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a b s t r a c t

This study compared three subjective scoring systems used to assess lameness associated with equine
laminitis: (1) visual analogue scale, (2) Obel score and (3) clinical grading system (CGS). Two groups of
12 observers, consisting of equine veterinarians and final-year veterinary students, scored lameness
severity after watching video footage of 14 horses on two occasions. Generalizability theory was used
to investigate the reliability of the three systems and the effects of observer experience.

Overall reliability across all times and observers was high. Intra-observer reliability was higher than
inter-observer reliability for all scoring systems, with student reliability being consistently lower than
veterinarians, especially for Obel and CGS. All three methods were reasonably reliable tools for assessing
lameness, but they were more limited in the hands of inexperienced observers.

� 2010 Elsevier Ltd. All rights reserved.
Introduction

Accurate evaluation of pain is of fundamental importance to
equine welfare and veterinary management of the equine patient.
The horse is particularly prone to musculoskeletal injury and dis-
ease due to its conformation, anatomy and different uses, with pain
typically manifested as lameness (Schatzmann, 2000).

Equine laminitis is a common, potentially devastating disease,
which is a major welfare concern. Hinckley and Henderson
(1996) identified a prevalence of 7.1% in the UK. The condition is
characterised by an acute onset of lameness of variable severity.
Pain management in horses with laminitis is crucial since,
although the majority will recover, some horses have chronic se-
vere foot pain that may lead to recumbency and eventually require
euthanasia on welfare grounds (Swanson, 1999; Pollitt, 2003).
Equines suffering from laminitis are often refractory to standard
(anti-inflammatory) analgesic therapy (Herthel and Hood, 1999).

Accurate assessment of the efficacy of analgesia requires reli-
able tools with which to measure pain. In clinical practice, subjec-
tive methods of assessment are commonly used to evaluate equine
laminitis, often supplemented by use of hoof testers to evaluate so-
lar sensitivity. The Obel score (Obel, 1948) and the clinical grading
system (CGS) (Taylor et al., 2002) are simple descriptive scales
(SDS) developed to evaluate equine lameness. The Obel was specif-
ically developed to assess laminitis-associated lameness. SDS con-
sists of a number of expressions used to describe pain intensity,
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such as ‘no pain’ ‘mild’, ‘moderate’ and ‘severe’. Each descriptor is
assigned an index value (generally 0–5), which becomes the pain
score for the animal. Although Obel and CGS are extensively used,
their performance has not been thoroughly validated and they are
associated with significant inter-observer variability and poor
agreement with objective assessments (Silver et al., 1983; Peloso
et al., 1993; Keegan et al., 1998; Peham et al., 1999; Hood et al.,
2001; Taylor et al., 2002).

A visual analogue scale (VAS) is a line, the extremes of which
represent the limits of the pain experience, defined as ‘no pain’
and ‘worst possible pain’. A vertical line is placed by the observer
at a point corresponding to the considered severity of the pain as-
sessed. VAS has been used to assess lameness in dogs (Hielm-
Björkman et al., 2003) and sheep (Welsh et al., 1993), but it has
not been validated in equines.

This study aimed to evaluate the performance (with regard to
intra- and inter-observer reliability) of the three scoring systems
for the assessment of laminitis-associated lameness. A second
aim was to compare the performance of each scoring system when
used by equine clinicians and final-year veterinary students, in or-
der to evaluate the role of experience in lameness assessment.
Materials and methods

Video clips were edited from footage of 12 horses admitted to the Royal (Dick)
School of Veterinary Studies (R(D)SVS) for management of clinical laminitis (diag-
nosed using gait evaluation, clinical examination, sensitivity to hoof testers and
radiography). Video clips were also made of two control horses deemed sound on
clinical exam by an experienced equine orthopaedic surgeon. The duration of each
video clip was 60 s, consisting of 10 s where the horse was stationary and 50 s
bjective scoring systems used to evaluate equine laminitis. The Veterinary
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Table 1
Modified Obel score (adapted from Owens et al. (1995)).

