International Journal of Medical Science in Clinical Research & Review
Online ISSN: 2581-8945
Available Online at https://ijmscrr.in/ Volume 9|Issue 05 (September-October) [2026|Page:1201-1217

Open Access
Original Research Paper

Higher-Order Generalized Four-Recurrent Finsler Geometry: A
Theoretical Framework with Potential Applications in Biomedical Imaging

Authors:
Alzamka M.A. Almabruk®, Adel Mohammed Ali Al-Qashbari **, Mustafa Ayesh Al-dhaheri?®
Nasr Kaid Ali Al-Audi®, Fahmi Ahmed Mothana AL-ssallal*
'Department of Labor Medicine, Omar Al-Mukhtar University, Faculty of Health Sciences, Box 919, Al-Bayda, Libya
2Department of Mathematic, Faculty of Education-Aden, University of Aden, Aden, Yemen.
*Department of Biomedical Engineering, Faculty of Engineering and Computing, University of Science
and Technology, Aden, Yemen.
*Department of Mathematic, Faculty of Education, University of Adalia, Yemen.
Corresponding Author:
Adel Mohammed Ali Al-Qashbari, Department of Mathematic, Faculty of Education-Aden, University of Aden,
Aden, Yemen. Email: adel.math.edu@aden.net
DOI: https://doi.org/10.5281/zenodo.22308289

Acrticle Received: 02 August 2026, Accepted: 27 August 2026, Online First: 05 September 2026

ABSTRACT

This study develops a theoretical framework for generalized four-recurrent Finsler spaces based on higher-order
Cartan horizontal covariant derivatives. The work establishes mathematical relationships among Weyl's projective
curvature tensor, Cartan curvature tensors, Berwald curvature tensor, Ricci tensors, torsion tensors, and deviation
tensors. Several characterization theorems and necessary and sufficient conditions for higher-order recurrence are
derived, providing additional structural constraints on the behavior and stability of curvature in Finsler manifolds.
Particular attention is given to the ability of Finsler geometry to represent direction-dependent and anisotropic
structures, which are relevant to several biomedical engineering problems. From a biomedical perspective, the
proposed mathematical framework may provide a theoretical basis for representing anisotropic structures encountered
in diffusion-based medical imaging, neural fiber organization, vascular architecture, and biomechanical tissue
modeling. However, the present study is theoretical and does not include patient data, clinical imaging datasets, or
experimental validation. The biomedical relevance presented in this work should therefore be interpreted as a potential
application framework rather than as a demonstrated clinical or diagnostic application. Future studies will be required
to implement the proposed geometric formulation on real biomedical imaging datasets and evaluate its computational
and clinical utility.
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INTRODUCTION component of the representation of tissue

Biomedical structures frequently exhibit direction-
dependent and spatially heterogeneous properties.
Examples include the organization of neural fibers,
vascular networks, muscle fibers, and diffusion
patterns within biological tissues. Conventional
isotropic geometric models may not adequately
represent such directional characteristics. Finsler
geometry provides a mathematical generalization of
Riemannian geometry in which the metric depends not
only on position but also on direction, making it
potentially suitable for the mathematical representation
of anisotropic biological structures.

In biomedical imaging, particularly diffusion-based
imaging, directional information is an important

microstructure. Similarly, geometric descriptions of
neural pathways, vascular structures, and
biomechanical tissues may benefit from mathematical
models capable of incorporating  directional
dependence. These observations provide a conceptual
motivation  for investigating  Finsler-geometric
methods in biomedical engineering.

However, the present investigation does not directly
analyze clinical or experimental biomedical data.
Rather, it develops a higher-order mathematical
framework that may subsequently be adapted to
biomedical applications in which anisotropy and
curvature play important roles. The biomedical
component of this study is therefore intended to
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establish the theoretical relevance and possible
translational direction of the mathematical results
rather than to demonstrate a validated biomedical
application.

Previous studies have extensively investigated
recurrent and higher-order curvature structures in
Finsler geometry. Abu-Donia et al. (2020) examined
curvature properties associated with the WW-curvature
tensor in relativistic space-times, while Ahsan and Ali
(2016) investigated curvature tensors in the context of
general relativity. Within Finsler geometry, Al-
Qashbari and co-authors have contributed to the study
of recurrent and higher-order recurrent structures.
Abdallah, Al-Qashbari, and Al-ssallal (2024)
investigated higher-order generalizations of special
curvature tensors on recurrent Finsler structures. Al-
Qashbari et al. (2024) examined generalized BK-
recurrent Finsler spaces and related recurrent
structures, while other studies have considered
generalized birecurrent Finsler spaces and mixed
covariant derivatives in the sense of Cartan. Earlier
work by Al-Qashbari (2020) on second-order
generalized curvature tensors and Misra et al. (2014)
on higher-order recurrent Finsler spaces involving
Berwald  curvature  further  established  the
mathematical basis for higher-order recurrence.
Goswami (2017) provided a broader review of special
Finsler spaces and their curvature-based properties.
Despite these developments, the relationships among
higher-order generalized four-recurrent structures and
the associated Weyl, Cartan, Berwald, Ricci, torsion,
and deviation tensors remain an area requiring further
mathematical characterization. The present study
addresses this gap by deriving higher-order tensorial
relationships and necessary-and-sufficient
characterization conditions within generalized four-
recurrent Finsler spaces. The study additionally
discusses the potential relevance of these geometric
structures to anisotropic  biomedical  systems,
particularly biomedical imaging, while recognizing
that such applications remain theoretical and require
future computational and experimental validation.

Aim of the Study

The primary aim of this study is to develop and
mathematically characterize higher-order generalized
four-recurrent Finsler spaces using Cartan covariant
derivatives. The study specifically seeks to:

1. derive higher-order covariant relationships
involving Weyl's projective curvature tensor
and Cartan curvature tensors;

2. establish relationships among curvature, Ricci,
torsion, Berwald, and deviation tensors;

3. formulate necessary and sufficient conditions
for higher-order recurrence;

4. examine the mathematical implications of
curvature stability within generalized four-
recurrent Finsler spaces; and

5. establish the potential relevance of the
proposed framework to anisotropic biomedical
structures, particularly diffusion-based
medical imaging, neural fiber organization,
vascular architecture, and biomechanical tissue
modeling.

The fifth objective is theoretical and does not represent
experimental or clinical validation.

