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Summary
Background: Quantitative gait analysis offers objective information to support clinical 
decision- making during lameness workups including advantages in terms of documen-
tation, communication, education, and avoidance of expectation bias. Nevertheless, 
hardly any data exist comparing outcome of subjective scoring with the output of 
objective gait analysis systems.
Objectives: To investigate between-  and within- veterinarian agreement on primary 
lame limb and lameness grade, and to determine relationships between subjective 
lameness grade and quantitative data, focusing on differences between (1) veterinar-
ians, (2) live vs video assessment, (3) baseline assessment vs assessment following 
diagnostic analgesia.
Study design: Clinical observational study.
Methods: Kinematic data were compared to subjective lameness assessment by clini-
cians with ≥8 years of orthopaedic experience. Subjective assessments and kinematic 
data for baseline trot- ups and response to 48 diagnostic analgesia interventions in 23 
cases were included. Between and within- veterinarian agreement was investigated 
using Cohen's Kappa (κ). Asymmetry parameters for kinematic data ('forelimb lame 
pattern', 'hindlimb lame pattern', 'overall symmetry', 'vector sum head', 'pelvic sum') 
were determined, and used as outcome variables in mixed models; explanatory vari-
ables were subjective lameness grade and its interaction with (1) veterinarian, (2) live 
or video evaluation and (3) baseline or diagnostic analgesia assessment.
Results: Agreement on lame limb between live and video assessment was 'good' be-
tween and within veterinarians (median κ = 0.64 and κ = 0.53). There was a positive 
correlation between subjective scoring and measured asymmetry. The relationship 
between lameness grade and objective asymmetry differed slightly between (1) vet-
erinarians (for all combined parameters, p- values between P < .001 and 0.04), (2) be-
tween live and video assessments ('forelimb lame pattern', 'overall symmetry', both 
P ≤ .001), and (3) between baseline and diagnostic analgesia assessment (all combined 
parameters, between P < .001 and .007).
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1  |  INTRODUC TION

The primary goal of most comprehensive lameness examinations is 
to localise a source of pain in a specific anatomical structure or lo-
cation. Several different lameness grading scales are currently used, 
but there is no easily defined and universally accepted system that 
has good reproducibility and that takes into consideration the sub-
stantial spectrum of clinical presentations.1 Agreement between 
veterinarians on whether a horse is lame or sound is often low.2– 4 
Additionally, following diagnostic analgesia, re- assessment after the 
intervention may be influenced by expectation bias.5 Quantitative 
gait analysis techniques potentially provide highly repeatable and 
unbiased quantification of lameness and unbiased re- assessment 
after diagnostic analgesia. Additionally, quantitative gait analysis 
can serve as reliable documentation and as a basis for communica-
tion with clients and colleagues. This is particularly important if the 
horse is examined on multiple days or by several veterinarians, in 
legal cases and for insurance claims.

While subjective grading of lameness has been used for a long 
time, objective assessment is increasingly common. The current 
study was designed to investigate the relationship between sub-
jective grading and objectively measured vertical movement asym-
metries during lameness assessment of straight- line trot. The study 
focused on assessment of lameness before and after diagnostic anal-
gesia, and on live vs video evaluation, since the latter is increasingly 
requested by clients and it is also frequently used for research pur-
poses.3,5– 8 We further evaluated whether the relationship between 
subjective grading and objective measures was consistent through-
out a range from sound to moderate lameness.

The main objective of the study was to evaluate the correlation 
between subjective grading and objectively quantified gait asym-
metry and to evaluate if this correlation was consistent between 
veterinarians, between live and video assessments and between 

assessments before and after diagnostic analgesia. We hypothesised 
that there would be a linear correlation between subjective grad-
ing and objective asymmetry, but that the regression coefficients 
would differ (1) between veterinarians, (2) between live vs video 
assessment, and (3) between baseline assessment and assessment 
post- diagnostic analgesia interventions. A second objective was to 
quantify agreement within and between veterinarians to provide 
a basis for the correlation analysis and to allow for comparison to 
other studies. Objective gait results may vary depending on which 
system is being used and that there is a multitude of lameness scales 
in use around the world. This study provides data using one specific 
objective gait analysis system in one large referral clinic using a spe-
cific protocol for lameness assessment.