Grade Definition

0 No gait abnormalities at a walk or trot
1 At rest, the horse exhibited foot lifting. The horse exhibited a normal

gait at a walk. The trot showed a shortened stride and showed even
head and neck lifting for each foot

2 The walk was stilted, but showed no abnormal head or neck lifting.
The trot showed obvious lameness with uneven head and neck
lifting. A forefoot could be lifted off the ground easily

3 The lameness was obvious at a walk and trot. The horse resisted
attempts to have a forefoot lifted and was reluctant to move

4 The horse experienced difficulty bearing weight at rest or was very
reluctant to move

Table 2
Clinical grading system (Taylor et al., 2002).

Grade Definition

0 Horse is capable of full athletic function
1 Horse is capable of a minimum amount of pleasure riding but not full

athletic function
2 Horse cannot be ridden but is suitable for breeding; horse can be

maintained without lameness on pasture with minimal use of
systemically administered analgesics

3 Horse must be maintained on systemically administered analgesics
to function

4 Horse must be euthanased because of severe pain that does not
respond to systemically administered analgesics

Fig. 1. Visual analogue scale adapted for lameness assessment (Welsh et al., 1993).
VAS consisted of a 10 cm long horizontal line, where the extremes are defined as
‘sound’ and ‘could not be more lame’.

1 See: http://www.education.uiowa.edu/casma/computer_programs.htm#genova.
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where the horse was led at the walk, turned and returned to the observer. The video
clips were combined randomly into a single observation session of 28 video clips.
Each video clip was presented twice for assessment. A 30 s interval between video
clips allowed time for scoring.

A group of 12 final-year veterinary science students and a group of 12 experi-
enced equine practitioners (senior clinicians and postgraduates with at least 3 years
experience) from the R(D)SVS watched the video compilation in separate sessions.
Observers were placed two seats apart to ensure independence of scoring and were
provided with written descriptions of the Obel and CGS (Tables 1 and 2). After
watching each video clip, observers scored lameness severity on an individual scor-
ing sheet that had the three scoring systems printed in random order. Obel and CGS
data were discrete scores (0–4) and VAS scores were expressed as the distance
(mm) from the left extreme to the vertical mark (Fig. 1).

Data analysis

Descriptive statistics (mean, standard error, median) were used to characterise
the scores from each scoring system.

The heterogeneity of the scores from each scoring system were further analysed
by the Generalizability theory (G-theory) (Brennan, 2001; Streiner and Norman,
2008). G-theory is a statistical theory for evaluating the dependability (‘reliability’)
of behavioural measurements, which acknowledges multiple sources of error vari-
ance (Streiner and Norman, 2008). Based on the analysis of variance, G-theory is di-
vided into two parts: (1) the Generalizability study (G-study), and (2) the Decision
study (D-study). The G-study estimates the magnitude of variation associated with
all effects. These variance estimates are then used to determine reliability or Gen-
eralizability coefficients for the various facets (or factors). The D-study uses the
information of the G-study to determine the reliability of a particular protocol, by
means of investigating the effects of altering specified aspects of the study.

G-study

A fully crossed, two-facet mixed effects analysis of variance (ANOVA) was cal-
culated for each of the three scoring systems. From the results of the ANOVAs, var-
iance components were estimated for each main effect (horse (H), observer (O), and
Please cite this article in press as: Viñuela-Fernández, I., et al. Comparison of su
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time (T)), their interactions and error terms (Streiner and Norman, 2008). In this
study, seven sources of error variance, H, O, T, HT, HO, OT and HOT (which includes
the pure error) were identified. Variance components estimates were expressed as
percentages of total variance. The variance components were used to calculate coef-
ficients corresponding to inter-observer reliability, intra-observer (test–re-test)
reliability and overall reliability (Streiner and Norman, 2008), using the following
equations:

Inter-observer reliability:

R1 ¼
r2

H þ r2
HT

r2
H þ r2

O þ r2
HT þ r2

HO þ r2
OT þ r2

HOT;e

where r2 = variance.
Intra-observer or test–re-test reliability:

R2 ¼
r2

H þ r2
O þ r2

HO

r2
H þ r2

O þ r2
HT þ r2

HO þ r2
OT þ r2

HOT;e

Overall reliability:

