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Abstract 
     In this paper the finite element analysis was achieved on the Syme socket prosthesis 

to know the possibility of weight reduction of the socket. Previous works were restricted 

to stress analysis and socket-stump pressure distribution. In this work, the maximum 

stress induced in the socket model was found out at the maximum load carrying capacity 

that is developed at push-off stage of gait. The stress calculated is less than the yield and 

ultimate strength of the socket material, from which the optimum weight of the socket is 

obtained. The weight reduction of the socket is achieved by decreasing its thickness. At 

this point, the maximum stress is calculated again at the same loading condition as be-

fore reducing the weight. The maximum calculated stress is still less than the yield stress 

of the socket material. As a result, further weight reduction is achieved and hence the 

overall cost can be minimized by saving the expenditure on the material. Besides, the 

patients will feel comfort with light weight sockets. 
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 سايم""الطرف الصناعي :  الوزن االمثل لوقب

 
 بكر نوري خضر

 مدرس مساعد

 قسم الهندسة الميكانيكية-كلية الهندسة-جامعة الموصل

 

 الخالصة
معرفة امكانية تقليل وزن " لسايم"لوقب الطرف الصناعي لعناصر المحددة ليل افي هذا البحث تم أجراء عملية تح      

خالل الوقب او . لقد اقتصرت االعمال السابقة على تحليل االجهادات للوقب من دون التأثير على الوظائف الرئيسية الوقب

توزيع الضغط ما بين الوقب والجدعة. تم في هذا العمل ايجاد االجهادات القصوى المتولدة في الوقب عند اعظم معرفة 

كمية تقنين بح باالمكان لمادة الوقب, وعليه اص االجهاد هو دون اجهاد الخضوعلوحظ ان هذا حمل يتعرض له الوقب. 

عند هذه النقطة تم حساب االجهادات العظمى مرة اخرى عند ه. ذلك بتقليل سمكلمادة المستخدمة في صناعة الوقب وا

اجهادات الخضوع. كنتيجة لهذه الدراسة امكن التوصل هذه االجهادات لم تزل دون  الظروف.السمك الجديد وعند نفس 

الى تقليل الكلفة عن طريق االقتصاد في صرف المادة المستخدمة في صناعة  اؤدي حتميسالى تقليل وزن الوقب الذي 

 لى الراحة التي سيشعر بها المريض وهو يستخدم وقبا خفيف الوزن.ااضافة  الوقب.

 

 .مثلاالوزن الاالجهاد, سايم, وقب, العناصر المحددة, الكلمات المفتاحية: 
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1. Introduction 
    The amputation process can be defined as the removal, usually by surgery, of a limb, part 

or organ
 
[1]. The purpose of amputation is to remove dead or diseased tissue, to relive pain, to 

obtain healing, and/or to rehabilitate the individual. Causes of amputation include trauma 

(loss of arterial supply, avulsion, and thermal injury), disease, and congenital deformity [2]. 

The level of amputation is selected based on the potential of healing and future function [3]. 

     Syme amputation is a style of amputation named after Dr. James Syme, who developed the 

surgical teqnique in 1842. This type of amputation involves removing all bony elements of 

the foot while preserving the heel pad to facilitate weight bearing capacity [4]
 
. 

     Following amputation, some type of artificial limb fitting had been practiced according to 

the type of amputation such as Syme prosthesis. Factories in some countries like Iraq
 
supply 

the patients, with artificial limbs made of polypropylene sheets of thickness 4 mm. This type 

of material is patient specific and doesn't create any problems like pressure sores even for di-

abetic patients. Though polypropylene is inexpensive, yet the factories are in need to cost re-

duction especially in developing countries. For that, This study is concerned with reduction of 

the manufacturing cost for Syme's socket prosthesis. 

     As the Syme socket been widely used, the socket's reliability, conformity and economic 

have received more and more attention. The finite element analysis is the main methods to 

test the economy and to optimize the design of the socket. Based on the basic theory of the 

finite element and force analysis, the socket is isolated with its free body diagram and the ex-

ternal forces are revealed at the dangerous main condition, push-off stage of gait. The finite 

element model is designed with the aid of ANSYS software package capabilities. The solution 

is achieved using two different thicknesses, the adopted and the proposed, by the recent ver-

sion of ANSYS 12.1 software package. 

     Elangovan PT and et al [5] demonstrated a design synthesis analysis of the BK Syme pros-

thesis. They studied the cutout orientation size and shape, cutout fillet shape and socket wall 

thickness distribution. 

