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KNOWLEDGE SUMMARY 

 
 

 
 
 

 

PICO question 

In horses undergoing lameness investigation, does sedation with α2-adrenergic agonists alone versus 
sedation with α2-adrenergic agonists in combination with butorphanol tartrate effect the degree of 
lameness? 

  

Clinical bottom line 

Category of research question 

Diagnosis 

The number and type of study designs reviewed 

Six papers were critically reviewed. There were three crossover clinical studies, two crossover controlled 
clinical studies and a randomised controlled clinical study 

Strength of evidence 

Moderate 

Outcomes reported 

There was limited evidence to suggest that xylazine and romifidine in combination with butorphanol has an 
effect on forelimb lameness and that detomidine has an effect on hindlimb lameness. 

Most evidence suggests that xylazine alone or in combination with butorphanol has no effect on the 
lameness 

Conclusion 

In general, sedating a horse with an α2-adrenergic agonist alone or in combination with butorphanol tartrate 
does not change the baseline degree of lameness. Due to the large variation in the measurements, the small 
magnitude of few significant effects and the inconsistency of these significant findings, there is insufficient 
evidence to recommend avoiding the use of sedation in cases where it would increase the safety of those 
involved. However, regardless of protocol used, clinicians must appreciate the possibility of individual horse 
variation 

  

How to apply this evidence in practice 

The application of evidence into practice should take into account multiple factors, not limited to: individual 
clinical expertise, patient’s circumstances and owners’ values, country, location or clinic where you work, the 
individual case in front of you, the availability of therapies and resources. 

Knowledge Summaries are a resource to help reinforce or inform decision making. They do not override the 
responsibility or judgement of the practitioner to do what is best for the animal in their care. 

 

https://veterinaryevidence.org/index.php/ve
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Clinical Scenario  
When physical restraint is not sufficient to ensure safe and correct injection of diagnostic analgesia, sedation 
may be required. Many veterinary clinicians remain concerned about the effect sedation could have on the 
locomotory pattern and degree of lameness. Is there evidence to suggest cause for concern and which 
sedation protocol should one choose if needed? 
 

The evidence 
Six papers have been published on the use of α2-agonists for lameness investigation. Most of the studies 
were controlled clinical trials, however two were crossover trials only. The level of evidence of these papers 
was therefore moderate. 
 

Summary of the evidence 
 

1. Morgan et al. (2020) 

Population: Six adult horses with a lameness of grade 1/5 or less on a subjective 
lameness scale previously described by Ross (2011) (AAEP lameness 
scale): 

• Three mares, three geldings  

• Three Thoroughbreds, three Standardbreds 

Sample size: Six horses 

Intervention details: • N = 6 Grade 3–4/5 AAEP lameness grade unilateral forelimb 
lameness induced with set screws inserted into a custom-
made shoe. 

• Each horse received six treatments with a minimum 
washout of 7 days between trials: xylazine hydrochloride at 
0.1 or 0.2 mg/kg IV, acepromazine maleate at 0.02 or 0.04 
mg/kg IV, 1 ml saline IV, local analgesia (abaxial nerve block 
– 4 ml 2% mepivacaine hydrochloride) 

• 10 ml blood was collected by direct venipuncture for 
quantification of xylazine, acepromazine and mepivacaine at 
each time point. 

Study design: Randomised placebo controlled crossover trial 

Outcome studied: • Lameness was assessed subjectively using digital video 
recordings and objectively by using an objective lameness 
assessment system – difference in minimum head position 
(HDmin), difference in maximum head position (HDmax), head 
movement asymmetry (VS) and stride rate were measured.  

• Each assessment was categorised as sedated, somewhat 
sedated or not sedated and ataxic, equivocally ataxic or not 
ataxic. 

• The horses were assessed at time 0 (immediately after 
lameness induction) and 10, 30, 45 and 60 minutes post-
treatment. 

• Intra and interobserver agreement of subjective lameness 
grade. 

Main findings: 
(relevant to PICO question): 

• Acepromazine (0.02 and 0.04 mg/kg) and xylazine (0.2 
mg/kg) did not result in significant differences in objective 
lameness parameters at any time point. 
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• Xylazine (0.1 mg/kg) did not result in significant differences 
in HDmin or VS.  

• Observers consistently (435/438 observations) selected the 
limb with the set screw as the lame limb for the saline, 
xylazine and acepromazine treated groups. 

• Stride rate was decreased in the acepromazine groups at all 
time points compared to baseline. 

