
Blood Flow and Oxygen Transport in Descending

Branch of Lateral Femoral Circumflex Arteries after

Transfemoral Amputation: ANumerical Study

Fei Yan1,2,3, Wen-Tao Jiang1,*, Rui-Qi Dong1,2, Qing-Yuan Wang1, Yu-Bo Fan4,

Ming Zhang2,†

1Laboratory of Biomechanical Engineering, Department of Applied Mechanics, Sichuan University, Chengdu 610065, China

2Interdisciplinary Division of Biomedical Engineering, The Hong Kong Polytechnic University, Hong Kong, China

3Institute for Disaster Management and Reconstruction (IDMR), Sichuan University –The Hong Kong Polytechnic University,

Chengdu 610065, China

4School of Biological Science and Medical Engineering, Beihang University, Beijing 100191, China

Running title: Numerical Simulation of DLFCAs after Amputation

*Corresponding author: Wen-Tao Jiang

E-mail: scubme@aliyun.com

Address: College of Architecture & Environment, Sichuan University, 24 South

Section 1, Yihuan Road, Chengdu, China, 610065

Tel.: +86-28-85405140; Fax: +86-28-85405140

†Co-corresponding author: Ming Zhang

E-mail: ming.zhang@polyu.edu.hk

Address: Interdisciplinary Division of Biomedical Engineering, The Hong Kong

Polytechnic University, Kowloon, Hong Kong, China

Tel.: +852-27664939; Fax: +852-23342429

This is the Pre-Published Version.
This version of the article has been accepted for publication, after peer review (when applicable) and is subject to Springer Nature’s AM terms of use 
(https://www.springernature.com/gp/open-research/policies/accepted-manuscript-terms), but is not the Version of Record and does not reflect post- 
acceptance improvements, or any corrections. The Version of Record is available online at: http://dx.doi.org/10.1007/s40846-016-0202-4



ABSTRACT

This study investigates atherosclerotic development in the descending branch of the lateral

femoral circumflex artery (DLFCA) after transfemoral amputation and assesses the effects of

blood velocity during exercise on the oxygen transport of the residuum DLFCA. Computational

fluid dynamics models of DLFCAs coupled with oxygen transport in both the residuum and the

sound contralateral limb were established. The profiles for three blood velocity profiles were

applied at the inlet of the residuum DLFCA model. The results show that in comparison with the

sound limb, blood velocity in the residuum DLFCA was higher, the number of

low-wall-shear-stress (WSS) regions was smaller, the Sherwood number for the arterial wall was

smaller, and there were more hypoxia zones. An increase in blood velocity in the residuum

DLFCA resulted in increases in WSS and the Sherwood number and reductions in the numbers of

low-WSS regions and hypoxia zones. The rate of atherosclerosis in the residuum is lower than that

of the sound limb in terms of WSS, whereas the rate of atherosclerosis in the sound limb is lower

than that of the residuum in terms of hypoxia. Overall, both WSS and oxygen transport need to be

considered in order to precisely predict atherosclerosis development in the lower-limb arteries

after amputation. In addition, exercise is beneficial for oxygen transport, with an increase in

oxygen flux to the arterial wall, and is helpful for the prevention and control of atherosclerosis in

the arteries of the residuum.

Keywords: Descending branch of lateral femoral circumflex artery (DLFCA), Oxygen transport,

Wall shear stress (WSS), Blood velocity, Atherosclerosis



1. Introduction

There were 2.26 million amputees in China in 2006, of which 630,000 needed prostheses [1].

After the Wenchuan and Lushan earthquakes, the number of amputees increased considerably [2].

There are a number of health problems related to wearing prostheses. Friction and pressure

result in poor skin micro-circulation and skin problems, such as blisters, edema, and pressure

ulcers [3,4]. Damage to deep soft tissue is attributed to high stress in osteotomized bone ends [5].