2  |  MATERIAL S AND METHODS

2.1  |  Veterinarians and case selection

The study population consisted of 23 cases presented to one equine 
clinic for lameness evaluation. Four veterinarians were involved, 
each with ≥8 years of equine orthopaedic experience. Each vet-
erinarian contributed with data from 12 diagnostic analgesia inter-
ventions (baseline and post- intervention assessments), performed 
in one of the 23 cases as part of their normal clinical work. The 
inclusion criteria for the horses was the presence of a single- limb 
lameness at trot on a straight line on subjective assessment with a 
maximum grade of 3 of 5 on an adapted AAEP scale,9 routinely used 
at the involved clinic: grade 0 was defined as no lameness, grade 1 
as slight lameness at trot only, grade 2 as moderate lameness at trot 
only, and grade 3 as slight lameness at walk and severe lameness at 
trot.9 Half- grades were given if the lameness was perceived to be in 
between these grades.

Main limitations: Limited number of veterinarians (n = 4) and cases (n = 23), only 
straight- line soft surface data, different number of subjective assessments live vs 
from video.
Conclusions: Overall, between-  and within- veterinarian agreement on lame limb was 
'good', whereas agreement on lameness grade was 'acceptable' to 'poor'. Quantitative 
data and subjective assessments correlated well, with minor though significant dif-
ferences in the number of millimetres, equivalent to one lameness grade between 
veterinarians, and between assessment conditions. Differences between baseline as-
sessment vs assessment following diagnostic analgesia suggest that addition of objec-
tive data can be beneficial to reduce expectation bias. The small differences between 
live and video assessments support the use of high- quality videos for documentation, 
communication, and education, thus, complementing objective gait analysis data.

K E Y W O R D S
horse, kinematics, motion capture, nerve blocking, orthopaedic examination
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1078  |     HARDEMAN Et Al.

2.2  |  Protocol

Each of the 23 cases was first assessed live by one of the four vet-
erinarians, followed by a regular lameness workup. During these 
workups, kinematic data and video footage were recorded simul-
taneously using a motion capture system and video camera. Data 
from baseline trot- ups, all diagnostic analgesia interventions sub-
jectively evaluated as positive (defined as lameness improvement 
of at least 0.5 degrees), and a maximum of one diagnostic analgesia 
intervention considered negative (no improvement in lameness), 
were retained for further analysis. Thus, the 12 diagnostic analge-
sia interventions recorded for each veterinarian consisted of one or 
more diagnostic analgesia intervention(s) per horse, depending on 
the course of the lameness workups.

If a horse was subjectively judged to show multi- limb lameness 
after a diagnostic analgesia, no further data were included from that 
horse after this evaluation. If there were multiple negative diagnos-
tic analgesia interventions in the same horse, only the last negative 
intervention was retained for analysis. A flowchart describing the in-
clusion and exclusion of cases and diagnostic analgesia interventions 
can be found in Figure 1.

If a diagnostic analgesia intervention was assessed a second time 
after an additional waiting period (to allow further diffusion of the 
anaesthetic solution), both assessments were retained. If the exam-
ination was continued on a second day, a new baseline assessment 
was made and all assessments following diagnostic analgesia inter-
ventions on this second day were compared to that second baseline. 
The same protocol was followed if a horse was seen by a different 
veterinarian on the second day.

A minimum of 3 months from the initial examination, videos 
were assessed by all participating veterinarians using a 27- inch Dell 

Ultrasharp screen (resolution 2560*1440, 60 Hz.), individually and 
blinded to the findings of other veterinarians. Horses were shown in 
randomised order. For each horse, videos were shown in the same 
order as during live assessment, ie first the baseline assessment 
and all diagnostic analgesia assessments in the same order as per-
formed during the live lameness evaluation. Assessors were allowed 
to watch videos twice but re- evaluation after having proceeded to 
the next trot- up was not permitted. When the video- assessor did 
not agree with the live- assessor on the primary lame limb during the 
baseline trot- up, evaluation of the diagnostic analgesia phases was 
not performed.

During both live and video assessment, lameness observed in 
each trot- up was graded using the adapted AAEP scale,9 as detailed 
above. Assessors were always blinded to the results of the objective 
measurements, both during live and video assessments.

2.3  |  Kinematic data collection

Kinematic data were recorded using Qualisys Motion Capture soft-
ware (QTM version: 2.14, build: 3180, Qualisys AB), and 20 high- 
speed infrared cameras (Oqus 700+, 100 Hz sampling frequency, 
Qualisys AB). The system was set up in a riding arena at the clinic. 
The total area covered by the cameras was approximately 250 m2 
and the height covered was ≥4 m. Calibration was performed daily 
according to the manufacturer's protocol. Synchronised video foot-
age (Sony HDR- CX330, 30 Hz) was recorded viewing from the vet-
erinarians' position, ie behind or in front of the horse depending on 
its direction of travel; using an automated rotating/zooming robot 
(Pixem & Pixio Robots, Move 'n See). Care was taken to not record 
veterinarians or owners to facilitate blinding.

