
General 

Beyond Early Complications: Diabetic Neuropathy Is Associated        
With Progressive Failure, Reoperation, and Mortality After Ankle         
Arthrodesis  
Tarek Harhash, BS1 , Bashar Jawich, BS1, Alqasim Elnaggar, BA1, Christian Freitag, MD2, Mohamad Badaineh, MD3,
Alyssa Goodwin, MD4, Abdel Kareem Hilo, BS1, Ahmad Almaat, BS1, Abdul-Lateef Shafau, MD4, Faisal Jaura, BS5,
Alyusuf Elnaggar, BA1, Rahul Vaidya, MD4 

1 Wayne State University School of Medicine, 2 Department of Orthopaedic Surgery, SUNY Downstate Health Sciences University, 3 Department of 
Orthopaedic Surgery, Yale School of Medicine, 4 Department of Orthopaedic Surgery, Detroit Medical Center, 5 Oakland University, William Beaumont 
School of Medicine 

Keywords: diabetic peripheral neuropathy, ankle arthrodesis, diabetes mellitus, postoperative complications, infection, mortality, reoperation 

https://doi.org/10.52965/001c.163931 

Orthopedic Reviews 
Vol. 18, 2026 

Background  
Diabetic peripheral neuropathy may affect outcomes after ankle arthrodesis, but its 
specific impact on infection, mechanical failure, reoperation, mortality, and healthcare 
utilization after ankle arthrodesis remains incompletely defined. This study compared 
postoperative complications, reoperations, and healthcare use after ankle arthrodesis in 
diabetic patients with and without neuropathy. 

Methods  
A retrospective cohort study was performed using the TriNetX Research Network, a 
multicenter federated electronic health record database. The analysis conducted included 
patients from January 2020 to January 2025. Adult diabetic patients undergoing primary 
ankle arthrodesis for osteoarthritis were identified and stratified by the presence or 
absence of preoperative diabetic peripheral neuropathy. After 1:1 propensity score 
matching, 731 patients were in each group. Outcomes at 1, 3, and 5 years included 
mechanical failure, revision arthrodesis, subsequent ankle surgery, postoperative 
infection, mortality, and emergency department use. 

Results  
Patients with diabetic peripheral neuropathy experienced a consistently greater 
postoperative complication burden following ankle arthrodesis compared with diabetic 
patients without neuropathy. Across short-, intermediate-, and long-term follow-up, 
neuropathy was associated with significantly higher rates of postoperative infection, 
mechanical failure, and emergency department utilization. At longer-term follow-up, 
patients with neuropathy also demonstrated greater rates of revision arthrodesis, 
subsequent ankle surgery, and mortality. Differences in venous thromboembolism and 
myocardial infarction were not significant between groups. 

Conclusions  
Diabetic peripheral neuropathy was associated with increased complications, 
reoperation, healthcare utilization, and long-term morbidity after ankle arthrodesis. It 
should be recognized as a key risk factor in perioperative planning, patient counseling, 
and postoperative surveillance. 

INTRODUCTION 

Ankle arthrodesis is a cornerstone limb-salvage procedure 
for patients with end-stage ankle arthritis, deformity, in
fection, or prior failed ankle surgery. Its role is especially 
critical in medically complex patients, such as those with 

diabetes mellitus. In this setting, arthrodesis provides sub
stantial pain relief, improves mechanical stability, and 
helps prevent the progression to major amputation.1,2 Al
though advances in fixation techniques and perioperative 
care have improved outcomes, diabetic patients persis
tently experience higher postoperative complication rates 
compared with non-diabetic counterparts.3,4 Despite this 
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increased perioperative risk, limb salvage following ankle 
arthrodesis in diabetic patients remains high, with contem
porary literature reporting salvage rates approaching 90% 
to 95%.5 Diabetes alone has been consistently identified as 
an independent risk factor for a multitude of postoperative 
complications following ankle arthrodesis.6 Reported com
plication rates are approximately two- to four-fold higher 
in diabetic patients compared with non-diabetic patients.6,
7 

