28 mo
Gross et al'' 2015 TAR 62 Iy
Woo Lee et al'? 2021 TAR 69 5y
Cunningham et al” 2018 TAR 63 3 mo
Choi et al® 2014 TAR 66 2y
Althoff et al' 2018 TAR NA 3 and 6 mo

Abbreviations: NA, not available; TAR, total ankle replacement.

Table 2. Number of Diabetics and Nondiabetics by Treatment.

Study Year TAR, Diabetics TAR, No Diabetes Arthrodesis, Diabetes Arthrodesis, No Diabetes
Schipper et al?’ 2015 302 2607 2400 9631
Patton et al? 2015 6 8l - -
Best et al® 2020 30 264 - -
Raikin et al?® 2010 I 93 - -
Pitts et al** 2020 - - 36 65
Woukich et al®® 2011 - - 17 23
Myers et al'® 2012 - - 74 74
Woukich et al** 2015 - - 6l 56
Lee et al'’ 2021 - - 7 13
Gross et al'! 2015 50 55 - -
Woo Lee et al'” 2021 676 1481 - -
Cunningham et al” 2018 130 894 - -
Choi et al® 2014 43 130 - -
Althoff et al' 2018 2013 4964

Abbreviation: TAR, total ankle replacement.

Results

Initial literature searches yielded 597 total abstracts, of
which 449 citations were full articles that underwent further
review. Title screening and duplicate removal generated 41
articles that were reviewed in their entirety. Fourteen cita-
tions met the inclusion criteria and were included in this
study. Of these articles, 8 presented results exclusively on
TAA whereas 5 presented results exclusively on arthrode-
sis. One article contained results for both surgeries. Basic
study characteristics are presented in Table 1.

Among the TAA citations, a total of 13830 TAA pro-
cedures were conducted. Of these, 3261 procedures were

conducted in patients with diabetes whereas 10569 pro-
cedures were conducted in patients without diabetes.
Among the arthrodesis citations, a total of 12457 arthrod-
esis procedures were performed. In addition, 2595 proce-
dures were conducted in patients with diabetes, whereas
9862 procedures were conducted in patients without dia-
betes. The number of subjects by study with and without
diabetes treated with either TAA or AA is displayed in
Table 2. The average age of subjects ranged from 54 to
69 years and follow-up information ranged between 3
months and 5 years.

MAEs were consolidated within 7 TAA articles. The
overall association between patients with diabetes treated
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A
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper

ratio limit limit p-Value
Schipper et al. 2.162 0.241 19.406 0.491
Patton et al. 20.313 2.216 186.205 0.008
Raikin et al. 1.063 0.120 9.396 0.957
Gross et al. 0.814 0.278 2.379 0.707
Woo Lee et al. 1.058 0.811 1.381 0.676 -.-
Cunningham et al. 0.836 0.373 1.874 0.663
Choi et al. 6.564 1.158  37.205 0.034

1.106 0.871 1.404 0.410 ’

0.1 0.2 0.5 1 2 5 10
Heterogeneity (Q: 11.919; df: 6; I%: 49.661; p=0.064) No Diabetes Diabetes
B

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit  p-Value
Schipper et al. 4234 2324 7711 <0.05 _._
Pitts et al. 1.407 0.621 3.191 0.413 a
Wukich et al. (2011) 2.380 0.594 9.538 0.221 4
Wukich et al. (2015) 0.650  0.311 1.358 0.252 i
Lee et al. 2.000 0.106 37.830 0.644
1.880 1279 2762  0.001 <
01 0.2 0.5 1 2 5 10
Heterogeneity (Q: 15.614; df: 4; I2: 74.381; p<0.05) No Diabetes Diabetes

Figure 1. (A) Total ankle arthroplasty and major adverse events. (B) Arthrodesis and major adverse events.

with TAA and occurrence of an MAE was as follows: OR
1.106, 95% CI1 0.871, 1.404 (Figure 1A). In comparison, the
association between patients with diabetes treated with
arthrodesis and MAE was as follows: OR 1.880, 95% CI
1.279, 2.762 (Figure 1B). Larger population studies (n >
1000) also tended to show no significant associations com-
pared with smaller population trials.