Moreover, muscle atrophy of the residuum is very common after amputation [6,7]. These issues

are disruptive to amputees’ daily lives and hinder their clinical rehabilitation, and may even

threaten their physical health. As a consequence, numerous studies have been conducted to

investigate the mechanism of these problems in order to develop possible interventions for

mitigation. For instance, a computational model was employed in the biomechanical analysis at

the interface of a residual limb and a prosthetic socket [8]. It was found that there were different

distributions of stress and strain in different regions of the residual limb, which could be caused by

the biomechanical mechanism of loading transfer. Mak et al. [9] concluded that biomechanical

consideration is required in the design of each component in a prosthesis, so as to improve the

surface biomechanical state of the residual limb. In addition, it has been demonstrated that the

decrease of muscle fibre size is the main contributor to muscle atrophy [10]. The fundamental

mechanisms of these problems have not been fully elucidated. Thus, studies on residuum disorders

are of great significance in biomechanical research.

The spatial vasculature of the residuum is changed significantly by lower-limb amputation.

Limb amputation can directly contribute to a partial loss of the vasculature and gradually narrow



the arteries of the residual limb [11-13]. Moreover, residuum muscle atrophy may cause spatial

structure changes and lumen reconstruction of the branch vessel after amputation. The pressure in

the prosthetic socket causes the extrusion of some vessels (mainly veins) after wearing prostheses.

In summary, there are differences between the residuum and a sound contralateral limb in terms of

vasculature geometry. A vast amount of research has proven that changes in the vasculature

geometry could affect the hemodynamic status and oxygen transport in the arteries [14-18], with

some studies employing coupled numerical analysis of the hemodynamic status and oxygen

transport in the arteries based on fluid mechanics and mass transfer theories. The hemodynamic

status of the arteries could affect the value of the wall shear stress (WSS) [19,20]. Low WSS

enhances intimal thickness whereas high WSS inhibits it [21,22]. Low WSS could have further

effects on the development of atherosclerosis [23,24]. In addition, high oxygen tension can

promote the rate of successful stump healing [25-27], and hypoxia (low oxygen tension) in the

residuum facilitates muscle protein degradation via a decrease in muscle protein synthesis, which

contributes to muscle atrophy after amputation [28]. Consequently, it is necessary to investigate

the hemodynamic status and oxygen transport in the vasculature of the residuum, which is

beneficial in evaluating the residuum status. Previous studies on blood flow in the residuum

mainly focused on the microcirculation of soft tissue [9,29]. Few investigations have focused on

the blood flow and oxygen transport in the residuum arteries after amputation. The objective of

this study is to investigate the hemodynamic status and oxygen concentration in the residuum

arteries after amputation. Computational simulations of blood flow and oxygen transport in the

arteries of the residuum and the sound limb were carried out.

2. Materials and Methods



2.1 Models

Angiographic images of a unilateral transfemoral amputee were acquired utilizing a

dual-source computed tomography (CT) system (Siemens Somatom® Definition Flash, Siemens

Healthcare Sector, Forchheim, Germany). These images were collected from a 21-year-old female

volunteer who had undergone left mid-thigh amputation. There were 717 slices with a thickness of

1 mm in the angiographic images. The field of view was 377×377 mm2, the image resolution was

512×512 pixels, and the pixel size was 0.736 mm. This study was approved by the Human

Subjects Ethics Sub-committee of The Hong Kong Polytechnic University. Informed consent was

obtained from all individual participants included in the study.

Muscle atrophy of the residuum sartorius and quadriceps femoris, which is related to disuse

atrophy, is most obvious after amputation [7]. The descending branch of the lateral femoral

circumflex artery (DLFCA) is the main vessel that supplies nutrition and oxygen for these muscles

[30]. The DLFCA is the longest branch with a low rate of atherosclerosis formation [31,32]. Based

on the angiographic images, there were changes in the geometry of the residuum DLFCA after

amputation. Specifically, the bifurcation of DLFCA in the residual limb was not present, unlike in

the sound limb (Fig. 1), and the mean diameter of the vessel in the residuum was smaller than that

of the sound limb (Fig. 2(c)). Thus, the possible formation of atherosclerotic plaques in this vessel

after amputation was examined. Three-dimensional (3D) models of DLFCAs in both the residuum

and the sound contralateral limb (Fig. 1) were reconstructed using Mimics (version 10.0,

Materialise, Leuven, Belgium) and Gambit (version 2.3, ANSYS, Inc., USA). Firstly, the initial

3D geometric model was built in Mimics after the boundary of the vessel was segmented manually.