     Aladdin [6] made a study for socket strength enhancement, he made tests on the standard 

laminate and two proposed composite materials. He also fabricated three prototypes made of 

those three materials and tested under static load resembling the load condition at heel strike. 

Good enhancement strength achieved for socket materials throughout his proposed laminates. 

     Faustini 7, and his collogues have made analysis using finite element analysis of sockets 

manufactured by Selective Laser Sintering  using Du- raform as the material. They 

tried to ensure reliability of the sockets for their use by patients and described the finite ele-

ment models developed for the sockets, as well as the derivation of realistic boundary condi-

tions that may allow a simulation of the structure under angular work loads.  

     This paper is a work of analysis and optimization using the stress result obtaining from the 

solution of Syme socket prosthesis using the finite element software package ANSYS 12.1. 

The overall manufacturing cost reduction is achieved by using the weight optimization model. 

The force calculations is achieved by using the biomechanical analysis at the worst stage of 

gait- push-off. The finite element analysis of the socket shell are performed for two different 

socket thicknesses. 

 

2. Syme Socket prosthesis Description 
     The Syme prosthesis Fig. (1) consists of a socket, foot and liner. Syme socket also serves 

as a shank. Because of the short space  between the end stump and the floor, a special type of 

foot, usually a modification of one of the popular designs, has to be used. Also, because of the 

shape of the stump, no extra provision of suspension is necessary. 

)(SLS
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     The plastic socket with soft insert liners are in two types: the 

plastic socket with posterior opening, and the plastic socket with 

medial opening that provide a mode of entry.  Socket is a part of  

the prosthesis which accommodates the stump. Being a non-

weight bearing prosthesis it may be either soft, firm or rigid. The 

socket may be made out of leather, plastic or metal. They may be 

metallic frames, single walled, doubled walled or silicon sleeves. 

     In this paper, Syme socket made of polypropylene with poste-

rior cutout was chosen. The patient weight is 100 kg. The material 

of the socket, adopted by Mosul Factory for Prosthetics and Or-

thotics, is polypropylene with mechanical properties; Young 

modulus is 1.17 GPa, Poisson's ratio is 0.33, yield strength is 35 

MPa and the density is 900 kg/m
3
 

[8]
 .The measured thickness of 

the socket is 4 mm. 

 

3. Biomechanical Force Analysis 
     The gate cycle is a sequence of events starts from the heel strike on one foot to the next 

heel strike of the same foot. The cycle also subdivided into a stance and a swing phase. The 

stance phase comprises the heel strike, foot flat, push off, and toe off. The socket loading val-

ues vary according to the phase of gait.  Obviously, the highest socket loading is developed at 

the push-off stage of gait 
[7]

 and this phase is consid-

ered a design phase .  

     Fig. (2) shows the forces acting on the prosthesis. F 

represents the estimated floor reaction, D represents the 

corresponding stump force. Because F and the horizon-

tal component of D don't intersect they cause the pros-

thesis to rotate counter clockwise on the stump. The 

moment is given by the term bF  . This moment is 

countered by another force couple which produce a 

clockwise moment equals to aA , then this can be 

simply stated as aAbF  . For simplicity, the force 

F is replaced by a force-couple system at the distal end 

of the stump. The estimated values of  a  and  b  are 40 

and 15 cm respectively [8]. 
     Examining the forces acting on the prosthesis in the 

sagittal plane immediately before push-off. The loading 

is idealized as an axial in-plane loading and a clock-

wise couple on the bottom edge of the circular cylinder 

socket shell, in addition to a couple produced by the 

anteroproximal and the posterodistal force. 

      

    4. Solution Teqnique 
     The shape modeling of the socket is created with the aid of software capabilities by divid-

ing the socket into large numbers of stripes and measuring the coordinates of each stripes with 

respect to a fixed convenient origin. With ANSYS package software these points are created 

as well as the lines and areas Fig. ( 3). 

     In Syme socket, at push-off gait of stage, most of the body weight is transferred to the 

socket. By taking the physical  subject weight, the ground reaction forces at the push-off stage 

Figure (1) Syme 

Prosthesis 

Figure (2) The prosthesis acting 

forces at the push-off stage of 

gait (Adopted from ref. 9) 
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of gait can be calculated. The lateral components for this study has been neglected as it is in-

significant compared to the vertical forces.  

