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Abstract

Background: Several instruments and clinical scoring systems have been established to evaluate patients with

ligamentous knee injuries. A comparison of individual articles in the literature is challenging, not only because of

heterogeneity in methodology, but also due to the variety of the scoring systems used to document clinical

outcomes. There is limited information about the correlation between used scores and quality of life with no

information being available on the impact of each score on the utility values. The aim of this study was to

compare the most commonly used scores for evaluating patients with anterior cruciate ligament (ACL) injuries, and

to establish corresponding utility values. These values will be used for the interpretation and comparison of

outcome results in the currently available literature for different treatment options.

Methods: Four hypothetical vignettes were defined, based on different levels of activities after rupture of the ACL

to simulate typical situations seen in daily practice. A questionnaire, including the Health Utility Index (HUI) for

utility values, the IKDC subjective score, the Lysholm and the Tegner score, was created and 25 orthopedic

surgeons were asked to fill the questionnaire for each hypothetical patient as proxies for all patients they had

treated and who would fit in that hypothetical vignette.

Results: The utility value as an indicator for quality of life increased with the level of activity. Having discomforts

already during normal activities of daily living was rated with a mean utility value of 0.37 ± 0.19, half of that of a

situation where mild sport activity was possible without discomfort (0.78 ± 0.11). All investigated scores were able

to distinguish clearly (p < 0.05) between the hypothetical vignettes. However, the utility values correlated best with

the IKDC subjective score (r = 0.86, p < 0.001) followed by the Lysholm score (r = 0.77, p < 0.001) and the Tegner

score (r = 0.77, p < 0.001).

Conclusions: Here we report the correlation between the most commonly used scores for the assessment of

patients with a ruptured ACL and utility values as an indicator of quality of life. Assumptions were based on expert

opinions to provide a possible transformation algorithm. The IKDC subjective knee score showed the highest

correlation to the quality of life (i.e. HUI) in patients with a ruptured ACL. Confirmation of our results is needed by

systematic inclusion of a measurement instrument for utility values in future clinical studies beside the already used

clinical knee scoring systems.
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Background
Rupture of the anterior cruciate ligament (ACL) changes

the kinematics of the knee [1] and often results in

instability with accompanying functional disability and

pain [2-20]. There are more than thousands of scientific

articles [21] illuminating several aspects on the ACL,

however there is no absolute consensus on the optimal

treatment. While some reported reasonable outcomes

after the operative treatment with various techniques

[2-12], others documented sufficient clinical results after

conservative treatment [13-20]. A decision towards one

or the other treatment option is challenging and should

include assessment of individual factors, such as time

since injury, patients level of activity, amount of instabil-

ity episodes despite activity modifications, patients com-

pliance for postoperative rehabilitation programs or

performance of physiotherapy as a corner stone of the

conservative approach. However, beside individual fac-

tors, the decision should also consider economic and

public health aspects. Non-technical factors such as the

quality of life might bring new arguments toward one or

the other option. Several instruments and scoring sys-

tems [22-26] have been used to assess and evaluate

patients with injuries to knee ligaments. Comparing the

individual articles is challenging, not only as a result of

heterogeneities in investigated populations, treatment

protocols and techniques, but also because of the use of

the variety of scoring systems. There is limited informa-

tion about the correlation of the used scores to the

quality of life [24,27-30] and, to our knowledge, no

information on impact of each score to the utility

values. Utilities, as understood in health economics, are

values that reflect an individual’s preferences for differ-

ent health outcomes measured on a scale with one

reflecting a state of perfect health and zero being the

state of death [31]. The scores are used to generate

quality-adjusted life years (QALY’s) for use of cost-uti-

lity analysis.

The aim of this survey study was to correlate the most

commonly used scores for the evaluation of patients

with ACL injury, namely the IKDC score, the Lysholm

score and the Tegner score [22], not only between each

other but also to the quality of life, to verify the ability

of the scores to discriminate among different situations

and to provide information for the transformation of

reported outcomes to utility values. The hypothesis is

that there is a correlation between commonly used

scores for assessment of patients with a ruptured ACL

and utility values as an indicator of quality of life.