Mathematical Methodology

Study Design

This study is a theoretical investigation based on
differential and Finsler geometry. The analysis does
not involve human participants, patient records,
biological specimens, or clinical imaging datasets. The
mathematical results are derived using established
definitions, tensorial identities, higher-order Cartan
covariant derivatives, tensor contractions, and
algebraic manipulations within generalized four-
recurrent Finsler spaces.

Mathematical Framework

The study is formulated within the framework of
Finsler geometry equipped with the Cartan connection.
Higher-order horizontal covariant derivatives are
applied to the relevant curvature and associated
tensors. The analysis focuses on relationships among
Weyl's projective curvature tensor, Cartan curvature
tensors, Berwald curvature tensor, Ricci tensors,
torsion tensors, and deviation tensors under
generalized four-recurrence conditions.

Derivation and Verification Strategy

The principal results are obtained through covariant
differentiation, tensor contraction (transvection),
substitution, and application of previously established
identities. The characterization theorems are derived
from the defining generalized four-recurrence
conditions and the fundamental identities associated
with the Cartan connection. Necessary and sufficient
conditions are stated where both implications are
established by the corresponding derivations.

Biomedical Relevance and Potential Applications
The mathematical framework developed in this study
has potential relevance to biomedical engineering
because several Dbiological structures exhibit
anisotropic and direction-dependent organization. The
principal advantage of the Finsler formulation is its
ability to incorporate directional dependence into the
underlying metric structure.

One important development in this direction has been
done by Abu-Donia et al. (2020) which studied the
behavior of the curvature in spacetime in the context of
relativistic space-times in which the w-curvature
tensor is studied. Ahsan and Ali (2016) extended this
research by considering the curvature tensor of space-
time in general relativity, providing a more in-depth
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analysis of the relationship between geometry and
physics. These studies have been of great help to our
understanding of curvature in non-constant curvature
spaces. Al-Qashbari and his co-authors have
significantly contributed to the study of four recurrent
structures and higher order generalizations in the field
of Finsler spaces. Abdallah, Al-Qashbari and Al-ssallal
(2024) investigated the higher order generalizations of
special curvature tensors on recurrent Finsler
structures. In a similar manner, Al-Qashbari et al.
(2024) explored generalized BK-recurrent Finsler
spaces, a class of spaces with recurrent properties that
have been studied in other contexts and which play a
role in the understanding of the complex geometric
structures. Further, the generalized birecurrent Finsler
spaces studied by Al-Qashbari et al. (2024) have given
a deeper understanding of the geometric features

Two vectors y; and y* meet the following conditions
Q) yi=9i5Y
d) girf =
The quantities g;; and gY are related by

: 1, if i=k
o glk =6k = ’ ’
) 9497 =0 {o, if %k

=gy; and e) g’ 5‘ =gt

b) gl =0 and ¢) g, =0

Tensor Cjjy, is known as (h)hv-torsion tensor defined by

a) Cijx =

b) yiy'=F*, ¢) &yl =y*

1 . . . .
Zalajak FZ , b) Cp = Cilp and C) Cij

related to the mixed covariant derivatives in the sense
of Cartan. Pursuing the studies of Al-Qashbari (2020)
on second-order generalized curvature tensors, and
Misra et al. (2014) on higher-order recurrent Finsler
space with Berwald's curvature tensor, the influence of
curvature and geometric structure in higher-
dimensional Finsler space is broadened. The
systematic review conducted by Goswami (2017) on
several special Finsler spaces has also added to this
rich collection of knowledge, providing a means to
researchers to explore the variety of curvature-based
properties in Finsler geometry. In this paper, the
present author tries to further these investigations, with
a special emphasis on generalized curvature tensors in
Finsler spaces, and their connection with the recurrent
properties and higher order generalizations of Finsler
spaces.

(1.1)

(1.2)

= 9ir Gl - (L3)

The vector y* and metric function F are vanished identically for Cartan’s covariant derivative.

a) Fp=0 and b) yf, =0

(1.4)

Tensor ]kh,torsion tensor j‘}c and deviation tensor W-i are defined by:

i

Wi

- (nHk+Hk]+y aHkr),

(nz 1)
e = Hjy +a +1)H[]k] +2{ (nz ) —(nHg =y Higr)}
Wi=H -HS§ - o +1) (0, H] — 0;H) y*, respectively.

The tensors jl}m ,and lek satisfy the following identities

a) ]/Vjéchyj=wkih . b) Wiy =wi

i _ i
¢) Wi =Wy and d) gy Wip = Wyjp

. 2 .
ikn = Hjlkh + (n_,_l)H[hk] + (n+1)a Higeny + ( D (n Hjp, + Hyj + y"0;Hp,.)

(1.5)

(1.6)

(1.7)

(1.8)

Also, if we suppose that the tensor Wji and W, satisfy the following identities

a) Wiyk=0,
d) g Wy =w and e) W, y*=0.

b) Wi=0, ¢ gyW =W,

(1.9)