Outcomes in patients with diabetes vary, with comor
bidities affecting postoperative risks.8 Diabetic peripheral 
neuropathy is a common long-term complication of dia
betes that becomes more prevalent with longer disease du
ration and poorer glycemic control7,9,10 and may progress 
to Charcot neuroarthropathy.1,5,11 It strongly predicts ad
verse outcomes after foot and ankle arthrodesis, leading to 
higher complication rates, infections, and non-infectious 
issues than in diabetics without it.12 Neuropathy, charac
terized by a loss of sensation, altered biomechanics, and 
microvascular dysfunction. This leads to delayed healing 
and increased wound- and hardware-related complications, 
raising risks for construct failure, repeat surgery, and in
creased healthcare use post-arthrodesis.13 The risks are 
higher in patients with Charcot neuroarthropathy, who face 
more amputations, infections, wound issues, hardware re
moval, and kidney injuries than non-Charcot diabetics.9,
11 Despite complications, ankle arthrodesis offers clinical 
benefits in diabetics, with fusion rates of 84%-96% and limb 
salvage rates of approximately 90% with proper fixation 
and technique.14,15 Functional outcomes improve post-
arthrodesis in both diabetics and non-diabetics.14 However, 
diabetes leads to increased healthcare use, longer hospital 
stays, and higher non-home discharge rates.16 While stud
ies have compared diabetic and non-diabetic outcomes 
post-arthrodesis, fewer have examined the impact of pe
ripheral neuropathy in patients with diabetes.12 The link 
between diabetic neuropathy and infection, failure, reoper
ation, and mortality after arthrodesis has not been fully de
fined. 
The purpose of this study is to compare postoperative 

complications, clinical outcomes, and healthcare utiliza
tion following ankle arthrodesis in diabetic patients with 
peripheral neuropathy versus diabetic patients without 
neuropathy. We evaluated postoperative infection, me
chanical failure, revision arthrodesis, subsequent ankle 
surgery, emergency department use, and mortality over 
short- and long-term follow-up. We hypothesized that di
abetic peripheral neuropathy would be associated with a 
greater short- and long-term postoperative burden follow
ing ankle arthrodesis, including higher rates of infection, 
failure-related complications, reoperation, mortality, and 
emergency department utilization. 

METHODS 

STUDY DESIGN AND DATA SOURCE 

This retrospective cohort study utilized a large healthcare 
database with deidentified patient-level data on diagnoses, 

procedures, prescriptions, and follow-up across multiple 
healthcare systems in the United States. Data were ob
tained from the TriNetX Research Network (TriNetX LLC, 
Cambridge, MA), a federated research platform aggregating 
EHR data from over 100 U.S. organizations. The analysis 
conducted included patients from January 2020 to January 
2025. The study evaluated the association between diabetic 
peripheral neuropathy and postoperative outcomes follow
ing primary ankle arthrodesis. Outcomes were compared 
using CPT, ICD-10-CM, SNOMED, ATC, VA drug class 
codes, and TriNetX encounter definitions. As this study 
relied solely on aggregated, de-identified patient records 
without individually identifiable information, it was ap
proved for exemption from Institutional Review Board ap
proval by our academic institution. 

STUDY POPULATION 

Adult patients undergoing ankle arthrodesis were defined 
using the procedural terminology record at the time of the 
index operation. To improve diagnostic specificity for the 
underlying operative indication, patients were required to 
have a diagnosis of primary osteoarthritis of the ankle and 
foot. Patients with diabetes mellitus were then stratified 
into two cohorts defined by neuropathy status. The diabetic 
neuropathy cohort included patients with diabetes and doc
umented preoperative diabetic peripheral neuropathy. The 
diabetic non-neuropathy cohort included patients with dia
betes but without documented neuropathy, excluding those 
with any diagnosis of diabetic neuropathy. Patients under
going revision ankle arthrodesis or with indications related 
to trauma or malignancy were excluded. Only diagnoses 
recorded on or before the index ankle arthrodesis were con
sidered for cohort assignment. Propensity score matching 
was performed 1:1, yielding 731 patients in each cohort. 
Full cohort-definition codes and exclusion criteria are pro
vided in Supplementary Table 1. 