Subsequently, the fit centerline in Mimics was applied for extracting the centerline of the vessel

and the diameters of some cross-sections perpendicular to the centerline. Then, circles

perpendicular to the centerline were built in Gambit using the diameters and the coordinates of the

centerline. Finally, the skin surface in Gambit was employed for reconstructing the vascular wall,

and the 3D model was created using the wall surface. The diameters of the vascular model in the

sound limb and the residuum at the inlet were 4.143 and 3.244 mm, respectively.

The geometric models were meshed in Gambit (Fig. 2). There were 1,339,507 mixed

elements in the vascular model of the sound limb, which consisted of 1,044,127 tetrahedral

elements in the interior and 295,380 high-quality wedge elements within the boundary layer. The

minimum element size was 4.831139×10-14 m3, and the maximum element size was

2.189661×10-12 m3. 93% of elements had an aspect ratio of 1 to 4, and 93% of elements had a

skewness of 0 to 0.4, with no elements exceeding 0.95. In addition, there were 740,426 mixed

cells in the model of the residuum, which included 523,352 tetrahedral elements in the interior and

217,074 high-quality wedge elements within the boundary layer. The minimum element size was

2.980852×10-14 m3, and the maximum element size was 1.283296×10-12 m3. 75% of elements had

an aspect ratio of 1 to 4, and 95% of elements had a skewness of 0 to 0.4, with no elements

exceededing 0.95. More elements were meshed within the boundary layer to increase

computational accuracy. In Fluent, grid adaptation was employed to keep results

mesh-independent. When the results became mesh-independent, grid refinement was stopped.

2.2 Boundary conditions

Three assumptions were employed in this numerical analysis of blood flow: blood is a



homogeneous, incompressible fluid [33]; the walls of vessels are rigid and no-slip [34,35]; and

blood flow is steady. Although blood is actually pulsatile [36], studies have proven that the

distribution of oxygen content and blood flow can be studied qualitatively under the assumption of

steady flow [15,37-39]. Moreover, the elasticity of the arterial wall is supposed to rarely affect the

simulation results of blood flow in femoral arteries [40]. Thus, the vascular wall was assumed to

be rigid and no-slip. In the simulation of blood flow, the 3D continuity equation and the

Navier-Stokes equation were applied.
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where iu is the velocity vector of blood, and P is the pressure. Moreover,  and  are the

density and dynamic viscosity of blood, respectively, where  =1050 kg/m3 [41].

Blood is regarded as a complex non-Newtonian fluid [42-44], and in this study, the Casson

model was applied. By utilizing the mathematical expression of a Newtonian fluid in terms of the

Casson equation (  10 kk  ), the apparent viscosity of the Casson model can be derived as
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 [45], where  and  are the shear stress and shear strain,

respectively; 2
0k and 2

1k are the Casson yield stress and Casson viscosity, respectively; and

D is the second invariant of the strain rate tensor. The modified viscosity is applicable for the

Casson model.

The pressure at the outlet was set as zero: 0outletP . Since exercise contributes to an



increase in blood flow velocity [46], it was necessary to investigate the impact of exercise on the

oxygen transport in the DLFCA. In order to determine the effect of blood velocity on oxygen

transport, the profiles for three blood velocities were applied at the inlet:
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where zV and rV are the blood velocities in the axial and radial directions, respectively. r is

the radius of the vessel. Moreover, velocityA represents the mean blood velocity at rest; velocityB

represents the mean blood velocity during exercise; and velocityC represents the mean blood

velocity during steady-state exercise. During steady-state exercise, the energy expenditure is

balanced with the energy required to perform the exercise [47].

Oxygen transport of the blood flow is composed of convection and diffusion terms, expressed

by the following equation:
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where 2PO is the oxygen tension in blood flow. The ability of hemoglobin to carry oxygen in

blood is expressed by  Hb , and  is the oxygen solubility. bD and cD are the diffusion

coefficients of free oxygen and oxyhemoglobin, respectively. The ratio of oxyhemoglobin to total

hemoglobin, S , is referred to as the saturation function, given by the Hill equation:
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 [48]. These parameters are derived from the literatures (Tab. 1).

At the inlet, the boundary condition of the oxygen tension was set as 2 80inletPO mmHg ;

the flux of oxygen tension at the outlet was specified as 02 



n
PO ; and oxygen tension of the

vascular wall was set as 2 60
wall

PO mmHg [49,50,14].

