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This study compared sit-to-stand and stand-to-sit symmetry for total hip arthroplasty 
patients (n=40) and a control group (n=19). 3D kinematics and kinetics were recorded. A 
symmetry index was calculated for kinetics. T-tests were significant for hip and knee 
moments and powers, and extension sum of moments for sit-to-stand, and for hip 
extension moment and power for stand-to-sit. THA patients mainly rely on their non-
operated limb to perform the sit-to-stand task. There was less asymmetry during the 
stand-to-sit tasks, were found significant. This study underlines the presence of 
asymmetrical kinetics in THA patient for these tasks, and demonstrated that sit-to-stand is 
more sensitive to asymmetry. These results should be considered in rehabilitation 
programs, and consequently allow these patients to return to a more active lifestyle. 
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INTRODUCTION: Total hip arthroplasty (THA) is known to relief pain and allow patients to 
regain mobility. While gait is an important task to assess, other daily functional tasks are also 
important for the autonomy of patients. One of these tasks is rising up from a seated position 
(sit-to-stand), and it’s opposite (stand-to-sit). These tasks are repeated numerous times each 
day (Morlock et al., 2001), and have the potential to be more difficult to achieve, as a greater 
range of movement at the lower limb articulations is necessary. Earlier studies looking at how 
THA patients execute these tasks revealed that they tend to apply more force onto their non-
operated leg, as demonstrated by an asymmetry in the vertical component of the ground 
reaction forces (Talis 2008). However, the ground reaction forces only represent the total 
amount of force applied to the ground, and we therefore cannot identify which articulation is 
compensating and causing this asymmetry. For example, Gilleard and colleagues (2008) 
found no significant differences in ground reaction force in a group of young healthy women, 
but then found asymmetry for certain kinetics variables such as frontal plane knee and ankle 
peak moments, as well as transverse plane hip, knee and ankle peak moments. While Miki 
and colleagues (2004) found no significant differences in pre- or postoperative gait 
parameters (cadence, stride length and step length) in a group of THA patients, they 
observed asymmetry in sagittal plane hip range of motion and pelvic tilt, up to 12 months 
after their surgery. The comparison of the kinetics variables during the sit-to-stand and stand-
to-sit tasks will allow us to identify which lower limb articulations present asymmetry, and 
address these differences in post-operative rehabilitation programs. 
The purpose of this study was to compare post-operative symmetry in kinetics of THA 
patients to those of an age- and weight-matched control group during a sit-to-stand and 
stand-to-sit task. It was hypothesized that THA patients would exhibit higher levels of 
asymmetry then the control groups during both tasks. 
 
METHODS: A total of sixty participants between the ages of 50 and 75 years were recruited 
for the two groups (Table 1). The THA patients either had a direct lateral or anterior surgical 
approach. They were excluded if they had prior lower limb surgery, presence of joint 
degeneration at other articulations, or any condition affecting their balance (i.e. stroke). We 
could not use, because of a technical error, the data from one of the control participants. 
Patients were assessed at 307 ± 98 days post-surgery.  
A total of 45 markers, with 20 for the lower limbs, were strategically positioned on the 
participant’s body following a modified Helen Hayes markerset (Miki, et al., 2004). The 
participants wore skin tight clothing in order to reduce soft tissue artefact. The three-
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Roy and colleagues (2007) showed a correlation with knee extensor strength and level of 
asymmetry between side in a group of individuals with hemiparesis. While this correlation 
was not shown at the hip, such a correlation could exist with our patient population as a 
surgical intervention was performed at that articulation.  
 

Table 2 
 Results of independent t-tests and mean (SD) of the symmetry indices for the sit-to-stand and 

stand-to-sit tasks 

Variable 
Sit-to-stand Stand-to-sit 

Group 
Sit-to-stand Stand-to-sit 

p-value p-value Mean S 
(SD) 

Mean S 
(SD) 

Peak hip extension 
moment*† 0.003 0.038 CON 9 (9) 10 (9) 

THA 21 (16) 18 (16) 
Peak hip adduction 

moment 0.386 0.554 CON 37 (36) 47 (37) 
THA 45 (34) 39 (33) 

Peak knee extension 
moment* 0.003 0.116 CON 9 (6) 12 (9) 

THA 17 (12) 18 (15) 

Peak sum of moments* 0.003 0.148 CON 7 (5) 9 (6) 
THA 15 (11) 12 (10) 

