
262 Acta Orthopaedica 2006; 77 (2): 262–266

Ahlbäck grading of osteoarthritis of the knee
Poor reproducibility and validity based on visual inspection of the joint
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Background   Staging of osteoarthritis (OA) of the knee 
is commonly based on the Ahlbäck classification. Its 
value has been questioned, however. We therefore evalu-
ated the reproducibility and validity of this classification 
of knee osteoarthritis. 

Patients and methods   48 patients (48 knees) (medial 
OA: n = 30; lateral OA: n = 8) operated with total knee 
prostheses were studied. Weight-bearing radiographs 
were evaluated twice by 4 observers. Presence of bone 
attrition on radiographs was compared with observa-
tions of the resected parts of the distal femur and proxi-
mal tibia. 

Results   When the same observer classified the radio-
graphs twice according to Ahlbäck, the repeatability was 
fair in both medial OA (kappa values = 0.15–0.65) and 
lateral OA (0.59–0.76), and between different observers 
it was poor (kappa: 0.1). 

Comparison between radiographic classification and 
classification based on visual inspection of the bone 
pieces removed during arthroplasty revealed an accept-
able sensitivity in both medial (67–95%) and lateral OA 
(43–86%), but the specificity was low (medial: 11–67%; 
lateral: 25–75%). 

Interpretation   The main problem with the Ahlbäck 
classification was that a joint space could often be seen 
radiographically despite the presence of bone attrition 
on the preparations. According to our study, conven-
tional radiographs do not give sufficient information for 
correct grading. 

■

In 1968, Ahlbäck showed the advantage of stand-
ing radiographic examinations to demonstrate the 

presence of knee OA (Ahlbäck 1968). Since then, 
a number of studies have focused on the problem 
of visualizing the smallest width of the knee joint 
when taking weight-bearing radiographs (Leach et 
al. 1970, Siu et al. 1991, Buckland-Wright et al. 
1994, 1995, Ravaud et al. 1996). Ahlbäck used 3 
alternatives to regard narrowing of the articular 
space as an established fact. The joint space was 
classified as narrowed when it was (1) “narrower 
than half the width of the articular space in the other 
articulation of the same knee or the same articu-
lation of the other knee”, (2) when “it decreased 
between non-weight-bearing and weight-bearing 
positions”, and/or 3) when “it was narrower than 
3 mm”. It has since been shown that joint space 
width less than 3 mm reflects cartilage defects on 
MR (Boegard et al. 1997). Ahlbäck also recorded 
4 types of bone changes: sclerosis, cysts, attrition 
and osteophytes. 

In 1980, the so-called Ahlbäck classification was 
described as follows (Ahlbäck and Rydberg 1980). 
Grade 1: narrowing of the articular space; grade 2: 
obliteration or almost obliteration of the articular 
space; grade 3: bone attrition less than 5 mm; grade 
4: bone attrition between 5 and 15 mm, and grade 
5: bone attrition greater than 15 mm. The authors 
pointed out that this scoring system had not been 
evaluated on cases with lateral OA. 

In early OA, radiographic observations have 
been correlated to arthroscopic findings (DeHaven 
and Collins 1975, Lysholm et al. 1987, Brandt 
et al. 1991), emphasizing the insensitivity of the 
radiographs for detecting early articular cartilage 
loss, but no such comparison between radiography 
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and morphological changes has been described for 
more advance disease. The Ahlbäck classification 
has recently been reported to have poor reliability  
(Galli et al. 2003). 

We evaluated the reproducibility of the Ahlbäck 
classification based on routine weight-bearing 
radiographs, and its validity in the classification 
of bone attrition by comparison with osteocarti-
lagenous preparations removed during total knee 
replacement. 

Patients and methods

48 patients (48 knees) were operated with tricom-
partmental total knee prosthesis at the Department 
of Orthopedics, Halmstad Hospital, between 1998 
and 2002. There were 30 knees with medial OA 
(18 women, median age 73 (55–85) years; 12 men, 
median age 71 (59–84) years) and 18 knees (18 
women) with lateral OA (median age 73.5 (59–86) 
years). 

