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Correlation analysis between
foot deformity and diabetic foot
with radiographic measurement

Xu Luo1†, Chun Zhang2†, Qiuhong Huang1, Zhipeng Du1, Xia Ni1,
Qinglian Zeng1* and Qingfeng Cheng1*

1Department of Endocrinology, The First Affiliated Hospital of Chongqing Medical University,
Chongqing, China, 2School of Public Health and Management, Chongqing Medical University,
Chongqing, China
Background: Foot deformity is a risk factor for diabetic foot ulcer. This study was

aimed to investigate the relationship between hallux valgus (HV) and diabetic foot

through the radiographic measurement.

Methods: The patients with diabetic foot hospitalizing in the Department of

Endocrinology, the First Affiliated Hospital of Chongqing Medical University from

September 2016 to June 2020 were selected. Then the foot plain X-ray

radiographs were completed, and the size of HV angle (HVA) was measured.

Their clinical data were collected, and the ulcer recurrence rate, amputation rate

and mortality rate of the patients were followed up.

Results: A total of 370 patients were included. According to HVA, patients were

divided into non-HV group (HVA<15°), and mild (15°≤HVA ≤ 20°), moderate (20°

<HVA ≤ 40°) and severe (HVA>40°) HV groups. The age, height, BMI, smoking

history and glycosylated hemoglobin level among the non-HVA, mild, moderate,

and severe HV group (P<0.05), while smoking history, HbA1c, eGFR and

autonomic neuropathy were significantly lower in HV group than those in

non-HV group (P<0.05). The ulcer area in patients with moderate HV was

larger than that in non-HV patients, and the severity of infection in patients

with severe HV was significantly higher than that the other three groups (P<0.05).

Conclusion: The occurrence of HV is not only related to age and BMI, but also to

the creatinine and eGFR level, autonomic neuropathy, lower limb arteriosclerosis

occlusion, coronary heart disease and hypertension. Therefore, more attention

should be paid to renal function screening, neuropathy screening and evaluation

of lower extremity vascular lesions in patients with diabetes, especially those with

moderate or higher HV.

KEYWORDS

diabetes mellitus, diabetic foot, hallux valgus, foot deformity, infection
Abbreviations: HV, hallux valgus; HVA, HV angle; PEDIS, perfusion, extent, depth, infection and sensation;

eGFR, estimated glomerular filtration rate.
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Highlights:
Fron
1. The occurrence of HV was related to demographic factors

including age and BMI.

2. The occurrence of HV was related to the creatinine and

eGFR level.

3. HV was related to autonomic neuropathy, lower limb

arteriosclerosis occlusion, coronary heart disease and

hypertension.

4. The severity of HV seems to be related to ulcer area and

degree of infection.
Introduction

Diabetes prevalence is increasing rapidly due to economic

development and aging of population (1). Currently, China has

become one of the most dramatic rises in diabetes prevalence in the

world (1). Diabetes has changed from a rare disease to an epidemic

in China. Diabetic foot is one of its serious complications.

According to statistics, the prevalence of foot ulcer or gangrene in

diabetic patients is as high as 6.3% (2) Diabetes-related foot

complications have caused a huge economic and social burden (3,

4). The risk factors including diabetic neuropathy, peripheral

vascular disease, limited joint mobility, foot deformity, increased

plantar pressure, minor trauma, and a history of amputation and

ulceration are associated with the development of the diabetic

foot (5).

Diabetic neuropathy (DPN) is the most common chronic

complication of diabetes and the most common predictor of foot

ulcers (6). Among them, sensorimotor nerve damage is the most

common complication of DPN, which can lead to decreased pain

and temperature perception and loss of vibratory, tactile, and

sensory perception (7). At the same time, the damage to the

plantar skin and proprioception caused by peripheral neuropathy

can cause abnormal movement and balance, resulting in gait

instability and an increased risk of falls (8). Motor neuropathy

could lead to structural changes of the foot due to Atrophy of

intrinsic foot muscles and foot deformity (9, 10). Foot deformities

and limited joint movement can lead to increased plantar pressure,

excessive load carriage, and gait changes (11). Common foot

deformities such as hallux valgus (HV) and hammer toe can

cause bony protrusion, which can form ulcers on the back or top

of the toe due to thin skin and subcutaneous tissue (12). In addition,

patients with abnormal foot pressure tend to form corpus callosum

at pressure points, then the following loss of protective sense and

subtle repetitive damage could resulting in local tissue injury,

inflammation, tissue necrosis, and finally ulcer (13, 14). On the

other hand, diabetes can cause related vascular system damage, such

as peripheral arterial disease, endothelial dysfunction (15), and

blood flow regulation disorders caused by autonomic nervous

system dysfunction (16). The effect of diabetic foot on the blood

vessels can be manifested as muscle function impairment and loss of
tiers in Clinical Diabetes and Healthcare 02
bone density, thereby affecting the biomechanics of the foot and the

occurrence of foot ulcers (17–19). Foot deformity and

biomechanical changes play an extremely critical role in the

occurrence and development of various complications and

concomitant diseases in the later stage of diabetes, and is the key

factor in the occurrence of foot ulcers and amputations (20).

