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Abstract
Objective: Osteoarthritis (OA) is a signi�cant problem in both people and horses. Experimental models of equine carpal OA have been
used to investigate the pathogenesis of OA and to evaluate potential therapeutic candidates. A 5-scale scoring system (OARSI) for
macroscopic pathological cartilage changes already exists, but there is a need for a scoring system with better differentiation of
severity. The aim of this study was therefore to develop and validate such a scoring system.

Results: New scoring system were developed for cartilage erosions (Copenhagen Equine Total Cartilage Score, CEqTCS) along with
synovial membrane pathology and osteochondral fragment healing (Copenhagen Equine Carpal Osteoarthritis Score, CEqCOAS). For
the CEqTCS there was excellent intraclass agreement (ICC=0.993; CI: 0.985-0.996; p = 1.08e-31) and consistency (ICC=0.992; CI:
0.985-0.996; p=4.61e-31), as well as excellent interclass agreement (ICC=0.974; CI: 0.948-0.987, p=2e-22) and consistency (ICC=0.973;
CI: 0.946-0.987; p=2.77e-22), while the OARSI system had moderate (k = 0.47) and weak (k = 0.28) inter- and intra-class agreement,
respectively. The OARSI score and the CEqTCS correlated excellently, but every OARSI grade encompassed a wide range of CEqTCS
grades. The new score for assessment of equine OA provides means to a better differentiation of OA changes than the existing OARSI
system.

Introduction
Osteoarthritis (OA) is a major cause of pain, disability, and economic costs in humans, leading to a huge effort to both study the
disease and investigate potential treatments. OA is also a major cause of lameness in horses and economic loss to the equine
industry. Since the cartilage of horses and humans have virtually no capacity for intrinsic repair, and because horses and people have
comparable cartilage thickness, the horse has been accepted as an excellent model for the study OA and its treatment1,2. One
commonly used OA-model is the carpal osteochondral fragment (COF). The COF model entails establishment of an intra-articular chip
fracture with an incongruent fragment bed and subsequent continued exercise, and it thus models speci�cally the post-traumatic OA
phenotype. The COF model results in OA development with moderate lameness, and it has mostly been used for evaluation of OA
treatment options3–10.

To be able to perform accurate and valid evaluation of treatment effects, a sensitive and reliable grading system is required. A
method for radiographic scoring of the resulting joint pathology was developed by Smith et al.11, and guidelines for histopathologic
and macroscopic evaluation have been proposed by McIlwraith et al.12 in corporation with the Osteoarthritis Research Society
International (OARSI). The OARSI scoring system for macroscopic pathology is an ordinal 5-scale system, where 0 is normal and 4 is
severe changes, and it accounts for the overall gross degeneration of the entire articular surface. However, OA is a complex disease
with many facets, where variations in the sort, depth and extent of cartilage damage, changes in the synovial membrane and other
speci�c changes may need to be speci�cally evaluated. The OARSI system has gained much impact, but in a scoring system with
only 5 grades, where each grade embraces both the type, depth and extent of the cartilage damage, detail, and subtle differentiation
between various grades of severity is lost.

The aim of this study was to design and validate a new scoring system that would allow grading of macroscopic pathology of OA in
the equine COF model in more detail.

Materials And Methods

Animals
This study used a convenience sample consisting of detailed photographs of carpal joints from standardbred trotters enrolled in two
studies, where OA was induced in one carpus while the contralateral carpus was left as a control.

Oa-induction
The study was carried out using the previously described COF model3–10. In brief, an osteochondral fragment was created in the third
facet of the radial carpal bone with an 8 mm curved osteotome, and the fragment was left in the joint, partially attached to the parent
bone. The horses were stall rested for 14 days after surgery. Starting on day 14 after OA induction, the horses were exercised on a
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treadmill once a day, �ve days a week as previously described3–10, leading to a development of OA. Horses were euthanized 70 days
after surgery.

Macroscopic Scoring
Macroscopic pathology was scored blindly from detailed photographs (average 12 photographs per joint). The images were scored
by two independent observers (CA and STJ). To develop the new score, the two observers scored 5 joints and compared notes to
re�ne the description of each level of the score. This was done to ensure that lesions were described in su�cient detail to obtain the
most precise scoring. The joints were both scored according to the OARSI guidelines12 (Table 1) and according to our new scoring
system (Table 1).

