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Abstract

Background

This study aims at assessing the validity and reliability of the Spanish version of the Lysholm

score, a widely used instrument for assessing knee function and activity level after ligament

injuries.

Methods

Ninety-five participants (67.4% male, 22±5 years) completed the questionnaire twice within

7 days and a subsample of 42 participants completed a test-retest reliability. Reliability,

validity and feasibility psychometric properties were studied. The validity of the question-

naire was analysed using ceiling and floor effects. Factor structure and construct validity

were analysed with the SF-36, the Hip and Knee Questionnaire (HKQ) and one leg jump

test (OLJT).

Results

Criterion validity with the SF-36 Physical State was moderate (r = 0.50 and p<0.01), poor

and inverse relationship (r = -0.31, p<0.01) with HKQ and positive moderate (r = 0.59,

p<0.01) with OLJT. Measurement error from MDC90 was 3.9%. Exploratory factor analysis

demonstrated a one-factor solution explaining 51.5% of total variance. The x2 test for the

one-factor model was significant (x2 = 29.58, df = 20, p < 0.08). Test-retest reliability level

was high (ICC2.1 = 0.92, p<0.01) and also the internal consistency (α = 0.77).
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Conclusion

The Spanish Lysholm score demonstrated that it is a reliable and valid instrument that can

be used to assess knee function after ligament injuries.

Introduction

Anterior cruciate ligament (ACL) injuries account for more than 50% of all sustained knee

injuries [1]. In fact, ACL rupture has epidemiological importance of the first order, since it has

been estimated that annually one out of every 3000 people suffers an ACL tear in the United

States. Focusing on Europe, and more specifically on Spain, this percentage reaches 40% [2,3].

Approximately 70% of all ACL injuries are noncontact in nature and 30% are contact injuries

[4]. In addition, ACL lesions have been associated with giving-way episodes and development

of meniscus tears and knee osteoarthritis [5]. One study states that the incidence of meniscus

tears in patients with an ACL lesion is 40% in the first year, 60% in the fifth year and up to 80%

10 years after the injury [6]. It is important to highlight the relationship between the ACL

lesion and the stability and activity of the patient. A third of people with an ACL injury will

compensate well and will successfully return to their activities without surgery. However,

another third could return to recreational activities with effort and a last third may not be able

to return due to instability of the knee, requiring surgery [7]. For all this, it is vitally important

to monitor patients over time after the ACL injury. In addition, the evaluation of the medium

and long-term consequences must be carried out. The Lysholm score was developed to evalu-

ate function and activity after ACL surgery in terms of stability [8] and graded activity [9]. It

has also been validated as an instrument administered by the patient to measure symptoms

and function in patients with various knee injuries [10–12].

Cultural adaptations of the Lysholm score have been developed previously in many lan-

guages and countries [13–18]. Spanish is one of the most widely used languages in the world,

and its use is projected to increase in future years. In the United States alone, there has been a

200% increase in the number of Spanish speakers since 1980 [19]. A Spanish version of this

score could facilitate the comparison of research results from Spanish speaking patients suffer-

ing from knee conditions with data previously reported in the literature [20].

This study aims to report the psychometric properties of the Spanish version of the Lysholm

score.

Materials and methods

Study design and participants

A psychometric prospective observational study was planned to achieve the objective of the

study. First, a double forward and backward translation [21] of the Lysholm score [8] was car-

ried out following COSMIN recommendations [22]. A preliminary study was carried out with

35 patients (14 females, age = 22.6±7.0 years) on a waiting list for ACL surgery to evaluate

whether the meaning of the original version was maintained in the Lysholm Spanish version

(S1 Lysholm Spanish Version).

In the second stage, an observational prospective assessment of the psychometric properties

of the Spanish Lysholm score was carried out with 95 native Spanish speakers who were wait-

ing to undergo surgery for an ACL injury.

The Spanish version of Lysholm score
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Characteristics descriptive of the participants, as well as demographic data for patients are

shown in Table 1.

Ethical aspects

The CEIC Hospital Universitario “San Cecilio” ethics committee from Granada approved this

study (P16-R13). In addition, all participants were informed, both verbally and in writing

about the study, and signed the corresponding written informed consent.

Procedures: Translation and validation

The Lysholm score was translated into Spanish language considering cultural linguistic adapta-

tions to provide the new version of the questionnaire without language difficulties or other

conceptual misunderstandings (see S1 Lysholm Spanish Version).