The marker setup used was the standard equine clinical marker 
setup from Qualisys Motion Capture systems (Qualisys AB). Seven 
spherical reflective markers (25 mm diameter) (Qualisys AB) were 
placed as follows: a single head marker between the ears, a strip with 
three markers on the withers (one on the highest point and two at 
20 cm lateral to each side of the central one), and a T- shaped strip 
with three markers located at the tuber sacrale and the craniodor-
sal aspects of both tubera coxae (Figure 2). Markers were placed by 
a veterinarian, or a technician experienced with marker placement. 
Markers remained on the horse between baseline trot- up and the 
evaluation of diagnostic analgesia but were removed and placed 
again if the lameness evaluation continued on a second day.

Horses were trotted at their own preferred speed, on a straight 
line (twice 30 m, turning outside the captured volume). The sur-
face terrain consisted of a combination of sand and synthetic fibre 
(Figure 2).

2.4  |  Kinematic data analysis

All kinematic data were analysed using custom- made Matlab (The 
MathWorks Inc) scripts. Filtering (4th order Butterworth high- pass 

F I G U R E  1  Flowchart of the diagnostic analgesia interventions 
(DA's) per case

Veterinarians

2 431

x=12

N=19

N=2

   1 or more
negative DA’s
   excluded

All DA’s 
included

N=4

N=2

N=0

Lameness

limbs

excluded excluded
DA DA’s

1 negative 2 negative

switching

x=12

N = 23 cases

x=12 x=12

Inclusion criteria horses: single limb lameness at trot < 3/5
Instructed to find 12 DA’s (x) during daily case-load
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    |  1079HARDEMAN Et Al.

filter, cut- off frequency of 70% of the stride frequency) and stride 
segmentation were performed as previously described.10,11 From 
the vertical displacement of head, withers, and pelvis; single asym-
metry parameters were determined to quantify asymmetry at spe-
cific anatomical locations: difference between left and right steps in 
minimum position (MinDiff), maximum position (MaxDiff), and range 
up between minimum and maximum positions (RUD). These single 
parameters were used to calculate combined parameters 'forelimb 
lame pattern',12 'hindlimb lame pattern',12 'overall symmetry',13 
'Vector Sum(VS) Head'14 and 'Pelvic Sum(PS)'.14 See Table S1 for 
definitions of the single parameters and formulas of the combined 
parameters. The parameters 'forelimb lame pattern' and 'VS Head' 
were used to evaluate forelimb lameness, and 'hindlimb lame pat-
tern' and 'Pelvic Sum' were used to evaluate hindlimb lameness. The 
parameter 'overall symmetry' was used for all horses. Single param-
eters were not evaluated on their own in this study.

2.5  |  Data analysis

Objective parameters (Table S1) were tabulated as stride- by- stride 
and as measurement- mean and compared to the subjective data, 
by matching subjective evaluations with objective data for the cor-
responding trot- up (one live and up to four video assessments per 
trot- up). Objective parameters were analysed as absolute values in 
order to pool left and right limb lame horses. Analyses were partially 
made including and excluding baseline assessments with disagree-
ment between live and video as a sensitivity analysis. The further 
statistical analysis consisted of two parts: agreement analysis and 

analysis of correlations between subjective grading and objective 
measurements in millimetres. Open source software RStudio (3.3.1, 
R- Studio) was used, including packages lme4 (1.1- 21), lmerTest (3.1- 
1), emmeans (1.4.3.01) and ggplot2 (3.2.1).

Between-  and within- veterinarian agreements were illustrated 
using Cohen's Kappa (κ) index, including 95% confidence intervals 
(CI's). Between- veterinarian agreement on lame limb and lameness 
grade were evaluated comparing video assessments (all possible pairs 
of veterinarians) and comparing live assessment and each veterinar-
ian's video assessment, including their own cases. Agreement be-
tween veterinarians on lameness grade after diagnostic analgesia was 
calculated for video assessments. Within- veterinarian agreement on 
lame limb was calculated comparing live and video assessment of 
their own cases. For the abovementioned agreement calculations on 
lame limb and baseline lameness grade, only first- day baseline trot- 
ups were included. All agreements on lameness grade were evaluated 
using a weighted κ. Agreement was considered poor (κ ≤ 0.3), accept-
able (κ = 0.31- 0.5), good (κ = 0.51- 0.8) or excellent (κ > 0.8).3

Correlations between subjective grading and objective mea-
surements in millimetres were analysed using linear mixed models. 
The limited size of the dataset did not permit that all hypotheses 
were addressed in one large multivariable model, hence three dif-
ferent models were made. Horse was entered as random effect in 
all models.

