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Evidence against Trigger Point Injection Technique for the
Treatment of Cervicothoracic Myofascial Pain with
Botulinum Toxin Type A
F. Michael Ferrante, M.D.,* Lisa Bearn, M.S.,† Robert Rothrock, P.A.-C,‡ Laurence King, P.A.-C‡

tion, trigger points can produce muscle twitch and referred pain.1,2
Traditional therapeutic approaches for the treatment
of myofascial pain have included pharmacotherapy (nonsteroidal antiinflammatory drugs, steroids, tricyclic antidepressants, vasodilators, oral skeletal muscle relaxants),
injection therapy (trigger point injection of local anesthetic with and without corticosteroid, or “dry” needling), physical therapy, and behavioral modification.
Long-term benefit with traditional therapy is transient,
variable, often incomplete, or nonexistent.3–7 Botulinum
toxin type A (BoNT-A) has recently been shown to be
analgesic with direct antinociceptive effects in an inflammatory pain model.8 BoNT-A also causes prolonged muscle relaxation by inhibition of acetylcholine release at
the neuromuscular junction.9 BoNT-A may offer advantages over traditional modalities, because its effects are
sustained and prolonged (3– 4 months’ duration).10 Sustained pain relief and muscle relaxation may sufficiently
interrupt pain to enable participation in physical rehabilitation, thereby promoting long-term recovery. Furthermore, the efficacy and safety of BoNT-A for the
treatment of other disorders with muscle pain (e.g., cervical dystonia, spasticity) is supported by an extensive
literature.11–13
The goal of this study was to determine whether injection of BoNT-A directly into trigger points was efficacious in the treatment of cervicothoracic myofascial
pain, and if so, to determine the presence or absence of
a dose–response relation.

MYOFASCIAL pain syndrome is a regional skeletal muscular condition presenting with stiffness and pain, characterized by the presence of trigger points in affected
musculature. Myofascial trigger points are focal, palpable, hypersensitive taut bands of muscle. Upon palpa-
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Materials and Methods
This study was approved by the institutions’ respective
research review committees (David Geffen School of
Medicine at the University of California, Los Angeles, Los
Angeles, California, and the Hospital of the University of
Pennsylvania, Philadelphia, Pennsylvania). All patients
gave informed consent. This study was a randomized,
double-blind, placebo-controlled, single-injection trial of
either saline or 10, 25, or 50 U BoNT-A into each trigger
point in patients with cervical or shoulder myofascial
pain. Patients were recruited by physician referral. Enrollment in the study was restricted to patients with
myofascial trigger points in the surface muscles of the
neck and shoulder of at least 6 months’ duration before
enrollment. Patients were excluded from the study if
they possessed (1) more than five total active trigger
points, (2) more than two trigger points in the trapezius

This article is accompanied by an Editorial View. Please see:
Abram SE: Does botulinum toxin have a role in the management of myofascial pain? ANESTHESIOLOGY 2005; 103:223– 4.

* Professor of Clinical Anesthesiology and Medicine, UCLA Pain and Spine
Care, Department of Anesthesiology, David Geffen School of Medicine, University of California, Los Angeles. † Research Coordinator, ‡ Physician’s Assistant,
Pain Management Center, Department of Anesthesiology, Hospital of the University of Pennsylvania, Philadelphia.
Received from the UCLA Pain and Spine Care, Department of Anesthesiology,
the David Geffen School of Medicine at UCLA, Los Angeles, California. Submitted
for publication November 24, 2004. Accepted for publication March 31, 2005.
Supported by a grant from Allergan Corporation, Irvine, California. Presented in
part at the Annual Meeting of the American Society of Anesthesiologists, Orlando,
Florida, October 12–16, 2002.
Address reprint requests to Dr. Ferrante: UCLA Pain and Spine Care, 1245 16th
Street, Suite 225, Santa Monica, California 90404. Address electronic mail to:
mferrante@mednet.ucla.edu. Individual article reprints may be purchased
through the Journal Web site, www.anesthesiology.org.

