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Abstract
Background: Gait analysis constitutes an essential part of orthopedic rehabilitation assessment. Previous studies indicate
that observational-based gait analysis lacks reliability and requires extensive clinical training. Therefore, gait analysis in the
clinical practice heavily relies on technical aids. The aim of the present study is to develop a reliable gait analysis assessment
tool that can accurately assess clinically relevant gait cycle parameters in daily clinical practice. Methods: In this pilot
study, a new gait analysis and motion score (GAMS), comprising 10 observational and 5 technically measured (e.g.
pressure plate) gait parameters, was developed. The parameters were dichotomously operationalized, reflecting
pathological versus physiological manifestations of the parameters. The rating algorithm was administered by 12 raters
using videotaped treadmill sessions of 10 orthopedic subjects (n ¼ 120 ratings). Inter-rater reliability was calculated using
the intraclass correlation coefficient (ICC) and the percentage of rating agreement. Results: The mean (standard
deviation (SD)) GAMS ratings ranged from 10.0 (1.1) to 21.5 (1.3) points. The overall GAMS ICC was 0.98 (95% con-
fidence interval (CI) 0.96–1.00), whereas the ICC of observational parameters alone was 0.97 (95% CI 0.93–0.99). The
mean (SD) percentage of rating agreement was 86.1% (3.3%). For the observational parameters, the mean (SD) rating
agreement was 82.5% (4.5%). Conclusion: This new GAMS shows excellent overall inter-rater reliability for a continuum
of functional gait statuses. The new score may be an appropriate clinical tool to objectively evaluate patients’ gait patterns.
Furthermore, the GAMS may find application as a clinician-reported outcome measure in orthopedic rehabilitation.
Further studies are required to verify the validity and accuracy of the new GAMS and its functionality in assessing clinical
changes in gait patterns.
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Introduction

Since the introduction of the World Health Organization’s

(WHO) International Classification of Functioning (ICF),

outcome measurement has evolved as a core requirement

for evidence-based rehabilitation.1,2 There are currently a

plethora of patient- and clinician-reported outcome mea-

sures that describe disease-specific aspects of a patient’s

health status.3,4

Based on the ICF, the WHO developed core sets for

rehabilitation to standardize how “functioning” is clinically

assessed.5 The WHO ICF generic set contains seven key

indicators that differentiate functioning levels among all

patients.5 One of these indicators is the category walking

(d450 walking). The assessment of the functional walking

status and its change over time should be considered as an

indispensable part of outcome measurement in orthopedic

rehabilitation.
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A-6370 Kitzbühel, Austria.
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The functional walking status as an everyday activity

(d450 walking) can be obtained by patient-reported out-

come measures, such as questionnaires, whereas the under-

lying physiological function and gait pattern (b770 gait

pattern functions) require clinician-reported outcome mea-

sures, including technical assessments, to be objectively

quantified.5

Because the human gait is a highly complex movement,

there are numerous parameters, which potentially reflect a

patient’s functional gait status.6–9 The field of clinical gait

analysis aims to identify relevant parameters and to reliably

and objectively assess their manifestation at a certain point

of time. Furthermore, gait analysis enables the identifica-

tion of pathological gait patterns, which substantially

guides diagnosis, intervention planning, and outcome

prognosis.9,10

Unfortunately, clinical gait analysis increasingly relies

on the employment of technical aids, the access of which

often constitutes an economic hurdle in routine medical

care.1,2 Existing scores like the gait deviation index and

the gait profile score are reliable measures to assess the

functional gait status but require many measurements and

calculations’ while others like the Wisconsin gait scale are

easy to assess but are specifically designed for the evalua-

tion of gait quality for specific conditions like stroke

patients.11–13

Previous studies indicate that observational gait analysis,

without technical support, only shows slight to moderate

reliability and requires extensive clinical training.14–16 It has

also been suggested that accurate assessment of treatment

success cannot be achieved with videotape ratings alone.17

The aim of the present study was to establish a new gait

analysis and motion score (GAMS) as a clinician-reported

outcome measure for rehabilitation, based on the following

required criteria: (1) it should distinguish pathological gait

patterns from nonpathological movements; (2) all key

aspects of the gait cycle should be taken into account; (3)

it should have high objectivity; (4) it should be a user-

friendly rating algorithm enabled by an appropriate para-

meter operationalization; (5) it should have the potential to

assess the patient’s functional gait status; and (6) it should

detect minimal clinical changes. In this first study, we

emphasize the evaluation of the inter-rater reliability of the

new score.

Materials and methods

This study was previously approved by the institutional

review board and complied with the Declaration of Hel-

sinki. Each patient was informed that data from the case

would be submitted for publication and gave their consent.