Outcome variables were stride- by- stride data for the combined 
parameters 'forelimb lame pattern' (data from cases evaluated as 
forelimb lame), 'hindlimb lame pattern' (data from cases evaluated as 
hindlimb lame), and 'overall symmetry' (all cases); and also 'VS Head' 
(forelimb lameness) and 'Pelvic Sum' (hindlimb lameness) for the first 
model. Normality of residuals was checked by Q- Q- plots; and ho-
moscedasticity was checked by plotting residuals vs fitted values. 
The limit for statistical significance was set at P < .05. Correction for 
multiple comparisons was not applied.

The first model (model 1), investigated whether the correlation 
between subjective grading and objective measurements was rea-
sonably linear, while accounting for differences between veteri-
narians. This was done to verify whether the inclusion of lameness 
grade as a continuous variable in models 2 and 3 was justified. This 
first model was made using subjective scorings from video assess-
ments only and excluded data where veterinarians disagreed with 
the live assessment. Subjective lameness grade was modelled either 
as a continuous variable or as a categorical variable to compare be-
tween these two alternatives. Veterinarian was included as a ran-
dom effect.

From model 1, least square means for the combined parameters 
were estimated for each recorded lameness grade (0- 3, in steps of 
0.5), with lameness grade modelled as a continuous variable and as 
a categorical variable to allow for appreciation of the linearity of the 
correlation. The number of trot- ups and strides per lameness grade 
was checked to detect if caution in interpretation of findings was 
needed because of small sample sizes.

A second model (model 2) evaluated differences in the subjective- 
objective correlation between live and video assessments. This 

F I G U R E  2  Marker placement utilising standardised rubber strips 
and double- sided adhesive tape for the withers cluster (one marker 
located on the highest point of the withers and two markers 20 cm 
lateral to each side of the central marker) and pelvic cluster (three 
markers located at the tuber sacrale and the craniodorsal aspects 
of both tubera coxae). The head marker was placed using an elastic 
textile mask, on which the marker was positioned with Velcro in 
the midline of the horse. The yellow circles highlight the marker 
position. The horse is photographed on the surface terrain used 
during the study
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1080  |     HARDEMAN Et Al.

model was made both including and excluding video evaluations 
where the veterinarian disagreed with the live assessment on the 
lame limb as a sensitivity analysis. The interaction between lame-
ness grade, entered as a continuous variable, and live or video as-
sessment, entered as a categorical variable, was modelled as fixed 
effects. Veterinarian and the interaction between veterinarian and 
lameness grade were included as random effects.

A third model (model 3) evaluated differences in the subjective- 
objective correlation between baseline assessments and assess-
ments after diagnostic analgesia, and quantified differences in this 
correlation between veterinarians. This model was made using video 
assessments, including the evaluations where the veterinarian dis-
agreed with the live assessment on the lame limb. The interaction 
between lameness grade entered as a continuous variable and base-
line or diagnostic analgesia assessment and veterinarian and the in-
teraction between veterinarian and lameness grade were included 
as fixed effects. Least square means were estimated for each lame-
ness grade and veterinarian.

3  |  RESULTS

3.1  |  Descriptive data

The 23 cases included were 22 warmbloods >1.60 m, body mass 
range 480- 670 kg (mean 592), age range 5- 17 years (mean 10). Fifteen 
cases were subjectively assessed as forelimb lame (6 left/9 right), and 
8 as hindlimb lame (3 left/5 right). Initial lameness grade during live 
assessment was 1.5 out of 5 (mean, median). Four horses had a lame-
ness evaluation that was performed over two days (3 forelimb lame 
horses and 1 hindlimb lame horse). Another horse was seen by two 
different veterinarians on two consecutive days. A total of 48 diag-
nostic analgesia interventions were included (mean 2.1/median 2 per 
horse). One diagnostic analgesia was assessed twice with 10 minutes 
in between. A frequency table of the diagnostic analgesia interven-
tions classified by anatomical location is given in Table S2.

From two horses, one negative diagnostic analgesia was ex-
cluded, and from two other horses, two negative diagnostic 

analgesia interventions were excluded for analysis. No diagnostic 
analgesia interventions were excluded due to lameness switching to 
another limb (Figure 1). Seventy- five straight- line live assessments 
were included, of which 27 were baseline trot- ups and 48 were trot- 
ups after diagnostic analgesia. Video recordings were evaluated 
by all four veterinarians, totalling 257 assessments (of 75*4 video 
assessments possible, 43 potential assessments of videos from 11 
different horses were not performed due to non- agreement with the 
live assessing veterinarian on lame limb). The mean/median number 
of strides used for the objective analysis was 19/19, and the mean 
speed (s.d.) was 3.4(0.26) m/s.

