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Assessment of gait in toddlers with normal motor 
development and in hemiplegic children with mild  

motor impairment: a validity study
Priscilla R. P. Figueiredo1, Paula L. P. Silva1,2, Bruna S. Avelar1,  
Paula S. C. Chagas3, Luísa C. P. Oliveira4, Marisa C. Mancini1,5

ABSTRACT | Background: The optimization of gait performance is an important goal in the rehabilitation of children with 
cerebral palsy (CP) who present a prognosis associated with locomotion. Gait analysis using videos captured by digital 
cameras requires validation. Objective: To evaluate the validity of a method that involves the analysis of videos captured 
using a digital camera for quantifying the temporal parameters of gait in toddlers with normal motor development and 
children with CP. Method: Eleven toddlers with normal motor development and eight children with spastic hemiplegia 
who were able to walk without assistive devices were asked to walk through a space contained in the visual field of 
two instruments: a digital camera and a three-dimensional motion analysis system, Qualisys Pro-Reflex. The duration 
of the stance and swing phases of gait and of the entire gait cycle were calculated by analyzing videos captured by a 
digital camera and compared to those obtained by Qualisys Pro-Reflex, which is considered a highly accurate system. 
Results: The Intraclass Correlation Coefficient (ICC) demonstrated excellent agreement (ICC>0.90) between the two 
procedures for all measurements, except for the swing phase of the normal toddlers (ICC=0.35). The standard error of 
measurement was less than 0.02 seconds for all measures. Conclusions: The results reveal similarities between the two 
instruments, suggesting that digital cameras can be valid instruments for quantifying two temporal parameters of gait. 
This congruence is of clinical and scientific relevance and validates the use of digital cameras as a resource for helping 
the assessment and documentation of the therapeutic effects of interventions targeted at the gait of children with CP.
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Introduction
Gait is a key indicator of the functional capacity 

and independence of individuals1-3. Consequently, 
the acquisition and improvement of this locomotor 
ability of patients have been a central objective in 
the rehabilitation process2. The implementation 
of interventions with such focus requires reliable 
and valid evaluation methods to enable the use of 
gait analysis to help establish a precise functional 
diagnosis, with the subsequent definition of therapeutic 
goals, and to document the effects of interventions1,2,4.

Rehabilitation professionals often evaluate 
locomotor skills of children with motor disabilities 
and gait prognosis, including of spastic hemiplegic 
children with mild motor impairment. The mobility 

of these children is often observationally evaluated 
using standardized scales, including the Physicians 
Rating Scale (PRS)5-7 and the Gross Motor Function 
Measure (GMFM)6,8-11, or by documentation of 
biomechanical variables, including spatiotemporal 
gait parameters10,12,13. Regardless of the method, the 
digital camera serves a tool in this process, enabling 
the performance of patients to be recorded for 
subsequent analysis.

In the context of scientific research, the evaluation 
of locomotion is typically based on the kinematic (i.e., 
the angular displacements of joints and spatiotemporal 
variables)14-17 and kinetic (i.e., the joint moments, joint 
powers, and ground reaction force) parameters17,18 that 
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characterize the motor strategies used. Such analysis 
is performed using computerized systems for motion 
analysis and force platforms. In the clinical context, 
gait evaluation rarely uses kinetic parameters because 
motion analysis systems coupled to force platforms 
are not available in outpatient clinics, either public 
or private, with the exception of primary research 
centers. However, the determination of kinematic 
measures, particularly temporal parameters, has been 
increasingly possible in therapeutic settings through 
the analysis of videos recorded using digital cameras. 
Examples of those parameters are the duration of 
both the stance and swing phases of gait and of the 
entire gait cycle.

