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Summary

OBJECTIVE: The Lysholm score and the Tegner activity
scale are widely used for assessing knee function and activ-
ity level after knee ligament injuries. This study aimed to
asses validity and reliability of the German versions of the
Lysholm score (Lysholm-G) and the Tegner activity scale
(Tegner-G) in patients after total knee arthroplasty (TKA).

METHODS: Two patient groups (<3 months postoperative;
3 to 12 months postoperative) and a healthy control group
completed both questionnaires twice within 3 to 7 days.
On the first occasion, the SF-12 questionnaire was also ad-
ministered. The instruments’ absolute and relative reliabil-
ity, internal consistency, construct validity (discriminative
validity and exploratory factor analysis), criterion validity,
and floor/ceiling effects were determined.

RESULTS: Both instruments showed acceptable relative
reliability (Lysholm-G: ICC2,1 = 0.87; Tegner-G: ICC2,1 =
0.79), and the Lysholm-G had a Cronbach’s alpha of 0.93.
Kruskal-Wallis test and post-hoc Mann-Whitney U tests
showed significant differences in both scores among the
groups. Factor analysis of Lysholm-G yielded three factors
that together explained 76% of the variance. Correlations
between the Lysholm-G/Tegner-G and the physical com-
ponent of the SF-12 were moderate (p = 0.60/0.59). Item

Abbreviations

ACL Anterior cruciate ligament

TKA Total knee arthroplasty

HRQOL Health-related quality of life

GPs General practitioners

ICC Intraclass correlation coefficient

SEM Standard error of measurement

SDC Smallest detectable change

SF-12 Short-Form 12 HRQOL

PCS Physical component summary of the SF-12
MCS Mental component summary of the SF-12
FV First visit

SV Second visit

analysis of the Lysholm-G revealed a low relative reliabil-
ity for the item “instability” and low discriminative validity
for the items “locking” and “instability”.
CONCLUSIONS: This study demonstrated acceptable psy-
chometric performances for the Lysholm-G and the Tegner-
G scales as outcome measures for patients with TKA. A
short version of the Lysholm score without the “locking”
and “instability” items might be more appropriate for TKA
patients.

Key words: activity; function; reliability, total knee
arthroplasty; validity

Objective

In today’s society, degenerative joint diseases are one of
the main causes of pain and disability. The knee joint is
among the most often affected joints in the human body [1].
Pain and limited knee function resulting from degenerat-
ive joints can considerably affect a patient’s quality of life
[2]. Therapies include a wide range of conservative meth-
ods, but in cases of advanced degenerative osteoarthritis, a
total knee arthroplasty (TKA) can relieve a patient’s pain
[3]. This pain reduction leads to an increase in activity,
which is an important contributor to quality of life [4, 5].
Thus, measuring the patient’s activity level in combination
with knee function [6] could provide an important outcome
measurement for TKA surgery [7]. Numerous assessment
tools, such as the WOMAC, the SF-36 and the Knee So-
ciety score, are currently used to evaluate TKA outcomes
[8—11]. However, there is a need for a simple and concise
standardised questionnaire to assess the outcomes of TKA
surgery [11, 12].

The Lysholm score and the Tegner activity scale, which
measure the patient’s perceptions of function and activity
[13], are commonly used to document outcomes after an-
terior cruciate ligament injuries [14, 15]. The Lysholm
score ranges from 0 to 100 points and is based on eight do-
mains: limp, locking, pain, stair-climbing, support, instabil-
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ity, swelling, and squatting. A score of 95 to 100 is con-
sidered to be excellent, 84 to 94 is good, 65 to 83 is fair,
and <65 is poor [16]. The Tegner activity scale is a numer-
ical scale ranging from an activity level of 0 (sick leave or
disability pension due to knee problems) to 10 (competitive
sports on a very high level). Both tools are easy to admin-
ister, short in length, and have been validated as clinician-
and patient-administered instruments for a variety of knee
conditions, primarily anterior cruciate ligament (ACL) and
other ligament injuries, but also including chondral dis-
orders, meniscal injuries, and patellar dislocation [13, 14,
17]. However, in contrast to ACL surgery, TKA surgery
is not sports-related [18]; rather, this procedure is a conse-
quence of osteoarthritis [3] and is primarily performed on
patients older than 65 years [19]. Thus, the applicability of
the Lysholm score and the Tegner activity scale for this pa-
tient group has yet to be investigated. To date, the Tegner
activity scale has been shown to increase during rehabilit-
ation in TKA patients [20], and the scale’s reliability was
reported to be excellent, with no ceiling effects [21]. To
our knowledge, however, no complete validation of the two
scores has been conducted in patients with TKA [22, 23].
Therefore, the purpose of the present study was to determ-
ine the psychometric properties of the Lysholm score and
the Tegner activity scale in patients with a TKA. As both
instruments have been translated into German (Lysholm-G
and Tegner-G) and those versions have been validated in
ACL patients [24, 25], the German versions were used in
this study.