Parameter selection and operationalization

A multidisciplinary team of nine physical therapists and

two medical doctors screened the standard reference gait

analysis literature6–9,17–21 and available scores11,12,22–24 for

relevant gait parameters to be used in the development of

the new GAMS. Potential parameters were included in the

GAMS development if they met the following criteria: (1)

the clinical manifestation of a selected parameter can

change over time; (2) it reflects a key element of the gait

cycle; and (3) it is operationalizable into a dichotomous

parameter, separating clinically relevant from nonpatholo-

gical manifestations (Online Supplemental Table 1). In a

Delphi process, out of 37 potential parameters identified,

15 items (including 10 items with a dual rating for being

applied to both the left and right side) met the inclusion

criteria and were further operationalized to dichotomous

parameters and included in the GAMS (Figure 1). Each

dichotomous parameter was rated by the numbers 0 or 1.

A parameter score of 0 indicates a pathological parameter

manifestation, whereas a parameter score of 1 indicates that

it does not meet clinical significance. Due to the dual rating

of 10 parameters, the final score ranges from 0 to 25 points.

A lower total score at the end (sum of all parameters) was

defined as a more pathological gait by definition.

Participant characteristics and rating procedure

Based on 12 available raters (see below), the required sam-

ple size was calculated according to Walter et al.25 Assum-

ing a reliability of 0.7 or higher as acceptable (H0: p ¼ 0.7)

and expecting a reliability of 0.9 (H1: p ¼ 0.9), due to the

dichotomous item operationalization, with a significance

level of a ¼ 0.05, a power of 1�b ¼ 0.8, and a possible

dropout of 10%, a required sample size of 10 subjects was

calculated resulting in a total number of 120 observations

(n ¼ 12 raters, k ¼ 10 subjects, kn ¼ 120 ratings).

A medical doctor and a physical therapist, who both did

not participate in the GAMS parameter selection process,

retrospectively chose videotaped treadmill sessions of 10

Table 1. Percentage of rating agreement.a

Sum of ratings Percentage of agreement

0 100.0%
1 91.7%
2 83.3%
3 75.0%
4 66.7%
5 58.3%
6 50.0%
7 58.3%
8 66.7%
9 75.0%
10 83.3%
11 91.7%
12 100.0%

aCalculation of rating agreement in percent. Given 12 raters and a dichot-
omous item operationalization, a summative rating score of 0 and 12
represents 100% agreement, whereas a score of 6 represents the lowest
agreement of only 50%.
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orthopedic patients of the study site (of all recorded tread-

mill sessions generated as part of the medical examination

between years 2014 and 2017), based on the following selec-

tion criteria: (1) the selected subjects should display various

orthopedic conditions, which best reflect the patient popu-

lation; (2) the level and type of the gait status impairment

should differ among subjects; and (3) only subjects with no

need of walking frames (crutches, etc.) may be selected.

The treadmill sessions were conducted as part of the

patients’ medical examination at the study site using a

Zebris FDM-T treadmill ergometer with an integrated pres-

sure plate and two SYNCLightCam modules for video

recording (Zebris Medical GmbH, Isny, Germany) to mea-

sure their pressure distribution.

The videotaped sessions and Zebris treadmill protocols

were retrospectively rated by 12 independent, blinded asses-

sors (2 general medical doctors and 10 physical therapists,

all of whom had at least 1-year experience in gait analysis,

who were not involved in the subjects’ medical treatment

and did not conduct the treadmill sessions with the study

GGait Analysis and Motion Score (GAMS)

No. Parameter Ra�ng Instruc�on Source
Ra�ng

L R

1 Ini�al Contact
0 fla�oot/toe contact

O/P
1 heel strike

2 Heel li�
0 delayed/early/no contact

O/P
1 normal

3 Hind foot
0 >5° devia�on

O
1 <5° devia�on

4 Clearance
0 reduced/addi�onal movements

O
1 appropriate

5 Knee posi�on 
sagi�al plane

0 hyperextension/-flexion
O

1 appropriate

6 Knee posi�on 
frontal plane

0 devia�on medial/lateral
O

1 no devia�on

7 Hip extension
0 no extension

O
1 >5° extension

8 Trendelenburg’s 
sign

0 >8° devia�on
O

1 no devia�on

9 Duchenne’s sign
0 >10° devia�on

O
1 no devia�on

10 Trunk posi�on
0 flexion

O
1 appropriate

11 Center of 
pressure course

0 asymmetric
Z

1 symmetric

12 Step length 
difference

0 >5% difference
Z

1 < 5% difference

13 Stride width
0 <5 cm or >13 cm

Z
1 5-13 cm

14 Speed
0 <2.5km/h or use of the handles

Z
1 >2.5 km/h without the handles

15 Foot rota�on
0 <5° or >15°

Z
1 5°-15°

L = le� leg, R = right leg
O = videotaped observa�on, P = pressure plate
Z = ZEBRIS FDM Treadmill report