Temporal parameters are relevant indicators 
of gait performance19. For example, the onset of 
and proficiency in gait development are marked 
by changes in biomechanical variables, including 
the temporal gait parameters20,21. Toddlers exhibit 
unstable and short steps, a broad stance base, larger 
amplitudes of hip and knee flexion in the swing phase, 
and reduced gait speed at the onset of independent 
walking21,22. As gait pattern matures, swing phase 
speed and time increases while double stance time 
decreases11,21,22. Additionally, the use of temporal 
parameters enables the differentiation between gait 
patterns considered normal and those considered 
pathological, such as the gait patterns of children 
with cerebral palsy (CP)2,23. The gait performance of 
children with spastic hemiplegia-type CP, compared 
to that of normal children, is characterized by lower 
speed and lower single stance time in the most 
compromised limb, as well as reduced step length 
and limb asymmetry2,24,25. Such changes are most 
likely due to muscle weakness and impaired dexterity 
in the affected side of the body, which may hinder 
weight transfer to and weight bearing capacity of the 
affected limb during gait2. Lower-limb strengthening 
and dexterity training, combined with the practice 
of functional ambulation are typical interventions 
prescribed for those children with the goal of 
eliciting changes in temporal gait parameters (for 
example, increasing the duration of the stance phase 
in the paralyzed limb to improve limb symmetry). 
Changes in temporal parameters are key indicators 
of the level of motor impairment in children with 
CP8,26. Therefore, the relation of those parameters 
with the level of gait performance appears to be well 
established in the literature, and moreover, they are 
parameters that can be clinically documented.

Identification of at least two reference events 
in the gait cycle, namely initial contact and toe-
off, is required to determine the phase-stratified 
temporal gait parameters. These events delimit the 

stance and swing phases of a gait cycle27-29. The 
use of force platforms27,28,30,31 and computerized 
systems for motion analysis has been considered 
highly accurate methods of defining gait events and 
describing gait temporal parameters1. However, these 
methods involve complex procedures that are usually 
restricted to the laboratory setting1. Both equipments 
types have high costs and limitations with respect 
to clinical applications. Therefore, alternative low-
cost, valid methods for assessing gait parameters to 
guide clinical practices would be relevant for motor 
rehabilitation30.

The visual inspection of videos recorded using 
digital cameras is an alternative for assessing gait 
events27. Such equipment is affordable and requires 
no specific location or special setup conditions1. 
However, studies have reported the limitations of 
using digital cameras for gait analysis, including the 
long time period spent on analysis, human error and 
the imprecise nature of visual inspection, given the 
imperfect video capture procedures17,29. Some studies 
show a significant increase in data consistency when 
the video analysis uses resources enabling frame-
by-frame movement visualization in slow motion1,3.

Videos recorded using digital cameras are used 
both clinically and in research studies designed to 
validate scales for functional analysis of gait5,32,33. In 
those studies, videos captured with digital cameras 
were used for scoring gait observational scales, and 
subsequently, the obtained scores were compared to 
results obtained using more sophisticated methods 
of three-dimensional gait analysis, including the 
Qualisys Pro-Reflex®. However, the method of gait 
analysis by digital camera video recording lacks 
evidence supporting its validity in specific groups 
of individuals, despite its wide use.

The validity of measures of gait parameters 
must be known to enable the integration of those 
parameters into evaluation procedures. Differences 
in these parameters found before and after treatment 
may result from the therapeutic effects, measurement 
errors or both. Knowledge of the magnitude of 
the error rate of measurements may minimize the 
risk of over- or underestimating the results of an 
intervention. That is, such knowledge allows a 
clinician to determine whether the treatment effects 
outweigh the measurement errors34.

The aim of this study was to evaluate the validity 
of a clinical method for quantifying the duration 
of stance and swing phases of gait as well as the 
duration of the entire gait cycle of toddlers with 
normal motor development and of children with 
spastic hemiplegia. The clinical method involved 
the quantification of the abovementioned temporal 
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measurements by analyzing digital camera video 
recordings. The same measurements were quantified 
using videos concomitantly recorded by a three-
dimensional motion analysis system (Qualisys 

Pro-Reflex, here after referred to as the laboratory 
method); these videos were used as the reference 
for the validity analysis of the clinical method. The 
aim of validating the proposed clinical method for 
populations with distinct gait patterns (toddlers in 
the maturation phase and hemiplegic children with a 
mature gait pattern, albeit adapted to the pathological 
condition) resulted from both being susceptible to 
significant changes. The former may change as a 
result of the natural process of development and the 
latter due to therapeutic interventions. As a result, 
the gait of toddlers and hemiplegic children has been 
evaluated using a digital camera in the clinical and 
scientific contexts, which emphasizes the significance 
of validating this method.

