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[bookmark: _Hlk42108868]Foot deformities in patients with diabetic mellitus (with and without peripheral neuropathy)
ABSTRACT:
Background. Diabetic peripheral neuropathy (DPN) is one of the most common complications in diabetes mellitus. It is the disorder that most commonly affects the feet of people with diabetes. The aim of the present study is to determine the relationship between DPN and the presence of deformities in the foot. Material and Methods. A descriptive observational study was conducted of 111 patients diagnosed with Diabetes Mellitus (DM) type 1 or 2. All participants were aged at least 18 years and were previously informed in detail about the aims and procedures of the study. Results. Regarding the presence of DPN, the only significant relationships were found for the right foot with the deformity of the second toe (claw, hammer or mallet) (p=0.017, OR 0.29 [0.10-0.83]) and for the left foot with the deformity of the second toe (p = 0.048; OR: 0.37 [0.14-1.01]), third toe (p=0.012; OR: 0.29 [0.11-0.79]) and the presence of hallux extensus (p = 0.05; OR: 8.27 [1.05-64.98]). Conclusions. A significant number of foot deformities were observed among these patients with DM, regardless of the presence of DPN. These deformities should be carefully evaluated in order to determine the most appropriate treatment at an early stage, which will reduce the risk of ulceration. Although it should be use with caution to be transferrable to the general population with peripheral neuropathy.
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1. INTRODUCTION
Diabetes is among the most common non-communicable diseases worldwide, and in recent decades its prevalence has greatly increased worldwide, a change that is altering the profile of the disease, provoking a higher incidence of specific complications [1].
[bookmark: _Hlk65668740]People with diabetes mellitus (DM) type 2 are at increased risk of medical complications due to various complex, interconnected mechanisms, among which long-term diabetic peripheral neuropathy (DPN) is one of the most common, affecting 30% of people with diabetes[2,3] where 83.4% is in the Southeast Asian Region (Bangladesh, Bhutan, Democratic Republic of Korea, India, Indonesia, Maldives, Myanmar, Nepal, Sri Lanka, Thailand and Timor-Leste)[4] or 71.2% in regions from China[5]. In Europe, this prevalence ranges between 6-51%, depending on the population studied[6,7]. Sensorimotor polyneuropathy first affects the extremities of the lower limbs and then spreads through the body. It is the disorder that most commonly affects the feet of people with diabetes[8–10] and underlies 80% of the ulcerations observed [11], typically provoking deformities such as hallux valgus, claw/hammer toe, prominent metatarsal heads, cavus foot and Charcot’s foot [12]. These foot deformities play a critical role in undermining the patient’s wellbeing and in this respect one of the major risk factors for ulceration is DPN, together with lower extremity arterial disease (LEAD) and/or the use of inappropriate footwear [13–16]. Furthermore, DPN alters patients’ biomechanics, increasing plantar pressure in the forefoot area and extending the duration of the gait support phase [17], which exposes the foot to severe complications.
The main physical causes of foot deformities are atrophy of the intrinsic foot musculature, muscle weakness and impaired joint mobility [18].
[bookmark: _Hlk42108969]It is vitally important to be aware of the factors that favour ulceration so that people with diabetes can be stratified according to the degree of risk presented and specific preventive measures established. Accordingly, the main aim of the present study is to determine the relationship between DPN and the presence of deformities in the foot, to facilitate the design and application of a model of primary prevention.
2. MATERIAL AND METHODS
2.1.Ethical approval: All patients involved in this study were previously informed in detail about the aims and procedures of the study. The study data were anonymised, in accordance with the ethical principles for medical research in humans proposed in the Declaration of Helsinki. The study protocol (No. 13/305) was approved by the Clinical Research Ethics Committee at University Hospital. 
2.2.Design: Descriptive observational study.