3.2  |  Agreement between and within veterinarians

Table 1 shows the results for between- veterinarian agreement on 
lame limb and lameness grade during baseline trot- up (live and video), 
on lameness grade and within- veterinarian agreement on lame limb 
(live and video assessment of the same horse). Median agreement 
on lame limb between veterinarians was slightly higher when com-
paring each veterinarian during video assessment to live assessment 
(κ = 0.64) vs based solely on video assessment (κ = 0.58). Median 
within- veterinarian agreement, ie assessment of their own cases live 
vs video, was similar (κ = 0.53) but with a larger range (κ = 0.38- 
1.00). Median agreement between veterinarians on lameness grade 
was 'poor' when comparing video assessments to the live assess-
ment (κ = 0.25) and 'acceptable' when based solely on video assess-
ments (κ = 0.33 during baseline trot- up, κ = 0.38 after diagnostic 
analgesia).

Based on linear mixed models of three objective parameters: 
'forelimb lame pattern', 'hindlimb lame pattern' and 'overall symme-
try', using video assessments only, there were small, though signif-
icant (P < .05) differences between veterinarians in millimetres of 
objective asymmetry per subjective lameness grade (Figure 3, Data 
S1). For example, for the 'overall symmetry' (Figure 3), a lameness 
grade of 1 out of 5 is estimated to correspond to 38 mm of asymme-
try if given by veterinarian 1, but only to 33 mm if given by veteri-
narian 4. Differences between veterinarians can also be appreciated 

TA B L E  1  Between-  and within- veterinarian agreement on lame limb, lameness grade and percentage improvement after diagnostic 
analgesia during video assessment and for live compared to video assessment (Cohen's Kappa (κ) index/weighted κ for lameness grade; 
median (written in bold)/minimum/maximum). Minimum (min) and maximum (max) number of observations

Agreement Situation Agreement on

Baseline or after
Number of 
observations Kappa

Diagnostic analgesia min max min median max

Between 
veterinarians

Live vs video Lame limb Baseline 23 23 0.52 0.64 0.81

Lameness grade Baseline 23 23 0.21 0.25 0.29

Between 
veterinarians

Video Lame limb Baseline 23 23 0.44 0.58 0.63

Lameness grade Baseline 23 23 0.13 0.33 0.37

Lameness grade Diagnostic analgesia 28 38 0.1 0.38 0.46

Within 
veterinarians

Live vs video Lame limb Baseline 5 7 0.38 0.53 1.00
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    |  1081HARDEMAN Et Al.

from Kappa (κ) values for between- veterinarian agreement on lame-
ness grade during video evaluation (0.33 for baseline assessment, 
0.38 for assessment following diagnostic analgesia, Table 1).

3.3  |  Subjective lameness grade vs quantitative 
gait analysis data (model 1)

Based on a numerical comparison between least square means ex-
tracted with lameness grade modelled as a continuous variable vs as 
a categorical variable (Data S2), and visual assessment of Figure 4, it 
was concluded that the correlation between subjective grading and 
objective measurements could be approximated as a linear effect for 
the continued analysis.

Least square means for the five combined parameters estimated 
independently for each lameness grade (modelled as categorical 
variable), based on video assessments, are shown in Table 2 and 
Figure 4. For example, a forelimb lameness subjectively graded as 2 
out of 5 corresponds to an estimated value for the 'VS Head' of 58 
(95% CI 49- 68) mm.

3.4  |  Differences between live and video 
assessment (model 2)

The linear relationship between subjective lameness grade and ob-
jective measurements (mm per lameness grade) differed significantly 
between live and video assessments (Table 3, Data S3). For example, 
a horse with a one- degree lameness (subjectively) was predicted 
to show an 'overall asymmetry' of 27.1 plus 10.9 mm equals 38 mm 
during video assessment. During live assessment, the same horse 
was predicted to show 27.1 minus 1.2 plus 10.9 plus 1.6 mm equals 
38.4 mm. A one- degree difference in lameness grade corresponded 

to a smaller difference in objective asymmetry (mm) during live as-
sessment compared to video assessment for both the 'forelimb lame 
pattern' (7 mm less during live assessment, P < .001) and 'overall 
symmetry' (1.6 mm less, P = .001). For the 'hindlimb lame pattern', 
this effect was not significant (P =.27). Additionally, for the 'forelimb 
lame pattern' lameness grade zero corresponded to an additional 
6.7 mm objective asymmetry live compared to video assessment 
(ie the intercepts were different, P = .003); there was no significant 
difference at grade zero for the two other parameters. Exclusion of 
video assessments with non- agreement on lame limb did not change 
these conclusions (Data S4).