OUTCOMES 

The primary outcomes of interest were mechanical failure, 
revision arthrodesis, and any subsequent ankle surgery, as 
these represent principal structural and failure-related 
endpoints following ankle arthrodesis. Secondary outcomes 
included the remaining postoperative events assessed in 
this study, including venous thromboembolism (VTE), 
postoperative infection, myocardial infarction, mortality, 
and emergency department utilization. 
All outcomes were assessed as postoperative events oc

curring after the index ankle arthrodesis and were defined 
using coded diagnoses, procedures, encounters, and mor
tality records available within the database. Mechanical 
failure was defined as a composite outcome using diagnosis 
and procedure codes associated with pseudarthrosis after 
fusion, implant-related complications, fracture-related 
complications, aseptic necrosis, and selected salvage or re
constructive lower extremity procedures. Revision 
arthrodesis was defined as any repeat ankle fusion proce
dure occurring after the primary indexed arthrodesis. Any 
subsequent ankle surgery was defined as any operative 
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reintervention involving the ankle following the index 
arthrodesis, including incision, excision, arthroscopy, re
construction, or revision procedures, repeat arthrodesis, 
and amputation-related interventions. 
Medical complications included VTE, encompassing pul

monary embolism and deep venous thrombosis, postoper
ative infection, myocardial infarction, and mortality. Emer
gency department utilization was evaluated separately to 
capture postoperative healthcare use beyond surgical and 
medical complications. Full outcome definitions and asso
ciated code sets are provided in Supplementary Table 2. 

TIME-TO-EVENT ASSESSMENT 

Outcomes were assessed at 1, 3, and 5 years following the 
index ankle arthrodesis. This included VTE, postoperative 
infection, mechanical failure, revision arthrodesis, any sub
sequent ankle surgery, myocardial infarction, mortality, 
and emergency department utilization. Time-to-event was 
calculated from the date of the index ankle arthrodesis to 
the first occurrence of the outcome of interest, and patients 
who did not experience the event were censored at the time 
of death, last recorded healthcare encounter, or the end of 
the observation period, whichever occurred first. 

STATISTICAL ANALYSIS 

Baseline demographic and clinical characteristics were 
compared between the diabetic neuropathy and diabetic 
non-neuropathy cohorts (Supplementary Table 4). Postop
erative outcomes were then compared between cohorts at 
each follow-up interval. Categorical outcomes were re
ported as event rates and compared using risk ratios with 
corresponding 95% confidence intervals. Mechanical fail
ure, revision arthrodesis, and any subsequent ankle surgery 
were prespecified as primary outcomes, with statistical sig
nificance defined as a two-sided p-value <0.05. Remaining 
postoperative events were considered secondary outcomes 
and were evaluated using the Benjamini-Hochberg proce
dure to control the false discovery rate at a prespecified q-
value of 0.05. 

RESULTS 

1-YEAR POSTOPERATIVE OUTCOMES 

At 1-year following ankle arthrodesis, diabetic patients with 
peripheral neuropathy demonstrated significantly higher 
rates of several postoperative complications compared with 
diabetic patients without neuropathy. Postoperative infec
tion was significantly more common in the neuropathy co
hort (13.7% vs 7.9%; RR 1.724 [95% CI 1.269-2.343]; 
p<0.001). Mechanical failure was also significantly in
creased among patients with neuropathy (32.4% vs 23.5%; 
RR 1.378 [95% CI 1.165-1.629]; p<0.001). In addition, emer
gency department utilization was higher in the neuropathy 
cohort (26.0% vs 20.5%; RR 1.267 [95% CI 1.050-1.529]; 
p=0.013). After false discovery rate correction of secondary 
outcomes, postoperative infection and emergency depart
ment utilization remained significant. No significant dif

ferences were observed for VTE (4.8% vs 4.7%; RR 1.029 
[95% CI 0.649-1.632]; p=0.902), revision arthrodesis (5.7% 
vs 4.2%; RR 1.355 [95% CI 0.862-2.130]; p=0.187), any sub
sequent ankle surgery (10.9% vs 9.0%; RR 1.212 [95% CI 
0.890-1.652]; p=0.222), myocardial infarction (3.8% vs 
3.0%; RR 1.273 [95% CI 0.735-2.204]; p=0.388), or mortality 
(4.2% vs 3.6%; RR 1.192 [95% CI 0.715-1.988]; p=0.499). 