• Neither xylazine nor acepromazine were associated with 
significant change in average subjective lameness grade 
however acepromazine induced variation between 
individuals which may complicate subjective lameness 
evaluation for some observers.  

• Large interindividual variation in measurements recorded 
regardless of sedation and time post administration. 

Limitations: • Small sample size. 
• Only studied forelimb lameness. 
• Video lameness assessment may be less sensitive than direct 

observation. 
• High grade lameness was induced (grade 3–4/5). This 

questions whether the results of this study would be 
repeatable when investigating more subtle lameness. 

• The dose of xylazine used in this study reflects the datasheet 
(NOAH compendium) dose and the dose commonly used in 
practice. The doses of acepromazine given are at the low 
end of the recommended datasheet dose and lower than 
the dose commonly used in practice. 

 

2. Beck Júnior et al. (2019) 

Population: Adult horses categorised as free of lameness by using objective 
lameness measurement: 

• Four geldings, 12 mares 

• Four Brazilian Warmblood horses and 12 crossbreeds 

Sample size: 16 horses 

Intervention details: • Metal clamps were placed on the hoof wall of either the 
right or the left hindlimb (random selection) and tightened 
until horses showed a 3–4/5 AAEP lameness grade.  

• Each horse received three treatments: 
1. xylazine hydrochloride 10% (0.3 mg/kg) 
2. xylazine hydrochloride 10% (0.3 mg/kg) combined 

with butorphanol tartrate (0.01 mg/kg) 
3. untreated control group 

• Between each treatment there was a washout period of at 
least 48hrs. 

Study design: Controlled crossover trial 

Outcome studied: • Lameness was evaluated using an objective lameness 
assessment system (pelvic vertical movement asymmetry) 
before sedation (time 0), and at 20, 30, and 40 minutes post 
sedation.  

https://veterinaryevidence.org/index.php/ve
https://doi.org/10.18849/ve.v6i2.373


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 6, Issue 2 
DOI: https://doi.org/10.18849/ve.v6i2.373    
next review date: 19 Jun 2022 

p a g e  |  5 of 13 
 

 

 

• Level of sedation was evaluated at the same times using a 
physical and behavioural scale (0–3) and by measuring the 
head height above ground. 

Main findings: 
(relevant to PICO question): 

• There was no difference in pelvic asymmetry between 
xylazine, xylazine with butorphanol and untreated control 
group at the different evaluation times.  

• There was no correlation between head height above 
ground and lameness improvement. 

Limitations: • The sample size was small.  
• Only hindlimb lameness was studied.  
• Trotting speed and stride rate were not measured.  
• The veterinarian evaluating the level of sedation was aware 

of which group the horse was in, allowing potential for bias.  
• A 3–4/5 AAEP lameness grade is a substantial lameness and 

questions whether the results are repeatable for more 
subtle lameness. 

 
 

3. Moorman et al. (2019) 

Population: Adult polo horses with naturally occurring forelimb and/or hindlimb 
lameness varying from grade 1–3 on the AAEP lameness grading 
system: 

• 13 mares, four geldings 

• 10 Thoroughbreds, one Thoroughbred cross, two Argentine 
Thoroughbreds, one Argentine polo pony, one Crillo, one 
Standardbreed cross and one American Quarter Horse 

Sample size: 17 horses 

Intervention details: Seven protocols were trialed with a washout period of at least 7 
days between each. The protocols were: 

• saline (0.09% NaCl, 2 ml IV)  
• xylazine hydrochloride (0.33 mg/kg IV) 
• detomidine hydrochloride (0.007 mg/kg IV)  
• romifidine hydrochloride (0.033 mg/kg IV)  
• xylazine hydrochloride (0.33 mg/kg IV) and butorphanol 

tartrate (0.007 mg/kg IV)  
• detomidine hydrochloride (0.007 mg/kg IV) and butorphanol 

tartrate (0.007 mg/kg IV) 
• romifidine hydrochloride (0.033 mg/kg IV) and butorphanol 

tartrate (0.007 mg/kg IV). 

Study design: Placebo controlled crossover trial 

Outcome studied: • Degree of sedation (subjective) 1–5, 1 being mild sedation 
and 5 being deep sedation. 

• Degree of sedation (objective): Head-height to horse-height 
ratio. 

