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ABSTRACT - We have investigated the reliability of the
American Knee Society Score (AKS), a widely used func-
tional outcome score for knee arthroplasty. 29 subjects
were assessed in random order by 6 observers, each pa-
tient seen twice by each observer. The interobserver refer-
ence intervals were 16 points for the Knee Score (0-100
points) and 21 points for the Function Score (0-100
points). The intraobserver reference intervals were small-
er, 11 points and 13 points for the Knee Score and the
Function Score, respectively. The presence of arthritis in
other joints and general debility did not affect the reliabil-
ity of the scores. The more experienced observers had
greater intraobserver reproducibility. Notably, we found
moderate agreement between observers in the subjective
variables, while the objective variables produced lower
levels of agreement.

The high inter- and intraobserver variations of the
AKS makes estimation of score change questionable.
Reliable use of the AKS would necessitate repeated eval-
uation by an experienced observer.

The American Knee Society Score (AKS) was de-
veloped by consensus in the Knee Society (Insall
et al. 1989). The AKS consists of two parts. The
first is the Knee Score which considers pain, sta-
bility and range of motion as the main parameters,
with deductions for flexion contractures, exten-
sion lag and malalignment. A maximum of 100
points will be obtained by a well-aligned knee
with no pain, 125 degrees of motion and negligi-
ble anteroposterior or mediolateral instability. The
second part, the Function Score, utiliszes walking
distance and stair climbing as the main parame-
ters, with deduction for the use of a walking aid.

The maximum Function Score is 100, given to an
individual who is able to walk an unlimited dis-
tance and can ascend and descend stairs normally.

A patient categorization system is included in
the AKS to identify patients whose function may
be undermined by factors other than the knee in
question. Category A patients do not have any
substantial disease in the contralateral knee, in
contrast with category B patients who have sub-
stantial arthrosis. Category C patients are those
with multiple joint involvement or generalized de-
bility. The AKS is designed so that the Knee Score
is independent of these factors, while the Function
Score can decline with multiple joint arthrosis and
generalized debility.

Our purpose was to determine the reliability of
the AKS, specifically the degree to which the AKS
produces consistent results between different ob-
servers (i.e., the interobserver reliability), as well
as with repeated examination by the same individ-
ual (intraobserver reproducibility).

Patients and methods

29 subjects were evaluated by 6 observers with
the AKS in random order. In order to represent a
wide range of knee functions, the subjects select-
ed consisted of patients awaiting primary or revi-
sion knee arthroplasty and patients who have re-
ceived knee replacements at least 6 months prior
to the study.

The 6 observers consisted of 1 consultant, 2 reg-
istrars (residents), 1 senior house officer (junior
doctor) and 2 arthroplasty nurse practitioners. The
observers varied in their experience with exami-
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nation of the knee joint. The consultant had an in-
terest in knee surgery, the 2 registrars had at least
3 years’ experience in orthopedics while the se-
nior house officer had 3 months’ experience in this
field. The 2 nurses provide domiciliary support for
arthroplasty patients and their responsibilities oc-
casionally include clinical assessment of recipi-
ents of joint replacements. The senior house
officer and the nurses have been instructed on the
examination of the knee joint and were familiar
with the AKS prior to the study.

Each observer scored the same patient twice, at
least 2 hours apart. The observers’ scores were
compared with each other to estimate the interob-
server reliability, and a single observers’ 2 scores
for each subject were compared for intraobserver
reproducibility.

Scores were recorded in a standardized chart.
Appropriately-sized goniometers were provided
to estimate the ranges of knee motion and defor-
mities. Range of motion was recorded in the chart
by each observer and the entry converted into
points by RL.

The Knee Score and Function Score have a
range of 1-100 and thus, the data were statistically
analyzed as continuous variables. To determine
the interobserver variation, the method described
by Morris was employed (1997). Briefly, for each
of the subjects, the standard deviation of the ob-
servers’ scores were determined and squared to
obtain a set of variances. The average of the vari-
ances gave the interobserver variance and the
square root of this, the interobserver standard de-
viation. Multiplying the standard deviation by
1.96 gave the “95% confidence intervals”. In sta-
tistical terminology, “95% reference interval” is
more appropriate than “confidence interval” and
this term is used throughout this paper. The same
technique was employed to quantify the intraob-
server variances, standard deviation and 95% ref-
erence interval. Single factor ANOVA was also
used to verify the calculations, by defining the
“within group mean square” or the “residual mean
square” (Morris, 1997) . Differences between the
variances were tested for significance, using the
variance ratio test (F test).

