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The effects of injury or disease can be evaluated in 
terms of their effect on either health-related qual-
ity of life, or disability and handicap. For evalua-
tion of health-related quality of life, generic rating 
scales are used. The most widely used is the SF-36, 
which is used in different fields of orthopedics but 
has only been used in a few studies on ligament 
injuries of the knee (Katz et al. 1992, Ware 1993, 
Vangsness et al. 1995, Shapiro et al. 1996, Fer-
rari et al. 2001, Nyland et al. 2002, Sekiya et al. 
2003, Stannard et al. 2003, Von Porat et al. 2004). 
Recently, the less comprehensive EQ-5D has been 
increasingly used (Szende and Williams 2004). It 
has been recommended that a generic scale should 
be used together with a disability-specific instru-
ment (Bombardier et al. 1995, Stucki et al. 1995).

The effects of different treatments on disability 
can be translated into a numerical functional score. 
D’Aubigne and Postel (1954) used the items pain, 
mobility and the ability to walk for evaluation of the 
results of hip operation. Larson (1963), Lazansky 
(1967), and Harris (1969) developed scores for hip 
disease. Geens et al. (1969), Freeman et al. (1977), 
and Kettelkamp and Thompson (1975) developed 
early rating scales for osteoarthritis of the knee. 
O’Donoghue (1955) was the pioneer when he con-
structed his scale for knee ligament injuries. Later 
on, Larson (1972), Marshall et al. (1977), and 
Lysholm and Gillquist (1982) all developed rating 
scales for evaluation of knee ligament injuries. All 

of these scales, and many of those that followed, 
represent so-called disease-specific rating scales. 

The International Classification of Impair-
ment, Disability and Handicap (ICIDH) (WHO 
1980) defines the effects of illness or injury on 3 
levels: (1) loss of anatomical structure or function 
(impairment), (2) departure from the norm in terms 
of performance of the individual (disability), and 
(3) limitation in activity for the individual (handi-
cap). It is reasonable to evaluate the condition of 
the patient with knee injury in these terms (Tegner 
1985). 

In 2001 a new classification of health—the Inter-
national Classification of Functioning, Disability 
and Health (ICF)—replaced the old classification 
(WHO 2001). Here, health is grouped in 2 differ-
ent parts: functioning and disability, and contextual 
factors. The latter includes environmental and per-
sonal considerations. In a socioeconomic homog-
enous cohort, these can be considered reasonably 
uniform. In this respect, knee-injured patients in 
the western world can be regarded as a uniform 
group. According to the ICF, no method of evaluat-
ing contextual factors has been described to date.

In turn, functioning and disability includes two 
different components that should both be evalu-
ated: (1) body functioning and structure, and (2) 
activities and participation. 

Significant deviation from the norm or loss of 
body function or structure—that is, problems 
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involving the physiological functioning of body 
systems—are called impairment (WHO 2001). 
After knee injury, the loss of ligament integrity 
(body structure) can be evaluated by arthroscopy 
and MRI, for example, and the loss of stability 
(body function) by KT1000 (see Figure). Activity 
limitations are difficulties that an individual may 
have in performing activities and participation 
restrictions are problems an individual may expe-
rience during his or her involvement in situations 
that happen in everyday life (WHO 2001). These 
can be expressed on a scoring scale, by a functional 
test, or by grading of activity. Disability is the com-
bined effect of impairment, activity limitations and 
participation restriction, and functioning is the 
absence of disability (Figure).

For knee-injured patients, a vast number of dif-
ferent outcome measures exist, all of which attempt 
to evaluate the disability. The object of this review 
is to critically evaluate commonly used knee liga-
ment scoring scales regarding requirements on a 
score, such as validity, reliability, responsiveness. 

Definitions

There are some basic requirements that must be 
fulfilled before a scale can be accepted. A scale 
should have good validity, reliability, and respon-
siveness. There should be no ceiling or floor effect. 
It should also be clear whether the score is intended 
for patient or examiner administration.

Validity is a way of describing whether an instru-
ment measures what it claims to measure. Several 
different types of validity exist (Liang and Jette 
1981). Content validity reflects the degree to which 
an instrument represents a specified sphere of con-
cept, i.e. the opinion of experts or patients. Content 
validity depends on judgments and should thus not 
be the only criterion of validity. The simplest form 
of content validity is called face validity, which 
may involve the opinion of a single expert.

Criterion validity reflects how well the instru-
ment corresponds to a gold standard that measures 
the criterion of interest. This also means that crite-
rion validity can be calculated, e.g. as a correlation. 
Concerning knee scores, a true golden standard 
does not exist.Concurrent validity shows how well 
the instrument corresponds to other measurements 
that are meant to measure the same function. Con-
current validity is expressed as a correlation. 