[bookmark: _Hlk42109014]2.3.Participants: A convenience sample was obtained from 111 patients diagnosed with DM type 1 or 2 in Hospital of San Juan, Alicante, Spain. All participants were aged at least 18 years, had a history of DM of at least five years and presented no ulcerative lesions on the foot. Patients diagnosed with systemic neurological disease, or who had previously suffered a stroke with sequelae in the lower limbs or who had undergone major amputation in either foot were excluded. The sampling was consecutive, from the patients who attended the endocrinology consultation at the Hospital and who met the above criteria for inclusion.
Data on sociodemographic variables were obtained from a clinical interview with each patient. Comorbidity was determined by recording the presence of DM-related complications and of risk factors such as smoking habit and lack of physical activity. The level of metabolic control was ascertained according to the last analysis performed during the six months prior to the patient’s inclusion in the study, taking into account the following parameters: glycaemia, glycated haemoglobin (HbA1c), triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol, creatinine and glomerular filtration.
2.4.Procedure: Having obtained the patient’s medical history, a general examination was then conducted, as follows. The patient was weighed, barefoot, on a Tanita TBF 300 body composition analyser, and his/her height was measured using a Harpenden stadiometer (Holtain Limited). The body mass index was calculated from the weight and height data thus obtained. Vascular condition was assessed by palpation of the posterior tibial and pedal pulses. The ankle-brachial pressure index (ABPI) was calculated as the arterial pressure of the ankle divided by that of the arm, these parameters being determined by means of a bi-directional Smartdop 45 Hadeco® doppler probe. The ABI is considered pathological for values <0.9 or ≥1.3 [19–23].
The patient was examined for sensory neuropathy in accordance with the recommendations of the American Diabetes Association, using a 128 Hz tuning fork to evaluate vibratory sensitivity and a Semmens-Weinstein 10 gr monofilament to determine sensitivity to pressure [24],[25]. The monofilament was used to explore four areas of the foot: the first, third and fifth metatarsophalangeal (MTP) joints and the plantar area of the big toe. The test result was considered abnormal when there was an absence of sensitivity in one or more of these areas. Vibratory sensitivity was explored using a 128 Hz Rydel-Seiffer tuning fork, graduated from 0 to 8, placing it perpendicular to the dorsal area of the first MTP joint [26]. A normal result was taken as an average value >6 in patients aged under 60 years and a value >4 in those aged 60 years or more. DPN was considered to be present when both sensitivities were altered.
The presence of hallux abductus valgus (HAV) was evaluated according to the Manchester Scale [27],[28], and digital deformities in the transverse or sagittal planes were detected by visual examination. HAV is defined as a deviation of the proximal phalanx of the big toe towards abduction accompanied by a bony prominence in the medial area of the first MTP joint. The presence of hammer and/or claw toe was recorded when a dorsal flexion of the proximal phalanx was observed, together with plantar flexion of the medial and/or distal interphalangeal joint [29]. Hallux extensus was identified as the hyperextension of the distal phalanx of the big toe [30].
Navicular drop, as defined by Brody [31],[32], was calculated by comparing the distance between the scaphoid tuberosity and the ground, with the patient standing first in a neutral calcaneal stance position (NCSP) and then in a resting calcaneal stance position (RCSP). Values of 6-9 mm were considered normal, while the foot was classified as supinated with values <6 mm and as pronated with values >9 mm.
The neutral, pronated or supinated position of the foot was determined according to the FPI-6 Foot Posture Index [33–35] These parameters were calculated with the patient standing in a bipedal stance on a treadmill, at a height of 50 cm. The following six criteria were assessed: palpable talar head, supra and inframaleolar curvature; position of the calcaneus in the frontal plane; prominence of the talus-scaphoid region; congruence of the internal longitudinal arch; abduction/adduction of the forefoot with respect to the hindfoot; and external presence of the forefoot from a posterior view. Each of these criteria was scored as 0 = Neutral, and ranged from a minimum score of -2 with clear signs of supination to a maximum of +2 with clear signs of pronation. The sum of the results observed in the six criteria indicated the position of the foot. A total score of 0-5 corresponded to a normal stance, ≥6 was considered indicative of pronation and ≤-1, supination.
