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Temporal Relationship of Muscle Weakness and Pain Reduction
in Subjects Treated With Botulinum Toxin A

Brian Freund and Marvin Schwartz

Abstract: Botulinum toxin A has demonstrated efficacy in relieving pain in spastic and nonspastic
muscle conditions. This analgesic property has generally been attributed to muscular relaxation. This
study demonstrates initial muscular relaxation and concomitant pain relief in a masticatory muscle
model. However, as muscle power returns to normal, pain relief is still very evident. This result
suggests that the analgesic effect attributed to botulinum toxin is more complex than simple

muscular relaxation.
© 2003 by the American Pain Society

Key words: Pain, muscle contraction, botulinum toxin-A.

A (BTX-A) has become an integral part of spastic-

ity management. It has proved useful in relaxing
the musculature and in relieving the accompanying pain.
Several reports, however, noted that the pain relief ob-
tained in spastic conditions appeared to be dispropor-
tionately profound with respect to the degree of relax-
ation obtained in the involved muscles.>? Therefore,
muscle relaxation alone may not explain the relief of
pain experienced by individuals treated with BTX-A. This
study examines the time course of muscle relaxation and
pain relief with the masticatory system as a model.

D uring the past decade the use of botulinum toxin

Methods

This prospective open label study enrolled 35 subjects
from general practice. Subjects reviewed the protocol
and signed an informed consent approved by our local
ethics committee. Each enrolled subject was diagnosed
with muscle-centered temporomandibular disorder
(TMD). This form of TMD was characterized by pain pri-
marily located in one or both masseter muscles. The lo-
cation of this pain was defined through subject report-
ing during tooth clenching exercises and confirmed
through digital palpation of the masseters. All subjects
had a history of bruxism or clenching and experienced
some pain relief in the past with centrally acting oral
muscle relaxant medications such as benzodiazepines,
antihistamine derivatives, tricyclic derivatives, or y-ami-
nobutyric acid derivatives. Subjects were otherwise
healthy and free from coexisting chronic pain conditions.

BTX-A in the form of BOTOX (Allergan Inc, Irvine, CA)
was reconstituted with 2.0 mL of unpreserved saline per
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100-unit vial, yielding a 5 units/0.1 mL solution. Prepara-
tion and handling were carried out as directed in the
product insert. Injections were limited to the masseter
and temporalis muscles bilaterally regardless of whether
the TMD was one-sided or bilateral. The masseters re-
ceived 50 units each of BTX-A in 0.2-mL aliquots divided
over 5 sites. All injections were percutaneous and intra-
muscular as verified by electromyographic (EMG) guid-
ance. Similarly the temporalis muscles were injected with
a dose of 25 units in 0.1-mL aliquots divided over 5 sites.
Injection sites corresponded to areas of greater muscle
mass by palpation and greater activity established via
EMG, but not necessarily corresponding to trigger
points. Because it has been shown that EMG-based het-
erogeneity exists in both temporalis and masseter mus-
cles, which is task dependent,* clenched muscle was used
to determine areas of higher EMG activity. This injection
protocol has proved to be effective for TMD in 2 previous
studies.’®"?

Subjects completed a visual analogue scale (VAS) for
facial pain as well as having maximum voluntary bite
force recorded at their first appointment, before injec-
tions. Only 1 set of injections was administered to sub-
jects during the study (T,). Pain and bite force were re-
corded at 2-week intervals for a total of 5 recordings (T,,
T,, T, Te, and Tg). Subjective pain scores were based on a
VAS composed of a 10-cm horizontal line with a 0 at the
left end and a 10 at the right end. Subjects were asked to
place an X on the line corresponding to a pain score in
which 0is no painand 10 is “the worst facial/jaw pain you
have had.”

The bite force recordings were obtained by using a
custom-fabricated bite force meter. It consisted of a pi-
ezo pressure transducer that was placed between the
front teeth. Subjects were instructed to bite down as
hard as they could for as long as they could. The pressure
generated between the 2 front upper and lower teeth
was converted to an electrical signal, which was ampli-
fied and reported by the hardware in avoirdupois
pounds. (Some studies report bite pressure in newtons
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(N), in which 4.45 N = 1 |b.) The study coordinator placed
the transducer between the teeth in an indexed position
on each occasion and initiated the recording. A mini-
mum of 5 seconds of consistent maximum bite pressure
was considered to be a satisfactory recording; this satis-
factory interval was determined by the hardware. The
bite force data were then uploaded to a computer for
analysis by custom-written software. Further VAS and
bite force measurements were completed during fol-
low-up appointments in the clinic. Attempts were made
to have consistent appointments for individual subjects
to minimize the influence of daily routine. Therefore,
appointments were scheduled on the same day of the
week as well as the same time of day for each follow-up
visit. Subjects were also questioned by the study coordi-
nator about changes in medical history, changes in med-
ication usage, changes in chewing function, as well as for
occurrence of adverse events. Adverse events occurring
between follow-ups were reported by subjects by phone
and documented by the study coordinator. Any event
considered as serious by the investigator was followed
up in person.

