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SUMMARY 

The purpose of the current study was to compare lower-limb 

joint mechanics between patients operated with either an 

anterior or lateral surgical approach to healthy control 

participants using Principal Component Analysis (PCA). 

The dataset consisted of 3-dimensional kinematic and 

kinetic waveforms of gait trials. Twenty participants for 

each group were recruited. The PCA identified four main 

sources of variability: range of variance, average, pattern 

and time shift. One-way ANOVA test was applied to the 

results from PCA and the anterior group was found to be 

significantly different from the control in more cases than 

the lateral group.  

 

INTRODUCTION 

Despite significant improvements in gait patterns, gait 

adaptations persist after Total Hip Arthroplasty (THA), both 

in short and long term follow-up [1]. The choice of the 

surgical approach can influence post-operative gait. As 

opposed to the lateral approach [2], the single-incision 

anterior approach [3] spares the gluteus medius and 

minimus, thus producing hip mechanics similar to those 

seen in the healthy population. A common method to 

characterize pathological gait mechanics consists of 

extracting range of motion, peak, and zero-crossing values 

of the processed gait data for discrete instances. By using 

this type of analysis, only few data points are extracted to 

describe the complex waveforms of the gait cycle. The 

Principal Component Analysis (PCA) can be used to 

facilitate the investigation of the data. The PCA is a 

multivariate statistical approach based on the variance 

estimation of the waveforms, which may retain valuable 

temporal information. Applying the PCA to gait analysis can 

reduce the dataset dimension and extract relevant gait 

information, simplifying the analysis. Investigators [4] 

demonstrated that principal components can detect abnormal 

changes within the gait cycle and, by introducing an 

interpretation of the new obtained waveforms, the changes 

can be correlated to specific pathological conditions.  

Therefore, the purpose of the current study was to compare 

lower-limb joint mechanics between THA patients operated 

with either an anterior or lateral surgical approach to healthy 

control participants using PCA. 

 

METHODS 

A total of 60 participants were recruited matched for age 

and BMI (body mass index). Twenty patients had THA by 

means of an anterior approach (ANT) (14 women, 6 men; 

age: 62 ± 6 yrs; BMI: 28 ± 5 kg/m
2
), 20 patients by means 

of a lateral approach (LAT) (10 women, 10 men; age: 67 ± 7 

yrs; BMI: 27 ± 5 kg/m
2
) and 20 healthy control participants 

(CON) (10 women, 10 men; age: 63 ± 4 yrs; BMI: 25 ± 3 

kg/m
2
). All patients did not have any other known condition 

that could alter gait. Patients were tested, on average, 11 ± 3 

months (LAT) and 10 ± 4 months (ANT) after surgery. The 

institution’s research ethics board approved the study. 

Three-dimensional kinematics were acquired at 200 Hz 

using a nine-camera digital optical infrared motion capture 

system (Vicon MX, Oxford UK). Forty-five reflective 

markers were placed on the participant’s body on specific 

landmarks following a modified Helen Hayes marker set. 

Three-dimensional ground reaction forces were obtained at 

1000 Hz with two force platforms (AMTI, MA, USA) 

embedded in the floor. Participants performed three gait 

trials at a self-selected pace. Each joint (hip, knee and ankle) 

was defined as having three degrees of freedom 

(flexion/extension, abduction/adduction and 

external/internal rotation). Angles were reported in relation 

to each participant’s neutral standing position, collected 

from a static trial. Ground reaction forces were used to 

calculate bodyweight normalized joint inter-segmental 

forces, moments and powers at each joint using an inverse 

dynamics approach.  

Principal component analysis (PCA) was used to transform 

gait kinematic and kinetic waveforms into a new set of 

variables and values. Mathematically, PCA consists of an 

orthogonal transformation that converts the input variables 

X = [x1, x2,..., xm ]
T
into the new uncorrelated variables or 

principal components (PCs) Y = [y1, y2,..., ym ]
T
. The 

transformation is defined by the equation XAY T= , 

where the columns of the matrix A = [A1,A2,...,Ad ]
T
 are 

the first d  eigenvectors (sorted from the largest eigenvalue) 

of the covariance matrix of X , with d < m  [5]. In doing 

this, the matrix A  contains the majority of the information 

and the original dataset can be represented by only d  

values instead of m . Each value of Y  is named score 

coefficient, and the columns of A  are named loading 

coefficients. It has been shown that the loading coefficients 

can be interpreted as biomechanical parameters such as 

range of motion, global average of the variables and others 

[6-9]. Therefore, it is possible to consider these loading 

coefficients instead of the original gait waveforms. From 

loading coefficients, Y can be calculated and compared 



among the three groups of participants for each 

biomechanical waveform by using a statistical analysis.  