2.5.Statistical analysis: SPSS v25.0 software was used for the statistical analysis. For the quantitative variables, Student’s t-test was used to compare independent means, and for the qualitative variables, the chi-square test was used to compare proportions. The odds ratios and the corresponding conﬁdence intervals were determined by univariate logistic regression analysis. Differences were considered signiﬁcant at p<0.05, with a conﬁdence interval of 95%.

3. RESULTS
[bookmark: _Hlk42109079]Of the patients included in the study sample, 77.47% were patients without neuropathy and 22.53% with neuropathy, who of  65.8% were male and 34.2% female. The mean age of the participants was 57.92 ± 13.24 years. 69.4% were DM2 and 30.6% were DM1. The mean duration of diabetes was 17.59 ± 10.70 years. These characteristics are detailed in Table 1.
Only 37.8% of participants had never smoked, while 15.3% were active smokers, and had been so for an average of 18.97 ± 17.99 years, consuming an average of 14.61 cigarettes per day. Only one participant had undergone an amputation (in the right foot and also in the left foot), but 9% had a history of foot ulcers.
In relation to physical activity, 17.1% did not perform any such activity. Of the activities carried out, walking was the most common, mentioned by 45.04% of participants.
Peripheral artery disease (determined by pulse palpation and the ABI) was observed in 35.5% of cases. Severe artery disease was present in only 0.9% of patients (in the left foot). This disease was moderate in 9.1% of cases (in both feet) and mild in 8.2% and 2.7% (right and left foot, respectively). Arterial calcification was observed in 10% and 15.5% of cases (right and left foot, respectively).
At the time of the study, all patients were receiving treatment for their DM. Insulin was prescribed to 59.5%, while 40.5% were treated by means of diet, exercise, oral antidiabetic drugs (ADOs) and glucagon-like peptide type 1 agonists (GLP-1). Due to associated comorbidities, 23.1% of patients were polymedicated, consuming more than five drugs daily.
Only 39.1% had acceptable metabolic control with HbAc1 <7% (53mmol/mol). LDL cholesterol levels were excessive (≥100 mg/dl) in 34.3% of cases, while HDL cholesterol levels were inadequate (<40 mg/dl in men and <50 mg/dl in women) in 28.7% of cases.
A significant relationship was found between the presence of DPN and high BMI (p=0.014), a history of retinopathy (p=0.000), a history of hypertension (p=0.001), inadequate HDL cholesterol (p=0.018), systolic BP (p=0.001) and diastolic BP (p=0.039) (see Table 1).
Of the 222 feet analysed, 132 (59.45%) presented the foot posture in supination or pronation and 161 (72.5%), a navicular drop in pronation or supination. The most common foot stance was that of pronation, in both feet, followed by the neutral and supinated positions (right foot: 43.2%, 42.3% and 14.4% respectively; left foot: 47.7%, 38.7% and 13.5%, respectively).
[bookmark: _Hlk42109474]Regarding the presence of DPN, the only significant relationships were found for the right foot with the deformity of the second toe (claw, hammer or mallet) (p=0.017, OR 0.29 [0.10-0.83]) and for the left foot with the deformity of the second toe (p = 0.048; OR: 0.37 [0.14-1.01]), third toe (p=0.012; OR: 0.29 [0.11-0.79]) and the presence of hallux extensus (p = 0.05; OR: 8.27 [1.05-64.98]) (see Tables 2 and 3).
[bookmark: _Hlk42109520]The most frequent location of keratotic lesions was the plantar area of the central metatarsals (2-4 MTP), followed by the heel and the medial area of the hallux (see Table 4). The only significant relationship found was that between the presence of DPN and hyperkeratosis of the distal area of the toes in the left foot (p=0.031; OR: 0.23 [0.56-0.96]) (see Table 5).
Multivariate analysis revealed a significant relationship between DPN and the presence of retinopathy (p=0.001; OR: 0.11 [95% CI 0.03-0.00]), hypertension (p=0.047; OR: 0.10 [95% CI 0.01- 0.04]) and hallux extensus of the first toe on the left foot (p=0.037; OR: 8.807 [95% CI 1.14-0.037]) (see Table 6).