3-YEAR POSTOPERATIVE OUTCOMES 

At the 3-year follow-up after ankle arthrodesis, several 
complications remained significantly elevated in the dia
betic neuropathy cohort (Table 2). Postoperative infection 
continued to be significantly higher in patients with neu
ropathy (16.1% vs 9.4%; RR 1.710 [95% CI 1.294-2.260]; 
p<0.001), as did mechanical failure (38.7% vs 29.1%; RR 
1.329 [95% CI 1.149-1.536]; p<0.001). Emergency depart
ment utilization also remained significantly increased 
(34.6% vs 29.0%; RR 1.193 [95% CI 1.026-1.388]; p=0.021). 
Any subsequent ankle surgery was higher in the neuropathy 
cohort (15.2% vs 11.6%; RR 1.306 [95% CI 1.004-1.699]; 
p=0.046), although this difference did not remain signif
icant after false discovery rate correction. Mortality was 
also higher (8.9% vs 6.2%; RR 1.444 [95% CI 1.002-2.830]; 
p=0.047), but this difference likewise did not remain sig
nificant after false discovery rate correction. In contrast, 
no significant between-group differences were identified 
for VTE (8.0% vs 6.7%; RR 1.204 [95% CI 0.836-1.734]; 
p=0.317), revision arthrodesis (8.1% vs 5.6%; RR 1.439 [95% 
CI 0.979-2.115]; p=0.062), or myocardial infarction (6.3% vs 
4.4%; RR 1.438 [95% CI 0.926-2.231]; p=0.103). 

5-YEAR POSTOPERATIVE OUTCOMES 

At the 5-year following ankle arthrodesis, diabetic patients 
with peripheral neuropathy continued to demonstrate a 
greater long-term complication burden. Postoperative in
fection remained significantly higher in the neuropathy co
hort (17.8% vs 10.0%; RR 1.781 [95% CI 1.363-2.327]; 
p<0.001), as did mechanical failure (40.5% vs 30.5%; RR 
1.327 [95% CI 1.154-1.527]; p<0.001). Emergency depart
ment utilization also remained significantly increased 
(37.5% vs 31.6%; RR 1.186 [95% CI 1.029-1.367]; p=0.018). 
In addition, revision arthrodesis reached statistical signif
icance (8.3% vs 5.7%; RR 1.452 [95% CI 1.001-2.122]; 
p=0.049), and any subsequent ankle surgery was signif
icantly more common among patients with neuropathy 
(17.0% vs 12.0%; RR 1.409 [95% CI 1.094-1.815]; p=0.007). 
Mortality also remained significantly elevated in the neu
ropathy cohort (12.0% vs 7.5%; RR 1.600 [95% CI 
1.161-2.205]; p=0.004). After false discovery rate correction 
of secondary outcomes, postoperative infection, emergency 
department utilization, and mortality remained significant. 
No significant differences were identified for venous throm
boembolism (9.7% vs 7.5%; RR 1.291 [95% CI 0.922-1.808]; 
p=0.136) or myocardial infarction (7.8% vs 5.7%; RR 1.357 
[95% CI 0.923-1.995]; p=0.118). 
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DISCUSSION 

PRINCIPAL FINDINGS 

The principal finding of this study is that diabetic periph
eral neuropathy was associated with a consistently greater 
postoperative complication burden following ankle 
arthrodesis compared with diabetic patients without neu
ropathy. Across all postoperative follow-up intervals, pa
tients with neuropathy demonstrated significantly higher 
rates of postoperative infection, mechanical failure, and 
emergency department utilization. Over longer-term fol
low-up, this risk extended to broader reoperation and sur
vival outcomes, with any subsequent ankle surgery becom
ing significantly more common at 5 years, and both revision 
arthrodesis and mortality also reaching statistical signif
icance by 5 years. Taken together, these findings suggest 
that diabetic peripheral neuropathy is not simply associ
ated with isolated early postoperative complications, but 
rather with a durable and progressively increasing burden 
of structural failure, reoperation, and long-term morbidity 
following ankle arthrodesis. 

MECHANICAL FAILURE, SUBSEQUENT ANKLE SURGERY, 
AND REVISION ARTHRODESIS 

Clinically, this study found a progressive burden of con
struct-related complications in the neuropathy cohort. The 
composite mechanical failure outcome increased at 1-, 3-, 
and 5-year postoperative periods. Subsequent ankle surgery 
and revision arthrodesis also became more frequent at 5 
years. These results suggest that neuropathy affects long-
term mechanical durability beyond early wound-related 
risks. Diabetic peripheral neuropathy may impair early 
healing and create ongoing structural vulnerability, in
creasing the need for later operative intervention. By 5 
years, over 40% of the patients experienced mechanical 
failure, 17.0% had subsequent ankle surgery, and 8.3% re
quired revision arthrodesis. These rates are notably high 
and should be interpreted carefully. In particular, the com
posite mechanical failure outcomes were defined using 
coded variables rather than radiologically confirmed con
struct failure or nonunion alone. 
As such, it captures a broader spectrum of failure-related 