Anesthesiology, V 103, No 2, Aug 2005

377

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/103/2/377/359029/0000542-200508000-00021.pdf by guest on 19 January 2022

Background: Traditional strategies for myofascial pain relief
provide transient, incomplete, variable, or unpredictable outcomes. Botulinum toxin is itself an analgesic but can also cause
sustained muscular relaxation, thereby possibly affording even
greater relief than traditional therapies.
Methods: The study goal was to determine whether direct
injection of botulinum toxin type A (BoNT-A) into trigger points
was efficacious for cervicothoracic myofascial pain, and if so, to
determine the presence or absence of a dose–response relation.
One hundred thirty-two patients with cervical or shoulder myofascial pain or both and active trigger points were enrolled in a
12-week, randomized, double-blind, placebo-controlled trial.
After a 2-week washout period for all medications, patients
were injected with either saline or 10, 25, or 50 U BoNT-A into
up to five active trigger points. The maximum doses in each
experimental group were 0, 50, 125, and 250 U per patient,
respectively. Patients subsequently received myofascial release
physical therapy and amitriptyline, ibuprofen, and propoxyphene–acetaminophen napsylate. Follow-up visits occurred at
1, 2, 4, 6, 8, and 12 weeks. Outcome measures included visual
analog pain scores, pain threshold as measured by pressure
algometry, and rescue dose use of propoxyphene–acetaminophen napsylate.
Results: No significant differences occurred between placebo
and BoNT-A groups with respect to visual analog pain scores,
pressure algometry, and rescue medication.
Conclusions: Injection of BoNT-A directly into trigger points
did not improve cervicothoracic myofascial pain. The role of
direct injection of trigger points with BoNT-A is discussed in
comparison to other injection methodologies in the potential
genesis of pain relief.
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threshold, and patients completed the SF-36 before injection and at the previously mentioned follow-up interview time points. To repetitively perform algometry over
the same areas of skin, a single dot of methylene blue
was placed over each trigger point at the time of injection and at each follow-up interview. The sites of injection were also marked on anatomical charts. Triplicate
measurements (kg/cm2) were obtained for pressure algometry, and a mean threshold was determined for each
trigger point.
Statistical Analysis
Demographic data were compared using chi-square
analysis with Fisher exact test for nonparametric data
and Student t test and analysis of variance for parametric
data. The daily VAS scores and rescue medication use
were analyzed using the area under the curve of the
differences from baseline (also known as Sum of Pain
Intensity Differences). Analysis of variance was used to
compare the areas under the curves. Two separate intergroup analyses were performed. In the first, placebo was
compared to individual BoNT-A dosages. In the second
analysis, placebo was compared to the combined data
from all BoNT-A dosages. VAS scores obtained at weekly
intervals (1– 8 weeks) and week 12 were analyzed by
repeated-measures analysis of variance. Pressure threshold algometry was analyzed using repeated-measures
analysis of variance. SF-36 data over 12 weeks for each
subscale were analyzed using generalized estimation
equation regression models that adjusted for multiple
values per patient. The overall models contained age,
sex, day, day squared, baseline level, and BoNT-A dose as
independent variables. For each subscale of the SF-36,
three separate intergroup analyses were performed. In
the first, placebo was compared to all BoNT-A dosages.
In the second, placebo and 10 U were compared with 25
U and 50 U. In the third, placebo, 10 U, and 25 U were
compared with 50 U.
Unless otherwise indicated, the mean ⫾ SD was reported as the measure of central tendency for parametric
data. The median with range was reported as the measure of central tendency for ordinal data. A P value of
0.05 or less was chosen to indicate statistical significance.

Results
Demographic data for all dosage groups are presented
in table 1. There was no difference among the placebo
group and the three treatment groups at baseline with
respect to age, sex, history of work injury, number of
workers compensation cases, number of trigger points,
or VAS score.
The results of the VAS Sum of Pain Intensity Differences analysis (table 2), analysis of mean weekly VAS