Weight-bearing radiographs were taken for all 
patients, median 4 (1–29) days before the operation. 
The patients were standing with equal weight on 
both legs, and with their knees semiflexed accord-
ing to the routines at the Department of Radiol-
ogy. The patients stood with their toes roughly in a 
vertical line from the X-ray film. They flexed their 
knees until they reached the film, corresponding to 
about 15–20 degrees of flexion. 

All patients received the Freeman Samuelson 
total knee prosthesis (Sulzer, Switzerland). Stan-
dard instrumentation was used with an intramedul-
lary guide on the femoral side and an extramedul-
lary guide on the tibial side. In all cases, the bone 
cut could be placed a few millimetres below the 
level of the most worn part of the medial or lat-
eral compartment. The tibial part of the joint could 
always be obtained in one piece. The cartilage/
bone pieces were marked for orientation and were 
stored at –70ºC. 

Ahlbäck classification

In all 48 cases, the preoperative radiographs were 
graded twice according to the Ahlbäck classifica-
tion by 4 observers. 2 observers (observers 1 and 
2) were orthopedic surgeons who frequently per-
formed knee arthroplasty and who were familiar 

with interpretation of radiographs of knee OA. 
The 2 other observers (observers 3 and 4) were 
experienced radiologists with orthopedic radiol-
ogy as their main speciality. These gradings were 
done with a minimum interval of 2 weeks. When 
the degree of OA was determined, the presence of 
bone attrition took priority over joint space width. 
Thus, when there was obvious bone attrition on the 
radiographs but a visible joint space in the same 
compartment, this case was classified as stage 3 or 
more (rather than stage 1). The observers recorded 
separately whether they believed that there was 
any bone attrition on the femoral side and the tibial 
side.

Morphological analysis of OA

Analysis of joint area morphology was done after 
the operation. When the pieces had thawed, the 
medial and lateral parts of the femoral and tibial 
joint area were analyzed separately. Visual inspec-
tion was not expected to enable differentiation of 
Ahlbäck grades 3 and 4. We therefore condensed 
the Ahlbäck classification to 3 grades: cartilage 
destruction without visible bone (“Ahlbäck grade 
1”), visible bone with no or minimum bone attri-
tion (“grade 2”), and obvious bone attrition (“grade 
3–4”).

Statistics 

The concordance between the different observa-
tions and observers regarding the radiographic 
classification was evaluated using kappa statistics. 
In addition, the sensitivity and specificity were 
determined using visual inspection of the resected 
joint as reference. Cases with medial and lateral 
OA were studied separately. 

Results (Table)

Ahlbäck classification 

When the same observer classified the radiographs 
twice, the reproducibility varied from a high to 
an acceptable variation (kappa for medial OA: 
0.15–0.65, mean = 0.46; kappa for lateral OA: 
0.59–0.76, mean = 0.67). The interobserverer vari-
ability was, however, consistently low (combined 
kappa values for all 4 observers: medial, 0.11; lat-
eral, 0.12). The sensitivity (comparison between 
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radiographs and visual inspection of resected bone 
ends) was acceptable both in medial OA (67–95%) 
and in lateral OA (50–86%). For most compari-
sons, the specificity was lower (medial: 11–67%; 
lateral: 25–75%).

Bone attrition (radiographic diagnosis vs. 
visual inspection of resected bone)

In medial OA, the sensitivity of detection of any 
tibial and femoral attrition varied between 53–94% 
and 63–95%, respectively. The corresponding vari-
ation of specificity for the different combinations 
of observers varied between 8–77% (tibia) and 
36–73% (femur). 

In lateral OA, the sensitivity of detection of tibial 
and femoral attrition varied between 38–92% and 
25–87% (only one observer had values greater 
than 50%). The specificity varied between 40–80% 
(tibia) and 20–60% (femur). 

There were no cases with lateral OA, and Ahlbäck 
grading of this subgroup has not been studied in 
the subsequent literature. 

According to radiographs presented in his thesis 
in 1968, Ahlbäck was aware of cases with obvious 
bone attrition despite the presence of a visible joint 
opening, but did not comment on this problem. In 
the later publication, this inconsistency was still 
not addressed. In our experience, the correct use 
of joint space width in the Ahlbäck classification is 
difficult. When the joint space has not been obliter-
ated, the tibial or femoral edge facing the joint line 
is comparatively smooth and it is often uncertain 
whether there has been bone destruction or not, 
sometimes resulting in an incorrect choice between 
grades 1 and 3 (Figure).

