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Objective: To validate the Chinese version of the modified Gait Efficacy Scale (C-mGES) in

people who have had an Ilizarov external fixation apparatus removed more than 1 year ago.

Methods: (1) Translating and cultural adapting the English version mGES into Chinese. (2)

Validation of the C-mGES with the Perceived Efficacy Patient-Physician Interactions Scale

(PEPPI-10), Self-Efficacy for Rehabilitation Outcome Scale (SER), Lower Extremities

Function Assessment Scale (LEFS), and Pain Self-Efficacy Questionnaire (PSEQ).

Instrument measurements included item generation, construct validity, reliability testing, test-

retest reliability and correlation with other scales. Confirmatory factor analysis (CFA) was

applied to determine internal consistency and construct validity. One hundred five persons

who had Ilizarov external fixation devices removed more than 1 year ago were investigated.

Results: One hundred and two patients were included in this research. Our study showed

that the C-mGES has high internal consistency (Cronbach’s α-coefficient 0.928). CFA

confirmed good fit indices for a unidimensional model of the C-mGES. In test-retest

reliability, 97 patients were analyzed. The results showed that the substantial kappa coeffi-

cient is 0.680, and the ICC is 0.98 (95% CI).

Conclusion: Our study showed that the Chinese version mGES has a good internal con-

sistency, construct validity and satisfactory criterion-related validity. This scale can assist in

the assessment of walking self-efficacy in patients who have had Ilizarov external fixation

devices removed for over 1 year.
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Background
Different opinions on various treatments have been confirmed in many studies, such

as tissue transfer, bone grafting, Ilizarov external fixation, and antibiotic cement.1

The Ilizarov method has been described as “a panacea for the poor” and has been

widely used in developing counties such as South Africa.2 Ilizarov technology is

considered a safe and effective treatment and is used in orthopedic surgery to

correct deformities by lengthening or reshaping limb bones and treating bone

fractures. The main purposes of Ilizarov technology are high quality of life and

independence. Mobility is an essential component of independent living for post-

operative patients with osteopathic trauma.3 In recent years, the Ilizarov frame

mainly applies in fracture nonunion and limb lengthening orthotics.

Self-efficacy is a central concept in social cognitive theory, which has been

developed by Bandura.4 It refers to the person’s confidence to accomplish a unique
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behavior in different terms. Traditional views proposed

that a person’s continuity and efficacy are related to the

self-efficacy of particular behaviors.5 Self-efficacy has

been widely used in different fields, including health edu-

cation and education of teenagers.6 At the same time, an

increasing number of researchers have confirmed that per-

ceived ability is closely related to an individual’s actual

performed ability in terms of behavior. Many researchers

have designed scales or questionnaires to assess the level

of self-efficacy in different populations, and examples are

the general self-efficacy scale (GSES), the orthopedic self-

efficacy scale (OSES), and the self-efficacy expectation

scale (SES).7–9

To determine a person’s confidence in walking, step-

ping, and running, the Gait Efficacy Scale (GES) was

developed by researchers. The primary version of the

GES was developed according to the principle of self-

efficacy in social-cognitive theory. Through clinical prac-

tice, researchers designed a modified version of the Gait

Efficacy Scale. The modified Gait Efficacy Scale (mGES)

consists of 10 items to examine an individual’s confidence

and ability to safely walk on level surfaces and grass, step

over an obstacle, step up and down a curb, ascend and

descend stairs (with and without a handrail), and walk

a long distance.10 The results showed that the original

version of the modified Gait Efficacy Scale demonstrated

test-retest reliability within a four-week period (ICC=0.93,

95% confidence interval=0.85, 0.97). The English version

of the mGES across the 10 items has high internal con-

sistency (Cronbach’s α coefficient=0.94). In China, study

on the confidence in walking for persons with Ilizarov

external fixation devices that had been removed over

one year ago is in its infancy, and no scale or questionnaire

has been available for measurement of a person’s self-

efficacy or confidence with regard to walking tasks.

To date, the structural validity, discriminant and con-

vergent validity, and test-retest reliability of the Chinese

version of the modified Gait Efficacy Scale (C-mGES)

have been thoroughly assessed by participants. Therefore,

the aim of this research was to assess the internal consis-

tency, structural validity, test-retest reliability, and correla-

tions of the C-mGES in a clinical sample of people who

underwent Ilizarov external fixation and have had the

Ilizarov external fixator device removed for over one year.

Availability of Data and Material
No additional data are available.