Methods
A survey including the most commonly used scoring

systems for evaluation and reporting outcomes of dif-

ferent treatments of anterior cruciate ligament (ACL)

ruptures, namely the IKDC score, the Lysholm score

and the Tegner score [22]was created. The IKDC score

is a knee specific, however, not disease specific score

and consists of a demographic form, current health

assessment form, subjective knee evaluation form, knee

history form, surgical documentation form, and knee

examination form [32]. Researchers preferably use the

subjective knee evaluation forms and knee examination

forms. The subjective evaluation part consists of 10

questions to be answered by the patient. The Lysholm

score was designed with emphasis on follow up for

symptoms of instability after knee ligament surgery

[23] and consists of 5 symptoms and 3 types of activ-

ities with each different levels of intensities to be rated

by the patient. The Tegner score focuses on activity

after a knee ligament lesion [26] based on 10 activity

levels.

The Health Utility Index (HUI)[33] was added to the

questionnaire to assess utility values. Four hypothetical

vignettes (Table 1) of patients with a unilateral isolated

rupture of their anterior cruciate ligament and who had

varying degrees of activity levels were presented to 25

orthopedic surgeons of the same institution. The

hypothetical vignettes were constructed, based on levels

of activities of patients after an ACL rupture as intro-

duced and validated by Gottlob et al [34] with the aim

to represent the whole range of patients seen in daily

practice. Limited information was given for each

hypothetical vignette to narrow the range of patients

that would fit for each vignette and particularly no

information was given regarding the treatment choice of

the patients. The cross sectional design of the study

asked for completion of the questionnaires for each

hypothetical patient by the surgeons. This served as a

proxy for the average patient that they would assess in

practice which would be similar to the hypothetical

patient in the presented vignette. The activity levels 0

(death) and V (perfect health) were defined as minimum

and maximum, respectively, in each scoring system.

Based on the results of the questionnaire, scores and the

health utility value could be constructed for each of the

hypothetical patients. For calculation of the utility

values, the answer of each expert on behalf of the

hypothetical patients on the Health Utility Index was

used as described by Torrance et al [35]. Statistical ana-

lysis was performed with the software PRISM (Version

4, Graphpad software, La Jolla (CA), USA) and SPSS

(Version 19.0 for Macintosh). Grouped internal data was

tested for normal distribution using the Kolmogorov

Smirnov test before using either Pearson correlation for

Gaussian population distribution or Spearman correla-

tion for nonparametric data, respectively. A repeated

measure ANOVA analysis with Greenhouse-Geisser cor-

rection was performed to test the ability of the scores to
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distinguish between the constructed vignettes. Level of

significance was set at p < 0.05.

Results
Utility values

The utility value, as an indicator for quality of life,

increased with the level of activity (Figure 1). Having pro-

blems with the knee already during usual activities of

daily living was rated with a mean utility value of 0.37 ±

0.19, whereas in those vignettes, where daily activities

could be performed without discomfort, the utility values

were significantly higher, even more than double if some

kind of sport could be performed without discomfort as

in vignettes 3 and 4. The difference in gain of utility

values from vignettes 1 to 2 (0.26 ± 0.15) was signifi-

cantly higher than from vignettes 3 to 4 (0.13 ± 0.12).

Table 1 Characteristics of the hypothetical vignettes

Vignette Hypothetical History of the Patient Level of Activity

1 35 year old patient with symptomatic ADLs I

2 35 year old patient who can perform ADLs without symptoms but no kind of sports II

3 35 year old patient with knee symptoms with mildly stressful sports (e.g. jogging, swimming, biking) III

4 35 year old patient with knee symptoms with moderately stressful sports (e.g. baseball, alpine skiing, dance) IV

Hypothetical vignettes were based on activity levels I to IV as described by Gottlob et al [34].