Therefore, the evaluation of foot deformity is of great significance

for further understanding the occurrence, development and

prognosis of diabetic foot patients.

Studies have shown that digitized radiologic images are

commonly used to assess the severity objectively in patients with

HV deformity (21–24). The purpose of this study is aimed to better

evaluate the importance of foot deformity in diabetic foot patients

through the imaging measurement of HV deformity. The study

could contribute to the early identification and intervention of

diabetic foot to reduce plantar pressure and ulcer rate, and establish

early warning signals of destructive complications.
Patients and methods

Study population and selection criteria

The patients with diabetic foot who were hospitalized in the

Department of Endocrinology, the First Affiliated Hospital of XXX

University from September 2016 to June 2020 were selected, and the

patients who met the inclusion criteria were selected as the

research subjects.

The inclusion criteria of diabetic patients were: 1) who met the

diagnostic criteria for type 2 diabetes (WHO 1999 criteria; 2)

diagnosed with ischemic diabetic foot, neurological diabetic foot

or mixed diabetic foot according to the Guidelines for the

Prevention and Treatment of Diabetic Foot in China (2019

Edition) (II) and clinical examination; 3) with complete foot

weight-bearing X-rays after admission.

The exclusion criteria were: 1) Patients with foot deformity,

requiring dialysis treatment, diagnosed tumors, severe

Malnour ished pat ients , long-term bedr idden due to

cerebrovascular accident, or diagnosed with other neurological

diseases were excluded.

This study was in line with the ethical principles of World

Medical Association Declaration of Helsinki, and was approved by

the ethics committee of the First Affiliated Hospital of XXX

University, and the guardians signed the informed consent.
HVA measurement

After meeting the inclusion criteria, the plain foot X-ray films of

diabetic foot patients were collected. The hallux valgus angle (HVA)

was measured using Digimizer software (Version 4.6.2.0

copyright©2005-2014 MedCalc software) based on the foot plain

X-ray radiographs of included patients Figure 1.

HVA was graded (22–24) as: 1) Normal: HVA<15°; 2) Mild:

15°≤HVA ≤ 20°; 3) Moderate: 20°<HVA ≤ 40°; 4) Severe; HVA>40°.
frontiersin.org

https://doi.org/10.3389/fcdhc.2023.1121128
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org


Luo et al. 10.3389/fcdhc.2023.1121128
General data of study population

The basic information including age, gender, height, weight,

BMI, smoking/drinking history, blood pressure, and diabetes/

diabetic foot disease course, underlying medical history including

hypertension, dyslipidemia, coronary heart disease, and

cerebrovascular disease, chronic complications of diabetes

symptoms, and history of diabetic foot of patients were recorded.

Clinical severity of infection was diagnosed with the perfusion,

extent, depth, infection and sensation (PEDIS) classification system

(25) and the Wagner’s grading system (25). The follow-up of

included patients for recurrence, re-amputation/toe and mortality

was completed in February 2022.
Statistical analysis

The SPSS26.0 statistical software was used for statistical

analysis, and K-S single-sample test was used to test whether data

conformed to the normal distribution. Normally distributed data

was expressed as mean ± standard deviation (X ± S), and analyzed

by t test; non-normally distributed data was expressed as median

(quartile), and analyzed by the rank sum test. Categorical and rank

variables were expressed as percentages or frequencies, and

comparisons between groups were performed using the chi-

square test or Fisher’s exact test. Spearman correlation analysis

was used to evaluate the relationship between HVA and related

positive variables. Univariate logistic regression analysis was

performed on all potential variables and the occurrence of HV.

Then, all positive predictors (P<0.1) were analyzed by a multivariate
Frontiers in Clinical Diabetes and Healthcare 03
logistic regression model. A P value < 0.05 was considered

statistically significant. Graphs were drawn using GraphPad

Prism 9.3.1.
Results

The HVA and the corresponding
four groups

A total of 370 patients with diabetic foot were included and the

HVA was measured. Figure 2 showed a flow chart describing the

study population. The diseased side foot of patients with unilateral

diabetic foot was measured, and the left foot of patients with

bilateral diabetic feet were measured. The mean value of HVA

was 18.33 ± 9.94°, the minimum value was 1.68°, and the maximum

value was 58.37°. The enrolled participants were divided into groups

according to HVA. There were 156 patients in the non-HV group

and 214 in the HV group (Figure 3A). Moreover, there were 88

patients in the mild HV group, 110 patients in the moderate HV

group, and 16 patients in the severe HV group (Figure 3B).
Comparison between the HV group and
non-HV group