Neither the bite force meter nor the VAS has been
validated for use in TMD; however, they have been used
in a previous study."®

Correlation analysis was carried out between demo-
graphic data including age, sex, weight, length of time
of condition, education, and income level as well as for
pain and bite force measurements (Pearson correlation
coefficients) at each time period. Significant changes in
the means (paired t test) of each outcome measure be-
tween every time point were also tested.

Results

All 35 subjects completed the study. Twenty-six sub-
jects were women; the mean age of the entire group was
29 years (range, 17 to 64 years). All subjects reported
developing subjective functional changes in their chew-
ing ability such as fatigue. However, in several subjects
the bite force did not decrease despite subjective reports
of fatigue. Some of these subjects (subjects 10, 14, 22, 27,
and 34 in Table 1) registered initial force measurements
that were very small (< 2 Ib) and could therefore not
decrease. The reason for these very low initial measure-
ments in these subjects is not clear. It does not appear to
be related to instability of the dentition or pathologic
condition of the jaw joints. Subjects did not report
changes in subjective chewing ability as adverse events.

Mean subjective pain (Fig 1) is shown to decline from T,
to Tg. Decline in ability to generate bite force is evident
from T, to T, (Fig 2). However by T,, mean bite force was
seen to increase again. By Tg, the mean bite force had
superceded preinjection levels. There was considerable
variation in degree of response to the BTX in terms of
reduction in pain as well as reduction in bite force (Table
1). However, the time frame for onset of change in out-
come measure was relatively consistent between sub-
jects.

A paired t test of the difference in mean pain measure-
ments showed significance between Toand T, (P <.0001)

and again between T, and T, (P < .05). No further signif-
icant decreases in mean pain were found at later time
points; however, mean pain reduction remained signifi-
cantly below baseline (P < .0001) throughout the study
period. Bite force measurements only showed significant
differences between T, and T, (P < .0003) and then be-
tween Tg and Tg (P < .0005). Bite forces at T, and Tg were
not statistically different.

Pearson correlation coefficients of pain and bite force
measurements at each time point showed only a single
significant correlation at T, (correlation coefficient, 0.52;
P < .001). However, this was a weak positive correlation
in which a negative correlation would intuitively be ex-
pected, suggesting an anomalous finding. No other sta-
tistically significant correlation was evident between de-
mographic factors including age, sex, weight, length of
time of condition, education level, income level, and
pain scores or bite force measurements.

Four of the 35 subjects reported transient adverse
events. All occurred before the first follow-up appoint-
ment. Three subjects reported moderate bitemporal
headaches, which began within 24 hours of the injec-
tions and lasted less than 24 hours. These were treated by
the subjects with acetaminophen and did not recur. One
subject reported slight bruising of the right temple area,
which resolved in 3 days.

Discussion

The mechanism by which BTX-A reduces pain in pa-
tients with spastic or nonspastic muscles was originally
assumed to be due to muscle relaxation. This was based
on what was known about the pharmacologic action of
BTX-A, specifically an inhibition of acetylcholine-medi-
ated neuromuscular transmission at the motor end
plate.” However, anecdotal reports suggested that the
degree and duration of pain relief were more profound
than could be explained by muscle relaxation alone.>?

The results of this study showed that both muscle
weakening and pain relief occurred at the same time and
proportionally during the first 2 weeks after BTX-A injec-
tion (Fig 3). However, the only statistically significant
correlation between pain and bite force was noted at T,,
as the bite force increased. From a statistical analysis per-
spective, there was no relationship between bite force
and subjective pain measurement. All the correlation co-
efficients but one were not only not significant, but they
were all positive, which would be against expectations.
The correlation at time T,, although reaching signifi-
cance (correlation coefficient, 0.52; P < .001), must still
be due to chance, because there is no reasonable expla-
nation for having a better ability to bite with higher pain
(positive correlation).

