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Summary

Reasons for performing study: The role of the communicating branch between the medial and lateral palmar nerves of horses (i.e. the ramus
communicans) in conveying sensory impulses proximally should be determined to avoid errors in interpreting diagnostic anaesthesia of the palmar nerves.
Hypothesis: Sensory nerve fibres in the ramus communicans of horses pass proximally from the lateral palmar nerve to merge with the medial palmar nerve,
but not vice versa.
Objective: To determine the direction of sensory impulses through the ramus communicans between lateral and medial palmar nerves.
Methods: Pain in a thoracic foot was created with set-screw pressure applied to either the medial or lateral aspect of the sole of each forelimb of 6 horses.
The palmar nerve on the side of the sole in which pain was created was anaesthetised proximal to the ramus communicans with local anaesthetic. Lameness
was evaluated objectively by using a wireless, inertial, sensor-based, motion analysis system (Lameness Locator). Lameness was also evaluated subjectively
by using a graded scoring system. Local anaesthetic was then administered adjacent to the ramus communicans to determine the effect of anaesthesia of the
ramus communicans on residual lameness.
Results: When pain originated from the medial or the lateral aspect of the sole, anaesthesia of the ipsilateral palmar nerve proximal to the ramus
communicans did not entirely resolve lameness. Anaesthesia of the ramus communicans further attenuated or resolved lameness.
Conclusions: Sensory fibres pass in both directions in the ramus communicans to connect the medial and lateral palmar nerves.
Potential relevance: When administering a low palmar nerve block, both palmar nerves should be anaesthetised distal to the ramus communicans to avoid
leaving nondesensitised sensory nerve fibres passing through this neural connection. Alternatively, local anaesthetic could also be deposited adjacent to the
ramus communicans when anaesthetising the palmar nerves.
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Introduction

Many clinicians recommend performing a low palmar nerve block (as part
of a low 4 point nerve block) at the level of the distal aspect of the second
and fourth metacarpal bones [1–4]. Because these bones vary greatly in
length, medial to lateral and horse to horse [5], local anaesthetic solution
may be deposited at different sites in relation to the digital flexor tendon
sheath, the proximal extent of which lies at the junction of the proximal
three-quarters and distal quarter of the metacarpus [5]. When performing a
low palmar nerve block at the level of the distal aspect of the second and
fourth metacarpal bones, the digital flexor tendon sheath is sometimes
inadvertently penetrated, because it is intimately associated at its proximal
extent with the fascia of the neurovascular bundle containing the palmar
nerve [6,7]. Some clinicians, therefore, advise that the palmar nerves
should be anaesthetised further proximally than the level of the distal
aspect of the second and fourth metatarsal bones to avoid administering
local anaesthetic solution inadvertently into the digital flexor tendon
sheath [6,8,9]. When the lateral palmar nerve is anaesthetised more
proximally to avoid the digital flexor tendon sheath, local anaesthetic
solution is likely to be deposited, in many cases, proximal to the
communicating nerve (i.e. the ramus communicans).

The basic anatomy of the palmar nerves (Fig 1) in the distal portion of the
limb of horses is well described in textbooks [10,11], but to our knowledge,
the physiological effects of the communicating nerve (i.e. the ramus
communicans) between the medial and lateral palmar nerves have not
been described.

Diagnostic anaesthesia of a palmar nerve distal to the site where it
merges with the ramus communicans and anaesthesia of the contralateral
palmar nerve proximal to the site where it merges with the ramus
communicans may fail to desensitise the contralateral side of the limb distal
to the ramus communicans. The clinical significance of the ramus
communicans should be determined to avoid errors in interpreting

diagnostic anaesthesia of the palmar nerves and to avoid sensation in the
distal portion of the limb when performing regional anaesthesia for the
purpose of performing surgery while the horse is conscious.

Because we observed on cadaver specimens that the medial palmar
nerve is larger than the lateral palmar nerve proximal to the ramus
communicans, we hypothesised that the sensory nerve fibres in the ramus
communicans of the thoracic limb of horses pass proximally from the lateral
palmar nerve to the medial palmar nerve. Also, we doubted that sensory
nerve fibres would pass in a distal direction from the medial palmar nerve
across the ramus communicans to the lateral palmar nerve.