Peak hip power*† 0.001 0.048 CON 9 (8) 12 (8) 
THA 23 (13) 21 (18) 

Peak knee power* 0.015 0.278 CON 9 (6) 14 (11) 
THA 17 (13) 17 (12) 

Peak ankle power 0.205 0.797 CON 13 (17) 26 (20) 
THA 19 (14) 27 (21) 

*Indicates a significant difference (p<0.05) for the sit-to-stand task  
†Indicates a significant difference (p<0.05) for the stand-to-sit task 
 

  
Figure 1: Side preference in percentage of frequency (OP: operated side for THA group and 
matched side for CON group; NO: non-operated side for THA group and non-matched side for 
CON group) for THA and CON groups for the sit-to-stand task for the variables with 
significantly different symmetry indices between groups. 
 
The amplitude of moments was slightly lesser in the stand-to-sit task for our patients, as in 
Roy et al. (2007). This might explain why we didn’t see any significant difference at the knee 
for this task. Mizner and Snyder-Mackler (2005) had similar findings for patient with total 
knee replacement: they showed reductions in both hip and knee extension moment at three 
months after surgery. Another potential explanation could be the lack of trust that THA 
patients have towards their prosthetic hip, even if pain is absent. They would then logically 
use primarily their sound side when performing bilateral tasks such as the ones we 
assessed. While we should try restoring symmetry for patients undergoing THA, we must 
keep in mind that a certain level of asymmetry is present in the general healthy population 
(Lundin et al., 1995) , independently of leg dominance (Hesse et al., 1996).  However, too 
much asymmetry might cause muscle disuse and consequently muscle atrophy in the long 
term. It is also possible that pre-operative pain and reduced physical activity would have lead 

dimensional markers were tracked at 200 Hz with a nine-camera motion analysis system 
(Vicon MX, Vicon Motion Systems, Oxford, UK). Ground reaction forces were recorded at 
1000 Hz with two force plates (AMTI OR-6-6-2000, Watertown, MA, USA) positioned side by 
side. The hip joint center was calculated with a commonly used regression technique (Davis 
III et al., 1991). The knee and ankle joint centers were located midline between their 
respective medial and lateral markers. Kinematics were computed accordingly to the Euler 
angle convention (Kadaba et al., 1990); kinetics through conventional inverse dynamics 
(Winter, 2005) using Vicon Bodybuilder software (Vicon Motion Systems, Oxford, UK).  
 

Table 1 
 Participant demographics 

Group n Male/female Age (yrs) (SD) BMI (kg/m2) (SD) 
THA 40 16/24 63.3 (6.9) 27.8 (4.9) 
CON 19 10/9 63.5 (4.4) 24.9 (3.5) 

 
Participants were asked to perform three trials of sit-to-stand and three trials of stand-to-sit 
on a bench adjusted to their tibial plateau height. They were instructed to position their arms 
slightly in front of them in order not to hide the pelvis markers. Peak values for each variable 
were extracted for each trial and then averaged for each participant. A symmetry index (S) 
was calculated for peak hip extension moment, peak hip abduction moment, peak knee 
extension moment, peak sum of moments (Winter, 1980), peak hip power, peak knee power 
and peak ankle power using the following formula: 

S = │Vno - Vo│/ (│Vno│+│Vo│) * 100%    (1) 
where Vno is the kinematic or kinetic variable of the non-operated limb and Vo of the operated 
limb. This formula, adapted from Talis and colleagues (2008), measures the symmetry of the 
variable, regardless of its direction. It was decided that a symmetry index lower than 10 
would indicate that the participant demonstrated symmetry for the variable of interest. 
Independent t-tests were performed on the symmetry indices and alpha was set at 0.05. For 
the variables that were found to be significantly different, the participants with a symmetry 
index superior to 10 were divided in two groups: favouring the operated (OP) or the non-
operated (NO) limb. Control participants were divided similarly: favouring the matched 
dominant (OP) or non-dominant limb (NO).  
 
RESULTS: The statistical analysis on the symmetry indices revealed several significant 
differences. For the sit-to-stand task, the THA group had a mean S significantly different from 
the control group for peak hip extension moment (p=0.003), peak knee extension moment 
(p=0.003), peak sum of moments (p=0.003), as well as peak hip (p=0.001) and knee power 
(p=0.015). The stand-to-sit showed fewer differences: significance was reached for peak hip 
extension moment (p=0.038) and peak hip power (p=0.048) (Table 2).  
The frequency distribution of asymmetry shows that most THA patients favoured the non-
operated limb for both tasks. During sit-to-stand, 60% and 63% of THA patients favoured the 
non-operated limb for peak hip extension moment and peak hip power, respectively. At the 
knee, the frequency dropped slightly to 45% and 43% for peak extension moment and peak 
power, respectively (Figure 1). During the stand-to-sit task, only the hip had significant 
differences between groups; 58% and 65% of THA patients favoured their non-operated limb 
for peak hip extension moment and peak hip power (Figure 2). 
 