The commercial computational fluid dynamics (CFD) package Fluent (version 6.3, ANSYS,



Inc.), based on the finite volume method, was used to solve the equations of blood flow and

oxygen transport; the solver was based on pressure. The user-defined scalar (UDS) in Fluent was

used for solving the oxygen transport equation with the user-defined C-like function (UDF). The

apparent viscosity of the Casson model was employed in Fluent by compiling the UDF. Moreover,

the computational model utilized the 3D single-precision and segregated solver. In the solution

controls, the SIMPLEC method was set for pressure-velocity coupling; the solution of pressure

applied standard discretization; and the first-order upwind was employed in the discretization of

the momentum and oxygen tension. A residual value of 0.0001, which might be enough for

complex 3D models, was selected as the absolute convergence criterion for all the variables. The

model of the sound limb required 286 iterations to converge. The numbers of iterations for three

inlet velocities were 278, 296, and 312 in the model of the residual limb, respectively.

3. Results

3.1 Comparison of DLFCA between the residuum and sound limb

The geometry of residuum vasculature was changed significantly after the amputation. There

were remarkable differences in the geometry of DLFCA between the residuum and sound limb

based on the angiographic images. The bifurcation of DLFCA in the residuum was not present,

unlike in the sound limb (Fig. 1), but may have existed before amputation. The amputation might

contribute to the disappearance of the bifurcation. The mean diameter of this vessel in the

residuum was 20.8% smaller than that of the sound limb (Fig. 3(c)). As mentioned above, the limb

amputation could narrow the arteries of the residuum gradually, and the extrusion of the vessel by

the atrophied muscles may cause reduction in the diameter of the vessel.

3.1.1 Velocity and WSS



The inlet boundary with velocityA, which represents the mean velocity at rest, was applied in

the vascular model of the residuum and sound limb. As shown in Figs. 3(a) and 3(b), there were

significant differences in the distribution of blood velocity between the residuum and sound limb,

which resulted from the changes in the DLFCA of the residuum after amputation. The blood

velocity in the residuum was higher than that of the sound limb, as shown in Fig. 3(d). This was

due to the diameter of the DLFCA in the residuum being smaller than that of the sound limb.

The WSS of the vessel plays a significant role in the evaluation of vascular diseases. A WSS

value smaller than 0.4 Pa is unfavorable for the vessel [22], and may contribute to the

development of vascular diseases. The region of the vascular wall whose WSS value is smaller

than 0.4 Pa is referred to as a low-WSS region. The number of low-WSS regions in the sound

contralateral limb was larger than that in the residuum, as shown in Fig. 4. This might be due to

the fact that the bifurcation in the sound limb disturbed blood flow, the blood velocity in the sound

limb was lower than that of the residuum, and the recirculation zones, which were caused by the

lower blood velocity and bifurcation, resulted in more low-WSS regions in the DLFCA of the

sound limb. More specifically, low-WSS regions were observed in the curved region of the vessel

near the outlet in the residuum, and near the bifurcation and the outlet of the vascular model in the

sound contralateral limb.

3.1.2 Sherwood number

Hypoxia (low oxygen tension) occurs in the region of the vascular wall where the Sherwood

number is smaller than the Damköhler number [14,51,52]. The Sherwood number, given by the

expression (
D
akSh  ), is a dimensionless coefficient in the mass transfer process. In the equation,



k denotes the coefficient of mass transfer and is equal to
2

2 2

w

inlet wall

POD
n

PO PO





[15]; a represents

the mean diameter of the vessel; and D is defined as the diffusion coefficient of oxygen. The

Damköhler number is regarded as a dimensionless wall consumption rate coefficient, expressed as
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 [48], where Q is the oxygen consumption rate of arterial tissue; a represents

the mean diameter of the vessel; T is the thickness of the arterial wall; K is Henry’s law

constant; D denotes the diffusion coefficient of oxygen; and the bulk oxygen partial pressure is

expressed by bP . The estimated value of the Damköhler number was 39 for simplification [14].

The post-processing with the UDF in Fluent was applied for calculating the Sherwood number.