4. DISCUSSION
The aim of this study is to determine the relationship between DPN and the presence of deformities in the foot, in order to design and apply a model of primary prevention.
With respect to foot deformities, the only significant relationship found was that between DPN in the right foot and deformity of the second toe (claw, hammer or mallet) (p=0.017; OR 0.29 [0.10-0.83]) and between DPN in the left foot and deformity of the second toe (p=0.048; OR: 0.37 [0.14-1.01]), deformity of the third toe (p=0.012; OR: 0.29 [0.11-0.79]) and the presence of hallux extensus (p=0.05; OR: 8.27 [1.05-64.98]). Corroborating Lázaro Martínez et al.[36], we found that patients with no DPN had a high prevalence of deformities such as HAV and hallux extensus. Among those with DPN, there was a significant presence of deformities in the second and third toes, with a lower prevalence in the big toe.
The cause of deformities of the foot in patients with diabetes is unclear, but it could be associated with decreased joint mobility and with muscle atrophy [18],[37],[38]. Mobility was not assessed in these patients, but patterns of hallux hyperextension were observed, which might be associated with decreased ankle dorsiflexion [37].
Regarding foot stance, we did not detect any relationship between DPN and the type of foot (pronated, neutral or supinated), but in accordance with García Álvarez et al.[39] we observed a greater predisposition towards DPN among patients with pronated feet. It is important to take into account the morphology of the foot and the fact that kinematics and plantar pressures vary during walking, as these can be risk factors for ulceration[40]. Although cavus foot and hindfoot valgus both increase dorsiflexion and maximum plantar pressure in the forefoot and decrease the contact surface in the hindfoot [41], it is pronated feet that are at greatest risk of ulceration [40], especially in the hallux area [42].
Another crucial factor is the presence of hyperkeratosis, which in many cases precedes an ulcerative lesion [43],[44], due to the resulting increase in pressure in this area [45]. In our study, these lesions were most frequently located in the plantar area of the metatarsal heads, the heel and in the middle of the big toe, while they were rarely observed on the backs or the tips of the toes. These findings are in line with Armstrong [46], who recorded a higher degree of hyperkeratosis and greater pressure in the central area of the metatarsal heads. Regarding the location of skin lesions, the only significant relationship found was that between DPN and hyperkeratosis in the plantar toes of the left foot (p=0.031; * OR: 0.23 [0.56-0.96]). This association arises because the pronation of the foot generates abduction in the forefoot and therefore increases the pressure on the central area of the foot and on the metatarsals.
Our study presents important strengths. By observing the most common types of foot deformity and areas of hyperkeratosis, we facilitate the choice of optimum treatment to reduce the risk of injury in patients with DPN. In this respect, we show that the second toe is most affected by deformity.
This research presents certain limitations. Firstly, it is based on an observational study of a heterogeneous sample population, rather than on a longitudinal study. This characteristic of the study design may have influenced the results obtained in two respects. On the one hand, in our sample the number of participants without neuropathy significantly exceeded that of those presenting this alteration.  Another limitation of our study is that it is based on a convenience sample, which means that the homogeneity of the participants cannot be assured. In future research, therefore, the size and composition of the study groups should be controlled to optimise their homogeneity. In future research in this field, it would be useful to have a larger sample of DM1 and DM2 patients with DPN, and also to monitor the types of foot stance presented, in order to determine which types of deformities they are associated with, and thus provide the treatment that best prevents their development.

5. CONCLUSIONS
In conclusion, a significant number of foot deformities were observed among these patients with DM, regardless of the presence of DPN. These deformities should be carefully evaluated in order to determine the most appropriate treatment at an early stage, which will reduce the risk of ulceration. It is also essential to detect the presence of hyperkeratosis, so that it may be eliminated effectively, alleviating pressure on the area. This approach would produce financial savings for healthcare systems by facilitating primary interventions to reduce the risk of ulceration and the possible need for amputation. Our findings showed than conclusions should be use with caution  to be transferrable to the general population with peripheral neuropathy. 
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