 Heightened precision and accuracy of radio-
graphic classification of knee OA would be ben-
eficial in facilitation of preoperative planning. It 
would reduce the degree of uncertainty concern-

The two values for sensitivity and specificity refer to the first and second 
observations, respectively

Observer 1 2 3 4

Medial OA    
 Ahlbäck grading (kappa value)    
  Intraobserver variability 0.45  0.65  0.59 0.15
  Interobserver variability:    
      Individual 0.05 0.20  0.05 0.17
      All combined   0.11
  Sensitivity (%)  86 / 95 71 / 67  – / – – / –
  Specificity (%) 22 / 11 56 / 67  – / – – / –
 Attrition tibia    
   Sensitivity (%) 82 / 94 59 / 53  94 / 94 88 / 94
   Specificity (%) 15 / 8 77 / 77  15 / 23 31 / 23
 Attrition femur    
   Sensitivity (%) 74 / 74 63 / 68  95 / – – / –
   Specificity (%) 64 / 46 64 / 73  36 / – – / – 
Lateral OA    
 Ahlbäck grading (kappa value)    
  Intraobserver variability 0.68 0.76  0.65 0.59
  Interobserver variability:    
      Individual 0.10 –0.01  0.21 –0.01
      All combined   0.12
  Sensitivity (%) 64 / 79 43 / 50  – / – 86 / 86
   Specificity (%) 50 / 50 75 / 50  – / – 25 / 25
  Attrition tibia    
   Sensitivity (%) 69 / 77 31 / 38  – / – 85 / 92
   Specificity (%) 60 / 40 80 / 60  – / – 40 / 40
 Attrition. femur    
   Sensitivity (%) 25 / 25 – / 25  50 / 38 62 / 88
   Specificity (%) 40 / 60 – / 40  30 / 30 20 / 30

– could not be evaluated

Discussion

The Ahlbäck classification is 
probably the most frequently 
used system for classification of 
knee osteoarthritis in stages that 
are relevant for treatment deci-
sions. Some problems with the 
Ahlbäck classification have been 
recognized in clinical practice, 
and support a study (Galli et al. 
2003) in which the intraobserver 
reliability and the interobserver 
reproducibility showed low 
agreement, especially when Ahl-
bäck grade 5 was excluded. In 
our evaluation, the interobserver 
error values and the specificity 
were astonishingly poor. 

The staging used today in the 
Ahlbäck classification was not 
described until 1980 (Ahlbäck 
and Rydberg 1980). In that study 
of 359 patients with medial OA, 
the distribution between the 5 
stages varied between 3% and 
38%, a scatter which Ahlbäck 
regarded as acceptable to test the 
value of his classification system. 
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ing choice of technique and implant, and also the 
surgical skills necessary to perform the operation. 
During preparations for this study, we repeatedly 
tried to define radiographic changes that indicated 
the presence of bone destruction, but failed; nor 
was there any trend toward improvement in the 
repeated classification done in the intraobserver 
analysis. This supports our view that the informa-
tion available on the radiographs is insufficient. 
Improvements in radiographic classification of 
knee OA must be sought through changes to the 
examination technique, or in methods other than 
conventional radiography. 

Determination of femoral attrition was less reli-
able in lateral OA than in medial OA. This was the 
only obvious difference between these two varia-
tions of the disease in terms of reproducibility of 
the radiographic classification. This finding could 
be explained by a more posterior location of the 
wear on the lateral condyle (Boegard et al. 1997). 
This part of the femur will not articulate against the 
tibia in the position usually used to expose weight-
bearing radiographs, but requires exposure at fur-
ther flexion of the knee joint, i.e. the tunnel view 
(Resnick and Vint 1980). 

In summary, the Ahlbäck classification has vari-
able reproducibility and validity. As expected, the 
same observer could reproduce the Ahlbäck clas-
sification more precisely on different occasions 
than two different observers. When evaluating the 
radiographs, there are two major problems. One is 
to determine whether a visible joint space repre-

Right knee: lateral arthro-
sis. Remaining joint space 
on standing radiograph 
(A). Photograph (B) of the 
lateral tibial condyle in 
the same knee after TKR 
replacement shows bone 
attrition.

  A

  B

sents remaining cartilage. The other is to determine 
whether there is bone attrition.
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