Materials and methods

Horses
Six horses determined subjectively by one of the authors (Jo.S.) to have no
signs of lameness of the thoracic limbs when trotted on a hard surface in a
straight line were selected. The horses were aged 5–11 years (mean � s.d.
9 � 2 years) and weighed 457–672 kg (mean � s.d. 531 � 77 kg). This
study was approved by Auburn University’s Institutional Animal Care and
Use Committee.

Temporary pain in either the medial or lateral aspect of a foot was
created using a set-screw model previously described [12–14]. The horses’
thoracic feet were shod with custom-made shoes to which a 2.5 cm
long section of the heel of a keg shoe had been welded to the inner rim
of each branch at the widest points of the shoe (Fig 2). A 9.525 mm,
threaded hole was created in the centre of this axial extension. The purpose
of the threaded hole in the extension was to hold a set-screw, which during
the trial, was to be tightened to exert pressure on the sole to induce
temporary lameness.
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Evaluation of lameness
The Lameness Locatora, a commercially available, inertial sensing device
that measures asymmetry of torso motion was used to objectively quantify
the degree of lameness induced and resolved in horses during the trial. The
Lameness Locator uses 3 inertial sensors, attached to the dorsal aspect of
the pastern of the right thoracic limb, to the centre of the poll and to the
dorsal midline between the tubera sacralia. The purpose of the sensors is
to detect and quantify lameness by recording torso motion and by
calculating the means and standard deviations of maximum and minimum
differences in height of the head (for forelimb evaluation) and pelvis (for
hindlimb evaluation) between left and right halves of the stride.
Identification of lameness to the right or left thoracic limb within the stride
is determined by the association of head movement with the angular
velocity of the right thoracic limb [15]. Maximum (MAXDIFFHEAD) and
minimum (MINDIFFHEAD) head height differences in mm between right and
left halves of the stride are generated by the device. Amplitude of the
vector sum (VS) of MAXDIFFHEAD and MINDIFFHEAD correlates with
severity of lameness, with a value of approximately 6 mm as a threshold
between lame and sound [16]. Results of recent studies indicate that this
inertial sensor system provides appropriate accuracy and sensitivity for
clinical use [16,17].

Gait before and after inducing lameness and after administering regional
anaesthesia was subjectively evaluated by 2 of the authors (Jo.S. and Ji.S.)
while viewing randomised video recordings as the horses were trotted in a
straight line for about 82 m. One of the authors (Jo.S.) had observed the
gaits during recordings while using the Lameness Locator, but the other
evaluator (Ji.S.) had not. For subjective grading, a lameness scale of 0–10
was used in which 10 represented a nonweightbearing lameness of one
limb, 1 a barely discernible lameness, and 0 a sound limb [18].

Procedure
A summary of the regional anaesthetic procedures is depicted in Figure 3.
After randomly selecting a limb and before applying the set-screw, a
randomly selected side of the foot chosen not to receive the set-screw was
desensitised by administering 2.5 ml of 2% mepivacaine hydrochloride
(Carbocaine-V)b adjacent to the palmar digital nerve at the base of the

ipsilateral proximal sesamoid bone. This nerve block was performed to
ensure that the set-screw caused pain only in the portion of the sole (medial
or lateral) to which it was applied. Efficacy of this nerve block was evaluated
approximately 5 min later by checking for loss of skin sensation at the
coronet on the side of the foot that was desensitised. The horse was then
trotted in a straight line for approximately 25 strides while the symmetry of
its gait was evaluated objectively with the Lameness Locator (first, or
base-line, evaluation) and subjectively evaluated later by viewing
randomised, unlabelled video recordings. For each horse, lameness was
created by applying a set-screw to the selected medial or lateral aspect of
the sole of the foot. At another time, a set-screw was applied to the
opposite aspect of the sole of the contralateral thoracic limb. After
recording the base-line gait, a set-screw was applied to the
nondesensitised portion of the sole until lameness was created that was
consistent and easy to detect and that caused subjectively detectable head
nodding when the horse was trotted in a straight line on a hard surface. The
set-screw was applied to firmly contact, but not penetrate, the sole.
Symmetry of the horse’s gait was again objectively (and later, subjectively)
evaluated while the horse trotted (second evaluation).