By 2 months after injection (Tg), mean bite force ex-
ceeded the baseline value but mean pain reduction was
still very evident. The paired t test of the difference of
the means for pain clearly demonstrated a significant
decrease in pain from baseline, which was maintained
throughout the study period. This has been demon-
strated in a previous study with similar methodology®
and suggests a definite analgesic effect. The mean bite
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Table 1. Raw Scores: Pain (VAS) and Bite Force
Pain VAS (0-10) BITE FORCE (POUNDS)
SuBJECT TO0 T2 T4 T6 T8 T0 T2 T4 T6 T8
1 9 1 1 0 0 14 10 11 18 20
2 8 5 5 4 4 32 24 14 18 22
3 8 8 8 1 1 25 27 21 30 30
4 8 8 8 7 3 13 6 14 11 34
5 9 2 2 1 1 16 9 11 14 18
6 9 9 9 7 4 30 10 28 15 15
7 6 0 0 2 2 14 4 6 9 10
8 7 4 4 6 5 15 12 12 10 14
9 8 6 6 4 5 8 7 6 7 9
10 7 8 5 3 2 2 2 8 4 10
11 8 4 3 1 1 5 6 9 10 12
12 9 8 6 6 6 12 8 9 17 20
13 7 7 8 3 7 37 24 22 20 37
14 9 5 5 2 1 2 2 4 7 14
15 4 2 4 4 3 15 11 11 17 17
16 6 5 3 4 2 10 11 12 14 15
17 9 7 5 5 6 8 5 5 15 13
18 8 8 5 5 5 37 37 14 18 20
19 3 3 4 1 0 9 3 1 1 1
20 8 7 7 3 6 18 15 9 11 12
21 7 5 5 6 3 18 20 8 5 12
22 7 7 6 3 2 1 5 5 0 5
23 8 6 6 6 6 20 1 18 13 20
24 7 4 4 5 5 3 2 3 7 3
25 9 7 7 8 6 14 7 9 11 10
26 8 9 7 6 5 12 6 10 14 15
27 3 1 1 1 1 1 1 1 1 1
28 4 3 2 1 1 3 1 1 2 1
29 9 4 4 7 7 17 20 11 1 8
30 8 5 5 5 4 8 8 5 8 6
31 9 9 7 9 8 22 13 15 13 20
32 9 6 5 7 5 11 10 7 10 16
33 7 1 4 7 7 11 4 7 9 9
34 9 3 2 2 3 1 1 14 11 15
35 5 5 4 1 1 7 5 12 12 17
Mean 7.4 5.2 4.8 4.1 3.7 13.5 9.7 10.1 10.9 14.3
Standard deviation 1.8 2.6 2.2 2.5 2.3 9.8 8.5 6.0 6.3 8.4
Standard error of mean 0.3 0.4 0.4 0.4 0.4 1.7 1.4 5.9 1.1 1.4
Percent of T, 100 70 64 55 50 100 72 75 81 106

VAS, Visual Analogue Scale

force changes were significantly different only between
the baseline and the first postinjection measurement
and again between the fourth and fifth (T,) measure-
ments (Fig 2). This finding is not unexpected given the
transient muscle relaxing properties of BTX-A. However,
the lack of correlation between pain and muscle
strength suggests that their initial simultaneous de-
crease may be coincident rather than causal. It would
appear that there are 2 separate but coexisting processes
occurring after injection with BTX-A, one process related
to pain and another related to muscular relaxation.
The treatment of torticollis with BTX further under-
scores the apparent dichotomy between muscle function
and pain. Spasmodic torticollis is one of the more com-
mon forms of focal head and neck dystonia. It is an often

hereditary, centrally driven condition involving contrac-
tion of one of the longitudinal neck muscles, frequently
the sternocleidomastoid. This long-term condition with
variability in the intensity of the muscular spasm may
result in postural changes to the head and shoulder as
well as considerable local pain.*° Treating this condition
with BTX-A injections relieves both the excessive muscu-
lar tension as well as the local pain. As previously noted,
this is a condition in which the degree of pain relief is
considered to be out of proportion to the relief of muscle
spasm.5”?

