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INTRODUCTION: The prevalence of diabetic foot syndrome is increasing in the Indian population. It is a triad of neurologi-
cal, vascular, and biomechanical changes due to long term diabetes mellitus (DM). Altered plantar pressure distribution is a
risk factor for developing diabetic foot ulcers. The purpose of this study is to evaluate the altered plantar pressure distribu-
tion in diabetic peripheral neuropathy individuals with peripheral vascular disease in comparison with diabetic peripheral
neuropathy and non-diabetic neuropathy. Therefore, the objective of the study is to evaluate the plantar pressure distribu-
tion and parameters in type 2 DM (T2DM) with diabetic foot syndrome.

METHODS: In this study, 60 participants with T2DM were recruited in either one of the three groups: 20 Diabetic non-neu-
ropathy (DNN), 20 Diabetic peripheral neuropathy (DPN), and 20 Diabetic peripheral neuropathy with the peripheral arterial
disease (DNPAD). Then we compared the plantar pressure parameters like maximum plantar pressure, pressure-time inte-
gral, fore foot-hind foot ratio, and total contact area were measured using a WinTrack plantar pressure system.

RESULTS: The diabetic peripheral neuropathy with peripheral vascular disease group shown a significant difference in
all the plantar pressure parameters measured in comparison with the diabetic peripheral neuropathy group. There was
increased Maximum plantar pressure, pressure-time integral and forefoot hindfoot ratio, and reduced total contact area
of the foot (p < 0.05).

CONCLUSION: For patients, with combined peripheral neuropathy and peripheral vascular disease have increased plantar
pressure distribution, are at higher risks of developing neuro-ischemic foot, which further leads to diabetic foot ulcers.

KJTKOYEBbIE CJTIOBA: plantar pressures; dynamic gait analysis; type 2 diabetes mellitus; diabetic foot

PACNPEAENEHVE NOAOLWIBEHHOIO AABJIEHMA NPU CAXAPHOM AWABETE 2 TUMNA
C CUHBPOMOM ANABETUYECKOW CTONMbI: KITIMHNYECKOE OBCEPBALLMOHHOE
NCCNIEAOBAHUE

© H.Y. Korada', E. Arora’, S.K. Rao? M.H. Hande?, S. Shetty*, G.A. Maiya'*

'eHTp nccnepoBaHnii 1 yxoaa 3a AMabeTnyeckoi CTono, otaeneHune ¢pusnoTtepanum, 6onbHuua Kactypba, Akagemus
BblCLLEro o6pasoBaHua MaHunana, Manunan, Hgusa

2OTpeneHve optoneann, MeanumHcknin konnepx Kactyp6a, Akagemus Bbicluero obpasoBaHua MaHnunana, Manunan,
Nupgna

[epuaTpryeckasn KnMHrKa, MeamumHcknin konnepx Kactyp6a, Akagemua Boicliero obpasosaHusa MaHunana, MaHunan, Hgua
‘OTpeneHue sHaoKpuHonoruy, MegnuuHcknii Konnegx Kactyp6a, Akagemus Boicero obpasoaHmsa MaHunana, MaHunan,
Nupgna

BBEAEHUE. PacnpocTpaHeHHOCTb CMHAPOMA AnabeTnyeckoin cTonbl cpeamn Hacenenna NHgum ysenuumeaetcs. CHapom
AmabeTnyeckol cTonbl — 3TO TpUaga HEBPONOFMYECKMX, COCYAUCTBIX U BMOMEXaHNYECKNX N3MEHEHWUI, BbI3BaHHbIX AJN-
TesIbHbIM caxapHbIM Anabetom (CLl). i3ameHeHve pacnpeeneHna AaBneHus NoaoLBbl ABNAETCA paKTOPOM prcCKa pPa3BUTUS
A3B guabeTnyeckom cTonbl.

LLENTb. OueHnTb pacnpepesnieHne 1 napameTpbl NofgolBeHHoro gasnexma npy CA 2 Tuna (C42) ¢ cmHgpomom anabetnye-
CKOW CTOmMbI.