Method

Sample
Eleven toddlers with normal motor development in 

the gait acquisition period (group 1) and eight children 
with spastic hemiplegia (group 2) participated in this 
study. The toddlers and hemiplegic children were 
selected based on convenience. The toddlers’ parents 
were informed of the study at the time of their child’s 
appointment with the pediatrician (a collaborator 
of the present study). The parents who expressed 
interest in participating in the study were contacted 
by the researchers in charge and informed of its 
objectives and procedures. Children with CP were 
recruited from rehabilitation services affiliated with 
the Universidade Federal de Minas Gerais (UFMG), 
Belo Horizonte, state of Minas Gerais (MG), Brazil; 
from the waiting lists of theses services; and from the 
local community. The children’s parents or guardians 
were informed of the objectives and procedures of 
the study. In both cases, the parents or guardians who 
agreed to the participation of their children in the 
study signed an informed consent form.

The inclusion criteria for group 1 were term 
birth, no complications in the pre-, peri- and post-
natal periods and normal gross motor development 
according to the Alberta Infant Motor Scale (AIMS) 
test35. The inclusion criteria for group 2 were medical 
diagnosis of spastic hemiplegic cerebral palsy, age 
from six to 12 years, ability to understand simple 
commands and walk without aid (classified at levels 
I and II of the Gross Motor Function Classification 

System  -  GMFCS)36, suggesting mild motor 
impairment. Additionally, the children with CP 
could not have received botulinum toxin injections, 
received serial casting treatment or undergone 
orthopedic surgery up to six months before the day 
of data collection.

The procedures used for data collection in the 
present study were approved by the Research Ethics 
Committee of UFMG, under the opinions ETIC No. 
609/07 and ETIC No. 585/08.

Procedures and instrumentation
Data collection was held at the Motion Analysis 

Laboratory (Laboratório de Análise de Movimento - 
LAM) of the School of Physical Education, Physical 
Therapy and Occupational Therapy (Escola de 
EducaçãoFísica, Fisioterapia e Terapia Ocupacional 
- EEFFTO), UFMG. The children participants were 
accompanied by their parents or guardians. Initially, 
passive reflexive markers were attached to the heads 
of the first and fifth metatarsals and to the calcaneus 
to enable movement tracking of the forefoot and 
hindfoot, as required for delimiting the gait events. 
The markers were placed on the right lower limb for 
the toddlers and on the affected lower limb for the 
hemiplegic children.

After marker placement, the children were asked 
to walk barefoot, without support and/or orthoses, 
at a normal speed, for a distance of five meters. The 
location defined for walking was within the visual 
field of six cameras of Qualisys ProReflex MCU 
(QUALISYS MEDICAL AB®, 411 12 Gothenburg, 
Sweden) motion analysis system and of the digital 
camera (Sony DCR/DVD 405 Recorder). The digital 
camera was placed on a tripod, at a perpendicular 
distance of two meters from the walking area, to 
record gait performance of the subjects in the sagittal 
plane. Each child walked ten to 20 times through the 
established area, depending on his or her willingness, 
to ensure that a minimum of three cycles suitable for 
analysis was obtained. The footage should show all of 
the markers on the foot of the child to be suitable for 
analysis.

A circuit of infrared light (light-emitting diode, 
LED), using a small bulb, was designed and placed 
within the visual field of the digital camera and the 
Qualisys ProReflex® cameras. This procedure enabled 
both systems to be synchronized. The Qualisys® 
cameras enabled delimitation of 120 frames per 
second (120 Hz), while the digital camera used in 
the study enabled the delimitation of 30 frames per 
second (30 Hz). The Qualisys® is a highly accurate 
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and reliable system that enables the accurate 
measurement of rapid movements37.