The basic data of the total population was shown in Table 1. Age

and BMI of the HV group were significantly higher than those of

the non-HV group (P<0.05) (Table 1), and smoking history and the

glycosylated hemoglobin level in the non-HV group were higher
FIGURE 1

Flow-chart of study population and protocol.
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than those in the HV group (P<0.05). There were no significant

differences in gender, residence, duration of diabetes, duration of

diabetic foot disease, and drinking history between the two groups

(P>0.05). In terms of diabetic complications and chronic

complications, the proportion of autonomic neuropathy in the non-

HV group (64.9%) was significantly higher than that in the HV

group (38.8%). The incidence of coronary heart disease in the HV

group was significantly higher than the non-HV group. Although

there were no significant differences in the prevalence of

retinopathy, neuropathy, diabetic nephropathy, hyperlipidemia

and cerebrovascular disease between the two groups, the

creatinine value of the HV group was significantly higher than

that of the non-HV group (P<0.05), and the estimated glomerular

filtration rate (eGFR) was significantly lower than that of the non-

HV group (P<0.05). There were no significant differences in the

history of foot ulcers, amputations, hospitalized amputation/toe

rates, and the incidence of gangrene, necrotizing fasciitis,

compartment syndrome, and Charcot foot between the two

groups, nor the PEDIS classification (Table 1) and Wagner

classification (data not shown).
Comparison among the non-HV, mild,
moderate, and severe HV group

Table 2 showed that there were significant differences in age,

height, BMI, smoking history and glycosylated hemoglobin level

among the non-HV, mild, moderate, and severe HV group

(P<0.05). The BMI of the mild, moderate and severe HV groups

were significantly higher than those of the non-HV group, but there

was no statistical difference between the three groups; the height of

the severe HV group was significantly lower than the other three

groups (all P < 0.05). The number of patients with smoking history

in the non-HV group was significantly higher than that in the

moderate and severe HV group, and the smoking history of the

patients in the severe HV group was also significantly higher than

that in the moderate HV group. The level of glycosylated

hemoglobin in the non-HV group was significantly higher than

that in the mild, moderate and severe HV groups (P<0.05).

The incidence of hypertension in the mild HV group was

significantly higher than that in the non-HV group, and the

incidence of coronary heart disease in the mild HV and moderate

group was higher than that in the non-HV group (P<0.05). The

eGFR level of the mild and severe HV groups were significantly

lower than that of the non-HV group.

The proportion of Charcot’s foot of the severe HV group was

significantly higher than the other three groups. The comparison of

PEDIS classification among the four groups showed that the ulcer

area in patients with moderate HV was greater than that in patients

without HV (Table 2); while the severity of infection in patients with

severe-HVAwas greater than that in the other three groups (P<0.05).

However, no statistically significant difference was found in the

Wagner grading comparison between the 4 groups (data not shown).
FIGURE 2

The measurement of hallux valgus angle.
A

B

FIGURE 3

Comparison of hallux valgus angle (HVA) in different groups.
(A) comparison between the non-HV group and HV group;
(B) comparison among three HV groups.
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TABLE 1 Comparison between the non-hallux valgus (HV) group and the hallux valgus group.

Total (N=370) Non-HV (N=156) HV (N=214) t/Z/c2/H value P value

Age (year) 64.66 ± 11.98 62.63 ± 11.00 66.61 ± 12.44 2.811 0.005

Gender (male/female) 251(69.5%)/113(30.5%) 116(74.4%)/40(25.6%) 141(65.9%)/73(34.1%) 3.052 0.081

Residence (Urban or rural) 263(71.1%)/107(28.9%) 115(73.7%)/41(26.3%) 148(69.2%)/66(30.8%) 0.912 0.339

BMI (kg/m2) 23.29 ± 3.29 22.68 ± 3.46 23.75 ± 3.07 2.952 0.003

Height(cm) 163.09 ± 8.00 163.85 ± 7.60 162.54 ± 8.29 1.483 0.139

Weight(kg) 62.04 ± 10.07 60.95 ± 10.47 62.87 ± 9.67 -1.729 0.085

Systolic pressure (mmHg) 134.17 ± 22.02 134.26 ± 21.08 135.13 ± 23.32 -0.368 0.713

Diastolic pressure (mmHg) 73.79 ± 12.99 74.60 ± 13.18 73.08 ± 12.99 1.104 0.27

Disease course of DM (year) 10.00(4.25,15.00) 10.00(5.00,17.00) 10.00(5.00,16.00) 0.977 0.329

Disease course of DF (month) 1.00(0.17,2.00) 1.00(0.13,3.00) 1.00(0.33,3.00) 0.680 0.496

