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Abstract

Background The Edinburgh Visual Gait Score (EVGS) is a comprehensive measure of gait abnormalities in children with
cerebral palsy (CP) and has good psychometric properties. However, it is cumbersome to administer and requires multiple
devices to record and measure its various components. We conducted this study to determine if a smartphone video protocol
could be used to improve the usability and reliability of the EVGS for daily use in a clinic setting.

Methods We used a handheld smartphone camera with slow-motion video technology and a motion analysis application to
record and measure the EVGS of 30 ambulatory children with spastic CP. We tested the inter- and intra-rater reliability of
various components of the EVGS between two observers.

Results Average age was 7 years 3 months (range 4-14 years). The mean (range) EVGS scores for the trunk, pelvis, hip,
knee, ankle, and foot were 1.18 (0-3), 0.68 (0-3), 1.1 (0-4), 3.95 (1.5-7.5), 1.87 (0—4) and 4.13 (2-6.5) respectively. Total
score was 12.92 (7-21.5). The mean (SD) scores for Gross Motor Function Classification System (GMFCS) levels II and II1
were 10.73 (3.86) and 14.96 (4.2) (p <0.001). The intra-observer and inter-observer reliability using percentage of complete
agreement was 65-98.3% and 61.7-92.5% respectively, with kappa values ranging from 0.15 to 0.87. Reliability was more
for distal limb segments as compared to proximal segments.

Conclusion We have described a simple and reliable method for quantitative OGA of children with CP, using smartphone
video technology and motion analysis application, which can be performed by every clinician in an office setting.

Level of Evidence Level IIL.

Keywords Edinburgh Visual Gait Score - Smartphone - Slow-motion video - Motion analysis application - Cerebral palsy -
Observational gait analysis

Introduction

Ambulatory children with cerebral palsy (CP) often present
with a variety of gait abnormalities. Gait analysis forms an
integral part of the clinical workup and treatment plan which
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is aimed at optimising their walking ability [1]. Instrumented
gait analysis (IGA) provides the most accurate understand-
ing of gait deviations in children with CP [1-3]; however,
it is expensive, time consuming and requires an elaborate
setup with trained personnel, to perform and interpret its
results [1-3]. Observational gait analysis (OGA) is simple,
quick, and less cumbersome than IGA, and can serve as an
alternative to performing 3D gait analysis in places which
have limited availability of IGA [2, 4, 5]. OGA has been
strengthened by a number of objective and quantifiable gait
assessment tools, such as, the Physician Rating Scale [6]
and its variants [7], the Visual Gait Assessment Scale [8],
the Observational Gait Scale [9], and the Edinburgh Visual
Gait score (EVGS) [10], which allow systematisation and
quantification of OGA [5]. The EVGS was developed to
quantitatively analyse gait parameters in different phases of
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gait on recorded videos and in archived films, and is one of
the most comprehensive OGA scoring systems with good
psychometric properties [5, 10].

Despite being shown as a valid and reliable measure of
gait abnormalities in children with cerebral palsy [10-14],
the EVGS has remained more of a research tool rather than
gaining wider acceptance into mainstream clinical practice.
The original publication [10] reported on the various items
of the EVGS and on the reliability and validity of the new
score, but no details were forthcoming on the technical steps
of video capture or data analysis. Subsequent reports have
focused on confirming the psychometric properties of the
score [11-14] or its relationship with other gait assessment
tools [15], but there has been very little exploration of its
practical implementation in clinical practice [16]. Most
of the available literature on EVGS have described its use
within the confines of the gait lab [5, 10, 13—15] and requir-
ing multiple devices such as 1-2 video cameras for data
acquisition, a computer or laptop to feed in the video data,
and a special video software to analyse and measure the vari-
ous gait parameters [4, 16]. All these factors make the EVGS
impractical for daily use in a busy clinic setting.