After data collection, two researchers, whose inter-
rater reliability is shown in Table 1, independently 
analyzed the videos, recorded using either a digital 
camera or the Qualisys® system. To guarantee that the 
same cycles would be analyzed with both clinical and 
laboratory systems their recording was synchronized 
using a LED circuit.

For the same gait cycle, the times (in seconds) in 
which the events of initial contact 1, toe-off and initial 
contact 2 occurred in both systems were manually 
recorded. For both groups, initial contact 1 was 
defined as the first time-point at which any part of 
the foot touched the ground; toe-off was defined as 
the time-point before which the last part of the foot 
still in contact with the ground was raised from the 
ground; and initial contact 2 was defined as the time 
of new contact of any part of the foot with the ground.

Data reduction
The outcome variables of the present study were 

the duration of both stance and swing phases of 
gait, and the entire gait cycle. The stance phase was 
calculated by subtracting the time of toe-off from the 
time of initial contact 1. The swing phase, in turn, was 
calculated by subtracting the time of initial contact 
2 from the time of toe-off. Finally, the entire gait 
cycle was calculated by subtracting the time of initial 
contact 2 from the time of initial contact 1.

On average, six gait cycles (a minimum of three 
and a maximum of nine) were analyzed for each of 
the 19 children, for a total of 123 cycles. That number 
corresponds to all cycles available for analysis. We 
excluded the videos in which children deviated from 
the sagittal plane and/or in which synchrony between 
the digital camera and the motion capturing system 
was not achieved due to failure in the LED circuit. 
The values of duration of the stance and swing phases 
of gait, and of the entire gait cycle were computed 
for each selected cycle. Subsequently, the mean of 
each variable was calculated for each child. This 
procedure was performed both for the video clips 

using the digital camera (the clinical method) and the 
Qualisys system (the laboratory method).

Statistical analysis
The agreement between the values found for 

the temporal gait variables using the clinical and 
laboratory methods was calculated using the intraclass 
correlation coefficient (ICC) for each group. The level 
of significance was set at α=0.05. The standard error 
of measurement (SEM) was calculated for each 
outcome variable (i.e., the duration of both the stance 
and swing phases and the entire gait cycle) obtained 
for each instrument.

Results
Group 1 consisted of 11 toddlers with normal 

motor development in the gait acquisition period, 
six boys (54.5%) and five girls (45.5%), with a mean 
age of 1.03±0.07 years. Group 2 consisted of eight 
children with spastic hemiplegia, five boys (62.5%) 
and three girls (37.5%), with a mean age of 7.5±1.30 
years. In group 2, one child (12.5%) had the left 
side compromised, and seven (87.5%) had the right 
side compromised. Regarding the severity of motor 
impairment, five children were classified as level I 
(62.5%) and three as level II (37.5%) on the GMFCS.

The mean and standard deviation values of each 
outcome variable are shown in Table 2.

Table 3 outlines the ICC values for the duration of 
the stance and swing phases of gait, the ICC values 
for the duration of the entire gait cycle, as well as 
the SEMs for each variable and instrument. The ICC 
reference values used in this study were proposed 
by Bartko38, where ICC magnitudes (1) smaller than 
0.40 indicate poor to fair agreement; (2) from 0.41 
to 0.60 indicate moderate agreement; (3) from 0.61 
to 0.80 good agreement; and (4) from 0.81 to 1.00 
indicate excellent agreement. Group 1 (toddlers) 
showed excellent agreement for the durations of the 
stance phase and the entire gait cycle and poor to 
fair agreement for the duration of the swing phase. 
Regarding group 2 (CP), the agreement was excellent 

Table 1. Inter-examiner reliability for the duration of the temporal gait parameters in the analysis of videos obtained by a digital camera 
and by the Qualisys Pro-Reflex system.