Smoking history 192(51.9%) 91(58.3%) 101(47.2%) 4.483 0.034

Drinking history 139(37.6%) 65(41.7%) 74(34.6%) 1.932 0.165

HbA1c(%) 9.60(7.80,12.30) 9.50(6.80,12.60) 9.10(6.47,13.83) 3.504 <0.001

DPN 344(93.0%) 142(91.0%) 202(94.4%) 1.566 0.211

NSS stage

Mild 26(15.1%) 11(14.5%) 15(15.6%)

2.713 0.258Moderate 117(68.0%) 56(73.7%) 61(63.5%)

Severe 29(16.9%) 76(11.8%) 20(20.8%)

NDS stage

Mild 22(11.6%) 9(10.8%) 13(12.1%)

0.088 0.957Moderate 62(32.6%) 27(32.5%) 35(32.7%)

Severe 106(55.8%) 47(56.6%) 59(55.1%)

Autonomic neuropathy 43(50.0%) 24(64.9%) 19(38.8%) 5.740 0.017

Retinopathy 176(47.6%) 72(46.2%) 104(48.6%) 0.216 0.642

DKD 190(51.4%) 75(48.1%) 115(53.7%) 1.158 0.282

eGFR
(ml/min/1.73m²)

84.80(57.87,107.55) 86.18(61.45,108.18) 73.10(49.90,99.30) -2.935 0.003

Creatinine(mmol/L) 76.50(57.00,107.50) 72.50(55.75,102.00) 80.00(62.50,118.50) -2.7 0.007

Arteriosclerosis obliterans 102(27.9%) 34(22.1%) 102(32.1%) 4.435 0.035

Hypertension 199(53.8%) 71(45.5%) 128(59.8%) 7.423 0.006

Hyperlipidaemia 91(25.6%) 42(28.4%) 49(23.6%) 1.056 0.304

Coronary heart disease 79(21.4%) 22(14.1%) 57(26.6%) 8.440 0.004

Cerebrovascular Disease 42(11.4%) 17(10.9%) 25(11.7%) 0.055 0.814

History of foot ulcers 104(28.1%) 44(28.2%) 60(28.0%) 0.001 0.972

History of amputation/Apodization 30(8.1%) 11(7.1%) 19(8.9%) 0.404 0.525

The hospital amputation/Apodization 67(18.1%) 31(19.9%) 36(16.8%) 0.566 0.452

P (vessel)

1 224(60.9%) 100(64.5%) 124(58.2%)
1.723 0.423

2 67(18.2%) 27(17.4%) 40(18.8%)

(Continued)
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The follow-up analysis

A total of 370 patients were followed up by telephone, of which

282 patients or their family members answered relevant follow-up

questions, and 88 patients were lost to follow-up due to wrong

phone calls, empty numbers, shutdown, shutdown, and refusal to

answer. The median follow-up time of the 282 patients was 3.92

(3.00, 5.08) years, of which the median follow-up time of non-HV

patients (N=110) was 3.96 (3.00, 5.00) years, and the median follow-

up time of HV patients (N=127) was 3.96 (3.00, 5.00) years. The

follow-up time was 3.92 (3.02, 5.23) years, and there was no

statistical difference between the two groups (Z=0.258, P=0.796).

Of the 282 patients, 92 patients had ulcer recurrence (32.6%), 21

patients were amputated again due to diabetic foot/toe (7.4%), and

82 patients died due to diabetic foot, diabetes-related complications,

or cardiovascular and cerebrovascular events (29.1%). However,

there was no significant difference in recurrence, re-amputation/toe

and mortality between the non-HV group and the HV

group (P>0.05).
Correlation analysis and logistic
regression analysis

Spearman correlation analysis showed that the angle of HV was

positively correlated with age (spearman correlation coefficient r =

0.138; p=0.008), BMI (r = 0.149; p=0.006), and arteriosclerosis
Frontiers in Clinical Diabetes and Healthcare 06
obliterans (r = 0.106; p=0.043), hypertension (r = 0.116; p=0.026)

and coronary heart disease (r = 0.11; p=0.035), while it was

negatively correlated with smoking history (r = -0.174; p= 0.001),

HbA1c (r = -0.17; p=0.001), autonomic neuropathy (r = -0.278;

p=0.007), and eGER (r = -0.142; p=0.014).

After univariate and multivariate logistic regression analysis,

autonomic neuropathy was found to be a protective factor for the

development of HV (Table 3).
Discussion

HV as one of the common foot deformities (26) has a morbidity

rate of only 2-4% (27) in the general population, and top to 57.8% in

patients with diabetic foot. Nix et al. indicated that HV is correlated

with age and BMI (28), this is consistent with the our study. In

addition, this study found that HV was positively related to

arteriosclerosis obliterans, hypertension, coronary heart disease,

and was negatively correlated with smoking history, HbA1c,

autonomic neuropathy and eGER. The results also indicated that

autonomic neuropathy could be the protective factor for the

development of HV.