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/103/2/377/359029/0000542-200508000-00021.pdf by guest on 19 January 2022

muscle on any one side of the body, or (3) more than
one trigger point in any other single surface muscle on
any one side of the body. Other exclusion criteria included (4) pregnancy, (5) age younger than 18 yr, and
(6) a history of intolerance to nonsteroidal antiinflammatory drugs.
Two weeks before injection, patients were weaned
from of all pain medications (nonsteroidal antiinflammatory drugs, antidepressants, muscle relaxants, and opioids). At the time of injection, patients were placed on a
controlled standardized tripartite pharmacologic regimen consisting of (1) 10 mg amitriptyline by mouth 2 h
before bedtime, increased to 25 mg by mouth 2 h before
bedtime after 1 week; subsequently, at 1-week intervals,
patients were sequentially increased to 50 mg, followed
by 75 mg over the ensuing 2 weeks. If side effects
occurred, patients were sequentially reduced to the next
lowest dose until side effects disappeared or became
tolerable. The regimen also included (2) 800 mg ibuprofen by mouth four times a day (without further titration)
and (3) 1 tablet propoxyphene–acetaminophen napsylate by mouth every 4 h as needed for rescue medication.
Patients simultaneously received this pharmacotherapeutic regimen and physical therapy focused on myofascial release techniques during the entire duration of the
study.
At time of injection using a 22-gauge needle, patients
received either placebo (saline) or 10, 25, or 50 U
BoNT-A into each trigger point in a particular patient in
a randomized, double-blind fashion. (A maximum of five
active trigger points were injected per patient. The maximum dose in each experimental group was 0, 50, 125,
and 250 U per patient, respectively.) Designation of a
trigger point as “active”14 signified reproduction of the
patient’s pain complaint upon palpation of the trigger
point and elimination of the pain with inactivation of the
trigger point by acupressure. A randomization table was
designed, and syringes for injection were prepared by an
individual who was not involved in the study. The total
volume of each injectate was controlled at 0.5 ml per
trigger point.
Outcome measures included (1) visual analog pain
scale (VAS) score “over the last 24 h,” (2) use of
propoxyphene–acetaminophen napsylate as rescue medication, (3) pain threshold as measured by pressure algometry,15–17 and (4) the 36-Item Short-Form Health
Survey (SF-36) as a quality-of-life measure.18,19 Patients
kept a daily log of VAS scores (first time point was before
injection) and use of rescue medication for the first 8
weeks of the study. Patients were asked to assess their
pain over the last 24 h using the VAS at the same time
each day. Logs were returned to investigators at follow-up interviews at 1, 2, 4, 6, 8, and 12 weeks after
injection. Patients completed another VAS assessing pain
over the last 24 h at the 12-week postinjection interview.
Pressure algometry was performed to determine pain
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Table 1. Baseline Demographic Data
Placebo (n ⫽ 35)

10 U/TP BoNT-A (n ⫽ 32)

25 U/TP BoNT-A (n ⫽ 34)

50 U/TP BoNT-A (n ⫽ 31)

45.3 ⫾ 10.1
15 (43)
7 (20)
6 (17)
4.5 ⫾ 0.8
59.7 ⫾ 24.4

43.3 ⫾ 10.9
13 (41)
9 (29)
8 (26)
4.4 ⫾ 0.9
58.5 ⫾ 21.8

46.6 ⫾ 15.1
13 (38)
6 (18)
3 (9)
4.4 ⫾ 1.1
63.2 ⫾ 24.3

46.5 ⫾ 12.2
11 (35)
9 (30)
7 (23)
4.3 ⫾ 0.9
67.8 ⫾ 19.2

Age, mean ⫾ SD
Male sex, n (%)
Work injury, n (%)
Workers compensation, n (%)
Number of TPs, mean ⫾ SD
VAS score, mean ⫾ SD
All analyses are not statistically significant.

BoNT-A ⫽ botulinum toxin type A; TP ⫽ trigger point; VAS ⫽ visual analog pain scale.

Discussion
The results of this study suggest that injection of
BoNT-A directly into trigger points does not improve
pain relief in patients with cervicothoracic myofascial
pain syndrome. No significant differences were found
between placebo and BoNT-A groups with respect to