Construct validity shows how well the instru-
ment measures the theoretical construct that it was 
designed to measure. Construct validity can be 
either divergent or convergent and can be expressed 
as a correlation.

Reliability may be defined as the degree to which 
a measure is free from random error (Johnston et 
al. 1992). Reliability reflects how consistent or 
reproducible the instrument is when administered 
properly. 

Internal consistency reliability is calculated with 
Cronbach’s alpha and is based on the average inter-
item correlation (SPSS 1998).

Test-retest reliability assesses the degree of 
stability of a measurement, either over time or 
between different observers. This can be expressed 
either as intra- or interpersonal reliability.

Responsiveness (sometimes referred to as sensi-
tivity to changes over time) refers to the ability of 
a measure to reflect an underlying change or true 
difference. 

A ceiling or floor effect is considered to exist 
if more than one-third of the patients receive the 
highest or lowest possible score (Marx et al. 2001). 
An excellent review of the concepts of validity, 
reliability and responsiveness was written by Marx 
et al. (2003).

Literature search 

We searched PubMed up to July 2006 with the 

The role of different methods in the evaluation of function-
ing and disability in the injured knee. In this model, contex-
tual factors are not included.
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following MeSH terms: knee score, reliability, 
validity, knee evaluation, knee and activity grad-
ing. 1,035 abstracts dealing with a knee score were 
found and reviewed. Of these, only abstracts deal-
ing with knee injuries were selected, i.e. all those 
on degenerative joint disease were excluded. In 
the remaining abstracts, the following five knee 
rating scales were used more frequently than the 
others: Lysholm-Tegner (Lysholm and Gillquist 
1982, Tegner 1985, Tegner and Lysholm 1985), 
IKDC (International Knee Documentation Com-
mittee) (Irrgang and Anderson 2002, Irrgang et 
al. 1998a, 1998b, 2001), Cincinnati knee rating 
system (Barber-Westin et al. 1999, Noyes et al. 
1984, 1989, 1991), KOOS (Knee Osteoarthritis 
Outcome Score) (Roos et al. 1998a, b), and Mar-
shall-HSS (Hospital of Special Surgery) (Marshall 
et al. 1977).

Number of abstracts

The number of abstracts was as follows: Lysholm-
Tegner, 498; IKDC, 173; Cincinnati, 73; KOOS, 
35; and Marshall/HSS, 22.

 Of the 498 abstracts that employed the Lysholm-
Tegner knee rating system, 324 used only the knee 
score and 174 used both the knee score and the 
activity grading. In addition, another 34 used only 
the activity grading, but not the knee score. Several 
abstracts used 2 or more scores simultaneously: 
85 used the Lysholm-Tegner and IKDC scores; 10 
used the Lysholm-Tegner, IKDC and Cincinnati 
scores; and 1 used the Lysholm-Tegner and KOOS 
scores.

The criteria for further analysis were that the 
abstract should deal with the construction or evalu-
ation of one or several scores intended for knee 
injuries. 

87 abstracts fulfilled our criteria justifying close 
scrutiny of the full article. 33 articles dealt with 23 
different rating scales for knee injury and they were 
all written by individuals who had participated in 
the development of the scale. 54 additional articles 
by other researchers involved analysis of one or 
(usually) several different scales.

Apart from the most frequently used scores, the 
work of Flandry et al. (1991) and of Mohtadi (1998) 
deserve to be mentioned. Although these were well 
documented in terms of validity and reliability, 
they had not come into use more than occasion-

ally. The anterior cruciate ligament quality of life 
(ACL-QOL) scale by Mohtadi (1998) has recently 
been translated into a Swedish version, and also 
modified and evaluated with respect to validity, 
reliability, internal consistency, and floor and ceil-
ing effect (Kvist 2006). ACL-QOL is an interesting 
concept, as it is a pure quality of life score adapted 
to patients with anterior cruciate ligament injury. 

The remaining scores had neither documented 
validity nor documented reliability and had not 
been cited more than occasionally. 

Evaluation of scores

The analysis of 5 scores (Lysholm-Tegner, IKDC, 
Cincinnati, KOOS and Marshall/HSS) included 
evaluation in relation to the ICF classification and 
requirements on a score, such as validity, reliabil-
ity, responsiveness, and mode of administration, 
etc. The analysis was based on the complete docu-
mentation of the actual score at the date of analy-
sis, i.e. it included the original papers and also later 
documentation.