Methods

Participants

The patients were recruited consecutively during a post-
TKA surgery check-up appointment at the knee unit of
the orthopaedic department at Balgrist University Hospital,
Zurich. They were divided into two groups: the first-visit
group (FV; 0 to 3 months post-surgery) and the second-
visit group (SV; 3 to 12 months post-surgery). Additionally,
an age matched control group (CG) of healthy participants
was recruited within the medical and therapeutic staff of
the Balgrist University Hospital and students of ETH
Zurich. All participants were not familiar with the ques-
tionnaires. The exclusion criteria for all participants were
arthritis (inflammatory disease), loco-regional tumour or
metastasis, inability to speak and read German fluently and
severe psychiatric disorders.

Validation process

In one session, demographic and clinical characteristics
were collected, and both the Lysholm-G and Tegner-G
were completed with instructions of a study team member.
The instructions given by the research assistant were the
same as those on the questionnaire itself. Additionally, the
patients were asked to complete the health status question-
naire SF-12 [26]. The participants were then instructed to
complete the Lysholm-G and Tegner-G again at home 3 to
7 days later and return the forms by mail. If the question-
naires were not returned within four days, the patient re-
ceived a reminder telephone call.

Data analysis and statistics

Descriptive statistics were used to describe the parti-
cipants’ characteristics. Differences between participants’
characteristics were tested with a Mann-Whitney U test.
Missing values and dropouts were noted and excluded from
further analyses. Parametric statistical tests were chosen to
calculate the relative reliability (intraclass correlation coef-
ficient (ICC,,)) and its 95% confidence interval) [24, 25].
ICC results greater than 0.70 were considered to be accept-
able [27]. Cronbach’s alpha was used to assess the internal
consistency of the Lysholm-G but was not determinable for
the Tegner-G, which consists of a single item. The accept-
able range of coefficient alpha values is 0.70-0.95 [28]. To
assess the absolute reliability, the standard error of meas-
urement (SEM) and the smallest detectable change (SDC)
were calculated. The SEM represents the standard devi-
ation of repeated measures in the same patient. The SDC
represents the minimal change that a patient must achieve
on the scale to ensure that the observed change is real and
not just measurement error. The SEM was calculated us-
ing the formula SEM = the pooled standard deviation of the
first and second assessment*V (1-ICC) [29]. The SDC was
calculated as 1.96 x V2 x SEM [27]. For construct valid-
ity, the ability to differentiate between FV, SV, and CG (the
discriminative validity) was tested using the Kruskal-Wal-
lis and Mann-Whitney U tests as post-hoc tests, and an ex-
ploratory factor analysis was completed for the Lysholm-
G. In the absence of a gold standard, criterion validity was
established by correlating the total scores of the Lysholm-
G and Tegner-G with the physical component summary
(PCS) and the mental component summary (MCS) of the
SF-12 [25]. Spearman’s coefficient values were interpreted
as indicating a relationship that was excellent (>0.9), good
(0.7-0.9), moderate (0.5-0.69), fair (0.2-0.5), or minimal
to absent (0.0-0.2) [30]. Floor and ceiling effects were con-
sidered to be present if more than 15% of the respondents
achieved the lowest or highest possible total score [14]. In
addition to the analysis of the Tegner-G and Lysholm-G
total scores, the single items of the Lysholm-G were ana-
lysed identically. All of the analyses were conducted using
the IBM-SPSS 20 statistical software (SPSS, Inc., Chica-
go, IL). The significance level alpha was set at 0.05 and at
0.05/3 = 0.017 for the post hoc tests.

