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DEVELOPMENT AND VALIDATION OF A 3-D FINITE ELEMENT MODEL OF GOAT STIFLE JOINT 
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RATIONALE 

Novel functional tissue engineering approaches have enabled successful healing of a torn anterior cruciate 

ligament (ACL) [1-3]. In our research center, we have used an innovative magnesium (Mg) ring device to improve 

ACL healing in a goat model [3, 4]. This success begs the question on the stress and load levels in tissues of interest. 

As such, an accurate computational model of a goat stifle joint would help to better understand how the Mg ring 

works as mechanical augmentation. With this data, we can develop success criteria and use them to guide the design 

of devices for human ACL repair.  

METHODS 

A realistic three dimensional (3D) finite element model of a goat stifle joint was built from MRI images (Figure 

1). Bones, cartilages, meniscus and ligaments were included. Geometric dimensions including the width of ligaments, 

the width of femoral notch and the height of menisci were measured in Creo 2.0 and compared with experimental 

measured data using the same joint. A total of 130144 tetrahedral elements were used to segment the model. 

Kinematics of the goat stifle joint at different joint flexion angles (30°, 60°, 90°) under a 67-N anterior tibial load 

obtained previously in our research center were used as boundary conditions for the model calculating [4]. 

Calculated in situ forces in the ACL were then compared to those obtained experimentally for validation of the 

model. 

RESULTS AND DISCUSSIONS 

Geometric differences between computational and experimental measurement were found to be within 1 mm 

(Table 1). The in situ forces in the ACL under different joint flexion angles as calculated by the model had a 

difference less than 7.5 N to those obtained from robotic testing (Table 2). Thus, the model is anatomically and 

kinematically validated. In the future, we will scale the model up to mimic the human knee and use the results of this 

study to guide the design of the Mg devices for the human ACL. 

Table 1 Geometrical data from stifle joint model and experimental measurement (mm) 

 

                                  

computational     

Table 2 ACL in situ force from model calculation and robot testing 

 

 
 

Fig1. 3D model of goat stifle joint 
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 ACL width  Notch width MM height LM height 

Experimental 5.6 7.6 4.4 3.9 

Computation

al 

6.1 8.0 5.2 4.5 

Difference 0.5 0.4 0.8 0.6 

Joint flexion (°) 30 60 90 

ACL force from robot testing (N) 71.8 76.9 68.8 

ACL force from model calculating (N) 61±8 59±4 51±9 

Difference (N) 7.2 -0.1 -5.1 
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INTRODUCTION 

In a previous study, we have shown that a novel magnesium (Mg) ring device could improve ACL healing in a 

goat model [1]. Such mechanical augmentation could restore joint stability and simultaneously load the ACL and its 

insertion sites [2]. The objective of this study was to develop a computational finite element model of goat stifle joint 

in order to determine load in the ACL and stress distribution on it following ring repair surgery in order to better 

understand how the novel Mg ring device performed as mechanical augmentation. 

METHODS 

A three dimensional (3D) finite element model of a mature goat 

stifle joint was built from MRI images (Figure 1) [3]. Geometric 

dimensions were measured experimentally using electric calliper and 

compared with those measured in the computational model. 

Anterior-posterior tibial translation (APTT) and load in the ACL under a 

67-N anterior-posterior tibial load (APTL) were calculated and compared 

with robotic testing data to validate the model. A 67-N APTL was then 

applied at 37°, 60° and 90° of joint flexion at three joint states: 

ACL intact, ACL deficient and after ring repair. APTT was calculated 

and compared with results from previous in vitro study. Load in ACL 

and maximal effective stress at its femoral insertion after ring repair 

surgery were then explored.  

RESULTS 

With a relative high resolution of MRI (0.1 mm), differences of 

geometric dimensions between computational and experimental 

measurements were within 1 mm. Meanwhile, calculation differences of APTT and load in ACL were validated to be 

within 0.3 mm and 5 N, respectively. With ACL deficient, calculated APTT increased to more than twice that of the 

intact joint. After ring repair, APTT was reduced by around 50% from ACL deficient state (Table1), showing a well 

consistency with previous in vitro study. Load in ACL after ring repair was restored to 46-60% of intact ACL, while 

the maximal effective stress at femoral insertion was restored to 39-71% that of the intact joint state (Table1).  

DISCUSSION 

A 3D computational model of a goat stifle joint was built. It was then validated with the published results from 

an in vitro study. Restored APTT after ring repair implicates good joint stability immediately after surgery which is 

important for the following healing of the ligament. Stresses at ACL femoral insertion could reduce the risk of disuse 

atrophy. Further, the loads in the repaired ACL and stress distribution at femoral insertion can now be used in a 

model of the human knee as a basis for Mg device designs for ACL repair.    
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APTT (mm) Load in ACL (N) 

Maximal Effective Stress at 

Femoral Insertion (MPa) 

Joint Flexion 37° 60° 90° 37° 60° 90° 37° 60° 90° 

ACL Intact 4.4 3.7 2.7 67 79 68 15.2 25.5 59.9 

ACL Deficient 10.6 9.0 5.2 -- -- -- -- -- -- 

Ring Repair 5.2 4.4 2.9 31 38 41 9.8 10.0 42.6 

Table1. Anterior-Posterior Tibial Translation, Load in ACL and Maximal Effective Stress at Femoral Insertion 

 

Figure 1. 3D Model of Goat Stifle Joint & 

ACL with Ring Repair 
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