METO/DbI. B 3Tom nccnegoBaHmm npuHAnmM ydactme 60 nauveHToB ¢ C[12. Bcero 66110 BbigenieHo 3 rpynnbl NaLMeHTOB:
20 naumeHToB 6e3 AnabetTnyeckon Helponatuy, 20 ¢ AnabeTUYeCKon ANCTaNbHON HelponaTnen 6e3 Nopa)eHus cocyaoB
1 20 c ArabeTnyecKon ANCTaNIbHON HeponaTren ¢ nopaxkeHuem neprdeprnyecknx aptTepuin. 3atem Mbl CPaBHUIN Napame-
TPbl MOAOLBEHHOIO AABNEHUA, TaKNe KaK MaKCMMasibHOe MOAOLIBEHHOE JaBieHNe, UHTErpan JaBneHns n BpemeHun 1 ob-
Lyt NoWwagb KOHTaKTa, KOTopble 6blIM M3MEPEHbI C UCMOSIb30BaHNEM CUCTEMbI MOAOLWBEHHOTO AasneHmsa WinTrack.
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OPUTMHAJIbHOE NCCNEAOBAHUME

PE3YJIbTATbI. [pynna guabetnueckom AUCTanbHON HEMPONaTMU C MOPaXeHrem nepudepuryecknx cocygos nokasana 3Ha-
UMTeNbHYI0 Pa3HMLY BO BCEX U3MEPEHHbIX NapaMeTpax NoAoLWBEHHOMO iaBeHUsA NO CPAaBHEHMIO C FPYNNon AnabeTnyeckon
OVCTanbHoOM HeliponaTm 6e3 nopaxeHnsa cocyaoB. bbino yBennyeHo MakcumanbHoe NofoLWBEHHOE faBNeHWe, MHTerpanb-
HOe faB/ieHne-BpeMms, a TakxKe YMeHbLIeHa obLan nnoLaab KoHTakTa ctonsl (p<0,05).

3AKJTIOYEHUE. MNauuneHTbl C ANCTaNbHON HeMponaThen 1 NopakeHnem nepudeprnyeckmx coCyjoB UMeLOT NOBbILLEHHOE
pacnpefeneHve NoLOWBEHHOIO JaBNEHUA, MOABEPKEHDbI 6oee BbICOKOMY PUCKY Pa3BUTUA HENPOKWLLEMNYECKOTO Nopaxe-

HUA, YTO B ,qaaneVlmeM npunBOAUT K A3BaM CTOIMbI.

KEYWORDS: nodoweeHHoe dasneHue; QUHamuyeckul aHaau3 noxodKu; caxapHellti 0uabem 2 mund; cuHOpom duabemuuyeckoli cmonei

INTRODUCTION

Diabetic foot syndrome (DFS) is defined as a group of syn-
dromes, including neuropathy, ischemia, and infection lead-
ing to tissue breakdown and subsequent amputation. This is
responsible for the significant number of hospital admissions
for diabetic individuals resulting in increased health care costs
and poor quality of life status'. It is a triad of vascular, neu-
rological, and musculoskeletal impairments of the foot. DFS
is one of the most common complications of diabetes and is
associated with a higher degree of morbidity and mortality2.
The international working group for the diabetic foot (IWGDF)
risk stratification category system categorized the DFS into
four categories based on the characteristics of risk of develop-
ing foot ulcers *>*> as shown below. (Table 1)

Among the various pathophysiological causes, the most
frequent complication consists of diabetic peripheral neu-
ropathy (DPN), vascular insufficiencies like peripheral ar-
terial disease (PAD), foot deformity, and abnormal joint
mobilityS. These factors can affect plantar pressure distri-
bution in the feet of individuals with diabetes. It has been
predicted that approximately 15% of individuals with DFS
develop a lower limb complication in their lifetime”®. DPN
is the most severe and intractable microvascular compli-
cation of diabetes mellitus. It involves the somatic sensory
and motor nerves, as well as the autonomic nerves, espe-
cially of the lower limb?®. In India, the prevalence of diabetic
foot syndrome in type 2 diabetes mellitus (T2DM) ranges
from 30.2% to 52.8%'%"". Peripheral arterial disease is like-
wise accountable for the development of diabetic foot syn-
drome. It is also a macrovascular complication in which an
insufficient supply of blood to the lower extremity is seen,
which leads to poor quality of life in individuals with T2DM.
The symptom of PAD includes cramping pain or discomfort
at the calf region while walking, which in other terms, is de-
fined as intermittent claudication, which restricts mobility.
Globally, the prevalence of PAD in T2DM was found to be
12%, and in India, it is around 8.52%2.

Several studies have reported improvements in peak
pressure and pressure-time integrals in diabetic subjects,
but none have explored these variations between diabetics
without neuropathy and neuropathic and peripheral artery
disease participants'>'*>, As the prevalence is increasing,
most of the clinical practice is restricted to either neurolog-
ical or vascular parameters. In diabetic foot syndrome, ear-
ly changes in musculoskeletal, neurological, and vascular
leads to altered biomechanics, which is a strong predictor
of diabetic foot ulcers. Hence, there is a need for detailed
biomechanical evaluation focusing on kinetics and kinemat-
ics like plantar pressure parameters in T2DM with DFS.

AIM

Aim of the present study is to evaluate the plantar pres-
sure distribution and parameters in type 2 diabetes mellitus
with diabetic foot syndrome.