Cartan’s third curvature tensor R}kh , Ricci tensor Rjy, , Hl, , the vector H, and scalar curvature H are defined as
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a) R jkh = Fh}k + (17} Lik )G, + Cjim(Gi?ilz Gt Gi) + T Ly —k/h , D) R}kh v/ =Hpy |
©) Ryxy/=H, ., d)Rypy*"=R; , € RI=R, f) guRhn=Rjun .
9 g*Ry =R, h) g*Ri, =R, , ) Riy=Ry ., t) Hiy'=H =(n—-1H,
DHiny*=Hy . K Hig =Hy , D Hjy=Hy and m) Hfyp = Hp — Hen . (1.10)
The Cartan’s 4" curvature tensor K]kh, the Ricci tensor Ky, the vector Ky, and the scalar curvature K are defined as
follows
a) Kjikh-gir =Kejkn + b) Ky =He , ©) Kypy =K
d) gijjk =K , e ]kl =Ky , f) g’* K ]kh =Ki . 9 Hjikh = ]l:kh + ys(angkh) , and
h) Hjin = Kjin = (Pfign + PPin — h/k) . (1.11)
2. Preliminaries
We introduced the generalized by Cartan’s covariant derivative for Wely’s projective curvature tensor Wjﬁch was
given by
Wﬁchu = /11le}<h + lll(5ii19jk - 51igjh) - (2.1)
A Finsler space F, which the curvature tensor le}ch satisfies the condition (2.1) is referred to as a generalized W, —
recurrent space and denoted by G W), — RE,.
Where |1 is called h-covariant derivative of order one with respect to x!.
By taking the h-covariant derivative of (2.1), with respect to x™, and applying equations (2.1) and (1.2c), we obtain
Wiiniiim = @m Wicn + bim (839 — 8k9jn) - (2.2)
Where |I|m are called h — covariant derivative of second-orders with respect to x! and x™, respectively, and
Am = Ay + Amdiand by, = Wy + Ay are non-zero covariant tensors field of second order, respectively.
A Finsler space F, which the curvature tensor jl}ch satisfies the condition (2.2) is referred to as a generalized W, —
Birecurrent space and denoted by G W, — BRE, .
By taking the h-covariant derivative of (2.2), with respect to x™, and applying equations (2.1) and (1.2c), we obtain
Wienitimin = ComnWiien + dimn (8595 — 6kgjn) - (2.3)
Where |l|m|n are called h-covariant derivative of third-orders with respect to x!, x™ and x™, respectively, and
Cimn = Amin + Amidn AN dimp = Qs + by, are non-zero covariant tensors field of third order, respectively.
A Finsler space F, which the curvature tensor Wj‘}(h satisfies the condition (2.3) is referred to as a generalized W, —
Trirecurrent space and denoted by G W, — TRF, .
By taking the h-covariant derivative of (2.3), with respect to x*, and applying equations (2.1) and (1.2c), we obtain
]kh|z|m|n|s = e1mnsWiin + fumns(8h9ji — 6LGjn) - (2.4)
Where |I|m|n|s are called h-covariant derivative of fourth-orders with respect to x!, x™, x™ and x*, respectively,
and eymns = Cimn|s + Cimnds ANd fimns = Cimntts + dimn|s are non-zero covariant tensors field of third order,
respectively.
A Finsler space F, which the curvature tensor jl}{h satisfies the condition (2.4) is referred to as a generalized W, —

Four — recurrent space and denoted by GW,;, — FRE, .
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Al-Qashbariand AL-ssallal studied generalization of Weyl's projective curvature tensor in Finsler spaces by: A Study
on generalized W-recurrent, Birecurrent, and Ricci Tensors using Cartan’s first and second order derivatives in Finsler
space which characterized by the condition:

Wi = 2Wien + (84 9k — 6kgjn) + i)’z(Wﬁgjk —Wigjn) - (2.5)
where A,,,, U, and y,, are non-zero covariant vectors of first order.
A Finsler space F, which the Wely’s projective curvature tensor Wj‘}m satisfies the condition (2.5) is referred to as a
generalization generalized W), — recurrent space and denoted by G Z"dW| n— RE,.
3. Exploring the Relationship Between Weyl’s Curvature Tensor and

Cartan’s Third Curvature Tensor in Finsler Geometry

Finsler geometry, which extends the concepts of Riemannian geometry, offers a robust framework for modeling
a diverse range of physical phenomena. Within Finsler spaces, the curvature properties of the space are described by
various curvature tensors, with Weyl’s and Cartan’s third curvature tensors being of particular significance. While the
individual geometric and physical implications of these tensors have been widely studied, the connection between
them has not been fully explored and remains an area of active research.
This paper aims to examine the relationship between Weyl’s curvature tensor and Cartan’s third curvature tensor
within the context of Finsler spaces. By analyzing their algebraic and geometric properties, we aim to derive new
identities and inequalities that connect these two fundamental tensors. The results of this study are expected to
enhance our understanding of the curvature structure of Finsler spaces and offer new insights into their potential
applications, particularly in gravitational theories and cosmology.
Some properties of Wj‘}(h curvature tensor was proposed by Ahsan and Ali [3],[4] in (2014). For (n=4) a
Riemannian space, it is known that Cartan’s third curvature tensor R}kh and Wely’s projective curvature tensor ﬁch
are connected by the formula

Wjien = Rjn + % (8kRjn — 9jiR}) - (3.1)
By taking the covariant derivative of (3.1), with respcet to x™, x!, x™ and x* , respectively, in the sense of Cartan and

using (1.2c), we get
(3.2)

Wiknitpminis = Rienjtminis +§(5£th - gijiil)|l|m|n|s :
By substituting equations (3.4) in [8] and (3.1) in to (3.2), we obtain:
Rixnitiminis = @imnsRixn + Bunns (859 jx — 6kgjn) + Ximns(Wigjx — Wigjn)
+vlmn(Wf£|sgjk - Wki|sgjh) + %wlms(wfimgjk - Wki|ngjh)
+iclm(Wi£|n|sgjk ~ Wiinis9jn) + %plns(thmgjk ~ Wiim8jn)
+inln(Wff|m|sgjk - Wkilm|sgjh) + %Tls(Wfilmlngjk — Wki|m|n9jh)
+ %Vl(Wff|m|n|sgjk - WI£|m|n|sgjh) + gazmns(&ith — gjkR})
- % (8kRin — gjiRE)

This demonstrates that

(3.3)

|tIm|nls’

R]lkhlllmlnls = almnsR}kh + ﬁlmns(6ligjk - 5licgjh) + lens(W}i.gjk - Wlégjh)
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. . 1 . .
+Ulmn(Wf§|sgjk - Wkl|sgjh) + Zwlms(wlhngjk - Wli|ngjh)
1 ) ) 1 ) .
+Zczm(Wﬁ|n|sgjk ~ Winis9jn) + Zplns(Wi:|mgjk ~ Wiimdjn)

1 . . 1 . .
+;771n(Wﬁ|m|sgjk ~ Wm)s9jn) + ;Tzs(Wrﬁmmgjk ~ Wijmindjn)

L . .
+;V1(Wﬁ|m|n|sgjk — Wiminjs9in) - (3.4)
If and only if
(8kRjn — gf"R’il)|1|m|n|s = Qumns(8kRjn — 9jiRE) - 3.5

Therefore, the proof of theorem is completed, we can say

Theorem 3.1. In the context of GZ”deh — FRE, , Cartan’s 3" curvature tensor R}kh defines a generalized four-
recurrent Finsler space if and only if the tensor (6,@ Rin — gjk R;l) is a generalized four-recurrent Finsler space.

