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Arthroscopic scoring of cartilage repair
Abstract
The International Cartilage Repair Society (ICRS) score and the Oswestry Arthroscopic
Score (OAS) have been validated to evaluate repair tissue quality. However, the
performance of these scores have not been studied in typical patients undergoing
cartilage repair and who have lesions of varying size. In this study, we compared the
performance of the ICRS and the OAS scores and analyzed the effect of lesion
characteristics on the performance of these two scores. Cartilage repair quality was
assessed in a total of 104 arthroscopic observations of cartilage repair sites of the knee in
62 patients after autologous chondrocyte implantation (ACI). Two observers scored the
repair areas independently with the ICRS and the OAS scores. The performance of both
scores was evaluated according to internal consistency and inter-rater reliability and
correlation between the scores. The frequency and proportion of disagreements were
analyzed according to the repair site area and the given score. The correlation between
the scores was good (r=0.91, 95% CI: 0.87-0.94). Both scores showed moderate internal
consistency and inter-rater reliability. Cronbach’s alpha was 0.88 (95% CI: 0.80-0.92) for
the ICRS score and 0.79 (95% CI: 0.70-0.86) for the OAS score. The intraclass
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correlation coefficient was 0.89 (95% CI: 0.84-0.92) for the ICRS and 0.81 (95% CI:
0.74-0.87) for the OAS scores. The frequency and proportion of disagreements were
higher in larger repair sites. In arthroscopic use, both ICRS and OAS scores perform
similarly, however, their reliability deteriorates as the lesion size increases.
Key words (3-6 keywords)
International Cartilage Repair Society score, Oswestry Arthroscopic Score, Arthroscopy,
Cartilage repair, Repair tissue quality, Autologous chondrocyte implantation
Introduction
Articular cartilage lesions are a potential cause of knee pain and functional impairment.
Cartilage repair aims to fill the defect, restore the properties of the original cartilage, and
thereby reduce symptoms.1; 2 Higher quality of repair tissue seems to lead to better
clinical outcomes.3; 4 Therefore, different cartilage repair techniques are evaluated
according to the quality of the repair tissue which they are capable to produce.5 Cartilage
surfaces can be visualized with an arthroscope, and probing of the surfaces may help
distinguish between pathological and normal cartilage.6; 7 Therefore, arthroscopy can be

used to evaluate the outcome of cartilage repair.1; 2 The International Cartilage Repair
Society (ICRS) score and the Oswestry Arthroscopy Score (OAS) were designed to
evaluate arthroscopically the quality of cartilage repair.5; 8 These scores evaluate the
quality based on the following repair tissue properties: lesion fill, integration to the
surrounding cartilage, appearance, and feeling on arthroscopic probing. These scores are
used to provide important interim results before the clinical outcome can be assessed.8
Additionally, macroscopic assessment of repair quality could be the primary outcome in
trials in which a reliable clinical outcome is unavailable, such as in preclinical and
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feasibility trials.8 Both scores have been widely used in various studies evaluating
cartilage repair outcome.1; 9-12

Both the ICRS and OAS scores have been validated for assessing repair quality
arthroscopically after autologous chondrocyte implantation (ACI).8; 10 However, as
emphasized by many authors, the measures of validity are not necessarily generalizable.
They are valid only in similar material in which the score performance was measured.1316

Importantly, reliability of a test is not an unchanged constant. Instead, the properties of

the sample (in this case the cartilage lesions) may affect the reliability measures of a
test.15-17 Thus, the properties of cartilage lesions might affect the reliability of the ICRS

and the OAS scores. Therefore, previous studies actually validate the use of ICRS and
OAS scores for assessing specific types of lesions, i.e., lesions with an area of
approximately 2.5 cm2 and repaired with ACI.10; 18 Furthermore, patients with such
lesions are not considered to represent typical patients undergoing cartilage repair
surgery of the knee, since patients typically have a larger lesion area.19 Thus, the
reliability of both scores to evaluate repair tissue quality in larger cartilage lesions is
unknown. Furthermore, previous validation studies have shown limitations in score
performance, but the reasons for these deficiencies remain unclear.8; 10; 20 Because the

