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Heart and Hip Biomechanics: From Improved Understanding of Physiology to Assist in Personalised
Surgical Planning

Dr. Arnab Palit, University of Warwick, Coventry, UK

ABSTRACT

The seminar would cover two following aspects: (a) a detailed description of human heart modelling to understand the physiology of normal
diastolic functions, and (b) a brief overview of the hip joint motion modelling and visualisation to help in intervention planning to reduce
post-surgical complications.

Diastolic heart failure (DHF) with normal systolic pump function has been typically observed in the majority of heart failure (HF) patients.
DHF changes regular diastolic behaviour of left-ventricle (LV), and increases the ventricular wall stress. Therefore, normalisation of
increased LV wall stress is the cornerstone of many existing and new therapeutic treatments. However, information regarding regional
diastolic stress-strain distribution for healthy human LV is extremely limited in the literature. Therefore, estimation of the regional variation
of diastolic stress-strain field in healthy human LVs with the following objectives will be presented: (a) subject-specific in vivo estimation
of passive myocardium properties for heathy myocardium using routine clinical data, and (b) the effect of myocardial fibre orientation
on diastolic mechanics. In this talk, construction of ventricular geometry from magnetic resonance imaging (MRI), implementation of
fibre orientation using a rule based ‘Laplace-Dirichlet-Region growing-Finite element (LDRF)’ algorithm, application of structure-based
orthotropic constitutive law and procedure of FE modelling of cardiac diastole will be demonstrated. A novel method was developed by
combining FE modelling, response surface method (RSM) and genetic algorithm (GA) to identify the passive orthotropic myocardium
properties for healthy human myocardium using routine MRI data. Numerical simulations demonstrating the applicability of the new method
will be shown. Thereafter, it will be explained how this study identified that any pathological remodelling that decreased the amount of
transmural fibre angle led to reduced LV inflation, and therefore, may contribute to the development of DHF with preserved ejection fraction
(HFpEF). The study provided a greater insight into the underlying mechanics of human ventricle during diastole, and therefore, has impacts
on both computational cardiac biomechanics as well as clinical cardiac physiology fields.

Following the presentation of cardiac modelling, translational research on hip joint mechanics will be demonstrated. Prosthetic impingement
(P1) and bony impingement (BI) following total hip arthroplasty (THA), which arises due to the undesirable relative motion of the implants,
results in adverse outcomes such as instability, accelerated wear, pain and dislocations. Identifying subject-specific Pl and Bl information
is critical to plan optimal implant position on native bone geometry. In the later part of the talk, a brief overview of the developed a ‘hip
joint surgical planning tool’ which identifies and visualizes subject-specific Pl and Bl area for both primary and revision surgery, will be
presented. Various example will be shown to highlight the applicability of this tool from assisting in surgical planning to review the reason
for dislocation, which eventually helps surgeons in revision THA. Finally, it will be demonstrated how this tool could potentially be used to
examine the effect of different pre-operative plans and hip motions on Pl, and Bl and to guide bony resection during THA. The seminar
demonstrates the importance of both basic science research through modelling of cardiac biomechanics for greater insight of the physiology
and pathophysiology of human heart during diastole, and the significance of translational research through the hip joint motion modelling in
helping surgeons for improved planning of THA for excellent intermediate to long-term outcome.
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