The overall association between patients with diabetes
with TAA and minor complications was as follows: OR

1.973, 95% CI 1.321, 2.947 (Figure 2A). The association
between patients with diabetes with arthrodesis and minor
complications was as follows: OR 2.458, 95% CI 2.152,
2.808 (Figure 2B).

Supplemental Figure S2 presents the Eggers funnel plot
of tests related to TAA or AA in patients with diabetes with
the outcome as MAE. Interpretation of this plot revealed no
signs of publication bias (P > .05), suggesting both negative
and positive results have been observed in prior literature.
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A
Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit p-Value
Schipperetal. 1.679 1.057 2.666 0.028 —.—
Best et al. 12.500 2.059 75.882 0.006
Raikin et al. 0.941 0.106 8.323 0.957
Gross et al. 3.184  0.320 31.646 0.323
Choi et al. 2.674 0.889 8.041 0.080 -
1.973 1.321 2.947 0.001 ’
01 0.2 05 1 2 5 10
Heterogeneity (Q: 5.395; df: 4; I*: 25.863; p=0.0249)  No Diabetes Diabetes
B
Study name Statistics for each study Odds ratio and 95% CI
Qeti fmi Ubat
p-Value
Schipper et al. 2469 2155  2.829 <0.01 [ |
Wukich et al. (2011) 1.357 0.238 7.754 0.731
Myers et al. 2.187 1.027 4.654 0.042
Wukich et al. (2015) 6.761 0.341 133.858 0.210
Lee et al. 2917 0.407 20.899 0.287
2458 2152 2808 <001 ¢
0.1 0.2 0.5 1 2 5 10
Heterogeneity (Q: 1.013; df: 4; I*: 0.00; p=0.908) No Diabetes Diabetes

Figure 2. (A) Total ankle arthroplasty and minor adverse events

Discussion

In the present study, the authors investigated the differences
in MAE and AE between patients with diabetes and patients
without diabetes in both TAA and AA for the treatment of
chronic OA. The results of this meta-analysis suggest
patients with diabetes undergoing AA have significantly
more MAE and AE than nondiabetic patients. For patients
undergoing TAA, there was significantly more AE in the
patients with diabetes cohort; however, no difference in
MAE was observed between patients with diabetes and
patients without diabetes.

. (B) Arthrodesis and minor adverse events.

End-stage OA continues to be a major complication
requiring surgical management in the aging population.
Patients with diabetes are at an increased risk for developing
OA and have diminished mobility and quality of life com-
pared to patients without diabetes. Joint replacement surgery
has been shown to provide major benefits to quality of life in
patients by reducing pain, improving depressive symptoms,
and conserving mobility and functionality.?®3! The current
surgical management of end-stage OA of the tibial talar (TT)
joint includes AA and TAA. TAA has been shown to improve
quality of life, ankle mobility, and pain reduction all while
maintaining motion at the TT joint.>*° Preservation of the
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TT joint in diabetics may be of increased importance as
decreased mobility has been associated with multiple car-
diovascular and cerebrovascular complications.>* As TAA
does preserve anatomical movement compared to arthrode-
sis, these functional improvements are key considerations to
reducing the morbidity and mortality associated with diabe-
tes and may be important for the operator to consider when
discussing surgical options.®

TAA and AA have generally shown similar clinical out-
comes including nonsignificant differences in complication
rates, revision rates, and amputation rates.”'® Our findings
suggest that patients with diabetes undergoing TAA have
the same odds of MAE as patients without diabetes. This
finding may be important to clinical practice as preserving
motion at the TT joint may have cardiovascular benefits
that are critical to the patients with diabetes. What’s more,
functional outcomes of TAA, including visual analog scale
(VAS), quality of life assessments, and Foot Ankle Ability
Score (FAAS) for sports and daily living activities, were
significantly higher in patients treated with TAA compared
to AA.%?32631 In addition, with the diminished mobility and
quality of life diabetes brings, retaining functionality of the
joint becomes an important consideration when electing the
therapy to use. Although this study observed a reduced
complication rate for patients treated with TAA compared
to AA, further research, especially RCTs, are necessary to
understand how TAA and arthrodesis can be applicable to
the diabetic population.

