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Sensory Evoked Potentials of the Trigeminal Nerve for the
Diagnosis of Idiopathic Headshaking in a Horse

M. Aleman, D. Rhodes, D.C. Williams, A. Guedes, and J.E. Madigan

Key words: Electrophysiology; Equine; Neuralgia; Pain; Trigeminal.

A 400-kg 5-year-old Arabian gelding was presented
for a 2- to 3-year history of progressive uncontrol-

lable violent headshaking that precluded any type
of physical activity and compromised quality of life.
Although there were no triggering events for the
observed behavior, headshaking was exacerbated when
a bridle was placed on the horse’s head. One year
before presentation, the horse underwent an extensive
evaluation at another institution that included
hematology and blood chemistry, testing for equine
protozoal myelitis, skull radiographs, upper airway
endoscopy (including guttural pouches), and magnetic
resonance imaging of the head. Subtle asymmetry of
the stylohyoid bone at its articulation was noted (left
slightly thicker) on endoscopy. The rest of the diagnos-
tic evaluation was within normal limits. Treatment
with nonsteroidal anti-inflammatory drugs, gabapentin,
and diet modification failed to control the episodes.
Additional laboratory testing, as well as oral and
ophthalmologic examinations, was performed by the
referring veterinarian and found normal. The horse
was referred for further evaluation.

At presentation, the horse displayed violent continu-
ous episodes of headshaking, which made the horse
difficult to handle. Physical and neurologic examina-
tions were normal except for the headshaking. These
episodes were seen repeatedly while the horse was hos-
pitalized, independent of time of day, light exposure,
exercise, excitement, or confinement. The horse would
frequently rub the right side of its face and eye. How-
ever, there were no obvious skin or ocular lesions. The
horse would eat, but with interruptions attributable to
headshaking. Some episodes associated with eating
were triggered by hay touching the horse’s muzzle.
Therefore, soaked hay and pellets were offered.
Laboratory testing showed mild neutrophilia (7,117/
lL; reference range 2,600–6,800/lL) and 245 bands/lL
with moderate toxicity, and normal plasma fibrinogen

concentration; serum chemistry and blood gases analy-
sis were within normal limits. Skull radiographs and
upper airway endoscopy were not performed because
computed tomography (CT) of the entire head was
part of the diagnostic plan. A CT examination was
done under general anesthesia and showed no abnor-
malities. Complete ophthalmologic and otoscopic
examinations also were normal. Collection and evalua-
tion of a spinal fluid sample were offered, but the
owner declined.

Somatosensory evoked potentials of the trigeminal
complex using the infraorbital nerve (branch of the
maxillary nerve) were studied in this horse using an
evoked potential system (Nicolet Viking IVa) as
described by Aleman et al.1 In brief, with the horse in
left lateral recumbency, a surface stimulus was applied
to the dorsal gingival mucosa at the level of the right
maxillary canine tooth.1 Three pairs of recording elec-
trodes (Disposable EasyGrip monopolar electrodea)
were placed along the sensory pathway of the trigemi-
nal complex.1 Recording site 1 (R1: infraorbital nerve)
was at the level of the infraorbital foramen; site 2 (R2:
maxillary nerve) was at the level of the maxillary
foramen; and site 3 (R3: spinal tract of trigeminal
complex) was at the level of the spinal cord segment 1.
A 4th recording site (R4: cortical somatosensory)
utilized subdermal electrodesb placed at the level of the
frontoparietal cerebral cortex (Fig 1A). A ground elec-
trodeb was placed between the stimulus site and first
recording site. A surface temperature probe was posi-
tioned dorsal to the facial crest to monitor regional
temperature while recording (local temperature was
maintained at 35°C).

The stimulus rate was set at 3 Hz with a stimulus
duration of 0.2 ms. The sweep speed was set at 5 ms
per division. Each recording was the average of 1,000
responses. Acquisition sensitivities were variable with
settings at 200, 100, 10, and 10 lV/divsion for record-
ing sites 1, 2, 3, and 4, respectively. Band widths for
R1–R3 were 20 Hz to 3 KHz, and 20–250 Hz for R4.
Recordings were made at each of the following stimu-
lus intensities (SI � 0.1 mA): 2.5, 5, 10, 15, and
20 mA.1 Two sets of recordings were performed at
each SI to test the reproducibility of the data. As a
negative control, the study was also done with the SI
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set at 0 mA. Presence or absence of sensory nerve
action potentials (SNAPs) was recorded, and the con-
duction velocity (m/s) was calculated for recording
sites 1 and 2.1 The distance between recording sites
was measured with a flexible measuring tape and used
for the calculation of conduction velocity. For regions
3 and 4, the recordings were reported as present when
seen because accurate estimation of distance can be
difficult because of depth.1