To assess intraobserver agreement for each
component of the AKS, unweighted Kappa statis-
tic was applied (Cohen 1960). Kappa values for

Table 1. Interobserver variances by patient category

Category Knee Score Function Score
A 35 131
B 76 104
C 73 108

No significant difference between categories (F test)

multiple observers were calculated, as described
by Siegel and Castellan (1988), to estimate the in-
terobserver agreement. The level of acceptability
was based on the recommendation of Landis and
Koch (1977).

Results

The interobserver variance for the Knee Score
was 64 (SD 8.0). This gave a 95% reference inter-
val that a single observer measuring a single sub-
ject will obtain a score within 16 points of the true
score. Analysis of variance (ANOVA) showed that
the observers did not differ in their scores (p =
0.9). The Function Score yielded an interobserver
variance of 112 (SD 11) and a 95% reference in-
terval of 21 points. The observers did not differ
(p = 0.3) in the scores that they obtained.

The variances of the intraobserver Knee Score
and Function Score were smaller compared to the
interobserver variances. For the Knee Score, the
intraobserver variance was 33 (SD 5.7). A single
observation from a single assessor is likely to lie
within 11 points of the true value. For the Func-
tion Score, the intraobserver variance was 41 (SD
6.4), giving a 95% reference limit of 13 points.

The interobserver variances were analyzed with
the subjects stratified according to the multiplicity
of joints affected by arthrosis and general infirmi-
ty (Table 1). Interobserver variance for the Knee
Score was smallest in category A patients. Similar
magnitudes of variances were obtained for Func-
tion Score in all three categories. The variance ra-
tio test (F test) revealed no significant differences
between the categories in both the Knee Score and
the Function Score.

For the Knee Score, the senior house officer had
the highest intraobserver variance which differed
significantly from the other observers. A signifi-
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Table 2. Intraobserver variances (reproducibility) by
grade of observer

Knee Score  Function Score
Nurse practitioners 29 53¢
Senior house officer (SHO) 742 34¢
Registrars 17 35¢
Consultant 31b 39¢

2 The senior house officer differed significantly from all
other grades (p < 0.05, F test)

b The consultant differed from registrars (p < 0.05, F test)

SNS

cant difference was also seen when comparing the
variances of the registrars with the consultant. The
nurse practitioners had the highest intraobserver
variance for the Function Score, although the in-
tergroup differences in variance were not signifi-
cant (Table 2).

The 6 observers agreed moderately on Pain and
Walking Distance categories, while Stairs, Flex-
ion Contracture and Alignment produced fair
agreement. The agreement for Mediolateral Sta-
bility was no greater than that expected by chance
(Table 3). When we excluded the nurses and con-
sidered the interobserver agreement for the con-
sultants the registrars only, the Kappa values for
Flexion Contracture, Alignment and Mediolateral
Stability were higher at 0.19, 0.32 and 0.36, re-
spectively. This implies that the assessments of
the nurses and senior house officer were quite dif-
ferent from those of the more experienced individ-
uals in the study.

We found moderate to excellent intraobserver
agreement for Pain, and moderate to fair levels for
Walking Distance and Stairs. Although Mediolat-
eral Stability produced the least agreement be-
tween the 6 observers, the intraobserver agree-
ment was higher. Of note, the 2 nurses obtained
perfect intraobserver agreement while the other
individuals obtained fair to moderate agreement.
Similarly, the nurses were perfectly consistent in
the assessment of Alignment. Fair to good levels
of intraobserver agreement were found for Flex-
ion Contracture. We noted that the nurses failed to
detect significant instability and alignment in the
same patients, suggesting that their classification
was consistently wrong.