With the advent of new generation smartphones, equipped
with high-definition cameras and various validated appli-
cations to accurately measure distances and joint angles
[17-19], recent studies have reported on the use of smart-
phones to record temporospatial parameters and lower limb
kinematics in a variety of clinical conditions [19-21]. Slow-
motion video recording capability on newer smartphones
makes it possible to record high-quality sagittal and coronal
gait videos at high frame rates of 120 or 240 frames per
second (fps) [22], thus, allowing a more detailed analysis of
each phase of gait and with higher precision and accuracy
[19]. The aims of this study were to propose a technique of
observational gait analysis of children with CP, using slow-
motion video capture available in handheld smartphones
combined with a motion analysis application to measure var-
ious parameters of the EVGS, and to test the inter- and intra-
rater reliability of EVGS measurements with this technique.

Methods

We conducted a prospective, observational study in the
Department of Paediatric Orthopaedics of a tertiary-care
children’s hospital. Since it was a pilot study, a sample size
of 30 patients was selected based on feasibility and conveni-
ence in place of statistical power. The study was approved
by the Institutional Ethics Committee of our hospital IEC-
BIWHC/AP/2020/01-Version 02). Children older than
3 years of age with a diagnosis of cerebral palsy (spastic
hemiplegia or diplegia) and who were able to walk with or
without support, i.e. Gross Motor Function Classification
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System (GMFCS) [23] levels I-III were included in our
study. Children with ambulatory problems due to causes
other than cerebral palsy, children with CP but with higher
levels of involvement (GMFCS levels IV and V), and chil-
dren with motor types other than spastic CP (dystonic/hypo-
tonic/choreoathetoid) were excluded from the study.

i. Patient preparation:

Informed consent from the parent(s) and assent
from children > 7 years of age was obtained. Bony
landmarks were outlined with a marking pen, includ-
ing both anterior superior iliac spines, malleoli, patel-
lae, and medial and lateral knee joint lines. We did
not use rotational marker blocks at pelvic and thigh
levels [10, 24] or any reflective markers over the bony
prominences. All participants walked barefoot at self-
selected speeds, without their prescribed orthoses.

ii. Technique of video capture:
a. Walkway and camera placement:

We recorded coronal and sagittal plane videos in a
well-lit hallway, measuring 8 m X 4 m in area, adjacent
to the outpatient clinic of the Paediatric Orthopaedic
department. Thus, the walkway was 8 m long to record
sagittal plane videos (Fig. 1a) with the mobile phone
at a distance of 3 m from the subject. For recording
the coronal plane gait videos (Fig. 1b), the camera was
shifted to the opposite side of the hallway, while the
participant continued to walk in the same direction.
Three to five gait cycles were recorded in both planes
for each participant and the best videos were selected
for analysis.

b. Smartphone and video-capturing details:

A standard protocol for video recording was fol-
lowed. Videos were recorded using the rear camera (12
megapixel resolution, /2.2 aperture, 29 mm standard)
of an iPhone 6s smartphone (Apple Inc., CA, USA),
using the slow-motion video function at 120 fps in
1080p high definition [22]. All videos were taken from
a sitting height with the mobile phone held in the hands
of a videographer and level with the pelvis of the sub-
ject (Fig. 1). No tripods or stabilising devices were
used, and the person recording the video remained
seated on a chair for stability. The mobile phone was
held still by the videographer and was not rotated or
panned to follow the subject, and angles were meas-
ured towards the centre of the field to minimise error
due to parallax [22].

iii. Video analysis and EVGS calculation:

After satisfactory recording, all videos were
screened and the best clips were selected for compu-
tation of the EVGS. The EVGS consists of 17 gait
parameters measured at 6 anatomic levels (foot, ankle,
knee, hip, pelvis and trunk) in the sagittal, coronal
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Illustrations are not true to scale

Fig. 1 Technique of video recording (images are not true to scale). a Recording of sagittal plane videos. b Recording of coronal plane videos

iv.

and transverse planes, that represent key features of
pathological gait in children with CP [10]. The slow-
motion videos were paused at the following six phases
through the gait cycle: initial contact/terminal swing,
mid-stance sagittal, terminal stance, mid-swing, mid-
stance front, and mid-stance back, as per the described
EVGS protocol. Both sides of the patients were scored
separately.