By transvecting condition (3.3) with y/, and utilizing equations (1.1a), (1.4b), (1.10b) and (1.10c), we obtain the

following result
Hlihlllmlnls = AmnsHin + Bunns(8hYk — 6iYn) + Xomns(Wiy — Wiiyn)
+ Vimn (Whs¥ie = Wikjsyn) + %wlms(wﬁm}’k ~ Wiindn) + %plns(WihmYk ~ Wijm¥n)
+%Clm(Wf£|n|s)"k - Wki|n|s3’h) + %nln(wiilmwyk - Wki|m|syh) + %azmns(&iHh — YkR}:)
+irls(Wfi|m|nYR — WiiminYn) + iyl(wii|m|n|syk - Wkilmln|syh)
=5 (O = YeRE), s - (3.6)
This demonstrates that
Hinpuiminis = @imnsHen + Bunns(ShYie — 8kvn) + Xumns Wiy — Wiyn)
Himn (Wiisi = Wijsyn) + iwlms(Wihnyk ~ Winyn) + %Pzns(Wrﬂm}’k ~ Wiim¥n)
+iclm(Wf£|n|syk ~ Wiinis¥n) + inln(WfilmBYk ~ Wjmis¥n)
+%TZS(Wfflm|nyk ~ WipminYn) + %YZ(Wiihnlmsyk ~ Wipminis¥n) 3.7
If and only if
(SliHh - YRR;;)

Therefore, the proof of theorem is completed, we conclude

[llm|n]|s = almns(alchh - ykall) : (3.8)
Theorem 3.2. In the context of G>"*R;, — FRF, , the h —covariant derivative of fourth-orders for the torsion tensor

H_, defines a generalized four-recurrent Finsler space if and only if (3.8) is satisfied.
By transvecting condition (3.6) with y*, and applying relations (1.1b), (1.1c), (1.4a), (1.4b), (1.9a) and (1.10j), we
obtain the following result

Hiil|l|m|n|s = ApmnsHp + Bomns (55 F2 = Y'Yn) + XumnsWhF? + vlmn(thst)

+iwlms(W}£|nF2) + %plns(Wiilsz) + %Clm(Wiilnlst) + %nln(wfhmlst)

+ %Tls(Wfilmlan) + %Vz(Wfi|m|n|sF2) - % (y'Hy, — FZRfil)|l|m|n|s
+ 3 Cimns (V' Hp — F2R}). (3.9)

This demonstrates that
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Hii1|l|m|n|s = almnsHiil + ﬁlmns((siile - yiyh) +lensW}£F2 + vlmn(WiilsFZ)
1 i 1 i 1 i 1 i
+Z(‘)lms(Wii|nF2) + Zplns(Wﬁlsz) + chm(WIilnlst) + ann(Wiilmlst)
1 i 1 i
+2 Ts(WapmmF?) + 31 (WapmpmisF?) - (3.10)
If and only if

(V'Hn = F2RR),aings = @imns (Y Hp = F2R}) - (3.11)
Therefore, the proof of theorem is completed, we can say

Theorem 3.3. In the context of GZ”deh — FRE, , the h —covariant derivative of fourth-order for the deviation

tensor H} represents a generalized four-recurrent Finsler space if and only if the condition in equation (3.11) is

satisfied.
By contracting the indices iand h in equations (3.6) and (3.9), respectively and utilizing equations (1.2a), (1.1a),
(1.1b), (1.4a), (1.10k), (1.10t), and (1.9b), we obtain the following result:

Hyjiminis = @mnsHie + (0 = D)BrmnsYie = Xomns Wiy ) = Vimn(Wikisyi )

_iwlms(WIém%) - iplns( Wim¥i) — iclm(WkiInIS:)’i) - %nln(Wki|m|syi)

- %Tls(wki|m|nyi) - %Vl(Wkilmlmsyi) + %almns(Hk — ykR) — % (Hi = YeRjypmmis - (3:12)
This demonstrates that

Hyjiiminis = @mnsHic + (0 = 1)Bunns Yic = Ximns(Wiyi ) = Vima(Wiijs¥i )

_iwlms(Wkiln.Vi) - iplns( Wkilmyi) - iclm(Wkilmsyi) - %nln(WIélmls}Ii)

1 i 1 i
- ZTZS(WIcl|m|nYi) - Zyl(Wlé|m|n|syi) . (313)
If and only if
(Hk - ykR)lllmInls = almns(Hk - ykR) : (3-14)
And
Hlllmlnls = AympsH + (n — 1)ﬁlmnsF2
1 1
—§(3H _FZR)|l|m|TL|S +§a1mns(3H —FZR) . (415)
This demonstrates that
H|l|m|n|s = AymnsH + (n — 1)ﬁlmnsF2 . (3.16)
If and only if
1
(3H - FZR)|l|m|n|S = Ealmns(3H — FZR) . (317)

Therefore, the proof of theorem is completed, we can say

Theorem 3.4. In the context of G2"¢ Ry, — FRF,, the h —covariant derivative of fourth-orders for the vector Hj and
scalar H are defined in equations (3.13) and (3.16) in [8], respectively, provided that the conditions (3.14) and (3.17)
in [8] are satisfied.

By contracting the indices iand h in equation (4.3) and utilizing equations (1.1d), (1.1b), (1.10i), (1.10e), (1.9d) and

(1.9b), we obtain the following result:

1
Rjk|l|m|n|s = almnstk + (- 1).Blmnsgjk + lensVij - vlmnVij|s - Zwlmsvvjkm

1 1 1 1 1
2 Clmw/jk|n|s + Zplnsw/jklm - annw/jklmls + Zrlsw/jk|m|n - Zyl M/jk|m|n|s
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+§almns(Rjk - gij) _i(Rjk - gij)

This demonstrates that

(3.18)

|tIm|ns’

1
Rjk|l|m|n|s = almnstk + (- 1).Blmnsgjk + lensVij - vlmnVij|s - Zwlmsvvjldn

1 1 1 1 1
- chmw/jklnls + Zplnsw/jldm - annw/jklmls + ZTlsw/jklmln - ZVIM/}'k|m|n|s : (3-19)
If and only if

In conclusion the proof of theorem is completed, we can say

Theorem 3.5. In the context of GZ”deh — FRE, , the h —covariant derivative of fourth-orders for R-Ricci tensor R
is defined in equation (4.19), provided that the condition (3.20) is satisfied.