Variation in the range of motion is expressed by
the variances of the points, each point represent-
ing 5° of motion. A single observer taking a single
reading is 95% likely to be within 3.9 points or
20° of the true value. The intraobserver variance
of the group of assessors was smaller, with a 95%
reference limit of 2.7 points or 13°. The nurses
were the least consistent with their goniometric
measurement while the Registrars, the most con-
sistent (Table 4).

Discussion

Unlike many of the outcome measure instruments
for total knee arthroplasty, the AKS has been the
subject of some validation studies. Kreibich et al.
(1996) have evaluated its sensitivity to change and

Table 3. Interobserver reliability and intraobserver reproducibility of component variables of

the AKS, Kappa values

Interobserver Intraobserver

reliability reproducibility
Nurse 1 Nurse2 SHO Reg. 1 Reg.2 Cons.
Pain 0.46 0.84 0.61 0.51 0.85 0.65 0.68
Walking distance 0.43 0.77 0.51 0.64 0.60 0.65 0.62
Stairs 0.39 0.40 0.63 0.58 0.64 0.74 0.74
Mediolateral stability 0 1.00 1.00 0.49 0.50 0.50 0.35
Flexion contractures 0.25 0.26 0.64 0.66 0.37 0.52 0.40
Alignment 0.25 1.00 1.00 -0.13 0.83 1.00 0.67

Strength of agreement: < 0.20: poor; 0.21-0.40: fair; 0.41-0.60: moderate; 0.61-0.80: good;

0.81-1.00: very good (Landis and Koch 1977).
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Table 4. Observer variation of the goniometric measure-
ments in AKS points (range 0-25), where each point
represents 5° of motion

Interobserver Intracbserver

Variance 95% ref. Variance 95% ref.

interval interval
All observers 3.8 3.9 1.8 2.7
Nurses 252 3.1
SHO 15 2.4
Registrars 1.0 2.0
Consultant 1.8 2.6

2The nurses differed significantly from the registrars
(p < 0.03)

found the AKS to be the most responsive com-
pared to other functional scores. Konig et al.
(1997) have described the sequential course of the
AKS in patients after knee arthroplasty. The de-
mographic biases that may influence the reporting
of results, using the AKS, have also been reported
(Brinker et al. 1997).

The reliability of this instrument has been ad-
dressed in only one study in which the interob-
server variability was compared with other knee
scores (Ryd et al. 1997). The interobserver SD for
the Knee Score and the Function Score were 26
and 20 points, respectively, more than twice the
magnitude of interobserver error that we obtained.
It is difficult to explain this difference but the
case-mix of subjects may be a factor (Brinker et
al. 1997).

The observations of “trained assessors” are
deemed necessary when reliability of scoring sys-
tems are evaluated. Should a poor interobserver
agreement be obtained, this can be confidently at-
tributed to the poor reliability of the scoring in-
strument and not to the heterogeneity of the ob-
servers (Sun et al. 1997). As greater numbers of
knee arthroplasties are performed, the surveil-
lance of joint replacement patients becomes more
time-consuming (Bankes et al. 1999). As a conse-
quence, the role of patient surveillance is increas-
ingly undertaken by arthroplasty outcome teams
which encompass allied health professionals and
junior orthopedic staff (O’Brien and Beverland
1998). It is important to determine the reliability
of outcome scores such as the AKS when em-
ployed by these individuals. For this reason, we

have included relatively inexperienced assessors
in our study. We have shown that observer experi-
ence influences the consistency of scoring as the
lesser experienced observers had larger intraob-
server variations. Despite the presence of inexpe-
rienced assessors in our study, it is gratifying to
find the interobserver variation among this group
of observers to be markedly smaller than in the
study by Ryd et al. (1997) in which 10 experi-
enced orthopedic surgeons were the assessors.

The assessment of Mediolateral Stability and
Alignment by the nurses differed greatly from that
made by the registrars and consultant. Interob-
server agreement when all 6 assessors were con-
sidered was low, but when we excluded the nurses
and the senior house officer, the interobserver
agreement between the registrars and the consult-
ant improved . We cannot conclusively determine
who is correct, but the less experienced individu-
als failed to detect the instability and malalign-
ment in 2 patients who were awaiting total knee
replacements with constrained implants. The fact
that the nurses obtained perfect agreement in 2 of
these categories meant that their assessments were
consistently erroneous. This reinforces our belief
that familiarity in the examination of patients is
necessary for better scoring accuracy. Even then,
when the experienced observers detected abnor-
malities in these parameters, they, at best, only
moderately agreed on the severity. This makes the
estimation of severity of instability and malalign-
ment rather artificial.