Results of evaluation of scores (Table) 

Lysholm-Tegner rating system

The Lysholm score was first presented in 1982 
(Lysholm and Gillquist 1982). It was further devel-
oped and refined to include only subjective items 
(Tegner and Lysholm 1985). The score now con-
sists of 8 different items on a 100-point scale with 
25 points each attributed to instability and pain. 
An activity-grading scale was added (Tegner and 
Lysholm 1985). Different activities put different 
demands on the knee, and different patients strive 
to carry out different activities. Thus, it was con-
sidered necessary to grade activities in a standard-
ized way. The main advantage of the activity scale 
is not to compare different patients, but to note 
changes in activity level in the same person at dif-
ferent times. With this scale, the pre-injury level 
and the present and desired activity levels can be 
defined. 

The score should be regarded in relation to 
the activity level. Patients who have reached the 
desired high activity level and have a high score 
may have better function than patients with a high 
score but a low activity level, for example patients 
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who are not fully rehabilitated or those who have 
adapted to their disability. The Lysholm-Tegner 
rating system is well documented according to all 
the analyzed properties.

The IKDC (International Knee Documentation 
Committee) rating system

This rating scale was developed by a panel of inter-
nationally well-recognized orthopedic surgeons. It 
initially included 7 parameters related to the knee, 
reflecting both impairment and disability. Patients 
were graded in 4 different grades—normal, nearly 
normal, abnormal and severely abnormal, for each 
of these parameters, and the worse grading deter-
mined the final outcome (Hefti et al. 1993). Later 

on, the IKDC system was supplemented with a 
questionnaire with different subjective factors such 
as symptoms, sports activities, and ability to func-
tion. The reliability, validity and responsiveness 
were found to be good (Irrgang et al. 2001). The 
IKDC rating system is well documented according 
to all the analyzed properties.

The Cincinnati knee-rating system

This first Cincinnati knee-rating scale was pub-
lished in 1983 (Noyes et al. 1983). With a number 
of modifications, it has been developed for scoring 
of occupational and athletic activities, symptoms, 
and functional limitations in sports and daily life 
(Barber-Westin et al. 1999). The Cincinnati knee-

Score Patient or 
examiner 
administrated

Content 
validity

Concurrent 
validity

Con-
struct 
validity

Internal
consis
-tency

Reli-
ability

Respon-
siveness

Floor or 
ceiling
 effect 

Simple Normal
material

Lysholm-
Tegner

Originally 
examiner 
administrated.
Documented 
patient admin-
istrated by: 
7, 8, 18, 20, 
30, 37, 57, 
61, 63

 +: 46, 
49, 73
(+): 8, 
36, 65
(–): 38

 +: 49, 57, 
73, 79
(+): 8, 36

 +: 7, 
36, 46, 
57, 64, 
79
(+): 8, 
10 

 +: 57
(+): 30

 +: 4, 
10, 46,  
57, 73
(+): 8, 
36, 47

 +: 46
(+): 8, 
10, 
36, 79

+: 8, 
12, 46, 
57, 62

+: 1, 
32

9, 12

IKDC Originally 
examiner 
administrated. 
The later 
introduced 
IKDC subjec-
tive question-
naire is patient 
administrated 
(27, 28, 30)

+: 24, 
27, 28, 
38

+: 27, 28, 
30
–: 57, 59 
(variable; 
symptoms 
and liga-
ment exam 
= +, but 
subjective, 
ROM and 
total = –)

+: 27, 
57
–: 10

+: 28, 
30

+: 10 
(subj. 
ques-
tion-
naire), 
27, 28, 
30, 57
–: 10 
(origi-
nal)

 +: 28, 
30 31
(–): 10
 –: 59

 +: 27
(–): 57

 2, 9

Cincin-
nati

Examiner  
administrated

+: 3, 46, 
51, 52, 
65

 +: 3, 7, 
46, 53, 
64
(+): 10

 +: 3, 
10, 47
(–): 46

 +: 3, 46, 
47, 59
(+): 10

+: 3, 
12, 46

 12

KOOS Patient admin-
istrated

+: 61, 
62 

+: 61  +: 61, 
62
(+):  10

+: 61 +:10, 
61, 62 

+: 10, 
61, 62

+: 61 +: 61

Marshall/ 
HSS

Examiner
administrated

+: 45 9

The different evaluated properties for Lysholm-Tegner, IKDC, Cincinnati, KOOS and Marshall/HSS. “+”: good; “(+)”: 
acceptable; “(–)”: questionable; and “–”: not acceptable. The numbers relate to the references as they appear in the 
reference list
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rating system has 11 components including sections 
that measure physical examination, instrumented 
knee stability, testing and radiographic findings. The 
Cincinnati rating system is also well documented 
according to all the analyzed properties.