METHODS

This cross-sectional observational study design was
conducted, and participants were recruited from a tertiary
health care center in Karnataka, India. A total of 60 partici-
pants were recruited for the study utilizing a comprehensive
diabetic foot evaluation sheet which includes neurological,
vascular, and musculoskeletal components. It was three
groups in our study: Diabetic non-neuropathy (DNN) (n=20);
Diabetic neuropathy without the peripheral arterial disease
(DPN) (n=20), and Diabetic neuropathy with the peripheral
arterial disease (DNPAD) (n=20).

After the approval from the institutional ethics committee
(IEC 169/2019), the study was initiated. Detailed information
about the study was given in the patient information sheet
and informed consent was obtained from all the participants.

Table 1. The Working Group for the Diabetic Foot (WGDF) 2019 Risk Stratification System

Category Ulcer risk Characteristics
0 Very low No LOPS and No PAD
1 Low LOPS or PAD
LOPS + PAD, or
2 Moderate LOPS + foot deformity or
PAD + foot deformity
3 High LOPS or PAD, and one or more of the following:

- History of a foot ulcer (or) Lower-extremity amputation (or) End-stage renal disease

Notes: LOPS — loss of protective sensation, PAD — peripheral artery disease
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Diabetic peripheral neuropathy was identified in
the presence of 1) monofilament 10g, absent in one or more
sites, 2) vibration perception threshold (VPT) more than 20V,
and 3) Absence of Ankle reflexes. The peripheral arterial
disease was identified by 1) presence of claudication pain
in lower limb while walking in less than 5 min, 2) Ankle-
brachial index (ABI) less than 0.90. Exclusion criteria include
any orthopedic, visual, neurological, or other disability that
could affect gait and stance, including current pain, fracture,
active or history of ulceration or amputation of the toes.

Peripheral arterial pressure measurement: The participants
were made to rest for 15 min on a couch and the procedure
was explained to them. The dominant side of the participant
was taken for the examination. A blood pressure cuff was tied
to the participant’s lower limb and the pressures were record-
ed from the posterior tibialis artery with the help of a Doppler
(Hadeco smartdop 30EX, 2017). After this, the cuff was tied
to the upper limb and systolic pressure was recorded from
the brachial artery and ABI was obtained.

Balma, France). Maximum plantar pressure (MPP), Pressure-
Time integral (PTI), Forefoot-Hind foot ratio (FHR), and Total
contact area (TCA) were measured, and data were analyzed
using WinTrack software (Medicapteurs France SAS, Balma,
France). Initially, three trials were conducted for partic-
ipants to walk at an average pace on the pressure plate
platform™.

EZR was used for descriptive statistics. The demograph-
ics and the plantar pressure parameters are reported as
mean + SD. The mean difference between the groups was
shown in percentage change. One-way ANOVA was con-
ducted to measure the level of significance.

RESULTS

The demographic characteristics of the three study
groups are shown in Table 2. We have observed statisti-
cally significant differences in MPP, PTl, and FHR, and TCA
between the three groups of subjects matched with age.
DNPAD group showed significantly higher MPP, PTI, and FHR

Plantar pressure parameters were measured on and lowered TCA in comparison to DPN and DNN groups
the WinTrack pressure plate (Medicapteurs France SAS, with p <0.05.Table 3, Table 4.
Table 2. Demographics characteristics of study groups
DNN DPN DNPAD
N 20 20 20
Age (Years) 58.1£8.9 61.31£8.5 64.2+8.2
Gender (Male/Female) 9/6 8/7 10/5
Body weight (kg) 64.1£11.6 71.8+12.1 67.8+9.5
Height (cm) 159.7£12.06 165.7+£8.7 161.9+£12.6
BMI (kg/m?) 25.4+3.4 26.7£3.9 26.1+£2.67
Diabetes mellitus (years) 7.4+2.7 12.4+5.6 13.6+4.3
HbA,_ (%) 6.7+1.4 7.2%15 7.6+1.8
VPT,V 6.3+2.92 28.315.4 31.616.7
Brachial artery (mmHg) 121.06+£14.07 128.4+21.1 131.6£19.9
ABI 1.06+0.12 1.08+0.10 0.74+0.09
Notes: VPT — vibration perception threshold, ABI — ankle-brachial index
Table 3. Plantar pressure parameters of all study groups
DNN DPN DNPAD p-value
Maximum plantar pressure (KPa) 333.1+56.6 410.2+52.5 476.3+76.6 <0.05*
Pressure-Time integral (KPa*s) 107.7+15.8 126.1£19.1 150.1£27 <0.05*
Forefoot-Hind foot ratio 0.94+0.24 1.26+0.23 2.02+0.18 <0.05*
Total contact area (cm?) 133.2+11.7 106.3+8.5 86.5+6.8 <0.05*
Table 4. Mean difference change between the groups
DNN - DPN DPN - DNPAD DNN - DNPAD p-value
Maximum plantar pressure (kPa) 20.74% 14.91% 35.38% <0.05*
Pressure-Time integral (kPa*s) 15.71% 17.37% 32.89% <0.004*
Forefoot-Hind foot ratio 29.1% 46.3% 72.9% <0.03*
Total contact area (cm?) 22.4% 20.5% 42.5% <0.001*
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DISCUSSION