 
 

Table 1
Grading systems to describe macroscopic changes in the equine carpal osteochondral fragment model of post-traumatic

osteoarthritis.
Score Region Range Parameter 0 1 2 3 4

New
CEqCOAS

Cartilage of
each carpal
bone

(RCB, ICB,
UCB, 2CB,
3CB, 4CB)

Each:

0–12

Total (= 
CEqTCS):

0–72

Severity of
erosions

None Partial-
thickness
erosions,
each < 5mm

Partial-
thickness
erosions,
each > 
5mm

Partial-
thickness
erosions,
each > 
5mm

 

Extent of
erosions

None 1–25% of
the cartilage
surface

26–50%
of the
cartilage
surface

51–75%
of the
cartilage
surface

76–100% of
the cartilage
surface

Osteochondral
fragment

0–4 Healing
and
erosions

Full healing
with
integration
with
surrounding
cartilage
(no visible
fragment)

Healing non-
complete,
demarcating
border,
healthy
cartilage
around
fragment

Fragment
attached,
mild
erosions
around
fragment

Fragment
attached
but with
severe
erosions
around
fragment

Defect not
attached
and severe
erosions
around
defect

Synovial
membrane

0–6 Hyperemia Absent Mild (only at
ac-site)

Moderate Severe  

Hyperplasia Absent Mild (only at
ac-site)

Moderate Severe  

Existing
OARSI
cartilage
score

Entire middle
carpal joint

0–4   No gross
�brillation/
�ssuring

Very
super�cial
erosion with
articular
cartilage
swelling

Partial-
thickness
erosions

Partial
and full-
thickness
erosions

Extensive
full-
thickness
erosions to
the level of
subchondral
bone

In the new macroscopic scoring system, severity and extent of cartilage erosions are scored and multiplied, and a total cartilage
pathology score (the CEqTCS, range 0–72) for the joint is calculated as the sum of the products for each carpal bone. Synovial
hyperemia and hyperplasia are scored separately and summed (total synovium score, rang 0–6). The osteochondral fragment of
the RC is scored and reported separately (range 0–4).

Copenhagen Equine Carpal Osteoarthritis Score, CEqCOAS; Copenhagen Equine Total Cartilage Score, CEqTCS; radial carpal bone,
RCB; intermediate carpal bone, ICB; ulnar carpal bone, UCB; second carpal bone, 2CB; third carpal bone, 3CB; fourth carpal bone,
4CB; the Osteoarthritis Research Society International, OARSI; ac, arthrocentesis.

While the OARSI score encompasses the extent of the cartilage erosions of all articular surfaces in one single score, the new score
was developed to assess the articular cartilage of each of the 6 carpal bones individually. The state of the surgically created fragment
in the radial carpal bone and the synovial membrane were also scored separately. In each carpal bone, cartilage erosion severity
(None = 0; Partial-thickness erosions, each < 5mm in diameter = 1; Partial-thickness erosions, each > 5mm in diameter = 2; Full-
thickness erosion = 3) and extent of erosions (None = 0; 1–25% of the cartilage surface = 1; 26–50% of the cartilage surface = 2; 51–
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75% of the cartilage surface = 3; 76–100% of the cartilage surface = 4) were assessed (Table 1). The extent and erosion scores were
then multiplied and a total cartilage pathology score for the entire joint was calculated as the sum of the products for each of the
carpal bones, yielding the Copenhagen Equine Total Cartilage Score (CEqTCS), which ranged from 0–72. The osteochondral fragment
of the radial carpal bone was scored separately (Full healing with integration with surrounding cartilage (or no fragment to
encompass �ndings in sham operated joints) = 0; In-complete healing, demarcated border, healthy cartilage around fragment = 1;
Fragment attached to parent bone, mild erosions around fragment = 2; Fragment attached to parent bone, but with severe erosions
around fragment = 3; Fragment not attached and severe erosions around defect = 4) (Table 1). In the OARSI score, the synovial
membrane is evaluated for hypertrophy and in�ammation using a 0–4 scale, where 0 represents normal and 4 represent severe
pathological changes. In the new score synovial hyperemia and synovial hyperplasia were scored separately (Absent = 0; Mild (only at
site of repeated arthrocentesis) = 1; Moderate = 2; Severe = 3). Synovial hyperemia and hyperplasia were totaled for a total synovium
score ranging from 0–6. To obtain a total joint pathology score (the Copenhagen Equine Carpal OA Score (CEqCOAS)) the fragment
and total synovium scores may be added to the CEqTCS. However, the performance of the CEqTCS, the fragment score and the
synovium score were evaluated separately.