3.5  |  Differences between baseline assessment and 
assessment following diagnostic analgesia (model 3)

The linear relationship between subjective lameness grade and ob-
jective measurements differed significantly between baseline as-
sessments and assessments after diagnostic analgesia (only video 
assessments included in the analysis; Table 4, Data S1). For the 
'forelimb lame pattern' and 'overall asymmetry', a one- degree dif-
ference in lameness grade corresponded to 13.2 mm (P < .001) and 
1.5 mm (P = .007) extra, in terms of objective asymmetry differ-
ence, compared to the baseline assessment. In other words, there 
was a steeper relationship between subjective grade and millime-
tres measured for assessments after diagnostic analgesia. For the 
'hindlimb lame pattern', the opposite was true: a one- degree dif-
ference in subjective lameness grade corresponded to 9.7 mm less 
reduction in the objective asymmetry during assessment following 
diagnostic analgesia, compared to baseline assessment (P < .001) 
(Table 4).

4  |  DISCUSSION

4.1  |  Agreement between and within veterinarians

Agreement on lame limb between veterinarians based on live vs 
video assessments, between veterinarians during video assessment, 
and within- veterinarian can all be interpreted as 'good'.3 Differences 
in assessment conditions (live vs video evaluation and straight line vs 
lunge evaluation) preclude direct comparison of Kappa values in this 
study with data from previous studies.2,3 Nevertheless, there seems 
to be a better agreement in the current study compared to earlier 
research. Lower values have been reported on lame limb agreement 
for video assessment during lungeing (κ = 0.31 between veterinar-
ians, κ = 0.38 for veterinarians with >5 years of experience),3 and 
for live assessment on the straight line (κ = 0.37, weighted average 
experience of 18.7 years).2 Experience level, frequent teamwork on 
cases and high- quality videos may have contributed to the higher 
agreement on lame limb in the current study. This finding contrasts 
with the agreement on lameness grade, which was classified as ac-
ceptable to poor. It should, however, be noted that in Kappa value 

F I G U R E  3  Differences between veterinarians based on linear 
mixed models correlating lameness grade (adapted AAEP scale9) 
to 'overall symmetry' (model 3). Dots indicate least square mean 
values of the 'overall symmetry' (mm) per veterinarian and grade, 
vertical error bars indicate 95% CI's. For the 'overall symmetry' 
formula, see Table S1
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1082  |     HARDEMAN Et Al.

calculations a disagreement at 0.5 degrees and a disagreement at, for 
example, 2 degrees, are equally penalised. It can also be questioned 
whether a higher agreement (with 0.5 degree precision) is achievable 
for visually grading lameness <3 out of 5, given the known limita-
tions of human visual asymmetry perception.15

4.2  |  Subjective lameness grade vs quantitative 
gait analysis data

Irrespective of whether lameness grade was modelled as a cate-
gorical variable or as a continuous variable, increments in objective 
asymmetry between lameness grades were reasonably similar, ex-
cept for grades 0- 0.5 and 2.5 out of 5. For grade 2.5, the results are 
uncertain due to the low number of occurrences (n = 6 assessments, 

88 strides). For very low- grade lameness (0- 0.5), scoring is known to 
be less accurate.2,15 In addition, the first author (AH) observed that 
participating veterinarians had difficulties in scoring a 0.5- degree 
lameness improvement after diagnostic analgesia. These factors may 
explain why the results for 0.5 deviated from what was expected 
based on linear prediction. Overall, these results suggest that sub-
jective grading of lameness is relatively linearly related to the horse's 
movement asymmetry. Hence, the objective asymmetry with a 
two- degree lameness can be expected to be approximately twice 
that for a one- degree lameness. However, this conclusion cannot 
be generalised and needs to be confirmed in larger studies includ-
ing veterinarians from different clinics and a wider variety of cases. 
Further, this relationship might not hold true for all scoring systems, 
given the large differences in lameness workup routines worldwide.1 
The inclusion of objective data could provide a calibration tool for 

F I G U R E  4  Estimated objective asymmetry (least square means with 95% CI's error bars, model 1) for five combined parameters from 
mixed models correlating subjective lameness grade (adapted AAEP scale9) to objective parameters (mm, absolute values, see Table S1 for 
definitions with formulas)
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clinicians to achieve better accuracy and consistency in lameness 
assessment.