events, including pseudarthrosis, implant-related compli
cations, fracture-related complications, aseptic necrosis, 
and selected salvage or reconstructive procedures. There
fore, this rate should not be interpreted as a pure nonunion 
or hardware failure rate, but rather as a broader measure 
of the burden of structural complications after ankle 
arthrodesis. These outcomes, although not exclusive, indi
cate a substantial long-term burden of failure and reop
eration. This underscores neuropathy as a determinant of 
long-term construct survivorship, not just as a periopera
tive risk. The elevated burden may reflect the combined ef
fects of impaired bone healing, altered biomechanics, de
layed recognition of complications, and the baseline 
complexity of patients undergoing ankle arthrodesis.9‑13 

These findings also parallel and extend the existing liter
ature. Shibuya et al. demonstrated that diabetic peripheral 
neuropathy had the strongest association with bone-heal
ing complications among evaluated risk factors in diabetic 
foot and ankle surgery, even after controlling for hemo
globin A1c levels.12 Similarly, O’Connor et al. identified 
peripheral neuropathy as an independent risk factor for 
persistent nonunion following revision arthrodesis. Impor
tantly, they showed that neuropathy remained an inde
pendent predictor of revision failure even in non-diabetic 
patients.17 Hardware-related complications have also been 
reported more frequently in neuropathic patients; Wang et 
al. found that patients with diabetes-related Charcot neu
roarthropathy had a 1.63-fold increased odds of hardware 
removal compared with non-Charcot diabetic patients.11 

Therefore, our findings parallel and extend prior work, re
flecting the combined influence of impaired bone healing, 
altered biomechanics, and increased construct stress in pa
tients with diabetic peripheral neuropathy undergoing an
kle arthrodesis.12,17 

INFECTION AND HEALTHCARE UTILIZATION 

Postoperative infection was the major finding. Patients 
with neuropathy had higher infection rates, from 13.7% at 
1 year to 17.8% at 5 years. This aligns with studies showing 
that diabetic neuropathy increases the risk of infection.18 

In foot and ankle surgery, neuropathy increases the risk 
of infection beyond diabetes alone.10,19 In ankle arthrode
sis, infection can cause wound morbidity, compromise fu
sion, increase implant complications, and lead to reoper
ations.6,10 Notably, patients with neuropathy had higher 
emergency department use at 1, 3, and 5 years, indicating 
broader postoperative issues such as instability, pain, and 
functional decline.20 This suggests that neuropathy affects 
surgical outcomes and long-term healthcare use, highlight
ing the importance of this study in focusing on value, re
source use, and risk in complex orthopaedic cases. 

MORTALITY AND BROADER LONG-TERM RISK 

Mortality was significantly higher in the neuropathy cohort 
at 3 and 5 years, suggesting diabetic peripheral neuropa
thy’s impact extends beyond local surgical outcomes. Mor
tality after ankle arthrodesis likely involves many systemic 
factors not fully captured in a database study, but the di
vergence is clinically important. This finding should be in
terpreted cautiously, as the observed mortality difference 
is unlikely to be attributable to the arthrodesis procedure 
alone and more likely reflects the broader comorbidity bur
den and medical frailty of diabetic patients with peripheral 
neuropathy. It highlights neuropathy as identifying a more 
medically fragile subgroup of diabetic patients with not 
only higher local complication rates but also worse long-
term outcomes.6 Because this study did not include a 
broader population comparator, it cannot determine the 
extent to which the observed 5-year mortality rate exceeds 
expected background mortality for similarly aged diabetic 
patients. 
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STRENGTHS AND LIMITATIONS 

This study had several strengths. It uses a large multicenter 
database, employs propensity score matching to reduce 
baseline differences, and evaluates the outcomes over 5 
years. It specifically examines neuropathy in patients with 
diabetic ankle arthrodesis, allowing for detailed risk strat
ification. Including both structural and nonstructural out
comes strengthens the analysis, offering a more compre
hensive view than studies focusing solely on infection or 
union. However, this study has several limitations. As a ret
rospective database study, it is subject to coding errors, 
residual confounding, and limited clinical granularity re
garding surgical technique, fixation strategy, neuropathy 
severity, glycemic control, radiographic fusion status, and 
postoperative management. 
Neuropathy was treated as a binary-coded exposure, and 