Myogenous pain associated with conditions of aber-
rant muscle activity has historically been assumed to be a
function of the muscular spasm or hyperactivity. Travell
et al®! and subsequently others'®'® have suggested that
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Mean VAS (0-10)

Time Points (weeks)

Figure 1. Change in mean VAS pain scores from baseline (T,) to
Ts.

muscle hyperactivity leads to fatigue, spasm, and pain,
which reinforce further myospasm, resulting in a positive
feedback loop. This theory, although attractive and log-
ically acceptable, has never enjoyed strong objective sup-
port, particularly in chronically painful conditions.?®
Short-term muscle pain such as postexertion pain can be
explained in terms of ischemia and acidosis resulting in
the release of inflammatory mediators and pain-induc-
ing neuropeptides. These proteins in turn bind to recep-
tors (nociceptors) on afferent sensory nerves within the
muscle and associated with blood vessels signaling
pain.®224% This mechanism for acute pain may be in-
volved in chronic muscle-associated pain; however, be-
cause of the relatively short-term nature of most inflam-
matory processes it is not likely the only mechanism. No
other satisfactory alternatives have been ad-
vanced.'#3446

As soft tissue pain conditions become more chronic,
the distinction between muscle pain and myofascial pain
becomes less clear. Myofascial pain conditions differ
from dystonias in that there is no true muscular spasm.
“Taut bands,” “trigger points,” and tender areas within
myofascial tissues are a characteristic finding; however,
their pathophysiologic significance in myofascial pain is

Mean Bite Force (pounds)

TO T2 T4 T6 T8
Time Points (weeks)

Figure 2. Change in mean bite force from baseline (T,) to Ts.
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Figure 3. A composite graph showing change in mean pain
score and mean bite force after injection with BTX-A (T,). Mean
VAS scores and mean bite force are expressed as a percentage of
To- The only statistically significant correlation between these
curves is at T,.

unclear.?” The actual source of pain in myofascial condi-
tions may be different than in muscle pain conditions
such as dystonias, in which pain is attributed to muscle
contraction, tendon and joint tension, nerve root com-
pression, or extremes of posture.®” Although there has
been no definitive explanation as to how myofascial pain
originates, some evidence suggests a dysfunction of the
muscle spindle system resulting in aberrant sensory stim-
ulation.®® Other proposed mechanisms include periph-
eral sensitization through the stimulation of silent affer-
ent sensory nerves by neuroinflammatory mediators.3*

On the basis of the premise that most myofascial pain
conditions have some muscular involvement, studies
were initiated to test whether BTX-A could be an effec-
tive form of therapy. Two small, published trials examin-
ing the efficacy of BTX-A in cervicothoracic myofascial
pain have reported mixed results. It is uncertain from
these studies whether clinical failures with BTX therapy
were due to deficiencies in injection protocol or whether
the myofascial pain patients being treated in these stud-
ies were a pathophysiologically inhomogeneous
group.39'53

For the purposes of this study, subjects with TMD pro-
vided a relatively homogenous myofascial condition in
which muscle function could easily be measured. To fur-
ther reduce confounding factors, a specific subgroup of
the TMD population was selected. These were the indi-
viduals in whom chronic pain could be ascribed to the
clenching muscles alone, specifically the masseter muscle
on one or both sides. In this way the potential disparity
between muscle pain®* and myofascial pain®' might be
minimized.

TMD is a collective term used to describe a group of
conditions involving the temporomandibular joint, mas-
ticatory muscles, as well as associated structures. It is con-
sidered to be one of the more common head and neck
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myofascial conditions, affecting approximately 10% of
the Western population.?' Etiologic factors identified
for all types of TMD include masticatory muscle activity,
trauma, psychologic factors, and systemic diseases such
as arthritis.®'"">2° The role of occlusion remains uncer-
tain.? Treatment of muscle-centered TMD (as opposed to
TMD variants that involve joint pathologic conditions) is
most commonly treated with physical modalities such as
orthotic devices, physiotherapy, and massage. Recently,
BTX-A has also shown some effectiveness in treating this
condition.> 1819

BTX-A, 1 of 8 subtypes of a potent biologic toxin pro-
duced by Clostridium botulinum,*® is a presynaptic neu-
rotoxin."® It has been shown to cause a dose-dependent
weakness or paralysis in skeletal muscle by blocking the
Ca*" mediated release of acetylcholine from motor
nerve endings.?' The primary effect in muscle is on alpha
motor neuron function, but BTX-A may also affect the
gamma motor neurons in the muscle spindles,’” result-
ing in lower muscle resting tone. Reversal of local paral-
ysis occurs initially by neural sprouting with reinnerva-
tion of the muscle?®* and ultimately by regeneration of
the acetylcholine vesicle docking proteins,®> which re-
stores function in 1 to 4 months.