Blinded photographs were scored twice by one observer (CA) with a 6-week wash-out period between, and once by the second
observer (STJ).

Statistical analysis
For quantitative values (CEqTCS) intra- and interclass correlation coe�cients for agreement and consistency were calculated using
the Finn coe�cient two-way model. For categorical/ordinal values (OARSI score, the new fragment score, and the new synovial
membrane score) a weighted Cohen’s kappa coe�cient was calculated. A Spearman correlation coe�cient was calculated between
the CEqTCS and the OARSI cartilage score. All analyses were performed using the R statistical software package (Version 1.4.1103, R.
RStudio, PBC, Boston, MA)

Results
A total of 34 carpi, 17 with induced OA and 17 without induced OA were included in the study. Total OARSI scores were between 0 and
4 (median 2.5). Total CEqTCS scores were between 0 and 66 (mean 12.7).

For the OARSI score there was moderate intra-class kappa coe�cient (κ = 0.47) and a weak inter-class kappa coe�cient (κ = 0.28).
For the CEQTCS, there was excellent intraclass agreement (ICC = 0.993; CI: 0.985–0.996; p = 1.08e-31) and consistency (ICC = 0.992;
CI: 0.985–0.996; p = 4.61e-31), as well as excellent interclass agreement (ICC = 0.974; CI: 0.948–0.987, p = 2e-22) and consistency
(ICC = 0.973; CI: 0.946–0.987; p = 2.77e-22) (FIG 1A and B).

Assessment of fragment healing had excellent intra-class (κ = 0.82) and inter-class (κ = 0.85) kappa coe�cient.

Scoring of synovial membrane hyperplasia had moderate intra- (κ = 0.48) and inter-class (κ = 0.50) kappa coe�cient; similarly,
synovial membrane hyperemia had moderate intra-class (κ = 0.48) and inter-class (κ = 0.50) kappa coe�cient. The total synovium
score also had moderate intra-class (κ = 0.47) and inter-class (κ = 0.44) kappa coe�cient.

The new CEqTCS correlated strongly with the OARSI score (p = 7.055e-16, r = 0.94) (Fig. 1C). Although there was good correlation
between the two scoring systems, the range of the CEqTCS within each OARSI grade was vast. Observer 1 (OARSI 0: CEqTCS 0–2;
OARSI 1: CEqTCS 1–10; OARSI 2: CEqTCS 1–28; OARSI 3: CEqTCS 9–20; OARSI 4: CEqTCS 20–66); Observer 2 (OARSI 0: CEqTCS 0;
OARSI 1: CEqTCS 2–5; OARSI 2: CEqTCS 4; OARSI 3: CEqTCS 3–31; OARSI 4: CEqTCS 37–66). Examples are given in Fig. 2.

Discussion
The new scoring system was easy to use and produced cartilage scoring (CEqTCS) with excellent inter- and intra-observer agreement
and consistence. The CEqTCS had excellent correlation with the previously described OARSI system12, but provided more detailed
scoring, especially for the higher scores (Fig. 2). Since any number or size of full-thickness cartilage erosion results in a score of 4, the
OARSI system does not allow the observer to distinguish between horses with small or extensive full-thickness cartilage lesions,
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whereas the new system, which combines scoring of depth, size, and extent/distribution of lesions, allowed us to quantify the
pathological changes in more detail (Fig. 2).

The aim of the new scoring system was to create a more sensitive score that would allow us to differentiate OA severity in much more
detail than with the OARSI score. This is in line with the suggestions put forward by the inventors of the OARSI score, who stated that
“Hopefully, this will serve as a basis for further development and validation of more sophisticated systems” 12. This level of detail is
necessary when the COF model is used for evaluation of potential new drugs for OA treatment1 or potential biomarkers of OA13.