the severity or duration of neuropathy could not be as
sessed, limiting the ability to determine whether more ad
vanced neuropathic disease conferred proportionally 
greater risk. In addition, although propensity score match
ing improved balance across most measured covariates, he
moglobin A1c remained significantly different between 
groups after matching, and residual differences in glycemic 
control may therefore have contributed to the observed ex
cess risk. Although some outcomes, particularly mechanical 
failure, were defined using coded proxies rather than direct 
radiographic confirmation, consistent findings across infec
tion, mechanical failure, subsequent ankle surgery, revision 
arthrodesis, emergency department utilization, and mor
tality support this interpretation. Finally, the study period 
spanned January 2020 to January 2025 and overlapped with 
the COVID-19 pandemic, during which elective orthopaedic 
surgical volumes, follow-up patterns, and healthcare uti
lization may have been disrupted, particularly with respect 
to emergency department utilization. 

CLINICAL IMPLICATIONS 

Overall, the study suggests diabetic peripheral neuropathy 
is a key factor in early and late failure after ankle arthrode
sis. The persistence of mechanical failure, increasing rates 
of subsequent ankle surgeries, and later divergence in revi
sion arthrodesis and mortality indicate neuropathy worsens 
the long-term postoperative course. These findings impact 
preoperative counseling, risk stratification, perioperative 
optimization, and postoperative surveillance in diabetic pa
tients considered for ankle arthrodesis. Patients with neu
ropathy should be informed that their risk extends beyond 
early complications to include long-term risks of structural 
failure, infection, and later reintervention.21,22 Neuropathy 
status should be part of decision-making when considering 
ankle arthrodesis versus alternatives like bracing, accom
modative footwear, or primary amputation.20 Perioperative 
management may need modification in neuropathic pa
tients. Meticulous soft-tissue handling, staged procedures, 
extended antibiotic coverage, careful fixation strategies, 
and intensified surveillance may mitigate risk.10,23,24 

Closer follow-up, lower thresholds for advanced imaging, 
prolonged protected weight-bearing, and aggressive 

glycemic control optimization should be emphasized, as 
poor control may compound neuropathy-associated risk.10,
25 

CONCLUSION 

In this propensity-matched analysis of diabetic patients 
undergoing ankle arthrodesis, peripheral neuropathy was 
associated with a significantly greater long-term burden of 
postoperative complications. Compared with diabetic pa
tients without neuropathy, those with neuropathy demon
strated consistently higher rates of postoperative infection, 
mechanical failure, and emergency department utilization, 
with broader reoperation and survival differences emerging 
over time. Any subsequent ankle surgery became signif
icantly more common by 3 and 5 years, while revision 
arthrodesis and mortality reached significance at 5 years. 
These findings suggest that diabetic peripheral neuropathy 
is a major determinant of both early and late failure follow
ing ankle arthrodesis and should be incorporated into pre
operative counseling, perioperative optimization, and post
operative surveillance strategies. 
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Table 1. Cohort Characteristics Before and After Propensity-Score Matching.        

Matching Variables Before Matching After Matching 

Cohort Patients 
P-

Value 
Std 
diff. Patients 

P-
Value 

Std 
diff. 

Age at Index 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
1,140 
1,487 0.585 0.024 

731 
731 0.743 0.017 

Female 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
526 
688 0.948 0.003 

333 
340 0.713 0.019 

Black or African American 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
160 
203 0.778 0.011 

106 
94 0.361 0.048 

Male 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
614 
799 0.948 0.003 

398 
391 0.713 0.019 

White 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
902 

1,181 0.851 0.007 
575 
581 0.7 0.02 

Not Hispanic or Latino 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
953 

1,230 0.551 0.024 
613 
609 0.778 0.015 

Hispanic or Latino 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
64 
80 0.794 0.01 

40 
47 0.439 0.04 

American Indian or Alaska Native 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
10 
10 0.5 0.023 

10 
10 1 <0.001 

Asians 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
14 
14 0.478 0.028 

10 
10 1 <0.001 

Unknown Ethnicity 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
123 
177 0.374 0.035 

21 
24 0.65 0.024 

Diagnosis 

Cohort Patients 
P-

Value 
Std 
diff. Patients 

P-
Value 

Std 
diff. 