By transvecting condition (3.18) with y*, and applying relations (1.1a), (1.1c), (1.4b), (1.9¢) and (1.10d), we obtain
the following result

1 1
Rj|l|m|n|s = ymnsRj + (n— 1)ﬂlmns3’j + galmns(Rj - }’jR) - E(Rj - ij)llImlnls' (3.21)
This demonstrates that
Rijiimin|s = XimnsRj + (n = 1) Bimnsy; - (3.22)
If and only if
(R - yfR)|z|m|n|s = aymns(R; — YiR) . (3.23)

By transvecting conditions (3.3) and (3.18) with g/*, respectively, and applying relations (1.2a), (1.2b), (1.9d),
(1.10g), and (1.10h), we obtain:

Rhjtimints = @imnsRh + (0 = DBimnsSh + (0 = D XumnsWit + (0 = DvimnWis

+ i (n — Dwyms Wi, + % (n — DepmWipngs + i (n = DpinsWitm + % (n — D0 Wijmys

+ i (n = D Wijmyn + i (n = DY Wijmings + % (1 = 1) @pmnsRh — % (1 = WRAympms - (3.24)
This demonstrates that

Rijtimints = ®imnsRh + (0 = DBumnsh + (0 = D XumnsWi + (0 = DvimnWis

1 i 1 i 1 i 1 i
+ Zwlms(n - 1)W}§|n + chm(n - 1)Wii|n|s + Zplns(n - l)Wihm + 2 (n— l)nanfi|m|s

1 i 1 i
+ Z (n - 1)Tlsti|m|n + Z (Tl - 1)YIW£|m|Tl|S . (325)
If and only if
(R;l)|l|m|n|s = almnsR}il . (326)

And
R|l|m|n|s = UmnsR + (M = DBimnsn + (0 — DYimpsW + (0 — Vv Wi

1 1 1 1
+ 7 (n— 1)(‘)lmsVVm + " (n— 1)ClmVV|n|s + z (n— 1)plnsVV|m + : (n— 1)nan|/|m|s
1 1 1 1
+ 7 (n— 1)TZSVV|m|n + Py (n— 1)Vl]/V|m|n|s + 3 (1 - Waymnsk — 3 ((1 - n)R)IlImInIS . (3.27)
This demonstrates that
R|l|m|n|s = AynnsR + (0 = D) Bimnsn + (0 — D)X imnsW + (n — 1)UlmnVV|s

1 1 1 1
+ Py (n— 1)(‘UlmsVVm + z (n— 1)ClmVV|n|s + 2 (n = DpiasWi, + 2 (n— 1)nanV|m|s
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+ % (n = DsWipp + % = DyiWinns - (3.28)
If and only if

(R)ifminys = %imns R - (3.29)
In conclusion the proof of theorem is completed, we can say

Theorem 3.6. In the context of GZ"deh — FRE, , the h —covariant derivative of fourth-orders for vector R;, the

projective deviation tensor R}, and scalar R are defined in equations (3.22), (3.25) and (3.28), respectively, provided
that the conditions (3.23), (3.26) and (3.29), are satisfied.
By transvecting condition (3.3) by g;,., and applying relations (1.1d), (1.2c), (1.9c) and (1.10f), we obtain

Rrjkh|l|m|n|s = almnerjkh + .Blmns(grhgjk - grkgjh) + lens(thgjk - ergjh)
1
FVimn (Wenisg ik = Wris9jn) + ;wlms(thmgjk ~ Wrkn9jn)
1 1
+ ;Clm(th|n|sgjk — Wikmis9jn) + ;Pzns(Wrmmgjk —~ Wyeim9jn)
1 1
+ann(th|m|sgjk - erlmlsgjh) + ZTls(thImlngjk - erlmlngjh)
1 1
+Zyl(th|m|n|sgjk - er|m|n|sgjh) + galmns(grkth - gijrh)

1
—35 (9rkRin = GjicRrn) (3.30)

lljmIn|s
This demonstrates that
Ry jknitiminis = XimnsRrjin + Bimns(Grngje — 9regjn) + Ximns Wrngje — Wrredjn)
1
+ Vimn (Wyns9jie = Weijsin) + ;wzms(Wranjk ~ Wyieindijn)
1 1
+ chm(th|n|sgjk ~ Wrenisgjn) + Zplns(thlmgjk ~ Wykjm9ijn)
1 1
+ann(th|m|sgjk ~ Wyims9jn) + ;Tzs(th|m|n9jk ~ Wrieiminjn)

1 1
+ZYI(thIm|n|sgjk - er|m|n|sgjh) + galmns(grkth - gijrh)

1
=3 (rRin = R,y (3.31)
If and only if
(grkth - gijrh)lllmlnls = almns(grkth - gijrh) : (3-32)

Therefore, the proof of theorem is completed, we can say

Theorem 3.7. In the context of GZ"deh — FRE, , the h-covariant derivative of fourth-orders for associate tensor
Ry jkn (Cartan’s 3™ curvature tensor R}kh) represents a generalized four-recurrent Finsler space, if and only if the
condition (3.32), is satisfied.

It is known that Cartan’s 3" curvature tensor }kh and Cartan’s 4" curvature tensor i are connected by the formula
By taking the h — covariant derivative of (3.33), with respcet to x!, x™, x™ and x*, respectively, we obtain:
i _ i i P
Rjkh|l|m|n|s — Mjkh|llm|n|s + (lekah)lllmlnIS : (3-34)
By substituting equations (3.3) and (3.33) in to (3.34), we obtain:

I(}'ikh|l|m|n|s = almnsKjikh + .Blmns(aiilgjk - 6Iigjh) + lens(Wiigjk - Wkigjh)
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. . 1 . . .
+ Ulmn(Wihsgjk - Wlé|s-gjh) + Zwlms(wlhngjk - Wli|ngjh) + almns(CijH]fh

1 . . 1 . . .
+chm(Wf:|n|sgjk - Wkllnlsgjh) + Zplns(Wihmgjk - Wli|mgjh) - (lepH]z()h)

[llm|n|s
+%r]ln(Wfi|m|sgjk - Wkilm|sgjh) + iTls(Wiilmlngjk - Wkilmlngjh)
+ iyl(thmlmsgjk - ka|m|n|sgjh) + %almns(&ith — gjkR})
—(6iRn—g JIL I (3.35)

This demonstrates that
Kjikh|l|m|n|s = almnsKjikh + ﬁlmns(5iilgjk - 51igjh) + lens(ergjk - Wkigjh)
+ Ulmn(Whi|sgjk - ka|sgjh) + iwlms(wiimgjk - WI£|ngjh)
+iclm(wi£|n|sgjk — Wyinis9jn) + %plns(thmgjk - Wki|mgjh)

L . . L . .
+;mn(Wﬁ|m|sgjk — Wiimisjn) + ;Tzs(Wﬁ|m|ngjk — Wyimindjn)

+ 2t (Wiktminis G = Wiminisdjn) (3.36)
If and only if

(6kRin — gij;L)Illmlnls = Aymns(BkRin — gk R}). (3.37)
and

(CoHin) s = Fimns (CipHin (3.38)

Therefore, the proof of theorem is completed, we can say

Theorem 3.8. In the context of GZ”deh — FRE,, Cartan’s 4" curvature tensor Kkh defines a generalized four-
recurrent Finsler space if and only if the tensors (8;R;, — g;xR};,) and (C/,Hy,) are a generalized four-recurrent
Finsler space.