Among the 370 patients, there was no difference between the

occurrence of HV and diabetic nephropathy, but the patients with

HV had higher creatinine and lower eGFR, suggesting that the renal

function of HV patients was worse than that of non-HV patients.

The incidence of lower limb arteriosclerosis obliterans,
TABLE 1 Continued

Total (N=370) Non-HV (N=156) HV (N=214) t/Z/c2/H value P value

3 77(20.9%) 28(18.1%) 49(23.0%)

E (area) 4.00(1.59,12.00) 4.00(1.50,9.00) 4.00(2.00,13.50) -1.837 0.066

D (deepness)

1 20(5.4%) 7(4.5%) 13(6.1%)

0.896 0.8912 169(45.7%) 70(44.9%) 99(46.3%)

3 179(48.4%) 78(50.0%) 101(47.2%)

I (infection)

1 10(2.7%) 2(1.3%) 8(3.7%)

2.482 0.479
2 124(33.5%) 53(34.0%) 71(33.2%)

3 214(57.8%) 93(59.6%) 121(56.5%)

4 22(5.9%) 8(5.1%) 14(6.5%)

S (sensation) 329(88.9%) 137(87.8%) 192(89.7%) 0.33 0.566

ABI 1.10(0.90,1.18) 1.09(0.98,1.18) 1.11(0.85,1.17) -0.57 0.568

Thanatosis 66(17.8%) 23(14.7%) 43(20.1%) 1.762 0.184

Necrotizing fasciitis 39(10.5%) 15(9.6%) 24(11.2%) 0.245 0.621

Compartment syndrome 12(3.2%) 6(3.8%) 6(2.8%) 0.312 0.576

Charcot’s foot 19(5.1%) 10(6.4%) 9(4.2%) 0.9 0.343
fron
BMI, body mass index; DM, diabetes mellitus; DF, diabetic foot; HbA1c, Hemoglobin A1c; DPN, diabetic neuropathy; NSS, neuropathy symptom score; NDS, neuropathy disability score; DKD,
diabetic kidney disease; eGFR, estimated glomerular filtration rate; ABI, ankle brachial index.
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TABLE 2 Comparison among the non-hallux valgus (HV), mild, moderate, and severe HV group.

Total (N=370) non-HV
(N=156)

mild HV
(N=88)

moderate HV
(N=110)

severe HV
(N=16)

Z/c2/H
value

P
value

Age(year) 64.66 ± 11.98 62.63 ± 11.00 65.56 ± 11.77 66.44 ± 12.90a 68.31 ± 13.25 8.724 0.033

Gender (male/female)
257(69.5%)/113

(30.5%)
116(74.4%)/40

(25.6%)
60(68.2%)/28

(31.8%)
74(67.3%)/36(32.7%)

7(43.8%)/9
(56.3%)

7.066 0.069

Residence (Urban or rural)
263(71.1%)/107

(28.9%)
115(73.7%)/41

(26.3%)
55(62.5%)/33

(37.5%)
81(73.6%)/29(26.4%)

12(75.0%)/4
(25.0%)

4.149 0.246

BMI (kg/m2) 23.29 ± 3.29 22.68 ± 3.46 23.73 ± 3.09a 23.60 ± 3.16a 24.80 ± 2.38a 11.274 0.010

Height(cm) 163.09 ± 8.00 163.85 ± 7.60 162.90 ± 8.23 163.02 ± 8.36 157.53 ± 6.81a,b,c 7.996 0.046

Weight(kg) 62.04 ± 10.07 60.95 ± 10.47 63.34 ± 9.58 62.60 ± 9.98 62.20 ± 8.59 1.093 0.352

Systolic pressure (mmHg) 134.17 ± 22.02 134.26 ± 21.08 136.11 ± 24.20 134.25 ± 23.20 135.88 ± 20.20 0.164 0.921

Diastolic pressure (mmHg) 73.79 ± 12.99 74.60 ± 13.18 72.71 ± 13.06 72.22 ± 12.72 80.94 ± 12.68 2.546 0.056

Disease course of DM (year) 10.00(4.25,15.00) 10.00(4.25,15.00)
10.00

(5.00,18.00)
10.00(7.00,17.00) 8.00(3.50,15.00) 3.534 0.316

Disease course of DF
(month)

1.00(0.17,2.00) 1.00(0.33,2.00) 0.90(0.28,2.00) 1.00(0.33,3.50) 1.00(1.00,18.75) 6.257 0.100

Smoking history 192(51.9%) 91(58.3%) 48(54.5%) 49(44.5%)a 4(25.0%)a,b 9.827 0.020