Hypertensive diseases 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
1,052 
1,241 <0.001 0.273 

660 
663 0.789 0.014 

Acute Kidney Failure and Chronic 
Kidney Disease (CKD) 

Diabetic Neuropathy Diabetic 
Non-Neuropathy 

595 
433 <0.001 0.483 

310 
301 0.633 0.025 

Metabolic diseases 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
970 

1,132 <0.001 0.228 
608 
595 0.373 0.047 

Other Nutritional Deficiencies 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
408 
417 <0.001 0.167 

234 
232 0.911 0.006 

Tobacco use 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
106 
142 0.827 0.009 

62 
61 0.925 0.005 

Charcôt's joint 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
499 
197 <0.001 0.718 

182 
179 0.856 0.01 

Medication 

Cohort Patients 
P-

Value 
Std 
diff. Patients 

P-
Value 

Std 
diff. 

Adrenal Corticosteroids 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
926 

1,236 0.419 0.032 
610 
600 0.489 0.036 

Insulin 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
931 
695 <0.001 0.782 

533 
535 0.906 0.006 

Metformin 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
577 
503 <0.001 0.345 

331 
331 0.931 <0.001 

Sulfonylureas 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
293 
173 <0.001 0.367 

138 
134 0.788 0.014 

Glucagon-like peptide-1 (GLP-1) 
analogues 

Diabetic Neuropathy Diabetic 
Non-Neuropathy 

256 
144 <0.001 0.353 

110 
107 0.825 0.012 

Dipeptidyl peptidase 4 (DPP-4) 
inhibitors 

Diabetic Neuropathy Diabetic 
Non-Neuropathy 

169 
90 <0.001 0.29 

74 
73 0.931 0.005 

Laboratory 

Cohort Patients 
P-

Value 
Std 
diff. Patients 

P-
Value 

Std 
diff. 

BMI 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
1,022 
1,354 0.727 0.014 

664 
664 0.429 0.02 

BMI available, n (%) 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
1,022 
1,354 0.224 0.048 

664 
664 1 <0.001 

Hemoglobin A1c/Hemoglobin total 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
973 

1,018 <0.001 0.455 
583 
588 0.001 0.198 

Hemoglobin A1c available, n (%) 
Diabetic Neuropathy Diabetic 

Non-Neuropathy 
973 

1,018 <0.001 0.409 
583 
588 0.743 0.017 
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Table 2. Long-Term Medical and Mechanical Complications Following Ankle Arthrodesis in Diabetic Patients            
With and Without Peripheral Neuropathy      

Timeframe Complication 

Diabetic 
Neuropathy 

Cohort (%) (# 
of pts) 

Diabetic Non-
Neuropathy 

Cohort (%) (# of 
pts) 

Risk 
Ratio 
(RR) 