As shown in Figs. 5(a) and (b), hypoxia zones were observed near the inlet and in the middle

of the residuum DLFCA model, whereas the sound limb had no hypoxia zones. Moreover, the

Sherwood number in the arterial wall of the sound contralateral limb was larger than that of the

residuum (Fig. 5(c)). The mean oxygen tension in DLFCA of the sound limb was slightly smaller

than that of the residuum, as shown in Fig. 5(d).

3.2 Comparison of three inlet velocities in residuum

3.2.1 Velocity and WSS

To determine the effects of inlet velocity on blood flow and oxygen transport in the DLFCA

of the residuum, the profiles for three blood velocities were applied at the inlet of the vascular

model: 0.091 m/s (velocityA); 0.245 m/s (velocityB); and 0.321 m/s (velocityC). When the velocity

at the inlet boundary increased, the velocity of blood flow also increased (Fig. 6). For most

regions of the vessel, there was no difference in the streamline distribution among the three inlet

boundary conditions (Figs. 6(a)-(c)). However, the streamline distribution in the region close to



the outlet was disturbed for velocityB and velocityC (Figs. 6(e) and (f)). Specifically, there was an

elongated recirculation zone close to the outlet of the vascular model for these two inlet velocities.

In summary, the increment of the velocity at the inlet could contribute to the increase in blood

flow velocity, and result in the formation of a recirculation zone in the region near the outlet.

As shown in Fig. 7, a low-WSS region appeared in the vascular model only with velocityA.

This region was observed in the curved region of the vessel near the outlet. It should be noted that

the value of WSS increased, followed by an increment of the blood velocity at the inlet boundary.

That is, the increase in the inlet velocity contributes to the increase in WSS, reducing the number

of low-WSS regions. Since low WSS can contribute to the formation of atherosclerotic plaque

[22], the increment of the inlet velocity in the DLFCA could reduce the risk of atherosclerosis.

3.2.2 Sherwood number

For the three velocities at the inlet, the mean Sherwood number with velocityC was the

largest (Fig. 8(d)). With an increment of the inlet velocity, the Sherwood number in the wall of the

vascular model increased, as shown in Fig. 8. As shown in Figs. 8(a) and (b), hypoxia zones were

observed near the inlet and in the middle region of the residuum DLFCA model. Thus, the number

of hypoxia zones in the residuum DLFCA reduced with the increase in inlet velocity. In summary,

the increase in the blood velocity at the inlet of the DLFCA was the main contributor to the

decrease in the number of hypoxia zones in the vascular wall, which is beneficial for oxygen

transfer in the vessel.

4. Discussion

It was reported that instantaneous WSS obtained with consideration of vessel wall elasticity

was only 20% lower than that of the rigid model at peak systole due to the low distensibility of the



femoral artery [40]. Also, the distensibility of the DLFCA in the residual limb should be lower

than that of the femoral artery. Therefore, the vessel wall elasticity of this branch should have little

effect on hemodynamic parameters in numerical analysis. Moreover, researchers usually assume

the arterial wall to be rigid in computational models with oxygen transport [15,14]. Under the

assumption of a rigid wall, the distribution of oxygen tension in the arterial wall can be

investigated qualitatively [17,53], which is helpful for finding hypoxia zones. The key point of the

present study was to find hypoxia zones in the vascular wall of the DLFCA, and this assumption is

reasonable for this research. In addition, the blood flow was treated as steady. Although blood is

actually pulsatile [36], studies have demonstrated that the distribution of oxygen tension can be

found using the assumption of steady flow [37-39,54,55].

There were differences in the geometry of the DLFCA between the residuum and sound

contralateral limb: the bifurcation of this vessel in the residuum was removed and the diameter of

the residuum DLFCA was smaller. This may be due to the fact that limb amputation narrows the

vessels of the residuum gradually, and the extrusion of the vessel by the atrophied muscles might

contribute to the decrease in diameter. Since the residuum DLFCA is narrowed, the blood velocity

in the residuum becomes higher. The number and area of low-WSS regions in the residuum were

smaller than those of the sound limb. This might be due to the fact that the bifurcation in the sound

limb disturbed blood flow, and the blood velocity in the residuum was higher than that of the

sound contralateral limb. Therefore, more recirculation zones, which were caused by lower blood

velocity and bifurcation, contributed to more low-WSS regions in the DLFCA of the sound limb.