The knee osteoarthritis outcome score 
(KOOS)

This score was developed in a rigorous manner 
to assess patient-relevant evaluation of knee inju-
ries as well as posttraumatic osteoarthritis (Roos 
1999). It was developed in part from the Western 
Ontario and McMaster Universities osteoarthritis 
index (WOMAC). Furthermore, a literature review 
was done and an expert panel comprising patients, 
orthopedic surgeons, and physiotherapists was 
consulted. In the KOOS, 5 dimensions are scored 
separately (with 42 questions)—pain, symptoms, 
function in daily living, function in sport and rec-
reation, and knee-related quality of life (Roos et 
al. 1998b). It presents the results in a profile based 
on 5 different values, and not as a combined score. 
By including knee-related quality of life, KOOS 
differs from Lysholm-Tegner, IKDC, Cincinnati 
and Marshall-HSS. In contrast to IKDC and Cin-
cinnati, but in accordance with Lysholm-Tegner, 
KOOS does not include clinical findings. KOOS 
had validity, reliability, responsiveness, internal 
consistency and no floor or ceiling effect. Con-
trary to the Lysholm-Tegner, IKDC and Cincinnati 
rating systems, which have all been modified and 
documented since they were first presented, KOOS 
was thoroughly documented before it came into 
use for the first time. 

The Marshall/HSS (Hospital of Special Surgery) 
score

In 1977, Marshall et al. presented their first stan-
dardized evaluation system for knee ligament inju-
ries. Related to standards at that time, they made an 
ambitious attempt to evaluate validity. This evalu-
ation system was later developed stepwise into the 
Hospital for Special Surgery (HSS) score (Warren 
and Marshall 1978, Freeman et al. 1982, Hanley 
and Warren 1987). Unfortunately, in the further 
development of the Marshall/HSS score validity 
and reliability were not documented. Until this is 
done, it cannot be recommended.

Discussion

We did not find an indisputable “gold standard” for 
evaluation of knee function after traumatic knee 
injuries. 

We suggest that a modern knee-rating system 
should at least fulfill the following criteria: 

It should evaluate the knee according to the ICF.
It should be valid and reliable.
It should be sensitive to clinically important 

changes.
It should have internal consistency.
It should not have any floor or ceiling effects.
It should have been evaluated in both patients 

and a relevant reference population.
It should be simple to use.
It should not include a composite score, i.e. it 

should only include symptoms and a subjective 
evaluation of function, but not clinical findings, 
results of a functional test, or activity level. Such 
parameters should be registered separately and 
combined with a score in an evaluation system.

It should include an injury-specific score.
The Lysholm-Tegner, IKDC, Cincinnati, and 

KOOS are all reasonably injury-specific. The 
Lysholm-Tegner score summarizes activity limi-
tations and symptoms related to activity in one 
score and activity limitations in another. The Cin-
cinnati score, like the IKDC, sums up several dif-
ferent aspects of the ICF in one result, but it can 
also be presented as several subscores. We suggest 
that their summed scores should not be used, as 
we advise against the use of composite scores. 
The KOOS presents the result in a profile based on 
symptoms, activity limitations, and health-related 
quality of life. 

In order to allow independent analysis and better 
discrimination, separate scores for symptoms, sub-
jective functions, and objective results should be 
used (Anderson et al. 1993, Sgaglione et al. 1995, 
Neeb et al. 1997). We suggest that the result is best 
presented as one value for each part of the ICF. 
Only the Lysholm-Tegner rating system is clearly 
related to the ICF (ICIDH) by the authors (Tegner 
1985). 

Whether a score should be filled in by the exam-
iner or by the patient himself has been a matter of 
discussion (Roos 1999). Both ways have advan-
tages and disadvantages. The older scores (such as 
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the Lysholm score) were not developed for patient 
administration. Even so, several authors have used 
it as a questionnaire (Table). In a recent study of 
meniscus injuries by Briggs et al. (2006), it was 
shown that in a patient-administered questionnaire 
the Lysholm score and Tegner activity scale had 
acceptable test-retest reliability, floor and ceiling 
effect, criterion validity, construct validity, and 
responsiveness to change. In the modern IKDC, 
the subjective part is developed as a patient-admin-
istered questionnaire with documented validity 
and reliability (Irrgang and Andersen 2002). The 
Cincinnati knee rating system remains examiner-
administered, however. Roos (1999) has shown 
that careful analysis of questions and development 
of guidelines are necessary for a score to be patient-
administered. The lack of this may be one expla-
nation for the finding by Hoher et al. (1997) that 
patients achieved a lower score with a self-admin-
istered Lysholm score than when it was completed 
by the examiner. Another explanation may be the 
effect of interview bias (Hoher et al. 1997). 