Methods
Design
This observational study used the cross-sectional survey

method and is divided into two stages: (1) translation of

the original version of the mGES into Chinese; (2) valida-

tion of the C-mGES in people with an Ilizarov external

fixation device that had been removed for over one year in

September 2019.

Data Collection
According to the requirements of factor analysis, our sur-

vey from September to November 2019 required a random

sample of 100 persons with Ilizarov external fixation

devices that had been removed for over one year. The

participants did not have known literacy problems and/or

cognitive impairments.

The Requirements of Sample Size in

Factor Analysis
In this clinical study, the sample size passed the minimum

requirements, namely that the ratio between the proportion

of the number of patients and items should be >5:1, and

the sample size should be nearly 10-times larger than the

number of items.

Participants
Patient records of those who had Ilizarov external fixation

devices that were removed over one year ago were

obtained from a hospital’s orthopedic surgery department

to participate in the first stage of this study. The Hospital

Research Ethics Committee approved the study protocol,

and patients provided informed consent prior to participa-

tion. At the beginning of this survey, the researchers

informed the patients regarding the investigation aims,

rights, and obligations in this study. The investigators

used uniform advice language to explain the requirements

for the questionnaires, and all scales were provided by the

patients themselves. The privacy of the patients was pro-

tected during the course of the entire study.

The survey was sent between September and

November 2019 to a random sample of 105 patients whose

records were obtained from the orthopedic surgery depart-

ment. Only patients with Ilizarov external fixation devices

that were removed more than one year ago and radiographi-

cally confirmed bone union were included in this research.

The inclusion criteria were as follows: (1) Patients with

removed Ilizarov external fixation device for over one year
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ago and radiographically confirmed fracture union; (2)

those who were conscious with the ability to comprehend;

(3) those who could walk independently; (4) those with no

deformed limbs, and (5) those who provided written

informed consent.

The exclusion criteria were as follows: Those with (1)

conditions affecting the nervous system, such as mental

retardation; and (2) symptoms such as deafness, aphasia,

and/or the inability to communicate with others.

According to Chinese law for medical research with

humans, the Tianjin Hospital Medical Ethics committee

provided approval for this study (TJYY-2017-YLS-031).

Previously, the investigators explained the aims, rights,

and obligations and gained consent from the respondents

before data collecting. The privacy of the participants was

protected during the study process, and all questionnaires

were completed in 15–20 min. At the end of the first

survey, patients were asked whether they were willing to

complete the C-mGES after approximately 2 weeks.

Translation of the mGES
The primary version of the mGES consists of 10 items in

English. The items are anchored in the statement “How

much confidence do you have that you would be able to

safely . . . ” in different situations. Each item is scored on

a 0–10 scale (from 0 to 10), providing a score between 0

and 100, which 100 is the best possible gait self-efficacy.10

Each item of the English version mGES was translated

into the initial Chinese version by two health providers in

the orthopedic department at Tianjin Hospital with the

permission of the original author (JS Brach). The initial

Chinese version was then translated back to English, and

reviewed by another senior research fellow. Based on the

preliminary results, the final Chinese version mGES was

confirmed after discussion. The final Chinese version scale

includes 10 items and assesses the confidence to perform

different walk tasks also on a 11-point-scale, with 0 indi-

cates not confident and 10 indicates completely confident.

Other Scales for Validation
Perceived Efficacy Patient-Physician Interactions Scale

(PEPPI-10): The original version of the PEPPI-10 was

designed by Maly et al, and it measured the confidence

of patients in communicating with their physician or doc-

tor for medical information and health education.11 The

English version of the PEPPI-10 contains 10 items that

demonstrated high internal consistency (Cronbach’s α
coefficient 0.91) and satisfactory structural validity and

construct validity in community-dwelling elderly people

in the USA.12 In 2016, Wen Luo et al translated the

English version scale into Chinese and tested it on patients

with severe knee osteoarthritis, and satisfactory internal

consistency was confirmed (Cronbach’s α coefficient

0.91).13 The study showed that the PEPPI-10 is closely

related to the self-efficacy for exercise scale and osteo-

porosis self-efficacy scale.

