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Knee scoring systems in gonarthrosis 
Evaluation of interobserver variability and the envelope of bias 

Leif Ryd’, Johan Karrholm*, Peter Ahlvin3 and the Score Assessment Group 

10 experienced orthopedic surgeons assessed 15 
patients using 3 commonly used composite scoring 
systems and by some simple variables to evaluate 
knee replacements. Statistical evaluation showed 
that the scores were valid and reflected the disease 
process with a reasonable reproducibility. In the in- 
dividual case, however, considerable changes of the 
total scores and the simple variables are needed to 
represent a true difference at the 95% confidence 

limit. The coefficient of repeatability varied from 45 
to 72 for the scores. 

Our study, which is suggested to represent any 
clinical investigation, showed that clinical measure- 
ments are not robust and meticulous efforts in terms 
of study design must be made to protect an investi- 
gation against the action of bias. Knee scores are 
exceedingly unreliable. 
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Orthopedics, like all other natural sciences, use mea- 
surements to gain insights into the laws of nature. 
This places high demands on the measuring systems 
we use. They should be valid, reproducible, sensitive 
and specific enough to yield relevant results; the sig- 
nal-to-noise ratio must be such that the phenomena 
studied do not drown in the bias inevitably introduced 
by the clinical situation (Ryd et al. 1994). We ana- 
lyzed the quality and robustness of a number of scores 
and simple clinical measurements commonly used in 
orthopedic practice to evaluate the efficacy of total 
knee arthroplasty. 

Materials and methods 

At the 50th meeting of the Swedish Orthopedic Asso- 
ciation 10 experienced orthopedic surgeons examined 
15 patients suffering from gonarthrosis. 7 patients had 
been operated on with a total knee replacement about 
1 year before the investigation, while 8 were on the 
waiting list. There were 8 right knees and 7 left index 
knees involved. The mean age of the patients was 74 
(60-86) years. 9 patients had unilateral knee disease 
(Charnley stage A), 3 had bilateral knee disease 
(Stage B) while the remaining 3 had involvement of 
other parts of the locomotor system (Stage C). The 
assessment systems investigated were the Hospital 
for Special Surgery (HSS)-score (Ranawat et al. 
1976), the Venn diagram scoring system (J6nsson 
1981) and the Knee Society score (KSS) (Ewald 

1989). The KSS involves one part which assesses the 
function of the knee and one part assessing the over- 
all patient function, These were compiled by each in- 
vestigator for each patient individually. The value of 
the HSS-score was also categorized as excellent 
(lo@%), good (84-70), fair (69-60) and poor (<60) 
as suggested (Ranawat et al. 1976). Also the individu- 
al variables included in these scoring systems were 
investigated. Varus-valgus instability, sagittal insta- 
bility, flexion and extension and alignment were mea- 
sured using goniometers. Walking distances were re- 
corded as subjectively estimated by the patients. Be- 
cause pain is assessed differently in the three systems 
the investigators recorded pain on exertion and pain at 
rest (ache) on a VAS scale (0-100 mm). Also, the 
quantities of analgesics taken the week and the month 
before the investigation were recorded. Finally, an ex- 
perienced nurse, not acquainted with the patients, as- 
sessed the “over all status” of the knee on a VAS scale 
after having had a free conversation with the patient. 

The order by which each investigator examined each 
patient was recorded to assess possible learning phe- 
nomena. All investigators were experienced orthopedic 
surgeons well acquainted with the assessment of gonar- 
throtic patients. They had all used or were acquainted 
with the three different scoring systems. 