ICRS and OAS scores are used to assess outcome of cartilage repair in various types of
cartilage lesions, it is important to understand how the lesion characteristics might affect
the reliability of both scores and what reasons might explain the previously observed
limitations in score performance.
We designed this study to evaluate the reliability of the scores in typical patients
undergoing cartilage repair and who have lesions of varying size. We compared the
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performance of the ICRS and the OAS scores and analyzed the effect of lesion
characteristics on the performance of these scores.
Patients and Methods
Diagnostic study, Level of Evidence III
Study Design and Study Subjects
In this diagnostic study, we evaluated cartilage repair tissue quality of 62 patients
returning for second-look arthroscopies after cartilage repair of the knee with ACI. The
repair procedures were performed between 1997 and 2008 in Jyväskylä Central Hospital,
Finland. The arthroscopic evaluations were performed 0.3 to 11.4 years after the cartilage
repair. The procedures were visually documented with still images at the time of the
second-look arthroscopies. The documentation of these arthroscopies was arranged in
randomly named files. The images and the operation notes of the second-look
arthroscopies were used to assess the repair sites according to both ICRS (protocol A)
and OAS scores (Table 1). Two orthopedic surgeons (TP and AV), familiar with
cartilage repair techniques and who routinely perform knee arthroscopies, independently
graded the lesions from the available images. The stiffness of the repair tissue was
evaluated according to the description of the operation notes and the images. The two
orthopedic surgeons grading the lesions were not involved in the repair surgeries or the
second-look arthroscopies. The two observers independently evaluated the image quality.
Lesions with insufficient images for scoring the repair tissue quality were excluded.
Additionally, disagreements were re-evaluated and graded according to consensus.
Patient identification details and time of follow-up were concealed for blinded
assessment of the repair sites.
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Altogether 104 individual observations of repaired cartilage lesions were included for the
assessment of repair tissue quality. These observations were acquired from 93 separate
arthroscopies from a total number of 72 lesions (Table 2). One lesion was analyzed from

52 patients and two lesions from 10 patients. The same lesion was documented on
average 1.6 (range 1-5) times in different arthroscopies. Of the 62 patients, 33 were
males and 29 females. The mean age of the patients was 32.1 years (SD 9.3) and the
mean BMI was 25.5 kg/m2 (SD 3.6).
The study was approved by the ethics committee of Jyväskylä Central Hospital and all
patients provided informed consent at the time of index surgery.
Description of surgery
ACI was performed as described by Brittberg et al.21 Briefly, a cartilage biopsy was first
obtained during knee arthroscopy. Chondrocytes were isolated and cultured to create an
autologous chondrocyte suspension in a cell culture laboratory (Sahlgrenska University
Hospital, Gothenburg, Sweden). An open knee surgery was performed to repair the
cartilage lesion. The lesion was debrided to subchondral bone. A periosteum patch was
sutured to the surrounding cartilage margins. The seam was then finished with fibrin glue
(TISSEEL, Baxter, Deerfield, Illinois, USA) to create a watertight cover over the lesion.
The chondrocyte suspension was injected under the periosteum and the seam was closed
with a final suture and fibrin glue.
Statistics
Internal consistency was estimated by calculating Cronbach’s alpha internal consistency
with bias-corrected bootstrap 95% confidence intervals (CI). The inter-rater reliability
was determined by the weighted Kappa statistic (κ), intraclass correlation coefficients
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(ICCs) using the one-way random effects model, and the Bland-Altman plotting method.
The relative difference between observers and the absolute difference of individual items
were modeled using generalized linear models with appropriate distribution and link
function. The relative difference between observers was analyzed by plotting the average
of the difference between the observers divided by the maximum points of the respective
score with the lesion size. The level of agreement (κ) was considered as poor (κ<0.20),
fair (κ=0.21-0.40), moderate (κ=0.41-0.60), substantial (κ=0.61-0.80), or very good