Data for outcome measurement are generally
classified as objective or “hard”, and subjective or
“soft”. The traditional belief that “hard” data is
more reliable than “soft” data is beginning to be
dispelled. In a study of the interobserver reliabili-
ty of the Jones Score (Jones et al. 1991), a rating
system for arthrosis of the knee, the objective
components of the score (clinical signs) registered
Kappa values of 0.09-0.35 while the subjective
variables (pain and stiffness) produced Kappa val-
ues of 0.46-0.72. Evidence from our study mir-
rored their findings. The degree of interobserver
agreement for Pain, Walking Distance and Stairs
were superior to that of Stability, Contractures and
Alignment. Research in many areas of medicine
and surgery has shown that patients can give reli-
able information about their health status and the
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benefits of treatment (Fitzpatrick et al. 1992,
Johanson et al. 1992). The greater reliability of the
subjective components adds weight to the use of
patient-administered questionnaires to assess
function after joint arthroplasties where “noise”
from unreliable, so-called “hard” data can be
eliminated.

The reference limit that we found for range of
motion assessment was quite considerable, about
20°. This is higher than the 12° level of interob-
server reliability quoted in other studies of gonio-
metric measurement of the knee (Boone et al.
1978). The inclusion of unreliable recording of
motion range by the nurses can partly explain the
poor interobserver reliability. Furthermore, there
may be a tendency for the assessors to round their
recording of motion range to the nearest 5°, the
equivalent of a single point in this component of
the AKS.

Ambiguity in the options given for some sec-
tions of the AKS may be responsible for the inter-
observer variation. Pain is assessed in 2 dimen-
sions, namely its severity and frequency. Similar-
ly, with walking distance, every observer differed
in their opinion as to what constitutes the distance
covered by walking “a block”. This must partly
explain the interobserver variation.

The AKS attempts to isolate deteriorating func-
tion when the patient has any other condition that
may undermine his walking ability. The Knee
Score is based on variables that should remain un-
affected by patient debility, in contrast to the
Function Score. Our study has shown that the reli-
ability of the Knee Score was not affected by cate-
gorization of the patient according to debility, vin-
dicating the proposal of the original authors. Sim-
ilarly, interobserver reliability for the Function
Score did not deteriorate with increasing disabili-
ty in patients.

The 16 points and 21 points 95% reference in-
tervals for the Knee and Function Scores were
quite large. Designation of the numerical score
into a category (such as excellent, good, fair,
poor) have frequently been used by authors to re-
port their results. If these categories are assigned
narrow intervals, such as 10 points per category
(Wright et al. 1990, Konig et al. 1997), it is con-
ceivable that a single reading by a single observer
may produce an error that spans 2 categories.

We found considerable interobserver and in-
traobserver variations in the AKS. The clinical im-
portance of this has been reported by Mortris
(1997). Using the coefficient of reproducibility
(British Standard Institution 1979, Bland and Alt-
man 1986), we can estimate that for the Knee
Score (1) if a patient is seen by 2 different observ-
ers at 2 visits, we cannot be confident that a
change is real unless it exceeds 23 points (interob-
server standard deviation multiplied by the coeffi-
cient of reproducibility: 8.0 x 2.9 = 23), 2) if a
patient is seen by the same observer on 2 occa-
sions, the corresponding value is 16 points (in-
traobserver standard deviation multiplied by the
coefficient of reproducibility: 5.7 x 2.8 = 16) and
(3) if the same observer makes 2 assessments at 2
visits, a change of 12 points would be significant
(intraobserver variance halved and square-rooted,
multiplied by the coefficient of reproducibility:
V33.0/2 x 2.8 = 12). Corresponding figures for the
Function Score would be (1) 30 points, (2) 19
points and (3) 13 points. Thus, for reliable use of
the AKS, evaluation should be made by one expe-
rienced observer who is familiar with it, prefera-
bly using repeated measurements.
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