R3 ¼
r2

H

r2
H þ r2

O=nO þ r2
HT=nT þ r2

HO=nO þ r2
OT=nO�T þ r2

HOT ;e=nO�T
D-study

Follow-up D-studies were conducted to explore the effect of altering the num-
ber of observers and observation times, for students and veterinarians separately.
Data were presented as the relative Generalizability (G) coefficient, which repre-
sents the relative amount of variation associated with a given facet and its interac-
tions. G-coefficients range from 0 (null reliability) to 1 (perfect reliability), with
values above 0.75 considered as good reliability, those between 0.50 and 0.75 as
moderate and those under 0.5 as poor (Portney and Watkins, 2000).

Descriptive statistics and variance component analysis were conducted using
SAS version 9.3.1 (SAS Institute). For the inter- and intra-reliability estimates, dis-
tributions were generated using bootstrap sampling with 3000 iterations. In each
iteration, data were sampled from the overall distribution with replacement. The
mean, upper (97.5 percentile) and lower (2.5 percentile) confidence limits were de-
rived from the respective bootstrap distributions. The D-study was done with the
GENOVA program.1

Results

Overall performance of the scoring systems: G-study

Table 3 contains the raw scores generated from the study for
the three scoring systems: VAS, CGS and Obel. Fig. 2a shows the
proportion of variance attributable to the various sources derived
from the ANOVA. The main source of variance in all methods is
due to systematic differences between horses (H) (65–66% of total
variance). Less variance is due to the main effects of observer (O)
(3–6%) and time (T) (<1%). The interaction of horse and observer
(HO) and the interaction of horse, observer and time and the error
term (HOT, e) were relatively large (9–10% and 12–19%, respec-
tively). The HOT, e variance, however, was lower for the VAS
(12%) in comparison to the CGS (19.0%) and Obel (18.7%). As a re-
sult, the variance of other components including observer (O) and
observer-by-time interaction (OT) was higher for the VAS.

Performance of the scoring systems (students versus veterinarians): G-
study

Fig. 2b shows the proportion of variance attributable to the var-
ious sources derived from the ANOVA for the students and veteri-
narians separately. As above, the main sources of variance were
attributable to systematic differences between horses (H) (60–
73% of total variance) and the interaction of horse, observer and
time and the error (HOT, e) variance (12–25%). The proportion of
variance attributable to all sources was similar for veterinarians
and students for the VAS scoring system. However, the proportion
of variance attributable to H and HOT, e differed between veterinar-
bjective scoring systems used to evaluate equine laminitis. The Veterinary
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Table 3
Summary statistics for raw values for the different measurement scores. VAS, visual analogue scale; CGS, clinical grading system; OBEL, Obel score.

Observer Time VAS CGS Obel

Mean (SE) Median Mean (SE) Median Mean (SE) Median

All 1 39.7 (1.51) 35.5 2.0 (0.06) 2.0 1.8 (0.06) 2.0
2 42.9 (1.55) 40.5 2.1 (0.06) 2.0 1.9 (0.06) 2.0

Student 1 42.1 (2.14) 37.5 2.1 (0.08) 2.0 1.9 (0.09) 2.0
2 45.6 (2.18) 46.0 2.1 (0.08) 2.0 2.0 (0.09) 2.0

Veterinarians 1 37.2 (2.11) 33.0 1.9 (0.09) 2.0 1.8 (0.09) 2.0
2 40.2 (2.20) 38.0 2.0 (0.08) 2.0 1.9 (0.09) 2.0
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ians and students for the CGS and Obel. The student error variance
was higher (24.5 and 21% for CGS and Obel, respectively) than the
veterinarians (13.0 and 14.0% for CGS and Obel, respectively),
whereas the veterinarian error attributed to horses (H) (72.7%
and 71.3% for CGS and Obel, respectively) was higher than the stu-
dents (60.0% and 61.4% for CGS and Obel, respectively).