Limited research focused on altered plantar pressure
distribution has been conducted on diabetic foot in indi-
viduals with diabetic neuropathy and peripheral arterial
disease separately. This study aimed to document the com-
prehensive profile of plantar pressure parameters, focusing
on individuals with a history of DPN and PAD. The significant
finding from this study is a profile of altered plantar pressure
distribution in participants with DPN and PAD. A range of al-
terations was evident, including significantly increased MPP,
PTI, and FHR and reduced TCA significantly.

The results of this study support earlier studies and are
consistent with the well-described plantar pressure pattern
typically described in DPN”'*>, In this study, all the individu-
als underwent comprehensive diabetic foot evaluation which
constitutes musculoskeletal components like MMT, Muscle
length, Foot posture index, vascular components like pedal
pulse palpation, foot thermography, pedal pressures like ABI,
TBI, neurological components like reflexes, vibration percep-
tion threshold, monofilament, hot and cold perception. Our
findings describe broad-spectrum alterations in plantar pres-
sure profiles which form a coherent image of altered distal
function during normal gait. Of note in this analysis is that
they compared the significant differences across DNPAD, DPN,
and DNN. This represents the progressive nature of chronic
diabetes complications and may indicate a higher risk of bio-
mechanically induced higher plantar pressure, leading to ul-
ceration as the severity progresses®'s. Importantly, the results
of this study support emerging research identifying risk fac-
tors in DFU, indicating that diabetic foot syndrome may play
an essential role in changing plantar pressure patterns

The possible reason may be due to altered biomechan-
ics of the lower limb in diabetes because of chronic hyperg-
lycemia in progressive chronic T2DM. There was a moderate
to the strong correlation between glycated hemoglobin and
loss of protective sensation'’. In sensory and motor neuropa-
thies, somatosensory inputs are declined, leading to the ina-
bility to feel the elevated plant pressure or discomfort during
gait or functional tasks at specific foot regions'®. Another ex-
planation could be thatin T2DM, altered glucose metabolism
reduces muscular forces in hip and knee flexors and extensors,
dorsal and plantar flexors, which may increase joint reaction
forces, and lead to altered joint kinetics and kinematics reduc-
ing shock absorption of the foot all of which could contrib-
ute to altered plantar pressure distribution’. In a study by
Naomi, it was observed that the thickness of plantar soft tis-
sue under metatarsal heads is reduced in the neuro-ischemic
foot in comparison to neuropathic foot'. This may highlight
the role of PAD and its impact on plantar soft tissue thickness

OPUTMHAJIbHOE NCCNEAOBAHUME

in diabetic patients in increasing plantar pressure. Our study
is in parallel with another study conducted by Pataky et al,
Which concluded that among diabetic neuro-ischemic pa-
tients with PAD, a significant relationship was found between
peripheral vascular disease and elevated plantar pressures?'.

The strength of the study is that this is the first study
in south India to compare the plantar pressure distribution
among different components of diabetic foot syndrome
with the age-matched population. The sample size of 20 par-
ticipants per group is comparable with most diabetes gait
studies using dynamic plantar pressure measurement.
Several limitations should be considered when interpret-
ing findings from this study. Study groups were reasonably
well-matched, although the DNPAD group had a higher ratio
of men compared to other groups. The effect of these dif-
ferences is not known. Nevertheless, the literature suggests
that diabetic foot was more common in men than women
due to their increased physical activity, linked to the result-
ing neuropathy, making them more vulnerable to injury 2.

Other factors like the presence of callus, foot deformities,
limited joint mobility, and walking speed, which may also
contribute to altering plantar pressure distribution, were
not evaluated. The standard limitations associated with dy-
namic gait occur when a sense of awareness about the style
of walking can be affected. It is accepted that the design
of this study can identify observations among groups but
cannot investigate the causal relationship.

CONCLUSION

It has been found that individuals with a moderate risk
of diabetic foot syndrome have increased plantar pressure
parameters in comparison with mild risk individuals. Our
results highlight the importance of early evaluation and di-
agnosis of plantar pressure distribution in diabetic foot syn-
drome. In the future, additional research is required looking
at strategies for reducing and redistribution of PP and pre-
venting the risk of DFU and for predicting ulcer risk
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