Figure 1 Hypothetical scenarios and scores. The IKDC subjective knee score, Lysholm and Tegner score for different activity levels (I to IV for

hypothetical vignettes (1 to 4)).
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Knee scores

All used scores were able to distinguish clearly (p <

0.05) between the hypothetical vignettes (Figure 1 and

Table 2). However, the differences between values in

vignettes 1 and 2 were more pronounced than those

between the vignettes 2 and 3 or 3 and 4 (Table 2),

respectively. The difference of values for a hypothetical

patients without discomfort during activities of daily live

and who have discomfort with any kind of sport activ-

ities (vignette 2) compared to those who do not have

any discomfort with mild sport activities (vignette 3) is

less than the difference of those patients who have

(vignette 1) or have not (vignette 2) discomfort during

usual activity of daily living (Table 3) in the Lysholm

score, nearly equal in the IKDC subjective score and

higher in the Tegner score. However, this did not corre-

spond to the differences observed in the utility values,

which were influenced the most by discomfort of the

knee during usual activities of daily living (Table 3). The

strongest correlations between the evaluated knee scores

were found between the IKDC subjective score and the

Lysholm score (r = 0.92, p < 0.05) followed by Tegner

score (r = 0.89, p < 0.05). These correlations were still

significant if each vignette was analyzed separately other

than in vignette 3 for the correlation of the IKDC and

the Tegner score (r = 0.08, p = 0.67).

Correlations of knee scores to utility values

Overall, the utility values of all vignettes correlated best

with the IKDC subjective score (r = 0.86, p < 0.001) fol-

lowed by the Lysholm score (r = 0.77, p < 0.001) and

the Tegner score (r = 0.77, p < 0.001) (Figure 2). How-

ever, for each vignette analyzed separately, the correla-

tion of IKDC to the utility values was weaker (vignette

2, r = 0.36, p < 0.05; vignette 3, r = 0.54, p < 0.05; vign-

ette 4, r = 0.39, p < 0.05) and there was no correlation

in vignette 1 (r = -0.24, p = 0.2).

Discussion
The purpose of this study was to investigate the correla-

tion between the most commonly used scores for assess-

ment of patients with an injury to the ACL and the

utility values, as an indicator for the quality of life for

potential transformation of currently available evidence

on clinical outcome of differently treated patients.

Further, the ability of the scores to discriminate unequal

situations was assessed. We found that each of the

scores, namely the IKDC subjective score, Lysholm

score and the Tegner score were able to distinguish

between the hypothetical patients (Figure 1). Further, a

strong correlation was found between the IKDC subjec-

tive score and the utility values (Figure 2), followed by

the Lysholm and the Tegner score. We were able to

provide a potential key for transformation of the IKDC,

Lysholm and Tegner score to utility values as an indica-

tor of the quality of life (Table 1, Figure 1 and 2). The

correlations found here could be used to transform

reported score-values of IKDC subjective, Lysholm and

Tegner score to utility values based on the Figure 2.

IKDC subjective score has been designed for patients

with a wide range of knee problems and was not

designed to specifically address only patients with torn

ACL. It however, was most strongly correlated with uti-

lity values. Although both the Lysholm and Tegner

score were initiated first for patients with knee ligament

injuries, they did not perform better than the IKDC sub-

jective score in the setting of our study.

We constructed the hypothetical vignettes based on

the levels of activities as described by Gottlob et al [34].

A change of a very low level of activity to a higher level

(I to II) gained more on the utility value and seems

more worth subjectively than change from an already

good level of activity to a high level of activity (III to

IV). The utility values which were found here for each

vignette and activity level are similar in tendency but

are, on average, higher than those described by Gottlob

et al [34] for each of the individual activity levels. This

Table 2 Utility values, IKDC, Lysholm and Tegner scores for each of the activity levels (0-V)

Level of Activity 0 I II III IV V

mean ± SD mean ± SD mean ± SD mean ± SD

Utility value (HUI) 0 0.37 ± 0.19 0.63 ± 0.16 0.78 ± 0.11 0.91 ± 0.09 1

IKDC subjective score 0 22 ± 9 48 ± 10 73 ± 8 86 ± 8 100

Lysholm score 0 25 ± 12 57 ± 17 80 ± 10 89 ± 8 100

Tegner score 0 1.2 ± 0.7 2.9 ± 0.9 5.6 ± 1.5 7.2 ± 1.7 10.0

The hypothetical vignettes could be clearly distinguished by all score systems.