Overall reliability for both veterinarians and students was high
(>0.75) for the three scoring systems (Fig. 3). Inter-observer reli-
ability was lower than intra-observer reliability for all scoring sys-
tems and experience levels. Intra- and inter-observer reliability
was higher for veterinarians than students, particularly when
using the SDS. Overall, confidence intervals show overlapping reli-
ability estimates for student and veterinarians for all scoring sys-
tems and reliability coefficients (Fig. 3).
Please cite this article in press as: Viñuela-Fernández, I., et al. Comparison of su
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Performance of the scoring systems (students versus veterinarians) – D
study

Fig. 4 shows the results of the D-studies. With the number of
horses held constant, the change in Generalizability (G) coefficient
for the three scoring systems is shown for students (Fig. 4A) and
veterinarians (Fig. 4B) for different numbers of observers (3, 6, 9,
12, 15, 18 and 21) and observing times (1, 2 and 3). G-coefficients
increased as the number of observers increased, although the
change was much greater for the students. Increasing the number
of observing times above one provided only a small increase in the
G-coefficients for the veterinarians. However, the increase from
one to two observing times for the students, greatly increased
the Generalizability.
bjective scoring systems used to evaluate equine laminitis. The Veterinary
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Fig. 3. Mean, upper and lower confidence limits for the inter-observer (R1), Intra-observer (test–re-test) (R2) and overall (R3) reliability coefficient for the different scoring
systems (VAS, visual analogue scale; CGS, clinical grading system; Obel: Obel score) for all observers, students only and veterinarians only.
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Differences in scoring tendencies of veterinarians and students

Using the VAS, students assigned higher scores (means (±SE))
than veterinarians, at 43.85 (8.01) and 38.71 (8.08), respectively.
Similarly, veterinarians gave more scores of zero and fewer scores
of 4 compared to students when using SDS. For all three scoring
systems, veterinarians were more consistent in identifying the
control horses as ‘sound’, compared with students.

In general, Obel scores of zero corresponded to VAS values
<15 mm, and this range was slightly wider for scores of zero using
the CGS. Scores of 1 using the CGS corresponded to VAS scores
<40 mm, and this range was wider for an Obel of 1. Scores of 2
and 3 in both SDS methods had the widest range of VAS values,
going from 10 to 70 mm (Obel) and from 20 to 30 mm (CGS) to
the end of the scale. Scores of 4 in both methods corresponded to
a narrower range of VAS values grouped at the right end of the
Please cite this article in press as: Viñuela-Fernández, I., et al. Comparison of su
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scale (Fig. 5). The range of VAS scores assigned by veterinarians
to each category of SDS score was smaller than the range of scores
assigned by students (Fig. 5). Graphical comparison of Obel and
CGS, showed that each Obel score corresponded to more than
one category of CGS score and vice versa, with wider ranges in
the student group (Fig. 5).
Discussion

Effective evaluation of pain management relies on sensitive and
reproducible assessment tools. In order to assess the reliability of
three subjective scoring systems used to assess laminitis pain
and lameness (VAS, CGS and Obel), we first performed an analysis
of variance. Estimated variance components showed that the larg-
est source of variance was attributed to the horses, which is ex-
bjective scoring systems used to evaluate equine laminitis. The Veterinary
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pected since horses with varying degrees of lameness (plus two
sound horses) were used for this study.