By contracting the indices iand h in equation (3.35) and utilizing equations (1.1d), (1.1b), (1.10e), (1.11e), (1.9c)
and (1.9b), we obtain the following result:

1
Kikjiiminis = @mnsKjx + Bimns(m — 1) gjx + XimnsWik = VimnWiks — ZwlmsVijln

1 1 1 1 1
- chmVij|n|s + ZplnsVij|m - annm/jk|m|s + ZTlsVij|m|n - Zylm/jklmlnls

1 1 p
This demonstrates that
1
Kikliiminis = @mnsKjx + Bimns(m — 1) gjx + XimnsWik = VimnWiks — ZwlmsVijln
1 1 1 1 1
=2 CmWikinis + 5 PinsWiieim = 3MmWikimis + 3 TsWikimin = 3YWikiminis - (3.40)
If and only if
(Rjx — gij)Illmlnls = aimns(Rjx — gjkR) - (341)
and
i P
( jp kl lLiminls “lmns(CijHki) . (4.42)

By transvecting condition (3.39) with y*, and applying relations (1.1a), (1.1c), (1.4b), (1.9a), (1.9¢e), (1.11c) and
(1.10d), we obtain the following result

1
Kj|l|m|n|s = almnsKj + .Blmns(n - 1)3’] + galmns(R ij) ( yJR)|l|m|n|s
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+ almns(CjipHip) - (CjipHip llm|n|s * (3.43)

This demonstrates that

Kjlllmlnls = almnsKj +(n— 1)ﬁlmns3/j- (3.44)
If and only if
and
P P B -
(CipH; )|l|m|n|s = Qimns (CipH}) - (3.46)

Therefore, the proof of theorem is completed, we conclude
Theorem 3.9. In the context of G anth — FRE, , the h-covariant derivative of fourth-orders for the K-Ricci tensor
Kj, and curvature vector K; are defined in equations (3.40) and (3.44), respectively, provided that the conditions
(3.41), (3.42), (3.45) and (3.46) are satisfied.
By transvecting conditions (3.35) and (3.39) with g/¥, respectively, and applying relations (1.2a), (1.2b), (1.9d),
(1.11d) and (1.11f), we obtain:

Kfillllm|n|s = almnstiz +(n- 1)ﬂlmns5fil + (- 1)lenstl; + (- l)vlmnwiils

1 i 1 i 1 i 1 i
+ 2 (Tl - 1)wlmsti|n + 4 (n - 1)ClmWii|n|s + 4 (n - 1)PlnsW};|m + 4 (Tl - 1)nan}i|m|s

1 i 1 i 1 i i
+ 4 (Tl - 1)TlsW}i|m|n + 4 (n - 1)YIW}§|m|n|s + 3 (1 - n)almnsR;l + almnsg]k(CijH]Izh

1 i i i P
=3 =) Ruyminis = 9 (CoHicn), gt (3.47)
This demonstrates that
Kfil|l|m|n|s = almnsKiil + (Tl - 1)Blmn56ii1 + (n - 1)lensWil; + (Tl - 1)vlmnWi£|s

1 i 1 i 1 - 1 i
+ 2 (n - 1)(‘)lmsWii|n + 2 (n - 1)ClmWii|n|s + 2 (n - l)plnsWiilm + 4 (Tl - l)nan}ilmls

1 i 1 i
+ 4 (Tl - 1)TlSWfi|m|n + 4 (Tl - 1)YIW}i|m|n|s . (348)
If and only if
(Cjilefh)mm'nls = almns(cjip H]zc)h)’ where gjk +#0 . and (3.49)
R;llllmlnls = almnsRiil . (3.50)

And

Kiipmpnis = @umnsK + (0= DnPunns + (0 — D YimasW + (0 — Doy Wi

+3 (0 = DoynsWin + 7 (0 = DeimWings + 5 (0 = Dpins Wi + 7 (0 = D Wi

+3 (0 = VWi + 5 00 = DY Wipns + 5 (1= W) @unsR + @ins g7 (G HY

—3 (A =R s = 9 (CHT) (3.51)
This demonstrates that

K|l|m|n|s = QK + (0 — Dnimns + (1 — DximasW + (n — 1)UlmnVV|s

lmlnls ~

1 1 1 1
+ 1 (n— 1)wlms]/l/m + 2 (n— 1)ClmVV|n|s + z (n— 1)plnsVV|m + z (n— 1)771nV|/|m|s
1 1
+2 (= D1sWi + 2 (0= DyiWinys - (3.52)

If and only if
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(¢, H’I‘)h)|z|m|nls = Qmns (Cly HDY) (3.53)
where g/¥ # 0, and
Riijminis = @imnsR - (3.54)
Therefore, the proof of theorem is completed, we conclude
Theorem 3.10. In the context of GZ”deh — FRE, , the h-covariant derivative of fourth-orders for the projective

deviation tensor K} and scalar K are defined in equations (3.48) and (3.52), respectively, provided that the conditions
(3.49), (3.50), (3.53) and (3.54) are satisfied.