• Mechanical nociceptive threshold (MNT): pressure applied 1 
cm proximal to the coronary band at a rate of approximately 
5–10 kg/cm2/s until the horse displayed avoidance 
behaviour. 

https://veterinaryevidence.org/index.php/ve
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• Subjective (modified AAEP lameness scale) and objective 
lameness assessment. 

• All outcomes were assessed prior to (time 0) and 10, 15, 20, 
30, and 40 minutes post administration of each protocol. 

Main findings: 
(relevant to PICO question): 

• Across all data points, there was a significant difference in 
head movement asymmetry (VSFL) from baseline for 
xylazine alone and the romifidine-butorphanol combination. 

• When looking at pelvic movement asymmetry (VSHL), there 
was a significant difference from baseline for detomidine 
hydrochloride alone across all data points.  

• None of the measurements recorded after injection of any 
of the drugs were significantly different from the 
corresponding measurements recorded after injection of 
saline. 

• Apart from xylazine alone, MNT measurements were 
significantly higher than baseline and corresponding saline 
measurements for all time points. 

• Large interindividual variation in measurements recorded 
regardless of sedation and time postadministration. 

Limitations: • The initial lameness evaluation was performed 1 month 
prior to the study. The lameness degree could have changed 
in this time, regardless of sedation protocol. Lameness may 
also have changed during the washout periods (naturally 
occurring lameness). 

• Small sample size. 

 

4. Rettig et al. (2016) 

Population: 44 horses of which four horses were sound and 40 were lame on a 
forelimb or hindlimb or both. 

Sample size: 44 horses 

Intervention details: • The horses were divided into subgroups of sound, mildly 
lame and markedly lame and were then randomly split into 
treatment and control groups of approximately equal 
numbers.  

• Treatment group was treated with xylazine (0.3 mg/kg 
diluted with saline to 10 ml total IV) and the control group 
was treated with sterile saline (10 ml IV). 

Study design: Randomised, placebo controlled 

Outcome studied: • Objective lameness evaluation (head/pelvic movement 
asymmetry) was carried out using an objective lameness 
assessment system prior to (time 0) and 20, and 60 minutes 
post-treatment. The number of horses staying the same, 
improving and worsening in head or pelvic movement 
asymmetry were compared between the treatment and 
control group at each time point (0 vs. 20 and 0 vs. 60) 

• Head height above ground was used as an objective 
evaluation of degree of sedation and the horses were also 
evaluated subjectively for ataxia. 

https://veterinaryevidence.org/index.php/ve
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• Stride rate was measured. 

Main findings: 
(relevant to PICO question): 

• The study found no statistically significant differences in 
head or pelvic movement asymmetry between the two 
groups. This suggests that the dose of xylazine used in this 
study does not mask lameness.  

• However, some (4/9) horses with forelimb lameness showed 
a decreased lameness degree at 60 minutes post-treatment 
suggesting that caution should be used with mild forelimb 
lameness. 

• Mean stride rate at 20 minutes decreased significantly more 
in the xylazine group than in the saline group. This was 
however probably not clinically significant as the lameness 
remained unchanged. 

• Large interindividual variation in measurements recorded 
regardless of sedation and time postadministration. 

Limitations: • Some of the horses in the control group showed an increase 
in lameness through the course of the study. The lack of 
stability of the lameness questions the validity of the results.  

• Few horses had forelimb lameness which could have made 
detection of small, statistically significant differences, 
difficult. 

 

5. Da Silva Azevedo et al. (2015) 

Population: Adult horses that had an AAEP lameness grade of 1–3 on any limb – 
16 crossbreeds 

Sample size: 16 horses 

Intervention details: • All horses were evaluated for head and pelvic movement 
asymmetry using the lameness locator before treatment.  

• Eight horses were then treated with acepromazine 1% 
(0.025 mg/kg IV) and the other eight were treated with 
xylazine 10% (0.25 mg/kg IV). The horses were then re-
evaluated 5 minutes later using the lameness locator. On the 
second day of the study the horses initially treated with 
acepromazine were treated with xylazine and vice versa. The 
same data collection protocol was used on day 2. 

Study design: Crossover trial 

Outcome studied: • Five minutes after treatment, lameness was reevaluated 
using the lameness locator 

• The same data collection protocol was used on day 2. 

Main findings: 
(relevant to PICO question): 

• There was no difference in fore- and hindlimb asymmetry 
before and after treatment with xylazine or acepromazine.  

• There was no difference between horses after xylazine or 
acepromazine. 

Limitations: • No control treatment group to account for changes in 
lameness through the course of the study.  