The second biggest variance component was attributed to the
error term (12–19% of total variance), which suggested that there
might be unaccounted sources of variance. A relatively large vari-
ance component was the interaction of horse and observer (9–
10% of total variance), which suggested that observer scores might
be influenced by particular horses’ gait features or particular de-
grees of lameness. The difficulty of assessing mild lameness using
subjective scoring methods has been reported previously (Keegan
et al., 1998). Relatively less variance was due to the main effects
of observer (3–6% of total variance) and time (<1% of total vari-
ance), although the significance of these percentages might be con-
founded by the expected high variability of the horse component.
Please cite this article in press as: Viñuela-Fernández, I., et al. Comparison of su
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Mean overall, and intra-observer (test re-test) reliability coeffi-
cients were high (>0.75) for both students and veterinarians across
all three scales, but students’ reliability was slightly lower when
using the CGS and Obel, as opposed to the VAS. There are conflict-
ing opinions over the sensitivity inherent in the VAS pain scoring. It
has been suggested that VAS is more sensitive than SDS since it
measures pain on a continuous scale and observers are not forced
to choose between predefined categories (Scott and Huskisson,
1976; Reid and Nolan, 1991; Lascelles et al., 1994; Robertson,
2003). Other authors have suggested that the continuous nature
of VAS provides a ‘false’ impression of increased sensitivity (Holton
et al., 1998). The consistency in VAS scores from students and vet-
erinarians in this study suggested that VAS might be more appro-
priate for mixed experience groups.
bjective scoring systems used to evaluate equine laminitis. The Veterinary
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Fig. 5. Graphical representation of pairs of subjective scores plotted against one another for both final-year students (left column) and veterinarians (right column).
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Close agreement between different observers using a scale is a
pre-requisite of reliability (Rutherford, 2002). Inter-observer
agreement has enormous implications in pain management where
an animal may be re-examined by different clinicians. In our study,
for all scoring systems student inter-observer reliability (mean and
confidence intervals) was slightly under the 0.75 level, which was
assumed to be the minimum cut-off point for good reliability,
whereas veterinarians had ‘good’ inter-observer agreement using
all scales. For the students, inter-observer agreement was lower
when using CGS and Obel, in comparison to VAS.

It was surprising that SDS systems had lower intra- and inter-
observer agreement than VAS when used by the students, since
the provision of descriptors in both SDS systems and the fact that
these scales are specifically designed to assess lameness should re-
sult in higher reliability. However, the results suggested that expe-
rience might be required to interpret the guidelines provided by
the CGS and Obel. For both veterinarians and students, inter-obser-
ver coefficients were consistently smaller than intra-observer coef-
ficients, which demonstrated that all three methods have a poorer
performance when used by different observers. These results were
consistent with previous studies investigating the reliability of SDS
for assessment of postoperative pain in dogs (Holton et al., 1998)
and lameness in horses (Keegan et al., 1998).

Differences between students and veterinarians were also iden-
tified in the categories (scores) they predominantly agreed or dis-
agreed on. Students tended to agree predominantly on what they
considered the most severe degrees of lameness, which was prob-
ably a reflection of their limited experience and of their tendency
to assign higher scores than veterinarians. The lowest agreement
was achieved for scores of 1 and 2, which reflected the difficulty
in identifying the subtleties of mild lameness previously reported
(Keegan et al., 1998, 2003). In contrast, veterinarians predomi-
nantly agreed on what they considered a ‘sound horse’ and dis-
agreed mostly in scores assigned to the horses that were most
Please cite this article in press as: Viñuela-Fernández, I., et al. Comparison of su
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severely lame. It was encouraging to observe the consensus be-
tween members of the profession with regard to identification of
‘soundness’. The poorer consistency among veterinarians at the
upper end of the scale could reflect perceptual differences of opin-
ion relating to pain severity.

Our study had certain limitations. Observers made their assess-
ments based on 60 s video clips, whereas in a clinical setting, lame-
ness scoring would result from a more detailed evaluation. Also,
certain aspects of the Obel and CGS scales could not be assessed,
as the horses were not observed at the trot, since it was deemed
unethical to force horses in severe pain to trot. Despite these
restrictions, we considered that this study identified important
limitations of these lameness scoring systems.

The use of subjective assessments alone is questionable. There
is scope for incorporation of objective assessments into clinical
evaluation of laminitis, including the use of calibrated hoof testers,
force plates and motion capture and analysis (Owens et al., 1995;
Taylor et al., 2002; McGuigan et al., 2005). Additionally, recent
studies have shown that quantification of defined behaviours
(i.e., weight shifting) could be used as a reliable indicator to mea-
sure pain associated with laminitis (Reitmann et al., 2004; Jones
et al., 2007).

Conclusions

Although the overall reliability of the subjective scoring sys-
tems studied was high, intra-observer reliability was higher than
inter-observer reliability, indicating that there are differences in
the perceived degree of lameness between observers. Additionally,
student reliability was consistently lower than veterinarians, espe-
cially for Obel and CGS, suggesting that these methods are more
limited in the hands of inexperienced observers. Clinical evaluation
of laminitis could be improved by the incorporation of objective
pain assessment methods.
bjective scoring systems used to evaluate equine laminitis. The Veterinary
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