(κ>0.8).22 Correlation coefficients with 95% CI were calculated using Spearman’s
correlation with Sidak adjusted probabilities. All statistical analyses were performed with
Stata version 15.0 (StataCorp, College Station, TX).
Results
The mean ICRS score was 8.8 (SD 3.6) and the mean OAS score was 5.8 (SD 2.8) for all
observations. A correlation was observed between the total ICRS and OAS scores and
between the individual items of the scores (Figure 1 and Table 3). The Spearman
correlation curve between the total ICRS and OAS scores was nearly linear (Figure 1).
The correlation was strongest between items measuring similar attributes of repair tissue.
The mean values of the items were comparable to each other within each score (Table 3).
The internal consistency (Cronbach’s alpha) was 0.88 (95% CI: 0.80 to 0.92) for the
ICRS score and 0.79 (95% CI: 0.70 to 0.86) for the OAS score. The inter-rater reliability
according to intraclass correlation coefficient was 0.89 for the ICRS score and 0.81 for
the OAS score. The inter-rater reliability according to Cohen’s κ for each individual item
of the ICRS score ranged from 0.73 to 0.85; the range for the items of the OAS score was
from 0.52 to 0.77 (Table 4).
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Inter-rater reliability of both ICRS and OAS scores depended on repair size and lesion
quality. This relationship was similar in both scores. The magnitude of disagreement
between the observers increased according to repair size (Figure 2). In the 2 cm2-sized
lesions, the relative difference between observers was 0.04 for the ICRS score and 0.06
for the OAS score. As the repair size increased, the relative difference between observers
increased up to 0.10 for the ICRS score and 0.13 for the OAS score.
The repair size affected the inter-rater reliability of the individual items. The
disagreements were more frequent in larger repair sites. The highest frequency (nearly
95%) of agreement between observers was observed in small repairs. The frequency of
agreement decreased to less than 80% depending on the repair size. Different items of the
ICRS and the OAS scores showed variable relationships between the frequency of
agreement and repair sizes. The relationship was similar between individual items of the
ICRS and the OAS scores measuring the same properties of the repair tissue (Figure 3A
and 3B). The observers agreed well on very low-quality and high-quality scores. The
interrater agreement was lower when grading lesions with a quality between the very low
and very high ends of the scales of both scores (Figure 4). Figure 5 shows representative
arthroscopic images of large and small lesions with heterogeneous and homogeneous
repair tissue.
Discussion
The novel finding of our study was that the inter-rater reliability of the ICRS and the
OAS scores depends on the lesion size. The amount of disagreement doubled when the
repair area increased from the smallest (area approximately 2 cm2) to the largest repair

sites (area >8 cm2). All the individual items of both scores were affected by increasing
lesion size. This was demonstrated by the increase in frequency of disagreement and also
This article is protected by copyright. All rights reserved.
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by the increase of relative error between the observers. Classification of fill, integration,
and appearance of repair tissue thus become ambiguous as lesion size increases. This
suggests that these properties become more irregular and the repair tissue is more
heterogenous in larger lesions. Both scores were able to reliably detect clearly successful
and failed repairs regardless of lesion size. This information is important, as these scores

are commonly used to evaluate the outcome of various cartilage repair techniques.10-12; 23;
24

Both scores performed similarly and repair site properties affected the inter-rater

reliability of both scores and their individual items equally. Our findings indicate that the
reliability of both scores was well below what was expected when evaluating the repair
tissue quality in large lesions.
In this study, the reliability of both scores to evaluate small lesions was relatively good.
These results were consistent with previous studies. When compared with our study,
previous studies evaluated score performance in more homogeneous samples. In the
study of Smith et al., the validity of the ICRS and the OAS scores was evaluated using a
sample of five arthroscopic video clips.8 Van den Borne validated the use of the ICRS

and OAS scores from a total of 101 arthroscopic images from arthroscopies performed
12 months after cartilage repair in patients who participated in a randomized controlled
trial.10 According to the initial report of this trial, the average and the size variation of the
repair sites (2.4-2.6 cm2; SD 1.2-1.0) were significantly smaller than in our material.18 In

an animal study, Goebel et al. analyzed macroscopically the performance of different
repair tissue scoring systems, including the ICRS and the OAS scores.20 These
investigators used material of standard-sized (4 x 8 mm) lesions in 38 medial femoral

condyles of Merino sheep who were sacrificed 6 months postoperatively. Due to the
homogeneity of the repair sites in these studies, it was not possible to analyze the effect
of altering repair site properties on the performance of the ICRS and OAS scores. Our
This article is protected by copyright. All rights reserved.
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study differed from the other studies as ours included a wide range of lesion sizes from
104 arthroscopies.
Our study allowed a validation of score reliability in lesions of typical size for patients
undergoing cartilage repair.19 The methodological design of our study was very similar to
previous trials that evaluated arthroscopic use of ICRS and OAS scores.8; 10 According to
classic reliability measures (Cronbach’s alpha and ICC), our study indicated
approximately similar performance of both the ICRS and OAS scores compared with
previous studies performed on arthroscopic samples.8; 10 In concordance with previous
reports, the correlation between the ICRS and OAS scores was high.8; 10; 25 As observed