• The study also had a small population size.  
• The study only looked at the effects up to 5 minutes 

https://veterinaryevidence.org/index.php/ve
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postsedation and so may have limited relevance to clinical 
lameness investigations where horses are evaluated over 
longer periods. 

 

6. Buchner et al. (1999) 

Population: 17 adult horses of which nine were sound and eight had a chronic, 
slight (degree 1–2/5) forelimb lameness: 

• 10 geldings, three stallions, four mares 

Sample size: 17 horses 

Intervention details: • On day 1 all horses were sedated with detomidine (10 µg/kg 
IV). 

• On day 2 all horses received the same sedation which was 
then antagonised with atipamezole (100 µ/kg IV) after 15 
minutes. 

Study design: Crossover trial 

Outcome studied: • The locomotion pattern was recorded while trotting at a 
constant speed of 3.9 m/s on a treadmill.  

• Level of sedation was evaluated using measurements of 
head height above ground and pulse rate.  

• Objective lameness was evaluated using head acceleration 
asymmetry, stride and stance duration and stride length.  

• Measurements were collected at time 0 and 15, 25, 35, 45, 
and 60 minutes postsedation. On day 2 the same recording 
procedure was performed with antagonisation of the 
sedation immediately following the 15 minute recording. 

Main findings: 
(relevant to PICO question): 

• Sedation with detomidine did not change the degree of 
lameness in the eight horses with chronic forelimb lameness 
but altered the general locomotion pattern (increase stride 
length, stride duration and stance duration). 

• Some of the increase in stride length and duration could be 
reversed using atipamezole.  

• Large interindividual variation in measurements recorded 
regardless of sedation and time postadministration. 

Limitations: • Only looks at forelimb lameness.  
• Treadmill used to compare stride variables and the findings 

may therefore not be applicable in traditional lameness 
evaluations on ground.  

• No control group to account for changes in lameness 
through the course of the study. 

 

Appraisal, application and reflection 
 
Equine lameness is a common reason for seeking veterinary attention (Seitzinger et al., 2000). Intrasynovial or 
perineural diagnostic analgesia is the most valuable tool for localising pain causing lameness (Bassage & Ross, 
2011). However, these procedures can be difficult to perform on fractious, highly-strung or needle shy horses 
and therefore pose a significant occupational risk to the clinician and assistants. The use of chemical restraint 
to increase safety has therefore been researched. Whilst sedation eases patient compliance, some clinicians 
avoid its use due to the possible analgesic effects of these drugs (Pilsworth & Dyson, 2015). A recent review 

https://veterinaryevidence.org/index.php/ve
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found evidence to support the use of 2-agonists on their own for lameness investigation (De Cozar, 2019). 

Three clinical papers have since investigated the use of 2-agonists in combination with butorphanol (Beck 
Júnior et al., 2019; Moorman et al., 2019; and Morgan et al., 2020). 
 

Of the 2-agonists, xylazine is the most frequently studied. When looking at hindlimb lameness, Da Silva 
Azevedo et al. (2015) found no significant difference in lameness degree after 5 minutes when using xylazine 
alone. Rettig et al. (2016), Beck Júnior et al. (2019) and Moorman et al. (2019) found the same tendency up to 
60, 40 and 40 minutes respectively. Furthermore Beck Júnior et al. (2019) found no significant difference when 
using xylazine in combination with butorphanol while Moorman et al. (2019) found a significant difference 
from baseline lameness at 4/5 time points but no difference from administration of saline at any time point. 
When using the objective measurement of head movement asymmetry, Morgan et al. (2020) found no 
significant difference from baseline or saline treatment when using xylazine. However, Moorman et al. (2019) 
found a significant difference across all data points when using xylazine alone in naturally-occurring lameness, 
and Rettig et al. (2016) found a decrease in some forelimb lameness at 60 minutes but no overall significant 
effect. It was therefore suggested that caution should be taken when interpreting forelimb lameness following 
administration of xylazine. Only one paper (Moorman et al. (2019)) assessed the effect of xylazine in 
combination with butorphanol on head movement asymmetry. They found a significant difference from 
baseline lameness at 2/5 time points. This result is however based on data from a small sample and Moorman 
et al. (2019) were unable to show statistical difference between any of the treated groups and the control 
group. The locomotory pattern after administration of xylazine was assessed in two papers (Morgan et al., 
2020; and Rettig et al., 2016). These papers showed an inconsistent reduction of stride rate that was only 
significant at 45 and 20 minutes respectively. Since the lameness remained unchanged, it is unlikely that these 
findings are of clinical relevance. There is therefore very little evidence to suggest that the xylazine, with or 
without the addition of butorphanol should change degree of lameness. 
 