Low WSS enhances intimal thickness whereas high WSS inhibits it [21,22]. Chatzizisis et al. [23]

suggested that low WSS could enhance the lipid accumulation in the vascular segment, which



would contribute to the formation of atherosclerotic plaque. Some scholars reported that the

location of the atherosclerotic plaque coincided with the low-WSS region [24,56]. As a

consequence, there is a remarkable correlation between low WSS and atherosclerotic development.

CFD models have been employed for the assessment of atherosclerotic development using this

low WSS theory [57,58]. The formation of atherosclerotic plaque is unfavorable for the health

status of the lower limb. Consequently, in terms of WSS, the rate of atherosclerosis in the

residuum should be lower than that of the sound limb after amputation.

Hypoxia is another contributor to the formation of atherosclerotic plaque [52]. Hypoxia

contributes to the increase in the permeability of endothelium to macromolecules by damaging the

endothelium and enhancing interendothelial cell gaps [59]. It can also influence the permeability

of endothelium by up-regulating the amount of vascular endothelial growth factor (VEGF) [51].

With hypoxia, more low-density lipoprotein (LDL) penetrates into the arterial wall through a

leaky junction, which is caused by endothelial apoptosis [60]. Consequently, hypoxia causes LDL

accumulation in the arterial wall and promotes the formation of atherosclerotic plaque [61].

The Sherwood number is a dimensionless coefficient for the mass transfer process, and can

be treated as a criterion for defining the hypoxia zone. In terms of oxygen transport, the Sherwood

number in the arterial wall of the residuum was smaller than that of the sound limb, and the

number of hypoxia zones in the residuum was greater than that of the sound contralateral limb.

The oxygen transport may be hindered in the narrow DLFCA of the residuum, which could result

in an increment of the number of hypoxia zones. As a consequence, the rate of atherosclerosis in

the sound limb is lower than that of the residuum in terms of hypoxia. In summary, the rate of

atherosclerosis in residuum DLFCA is lower than that of the sound limb in terms of WSS, whereas



in terms of the Sherwood number, the formation rate of atherosclerotic plaque in the sound limb is

lower than that of the residuum. In other words, there was no tendency for the Sherwood number

to be smaller than the Damköhler number in the low-WSS regions, which is consistent with the

results of a previous study [15]. Liu et al. found that zones with small Sherwood numbers were not

consistent with the low-WSS regions in the ascending aorta and the descending aorta. The

relationship between oxygen transport and WSS has not yet been determined. As a result,

considering WSS or oxygen transport alone is inadequate in investigating atherosclerosis

development accurately.

Exercise promotes the blood flow in femoral arteries and contributes to the increase in blood

velocity [46]. In the present study, velocityA represents the mean blood velocity at rest, velocityB

represents the mean blood velocity during exercise, and velocityC represents the mean blood

velocity during steady-state exercise. Following an increment of the velocity at the inlet, the

velocity of blood flow in the DLFCA of the residuum increased, the value of WSS increased, and

the number of low-WSS regions decreased. The residuum DLFCA with velocityC had the lowest

rate of atherosclerosis in terms of WSS. The increase in blood velocity decreased the formation

rate of atherosclerotic plaque, and thus exercise is beneficial for the prevention and control of

atherosclerosis. Moreover, the Sherwood number with velocityC was the largest, and the

increment of inlet velocity contributed to the increase in Sherwood number in the vascular wall.

Thus, the number and area of hypoxia zones in the residuum DLFCA reduced with an increase in

inlet velocity. An increase in blood velocity can enhance the oxygen transport in the residuum

DLFCA, reducing the number of hypoxia zones. In summary, exercise promotes blood flow and

oxygen transport in the residuum, and contributes to the decrease in the rate of atherosclerosis in



the DLFCA, based on consideration of WSS and hypoxia.

5. Conclusion

In order to investigate the blood flow and oxygen transport in the residuum DLFCA after

amputation, computational models of DLFCAs in both the residuum and the sound contralateral

limb were employed. In terms of WSS, the rate of atherosclerosis in the residuum is lower than

that of the sound limb after amputation. However, the rate of atherosclerosis in the sound limb is

lower than that of the residuum in terms of hypoxia. As a consequence, joint consideration of

oxygen transport and WSS is beneficial for investigating atherosclerosis development in the

arteries of the lower limb after amputation.

