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Abstract

Abstract

Diabetic foot ulceration is the most frequent outcome of diabetes and is more
probable to be of neuropathic origin. To date, a plethora of studies have focused on
diabetic foot and ulcer prevention. However, limited studies have investigated the
biomechanics of diabetic foot ulceration. The focus of this thesis is the extensive
biomechanical modeling of diabetic foot ulcers. Also, a novel modular diabetic
insole was designed and fabricated to effectively offload the abnormal or peak
plantar pressures in diabetic patients. The pressure values at the plantar region
were quantified using an in-house developed plantar pressure measuring insole.
The effectiveness of the modular diabetic insole was tested quantitatively and
qualitatively to assess its performance. Chapter 1 presents a detailed background
of diabetes, diabetic foot, and ulceration development, emphasizing the
pathophysiology and principles of management of the diabetic foot. This chapter
discusses the motivation, significance, problem statement, and research gap in the

biomechanical modeling and management of diabetic foot ulcers.

Chapter 2 provides an overview of diabetic foot complications and ulceration.
This chapter covers the biomechanics of foot structure, plantar pressure
distribution, and a detailed review of the existing computational models for
diabetic foot ulcers. Also, various medical interventions and clinical practices used
for the treatment of diabetic foot ulcers were discussed to find the research gaps
and technological advancements needed in this area. Chapter 3 focuses on the
biomechanical modeling of diabetic ulcers in different foot types. Computational
models of both normal foot and flatfoot were developed and simulated with varying
ulcer diameters and depths to quantify plantar stresses and assess ulcer risks
across these foot types. Building on this work, Chapter 4 explores the
biomechanical modeling of diabetic ulcers across all possible locations on the foot.
The results were analyzed in terms of pressure distribution and ulcer risk at each
location, with a discussion on the implications of ulcer location for clinical

interventions.



Abstract

Chapter 5 details the development of a smart pressure measurement insole
designed to measure the plantar pressure values. It provides an in-depth
discussion of the pressure measurement insole's design, sensor integration,
functionality, and validation. A data collection study was conducted to evaluate its
effectiveness in measuring pressure offloading values. Chapter 6 focuses on the
design concept and rationale behind the development of the modular insole. Its
effectiveness was validated through a comparative study involving two groups: 15
healthy participants and 15 diabetic participants. This study demonstrated the
efficacy of the modular insole using experimental results. Finally, Chapter 7
summarizes the key findings of the thesis, highlighting their implications for
diabetic foot management, clinical practice, patient care, and scientific research.
Additionally, it outlines potential directions for future investigations and clinical
applications. The findings of the work present important information on the foot
condition post-ulceration and may help identify possibilities of further ulceration
in the diabetic foot. In addition, the findings of this thesis are anticipated to be
indispensable for developing suitable interventions (e.g., custom orthotics) for

diabetic foot ulcer management.
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et

TYHe! TR BT AR AYHE BT T 3 YRUMH § 3R 3qP dAGIaPHid Gaeh i bl
FUTEAT 3HfP it g1 3F T, HYHE! TR 3R @R B AHUTH W H3 AT dHiad 9
g1 gTaiifep, Wa Srezmgi 3 Ayt IR & R P TAdNad HisiiT &l S Bl 3139
MY TS BT % fag AYAG! IR P @R & ATID SAHB-Hd IS IR 5 | ST SaTdT,
ayds! AN & SRTE U7 IRE TE Ga1d I GHTE! &7 ¥ HH R & T T 7dH
HregeR AYHET 3 aTe fewe iR fftfa fvar mar u11 ue w-fawfid aefia gara amue
I BT IUANT ISP daiid & & a1 & A1 B! GREIord fasar mar| Afeger qyde!
I B gHTERNEdT BT AETES 3R U TRier far mar arfes 9% Ueria &
3{TH T [T ST b | S7eATT | HYHG! TR, HYAG! TR 3R @R & (9o o1 faxga ggyH
TR el &, o ayid) IR & UsieH & Yuiftpforarol oiR Rigidl R 9k fear man 31
g AT AYFR! IR & RN & TAHBHG Arsfer 3R Yy § IR0, Hg@, Tl
fIaRTT 1R MY SR W T HRaAT & |

3 2 AYHG W BT Sfcaarsil 3R @RI &1 fadidh- USH Bl §| T8 ™
R B WA & TAHBH, IO a6 AR, 3R AYHel W & J@R & dIoal
HIZCTAA Hisdl &I (A THIET &I MU BT g1 T &1, 39 &7 § {aaH Ay
S{ARTA 3IR T UAIFA BT U TR & oI AYAG! TR & 3RR & ITIR H Wgad fafva
fafdren gaant 3R AR gsfadl W =i &) 72| srem 3 fafts yeR & ORY o Ay@e
AR & IAABHGS AIST IR Higd 81 Mg W 3R Iue W, THf & HILTAA
Tisd famRid T MU SR fafis /e oI SR TERTE & 1Y IhT SIS0 T
dTfcs AeIg aTa! &I AT S Yob 3R S THR & R H SRR o SIRGH! BT SMha bl
S I | 39 B & YR W, ™ 4 R & Tt Juifad M R Ayfe! SI/R &
SR G G AIST &7 AW HRdT | 1 uRumHl BT faRavur Tde R WR g9 faavur
3R @R & SNed & dey & fasar T, A1y g Aal+e el & o IR & ®IF &
fafgardf w o z=f it e

3T 5 | TAT SI6 {1 Y AT & fore f3eig forw U ve w1é <« A1 379d &
o 1 faarur fear T 21 U8 S AU® ST & feulig, TR ThIhRUl, HRIGHdT

Vi
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3R TATI WR T8+ T UG Hdl & | &6 HR-Gfad A &l AU § S9! HTaRiTedr &1
Tlich B & foIU Tes ST AUg 3rea fasan 711 AT | S1e0T 6 HISeR 9 & fadbr™
& Ul & TSOlS S[aURUN 3R T IR dHisd ¢ | STH! THIERNAd B & T 15 W
gfauTrET 3R 15 AYHE UFAHTRIET: & qarTete 3T & HIsgH I Jofud farar 7t |
U T A UTARTS TRUTHT BT TN FReh HISIER AU DI YHTIHTRAT B TGRId
foram| ofd &, sream 7 iR & T Feh ol & AT IR vl &, 3R AYFe! IR UeeH,
A 3nam, It AT 3R A S 3 forg I fFAfgard§ R yeerer stemr
g1 39d SHfdad, I8 UIdS & SIHYUM 3R "alHe sy & fae wuifad fexmst o1
IR TRdd Il ¢ | 39 P & (T5hY SH@RIA & alg ;R &1 fUfd F IR o Hgaquf
TSR TRdd HRd & IR AYHE! TR T T SRR B! UGS 1 UgaH HR- H Hag
TR Thd 7| 39 Hfalkad, 39 AR F st B! AyRg TR @R st F fu Suged
AT (O, HeeH Sfrffea) fawm R o= & forg srufverd amT ST 8|

Vii
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