95% 
CI 

Risk 
Difference 

P-
Value 

Q-
Value 

1 Year 

VTE 4.8% (35) 4.7% (34) 1.029 
(0.649, 
1.632) 0.001 0.902 0.902 

Infection 
Postop 13.7% (100) 7.9% (58) 1.724 

(1.269, 
2.343) 0.057 <0.001 <0.001 

Mechanical 
Failure 32.4% (237) 23.5% (172) 1.378 

(1.165, 
1.629) 0.089 <0.001 <0.001 

ED Visit 26.0% (190) 20.5% (150) 1.267 
(1.050, 
1.529) 0.055 0.013 0.035 

Revision 
Arthrodesis 5.7% (42) 4.2% (31) 1.355 

(0.862, 
2.130) 0.015 0.187 0.236 

Any 
Subsequent 
Ankle 
Surgery 10.9% (80) 9.0% (66) 1.212 

(0.890, 
1.652) 0.019 0.222 0.264 

MI 3.8% (28) 3.0% (22) 1.273 
(0.735, 
2.204) 0.008 0.388 0.432 

Death 4.2% (31) 3.6% (26) 1.192 
(0.715, 
1.988) 0.007 0.499 0.52 

3 Years 

VTE 8.0% (59) 6.7% (49) 1.204 
(0.836, 
1.734) 0.014 0.317 0.362 

Infection 
Postop 16.1% (118) 9.4% (69) 1.71 

(1.294, 
2.260) 0.067 <0.001 <0.001 

Mechanical 
Failure 38.7% (283) 29.1% (213) 1.329 

(1.149, 
1.536) 0.096 <0.001 <0.001 

ED Visit 34.6% (253) 29.0% (212) 1.193 
(1.026, 
1.388) 0.056 0.021 0.045 

Revision 
Arthrodesis 8.1% (59) 5.6% (41) 1.439 

(0.979, 
2.115) 0.025 0.062 0.099 

Any 
Subsequent 
Ankle 
Surgery 15.2% (111) 11.6% (85) 1.306 

(1.004, 
1.699) 0.036 0.046 0.092 

MI 6.3% (46) 4.4% (32) 1.438 
(0.926, 
2.231) 0.019 0.103 0.154 

Death 8.9% (65) 6.2% (45) 1.444 
(1.002, 
2.830) 0.027 0.047 0.087 

5 Years 

VTE 9.7% (71) 7.5% (55) 1.291 
(0.922, 
1.808) 0.022 0.136 0.181 

Infection 
Postop 17.8% (130) 10.0% (73) 1.781 

(1.363, 
2.327) 0.078 <0.001 <0.001 

Mechanical 
Failure 40.5% (296) 30.5% (223) 1.327 

(1.154, 
1.527) 0.1 <0.001 <0.001 

ED Visit 37.5% (274) 31.6% (231) 1.186 
(1.029, 
1.367) 0.059 0.018 0.043 

Revision 
Arthrodesis 8.3% (61) 5.7% (42) 1.452 

(1.001, 
2.122) 0.026 0.049 0.049 

Any 
Subsequent 
Ankle 
Surgery 17.0% (124) 12.0% (88) 1.409 

(1.094, 
1.815) 0.049 0.007 0.021 

MI 7.8% (57) 5.7% (42) 1.357 
(0.923, 
1.995) 0.021 0.118 0.166 

Death 12.0% (88) 7.5% (55) 1.6 
(1.161, 
2.205) 0.045 0.004 0.013 
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Figure 1. Propensity score density distributions before      
and after 1:1 propensity score matching in diabetic         
patients undergoing ankle arthrodesis with and       
without peripheral neuropathy.    
(A) Pre-matching density distributions demonstrate baseline imbalance between the di
abetic neuropathy and diabetic non-neuropathy cohorts. (B) Post-matching density dis
tributions demonstrate substantially improved overlap between cohorts, consistent with 
improved covariate balance after propensity score matching. Purple indicates diabetic 
patients with peripheral neuropathy; green indicates diabetic patients without periph
eral neuropathy. 

Figure 2. Kaplan-Meier time-to-event analysis of     
mechanical failure following ankle arthrodesis in       
diabetic patients with and without peripheral       
neuropathy.  
Over a 5-year follow-up, diabetic patients with peripheral neuropathy demonstrated 
lower mechanical failure-free survival compared with diabetic patients without neu
ropathy, consistent with a significantly greater risk of mechanical failure in the neuropa
thy cohort. At 5 years, mechanical failure occurred in 40.5% of diabetic patients with pe
ripheral neuropathy compared with 30.5% of diabetic patients without neuropathy (RR 
1.327, 95% CI 1.154-1.527; p<0.001). Purple indicates ankle arthrodesis in diabetic pa
tients with peripheral neuropathy; green indicates ankle arthrodesis in diabetic patients 
without peripheral neuropathy. 

Figure 3. Kaplan-Meier analysis of postoperative     
infection-free survival following ankle arthrodesis in       
diabetic patients with and without peripheral       
neuropathy.  
Diabetic patients with peripheral neuropathy demonstrated significantly lower infec
tion-free survival over 5 years compared with diabetic patients without neuropathy, re
flecting a higher cumulative incidence of postoperative infection. At 5 years, postopera
tive infection occurred in 17.8% of diabetic patients with peripheral neuropathy 
compared with 10.0% of diabetic patients without neuropathy (RR 1.781, 95% CI 
1.363-2.327; p<0.001). Purple indicates diabetic patients with peripheral neuropathy; 
green indicates diabetic patients without peripheral neuropathy. 

Figure 4. Kaplan-Meier analysis of subsequent ankle      
surgery-free survival following ankle arthrodesis in       
diabetic patients with and without peripheral       
neuropathy.  
Diabetic patients with peripheral neuropathy demonstrated lower subsequent ankle 
surgery-free survival over 5 years compared with diabetic patients without neuropathy, 
reflecting a higher cumulative incidence of later operative ankle intervention. At 5 years, 
any subsequent ankle surgery occurred in 17.0% of diabetic patients with peripheral 
neuropathy compared with 12.0% of diabetic patients without neuropathy (RR 1.409, 
95% CI 1.094-1.815; p=0.007). Purple indicates diabetic patients with peripheral neu
ropathy; green indicates diabetic patients without peripheral neuropathy. 
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