Pain Self-Efficacy Questionnaire (PSEQ): The Pain

Self-Efficacy Questionnaire consists of 10 items that

assess patient accomplishment of unique behavior while

under pain.14 A study showed that the original version of

the PSEQ had satisfactory validity and reliability when

used by patients with pain, functional changes, and dis-

ability after pain management.15 The original version of

the PSEQ has subsequently been translated into different

languages and is used throughout the world.16 The range

of the PSEQ score is between 0 and 6, with each item

ranging from 0 (“Not at all confident”) to 6 (“Completely

confident”). A higher score indicates increased self-

efficacy while under pain. The Chinese version of the

PSEQ was found to have satisfactory internal consistency

(Cronbach’s α coefficient 0.94) and test-retest reliability

(intraclass correlation coefficient 0.796) after completion

in two weeks by patients with lower back pain.17

Self-Efficacy for Rehabilitation Outcome Scale (SER):

Waldrop and Lightsey designed the English version, which

contains 12 items.18 On the basis of Bandura’s theory, the

scale was designed for patients who underwent knee or hip

surgery, and the aim was to assess beliefs on physical

rehabilitation behaviors. There are 11-Likert items on

this scale, with each item ranging from 0 to 10, and it

can measure the confidence of patients on behavior under

different situations, for example, pain and emotional dis-

tress. The English version of the SER possesses satisfac-

tory internal consistency (Cronbach’s α coefficient: 0.94).

The Chinese version of the SER exhibits satisfactory relia-

bility and validity. The Cronbach’s α coefficient of the

Chinese version of the SER was 0.942 in patients with

total knee replacement.19

Lower extremities function assessment scale (LEFS):

This tool has recently been used in many studies, but

there have been few reports from China. The LEFS was

developed by Binkley et al in 1999, and was widely used

in patients with lower limb skeletal and muscular abnorm-

alities. The LEFS consists of 20 projects.20 Items are

rated on a 5-point Likert scale ranging from 0 to 4,

providing a score range of the scale from 0–80. A high
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score indicates better functional status. This scale has

been translated into Italian, Canadian, French, Dutch,

and other languages. The English-language LEFS was

translated into Chinese in 2015, and the results showed

that satisfactory reliability and validity were obtained

from the Chinese version of the LEFS.21 The

Cronbach’s α coefficient was 0.884, and the split-half

reliability coefficient was 0.838 in patients with knee

osteoarthritis.

Statistical Analysis
In this research, we used the SPSS 19.0 (IBM, 2010) and

LISREL 8.7 (Scientific Software International,

Lincolnwood, IL, USA) software for statistical analysis.

We analyzed missing data and frequencies after the initial

collection. Structural validity was assessed by confirma-

tory factor analysis (CFA) using LISREL 8.70.

Distributional properties of the C-mGES were inspected

to identify possible floor and ceiling effects and to exam-

ine the normality of the total scores.22

Whether the items in the C-mGES measure

a unidimensional construct was examined in the following

way. Given the ordinal nature of the items, robust max-

imum likelihood estimation with Satorra-Bentler (SB)

scaled statistics was used.23 In addition to the SB chi-

square (SB χ2) statistic, where smaller values indicate

better fit, the non-normed fit index (NNFI), the compara-

tive fit index (CFI), the standardized root-mean-square

residual (SRMR), and the root-mean-square error of

approximation (RMSEA) were used to examine the

model fit. NNFI and CFI values ≥0.95 and SRMR and

RMSEA values ≤0.08 and 0.06, respectively, were consid-

ered indicative of satisfactory model fit.24,25

Cronbach’s α coefficient was used to evaluate the inter-

nal consistency of the C-mGES. Cronbach’s α coefficient

indicated the average split-half reliability coefficient of all

the possible items, which was the most common measure-

ment of validity.26 The Cronbach’s α coefficient score

ranged between 0 and 1. Research has proved that

Cronbach’s α coefficient measures the internal consistency

of the scale.27 A Cronbach’s α coefficient of more than 0.7

represents satisfactory internal consistency of the scale.28

Test-retest reliability was tested by the Cohen’s kappa and

intraclass correlation coefficient (ICC).29

An ICC ≥ 0.70 was considered adequate for group-

level comparisons.28 Individual agreement between test

and retest scores of the C-mGES was assessed using

Bland–Altman analysis.30 The following values of

Cohen’s kappa were used to evaluate the level of

agreement:31 <0, 0.0–0.20,0.21–0.40, 0.41–0.60, 0.61–-

0.80 and 0.81–1.0 which represent no agreement, slight

agreement, fair agreement, moderate agreement, substan-

tial agreement and perfect agreement, respectively.

