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INTRODUCTION 

 

Multi-segment foot and ankle models 

provide more detailed information 

regarding intrinsic foot motion compared to 

single rigid-body models. These models 

require additional markers to be placed on 

specific bony landmarks on the foot. A 

primary concern therefore is the sensitivity 

to marker placement, especially in patients 

with bony abnormalities. Deviations in 

kinematics will vary with marker 

placement, based on the mathematical 

definitions of the segments. The purpose of 

this robust case study was to assess 

potential changes in kinematics due to 

errors in marker placement using the 

TSRHC foot and ankle model.  

 

CLINICAL SIGNIFICANCE 

 

A thorough understanding of the model, 

including segment definitions and inherent 

risks of marker placement error, is 

imperative to any clinician or researcher 

who utilizes a multi-segmented foot 

kinematics. 

 

METHODS 

 

This is a case study of an 18 year old female 

with no history of orthopedic conditions, 

performed with IRB approval.  The Plug-

in-Gait (PIG, Vicon) lower extremity 

model was used along with the TSRHC 

multi-segmented foot model [1]. A single 

clinician with extensive experience in 

multi-segmented foot model kinematics 

executed all marker placements. Each 

marker used in the foot and ankle model 

was systematically moved approximately 

2.5 mm in two planes depending on the 

location of the marker relative to the foot. 

A minimum of three dynamic trials were 

collected for each condition, and the static 

calibration trials were used to calculate 

exact distances each marker was moved. 

Six force plates (AMTI) were utilized to 

confirm a consistent walking pattern. The 

graphs analyzed included: 1) PIG – ankle 

dorsiflexion, foot rotation, foot progression 

angle, 2) TSRHC Foot model – hindfoot 

(HF, calcaneus relative to tibia), forefoot 

(FF, metatarsals relative to calcaneus), FF-

tibia (FT, metatarsals relative to tibia). For 

each adjusted marker, the maximum and 

minimum of affected kinematic graphs 

were extracted and compared to assess 

potential correlations between error in 

marker placement and changes in these 

kinematics. Each different marker 

condition was compared to the original 

marker placement.  Intra-trial error was 

determined by the maximum difference 

across all walking trials with the original 

positions, and was presented for 

comparison. 

 

DEMONSTRATION 

 

The hindfoot graphs and the transverse 

plane were found to be most sensitive to 

marker placement errors.  Part of the 

TSRHC foot model is the foot alignment 

device (FAD). The FAD utilizes a cross-

haired laser to align the weight bearing 

vertical position of the medial and lateral 

calcaneus markers such that they are 

perpendicular to the vertical bisection of 

the calcaneus. In addition, calipers are 



 
 

typically used to assure that the 

medial/lateral position of these markers are 

equal distance from the heel marker, 

reducing transverse plane errors. Although 

markers were primarily moved in a single 

plane, markers placed on the metatarsals 

tended to rise in the vertical direction as 

they were moved medial or posterior due to 

the curvature of the dorsum surface of the 

foot. This also caused errors in the sagittal 

plane. The forefoot segment was also 

susceptible to transverse plane errors if the 

metatarsal markers were moved in the 

anterior/posterior direction. It is important 

to note the maximum angular changes 

reported also included intra-trial 

variability. The marker displacement errors 

used in this study are considered high and 

are representative of worse-case scenarios. 

 

 

Table 1. Maximum angular change for each inter-segmental angle 

Inter-

segment 
Plane 

Intra-trial 

Error 

(degs) 

Max 

Error 

(degs) 

Markers Causing 

Highest Errors 

Hindfoot 

Sag 4.7 7.3 MCAL, LCAL 

Cor 2.9 5.6 HEEL, MCAL 

Trans 3.7 14.5 MCAL, LCAL, HEEL 

Forefoot 

Sag 4 6.2 MCAL, LCAL 

Cor 2.8 4.8 MCAL, LCAL 

Trans 1.5 6.1 LCAL 

Fore-Tibia 

Sag 5.9 4.7 B5MT 

Cor 3.9 10 1MTH, 5MTH 

Trans 4 10.2 1MTH, 5MTH, B5MT 

Note: Sag = sagittal, Cor = coronal, Trans = transverse planes;  

MCAL, LCAL = medial and lateral calcaneus;  

1MTH, 5MTH = 1st and 5th metatarsal; B5MT = base 5th metatarsal 

 

SUMMARY 

 

Results from this case study illustrate the 

importance of proper training in marker 

placement when utilizing a multi-

segmented foot model. As previously 

stated, a thorough understanding of the 

model is imperative, which includes 

comprehension of how each angle is 

calculated and how sensitive the model is 

to marker placement.  
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