4.3  |  Differences between live and 
video assessment

The same reduction in lameness grade corresponded to less reduction 
in objective asymmetry during live assessment compared to video as-
sessment. We hypothesised that expectation bias5 is generally larger 
in the live situation; veterinarians might be more inclined to see the ex-
pected or preferred outcome when assessing their own cases. Another 
possible factor for the discrepancy in grading between live and video 
assessment is that during video assessment veterinarians were una-
ware of the history of the case. To minimise risk that veterinarians 
would recognise their own cases during video evaluation, there was a 
3- month period between live and video evaluation and no veterinar-
ians or owners were visible in the video footage. When asked immedi-
ately after video assessments, veterinarians responded that they had 
not recognised specific horses, except for one case by one veterinar-
ian. The potential for the sound produced by an asymmetric gait16 was 

unlikely to play a substantial role in the current study, as evaluations 
were performed on soft surface.

Interestingly, exclusion of video evaluations where veterinarians 
did not agree with the live assessment on the primary lame limb did 
not change the conclusions of the statistical models. The fact that 
the relationship between subjective grade and objective asymme-
try did not change despite that a different limb was graded, sug-
gests that veterinarians consider whole body motion, including any 
compensatory asymmetries. This may lead to a similar grade despite 
disagreeing on the lame limb and fits well with the widely accepted 
notion that the human brain is excellent in pattern recognition.17

Notwithstanding the fact that there were statistically significant 
differences between subjective grading and objective measurements 
comparing between live vs video assessment, the results for live and 
video assessments were still similar from a practical perspective. For 
example, a one- grade forelimb lameness corresponded to 36 mm 
during video assessment vs 29 mm during live assessment (Table 3). 
These data suggest that high- quality videos can be a valid method for 
retrospective review of straight- line trot- ups. This is an important con-
clusion: review of videos allows veterinarians to calibrate their subjec-
tive assessment to the objective analysis or to subjective evaluations 

TA B L E  2  Estimated objective asymmetry (mm, least square means and 95% CI's) from mixed models (model 1) with subjective lameness 
grade (adapted AAEP scale9) as explanatory variable, and based on assessments of videos. For the objective parameter definitions see 
Table S1. Further details see Data S2

Outcome parameter

Lameness 
grade

'VS head' 'Pelvic sum' 'Forelimb lame pattern' 'Hindlimb lame pattern' 'Overall symmetry'

mean CI mean CI mean CI mean CI mean CI

0 30.8 20.8- 40.8 17.8 4.81- 30.8 43.4 28.5- 58.4 30.6 15.4- 45.8 30.8 26.3- 35.3

0.5 32.5 23- 42.1 15.7 4.63- 26.7 41.6 27.1- 56.1 40.4 27.9- 52.9 30.4 26.1- 34.7

1 42.8 33.3- 52.3 22.2 11.27- 33.2 58.6 44.1- 73.1 44.0 31.6- 56.4 35.0 30.7- 39.3

1.5 52.3 42.5- 62.1 21.1 10- 32.2 73.6 58.7- 88.5 46.4 33.8- 59 38.3 33.9- 42.6

2 58.3 48.6- 68 34.0 23.01- 45.1 83.6 68.7- 98.4 59.4 46.8- 72 42.2 37.9- 46.6

2.5 54.1 43.3- 64.9 45.7 33.68- 57.7 70.2 54.2- 86.3 62.2 45.9- 78.4 40.0 35.2- 44.8

3 72.7 59.2- 86.1 55.9 44.64- 67.1 105.3 89.2- 121.3 88.9 75.6- 102.3 51.9 47.3- 56.5

TA B L E  3  Results of linear mixed models (model 2) with standard errors (SE), for objective asymmetry (mm) vs the explanatory variables: 
subjective lameness grade (adapted AAEP scale9), and its interaction with live or video assessment

Outcome parameter

'Forelimb lame pattern' 
(mm [SE]) P value

'Hindlimb lame 
pattern' (mm [SE]) P value

'Overall symmetry' 
(mm [SE]) P value

Video

Lameness grade 0 31.4 (6.4) <.001 23.0 (5.8) <.001 27.1 (2.0) <.001

+1 lameness grade +36.0 (2.7) <.001 +26.3 (2.3) <.001 +10.9 (0.7) <.001

Difference live –  video

Lameness grade 0 ‒ 6.7 (2.2) .003 ‒ 0.1 (3.5) 1 ‒ 1.2 (0.7) .09

+1 lameness grade +7.0 (1.8) <.001 +2.5 (2.2) .3 +1.6 (0.5) .001

Note: The upper half shows intercepts (lameness grade 0), and regression coefficients (change in objective asymmetry for an increase of +1 lameness 
grade) for video assessment. The lower half shows differences in intercept and regression coefficient, respectively, for live assessment compared to 
video assessment. For the definitions of outcome parameters see Table S1. For full model printouts see SupInfo S4
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of colleagues, and/or to obtain or provide a second opinion in difficult 
cases. Further, high- quality videos can be a valuable part of the clinical 
documentation.5,18 In education, videos combined with quantitative 
gait analysis may also be useful for learning to recognise and grade 
lameness during an orthopaedic examination.