The validity of the scores was assessed by a com- 
parison to the only truly validated instrument to as- 
sess gonarthrotic knees; the Lequesne ISK (Index of 
Severity-Knee) (Lequesne et al. 1987) which was re- 
garded as the gold standard. 
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The reliability was assessed by the Intraclass Cor- 
relation Coefficient (ICC) (Kramer et al. 1981) for the 
different variables tested as assessed by the 10 inves- 
tigators. The validity of the variables was assessed by 
comparing them with the gold standard, ISK, using 
the Kendall Tau. This is a non-parametric correlation 
coefficient. For ordinal data (Venn and the HSS clas- 
sification) the weighted kappa value was determined 
(Fleiss et al. 1973, Kramer et al. 1981). The mean and 
standard deviations (SD) from the 10 investigators 
obtained for all 15 patients regarding each variable 
was also compiled using 2-way ANOVA (Conboy et 
al. 1996). The coefficient of repeatability was com- 
puted by multiplying the SD by 2 times the square 
root of 2 (~2 .83)  (Bland et al. 1986). Finally, mean 
values of these means and SDs were compiled and the 
coefficient of variation [(mean) SD/(mean) mean] for 
each parameter was computed to assess the signal-to- 
noise ratio. Another way to assess the signal-to-noise 
ratio is by the “effect size” concept (Kazis et al. 
1989). Here the results of an intervention is put in re- 
lation to the accuracy by which the results can be as- 
sessed, by the formula: 

(mean score of patients post op - mean score of 
patients preop) / SD of scores preop 

Results 

The different scores all correlated significantly with 
the Lequesne ISK (Table 1). The registrations by the 
nurse showed one of the best correlations with the 
ISK. The consumption of analgesics during the last 
month also reflected the status of the knee while con- 
sumption during the last week did not. 

The reliability of the scores ranged from very low 

Table 1. The relationship between the Lequesne ISK score 
and the means of the values for each patient regarding the 
over-all status of the knee as tested in this study 

Comparison Kendall Tau P -value 

ISK vs. HSS 0.65 0.0007 
ISK vs. Venn 0.62 0.001 
ISK vs.KSS patient 0.46 0.02 
ISK vs.KSS knee 0.57 0.003 
ISK vs. nurse 0.64 0.0008 
ISK vs. analgesics month 0.47 0.02 
ISK vs. analgesics week 0.30 0.12 

to very high as shown by the ICC. Many of the indi- 
vidual variables exhibited a good reliability while 
some, however, showed a ICC as low as 0.4. For the 
scores, the standard deviation of the individual as- 
sessments ranged from 16 (HSS) to 26 (KSS knee) 
and the coefficient of repeatability was as high as = 
72. The coefficients of variation for the scores ranged 
from 0.22 (HSS) to 0.41 (KSS knee) (Table 2). 

For the individual variables, the largest standard 
deviation was found for the VAS assessments of pain. 
There was, however, a distinct difference between pa- 
tients with little pain and with much pain; little pain 
seemed to be registered with a higher degree of con- 
sistency than did much pain (Table 3). 

Computation of effect sizes showed that TKA is a 
worth-while procedure. The ranges, however, were 
large, for some of the investigators the effect size was 
as low as 0.3 (Table 4). 

By comparing the ICC for the 5 examinations per- 
formed first on each patient with the five performed 
last learning effects were analyzed. No such effects 
were seen for any of the investigated variables except 
for walking distances. 

Table 2. The consistency of some parameters reflecting the status of the knee 

Parameter 

Varus-valgus instability 
Sagittal instability 
Maximum flexion 
Extension defect 
Alignment 
VAS pain at rest 
VAS-pain on exertion 
Venn 
HSS 
HSS-classification 
KSS knee 
KSS patient 
Maximum walking distance 
Painfree walking distance 

ICC 
(I,) 

0.39 
0.44 
0.77 
0.43 
0.74 
0.93 
0.88 

0.24 

0.83 
0.71 
0.97 
0.91 

Weighted SD 
Kappa 

5.2 
15.7 
13.9 
4.7 
9.3 
25.0 
29.8 

15.8 

25.6 
20.0 

0.84 

0.78 

1101 
697 

Coeff, of 
repeatability 

14.7 
44.4 
39.3 
13.3 
26.3 
70.8 
84.3 

44.7 

72.4 
56.3 - 
- 

Mean 
(mean) 

5.1 
2.9 

118.4 
7.6 

180.6 
14.0 
31.6 

71.7 

62.2 
58.8 
973 
551 

Coeff. of variation 
(CV) 

1.01 a 
5.4 a 
0.188 
0.62 a 
0.05 a 
I .78 
0.94 

0.22 

0.41 
0.34 
1.13 
1.26 

a Indicates coefficients of correlations skewed by small or big mean values. 