Validity understood as the degree to which the instrument measure the construct it pur-

poses to measure [22] was assessed using content, construct and criterion validity. To determi-

nate the construct validity and factor structure, maximum likelihood extraction (MLE) with a
priori extraction requirements was employed. The requirements were established in relation to

satisfaction of the following criteria: an eigen value >1.0, screeplot inflection and variance

>10% [23]. A single factor structure was the result of the exploratory factor analysis [24]. The

fit of the confirmatory factor analysis was acceptable if the comparative and normalized fit

indices (CFI and NFI, respectively) were greater than 0.90, with a value of 0.08 deemed the

acceptable root mean square error of approximation (RMSEA) [25].

Construct validity was assessed through the concurrent comparison of Spanish version of

the Lysholm score with the following two questionnaires: the SF-36 and HKQ questionnaires,

as well as the one leg jump test (OLJT) functional knee test. The SF36, HKQ and OLJT were

used to assess discriminate construct, divergent validity and convergent validity, respectively.

Poor to moderate positive (SF-36 and OLJT) and negative (HFQ) correlations with Lysholm

score were expected. The ceiling and floor effects were analyzed by the percentage of patients

with maximum and minimum scores, respectively.

The Spanish version of HKQ has 7 items focusing on pain, function and symptoms. This

version has shown adequate reliability [26]. The SF-36 is a well-known instrument with 36

questions using a Likert-type scale, which assesses physical and general mental health. The

Spanish version of the SF36 has shown adequate validity [27]. Finally, the vertical jump test

was measured using an infrared photocell mat (Ergo-jump Globus, Codogne, Italy). The best

performance of three trials was used in the analysis [28].

In this study, several aspects of reliability were assessed, such as test-retest reliability and

internal consistency. Test-retest reliability was studied comparing the Spanish Lysholm score

values at baseline and one week later through the Intraclass Correlation Coefficient (ICC)

Table 1. Demographic characteristics of the study population.

Characteristic Cases
n (%)

Age (years)
Mean (sd)

Study Population 95 (100%) 21.8 (5.4)

Male 64 (67.4%) 21.9 (5.9)

Female 31 (32.6%) 21.7 (4.25)

Civil status
Single
Married
Divorced

90 (94.7%)

4 (4.2%)

1 (1.1%)

https://doi.org/10.1371/journal.pone.0221376.t001
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PLOS ONE | https://doi.org/10.1371/journal.pone.0221376 August 27, 2019 3 / 9

https://doi.org/10.1371/journal.pone.0221376.t001
https://doi.org/10.1371/journal.pone.0221376


Type 2.1 in a random sub-sample of 42 participants. An ICC > 0.70 considered to be accept-

able test-retest reliability [29]. Internal consistency of the multi-item questionnaire was

assessed by Cronbach’s alpha coefficient [30]. As recommended by Nunnally [31], an expected

Cronbach´s alpha coefficient of 0.7 or grater was considered to be adequate to confirm internal

consistency.

Feasibility was assessed by missing responses as calculated from the total number of

responses.

Sensitivity was studied through the minimally detectable change (MDC90) estimation by

following the Stratford approach [32].

Statistical analysis

A sample size of 95 participants was selected in accordance with to ensure stability of the vari-

ance–covariance matrix and required range of 4 to 10 responses for each item [33]. The mini-

mum recommended ratio of ten participants per item was satisfied [34].

Distribution and normality were assessed using the one sample Kolmogorov-Smirnov test.

Gender differences were assessed using one-way analysis of variance (ANOVA). To verify that

there were no significant differences in sociodemographic and clinical characteristics between

the total sample and the subsample, a t-student or chi square was carried out, as appropriate. A

Pearson’s r correlation coefficient values between 0.3 and 0.7 (0.3 and −0.7) indicate a moder-

ate positive (negative) linear relationship [35]. SPSS version 22.0 for Mac OS (IBM, Chicago,

IL) and LISREL version 8.8 for Windows (SSI Inc., Lincolnwood, USA) were selected as the

statistical analysis software for this study [36].

Results

Validity

A Ceiling effect of 12% and a floor effect of 1% were found in the present study. For construct

validity was developed by factor analysis, the correlation matrix for the Spanish version of

Lysholm was determined to be suitable based on the Kaiser-Meyer-Oklin values (0.86) and

Bartlett’s Test of Sphericity (p<0.01). This indicated that the correlation matrix was unlikely to

be an identity matrix and, therefore, suitable for MLE. One factor solution was found to be

accurate when the a-priori criteria were considered, as illustrated in Fig 1.