Inter-Examiner Reliability (ICC) Digital Camera × Qualisys

Stance Phase 
Camera

Stance Phase 
Qualisys

Swing Phase 
Camera

Swing Phase 
Qualisys

Gait Cycle 
Camera

Gait Cycle 
Qualisys

0.99* 0.99* 0.59** 0.88* 1.00* 1.00*

*Excellent agreement (ICC=0.81 a 1)28; **Moderate agreement (ICC=0.41 a 0.60)28. The values of the ICCs were approximated to maintain 
two decimal places.
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for all three variables. The magnitude of most of 
the ICCs shows excellent agreement between the 
measurements performed using the digital camera 
and the Qualisys system, except for the swing 
phase in the group of toddlers, which exhibited fair 
agreement.

Regarding the SEMs, values lower than 0.02 
seconds were found for all outcome variables for 
both measuring instruments.

Discussion
In this study, excellent agreement (ICC>0.90) 

was observed between most temporal gait variables 
obtained using the digital camera and the Qualisys 
system for both toddlers with normal development 
and hemiplegic children. The results suggest that the 
digital camera is a valid instrument for the clinical 
quantification of at least two temporal gait parameters 
in children with and without disabilities.

Specifically, in the group of toddlers, the coefficient 
was found to be weak (ICC=0.35) for the duration 
of the swing phase. This low correlation between 
the measurement of the duration of the swing phase 
assessed by clinical (digital camera) and laboratory 
(Qualisys system) methods may be explained if 
we consider the specificities of the gait acquisition 
period. The duration of the swing phase is an indicator 
of stability. The lower stability of toddlers during the 

gait acquisition period is indicated by their irregular 
and shorter steps, indexed by a shorter and more 
variable duration of the swing phase of gait2,20. The 
digital camera video technology used in this study, 
which enables the delimitation of only 30 frames per 
second, most likely hindered the identification of gait 
event times required for calculating the relatively 
shorter and more variable swing phase of toddlers. 
This phenomenon did not occur with the data from 
the Qualisys system, which yields 120 frames per 
second. Analyses using a digital video camera may 
be problematic in defining events of short duration 
because the temporal accuracy of this method is 
lower. The same rationale can be attributed to the 
lower inter-rater reliability achieved for the duration 
of the swing phase in the digital camera footage 
(ICC=0.59).

Other authors have used the same instruments as 
those used in this study, albeit for different purposes. 
Araújo  et  al.1 developed an observational scale to 
assess the kinematic parameters representative of gait 
changes in spastic hemiplegic and diplegic children 
and tested its validity by comparing the results 
found using video analysis with those found with the 
Qualisys system. The scale addressed the ankle/foot, 
knee, hip and pelvic joints. A very good correlation 
was found for the knee (r=0.64, p<0.05), and a 
good correlation was observed for the ankle/foot 
complex (r=0.59, p<0.05). The other items showed 

Table 2. The group mean and standard deviation of the duration of temporal gait parameters.

Means and Standard Deviations Camera Digital × Qualisys

  Stance Phase 
Camera

Stance Phase 
Qualisys

Swing Phase 
Camera

Swing Phase 
Qualisys

Gait Cycle 
Camera

Gait Cycle 
Qualisys

Group 1 (Toddlers) 0.472
(0.129)

0.524
(0.110)

0.315
(0.016)

0.274
(0.032)

0.788
(0.138)

0.798
(0.126)

Group 2 (CP) 0.630
(0.117)

0.631
(0.087)

0.480
(0.042)

0.459
(0.065)

1.110
(0.142)

1.090
(0.133)

The numbers indicate mean and (standard deviation), in seconds. CP=Cerebral palsy.

Table 3. The Intraclass Correlation Coefficients (ICC) and standard errors of measurement (SEM) for temporal gait parameters obtained 
by the digital camera and Qualisys Pro-Reflex system.