Sensory nerve action potentials were triggered and
recorded at SI of 5 (Fig 1B), 10, 15, and 20 mA. A
muzzle twitch was observed associated with every
stimulus applied. No SNAPs were triggered at stimu-
lation intensities of 0 and 2.5 mA. The threshold for
the induction of SNAP was low (SI, 5 mA) and
consistent with other horses with idiopathic head-
shaking.1 Conduction velocity was within the range
reported for control horses at higher stimulus intensi-
ties.1 At 20 mA SI, the conduction velocity at R1
was 65 m/s (reference range 64–85 m/s) and R2 was

97.2 m/s (reference range 74–109 m/s).1 Infusion of
20 mL of lidocaine hydrochloride in the region of
the maxillary foramen was done and the sensory con-
duction study was repeated at a SI of 5 mA. The
study showed failure to block sensory conduction
with this infusion. To decrease the time of anesthesia
and possible complications, only the right side was
evaluated. The horse had a difficult recovery from
anesthesia because of headshaking. The horse was
also noted to cough a few times while recovering
from anesthesia.

Because of the constant and violent nature of its
headshaking, the horse was given detomidine hydro-
chloride (0.25 mg/kg IV), phenobarbital (6 mg/kg IV
in saline over 30 minutes), and flunixin meglumine
(1 mg/kg IV) while in the anesthesia recovery stall.
Once the horse was returned to its stall, cyproheptadine
hydrochloride was begun at a dosage of 0.31 mg/kg
PO q12h and the horse was continued on flunixin meg-
lumine at a dosage of 1 mg/kg IV q12h. The horse con-
tinued to display headshaking over the next 12 hours,
but the frequency decreased from constantly to several
minutes without episodes per hour. A thoracic ultra-
sound examination identified mild comet tails in both
cranioventral lung fields (more pronounced on the right
side), and the horse was started on ceftiofur at 2.2 mg/
kg IV q12h and gentamicin at 6.6 mg/kg IV q24h. After
24 hours from the initiation of cyproheptadine, the
frequency of headshaking substantially decreased to
sporadic episodes during the day and the horse could
eat hay and pellets without interruption. After 4 days of
consistent improvement, the horse was safe to take
for walks without headshaking. The pneumonia also
improved and was switched to trimethoprim sulfameth-
oxazole at a dosage of 30 mg/kg PO q12h.

One day before the scheduled discharge of this
horse, another horse in the barn developed a fever. As
part of an infectious disease protocol, all horses in the
barn had nasal swabs performed to investigate for
respiratory pathogens. Nasal swabbing triggered fre-
quent violent headshaking in this horse, which lasted
approximately 12 hours. A few hours after the next
dose of cyproheptadine, the horse’s episodes dimin-
ished substantially. The horse was discharged on
cyproheptadine 16 days after arrival. A few weeks
after discharge, the horse would occasionally shake its
head, but the frequency and severity were considered
mild and the horse resumed training.

Idiopathic headshaking is a spontaneously occurring
disorder of mature horses that can potentially compro-
mise performance, quality of life, and might present
safety concerns as was the case in the horse of this
report.2 Although the disorder is seen primarily in
geldings of Thoroughbred, Warmblood, and Quarter
horse breeds, other breeds also can be affected as dem-
onstrated by this Arabian gelding.3,4 Shaking, tossing,
or jerking movements of the head, rubbing of the muz-
zle and eyes, snorting, sneezing, striking at the face,
and an anxious facial expression all are reported clini-
cal manifestations in horses with idiopathic headshak-
ing.3–5 Reported causes for headshaking include oral,

A

B

Fig 1. Sensory nerve conduction study. (A) Electrodes place-

ment. S, stimulating probe at stimulus site at gingival mucosa of

the maxillary canine; R1, recording site 1 (infraorbital nerve);

R2, recording site 2 (maxillary nerve); R3, recording site 3 (spinal

tract of trigeminal complex); R4, recording site 4 (cortical

somatosensory). Surface temperature probe not shown here. (B)