Only one of the factors had eigen values>1.0 and accounted for 51.5% of the variance. The

item loading for the one-factor solution and the average score for each item are shown in

Table 2. The confirmatory factor analysis showed an acceptable fit with a CFI of 0.98 and NFI

of 0.94 and appropriate error (RMSEA = 0.07; Standardized RMR = 0.05) under the recom-

mended value of 0.08 [37]. The x2 test for the one-factor model was significant (x2 = 29.58,

df = 20, p< 0.08) (Fig 2).

The convergent criterion validity was tested with correlation between the SF-36 Physical

Functioning Scale and the Lysholm score and it was moderate and positive (r = -0.30 and

p<0.01). There was no significant correlation between the SF-36 Mental Health Subscale and

the Lysholm score (r = 0.38; p = 0.09). The correlation between the HFQ and the Lysholm

score was moderate and positive (r = 0.50 and p<0.01). Finally, the correlation between OLJT

and Lysholm score was moderate and positive (r = 0.59, p<0.01).

Reliability

Test-retest reliability was high (ICC2.1 = 0.92, 95% CI 0.88 to 0.94, p�0.001). Moreover, there

was an appropriate degree of internal consistency: α = 0.77 (95% CI, 0.69–0.83). Finally, there

The Spanish version of Lysholm score
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were no significant differences between total sample and the subsample in clinical and socio-

demographic characteristics.

Feasibility

For the Lysholm score, there were no significant missing responses. No significant gender dif-

ferences were found in the item responses.

Sensitivity

The measurement error from MDC90 was 3.9%.

Fig 1. Scree plot of Lysholm score.

https://doi.org/10.1371/journal.pone.0221376.g001

Table 2. Factor loading items for the one-factor solution.

Factor Matrix

Component 1

Pain 0.76

Swelling 0.47

Limp 0.70

Squatting 0.81

Instability 0.62

Support 0.47

Stairs climbing 0.77

Locking 0.70

https://doi.org/10.1371/journal.pone.0221376.t002

The Spanish version of Lysholm score
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Discussion

The Spanish version of the Lysholm score showed adequate psychometric properties in

patients with ACL injuries when assessed for reliability, validity, feasibility and sensitivity.

In the absence of a real gold standard, the Lysholm score is considered to be the standard

for assessing ACL injury deficits [38]. With regard to criterion validity the correlations were

higher [22,25] and similar to other validated versions [37]. An unexpected result of this study

was the higher correlation between the Lysholm score and the functional jump test which

could be interpreted as a reflection of a close relationship between this scale and knee perfor-

mance in patients with ACL injuries. Feasibility was adequate in this study as there were no

missing data and an acceptable error for MDC90.

Further affirming the level of validity of the Spanish version of the Lysholm score, acceptable

level of ceiling and floor effects were found and higher than those reported in previous studies

[37,39], which may be due to the peculiarity of the sample selected in this study (age and type of

sport activity of the sample). With respect to factor analysis, this study revealed a satisfactory

percentage of total variance explained by one factor at 51.5% which guaranteed a correct confir-

matory factor analysis. This one factor structure is in line with the original version [9].

It demonstrated the same level of test-retest reliability than a previous study [12] and a

higher level of test-retest reliability than other cross-cultural validation studies [23,39] or a

similar ACL injury population [37]. The degree of internal consistency (α = 0.77) was lower

than in other studies [13], but adequate for health-related studies with patients [22].

This research was not free of limitations. A number of different validations aspects were not

assessed in this study, including responsiveness and content validity. Also, only one center was

involved. New research is warranted to fill theses gaps of knowledge.

Fig 2. The x2 test for the 1-factor model Lysholm score.

https://doi.org/10.1371/journal.pone.0221376.g002
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In conclusion, the Spanish version of the Lysholm score has similar reliability and validity

to the original version and other adaptations.

Supporting information

S1 Lysholm Spanish Version. Spanish version of Lysholm Scale.

(PDF)
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Yelverton Tegner, Irene Cantarero-Villanueva.

Data curation: Manuel Arroyo-Morales, Irene Cantarero-Villanueva.

Formal analysis: Jose Martin-Alguacil, Mario Lozano-Lozano, Jose A. González, Irene Cantar-
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