Ethics committee

All of the participants gave their informed written consent.
The study was approved by the ethics commission of the
Canton of Zurich, Switzerland (KEK-ZH-Nr: 2011-0303).

Results

A total of 56 participants were recruited, 52 of whom com-
pleted all of the measurements. Due to braces used for after
surgery, four patients did not answer the question about in-
stability, and one did not answer the question about lock-
ing. Consequently, their four data sets were removed from
all of the analyses. The participants’ characteristics are
shown in table 1. Four of the Tegner-G score retest forms
and two of the Lysholm-G retest forms had inconclusive
answers (more than one answer was marked), which were
clarified by phone. There was no difference in age.
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ICC,,; showed good reliability for both measures (0.87 for
the Lysholm-G and 0.79 for the Tegner-G) in all of the
TKA patients (table 2), and Cronbach’s alpha for the
Lysholm-G was alpha = 0.93. The SEM was 7.84 for the
Lysholm-G and 0.44 for the Tegner-G. The SDC was 22
(21.72) for the Lysholm-G and 2 (1.16) points for the

Tegner-G (table 2 and table 3).

The Kruskal-Wallis test showed an overall significant dif-

G: ¢ = 29.16, p <0.001 and Tegner-G: x> = 29.46, p
<0.001). The post-hoc Mann-Whitney U tests showed sig-
nificant differences among all of the groups; p <0.001. The
exploratory factor analysis yielded three factors: Factor 1,
with an eigenvalue of 3.54, explained 44.20% of the vari-
ance; the addition of Factor 2, with an eigenvalue of 1.46,

explained 62.44% of the variance; and the addition of Fact-

ference among the three groups for both scores (Lysholm-

or 3, with an eigenvalue of 1.05, explained 75.59% of the

Table 1: The participant characteristics and mean scores for all groups.

CG FV Mann-Whitney U SV Mann-Whitney U

Control group First-visit P Second-visit P

(n=18) group group

(n=14) (n =20)

Female / Male 10/8 717 - 10/10 -
Age, yrs (SD) 65 (8) 65 (8) 0.790 66 (8) 0.988
Range 39/81 51/76 47/81
Weight, kg (SD) 72 (15) 83 (14) 0.071 80 (14) 0.052
Height, cm (SD) 168 (9) 168 (7) 0.568 168 (9) 0.640
Lysholm-G (SD) 96 (7) 57 (20) <0.001* 73 (18) <0.001*
Tegner-G (SD) 4(1) 1(1) <0.001* 2(1) <0.001*
SF-12 PCS (SD) 52 (6) 31 (1) <0.001* 38 (12) <0.001*
SF-12 MCS (SD) 52 (10) 57 (5) 0.201 53 (10) 0.795
Days post-op(SD) - 6 (5) - 34 (16) -

SD = Standard deviation; PCS = SF-12 physical component summary; MCS = SF-12 mental component summary, U = Mann-Whitney U Test, p* = sig <0.05.

Table 2: The test-retest reliability parameters of the Lysholm-G in all patients.

1st 2nd ICC Cronbach's alpha SDC SEM
measurement measurement (95% ClI)
mean (SD) mean (SD)
Lysholm-G (Max. 100 points) 66.38 65.71 0.89 0.93 21.72 7.84
(20.83) (22.84) (0.80/0.95)
Lysholm-G short version (Max. 60 points) 34.94 35.03 0.87 0.93 15.14 5.47
(14.63) (15.69) (0.76/0.94)
SD = standard deviation; 95% CI = 95% confidence interval; SDC = smallest detectable change; SEM = error of measurement
Table 3: The test-retest reliability parameters of the Tegner-G scores in all of the TKA patients.
1st 1st 2nd 2nd ICC SDC SEM
measurement | measurement | measurement | measurement |(95% Cl)
mean (SD) median mean (SD) median
Tegner-G 1.97 2.00 2.18 2.00 0.79 1.80 0.65
(1.40) (1.45) (0.63/0.89)
SD = standard deviation; 95% CI| = 95% confidence interval; SDC = smallest detectable change; SEM = error of measurement
Table 4: The test-retest reliability, validity and agreement parameters of the Lysholm-G items in TKA patients.
1st 2nd ICC SDC SEM Kruskal-Wallis
measurement measurement (95% ClI) X2
mean (SD) mean (SD) (p)
Item 1: limp (Max. 5 points) 2.41 2.82 0.72 2.51 0.91 35.48
(1.73) (1.69) 0.51/0.85 (p <0.001)
Item 2: support (Max. 5 points) 3.68 3.62 0.86 1.62 0.59 17.47
(1.51) (1.61) 0.75/0.93 (p <0.001)
Item 3: locking (Max. 15 points) 12.18 11.68 0.73 6.47 2.34 3.13
(4.25) (4.74) 0.53/0.87 (p =0.209)
Item 4: instability (Max. 25 points) 19.26 17.65 0.50 15.90 5.74 4.52
(7.60) (8.63) 0.20/0.71 (p=0.104)
Item 5: pain (Max. 25 points) 15.88 15.41 0.71 12.22 4.41 20.25
(7.53) (8.84) 0.49/0.84 (p <0.001)
Item 6: swelling (Max. 10 points) 4.94 4.65 0.61 7.66 2.77 18.31
(4.49) (4.38) 0.36/0.79 (p <0.001)
Item 7: stair-climbing (Max. 10 points) 5.53 6.15 0.70 4.86 1.75 29.22
(3.34) (3.07) 0.49/0.84 (p <0.001)
Iltem 8: squatting (Max. 5 points) 2.50 2.38 0.66 2.93 1.06 31.15
(1.79) (1.83) 0.42/0.82 (p <0.001)