Acta Orthop Scand 1997; 68 (1): 41-45 43 

Table 3. Individual VAS pain (ache) registrations and mean 
(SD) for case 2 (successfully operated) and for case 10 (on 
the waiting list for kne arthroplasty) by ten experienced or- 
thopedic surgeons 

Case 2 Case 10 

0 
0 
0 
7 
0 
0 
0 
0 
2 
0 

Mean (SD) 0.9 (2.2) 

48 
48 
44 
9 

59 
27 
27 
6 

40 
69 

38 (20) 

Table 4. Mean (range) effect size as computed for 10 asses- 
sors 

Effect size, mean Range 

VAS pain at rest 0.8 (0.6-1.4) 
VAS-pain on exertion 2.2 (1.2-4.6) 
HSS 1.5 (0.9-2.6) 
KSS knee 2.4 (0.7-4.7) 
KSS patient 0.7 (0.3-1 -5) 

Discussion 

Fundamentally, any measuring instrument should be 
evaluated regarding its ability to yield reproducible 
results, which, in turn, should reflect the changing 
course of events, such as symptoms of a disease or the 
outcome of its treatment (Wright et al. 1992). A num- 
ber of scores have been devised to register the out- 
come of joint replacement procedures. Few of them 
have been properly validated and they have been 
found to give inconsistent results (Anderson 1972, 
J6nsson 1981). We assessed the 3 scores most he- 
quently used in Sweden and internationally. 

Our study shows that the scores are reasonably val- 
id, i.e., they reflect the same changes of the status of 
the underlying disease; the agreement of the mean 
values with the only validated score for knee arthro- 
sis, the Lequesne ISK, was acceptable. In this context, 
concordance values of between 0.6 and 0.8 have been 
suggested to reflect “substantial agreement” for kap- 
pa statistics (Landis et al. 1977), and may give some 
guidance also here. It is, however, sobering that an in- 
formal conversation with a nurse is equally valid. Fur- 
thermore, the finding that the consumption of analge- 

sics during the last month also reflects the status of 
the knee is interesting. Counts of tablets can in some 
respects perhaps be considered as “hard data”. 

A number of ways to assess the reliability, repeat- 
ability or reproducibility of the instruments have been 
used here. Simple correlation to assess conformity of 
data has the disadvantage of disregarding observer 
bias; one observer may consistently assign higher val- 
ues. If so high correlation coefficients can be reached 
despite poor agreement between the two observers. 
This obstacle is overcome by ICC, which neglects the 
individual assessments and focuses on the agreement 
between assessors. The weighted kappa used for ordi- 
nal data has the advantage of compensating for the 
agreement occumng purely by chance (Kramer et al. 
1981). These data show the VAS measurements and 
some of the scores to be reliable while the goniomet- 
ric measurements were not. The learning effects for 
the walking distance was reflected by a very high reli- 
ability; once estimated by the patients, these values 
were easy to remember. None of these figures, how- 
ever, offer a simple way by which one can assess if 
two measurements, on different occasions, reflect a 
true “difference”. A simple way to arrive at this infor- 
mation is to compute the coefficient of repeatability. 
This value indicates the magnitude by which one 
measure must differ from a previous one (by another 
assessor) to represent a significant change (at the 95% 
limit); a most useful figure. 

The coefficient of variation is derived by dividing 
the (mean) SD by the (mean) mean. This can be 
looked upon as a way to relate the strength of the sig- 
nal to the magnitude of the noise involved. For some 
variables the mean is very small or very large result- 
ing in numbers that are hard to interpret. For a number 
of variables, though, the means were similar thus al- 
lowing comparisons as indicated in Table 2. The ef- 
fect size concept, finally, is an interesting way to ad- 
dress the problem that while some effects of an inter- 
vention may be statistically significant the magnitude 
of the improvement may be so small as to be clinical- 
ly irrelevant. An intervention is effective only if both 
statistical significance and a large effect size is re- 
corded. In this context an effect size of less than 0.2 is 
small, 0.5 is moderate and above 0.8 is large (Cohen 
1977). 