Pearson’s correlation between the sub-scales and total

scale was used to indicate the consistency of the content in

the C-mGES. If the mGES score showed a normal dis-

tribution, Pearson’s correlation analysis was used; other-

wise, Spearman correlation analysis was used. P <0.05

indicates statistical significance. In this study, we used

two-sided test to determine whether these factors could

be correlations. The correlation coefficient was used with

values of 0.20–0.39 weak correlation, 0.40–0.59 moderate

correlation, 0.60–0.79 strong correlation and 0.80–1.0 very

strong correlation.24

Results
Pre-Testing
Five patients who previously wore an Ilizarov external

fixation device that had been removed for over 1 year

were recruited for preliminary testing of the feasibility

and readability of the completed C-mGES. The patients

evaluated the specific content of the scale, and participated

in discussion with the staff (Table 1). The pretesting

results indicated satisfactory readability of the C-mGES

by patients, and based on this, we adjusted our formula-

tions of the C-mGES.

Patients
Of the 105 participants recruited, three patients were

excluded because of missing responses, leaving 102 for

analysis. The clinical and demographic characteristics of

the enrolled patients have been shown in Table 2. The

median score of the patients who completed the Chinese

version mGES was 52.5.

Results of the Adaptation Phase
During the process of adapting the GES, the research

fellows and health providers encountered unclear grammar

and concepts that were influenced by different cultural

backgrounds. The research fellows reached a consensus

on the most appropriate Chinese terminology to assist

people with understanding the measurement (Table S1).

The results showed that cultural backgrounds were taken

into account in the adaptation to ensure that all persons

would understand the items of the scale (Table S1). The
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researchers believe that the goal of adapting the Chinese

version mGES has been achieved.

Distribution Property
The Chinese version of the modified Gait Efficacy Scale

exhibited non-normal distribution, albeit with small-scale

skewness (skewness-0.210, kurtosis-0.705). The highest

score of the C-mGES was 80, and the lowest was 18 in

the current study (Figure 1).

Structural Validity and Internal

Consistency
CFA confirmed good fit indices for a unidimensional model

of the C-mGES (chi-square = 78.93, df = 35, P value for Test

of Close Fit = 0.020, root-mean-square error of approxima-

tion (RMSEA, 90% CI) = 0.11 (0.079; 0.14), SB χ2 (35)

=2.26, NNFI=0.96, CFI=0.97, SRMR=0.051), with the

exception of the root-mean-square error of approximation.

Standardized factor loading ranged between 0.66 for item 5

and 0.89 for item 10 (Figure 2). The results showed that the

Cronbach’s α coefficient of the C-mGES is 0.928 with suffi-

ciently high internal consistency. Thus, our results confirmed

that the C-mGES fits a unidimensional model.

Test-Retest Reliability
In test-retest reliability, 5 patients were excluded because of

missing responses, leaving 97 for analysis. With substantial

kappa coefficient (0.680) (Table 3) and ICC (0.98; 95% CI),

the test-retest reliability of the C-mGES exceeded the cut-off

point for group comparisons. Additional Bland–Altman ana-

lysis preliminarily confirmed that the limits of agreement

Table 1 Pre-Testing Patient Characteristics (N =5)

Age (Year) Sex Education Time After Operation (Months) mGES LEFS BMI

58 Male Medium 14 66 58 21.2

53 Female High 16 82 55 20.6

61 Female Medium 15 63 52 21.6

57 Male Medium 18 75 42 20.2

55 Male High 15 73 46 21.8

Table 2 Sample Characteristics (N=102)

Characteristics Mean ± SD or Number

Age, years 61.23 ± 7.2

Sex, male 63

The time after operation, months 15.35 ± 2.4

Ethnicity, Han nationality 97

Marital status

Not married 3

Married 95

Widowed 4

Education a

Low 16

Medium 72

High 14

mGES (range, 0–100) 50.40 ± 13.6

PEPPI (range, 0–100) 73.17 ± 15.0

SER (range, 0–120) 114.14 ± 5.0

PSEQ (range, 0–60) 56.30 ± 3.9

LEFS (range, 0–80) 47.03 ± 10.4

Notes: alow = none, primary school, lower-level vocational training, lower-level second-

ary general education; medium = middle-level vocational training, higher-level secondary

general education; high = higher-level vocational training, academic education.

Abbreviations: PEPPI-10, Perceived Efficacy Patient-Physician Interactions Scale;

SER, Self-Efficacy for Rehabilitation Outcome Scale; PSEQ, Pain Self-Efficacy

Questionnaire; LEFS, lower extremities function assessment scale; mGES, modified

Gait Efficacy Scale.

Figure 1 Patients’ mGES score distribution. Mean = 50.4, Standard deviation

(line) = 13.65, N = 102.

Abbreviation: mGES, the modified Gait Efficacy Scale.
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between the two time points were relatively narrow, ranging

from −5.7 to 4.1 (Figure 3).