By transvecting condition (3.35) by g;,., and applying relations (1.1d), (1.2c), (1.3c), (1.9c), (1.10f) and (1.11a), we
obtain

Krixniumings = @mnsKrjin + Bimns(9rndje — 9redin) + Ximns Wendje — Wriedjn)
1
Vi (Wenisgik = Wris9jn) + ;wlms(thmgjk ~ Wrkn9jn)
1 1
+ ;sz(th|n|sgjk ~ Wyginis9jn) + zplns(thlmgjk — Wrijm3ijn)
1 1
+ann(th|m|sgjk — Wykmisjn) + ;Tzs(th|m|ngjk — Wykimmdijn)
1 1
+Zyl(th|m|n|sgjk — Wokminis9jn) + gazmns(grkth — 9jkRrn)
1 p
—3 (9rkRin = gijrh)|l|m|n|5 = (CrjpHicn
This demonstrates that

Ky iknitiminls = %imnsKrjin + Bunns(9rndje — 9rc9jn) + Ximns(Wengjic = Wik djn)

+ Qs (CrjpHier) - (3.55)

[llm|n|s

1
+ Vinn WrnisGjic = Wriis9jn) + ;wzms(Wrmngjk — Wykindjn)
1 1
+ ;Clm(th|n|sgjk — Wiknis9jn) + Zplns(Wrmmgjk - er|mgjh)

1 1
+ann(th|m|sgjk —Wkmis9jn) + ZTIS(thlmlngjk ~ Wykjmindijn)

+iyl(th|m|n|sgjk ~ Wijminis9jn) - (3.56)
If and only if

(9riRin — gijrh)lllmlnls = Qmns(GriRin — 9jxRrn) - (3.57)
And

(CT]'PHITc)h)|l|m|n|S = “lmnS(erlefh) - (3.58)

Therefore, the proof of theorem is completed, we can say
Theorem 3.11. In the context of GZ"deh — FRE, , the h —covariant derivative of fourth-orders for the associate

tensor K. jip, (Cartan’s 4™ curvature tensor Kj"kh) represents a generalized four-recurrent Finsler space, if and only if
the condition (3.57) and (3.58) are satisfied.

It is known that Cartan’s 4" curvature tensor ikn @nd Berwald curvature tensor Hjy, are connected by the formula

Hfien = Kjn + ¥"(0,K}er) - (3.59)
By taking the h-covariant derivative of (3.59), with respect to x!, x™, x™ and x*, using (1.4b), we obtain:

Henitimings = Kfenjiimings + Y (0, Kber, ) (3.60)

timin|s *

By substituting equations (3.35) and (3.59) in to (3.60), we obtain:
IJIMSCRR: September-October, 2026 Page | 1212




Hjikhlllm|n|s = AmnsHjn + Bimns (b9 jx — 8£9jn) + Ximns(Wikgji — Wigjn)
+ Vimn (Whis Gk — WiisGjn) + iwlms(Wiimgjk — Wiingjn) + Qmns(Cl,Hp,
+3 i (Wiinis@ik = Wiingsin) + 5 Pimns Wi = Wiimin) = (CjipHIzc)h)|l|m|n|S
+%r]ln(Wfi|m|sgjk - Wkilm|sgjh) + iTls(Wiilmlngjk - Wkilmlngjh)

+ iyl(Wfi|m|n|sgjk — Wiiminisdin) + %azmns(&ith — 9jkRh) = Cimnsy™ (0, Kbyer)
- § (511;th — gkR}) +y"(9,Ken )

This demonstrates that

(3.61)

[llm|n|s [lm|n|s *

Hjikh|l|m|n|s = almnsHjikh + Blmns(&ilgjk - 6Iigjh) + lens(Wiigjk - Wkigjh)
. . 1 . . .
+ vlmn(thsgjk - Wlé|sgjh) + Zwlms(Wihngjk - Wlé|ngjh) + almns(CijHlfh
1 . . 1 . . .
+ 5 n(Wainis9jk = Winis@in) + 3 Pins(Waim8jic = Wimdjn) — (lelefh)|l|m|n|S

L . . L . .
+;mn(Wﬁ|m|sgjk — Wiimisjn) + ;Tzs(Wﬁ|m|ngjk — Wyimindjn)

1 . .
+1V1(er|m|n|sgjk — Wiminis9jn) - (3.62)
If and only if
(Ch kh)“lmlnl lmns(C HE,) . (3.64)
and
(a rkh )|l|m|n|5 lmns(a kh) Where y 0. (365)

Therefore, the proof of theorem is completed, we can say

Theorem 3.12. In the context of GZ”de — FRE, , Berwald curvature tensor Hkh defines a generalized four-

recurrent Finsler space if and only if the tensors (8. R;, — gji RE). (C/,Hey) and (9,KL,,) are a generalized four-
recurrent Finsler space.

By contracting the indices iand h in equation (3.61) and utilizing equations (1.1d), (1.1b), (1.2a), (1.10e), (1.10m),
(1.11e), (1.9c) and (1.9b), we obtain the following result:

1
ijlllmlnls = almnsij + Bimns(n — 1)gjk + lensVl/jk+UlmnVl/jk|s + ZwlmSVleqn
1 1 1 1 1
+chmVij|n|s + Zplnsw/jklm +_nlnM/jk|m|s + _TlsVij|m|n +ZylVij|m|n|s
( ]p kl |l|m|n|s + almnS(Cl Hp) + almns( - g]kR) - almnsyr(a]Krk)

- S — (3
3(R]k g]kR)|l|m|n|S+y (ajKTk)lllmlnls . (366)

This demonstrates that

1
ij|l|m|n|s = almnsij + ﬁlmns(n - 1)gjk + lensw/jk'}'vlmnvvjms + ZwlmsVijm
1 1 1 1 1
+chmVij|n|s + Zplnsw/jklm + annw/jk|m|s + ZTlsVij|m|n + ZVIM/jk|m|n|s : (3-67)
If and only if
p
( jp }a \Liminls almns(ijHki) ) (3.69)
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and
(0,Kx) = Qynns(9,Kpx ) , where y™ # 0. (3.70)

Therefore, the proof of theorem is completed, we can say

[tim|n|s

Theorem 3.13. In the context of GZ”deh — FRE, , Berwald H—Ricci tensor H;; defines a generalized four-recurrent

Finsler space if and only if the tensors (R;; — g;x R ).(C},Hy;) and (9,K;) are a generalized four-recurrent Finsler
space.