Sum L/R

SCORE

Figure 1. Gate analysis and motion score rating form.
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subjects), using the GAMS protocol (Figure 1, Online Sup-

plemental Table 1). Every assessor underwent a 1-h GAMS

training prior to rating the sessions. The blinded assessors

reviewed a standardized Zebris FDM treadmill report, a

video clip of three performed gait cycles (from the back and

the left side), and a Zebris pressure plate report of each

subject. In addition to rating each GAMS parameter, the

blinded assessors also graded the subjective rating difficulty

of each item, based on a score ranging from 1 to 5, with 1¼
very easy and 5 ¼ very difficult to rate.

Statistical analysis

All statistics were calculated using IBM® SPPS 25®

(Armonk, New York, USA). Descriptive statistics was used.

Inter-rater reliability was calculated using the intraclass cor-

relation coefficient (ICC), as ICC has been shown to be a

suitable measurement of reliability of dichotomous data (the

presence or absence of a trait) in cases, where more than two

raters are involved.26–28 Inter-rater reliability was analyzed

using a two-way mixed, average score intraclass correlation

(C, k), with 95% confidence interval (CI) calculated. The

ICCs were ranked by reliability classification of Koo and Li,

whereby <0.50 had poor reliability, 0.50–0.75 had moderate

reliability, 0.75–0.90 had good reliability, and >0.90 had

excellent reliability.29 Given that differences in means

among assessors’ ratings decrease the ICC, further analysis

was necessary.27 The percentage of rating agreement among

the assessors for each parameter was calculated for each

subject (joint probability of agreement), as given in Table

1. The significance of differences between subject ratings

was calculated by one-way analysis of variance with a

Tukey’s multiple comparisons post hoc test.

Results

Among the 10 subjects (3 females and 7 males), their mean

age was 52.8 + 13.5 years and 7 had lower limb surgery

and 3 had spinal surgery (Table 2).

Mean GAMS ratings per subject

The mean GAMS ratings scored by the 12 assessors for each

of the 10 subjects ranged from 10.0 (standard deviation (SD)

1.1) to 21.5 (SD 1.3) points (Table 2). Figure 2 shows the

mean subject ratings ranked from highest to lowest and the

significance of differences between subject ratings.

Inter-rater reliability

The ICC value of all 15 parameters (right and left leg rated

separately) ranged from 0.47 to 1.00, as given in Table 3.

Table 2. Patient characteristics.a

ID no. Sex Age (years) Medical condition Side GAMS rating (mean + SD)

1 Male 57 Ankle fracture Right 16.8 + 2.0
2 Male 75 Lumbar spine fusion surgery Left 18.6 + 2.0
3 Male 59 Hip arthroplasty Right 20.5 + 1.8
4 Female 56 Hip arthroplasty Left 20.7 + 1.9
5 Male 64 Ankle fracture Right 21.5 + 1.3
6 Male 41 Hip fracture (femoral neck) Right 17.4 + 2.2
7 Male 39 Lumbar spine fusion surgery 11.9 + 2.1
8 Male 36 Knee arthroplasty Right 13.8 + 2.1
9 Female 69 Ankle fracture Right 14.4 + 2.0
10 Female 69 Thoracic fusion surgery 10.0 + 1.1

GAMS: gait analysis and motion score; SD: standard deviation.
aPatient characteristics and mean GAMS rating of 12 raters.
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Only parameter 8 showed a poor ICC for the right side. The

overall GAMS ICC was 0.98 (95% CI 0.96–1.00), whereas

the ICC of just the observational parameters (parameters 1–

10) was 0.97 (95% CI 0.93–0.99). The mean percentage of

rating agreement was 86.1% (SD 3.3%). For just the obser-

vational parameters, the mean percentage of rating agree-

ment was 82.5% (SD 4.5%).

Rating difficulty

The mean rating difficulty for all Zebris report parameters

(parameters 11–15) was estimated as “very easy to rate” by

the examiners (Table 3). Eight of the 10 observational

parameters were estimated as “easy to rate,” whereas para-

meter 3 (hind foot) and parameter 7 (hip extension) were

estimated as “moderately difficult to rate.”