Correlation
The results of Spearman correlation analysis confirmed

that the C-mGES moderately correlated with other self-

efficacy scales and lower extremities function scales. The

results confirmed that the C-mGES exhibited a weak but

significant correlation with LEFS (r=0.288, P<0.01),

which had a moderate but significant correlation with

PEPPI-10 (r=0.507, P<0.01). In addition, we found that

the C-mGES had no correlation with the PESQ (r=−0.141,
P>0.05) or SER (r=0.071, P>0.05) (Table 4).

Discussion
Our research assesses the validity and reliability of the

C-mGES in specific clinical samples. The findings of our

study demonstrated that the C-mGES is valid and reliable

for patients with removed Ilizarov external fixation

devices for over 1 year to examine their walking ability

and for interacting with physicians. The C-mGES can be

used as an assessment to test the ability to walk in patients

who have had their Ilizarov external fixation devices

removed for over 1 year, because the scale is simple and

valid.

The CFA results showed that the C-mGES is

a unidimensional construct. It is a powerful

Figure 2 Standardized factor loading and residuals for the items of the mGES.

Abbreviation: mGES, the modified Gait Efficacy Scale.

Table 3 Symmetry Measure of the Chinese Version mGES

Value Asymptotic Standard Error a Approximation T b P

Coherence measure Kappa 0.680 0.048 36.443 0.000

Effective cases N 97

Notes: aNo assumption of zero; bAssuming zero hypothesis using asymptotic standard error.
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measurement in structural validity, and the results

demonstrated that the model of the C-mGES fully fits

the clinical sample data. Last but not least, previous

studies showed that few degrees of freedom of

RMSEA values can be inflated in the sample model.25

In addition, the C-mGES exhibits high internal consis-

tency, the Cronbach’s α coefficient is the same as that

reported in the original validation study.

It is important that satisfactory test-retest reliability

can discriminate between both scores in the sample.25

Based on the test-retest reliability of the Chinese version

mGES was above 0.70, which is considered to be

a scale that is sufficiently reliable for group compari-

sons. The kappa coefficient of the C-mGES was 0.680,

which indicates a substantial agreement between the

measurements. The additional Bland–Altman analysis

indicated that the predominant error was not significant.

Furthermore, the interval time for test-retest reliability

and agreement is two weeks in this research. The period

is short to ensure that no inter-individual variation

occurred.

The results of the correlations between the C-mGES

and other scales support the discriminant validity and

convergency of the C-mGES. The causes may be that the

SER is mainly used for assessing the rehabilitative ability

in patients after total hip/knee replacement, and its applied

range is circumscribed. However, the C-mGES was sig-

nificantly correlated with LEFS and PEPPI. Landis et al31

determined that general self-efficacy influences expecta-

tions in new situations, while others argued that specific

self-efficacy is not assessed by the General Self-Efficacy

Scale.32 Thus, the C-mGES will be assessed using more

domain-specific measures of walking ability.

The study has some limitations. First, the number of

patients involved in this study is limited, which likely influ-

enced the comprehensiveness and relevance of this research.

Second, owing to the lack of funding for this research, we

were unable to perform a Rasch analysis. Despite the above

limitations, the results of this research are well supportive of

the validity of the C-mGES in a sample of people. The

C-mGES is well targeted, and hence, the requirement of

a large sample size is reduced. In the current study, we

showed the validity and reliability of the C-mGES. Based

on these causes, further evidence will be required before the

C-mGES can be used for other patients, for example, in

those after total knee replacement.

Conclusion
Our research showed that the Chinese version mGES has

satisfactory construct validity and internal consistency.

This scale can assist in the assessment of walking self-

efficacy in patients who were fitted with Ilizarov external

fixation devices and had them removed over one year ago.

Figure 3 Individual agreement between test and retest scores of the Chinese

version mGES. The horizontal solid line represents the mean difference between

both scores. The dashed line represents the linear regression line through the data

points. The outer dashed lines represent the 95% limits of agreement (mean

difference±1.96 SD of the difference).

Table 4 Spearman Correlations Between mGES and Other Measures

LEFS PSRQ SER PEPPI

mGES Spearman correlations 0.288** −0.141 0.071 0.507**

Sig 0.003 0.158 0.478 0.000

N 102 102 102 102

Bootstrapa Deviation 0.007 −0.002 0.000 −0.007

Standard error 0.109 0.103 0.099 0.097

95% CI Floor 0.087 −0.346 −0.112 0.306

Ceiling 0.502 0.069 0.279 0.685

Notes: **P<0.01; Bootstrap a, the bootstrap results are based on 1000 bootstrap samples.
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There will be required to provide evidence for psycho-

metric properties in more researches.
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