To calculate the required joint angles, the selected
video clips were imported into the Hudl mobile appli-
cation (©Agile Sports Technologies Inc., Nebraska,
USA) which is available on the Apple App store. This
application allows capture of still images within a
moving frame by freezing the video at the required
phase of gait, and allows lines to be drawn and angles
to be measured on the smartphone screen itself
(Fig. 2a—f). The joint angles were calculated, and a
score was assigned to each parameter as described
by Read et al. [10]. Screenshots of the measurements
were taken for future reference and, along with the
video clips, were archived in a password-protected
folder on a cloud-based file storage service (Google
Drive) under a unique ID number assigned to each
patient. The raw data were then deleted from the
smartphone and the application, to protect patient
privacy and confidentiality.

Patient preparation, video capture, data analysis and
EVGS measurements were performed by two Fellows
from the Paediatric Orthopaedic department of our
institution. The average time taken to record the vid-
eos and score the EVGS for each patient was noted.
Inter- and intra-rater reliability testing:

To perform the inter and intra-rater reliability test-
ing, two Paediatric Orthopaedic Fellows with a mini-
mum 1-year experience in managing children with

CP were given standardised training of computation
of EVGS as described by Read et al. [10]. Both the
observers analysed the recorded videos independently,
twice at an interval of 4 weeks. The observers were
blinded to their previous scores and were presented
the videos in a random order each time.

v. Statistical analysis:

The data were entered into an Excel spreadsheet
(Microsoft® Excel® for MS Office 365 version 16.0). Sta-
tistical analysis was performed with SPSS statistics soft-
ware (IBM, Armonk, NY, USA, version 20) using mean and
standard deviation (SD) for numerical data. Shapiro—Wilk
Test was used to determine distribution of population and
the Mann—Whitney U test was used for comparison between
groups. Intra-observer reliability was performed using Per-
centage of Complete Agreement and Bland and Altman’s
Coefficient of Repeatability (CoR). Inter-observer reliability
was tested using the Kappa statistic and Percentage of Com-
plete Agreement. Grading of Kappa scores was carried out
according to Landis and Koch.

Results

The salient patient demographics are described in Table 1.
Shapiro—Wilk test revealed that the population was not nor-
mally distributed (p <0.001). The EVGS scores for each
body segment are summarised in Table 2. The mean (range)
of the score for each lower limb segment was 4.13 (2-6.5)
for the foot, 1.87 (0—4) for the ankle, 3.95 (1.5-7.5) for the
knee, 1.1 (0—4) for the hip, 0.68 (0-3) for the pelvis, and 1.18
(0-3) for the trunk. The mean (SD) of the total score was
12.92 (SD 3.72; range 7-21.5). The mean (SD) gait scores
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Fig.2 Screenshots of gait videos paused at six phases of gait to
record and measure the various parameters of the Edinburgh Visual
Gait Score (EVGS) in a 7-year-old child with spastic diplegia and
jump gait. The total EVGS of the right side is 18/34. a Parameters
of EVGS recorded at initial contact/terminal swing: foot position at
initial contact, knee position at terminal swing and peak hip flexion in
swing. b Parameters of EVGS recorded at mid-stance sagittal plane:
heel lift, pelvic rotation and peak sagittal position of trunk. ¢ Param-
eters of EVGS recorded at terminal stance: maximum ankle dorsiflex-
ion in stance, peak knee extension in stance and peak hip extension in
stance. d Parameters of EVGS recorded at mid-swing: foot clearance
in swing, maximum ankle dorsiflexion in swing and peak knee flex-
ion in swing. e Parameters of EVGS recorded at mid-stance coronal
plane from front: foot rotation/progression angle, knee progression
angle, pelvic obliquity at mid-stance, maximum lateral shift of trunk
in stance. f Parameters of EVGS recorded at mid-stance coronal plane
from back: hindfoot varus/valgus

of children increased as their GMFCS levels increased. The
mean (SD) score of GMFCS I was 8.5 (SD 3.5), while the
mean (SD) scores for GMFCS II and III patients were 10.73
(SD 3.86) and 14.96 (SD 4.2), respectively. There was a
statistically significant difference between the EVGS scores
of GMFCS Level II and III patients (p <0.001). The aver-
age time to calculate the EVGS, after the videos had been
recorded, was 24.7 min (16-55 min).