By contracting the indices iand j in equation (3.61) and utilizing equations (1.1d), (1.1b), (1.3b), (1.10e), (1.9c) and
(1.101), we obtain the following result:

(Hie = Hewjtpmings = @imns Hue = Hin) + Xomns Whie = Wien) + @imns (CoHEy)

+ Vimnn (Whijs = Wins) + iwlms(thm — Winjn) + %Clm(thlnls — Winynys)

+iplns(th|m — Wienjm) + %nln(th|m|s — Winjmis) + %Tls(thlmIn — Winjmin)

+%V1(th|m|n|s - th|m|n|s) = Amnsy" (0 Kpin) + ¥ (0 Kppn )|l|m|n|s - (CpHifh)”'m'n'S . (371)
This demonstrates that

(Hnie — Hin iimings = @mns(Hue = Hin) + Ximns(Whie — Win)

HVmn (Whigs — Wienis) + iwlms(thm — Winjn) + %Clm(th|n|s — Whnjs)

1 1 1
+Zplns(th|m - th|m) + ann(th|m|s - thlmls) + ZTls(th|m|n - thlmln)

1
+Zyl(th|m|n|s - thlmlnls) . (3.72)
If and only if
(CoHy, minls = Amns(CoHi,) » and (3.73)

(0Krkn )y ppmngs = imns (0Kn), where y7 0. (3.74)
Therefore, the proof of theorem is completed, we can say
Theorem 3.14. In the context of Ganth — FRE, , the tensor (Hy, — Hyp) defines a generalized four-recurrent
Finsler space if and only if the tensors (C,H}),) and (9,KL,;,) are a generalized four-recurrent Finsler space.

By taking the h-covariant derivative of (1.11h), with respect to x!, x™, x™ and x5, respectively, and using (1.4b), we

obtain:

i h

Hjlkhlllm|n|s - Kjlkhlllmlnls = (ij|h + j?cprih Tk (3-75)

)|z|m|n|s '
From the equations (3.35) and (3.61), we get
Hjinitimints ~ Kjinjtminis = @imns (jien = Kicn)
+"(9,Kekn ) — @mnsy" (8Kl i) - (3.76)
By substituting equations (3.76) and (1.11h) in to (3.75), we obtain:

. . h
— i T pi
= Aimns (ij|h + jkPrh - E)

[tlm|n|s

i rpi _h
(ij|h + Pix Prp k)lllmlnls
+ " (9 Krkn ) gy — CimnsY” (9 Krin) - 3.77)

This demonstrates that
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; . n
(lek|h + PPy — <

If and only if

)|l|m|n|s

(ajK;«kh )Illmlnls = almns(ajK;kh) ) Where y‘l" * 0 .

Thus, the proof of theorem is completed, we can say

— i T pi
= (mns (ij|h + PjPrp —

o (3.78)

(3.79)

Theorem 3.15. In GZ”deh — FREF, , the tensor (Pjiklh + P]TkPrih - %) is a generalized four-recurrent Finsler space if

and only if the tensor (61Krikh) is a generalized four-recurrent Finsler space.

DISCUSSION
Biomedical Interpretation of the Mathematical
Findings

The mathematical results obtained in this study
indicate that higher-order recurrence imposes
additional structural constraints on curvature tensors in
generalized Finsler spaces. From a biomedical
engineering perspective, these properties may be
relevant to systems characterized by directional
dependence and spatial anisotropy, including certain
biological structures and diffusion-based imaging
representations.

The direction-dependent nature of the Finsler metric
provides a theoretical framework for representing
anisotropic geometric structures. In this context, the
curvature and recurrence relations developed in the
present study may have potential relevance to the
geometric representation of neural fiber organization,
vascular architecture, and anisotropic tissue structures.
These observations should be interpreted as theoretical
relevance rather than as evidence of a validated
biomedical application. The present study does not use
clinical imaging data or experimentally derived
biomedical measurements. Consequently, the practical
significance of the proposed framework remains to be
established through future computational and
experimental investigations.

LIMITATIONS

The principal limitation of this study is its theoretical
nature. No patient-derived data, diffusion MRI
datasets, histological data, vascular imaging data, or
biomechanical ~ measurements  were  analyzed.
Consequently, the proposed mathematical framework
has not been experimentally or clinically validated.

A second limitation is that the biomedical applications
discussed in this manuscript remain conceptual.
Although Finsler geometry provides a mathematical
framework for representing direction-dependent
structures, the present study does not establish whether
the proposed higher-order recurrence conditions
improve the performance of any specific biomedical
imaging or diagnostic task.

Third, no computational implementation or
guantitative comparison with established Riemannian,
tensor-based, or other geometric imaging approaches
was performed. Therefore, the practical performance,

computational efficiency, stability, and reproducibility
of the proposed framework remain to be determined.
Finally, the translation of the theoretical results into
biomedical applications will require validation using
appropriate real-world datasets and independent
experimental or computational studies.

FUTURE RESEARCH DIRECTIONS

Future research should focus on translating the
theoretical framework developed in this study into
computational applications. An initial step would be to
construct Finsler metrics from real diffusion MRI data
and investigate whether higher-order curvature
information can improve the geometric representation
of anisotropic tissue structures.

The proposed framework could subsequently be
evaluated in neural fiber tractography, vascular
network characterization, biomechanical tissue
modeling, and orientation-sensitive medical image
analysis. These investigations should include
comparisons with conventional Riemannian and
tensor-based approaches using objective measures of
accuracy, stability, computational efficiency, and
reproducibility.

Machine-learning methods may also be investigated to
determine whether higher-order Finsler curvature
descriptors can serve as geometric features for image
classification, segmentation, or other image-analysis
tasks. Such studies should use appropriately validated
datasets and predefined performance measures.
Ultimately, independent computational and
experimental studies using clinically relevant datasets
will be required to determine the practical and clinical
utility of the proposed framework.

CONCLUSION

This study developed a theoretical framework for
higher-order generalized four-recurrent Finsler spaces
using higher-order Cartan covariant differentiation.
The analysis established relationships involving Weyl's
projective curvature tensor, Cartan curvature tensors,
Berwald curvature tensor, Ricci tensors, torsion
tensors, and deviation tensors, together with
corresponding  characterization  conditions  for
generalized higher-order recurrence.

The results contribute to the theoretical development
of recurrent structures in Finsler geometry and provide
a basis for further investigation of higher-order
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curvature relationships. Owing to the direction-
dependent nature of the Finsler metric, the framework
may also have potential relevance to the mathematical
representation of anisotropic structures encountered in
biomedical imaging and biomedical engineering.

The biomedical implications proposed in this study are
theoretical and should not be interpreted as evidence of
clinical or diagnostic  effectiveness.  Future
computational and experimental investigations using
appropriate biomedical datasets will be necessary to
determine whether the proposed geometric framework
offers practical advantages in biomedical image
analysis and related applications.
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