    The subject is 173 cm high and 100 kg weight. For the purpose of ANSYS procedure, the 

socket bottom edge is considered fixed and the loads are applied on the control nods at the 

anteroproximal and the distal posterior region of the socket (Fig. 5). The boundary condition 

for the socket concluded from the distal end of the socket attached to a fixed end. Thus all the 

nodes at the distal end with displacements and rotations are set to zero. Having all steps of the 

preprocessing are achieved including the selection of the element which is shell 63 and the 

mesh operation, the boundary conditions and loads are applied to obtain the solution. The post 

processing includes the plotting of contours where the stress distribution are found in different 

directions at the push-off stage of gait cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 
      

 

 

 

 

 

 

 

 

 

 

 

5. Results 
    The model optimized should perform intended functions and meet all requirements like 

stress level and keep the total weight to minimum. The thickness reducing is the main method 

to improve socket's economic, save materials and the cost of its manufacture. Through finite 

element models of the socket, stress distributions were obtained at the push-off stage of gait at 

the adopted thickness. Table (1) shows the maximum stresses developed in different orienta-

tions including  Von Mises stresses obtained in the socket of tow thicknesses. 

Height of the socket = 27 cm 

Max. diameter = 12.34 cm 

Min. diameter = 9 cm  

Material properties
[8]

: 

E = 1.17 GPa 

υ = 0.33 

σy = 35 MPa 

Density = 900 kg/m
3
 

Thickness = 4 mm 

Figure (3) Shape modeling of the 

Syme socket 

 

Figure (4) Finite element model             Figure (5) Socket free body 

diagram 



Khudher: Weight Optimization of Syme Socket Prosthesis 013  

 

06 

 

Table (1) The maximum stresses developed in the sockets of 4 and 3 mm in MPa. 

  

             

 

 

 

 

 

 

     The stresses developed in the anterior-posterior (x), lateral-medial (y), and vertical (z) in 

addition to the Von Mises stress are plotted via ANSYS software and shown in the Fig. (6 ) to 

Fig. (9) respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6) Contour plots of stress σx in the socket of 4 mm thickness (on the left) 

and 3 mm (on the right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7) Contour plots of stress σy in the socket of 4 mm thickness (on the left) and 3 mm 

(on the right). 

 

Stress 4 mm thickness  3 mm thickness 

x
 

28.2  48.3  

y
 

94.4  32.8  

z  
75.5  89.9  

VonMises
 

36.5  18.9  
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Figure (8) Contour plots of stress σz in the socket of 4 mm thickness (on the left)                            

                and 3 mm (on the right). 

 

     In Fig. (9), the maximum Von Mises stress in the new model of thickness 3 mm is 9.18 

MPa which is greater than the stress developed in the old model of 4 mm during the push-off 

stage of gait. However, it is much less than the yield stress of the socket material, 35 MPa. 

Which means that the new model is also acceptable. This is confirmed also in the figures 6 to 

9 as well 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (9) Contour plots of Von Mises stress in the socket of 4 mm thickness (on                                 

                the left) and 3 mm (on the right). 

 

6. Discussion  
     The weight optimization of the socket included only the thickness reduction and not for 
other aspects. This is because aspects such as shape cannot be changed as it is a mimic of the 
patient stump and according to individual differences. 
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     The contour plots of the stresses shoes how it concentrates at the lower edge of the socket. 
Even when the thickness is decreased, the stresses developed still much less than the yield 
stress. However, It cannot be decreased further as the deflection increases to high values. 
     Lighter socket weight is more comfortable for wearing, walking and other daily activities. 
This is achieved by reducing the thickness getting the socket weight is decreased by 25%.  
 
7. Conclusions  
     The following conclusions can be seen from this work: 
1. In this study a further step is achieved with respect to other studies by reducing the weight 
with keeping the stresses in safe values. 
2. The socket weight can be optimized successfully by decreasing the socket thickness. 
3. The thickness cannot be decreased further even though the stress developed is much lower 
than the yield stress for the socket material to avoid large deflection. 
4. The analysis of this study is under static loading. However, analyses under other conditions 
like jumping, running, up stair, etc. or fatigue loads are needed to sustain the results achieved. 
 
Glossary 
Anterior: In front of the body. 
Distal: Furthermost part from the center of the body. 
Gait: Manner of walking. 
Lateral: Outside of the body. 
Medial: Inside of the body on a lateral plane. 
Phase: Particular instance of gait. 
Posterior: Rear section of the body. 
Prosthesis: An artificial substitution for a missing part of the human body. 
Push-off: When the foot leaves the ground, to start the swing phase of gait. 
Stance: Phase of gait when part of the foot is in contact with the ground. 
Stump: Residual limb, the part that remains after amputation. 
Swing: Phase of gait when the foot is off the ground. 
Syme: A style of amputation occurs through ankle. 
Socket: Component of prosthetic which contain residual limb.   
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