  Stance Phase Duration Swing Phase Duration Gait Cycle Duration

Group 1 (Toddlers) 0.93* 0.35** 0.99*

Group 2 (CP) 0.93* 0.91* 0.96*

SEM† Digital  
Camera

Qualisys  
System

Digital  
Camera

Qualisys  
System

Digital  
Camera

Qualisys  
System

0.02 0.01 0.01 0.01 0.01 0.01

*Excellent agreement (ICC=0.81 a 1)28; **Weak agreement (ICC<0.40)28; † SEM in seconds. The values of the ICCs were approximated to 
maintain two decimal places.
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a poor to fair correlation or no correlation with the 
measurements obtained using the Qualisys system.

Similarly, Dickens and Smith7 analyzed the 
validity of a visual gait scale in children with spastic 
hemiplegia by comparing video analysis with 
three-dimensional analysis. The results showed a 
disagreement between both methods of analysis for 
the four kinematic parameters studied. The agreement 
for the position of the hip and knee in the swing phase 
was poor (kappa=-0.11 to 0.07) but ranged from fair 
to moderate (kappa=0.21 to 0.51) in the stance phase.

The agreement of the data analyzed using the 
digital camera recording and three-dimensional 
motion analysis systems of the abovementioned 
studies was not as high as in the present study. The 
differences in the magnitude of the coefficients may 
be explained by the different characteristics of the 
parameters analyzed. Whereas Araújo  et  al.1 and 
Dickens and Smith7 compared visual and three-
dimensional analyses of the kinematics of individual 
joints, the present study used temporal gait variables, 
which were assessed based on the analysis of two-
dimensional movements. Generally, the values of the 
kinematic parameters of individual joints do not show 
good agreement between both methods because these 
variables are more specific, complex and require more 
sophisticated calculations. In contrast, the temporal 
parameters of the present study are more global 
variables, and simpler to assess, which may explain 
the good agreement found between the analyses by 
video recordings using the digital camera and using 
the Qualisys system.

The SEM values were equal to or less than 0.02 
seconds for measures of duration of stance phase, 
swing phase and entire gait cycle obtained using both 
clinical and laboratory analyses. The SEM enables us 
to quantify the extent to which an instrument or test 
provides accurate measurements: low SEM values 
indicate a high level of accuracy and vice versa. In 
particular, the results found suggest that we can expect 
a maximum error of ±0.02 seconds when estimating 
the duration of the gait cycle and the stance and swing 
phases in both the clinical and laboratory methods. 
For example, we found a value of 0.47 seconds for 
the duration of the stance phase of toddlers using the 
digital camera. We may state with 95% confidence 
that the true average duration of that phase ranges 
between 0.45 and 0.49 seconds, indicating a relative 
error of only approximately 5% of the value found 
because the SEM of that measurement was 0.02 
seconds. The same reasoning applies to the other 
measures. In summary, the SEM values found in this 
study suggest that measurements performed either 

using a digital camera or the Qualisys system are 
stable and minimally error-prone.

A study limitation should be noted. Although 
our results support the use of a digital camera for 
gait evaluation of children in the clinical context, in 
this study, this instrument was used in a laboratory 
setting. This allowed the implementation of multiple 
procedures to ensure its validity, including training 
the examiners, having always the same examiner 
place the markers, and standardizing the data 
collection setting. The agreement values and SEMs 
may be less satisfactory in the clinical setting, where 
implementing the aforementioned procedures may 
not always be feasible. It is possible that obtaining 
valid measures of temporal parameters of gait 
with a digital camera depends on adaptation and 
standardization of the procedures used during gait 
recording.

The results of this study show that video analysis 
by a digital camera recording is a valid procedure 
for assessing the general phases of gait in normally 
developing toddlers and in hemiplegic children and, 
therefore, it is suitable for clinical use. The temporal 
parameters evaluated in this study would be difficult 
to measure and identify without some type of video 
recording resource. The digital camera enables frame-
by-frame and slow motion visualization, allowing the 
footage to be rewound so that the same event can be 
watched multiple times. Rehabilitation professionals 
may responsibly use this method in therapeutic 
evaluation and follow up, after considering the rate 
of error in assessing short-duration phases.
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