The original gait waveforms of the 60 subjects were 

horizontally linked so that the initial dataset for each of the 

21 original variables was a matrix X101,60
, where 101 was 

the number of points of the gait cycle percentage and 60 was 

the number of participants [10]. The first principal 

components (PC) necessary to reach a percentage of 

cumulative variance, λi
1

i

∑ λi
1

m

∑( ) ⋅100 , larger than 85% 

were retained, where the cumulative variance is the 

cumulative sum of the eigenvalues ( λi ) relative to the 

retained eigenvectors. From this selection criterion, a total 

of 67 PC were considered for the analysis. 

Statistics was applied directly to the score coefficients of the 

67 PC: one-way ANOVA and Tukey's honestly significant 

difference criterion were employed to compare the LAT and 

ANT groups to the CON group. A point system was 

employed.  Each statistically significant difference (95%  

confidence interval) was worth one point and was added to 

the group, while if no significant difference was found, no 

points were added. Therefore, a low score for a patient 

group indicated a similarity to the CON group. 

 

RESULTS AND DISCUSSION 

In the present study, the PCA identified four main sources of 

variability from the gait waveforms: range of variance 

(ROV), average (AVG), pattern (PTR) and time shift (TS). 

When a ROV is identified, it means that one or several 

participants for a specific variable present a larger variation 

compared to the others. The presence of AVG indicated a 

large variability in the averages of the original data set. PTR 

was found when original signals had very different patterns 

while TS were characterized by large time shifts among the 

original signals. 

Figure 1 summarizes the results from the 67 principal 

components obtained from kinematic and kinetic datasets. 

The results for each lower-limb joint of the LAT and ANT 

groups are shown for each source of variability (columns). 

The findings did not show a net preference toward one of 

the two surgical techniques. For example, ROV showed an 

equal score for the LAT and ANT groups. However, when 

focusing solely on the hip, the range of variance in the ANT 

group was more similar to the CON group, compared to the 

LAT group. This observation confirmed the previous 

findings from traditional analysis methods that reported a 

better restoration of gait patterns for patients treated with an 

anterior approach. 

The PCs related to PTR were mainly obtained from inter-

segmental forces and power. The difference in the score 

between the two groups was of only one point. However, the 

point distribution among the joints was different. 

Specifically, for the ANT group, only the hip and knee 

patterns were significantly different from the CON group, 

whereas, for the LAT group, all three lower-limb joints were 

significantly different. Therefore, the patterns of inter-

segmental forces and power were distributed differently 

between the LAT and ANT groups to compensate for the 

alterations in the gait patterns caused by the THA.  

For the other variables such as the AVG and the TS, the 

statistical analysis indicated that the ANT group was 

significantly different from the CON group in much more 

cases than the LAT group, with a ratio of 8:1 and 7:2 for 

AVG and TS, respectively. Interestingly, one of the main 

findings that did not emerge from previous traditional 

analyses was the time shift in the ANT group signals, 

particularly in flexion/extension angles and 

anterior/posterior forces at the hip. While there is no clear-

cut reason explaining the differences in the AVG, the results 

regarding the TS could be attributed to the surgical 

approach. The space created to expose the acetabulum and 

the femur required the superficial splitting of the interval 

between the tensor fasciae latae and sartorius. Since the 

tensor fasciae latae acts as a hip flexor in the early and 

second half of the stance phase, its weakening, due to the 

THA, could explain the delays in flexion/extension angles 

and anterior/posterior forces, observations which have never 

been reported by previous studies. 

 

CONCLUSIONS 

The results from the PCA suggest that the lateral approach 

gives a slightly better score than the anterior approach; 

however, this method has some limitations. Specifically, 

each source of variability has the same impact on the final 

score, even though it does not have the same clinical and 

functional relevance in the recovery process of gait. 

Therefore, the next challenge is to identify the principal 

components that are more clinically related to gait 

functionality and to include this consideration in the patient 

evaluation process. 
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Figure 1. The columns represent the scores obtained from 

the statistical analysis. Each point indicates a statistically 

significant difference between LAT and CON, or ANT and 

CON groups. The columns are divided into sections relative 

to the hip, knee and ankle. TOTAL represents the sum of all 

67 statistical analyses. ROV: range of variance, AVG: 

average, PTR: pattern, and TS: time shift. 