Table 3 Differences in Utility values, IKDC, Lysholm and

Tegner scores for each of the Activity levels

Differences II-I III-II IV-III

mean ± SD mean ± SD mean ± SD

Utility value (HUI) 0.26 ± 0.15 0.15 ± 0.13 0.13 ± 0.12

IKDC subjective score 26 ± 9 25 ± 8 13 ± 7

Lysholm score 33 ± 11 22 ± 12 9 ± 9

Tegner score 1.6 ± 1.1 2.5 ± 1.6 1.5 ± 1.2

The difference in gain of utility value from vignettes 1 to 2 (0.26 ± 0.15) was

significantly higher than from vignettes 3 to 4 (0.13 ± 0.12).
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difference could be explained by the difference in the

setting; by time of analysis (> 10 years difference) and

location (USA and Europe). Further, the utility values

reported by Gottlob et al [34] have been generated by

young healthy students not exposed to ACL patients on

a non-validated measurement system for utility values.

We feel that the cohort used by Gottlob et al might

have overestimated the impact of ACL injuries on the

utility values and it seems reasonable to prefer experts

to assess how hypothetical patients would perform on a

validated health utility questionnaire.

Our results can be used for the transformation of the

currently available outcome data (scores) of different

treatment options for ACL patient to the utility values.

This might be used not only by health professionals

interested in the impact of different treatment options

on the quality of life but also and for cost utility ana-

lyses. However, our results must be interpreted with

caution to the limitations of the study: First, the results

are based on opinions of physicians of the same institu-

tion on how the hypothetical patient in average would

perform and not on real patient data. Although the

approach of assuming values based on expert’s opinion

is frequently used in health economic research [36-38],

it might bear potential disadvantages; two experts might

not agree fully on their opinions. We tried to reduce the

potential of discrepancy of opinions by including a large

number of experts. Further, experts might not represent

accurately their patients as surrogates. However, we

believe that for production of a transformation key from

knee scores to the utility values, such as performed

here, using real patient data might bear too much

uncontrollable confounders and that standardized hypo-

thetic patients might better represent the cohort of all

ACL patients. Second, the designed hypothetical patients

might not perfectly represent the range of patients seen

in daily practice with a variety of potential confounders

such as age, gender, comorbidities and activity level.

However, we based the construction of the vignettes on

the activity scoring system of Gottlob et al [34] and

found that the constructed patients are very well distrib-

uted and cover the possible ranges of all scoring systems

(Figure 1). We used an average age of 35 years for the

clinical vignettes based on the Swiss national statistics

and our own unpublished data of patients with ACL

injury. The influence of age as a patient characteristic is

however difficult and complex to grasp and might be

reflected in many other, in part competing aspects:

Younger age may simultaneously mean a tendency

towards higher activity, higher ability to compensate for

Figure 2 The correlation of ACL scores to the utility values. All

scores correlated significantly with the utility values (p < 0.05),

however, the correlation was strongest for the IKDC subjective knee

score (r = 0.86, 95% CI: 0.81, 0.90). Either linear regression (A and B)

or third order polynomial non-linear regression (C) was used to find

a curve representing most reasonably the trend of the correlations.
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a ligamentous deficit, better healing, less weight, higher

expectations, a more physical strenuous profession, etc.

However, it was not the aim of this study to investigate

the potential effect of age on utility values and the cur-

rent standardization to a defined type of patient should

unlikely influence the comparison of the different scor-

ing systems.

Conclusions
Here we report the correlative strength of relations

between the most commonly used scores for the assess-

ment of patients with a ruptured ACL and utility values

as a measure of quality of life. This information can be

used to transform available outcome scores, as reported

currently by knee scoring systems, to utility values as

needed for a cost effectiveness analysis. Assumptions

were based on clinical vignettes and expert opinions and

provide a potential transformation key. The IKDC sub-

jective knee score behaved as the most suitable surro-

gate for evaluation of quality of life in patients with a

ruptured ACL in this study. Inclusion of a measurement

instrument for utility values in future prospective clini-

cal studies, in addition to commonly used knee scoring

systems, would be ideal to confirm the results of this

present study.
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