DISCUSSION: THA patient had significantly increased asymmetry in extension moment and 
power at both the hip and knee articulations for the sit-to-stand task, whereas only at the hip 
for the stand-to-sit task. This could be due to the fact that the latter task is less demanding. 
As demonstrated by Bergmann and colleagues (2001), stand-to-sit produced less contact 
forces at the femoral head than sit-to-stand, as measured with an instrumented prosthesis. 
The side preference for both tasks clearly shows that THA patients favour their non-operated 
side. This could be due to reduced muscle strength. While we did not measure this variable, 
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The purpose of this study was to estimate the moment acting on three points of the tibia, 
in order to better understand the loads acting on the shank during gait for the active 
elderly population. Ten subjects were investigated and walking was chosen as the 
movement to be studied, since it is a highly common activity in terms of exercising and it 
is available as a universal solution to improve the quality of life. The data was collected in 
a motion study laboratory, and inverse dynamics was used to estimate the forces and 
moments in the joints. An advanced human model was used in this purpose. The results 
show that in this population, the highest bending moment in the sagittal plane is during 
late stance phase. It is possible to correlate this data with people with gait disabilities or 
with implants for bone fixation and help their recovery. 
 
KEY WORDS: active, elderly, tibia, moment. 
 

INTRODUCTION: The most commonly injured bone, by stress fracture, is the tibia (Milner et 
al., 2006); Milner et al. (2005) stated that tibial injury occurrences may be related to the 
higher loading of the lower limb. Furthermore there is evidence that some tibial stress 
fractures are spiral fractures, suggesting that, in addition to vertical and shear forces, 
moments may be involved in the development of these fractures (Milner et al., 2006). 
Furthermore, the tibia is exposed to a combination of bending, shearing and torsion 
simultaneously during activities (Ekenman et al., 1998). The loss of minerals in bones is a 
serious problem for the elderly people, where the bones become fragile and fractures are 
more likely; World Health Organisation has estimated that 30% of all women aged over 50 
(postmenopausal) have osteoporosis according to a definition of bone mineral density being 
more than 2.5 standard deviations below the mean for young healthy adult women at any 
site. Therefore, the understanding of the behaviour of the moments in the tibia of the elderly 
during common activities is of importance. 
To understand the forces in the human body the inverse dynamic has been widely used. 
Generally, inverse dynamics is performed using simplified models that view each anatomical 
part of the body as a geometrical shape with a certain mass, the joints of the body being also 
the joints of the model used in inverse dynamics. While a classical solution offers good 
results (Vaughan, 1999), the improvement of these models by inputs such as mechanical 
work of the muscles attached to bones in anatomically correct positions can provide 
additional and important information about forces acting on the human body, the internal 
moments on the bones is one example. The internal forces are dependant on the 
musculoskeletal loads generated by the muscles and tendons attached on the bones while 
performing various activities. The advanced AnYBody® modelling system is one example of 
these improved models, being able to capture more accurately the complexity of the 
musculoskeletal system, which can be very useful in sports science analysis. Therefore, the 
purpose of this paper is to analyze the moments acting on the tibia during elder people´s 
gait, by using the advanced AnYBody® modelling system.  
 
 
 

to altered patterns in activities of daily living, and consequently muscle atrophy. Regaining 
adequate muscle strength after surgery would therefore be more difficult. 

 
Figure 2: Side preference in percentage of frequency (OP: operated side for THA group and 
matched side for CON group; NO: non-operated side for THA group and non-matched side for 
CON group) for THA and CON groups for the stand-to-sit task for the variables with 
significantly different symmetry indices between groups. 
  
CONCLUSION: This study identified asymmetrical patterns in THA patients in sit-to-stand 
and stand-to-sit tasks. Most favoured their non-operated limb for hip extension moment and 
power. However, asymmetry was seen at the knee articulation only for the sit-to-stand task, 
probably because this task is slightly more demanding. This study emphasizes the need for 
long-term rehabilitation program that would address these asymmetries. 
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