Oxygen transport and blood flow in the residuum DLFCA were simulated numerically in

terms of three inlet velocities in order to understand the impact of exercise on the status of the

vessel. Exercise is beneficial for oxygen transport by increasing the oxygen flux to the arterial

wall, and is helpful in the prevention and control of atherosclerosis in the arteries of the residuum.

This numerical study has some limitations. Firstly, only one case of the residuum and sound

limb was employed for the geometric reconstruction; more cases are required for simulating the

blood flow and oxygen transport more precisely. Secondly, the assumption of steady flow was

applied in this study. The pulsatile flow in vessels could affect the accuracy of WSS values and

the Sherwood number. Thirdly, the elasticity of the vascular wall was neglected since it should

have little effect on the distribution of blood flow and oxygen tension in this computational

simulation. The distribution of oxygen tension and blood velocity was found qualitatively in this

study, and it reveals that the investigation of oxygen transport in the residuum vasculature is



valuable in understanding the health status of the residuum after amputation.
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FIGURE CAPTIONS

Figure 1. Geometric models of DLFCAs in (a) sound contralateral limb and (b) residuum.

Figure 2. Meshed models of DLFCAs in (a) sound contralateral limb and (b) residuum.

Figure 3. Distribution of blood velocity in DLFCA of (a) sound contralateral limb and (b)

residuum. (c) Mean diameter of DLFCAs and (d) mean velocity of blood flow in DLFCAs of

residuum and sound limb.

Figure 4. Wall shear stress (WSS) in DLFCAs of (a) sound contralateral limb and (b) residuum.

Figure 5. Sherwood number in DLFCA of (a) sound contralateral limb and (b) residuum. (c) Mean

Sherwood number and (d) mean oxygen tension in DLFCAs of residuum and sound limb.

Figure 6. Distribution of blood velocity in residuum DLFCA with (a) velocityA, (b) velocityB, and

(c) velocityC. (d) Mean velocity of blood flow in residuum DLFCA for the three inlet velocities.

Streamline distribution in region near outlet of residuum DLFCA with (e) velocityB and (f)

velocityC.

Figure 7. Wall shear stress (WSS) in residuum DLFCA with (a) velocityA, (b) velocityB, and (c)

velocityC.

Figure 8. Sherwood number in residuum DLFCA with (a) velocityA, (b) velocityB, and (c)

velocityC. (d) Mean Sherwood number in residuum DLFCA for the three inlet velocities.



TABLE CAPTIONS

Table 1. Parameters used in oxygen transport.



Figures:

Figure 1. Geometric models of DLFCAs in (a) sound contralateral limb and (b) residuum.
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Figure 2. Meshed models of DLFCAs in (a) sound contralateral limb and (b) residuum.



Figure 4. Wall shear stress (WSS) in DLFCAs of (a) sound contralateral limb and (b)
residuum.
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Figure 3. Distribution of blood velocity in DLFCA of (a) sound contralateral limb and (b)
residuum. (c) Mean diameter of DLFCAs and (d) mean velocity of blood flow in
DLFCAs of residuum and sound limb.

c d

Flow

a b



Figure 5. Sherwood number in DLFCA of (a) sound contralateral limb and (b)
residuum. (c) Mean Sherwood number and (d) mean oxygen tension in
DLFCAs of residuum and sound limb.
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Figure 6. Distribution of blood velocity in residuum DLFCA with (a) velocityA, (b) velocityB,
and (c) velocityC. (d) Mean velocity of blood flow in residuum DLFCA for the three
inlet velocities. Streamline distribution in region near outlet of residuum DLFCA with
(e) velocityB and (f) velocityC.
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Figure 7. Wall shear stress (WSS) in residuum DLFCA with (a) velocityA, (b) velocityB,
and (c) velocityC.
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Figure 8. Sherwood number in residuum DLFCA with (a) velocityA, (b) velocityB,
and (c) velocityC. (d) Mean Sherwood number in residuum DLFCA for the
three inlet velocities.
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Tables:

Table 1. Parameters used in oxygen transport.

Parameter Value Source

 Hb 0.2 ml O2/ml blood [62]

 2.5×10-5 ml O2/ml blood/mmHg [63]

bD 1.2×10-9 m2/s [64]

cD 1.5×10-11 m2/s [36]

n 2.7 [49]

50PO 26.6 mmHg [49]