Discussion

We introduce a new score for the clinical assessment of the

functional gait status of orthopedic patients. Our data indi-

cate that the new GAMS is a highly reliable screening tool,

which considers key aspects of the gait cycle. The distri-

bution of our mean subject scores (Figure 2) further indi-

cates that different grades of gait pathology are captured by

the GAMS. In our dataset, the mean subject ratings range

from 10 to 21.5 points, which can be explained by the

subjects’ characteristics (Table 2). We did not expect lower

scores, because only patients capable of performing a tread-

mill session and with no need of walking frames partici-

pated in the study. Higher scores may be expected in

subjects with minimal to no gait pathology. Our findings

indicate that the new GAMS may be able to detect minimal

clinical changes. Therefore, the GAMS may be a suitable

clinician-reported outcome measure for orthopedic rehabi-

litation. However, further studies are required to verify the

validity of our new score.

Concerning the inter-rater agreement, the overall

GAMS shows excellent inter-rater reliability, which also

holds true for the observational parameters. This is in con-

trast to previous studies2,6,7 and may likely be due to the

dichotomous operationalization of these gait parameters.

The examiners mainly estimated the parameters as “easy

to rate.” Parameters with moderate rating difficulty should

be further operationalized in future versions of the score to

obtain an easier rating algorithm.

In addition to lack of validation, a main methodological

drawback was the one-sided videotaping of the treadmill

sessions, which may have decreased the reliability of some

parameters and increased their rating difficulty (e.g. hip

extension). The main goal of further developments of the

score should be the replacement of parameters, where tech-

nical support is required (parameters 11–15), with observa-

tional parameters. This would highly facilitate the use of

the GAMS and make the assessment less costly. Further-

more, items with low inter-rater reliability and high rating

difficulty should be further operationalized to enhance

usability. In future studies, we aim to investigate the valid-

ity (preliminary data indicate high correlation with other

patient-reported and clinician-reported outcome measures)

and the test–retest reliability of the score to evaluate its

ability to detect clinical changes. The current version of

the GAMS may provide useful information to assist the

planning of the rehabilitation process. The main benefit

of our new score, compared to existing ones, is its easy

dichotomous rating algorithm, which allows for an efficient

Table 3. Inter-rater reliability of the gait analysis and motion score.

Item Parameter ICC (95% CI) L/R
Reliability classification
L/R

Rating agreement
L/R

Rating
difficulty

1 Initial contact 0.98 (0.96–1.00)/0.98 (0.96–0.99) Excellent/excellent 94%/96% 2
2 Heel lift 0.85 (0.67–0.96)/0.84 (0.64–0.95) Good/good 79%/79% 2
3 Hind foot 0.81 (0.58–0.95)/0.81 (0.57–0.94) Good/good 77%/78% 3
4 Clearance 0.90 (0.78–0.97)/0.91 (0.80–0.97) Good/excellent 88%/88% 2
5 Knee position sagittal plane 0.57 (0.03–0.87)/0.77 (0.47–0.93) Moderate/good 74%/76% 2
6 Knee position frontal plane 0.94 (0.87–0.98)/0.93 (0.83–0.98) Excellent/excellent 88%/87% 2
7 Hip extension 0.83 (0.62–0.95)/0.73 (0.40–0.92) Good/moderate 73%/70% 3
8 Trendelenburg’s sign 0.88 (0.72–0.96)/0.47 (0.19–0.84) Good/poor 82%/88% 2
9 Duchenne’s sign 0.76 (0.46–0.93)/0.92 (0.82–0.98) Moderate/excellent 83%/87% 2
10 Trunk position 0.92 (0.82–0.98) Excellent/excellent 93% 2
11 Center of pressure course 0.97 (0.93–0.99) Excellent/excellent 99% 1
12 Step length difference 1.00 (0.99–1.00) Excellent/excellent 99% 1
13 Stride width 0.99 (0.99–1.00) Excellent/excellent 98% 1
14 Speed 0.99 (0.97–1.00) Excellent/excellent 95% 1
15 Foot rotation 1.00 (0.99–1.00)/1.00 (1.00–1.00) Excellent/excellent 99%/100% 1

Observational GAMS 0.97 (0.93–0.99) Excellent 82.5% + 4.5%
Overall GAMS 0.98 (0.96–1.00) Excellent 86.1% + 3.3%

CI: confidence interval; ICC: intraclass correlation; L: left leg; R: right leg; observational GAMS: items 1–10, reliability classification according to Koo and
Li; rating difficulty 1–5 (1: very easy and 5: very difficult).
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screening of patients without the requirement of an exten-

sive training of the therapeutic staff.

Conclusion

The new GAMS is a highly reliable tool to assess the func-

tional gait status of orthopedic patients. Pending further

study, development, and validation, it may be applied as

a screening instrument, as well as a clinician-reported out-

come measure.
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