Although the patient is the best expert on his or 
her own knee (Roos 1999), the matter of mode of 
administration is not uncomplicated. Whose judg-
ment about the knee is closest to the “truth”, the 
patient’s or the examiner’s? In patients who have 
had a hip arthroplasty, it has been shown that both 
patients and doctors have a relatively similar per-
ception of outcome, with the exception of patients 
with a low score, co-morbidity in other joints, or 
other health problems (Liebermann et al. 1996, 
McGee et al. 2002). These patients rated their out-
come as being worse than their doctor. Unrealis-
tic expectations about the result can also make the 
patient less satisfied (Haworth et al. 1981). How-
ever, we agree with Roos (1999) that a modern 
score should preferably be developed for patient 
administration.

Several authors have found different results 
using different scoring scales for the same patient 
(Bollen and Seedholm 1991, Anderson et al. 1993, 
Peters et al. 1997, Brinker et al. 1999, Hrubesch et 
al, 2000). Thus, results cannot be transferred from 
one score to another.

Which score is best? 

Each of the 4 scores (Lysholm-Tegner, IKDC, Cin-
cinnati and KOOS) has its advantages and disad-

vantages. The Cincinnati and IKDC are compre-
hensive and evaluate many aspects of the knee; on 
the other hand, the Lysholm-Tegner system is much 
simpler and mainly evaluates symptoms and activ-
ity. This makes the latter the easiest one to use. 

In addition, the Lysholm-Tegner and the KOOS 
do not summarize objective results and subjective 
functions in the same result. Kocher et al. (2002) 
made a comprehensive analysis of determinants 
of patient satisfaction with the outcome after ACL 
reconstruction. They concluded that subjective vari-
ables are more important for evaluation of patient 
satisfaction than objective findings. They found 7 
“key” symptoms that together accounted for 83% 
of the variability in patients’ satisfaction with the 
outcome. Stability testing correlates poorly with 
the subjective outcome after knee ligament recon-
struction (Strand et al. 2005). This is in favor for 
Lysholm-Tegner and KOOS. We emphasize, how-
ever, that objective findings must be recorded as 
well, but separately. 

Johnson and Smith (2001) stated that the 
Lysholm score and the Tegner activity rating had 
been adequately tested, and were easy to use, 
making them ideal as “golden standards” to which 
future measures can be compared. In a structured 
review of 16 patient-assessed knee evaluation 
instruments, Garrat et al. (2004) stated that KOOS 
presented good evidence of reliability, content and 
construct validity, and responsiveness. This review 
has shown that the Lysholm-Tegner rating scale 
is the most widely used evaluation system. Con-
sequently, score results in different types of knee 
injuries are easy to find for purposes of compari-
son.

As different diagnoses cause different symp-
toms, it is not logical to use the same score for 
injuries that are substantially different from each 
other. An instrument that has demonstrated satis-
factory measurement properties in one popula-
tion is not necessarily appropriate for use in other 
populations (Fitzpatrick et al. 1998). It is better to 
use an injury-specific score and combine it with a 
generic score. The generic score can be used for 
comparisons with other diagnoses. The KOOS is 
the only score that includes assessment of health-
related quality of life. This part of the KOOS was 
developed specifically for the knee, however. For 
comparison with other diagnoses outside the knee, 
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it is still necessary to combine it with a generic 
score.

Future perspectives

An increasing number of methods to evaluate the 
results of treatment are being published. This is true 
for almost all fields of orthopedics. We feel that a 
common strategy is needed. We suggest that this 
includes documentation of clinical parameters that 
are valid for a successful treatment and for compli-
cations. This should be combined with an estima-
tion of the result from the patient’s point of view 
and an evaluation of health-related quality of life. 
For health-economic purposes, an estimation of the 
cost of the treatment may be included. Currently, 
there is no tradition of health-economic analysis in 
the orthopedic community, but it is likely that these 
types of studies will become more common in the 
future. Depending on the purpose all three or four 
different perspectives of the result can be evalu-
ated either with simple methods or thoroughly. For 
example, estimation of the result from the patient’s 
point of view might include a scoring scale and an 
activity grading scale, or a simple global assess-
ment of the result. Such a simple assessment may 
have validity that is as good as that of a more com-
prehensive score (Williams et al. 2000).

No competing interests declared.
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