The mechanistic basis for the reported analgesic effect
of BTX-A injected into muscle tissue is still speculative;
however, it is likely that more than one mechanism is
involved. Animal data with the rat hind paw model
and the guinea pig conjunctiva model®*> have shown a
dose-related anti-inflammatory effect attributable to
BTX-A. The reduction in inflammation is not absolute,
and the protective effect is not long-lasting but is appre-
ciable in these animal challenge studies. Borodic et al®
report on the effect of BTX-A in cholinergic urticaria syn-
drome in humans. This condition, brought on by exer-
tion, has a characteristic localized skin reaction, which
includes the formation of punctuate hives with itching
and redness attributable to histamine release and mast
cell degranulation. They note that the usual erythema-
tous skin changes seen during an acute exacerbation of
the condition are absent in areas injected with BTX-A.
This strongly suggests that BTX-A is able to block the
cutaneous vasodilatation and the concomitant inflam-
matory response.

Other animal work has shown that the release of pain
modulating neurotransmitters such as calcitonin gene-
related protein (CGRP), which is associated with primary
afferent nerve fibers in muscle and blood vessel endo-
thelium,’*42 can be inhibited by BTX-A.2636:50 Work by
Saldhana et al*® in human headache sufferers has dem-
onstrated nerve growth factor mediated release of CGRP
from sensory nerve fibers associated with inflamed tem-
poral arteries. They suggest that the neurogenic inflam-
matory response associated with the release of CGRP in
endothelial nerves may be a central factor in the mech-
anism of vascular head pain. Therefore if BTX-A can in-
hibit neuropeptide release (such as CGRP) in humans as it
does in animal model systems, then a potential explana-
tion for its peripheral anti-inflammatory effect exists.
Such a mechanism may help account for the reported
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efficacy of BTX-A in treating headaches affecting the
trigeminovascular system.?3°

The relationship between inflammation and chronic
myofascial pain is not completely understood. However,
it is known that nonspecific inflammatory mediators and
neuropeptides have individual modulating and sensitiz-
ing effects on nociceptive pathways.®?%2> Silent noci-
ceptors that normally have a threshold above a normal
operating range can be sensitized to selectively respond
at a lower threshold by an inflammatory or hypoxic pro-
cess.?>32:33 These physiochemical interactions are cas-
cade-like and therefore may produce conditions that fa-
vor maintenance of nociceptor discharge with minimal
stimulation, 27283449

Central mechanisms are also contributory to chronic
myofascial pain. In the trigeminal system, central noci-
ceptive pathways are associated with 2 main types of
neurons in subnucleus caudalis. Wide dynamic range
neurons are responsive to noxious and non-noxious stim-
uli as well as nociceptive specific neurons.** Peripheral
nociceptive pathways converge on these neurons pro-
ducing overlapping receptive fields, which can dynami-
cally interact.3*4>47 Therefore a peripheral sensory field,
which has been sensitized through a process such as in-
flammation, can alter the function of central neurons.
Described as central neuroplasticity, this phenomenon
can change the size and sensitivity of a receptor field to
stimulation, suggesting that even non-noxious periph-
eral stimulation can be interpreted as pain.?*3%43

A direct analgesic action of BTX-A may therefore be
related to its influence on inflammation leading to di-
minished peripheral sensitization. Although there is no
specific evidence supporting it, it is conceptually attrac-
tive to consider that the indirect analgesic actions of
BTX-A may be those of diminishing afferent input to the
central nervous system. Possible mechanisms by which
this may occur include reduced proprioceptive informa-
tion through inhibition of gamma motor neurons in the
muscle spindles’” and indirectly by reduced physical stim-
ulation of peripheral tissues as a result of reduced muscle
tone.

The evidence, although sparse and inconclusive at
present, suggests that the observed analgesic properties
of BTX-A are mechanistically more complex than simple
muscular relaxation. The observations presented in this
and other studies raise the possibility of a complex inter-
action of the toxin within the peripheral tissues and po-
tentially indirect influences on central pain mechanisms.

Conclusions

No definitive conclusions can be drawn from this study.
However, the data add further evidence that the analge-
sic effects of BTX-A do not correlate with and may there-
fore be independent of muscle relaxation.
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