4.4  |  Differences between baseline assessment and 
assessment following diagnostic analgesia

For hindlimb lame horses, a smaller difference in objective asymme-
try between lameness grades was found for assessment following 
diagnostic analgesia than during baseline assessments. This could 
be due to expectation bias, as reported earlier.5,18 For the 'forelimb 
lame pattern' (including data from cases evaluated as forelimb lame), 
the opposite was true: there was a larger difference in objective 
asymmetry between lameness grades during assessment following 
diagnostic analgesia compared to baseline assessment. The reason 
for this difference between fore-  and hindlimb lameness is not di-
rectly obvious, but a possible interpretation would be that effec-
tively blocking and/or correct evaluation4 of (low- grade) hindlimb 
lameness is more difficult. This finding should be interpreted with 
caution as only eight hindlimb lame horses were included.

5  |  LIMITATIONS

This study involved only four veterinarians, which may not be 
sufficient to allow generalisation of the results in terms of ab-
solute values in millimetres corresponding to a certain lameness 
grade. Sample size calculations were not performed. Our adapted 
AAEP scale contains 0.5 steps which are not well- defined. Only 
straight- line, soft surface data were used and horses with fore-
limb lameness were over- represented. The number of evaluations 
differed between live and video assessment and between lame-
ness grades and was limited for live assessment. The number of 
measured strides and the number of evaluations were too low to 

allow for testing the interaction between live vs video and baseline 
trot- up vs diagnostic analgesia, ie we could not answer the ques-
tion whether the difference between live and video depending on 
whether baseline trot- up or trot up following diagnostic analgesia 
were evaluated. During video baseline assessments, veterinarians 
knew that a colleague had evaluated the horse as single- limb lame. 
It was impossible not to disclose this information due to their par-
ticipation in the live part.

We chose to always compare evaluations following diagnostic 
analgesia to baseline trot- up. It would have been ideal to compare to 
baseline trot- up and also to the previous diagnostic analgesia, as the 
sequential alteration of lameness can provide important information 
as well. However, a pilot study suggested that asking for this amount 
of documentation would hamper veterinarians during their clinical 
workup routine and might affect data quality.

6  |  CONCLUSION

Agreement on lame limb was 'good', whereas agreement on lame-
ness grade was 'acceptable' to 'poor'. Quantitative data and subjec-
tive assessments were well correlated in a largely linear fashion. The 
number of millimetres representing one lameness grade differed 
slightly per veterinarian and per assessment condition. These rather 
small differences between live and video assessments support the 
use of high- quality videos for documentation, communication, and 
education, complementing objective data. Differences between 
baseline assessment vs assessment following diagnostic analgesia 
were also small, but significant, suggesting that addition of objective 
data is potentially beneficial to reduce expectation bias.
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TA B L E  4  Results of linear mixed models (model 3) with standard errors (SE), for objective asymmetry (mm) vs the explanatory variables: 
subjective lameness grade (adapted AAEP scale9), and its interaction with baseline or diagnostic analgesia assessment

Outcome parameter

'Forelimb lame pattern' 
(mm [SE]) P value

'Hindlimb lame 
pattern' (mm [SE]) P value

'Overall symmetry' 
(mm [SE])

P 
value

Diagnostic analgesia

Lameness grade 0 25.7 (6.4) <.001 29.8 (6.1) <.001 26.6 (2.1) <.001

+1 lameness grade +45.2 (2.9) <.001 +21.0 (2.9) <.001 +11.5 (11.5) <.001

Difference baseline -  diagnostic analgesia

Lameness grade 0 −10.3 (2.6) <.001 13.3 (3.5) <.001 −1.7 (0.8) .02

+1 lameness grade +13.2 (2.0) <.001 - 9.7 (2.0) <.001 +1.5 (0.5) .007

Note: The upper half shows intercepts (lameness grade 0), and regression coefficients (change in objective asymmetry for an increase of +1 lameness 
grade). The lower part shows differences in intercept and regression coefficient for assessment following diagnostic analgesia compared to baseline 
assessment. For definitions of outcome parameters, see Table S1. For full model printouts see Data S1
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