before, the internal consistency and the inter-rater reliability was higher for the ICRS
score than for the OAS score in all used measures.10 Our results support the previous

suggestion that both the ICRS and OAS scores show a satisfactory reliability for research
purposes but not for individual clinical practice.8; 10 However, our study demonstrated
that the reliability of the scores deteriorates as lesion size increases. Therefore, we
suggest that if these scores are used to evaluate repair quality in typical patients

undergoing cartilage repair, sufficient reliability of the scores requires at least two
independent observers.
Heterogeneity of repair tissue has not been previously suggested as an explanation for the
reduced reliability of the ICRS or the OAS scores. Both scores were originally designed
to measure properties that experts have suggested to be important for successful cartilage
repair.1; 5; 8-12 However, neither of the scores recognizes the heterogeneity of repair tissue.
Our results suggest that to improve the reliability of these scores, the scores should
consider this heterogeneity. This could be achieved by providing instructions that clarify

how to classify an irregularly repaired lesion. Irregularities of the repair tissue can cause
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confusion both in selecting the right score item and in classifying the item properly.
Defects at the margins of the lesion are easily confused as deficiencies of either fill or
integration. Uneven surface or fill may lead to ambiguous classification depending on the
proportions of higher and lower quality tissue. Additionally, reliability could be
improved by adding new score items that recognize the heterogeneity of the repair tissue.
Experts have suggested that the proportion of lesion fill is the most important measure of
repair quality.8 In both scores the fill item is supposed to represent the volume of repair
tissue.5; 8 However, as the fill item measures the thickness of the repair tissue, the item

represents the volume of the repair tissue poorly if the lesion is filled with heterogeneous
tissue. Even in such lesions an area of properly formed homogeneous repair tissue is
typically identifiable. The area of this tissue could be expressed as a percentage of the
lesion in an additional item. This item would therefore express the heterogeneity of the
repair tissue. This properly formed repair tissue could be furthermore scored according to
either of the scores.
The strength of our study was the heterogeneity of the lesions in our material, which
resembles normal clinical material. The size and healing time of the repair sites had high
variation in our material. Previous studies on the performance of the ICRS and OAS
scores were performed on more standardized and homogeneous samples. The patient and
lesion details were comparable to other reports of patients undergoing cartilage repair
with ACI.26; 27 To reduce possible bias, the observers scored the lesions independently
and were blinded to the repair site and patient details. Therefore, our material and study
design enabled an analysis of the relationship between repair site properties and score
performance.
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Our study has certain technical limitations. The study design was as close as possible to
an authentic arthroscopic situation using retrospective material. This design is
comparable with previous trials as are the limitations related to this method.10 While the
use of video clips would probably have been more authentic, only still images were
available from our patients, since at the time of second-look arthroscopies only still
images were used as documentation.8 Reproducing the feeling of the repair tissue by

probing from arthroscopic still images was artificial. Therefore, no conclusions should be
made from the results that consider probing.
In conclusion, the reliability of the ICRS and OAS scores deteriorated as lesion size
increased. Both scores performed similarly and were affected equally by lesion
properties. To improve the reliability of these scores the heterogeneity of the repair tissue

should be considered in the score design and instructions for use. We recommend using
two observers for arthroscopic grading of repair tissue quality with these scores.
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Figures
Figure 1. Scatter plot of correlation between ICRS and OAS scores. Spearman
correlation with 95% confidence interval (CI). The size of the circle reflects the number
of lesions.
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Figure 2. The relative difference between observers of the ICRS and OAS scores in
relation to lesion size. The relative difference describes how large the disagreement
between observers was in proportion to the maximum points of the corresponding score.
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Figure 3. The absolute percentage of agreement between observers of individual items of
the ICRS score (panel A) and the OAS score (panel B). Shaded area shows the 95%
confidence interval.
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Figure 4. Bland-Altman plot comparing the scoring of two independent observers for
both the ICRS and OAS scores. The dotted lines show the 95% limits of agreement.
Circle size represents the number of samples.
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Figure 5. Second-look arthroscopic images that represent either heterogeneous or
homogeneous repair tissue from four patients. (a) The repair tissue varies in thickness in
a large lesion (14.3cm2). (b) Insufficient formation of repair tissue at the margin of a
large lesion (9.0cm2). (c) Homogeneous repair tissue with fibrillated surface in a small

lesion (3.0cm2). (d) High-quality and homogeneous repair in a large lesion (9.4cm2).
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Table 1. International Cartilage Repair Society (ICRS) score (protocol A) and Oswestry
Arthroscopic Score (OAS) for arthroscopic repair tissue quality assessment.5; 8
Score / Item / Scale