Drinking history 139(37.6%) 65(41.7%) 36(40.9%) 32(29.1%) 6(37.5%) 4.906 0.179

HbA1c(%) 9.60(7.80,12.30) 10.50(8.30,12.60)
9.10

(7.58,11.08)a
9.30(7.30,11.25)a 9.05(6.65,10.25)a 13.521 0.004

DPN 342(91.0%) 142(95.5%) 84(94.4%) 102(87.5%) 14(92.9%) 2.812 0.422

NSS stage

Mild 26(15.1%) 11(14.5%) 7(16.7%) 5(10.9%) 3(37.5%)

8.327 0.215Moderate 117(68.0%) 56(73.7%) 26(61.9%) 30(65.2%) 5(62.5%)

Severe 29(16.9%) 9(11.8%) 9(21.4%) 11(23.9%) 0(0.00%)

NDS stage

Mild 22(11.6%) 9(10.8%) 5(10.9%) 6(11.3%) 2(25.0%)

3.587 0.732Moderate 62(32.6%) 27(32.5%) 15(32.6%) 16(30.2%) 4(50.0%)

Severe 106(55.8%) 47(56.6%) 26(56.5%) 31(58.5%) 2(25.0%)

Autonomic neuropathy 43(50.0%) 24(64.9%) 7(46.7%) 9(32.1%) 3(50.0%) 6.952 0.073

Retinopathy 175(47.7%) 72(46.5%) 50(57.5%) 47(43.1%) 6(37.5%) 5.011 0.172

DKD 190(51.4%) 75(48.4%) 42(47.7%) 63(57.8%) 10(62.5%) 3.607 0.313

eGFR
(ml/min/1.73m²)

80.27
(56.35,101.45)

86.18
(61.45,108.18)

74.15
(52.50,98.13)a

72.85(46.47,99.98)a 71.30(59.32,86.98) 8.869 0.031

Creatinine(mmol/L)
78.00

(60.00,109.00)
72.50

(55.75,102.00)
80.00

(60.00,112.00)
80.50(64.50,126.00)

82.00
(62.25,118.00)

7.565 0.056

Arteriosclerosis obliterans 102(27.9%) 34(22.1%) 27(31.0%) 38(34.5%) 3(20.0%) 5.904 0.116

Hypertension 199(53.8%) 71(45.5%) 54(61.4%)a 63(57.3%) 11(68.8%) 8.308 0.040

Hyperlipidaemia 91(25.6%) 42(28.4%) 19(22.6%) 24(22.2%) 6(37.5%) 2.831 0.418

Coronary heart disease 79(21.4%) 22(14.1%) 26(29.5%)a 28(25.5%)a 3(18.8%) 9.541 0.023

Cerebrovascular Disease 42(11.4%) 17(11.0%) 10(11.4%) 14(12.7%) 1(6.3%) 0.642 0.887

History of foot ulcers 104(28.1%) 44(28.4%) 22(25.0%) 33(30.3%) 5(31.3%) 0.751 0.861

(Continued)
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hypertension and coronary heart disease in patients with HV was

significantly higher than that in patients without HV. Diabetes can

cause peripheral arterial disease, endothelial dysfunction and

autonomic nervous system dysfunction, etc., resulting in blood

flow regulation disorders (16), which in turn affects the blood

vessels of the feet, manifested as muscle function damage and loss

of bone density, thus affecting the foot. Changes in foot

biomechanics (17–19), which may be the cause of foot deformities

related to vascular lesions.

HV has been identified as a risk factor for foot ulcers (5). By

grading the severity of HV according to the PEDIS classification

system, it was found that the ulcer area of moderate HV patients

was significantly larger than that of non-HV patients, and the

infection severity of severe HV patients was significantly higher

than that of non-HV patients, mild and moderate HV patients. Foot

deformity increases the peak plantar pressure (26), further

increasing the pressure load of the plantar (29, 30), leading to

subcutaneous bleeding and resulting in foot ulcers (26). Moreover,
Frontiers in Clinical Diabetes and Healthcare 08
patients with severe HV had significantly higher percentage of

Charcot’s foot than the other groups, this suggesting that severe

HVmay contribute to other foot deformities. While, after follow-up

study, there was no difference in recurrence rate, re-amputation/toe

rate and mortality rate between the HV group and the non-HV

group. Therefore, the influence of HV on the severity of diabetic

foot and related complications needs to be further studied. In

addition, the present study found that HV was not associated

with the course of diabetes, but fewer smokers and lower HbA1c

level were found in HV patients than that in non-HV patients, it

possibly because the latter were older, tended to be more severe, and

received an enhanced glycemic regimen.