Caution should be taken in their interpretation as several
limitations were noted during the present authors’ review—
one of which was the lack of randomization across each
study included in this analysis. All studies were retrospec-
tive in their design, and only 1 article comparatively exam-
ined a cohort of patients with diabetes that received TAA
with a cohort of patients with diabetes that received AA.
Additionally, the severity of diabetes was not well defined.
Of the 14 citations, only 2 discussed HbA,_ levels whereas
another classified diabetes as controlled or uncontrolled.
This review does not have the ability to determine if patients
with diabetes are in excellent control with no comorbidities
vs other levels of disease manifestations. The lack of ran-
domization and inability to discern levels of glycemic con-
trol across cohorts may lead to a selection bias that has not
been controlled for. Quality of life questionnaires data were
limited across both TAA and AA studies as well. Of the nar-
rowed literature specific for patients with diabetes cohorts,
only 2 citations for TAA and 2 citations for AA highlighted
patient AOFAS scores. For TAA, average scores ranged
from 81 to 84 points, whereas for arthrodesis, average
scores ranged from 55 to 59 points.”!!**35 Although these
data are scarce, improved scores were observed for the
TAA-treated cohort. However, extrapolating a conclusion
for this topic necessitates further studies involving different
quality of life and pain questionnaires.
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Supplemental Figure S1. Flow Chart of Literature Search and Screening Results in Accordance with PRISMA Guidelines.

S2: Search Strategy

PubMed:

Search Terms: (((ankle arthroplasty) OR (total ankle arthroplasty)) OR (Ankle Arthrodesis)) AND (Diabetes)

(((*ankle”[MeSH Terms] OR *“ankle”[All Fields] OR “ankle joint”[MeSH Terms] OR (“ankle”[All Fields] AND “joint”[All Fields]) OR “ankle joint”[All
Fields] OR “ankles”[All Fields] OR “ankle s”[All Fields]) AND (“arthroplasty”[MeSH Terms] OR “arthroplasty”[All Fields] OR “arthroplasties”[All
Fields])) OR (““arthroplasty, replacement, ankle”[MeSH Terms] OR (“arthroplasty”[All Fields] AND “replacement”[All Fields] AND “ankle”[All Fields])
OR *“ankle replacement arthroplasty”[All Fields] OR (“total”’[All Fields] AND *“ankle”[All Fields] AND “arthroplasty”[All Fields]) OR “total ankle
arthroplasty”[All Fields]) OR ((“ankle”[MeSH Terms] OR “ankle”[All Fields] OR “ankle joint”[MeSH Terms] OR (“ankle”[All Fields] AND “joint”[All
Fields]) OR “ankle joint”[All Fields] OR *“ankles”[All Fields] OR *“ankle s”[All Fields]) AND (“arthrodesed”[All Fields] OR “arthrodesing”[All Fields] OR
“arthrodesis”[MeSH Terms] OR “arthrodesis”[All Fields] OR “arthrodese”[All Fields] OR “arthrodeses”[All Fields]))) AND (‘“diabete”[All Fields] OR
“diabetes mellitus”[MeSH Terms] OR (“diabetes”[All Fields] AND “mellitus”[All Fields]) OR “diabetes mellitus”[All Fields] OR “diabetes”[All Fields]
OR “diabetes insipidus”[MeSH Terms] OR (“diabetes”[All Fields] AND “insipidus”[All Fields]) OR “diabetes insipidus”[All Fields] OR “diabetic”[All
Fields] OR “diabetics”[All Fields] OR “diabets”[All Fields])

354 Results
Embase/ MEDLINE Web of Science Cochrane
I. Ankle Arthroplasty I. Ankle Arthroplasty I. Ankle Arthroplasty

2. Total Ankle Arthroplasty

3. Ankle Arthrodesis

4. Diabetes
5.1and4or2and4or3and4
6. Full text

7. English Only

8.2010-2022

2. Total Ankle Arthroplasty

3. Ankle Arthrodesis

4. Diabetes
5.1and4or2and4or3and4
6. Full text

7. English Only

8.2010-2022

2. Total Ankle Arthroplasty

3. Ankle Arthrodesis

4. Diabetes
5.1and4or2and4or3and4
6.2010-2022
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Supplemental Figure S2. Eggers test and funnel plot for publication bias.