Points

ICRS (protocol A) scoring
Degree of defect repair (protocol A)
Level with surrounding cartilage
75% repair of defect depth
50% repair of defect depth
25% repair of defect depth
0% repair of defect depth
Integration to border zone
Complete integration with surrounding cartilage
Demarcating border <1 mm
2/4 of graft integrated, 1/4 with a notable border >1 mm width
1/2 of graft integrated with surrounding cartilage, 1/2 with a notable border >1 mm
From no contact to 1/4 of graft integrated with surrounding cartilage
Macroscopic appearance
Intact smooth surface
Fibrillated surface
Small, scattered fissures or cracks
Several small or few but large fissures
Total degeneration of grafted area

0-12

OAS scoring
Graft level with surrounding cartilage
Level
Raised
Below
Integration with surrounding cartilage
Complete
Minor disruption (<25% of area)
Major disruption (>25% of area)
Appearance of surface
Smooth
Fine fronds
Severe fronds/fibrillation
Color of graft
Pearly, hyaline-like
White
Yellow bone
Stiffness on probing
Normal compared with adjacent cartilage
Softer
Very soft/hard

0-10
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4
3
2
1
0
4
3
2
1
0
4
3
2
1
0

2
1
0
2
1
0
2
1
0
2
1
0
2
1
0
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Table 2. Lesion characteristics
Measures

Etiology, n (%):
Osteochondritis dissecans (OCD)

17 (24)

Trauma

34 (47)

Non-trauma

21 (29)

Lesion location, n (%):
Medial femoral condyle

37 (51)

Lateral femoral condyle

10 (14)

Trochlea of femur

15 (21)

Lateral tibial condyle

1 (1)

Patella

9 (13)

Lesion size cm2, mean (range)

6.9 (1.6-21.8)

Lesion size, cm2, n (%):
<4

19 (26)

4-6

16 (22)

6-8

12 (17)

8-10

12 (17)

>10

13 (18)

Table 3. Spearman correlation coefficients between the individual items of the ICRS and
the OAS scores.
Score

ICRS
Degree of defect

Integration to border

Macroscopic

repair

zone

appearance
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OAS

r (95% CI)

r (95% CI)

r (95% CI)

0.69 (0.58-0.78)***

0.25 (0.06-0.43)

0.53 (0.38-0.66)***

surrounding cartilage

0.47 (0.31-0.61)***

0.91 (0.88-0.94) ***

0.38 (0.20-0.54)***

Appearance of surface

0.57 (0.42-0.68)***

0.36 (0.18-0.52)**

0.92 (0.88-0.94)***

Color of graft

0.51 (0.36-0.64)***

0.45 (0.29-0.59)***

0.58 (0.44-0.70)***

Stiffness in probing

0.51 (0.35-0.64)***

0.36 (0.18-0.52)**

0.59 (0.44-0.70)***

Graft level with
surrounding cartilage
Integration with

*p<0.05, **p<0.01, ***p<0.001; Sidak-adjusted probabilities.

ICRS, International Cartilage Repair Society; OAS, Oswestry Arthroscopic Score

Table 4. Inter-rater reliability for the total scores and individual items of the ICRS and
OAS scores.
Score / Item

Mean (SD)

ICRS score

8.8 (3.6)

Degree of defect repair

3.3 (1.3)

0.85 (0.75-0.93)

Integration to border zone

2.8 (1.4)

0.75 (0.62-0.86)

Macroscopic appearance

2.8 (1.3)

0.73 (0.57-0.83)

OAS score

5.8 (2.8)

Graft level with surrounding cartilage

1.2 (0.8)

0.60 (0.47-0.73)

Integration with surrounding cartilage

1.2 (0.8)

0.68 (0.53-0.81)

Appearance of surface

1.1 (0.8)

0.67 (0.53-0.77)

Color of graft

1.0 (0.5)

0.52 (0.36-0.67)

Stiffness on probing

1.2 (0.8)

0.77 (0.66-0.85)

κ (95% CI)

ICC (95% CI)
0.89 (0.84-0.92)

0.81 (0.74-0.87)

ICRS, International Cartilage Repair Society; OAS, Oswestry Arthroscopic Score
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