Moreover, the increased plantar pressure and load in diabetic

patients with HV may be a result of their larger ulcer size, while the

increased ulcer size also increases the risk of infection. Studies

suggest that HV is related to the degree of infection (31), but current

studies have not further broken down acute infection, chronic

infection, etc. Therefore, further exploration is needed for the
TABLE 2 Continued

Total (N=370) non-HV
(N=156)

mild HV
(N=88)

moderate HV
(N=110)

severe HV
(N=16)

Z/c2/H
value

P
value

History of amputation/
Apodization

30(8.1%) 11(7.1%) 5(5.7%) 10(9.1%) 4(25.0%) 7.199 0.066

The hospital amputation/
Apodization

67(18.1%) 31(19.9%) 18(20.5%) 18(16.4%) 0(0.0%) 4.418 0.22

Thanatosis 66(17.8%) 23(14.7%) 21(23.9%) 22(20.2%) 0(0.0%) 7.067 0.068

P (vessel)

1 224(60.9%) 100(64.5%) 51(58.6%) 61(55.5%) 12(75.0%)

4.805 0.5692 67(18.2%) 27(17.4%) 18(20.7%) 20(18.2%) 2(12.5%)

3 77(20.9%) 28(18.1%) 18(20.7%) 29(26.4%) 2(12.5%)

E(area) 4.00(1.59,12.00) 4.00(1.50,9.00) 4.50(2.00,15.00) 6.00(2.00,15.75)a 2.25(1.00,6.13)c 9.605 0.022

D (deepness)

1 20(5.4%) 7(4.5%) 5(5.7%) 8(7.3%) 0(0.0%)

10.858 0.2862 169(45.7%) 70(44.9%) 41(46.6%) 45(40.9%) 13(81.3%)

3 179(48.4%) 78(50.0%) 42(47.7%) 56(50.9%) 3(18.8%)

I (infection) a,b,c

10.495 0.015

1 10(2.7%) 2(1.3%) 1(1.1%) 7(6.4%) 0(0.0%)

2 124(33.5%) 56(35.9%) 34(38.6%) 32(29.1%) 2(12.5%)

3 214(57.8%) 90(57.8%) 46(52.3%) 65(59.1%) 13(81.3%)

4 22(5.9%) 8(5.1%) 7(8.0%) 6(5.5%) 1(6.3%)

S (sensation) 329(88.9%) 137(87.8%) 78(88.6%) 99(90.0%) 15(93.8%) 0.708 0.871

ABI 1.10(0.90,1.18) 1.09(0.98,1.18) 1.11(0.89,1.17) 1.08(0.72,1.17) 1.13(1.05,1.18) 2.086 0.555

Necrotizing fasciitis 39(10.5%) 15(9.6%) 14(15.9%) 10(9.1%) 0(0.0%) 4.692 0.171

Compartment syndrome 12(3.2%) 6(3.8%) 4(4.5%) 2(1.8%) 0(0.0%) 1.407 0.675

Charcot’s foot 19(5.1%) 10(6.4%) 1(1.1%) 5(4.5%) 3(18.8%)a,b.c 9.550 0.023
front
BMI, body mass index; DM, diabetes mellitus; DF, diabetic foot; HbA1c, Hemoglobin A1c; DPN, diabetic neuropathy; NSS, neuropathy symptom score; NDS, neuropathy disability score; DKD,
diabetic kidney disease; eGFR, estimated glomerular filtration rate; ABI, ankle brachial index. A. Compared with non-bunion group, p<0.05; b. Compared with mild HV group, p<0.05; c.
Compared with moderate HV group, p<0.05.
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specific type of infection and the type of microorganism infected,

combined with variables such as ulcer site, depth of infection, and

ulcer area in the follow-up in future studies.

At present, there only a few articles have reported that

neuropathy is related to the occurrence of foot deformity (32),

and neuropathy is not an important risk factor of HV (33). Studies

have shown that motor neuropathy can cause muscle weakness and

lead to deformity (34) and the reduction of the ankle dorsiflexion

range is related to the severity of metatarsophalangeal joint

deformity (32). Therefore, the relationship between muscle

weakness and joint motion limitation and foot deformity in

diabetic foot patients could be further investigated, and further

research is needed to clarify whether there is a potential relationship

between autonomic neuropathy and foot deformity.

However, there are some disadvantages of this study that must

be considered: this study was a cross-sectional study; the included

patients were all diagnosed with diabetic foot, and there was no

diabetes without diabetic foot as control; the objects were all from

the same hospital with severe condition, therefore there could be

selection bias.

In conclusion, the occurrence of HV in diabetic foot was not

only related to age and BMI, but also related to the occurrence of

creatinine level, HbA1c level, eGFR level, autonomic neuropathy,

lower limb arteriosclerosis occlusion, coronary heart disease and

hypertension. Moreover, HV seems to be related to ulcer area and

severity of infection, and autonomic neuropathy was found to be a

protective factor for the development of HV. Therefore, patients

with diabetes mellitus, especially those with moderate or higher HV,

should pay more attention to their renal function, neuropathy

screening and assessment of lower extremity vascular lesions,

such as ABI, TBI, lower extremity vascular ultrasound, and even

CTA of lower extremity arteries if necessary to assess the vascular

lesions more visually. At the same time, in addition to strengthening

the screening for complications, it is also important to assess the

ulcer area and the degree of infection. When the infection is

suspected to have invaded the bone, enhanced MRI or probe-to-
Frontiers in Clinical Diabetes and Healthcare 09
bone test should be performed to assess whether it is combined

with osteomyelitis.
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TABLE 3 The results of multivariate logistic regression analysis on hallux valgus.