The palmar nerve ipsilateral to the side of the foot subjected to set-screw
pressure was anaesthetised with 2.5 ml of mepivacaine hydrochloride
administered 2 cm or more proximal to the point at which the ramus
communicans was palpated to merge with the palmar nerve. Ten minutes
later, symmetry of the horse’s gait was again evaluated objectively (and
later, subjectively) while the horse trotted (third evaluation). Every horse
was determined to have residual lameness based on visual, subjective
evaluation and by examining data generated by the Lameness Locator, and
to eliminate this residual lameness, the ramus communicans was
anaesthetised with 1 ml of mepivacaine hydrochloride administered
subcutaneously close to where it merged with the palmar nerve that had
been previously anaesthetised. After 5–6 min, symmetry of gait was again
evaluated objectively (and later, subjectively) while the horse trotted
(fourth evaluation). After the fourth evaluation, the set-screw was removed
from the shoe.

After lameness had been abolished in that limb (by removing the
set-screw and by regional anaesthesia), as determined with the Lameness
Locator, the same procedures were performed on the contralateral

Lateral palmar
nerve

Medial palmar
nerve

Medial palmar
metacarpal nerve
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Fig 1: A right forelimb is depicted. The ramus communicans, which is a neural
connection between the medial and lateral palmar nerves, lies subcutaneously over
the superficial flexor tendon and passes proximomedially from the lateral palmar nerve
to merge with the medial palmar nerve.

Fig 2: Thoracic feet were shod with custom-made shoes to which a 2.5 cm long section
of the heel of a keg shoe had been welded to the inner rim of each branch at the widest
points of the shoe. A 9.525 mm, threaded hole was created in the centre of this axial
extension for the purpose of holding a set-screw, which was tightened to place
pressure on the sole to induce temporary lameness.
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thoracic limb, but on the opposite side of that limb. After 10–14 days, the
procedures were repeated, but the opposite aspects of each foot received
set-screw pressure so that each horse was subjected at different times to
set-screw pressure applied both medially and laterally to the sole of each
thoracic foot to test the ability of the ramus communicans to carry sensory
impulses in medial and lateral directions.

Data recorded from the Lameness Locator
Data collected by the Lameness Locator were processed and analysed as
previously described [15–17,19]. Severity of the lameness was determined
by calculating the vector sum (VS) determined from data obtained using the
Lameness Locator. The vector sum (VS) of MAXDIFFHEAD and
MINDIFFHEAD gives an overall measure of asymmetry of vertical
movement of the head that takes into consideration both upward and
downward asymmetries of movement. The vector sum (VS) was
determined from data collected while horses were trotting before applying
the set-screw, after applying the set-screw, after injecting local anaesthetic
solution adjacent to the palmar nerve on the side of set-screw application
proximal to the ramus communicans, and after injecting local anaesthetic
solution adjacent to the ramus communicans.

Data analysis
Vector sum of MAXDIFFHEAD and MINDIFFHEAD in mm were calculated
from all trials. The VS was modelled using repeated measures analysis after
evaluating residual plots for normality of data (PROC MIXED, SAS 9.1)c. The
VS data were subjected to a log10 transformation to approximate a normal
distribution. Correlated data were accounted for using the following linear
model [20–22]:

Y X Z e= + +β μ

where Y was the vector of observations, X was the treatment design matrix
(lateral and medial palmar nerve; left and right limb; first, second, third, fourth
evaluations), b was the vector of fixed treatment effects, Z was the random

effects design matrix (horse), m was the vector of random block effects, and e
was the vector of experimental error. To account for the nonindependence of
observations within horses, 5 correlation structures were tested (compound
symmetry, first order autoregressive, spatial power law, unstructured, and
variance components) [20–22]. Models were compared using Akaike’s
information criterion [20–22]. Horse was included in models as a random
effect [20–22]. The Kenward-Roger correction was used for all models
[20–22]. The P values of multiple comparisons were adjusted using
Tukey-Kramer method [23]. Subjective data were modelled using generalised
estimating equation methodology for repeated measures (PROC GENMOD,
SAS 9.1). Lateral and medial palmar nerve; left and right limb; first, second,
third, and fourth evaluations; and first and second observers were evaluated
in models as independent variables. Subjective lameness scores were
included as dependent variables. The independence model was used for
working correlation structure with multinomial distribution [24]. P values
�0.05 were considered significantly different.

Results

Subjective data and those obtained with the Lameness Locator for one limb
of one horse were not used for the analysis because, subjectively and on
examination of data generated by the Lameness Locator, the gait appeared
not to have changed between the second (after application of the
set-screw) and third (after a palmar nerve block) evaluations, indicating that
the medial palmar nerve block was incomplete. The Lameness Locator
records the time of each gait analysis. The time recorded from gait analysis
after application of the set-screw to gait analysis after anaesthesia of the
ramus communicans ranged from 17–34 min (median, 23 min). Based on
subjective evaluation of gait in other studies in which lameness was created
by causing solar pressure with a set-screw [12,14], the degree of lameness
caused by the set-screw does not appear to diminish during the period of
time gaits of horses in our study were evaluated.