SD = standard deviation; 95% CI = 95% confidence interval; SDC = smallest detectable change; SEM = error of measurement
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variance. The varimax-rotated factor matrix is presented in
table 5.

Spearman’s p coefficient values showed moderate correla-
tions between the Lysholm-G and Tegner-G and the SF-12
PCS (Lysholm-G: p = 0.60, p <0.001; Tegner-G: p = 0.69,
p <0.001) and no correlation with the SF-12 MCS (p =
—0.02 and 0.06; not significant). Within the FV group, the
Tegner-G score exhibited a floor effect of 50%, with 7 pa-
tients scoring the lowest possible total score (0). The item
analysis of the Lysholm score showed that all of the items
except Items 3 (“locking”) and 4 (“instability”) were able
to discriminate among the three groups. This analysis fur-
ther revealed a low ICC of 0.50 for Item 4 and a large SDC
(table 4).

Based on these results, the validity and reliability of a short
version of the Lysholm-G (without the items 3 and 4) were
determined. This analysis resulted in the same ICC (0.87)
and Cronbach’s alpha (0.93) that were determined for the
original version of the Lysholm score; however, the SDC
and SEM were proportionally higher, allowing discrimin-
ation among the three groups (Kruskal-Wallis test: y2 =
32.90, p <0.001; post-hoc: FV versus SV: p=0.03, FV and
SV versus CG subjects: p <0.001). The factor analysis re-
vealed two factors that explained 72.68% of the variance
(table 6).

Discussion

In this study, the Lysholm-G score and Tegner-G activity
scale demonstrated generally acceptable validity and reli-
ability, justifying their use as outcome measures for pa-
tients with TKA. Thus, the Lysholm-G combined with the
Tegner-G might be a simple and concise assessment tool to
assess the outcomes of TKA [11].

Five items (7%) of the Lysholm-G were not completed be-
cause of a post-surgery protocol that required these parti-

Table 5: The varimax-rotated factor matrix of the Lysholm score
(factor loads <0.3 suppressed).

Factors

1 2 3
Item 1 Limp .813
Item 2 Support 791 .390
ltem 3 Locking .830
Iltem 4 Instability .832
Iltem 5 Pain 419 .760
Iltem 6 Swelling 749
ltem 7 Stair- .837

climbing

Iltem 8 Squatting .854

Table 6: The varimax-rotated factor matrix of the short version of the
Lysholm score (factor loads <0.3 suppressed).

Factors

1 2
Iltem 1 Limp 0.798
ltem 2 Support 0.762
ltem 5 Pain 0.850
ltem 6 Swelling 0.716
ltem 7 Stair- 0.852

climbing

Item 8 Squatting 0.884

cipants to wear braces. In 11% of the retest assessments,
the participants gave more than one answer to a question,
which implies that the patients were uncertain about how to
correctly answer the questionnaire at home. It can be con-
cluded that to address this problem, this patient population
should receive extra instruction before the self-administra-
tion of these instruments.