Vatiate
Modle 1 Modle 2 Modle 3

P value OR 95% CI P值 OR 95% CI P值 OR 95% CI

Age(year) 0.013 1.026 1.005-1.047 0.974 0.999 0.948-1.054

BMI(kg/m2) 0.015 1.092 1.017-1.172 0.953 0.995 0.852-1.163

Drinking history 0.044 0.622 0.392-0.987 0.062 0.377 0.136-1.05

HbA1c(%) 0.011 0.895 0.821-0.975 0.051 0.817 0.669-1.010

Autonomic neuropathy 0.22222 0.006 0.348 0.164-737 0.049 0.374 0.14-0.997

Arteriosclerosis obliterans 0.472 1.444 0.53-3.931 0.218 2.443 0.589-10.129

Hypertension 0.026 2.417 1.112-5.256 0.368 1.625 0.564-4.682

Coronary heart disease 0.563 1.595 0.328-7.752 0.298 2.606 0.429-15.819
f

Modle 1: Age, BMI, smoking history and HbA1c were independent variables, and bunion was taken as dependent variables;
Modle 2: Autonomic neuropathy, arteriosclerosis occlusion, hypertension and coronary heart disease were independent variables, and bunion valgus was used as dependent variables;
Modle 3: Age, BMI, smoking history and HbA1c were adjusted on the basis of model 2.
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Jurado MA, Morales EG, Hernández DM. Foot biomechanics in patients with
diabetes mellitus: doubts regarding the relationship between neuropathy, foot
motion, and deformities. J. Am. Podiatric Med. Assoc. (2011) 101:208–14.
doi: 10.7547/1010208

34. Van Schie CH, Vermigli C, Carrington AL, Boulton A. Muscle weakness and
foot deformities in diabetes: relationship to neuropathy and foot ulceration in caucasian
diabetic men. Diabetes Care (2004) 27:1668–73. doi: 10.2337/diacare.27.7.1668
frontiersin.org

https://doi.org/10.1016/j.ecl.2021.05.013
https://doi.org/10.1080/07853890.2016.1231932
https://doi.org/10.7326/0003-4819-140-11-200406010-00035
https://doi.org/10.1016/j.avsg.2015.11.025
https://doi.org/10.1002/dmrr.2319
https://doi.org/10.2337/diacare.22.1.157
https://doi.org/10.1016/j.jdiacomp.2009.09.006
https://doi.org/10.1016/j.jdiacomp.2009.09.006
https://doi.org/10.2519/jospt.1999.29.12.718
https://doi.org/10.2337/diacare.29.03.06.dc05-1777
https://doi.org/10.2337/dc08-2174
https://doi.org/10.1111/j.1464-5491.1987.tb00867.x
https://doi.org/10.1080/00015458.2014.11680970
https://doi.org/10.3233/BME-141062
https://doi.org/10.1556/650.2017.30649
https://doi.org/10.1111/1753-0407.12521
https://doi.org/10.1002/mus.20785
https://doi.org/10.1002/mus.20785
https://doi.org/10.3402/dfa.v4i0.20872
https://doi.org/10.1016/j.foot.2015.11.001
https://doi.org/10.1016/S2213-8587(17)30134-1
https://doi.org/10.1016/j.clinbiomech.2015.12.002
https://doi.org/10.1186/1757-1146-7-33
https://doi.org/10.5535/arm.2015.39.1.10
https://doi.org/10.1186/1757-1146-6-22
https://doi.org/10.3113/FAI.2007.0759
https://doi.org/10.1111/j.1365-2230.2007.02421.x
https://doi.org/10.4065/75.11.1226-b
https://doi.org/10.1186/1757-1146-3-21
https://doi.org/10.3402/dfa.v6.27593
https://doi.org/10.1016/j.clinbiomech.2013.11.003
https://doi.org/10.1177/0284185119847675
https://doi.org/10.1177/1071100715621544
https://doi.org/10.7547/1010208
https://doi.org/10.2337/diacare.27.7.1668
https://doi.org/10.3389/fcdhc.2023.1121128
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

	Correlation analysis between foot deformity and diabetic foot with radiographic measurement
	Highlights:
	Introduction
	Patients and methods
	Study population and selection criteria
	HVA measurement
	General data of study population
	Statistical analysis

	Results
	The HVA and the corresponding four groups
	Comparison between the HV group and non-HV group
	Comparison among the non-HV, mild, moderate, and severe HV group
	The follow-up analysis
	Correlation analysis and logistic regression analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