Compound symmetry was selected as the correlation structure for VS
models. There was no significant difference in VS after anaesthesia of the
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Fig 3: After anaesthetising the palmar nerve on a randomly selected side of the foot (a), lameness in a thoracic limb was created by applying a set-screw to the opposite side of the
sole (b). After determining the degree of lameness caused by set-screw pressure, the palmar nerve on the side of the foot that received the set-screw was blocked ~2 cm proximal to
point at which the ramus communicans merged with that palmar nerve (c). After determining the degree of lameness after the palmar nerve block above the ramus communicans,
the ramus communicans was anaesthetised (d) by administering local anaesthetic solution subcutaneously over this nerve and the degree of lameness was again determined.
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ramus communicans between limbs with pain created in the medial or
lateral aspect of the foot (P = 0.531), indicating that sensory nerves from
both the lateral and the medial palmar nerves branch pass through the
ramus communicans. Consequently, medial or lateral aspect of the hoof
was dropped as an independent variable from the final model. There were
also no significant differences in VS of gait after anaesthetising the
ipsilateral palmar nerve and in VS after anaesthesia of the ramus
communicans between right and left limbs (P = 0.678), indicating that both
medial and lateral palmar nerves are symmetrical in function with respect
to left and right side of the body. Because of this lack of significant
difference, right or left limb was also dropped as an independent variable
from the final model.

Vector sum of gait after application of the set-screw was significantly
different from VS of gait before application of the set-screw (P<0.0001),
indicating successful implementation of set-screw-induced solar pain.
Vector sum of gait after anaesthetising the ipsilateral palmar nerve to the
side of pain induction was significantly different from VS of gait after
application of set-screw (P<0.0001), indicating that sensory nerves
innervating the sole passed through the palmar nerves. For all horses,
lameness was detected both subjectively and by examination of data
generated by the Lameness Locator after anaesthetising the palmar nerve
above the ramus communicans. Vector sum of gait after anaesthesia of the
ramus communicans was significantly different from VS of gait after
anaesthetising the palmar nerve (P = 0.0014), indicating that branches from
palmar nerves pass through the ramus communicans. Results of data
obtained using the Lameness Locator are summarised in Table 1.

Subjective data supported objective data (Table 2). There were no
significant differences in subjective lameness scores between limbs with
pain in the medial or lateral aspect of the foot (P = 0.583) or between right or
left limbs (P = 0.948), and both of these independent variables were
dropped from the final model. There was no significant difference in
lameness scores assigned by the 2 observers (P = 0.706), and this
independent variable was also dropped from the final model.

Lameness scores of gait subjectively evaluated after application of the
set-screw were significantly different from scores of gait evaluated before

application of the set-screw (P = 0.0171); subjective scores of gait
evaluated after anaesthetising the ipsilateral palmar nerve were
significantly different from scores of gait evaluated after application of the
set-screw (P = 0.0257), and subjective scores of gait evaluated after
anaesthesia of the ramus communicans improved (and tended towards
significance, P = 0.0660) over scores assigned to gait after anaesthetising
the palmar nerve. Results of data obtained subjectively are summarised in
Table 2.

Discussion

Our hypothesis that sensory nerve impulses pass across the ramus
communicans only from the lateral palmar nerve to the medial palmar
nerve proved to be incorrect. Data from this study indicate that sensory
nerve fibres in the medial palmar nerve pass distolaterally across the ramus
communicans to the lateral palmar nerve and that sensory nerve fibres in
the lateral palmar nerve pass proximomedially across the ramus
communicans to the medial palmar nerve. When pain originated from the
medial or the lateral aspect of the sole, anaesthesia of the ipsilateral palmar
nerve proximal to the ramus communicans did not entirely resolve
lameness. Anaesthesia of the ramus communicans further attenuated or
resolved lameness indicating that nerve impulses pass in both directions
across this neural connection. We found 1 ml of local anaesthetic solution
to be sufficient for anaesthetising the ramus communicans in the forelimb
because the nerve is small but easily palpated, allowing for accurate
deposition of anaesthetic solution adjacent to the nerve. The Lameness
Locator appeared to be a more sensitive indicator of lameness than was
subjective evaluation of videotaped segments of gait. For example,
differences between the subjective lameness scores after anaesthetising
the palmar nerve and subjective lameness scores after anaesthetising the
ramus communicans were not significant (P = 0.0660); when using
objective data from the Lameness Locator, however, these differences
were highly significant (P<0.0001). Also, P values for other subjective
comparisons that were just barely significant were found to be highly
significant when using objective data.