Sensory nerve action potentials at 5 mA stimulus intensity. R1,

recording site 1; R2, recording site 2. Calibration bar at 5 ms per

division, amplitude shown in lV for respective recording sites.
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dental, ocular, upper airway, ear lesions or some com-
bination of these, temporomandibular joint disease,
temporohyoid osteoarthropathy, skull fractures, neo-
plasia, behavioral disorders, and reaction to the place-
ment of riding equipment (eg, bridle).5–13

Clinical diagnosis is based on the presence of clinical
manifestations and elimination of other disorders.3,4,14–
16 Infraorbital nerve blocks also have been used to
support the diagnosis of idiopathic headshaking in
horses.15,17,18 The infraorbital nerve, a branch of the
maxillary nerve, provides sensory innervation to the
rostral maxillary teeth, upper lip, part of maxillary
sinus, and nose.19 Pain in any of these areas should be
blocked with infraorbital or maxillary nerve desensiti-
zation techniques. Therefore, response to an infraorbit-
al nerve block does not entirely define idiopathic
headshaking, because a tooth ache will be blocked, for
example.19 This may be further supported by the fact
that people suffering from idiopathic trigeminal neural-
gia have been misdiagnosed with dental disease and
had extensive dental work to alleviate pain.20 There-
fore, a more accurate and objective diagnostic modal-
ity is needed.1 Furthermore, a nerve block in the area
of the maxillary nerve failed to block sensory nerve
conduction in this gelding.

We previously described a novel technique to evalu-
ate the function of the maxillary nerve in an objective
manner, specifically by testing sensory nerve conduc-
tion and recorded evoked potentials from the trigemi-
nal complex.1 Our nerve conduction studies showed
that horses with idiopathic headshaking have a statisti-
cally significant lower threshold (stimulus intensity
≤5 mA) to trigger SNAP than healthy horses
(≥10 mA).1 However, once SNAPs were triggered, no
statistically significant differences in nerve conduction
velocities were observed between control horses and
horses with idiopathic headshaking.1 Similarly, the
horse of this report had a low stimulus threshold
(5 mA), but when the conduction velocity at higher SI
was compared with previously reported controls or
horses with idiopathic headshaking, there were no
differences.1

This is the first report (ie, nonterminal study) in
which this novel technique has been applied to support
a clinical diagnosis of idiopathic headshaking.1 A limi-
tation of the study was that testing was not performed
bilaterally, particularly because this horse had asym-
metrical signs (the right side was apparently more
affected than the left). Asymmetry of signs was not
noted in the previous nerve conduction study.1 An
important observation was that after the infiltration of
20 mL of lidocaine hydrochloride around the maxillary
nerve branch (a block routinely done for dental proce-
dures), sensory nerve conduction was still observed.
This raises concerns about the efficacy of nerve blocks
at this location in horses. However, it is unknown if
this finding would only apply to horses with idiopathic
headshaking that apparently have lower thresholds for
SNAP (nociception) than control horses and merits
further investigation. This observed low threshold of
triggered SNAP is appreciated clinically because

apparently inocuous environmental stimuli are capable
of inducing headshaking.4 An example of the hyper-
sensitivity of this nerve was the reinitiation of violent
headshaking after a nasal swab was collected from this
horse.

There have been reports of various physical, medi-
cal, and surgical treatments for this condition in
horses.3,15,17,18,21–24 Cyproheptadine is an antihistamine
with anticholinergic, antiserotonergic, and local anes-
thetic properties. Cyproheptadine was used in this
horse and marked improvement was noted. This treat-
ment was selected based on a favorable response to
cyproheptadine in 70% (43 of 61) of affected horses
reported in an owner survey.3 However, its mechanism
of action for this particular disorder in horses is
unknown.

Although this case and the previously reported study
provide evidence of the involvement of the sensory
trigeminal complex (maxillary branch), a specific cause
for idiopathic headshaking was not identified.1 Based
on this and other studies, a definitive cause for this
disorder remains unknown, and structural abnormali-
ties have not been fully investigated.1,3,14,15,25,26 In
addition, the involvement of other branches of the tri-
geminal complex warrants investigation. Infraorbital
nerve blocks might not be definitive for the diagnosis
of idiopathic headshaking and a more reliable and
objective test is needed. In conclusion, sensory nerve
conduction and evoked potentials studies of the maxil-
lary nerve provide further support for the diagnosis of
idiopathic headshaking in the clinical setting.

Footnotes

a Nicolet Biomedical Inc., Madison, WI
b Subdermal E-2 Grass electrode; Astro-Med Inc., West War-

wick, RI
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