It is known that also simple measurements like 
range of motion show SDs of 5-10 degrees when per- 
formed by different assessors on the same subject 
(Solgaard et al. 1986, Resch et al. 1995). The standard 
deviations of the individual variables in this study 
were of the same range. The composite scores are lia- 
ble to combine the variations of all the individual 
variables included in them, thus making the scores 
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even more uncertain. The results of our study support 
this notion; the composite scores showed larger stan- 
dard deviations than the individual variables. The 
finding that the effect size of TKA as measured by, for 
example, the KSS patient score, for some assessors, 
was very small points in the same direction. In the 
light that TKA is regarded as one of the most success- 
ful orthopedic interventions ever invented, the inabili- 
ty to register a significant improvement lies in inade- 
quate measuring instruments. Finally, any score with 
a coefficient of repeatability of 75 out of 100 is not 
reliable enough for practical use. 

The mean values found in our study may be regard- 
ed as reflections of the signal to measure and the stan- 
dard deviations, the coefficients of variations and co- 
efficients of repeatability represent the noise in the 
system. Statistically, the noise usually represents the 
random (stochastic) variation while the third constitu- 
ent of any measurement, the systematic (bias) varia- 
tion, is regarded as a part of the signal. Clinically, one 
is interested in the true signal and a more appealing 
approach is to let the noise represent any distortion of 
the signal, systematic or random. Moreover, it ap- 
pears reasonable to assume that the less robust an in- 
strument is, i.e., the larger the noise data, the more 
leeway, or latitude, is given for systematic distortion. 
The results show that the scores need to differ by 
about 30 (HSS) to 70 (KSS patient) points to reflect a 
true difference at the 95% confidence limit. Despite 
the nominally high reliability of many of our vari- 
ables, the latitude for the action of systematic errors 
(bias) is thus considerable. This represents the envel- 
op of bias. 

The argument that the recruitment of a large num- 
ber of patients tends to even out the noise may be fal- 
lacious. Materials are compiled of individual cases 
where the action of bias usually acts in the same di- 
rection for every patient. The expectations by the pa- 
tients and the surgeons surely act strongly in the same 
(positive) direction, thus possibly skewing the means 
of the entire material to the same extent as for the in- 
dividual patient (Ryd et al. 1994). Incidentally, the 
improvement observed after an arthroplasty in the in- 
dividual patient often is in the range of 30-40 points 
(Insall et al. 1983, Nilsson et al. 1993). Thus the 
noise-to-signal ratio is unfavorable. 

The commonest reason for any patient to seek or- 
thopedic advice is probably pain. While it appears 
that the registration of little pain can be performed 
with a reasonable consistency, the individual registra- 
tions of case 10, with more pain, lend themselves to 
some contemplation; it is disquieting that 10 experi- 
enced orthopedic surgeons assess one and the same 
patient so differently (Table 3). For comparison, coef- 

ficients of variation in the engineering world are 
orders of magnitudes smaller. When assessing the 
measuring accuracy of a digitizing table for RSA a 
coefficient of variation of 0.0015 was found (Onsten 
1994). 

In conclusion, our study has shown that the scores, 
by correlation analyses, are reasonably valid and reli- 
able. In depth analysis, however, show that the mag- 
nitude of the noise is conspicuous. We suggest that 
this noise allows also considerable amounts of sys- 
tematic distortion (bias) to be misinterpreted as a true 
signal. The remedy may lie in using controlled and 
randomized designs in any clinical research project as 
well as independent observers. Moreover, the studies 
could include more objective evaluations like scinti- 
metry, DEXA, RSA, etc., systems that are readily ac- 
cessible in orthopedics today. Also, in this context, 
this study suggests that simple long term counts of 
analgesic consumption could be feasible. The use of 
patient administered questionnaires enables the pa- 
tient to answer standard questions and to score, for 
example, pain without the interpretation of an asses- 
sor with his own biases (Johanson et al. 1992, Levine 
et al. 1993). 
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