Overall, the Lysholm-G exhibited test-retest reliability in
TKA patients that was adequate and comparable with stud-
ies of other populations [16, 31, 32]. Furthermore, the in-
ternal consistency was better than those reported in studies
of patients with meniscal injury or ACL injuries [16, 24,
31, 33]. The SDC of the Lysholm-G score (22 points) was
much larger than those reported in studies of patients with
meniscal injury (SDC = 9 points) or ACL injuries (SDC
= 11 to 14.6 points) [16, 24, 31, 33]. The large range of
Lysholm scores (minimum = 15 / maximal = 100) res-
ults could be the reason for this large SDC. Future studies
should investigate the SDC in more homogeneous groups
with respect to days post surgery.

However, we found that the SDC of the Tegner-G was 2
points, which differs from the SDC of 1 point reported
in ACL injury populations [16, 31]. Nevertheless, because
the difference between the CG (mean = 4 points) and FV
(mean = 1 point) groups was larger than the SDC, the
Tegner-G can still be used in a clinical TKA setting. The
good discriminative validity of the Lysholm-G and Tegner-
G that was demonstrated in this study indicates that the
Lysholm-G and Tegner-G can differentiate between the
functional status of TKA patients at various rehabilitation
stages and that of healthy controls.

In the absence of a real gold standard, the Lysholm-G
and Tegner-G have been recommended as a gold standard
[34]. Criterion validity was established by correlating the
Lysholm-G and Tegner-G with the SF-12 [35], which has
undergone vigorous testing and has been used previously to
measure outcomes after arthroscopic knee surgery [36, 37].
In this study, the Lysholm-G and Tegner-G correlated mod-
erately with the SF-12 PCS, but not with the average men-
tal component score. These results were similar to those
found in ACL patients [31].

As only one patient (3%) achieved the maximum score on
the Lysholm-G (consistent with the reported data for ACL
patients (2%) [31]), there was no ceiling effect for either
score. The floor effect of the Tegner-G that was observed
in the FV group was based on nine patients within the
first postoperative week, which implies that these patients
will achieve higher scores with increased postsurgical time.
Thus, this floor effect is not of clinical relevance.

The factor analysis of the Lysholm-G revealed three factors
that could be interpreted related to 1) transfer and changing
body position (the items “limp”, “support”, “stair-climb-
ing”, and “squatting”); 2) joint function (the items “lock-
ing” and “instability”); and 3) signs of inflammation (the
items “pain” and “swelling”). However, given that instabil-
ity and locking are problems more specific to patients with
ACL or meniscal injuries [38, 39], it appears plausible that
the item analysis of the Lysholm-G revealed low discrim-
inative validity for the items “locking” and “instability”
and low reliability for the item “instability”. These were
also the items that could not be answered by the four pa-
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tients who were wearing braces. The analysis of the psy-
chometric properties of a short version of the Lysholm-
G without these two items showed validity and reliability
similar to those of the original version, but proportionally
higher SEM and SDC, indicating that it might be more
difficult for an individual to achieve a clinically relevant
change.

One limitation of the present study is the small sample
size which could have impacted the psychometric proper-
ties values. Another limitation is that the present study did
not assess pre-operative data and responsiveness, which is
necessary for the complete coverage of psychometric prop-
erties using the Lysholm-G and Tegner-G [40]. Future re-
search should therefore assess these instruments’ sensitiv-
ity to changes in activity levels over time after surgical or
rehabilitative interventions for TKA with a larger sample
size.

Furthermore, further studies should investigate the rela-
tionship between the Lysholm-G (and its short version)
and Tegner-G and common tests used with TKA, such as
patient-based questionnaires (WOMAC and the Knee Soci-
ety score) and performance-based tests (sit-to-stand, max-
imal isometric contraction and timed up-and-go).

Conclusion

Overall, the Lysholm-G score and the Tegner-G scale
demonstrated acceptable reliability and validity perform-
ances as outcome measures for patients with TKA. A short
version of the Lysholm score without the items “locking”
and “instability” might be more appropriate for TKA pa-
tients; however, this possibility must be investigated in fur-
ther studies. Future research should also assess responsive-
ness of both questionnaires in TKA patients. Nevertheless,
the results of this study may form a basis for further re-
search that examines, for example, the effects of physical
exercise on patients after TKA surgery.
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