Intra-Observer Reliability (Table 3)

Intra-observer reliability was satisfactory as seen by the
percentage of complete agreement, which for Observer 1

@ Springer

Table 1 Patient demographics

Age (years)* 7 years 3 months (SD 3 years 3 months; range
4-14 years)
Male 21
Female 9
Motor type
Diplegia 21
Hemiplegia 8 Right: 5 Left: 3
Monoplegia
GMFCS level®
I 1
I 13
I 16

*Age described as mean (SD; range)
#GMFCS Gross Motor Function Classification System [23]

ranged from 65 to 93.3% and for Observer 2 ranged from
73.3 to 98.3%. The mean Coefficient of Repeatability was
0.98 and 0.65 for Observers 1 and 2, respectively. The maxi-
mum intra-observer reliability was for foot position at initial
contact for both the observers, with percentage of complete
agreement of 93.3% and 98.3%.

Inter-Observer Reliability (Table 4)

The percentage of complete agreement for both observers
ranged between 61.7 and 92.5%. Here too, the maximum
agreement was for foot position at initial contact, with per-
centage of complete agreement of 92.5% and a kappa value
of 0.87 suggesting almost perfect agreement. For individual
measurements, the reliability was almost perfect (kappa
0.81-1) for one item, substantial (kappa 0.61-0.80) for
three items, moderate (kappa 0.41-0.60) for seven items,
fair (0.21-0.60) for four items and slight (0-0.20) for two
items of the EVGS.

Discussion

The EVGS has been validated by several studies to be a
psychometrically sound, quantitative OGA scale, for use by
experienced and non-experienced observers [12—14], with
good intra- and inter-observer reliability [10, 13], good
concurrent validity with other gait assessments [4, 15, 25],
and with adequate sensitivity to detect changes after physi-
otherapy [16] and multilevel surgery [26]. However, the
paucity of information in the literature regarding the techni-
cal aspects of video recording and data capture, and lack of
practical guidelines have precluded the EVGS from becom-
ing a tool that can be easily implemented in a busy clinical
setting [16]. The added requirement of multiple electronic
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Table 2 Edinburgh Visual Gait Body segment Foot Ankle Knee Hip Pelvis Trunk Total
Score (EVGS) [10] as per body
segments Mean 4.13 1.87 3.95 1.1 0.68 1.18 12.92

SD 1.15 1.10 1.62 0.98 0.75 0.95 3.72
Table 3 Intra-observer Observer | Observer 2
reliability based on coefficient
of repeatability (CoR)* Item CoR* % Complete CoR* % Com-
and percentage of complete agreement plete agree-
agreement ment

Foot position initial contact 0.5 93.3 0.3 98.3

Heel lift in stance 0.9 76.7 1 80

Foot clearance in swing 1.1 70 0.4 96.7

Foot progression angle 1.1 78.3 0.7 86.7

Hindfoot varus/valgus 1.1 66.7 0.5 93.3

Max ankle dorsiflexion in swing 0.8 86.7 0.6 91.7

Max ankle dorsiflexion in stance 0.7 86.7 0.4 96.7

Knee progression angle 1 75 0.7 88.3

Knee position terminal swing 0.9 85 0.4 95

Peak knee flexion in swing 1.1 71.7 0.6 90

Peak knee extension in stance 0.9 85 0.4 95

Peak hip flexion in swing 1 73.3 0.6 96.7

Peak hip extension in stance 0.9 80 0.5 93.3

Pelvic rotation at mid-stance 1.2 80 1 73.3

Pelvic obliquity at mid-stance 1 73.3 1 73.3

Max lateral shift of trunk 1.2 68.3 0.9 80

Peak sagittal position of trunk in stance 1.3 65 1.1 78.3
Tal?le 4 Inter-observer Item Kappa value % of com- Level of agreement Rank (by
reliability based on kappa value plete agree- kappa
and percentage of complete ment value)
agreement