TABLE 1: Severity of the lameness of 6 horses was determined by calculating the vector sum (VS) determined from data obtained using the
Lameness Locator for evaluation of each horse while trotting before applying the set-screw, after applying the set-screw, after injecting local
anaesthetic solution adjacent to the palmar nerve on the side of set-screw application proximal to the ramus communicans, and after injecting
local anaesthetic solution adjacent to the ramus communicans

Test condition

Vector sum (amplitude) of lameness (mm)

Mean � s.d.

Lateral palmer
nerve block

Medial palmar
nerve block

Lateral and medial palmar
nerve blocks

Pre-set-screw 7.56 � 5.90 8.36 � 4.86 7.95 � 5.44a

Post set-screw 71.0 � 31.7 82.3 � 29.7 76.4 � 31.3b

Post palmar nerve block 41.0 � 26.0 32.4 � 33.4 36.9 � 30.1c

Post ramus block 7.44 � 5.70 17.0 � 16.2 12.0 � 12.9a

Means with different superscript letters are significantly different.

TABLE 2: Subjective lameness scores of 6 horses were determined while viewing videotapes of each horse while trotting before applying the
set-screw, after applying the set-screw, after injecting local anaesthetic solution adjacent to the palmar nerve proximal to the ramus
communicans, on the side of set-screw application, and after injecting local anaesthetic solution adjacent to the ramus communicans

Test condition

Subjective scores

Median (range)

Lateral palmar
block

Medial palmar
block

Lateral and medial palmar
nerve blocks

Pre-set-screw 0.5 (0–3) 0.5 (0–3) 0.5 (0–3)a

Post set-screw 5 (3–8) 6.5 (2–9) 6 (2–9)b

Post palmar nerve block 2 (0–7) 3 (0–6) 2 (0–7)c

Post ramus block 2 (0–3) 1.5 (0–4) 2 (0–4)ac

Medians with different superscript letters are significantly different.
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When a low palmar nerve block is performed more proximally in the limb,
many clinicians advise that the medial and lateral palmar nerves should be
anaesthetised distal to the ramus communicans [9,25]. This neural branch
passes proximally and obliquely from the lateral palmar nerve near the
junction of distal and middle thirds of the metacarpus and merges with the
medial palmar nerve near the middle of the metacarpus [26]. Because
the location at which the ramus communicans merges with the medial
palmar nerve is further proximal on the limb than the location at which it
merges with the lateral palmar nerve, a low, medial palmar nerve block at
the middle of the metacarpus would be likely to result in local anaesthetic
solution being administered adjacent to the medial palmar nerve at or
distal to the site where it merges with the ramus communicans (authors’
observation). When depositing local anaesthetic solution more proximal on
the limb to avoid the digital flexor tendon sheath while performing a low,
lateral palmar nerve block, local anaesthetic solution is quite likely to be
administered proximal to the site where the communicating branch
merges with the lateral palmar nerve. This study shows that anaesthetising
a palmar nerve proximal to the ramus communicans on one side of the
metacarpus and anaesthetising the palmar nerve distal to the ramus
communicans on the other may result in incomplete desensitisation of a
distal lesion causing lameness, which could result in an erroneous
conclusion concerning the site of pain causing lameness.

Because local anaesthetic solution may migrate proximally over time
after perineural injection of the palmar nerves resulting in inadvertent and
unrecognised desensitisation of more proximal structures [7,27], we also
recommend that when administering a low palmar nerve block, both
palmar nerves be anaesthetised distal (rather than proximal) to the ramus
communicans [9,25]. Injecting distal to the ramus communicans without
risk of injecting the digital flexor tendon sheath may be difficult when
anaesthetising the lateral palmar nerve at the level of the distal aspect of
the fourth metacarpal bone. In that case, a small quantity of local
anaesthetic solution (e.g. 1 ml) can be deposited adjacent to the ramus
communicans to avoid transfer of sensory impulses from one palmar nerve
to the other.
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