For cartilage pathology, each carpal bone was evaluated separately with inspiration from the MRI scoring-system suggested by Smith
et al.6. The lesion severity and extent was scored separately, similar to what is done in the OARSI fetlock score7. It is currently not
clear whether one/few deep erosions or more widespread super�cial erosions have more clinical signi�cance for the patient and
encompassing these in one score is therefor of importance. To achieve the CEqTCS of the joint, severity and extent was multiplied
with inspiration from the histopathology guidelines provided by Bolam et al.14, and the sum of the product for every carpal bone
calculated to give the CEqTCS. Evaluating each carpal bone separately gives some advantages. Multiplying extent and severity of
cartilage pathology for each bone separately and adding the scores to yield a global cartilage pathology score for the entire joint give
researchers the possibility to describe, assess and report disease development and healing more accurately. For instance, it is
possible to separately evaluate the 3rd carpal bone, where the kissing lesion opposite the fragment is expected to be located. The
cartilage erosions in this site may have a more direct mechanical etiology compared to the more distant pathological changes e.g., in
the 2nd or 4th carpal bones or the ulnar carpal bone, which originate from generalized in�ammation of the joint. In future re�nements
of the CEqTCS it may also be possible to subdivide the carpal bones further, e.g., the 3rd carpal bone can be subdivided into the radial
and intermediate facets, with the kissing lesion expected to be in the radial facet. This was not attempted in this study.

Additionally, assessment of fragment healing separately by a score modi�ed from van den Borne et al.15 allows for further
differentiation of disease severity depending on the goal of the speci�c study. OA affects the entire joint as an organ16, and
evaluation of the articular cartilage alone is not su�cient. Therefore, both the OARSI system and our new system also evaluate the
synovial membrane, albeit with some di�culty (moderate intra- and inter-class agreement). The synovium plays an important role in
OA17 and therefore further development and re�nement of the synovium score is necessary in order to develop a comprehensive OA
score. The CEqTCS, the fragment score and the synovium score were evaluated separately in this study but may be combined into a
total pathology score (the CEqCOAS), depending on the purpose of the study.

Conclusion
The new scoring system provided a highly detailed pathology scoring of OA in the COF model, which allows researchers to detect
subtle differences between groups. The scoring system was easy to use and due to the excellent correlation to the existing OARSI
score, results obtained with the new scoring system can still be compared to previous studies to some degree.

Limitations
This scoring system was designed and validated only for experimental, surgically induced OA of the equine middle carpal joint
through the COF-model. Further studies are needed to validate this new OA scoring system in naturally occurring OA and in joints
other than the middle carpal joint.

Abbreviations
ac
arthrocentesis
COF
Carpal osteochondral fragment (model)
CEqCOAS
Copenhagen Equine Carpal Osteoarthritis Score
CEqTCS
Copenhagen Equine Total Cartilage Score
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ICB
intermediate carpal bone
MCJ
middle carpal joint
OA
Osteoarthritis
OARSI
Osteoarthritis Research Society International
RCB
radial carpal bone
UCB
ulnar carpal bone
2CB
second carpal bone
3CB
third carpal bone
4CB
fourth carpal bone
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Figures

Figure 1

There was excellent intraclass agreement (ICC = 0.993) and consistency (ICC = 0.992) of the new Copenhagen Equine Total Cartilage
Score (CEqTCS), when observer 1 scored the pathological changes twice with a 6-week interval (A). There was excellent interclass
agreement (ICC = 0.974) and consistency (ICC = 0.973) (B) of the CEqTCS. The CEqTCS correlated excellently with the OARSI score (p
= 7.055e-16, r = 0.94) (C).
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Figure 2

Spectrum of pathological changes in the middle carpal joint of six horses. From panel D, E, and F the wide range of the CEqTCS
(Copenhagen Equine Total Cartilage Score) within an OARSI (Osteoarthritis Research Society International) grade 4 can be
appreciated. Both the OARSI score and the CEqTCS is shown for both observers.