Foot position initial contact 0.87 925 Almost perfect 1

Heel lift in stance 0.64 76.7 Substantial 4

Foot clearance in swing 0.49 74.2 Moderate 8

Foot progression angle 0.54 75 Moderate 6

Hindfoot varus/valgus 0.45 70 Moderate 11

Max ankle dorsiflexion in swing 0.52 69.2 Moderate 7

Max ankle dorsiflexion in stance 0.6 73.3 Moderate 5

Knee progression angle 0.36 65 Fair 12

Knee position terminal swing 0.68 79.2 Substantial 2

Peak knee flexion in swing 0.46 67.5 Moderate 10

Peak knee extension in stance 0.68 79.2 Substantial 3

Peak hip flexion in swing 0.21 65 Fair 15

Peak hip extension in stance 0.49 68.3 Moderate 9

Pelvic rotation at mid-stance 0.15 70 Slight 16

Pelvic obliquity at mid-stance 0.13 65.8 Slight 17

Max lateral shift of trunk 0.31 70 Fair 14

Peak sagittal position of trunk in stance 0.34 61.7 Fair 13
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devices and advanced computer-based video software for
data acquisition and interpretation [10, 13—16] defeats the
intended purpose of making the EVGS a simple, practical,
user-friendly and cost-effective tool for daily use.

A few recent studies have reported on the use of smart-
phone motion analysis applications to record frontal and sag-
ittal plane lower limb kinematics while walking, running
or performing other functional activities [19-21]. Finkbiner
et al. found no significant differences between measures
recorded by the Hudl smartphone application when com-
pared to those recorded by the 3D motion capture system,
thus, validating the use of this application to measure sagit-
tal plane kinematics in the clinical setting [19]. Mousavi
et al. reported excellent test-retest and inter-rater/intra-rater
reliability with the Coach’s Eye (TechSmith Corporation,
MI, USA) smartphone motion analysis application in meas-
uring lower limb kinematics during treadmill running in 20
healthy female runners [20]. Borel et al. reported increased
inter-rater reliability when using the Dartfish (Fribourg,
Switzerland) video analysis software for observational gait
analysis in children with CP [27]. However, there is no study
till date which has reported on the use of smartphone-based
slow-motion video technology and motion analysis applica-
tions on a single mobile device, to perform OGA using the
EVGS in children with CP.

Smartphones have become ubiquitous and are being used
increasingly in clinical practice, education and research
across the world [19, 28]. Newer smartphones can record
videos in high definition and have a facility of slow-motion
video recording [22], allowing a more detailed analysis of
each event in the gait cycle [19]. A higher frame rate of > 60
fps allows frame-by-frame analysis of each parameter under
scrutiny, thereby improving inter-rater reliability, while also
reducing measurement errors of selected gait parameters
such as initial contact and toe-off [20]. Over 2000 different
models of medium-range and high-end smartphones (both
Android and Apple) made by the top-selling smartphone
manufacturers in 2019-2020 have availability of built-in
slow-motion video technology. The additional use of vali-
dated motion analysis applications, which are freely avail-
able for smartphones, helps improve the accuracy of kin-
ematic measurements [18-20, 27]. These apps allow video
playback at multiple slow-motion speeds, split screen and
scrolling facilities for frame-by-frame analysis, and pan and
zoom functions that allow access to all important details of
the gait video. They also have drawing tools which allow
lines to be drawn and angles to be measured on the smart-
phone screen itself. The use of such comprehensive appli-
cations have been shown to enhance the reliability of video
gait analysis without much affecting the calculation times
[18-20, 27]. While we used the Hudl app, which is ideal
for Apple smartphone users, there are several other motion
analysis apps such as Coach’s Eye (TechSmith Corporation,
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MI, USA), CoachNow (Shotzoom LLC, AZ, USA), and
myDartfish Express (Fribourg, Switzerland) that are avail-
able for the Android platform.