The use of detomidine hydrochloride was studied by Buchner et al. (1999) and Moorman et al. (2019). Buchner 
et al. (1999) found that the use of detomidine did not alter forelimb lameness degree but did alter the general 
locomotory pattern. Likewise, the study by Moorman et al. (2019) found no effect of detomidin on head 
movement asymmetry but did find a significant difference in pelvic movement asymmetry across all data 
points. They found no significant difference in head or pelvic movement asymmetry when using detomidine 
combined with butorphanol.  
 
The use of romifidine for lameness evaluations was only studied by Moorman et al. (2019). Their results 
showed a significant difference in head movement asymmetry when horses had received romifidine in 
combination with butorphanol but showed no difference in pelvic movement asymmetry. Romifidine used on 
its own showed an inconsistently significant difference in head and pelvic movement asymmetry from 
baseline.  
 
Of the papers reviewed, four were controlled clinical trials of which three were crossover trials and two were 
randomised trials. The remaining two papers were crossover trials without a control group. An attempt has 
therefore been made to limit bias and the level of evidence was deemed moderate. Nevertheless, caution 
must be shown due to the small sample sizes used in these papers. Only two of the studies compared 
objective and subjective lameness evaluation after sedation had been used, which questions whether there 
would be agreement between the two in a clinical setting. Furthermore, 2/6 of the papers reviewed induced 
lameness experimentally whilst the remaining four evaluated the effect of sedation on naturally occurring 
lameness, which could have changed throughout the course of the studies. The degree of lameness assessed 
spanned from 1–4 on the AAEP lameness scale and thus related well to cases seen in clinical practice. While 
the experimental design used in the papers reviewed is robust, there is a large variation between 
observations. This indicates that large sample sizes would be required to detect potential significant effects of 
different sedation protocols.  
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In conclusion, there is limited evidence to suggest that using an 2-adrenergic agonist alone or in combination 
with butorphanol tartrate for lameness evaluation changes the baseline lameness in general. In the reviewed 
literature, there is large variation of the measurements recorded for different horses, the magnitude of the 
significant effects of using sedation is small and there is inconsistency in these significant effects both 
throughout a single study and between studies. There is therefore insufficient evidence to recommend 
avoiding the use of sedation in cases where it would increase the safety of those involved. The evidence 
regarding the use of xylazine, the most frequently studied sedative, indicates there is no clinically significant 
change in lameness. However, regardless of protocol used, clinicians must be aware of the possibility of 

individual horse variation. Additional studies assessing the effect of 2-adrenergic agonists in combination with 
butorphanol tartrate on lameness degree are needed to ensure a more reliable conclusion. Further 
investigation into how sedation affects subjective versus objective lameness evaluation is needed to establish 
whether all cases that require sedation for lameness investigation should be referred to a practice with 
equipment for objective lameness evaluation.  
 
 

Methodology Section 
 

Search Strategy 

Databases searched and dates 
covered: 

CAB Abstracts via Ovid interface 1973–week 23 2020 
PubMed via NCIB website 1973–June 2020 

Search terms: CAB Abstracts: 
1. (horse or horses or equine or equines) 
2. (sedation or sedative or tranquilizer or tranquilisation) 
3. Lameness or gait or blocking 
4. 1 and 2 and 3 

  
PubMed: 
(((horse) OR (horses) OR (equine) OR (equines)) AND ((sedation) OR 
(sedative) OR (tranquilliser) OR (tranquillisation)) AND ((lameness) 
OR (gait))) 

Dates searches performed: 19 Jun 2020 

 

 

Exclusion / Inclusion Criteria 

Exclusion: Sound horses only without lameness induction, non-English 
language, review or non-journal articles, not relevant to PICO 
question 

Inclusion: Lame horses or lameness induced, relevant to PICO question, clinical 
studies 
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Search Outcome 

Database 

Number 

of 

results 

Excluded – 

Not English 

language 

Excluded – 

Irrelevant to 

PICO question 

Excluded – Only 

sound horses 

included 

Excluded – Not 

journal article 

Total 

relevant 

papers 

CAB 

Abstracts 
47 6 29 6 1 5 

PubMed 45 0 36 5 0 4 

Total relevant papers when duplicates removed 6 
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