Our study has demonstrated the reliability of recording
and analysing the various parameters of the EVGS on a sin-
gle smartphone device, using slow-motion video technol-
ogy and mobile-based motion analysis applications that are
readily available on current smartphones. The percentage
of complete agreement between observers in our study was
between 61.7 and 92.5% and our intra-observer reliability
was 65-98.3%, which correlates well with the 60-95% relia-
bility reported by previous studies [10, 13, 14]. The reliabil-
ity of EVGS items in our study was better for distal anatomic
levels compared to proximal levels, as reported in previous
studies [10—-14], with kappa values ranging from 0.45 to 0.87
for the foot and ankle, 0.36-0.68 for the knee and 0.21-0.49
for the hip. Reliability was least at the pelvic level, with
kappa values of 0.13 and 0.15 for pelvic obliquity and pelvic
rotation in mid-stance, respectively. Sagittal plane param-
eters demonstrated better reliability (mean kappa=0.54)
than coronal plane (mean kappa=0.30) and transverse plane
parameters (mean kappa=0.34), which has been borne out
in other studies too [10, 13, 14]. The mean Coefficient of
Repeatability (CoR) for the two observers in our study was
0.82 compared to mean CoR scores of 5.15 for inexperi-
enced observers and 4.21 for experienced observers, in the
study by Ong et al. [12]. Our observers were not particularly
experienced in gait analysis and, since our institution lacks
a 3D instrumented gait lab, have not had any training in 3D
motion analysis. Yet the intra- and inter-observer reliability
in our study was substantially higher than that demonstrated
by inexperienced observers in the studies by Ong et al. [12]
and Orozco et al. [14] across all items of the EVGS. Our
study has also demonstrated a correlation between the EVGS
and the GMFCS levels of children with CP, with a statisti-
cally significant difference between GMFCS levels II and
III, as in the study by Robinson et al. [15].

Our study has some limitations. We were unable to estab-
lish concurrent validity with instrumented gait analysis
which is the ‘gold standard’ for measuring gait deviations
in children with CP. We did not have access to a motion
analysis laboratory and the incentive to use OGA arose from
lack of a 3D gait laboratory to evaluate gait abnormalities in
children with CP. However, previous studies have confirmed
good validity between most items of the EVGS and 3D gait
analysis [10, 12, 14], and the Hudl motion analysis applica-
tion has been validated as a reliable measure of sagittal plane
kinematics in healthy subjects [19]. The reliability of knee
progression angle in the transverse plane was the single vari-
able in our study that differed markedly from other studies
(0.36 v/s 0.72) [10, 14]. We did not use rotational marker
blocks on the pelvis or thighs as recommended by other
studies [10, 24], which may have affected the accuracy of
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this item [13]. However, we wished to simplify the process
of OGA and make it practical and cost-effective for daily
implementation by avoiding complex patient preparation
tools that are not readily available in a clinic setting.

The ability of smartphone technology to record and meas-
ure gait videos in a reliable and consistent manner opens up
myriad opportunities in the field of OGA. Screenshots of gait
deviations recorded and measured on gait videos, paused at
appropriate phases of the gait cycle, can be archived and
preserved as a permanent record on a patient’s electronic
medical file to assist in future assessments. The EVGS has
traditionally been used to quantify the severity of gait devia-
tions at different anatomic levels [10—15] and as an outcome
measure to evaluate the effectiveness of an intervention [16,
26]. We propose that using our EVGS smartphone protocol,
it may be possible to adapt this tool for qualitative analysis
of specific gait patterns using the EVGS framework as a tem-
plate to report key kinematic findings at multiple anatomic
levels. This would aid in the decision-making process and
thus improve the utility of the EVGS in clinical practice.

Conclusion

By combining the easy availability of smartphones equipped
with high-definition slow-motion video technology and
motion analysis applications with the strong psychometric
properties of EVGS, we have developed a method of OGA
that is user-friendly and practical to be implemented by
every clinician. We have attempted to simplify and stand-
ardise the protocol for consistent and reliable video capture
using a smartphone within the clinic space, without the need
for additional specialised equipment.
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