pain, pain threshold, or use of rescue medication. Do the
findings of this study suggest a general lack of effectiveness of BoNT-A in the treatment of cervicothoracic myofascial pain or, rather, lack of efficacy with the methodology of direct trigger point injection?
It is almost intuitive for an anesthesiologist to consider
directly injecting BoNT-A into trigger points, given our
long-standing experience with trigger point injection of
local anesthetic with and without corticosteroid. Given
the neuromodulatory antinociceptive effects of BoNTA,8 direct injection of trigger points would seem appropriate because they are the area of most intense pain. It
has long been known that BoNT-A inhibits acetylcholine
release at the neuromuscular junction (see below) by
cleavage of the plasma membrane bound peptide, SNAP25, preventing vesicle-dependent neurotransmitter release.9,20 An identical mechanism for inhibition of vesicle-dependent neurotransmitter release has been
demonstrated for several neurotransmitters (substance
P, vasoactive intestinal polypeptide, calcitonin gene–
related peptide, glutamate).8,10,21,22 Therefore, injection
of BoNT-A into trigger points (as the area of most intense
pain) would seem mechanistically warranted to decrease
local neurotransmitter release, reduce neurogenic inflammation, and cause pain relief (direct analgesic effect). However, the results of this study suggest that
direct injection of BoNT-A into trigger points does not
improve pain in patients with cervicothoracic myofascial
pain syndrome.
As mentioned, BoNT-A can also cause sustained and

Table 2. VAS Sum of Changes from Baseline (SPID)
Baseline to

Day 0
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8

Placebo (n ⫽ 35)

10 U/TP BoNT-A (n ⫽ 32)

25 U/TP BoNT-A (n ⫽ 34)

50 U/TP BoNT-A (n ⫽ 31)

59.7 ⫾ 24.4
⫺17.1 ⫾ 146.1
⫺61.3 ⫾ 305.7
⫺107.3 ⫾ 472.0
⫺158.0 ⫾ 41.4
⫺208.4 ⫾ 826.3
⫺276.1 ⫾ 987.6
⫺335.8 ⫾ 1133.3
⫺403.8 ⫾ 1246.9

58.5 ⫾ 21.8
⫺18.8 ⫾ 151.5
⫺41.3 ⫾ 328.1
⫺71.4 ⫾ 517.4
⫺142.2 ⫾ 701.1
⫺244.3 ⫾ 904.1
⫺318.1 ⫾ 1106.1
⫺409.9 ⫾ 1301.6
⫺510.2 ⫾ 1482.3

63.2 ⫾ 24.3
⫺3.1 ⫾ 109.0
⫺4.3 ⫾ 243.1
⫺14.6 ⫾ 343.1
⫺53.6 ⫾ 466.1
⫺101.7 ⫾ 599.4
⫺202.2 ⫾ 723.8
⫺218.5 ⫾ 853.0
⫺256.5 ⫾ 991.2

67.8 ⫾ 19.2
⫺49.6 ⫾ 112.1
⫺93.2 ⫾ 238.5
⫺170.3 ⫾ 362.5
⫺274.8 ⫾ 487.2
⫺379.8 ⫾ 602.4
⫺506.2 ⫾ 709.5
⫺660.6 ⫾ 814.9
⫺767.9 ⫾ 924.9

Data are presented as mean ⫾ SD. All analyses are not statistically significant.
BoNT-A ⫽ botulinum toxin type A; SPID ⫽ sum of pain intensity differences; TP ⫽ trigger point; VAS ⫽ visual analog pain scale.
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scores (table 3), comparison of rescue dosing among
groups (table 4), and analysis of mean trigger point pain
threshold by algometry (table 5) revealed no difference
among the placebo group and the three treatment
groups for each of the respective outcome measures.
However, all four groups showed a time effect for each
of the respective outcome measures. All treatment
groups, including placebo, showed a significant improvement in VAS scores, use of rescue medication, and
trigger point pain threshold by algometry over the
course of the study (P ⬍ 0.001), with no observed
differences among treatment groups.
For the SF-36, BoNT-A–treated patients demonstrated
improvement in the Role Emotional subscale of the SF-36
as compared with placebo (P ⬍ 0.05). A trend toward
improvement was seen in the Vitality (P ⫽ 0.053) and
Social Functioning (P ⫽ 0.057) subscales. A dose–response effect was not demonstrated for any subscale.
Three patients who received BoNT-A experienced flulike symptoms that were transient and resolved during
the course of the study. No other adverse events occurred.
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Table 3. VAS Scores at Weekly Visits
Baseline to

Week
Week
Week
Week
Week
Week
Week
Week
Week
Week

0
1
2
3
4
5
6
7
8
12

Placebo (n ⫽ 35)

10 U/TP BoNT-A (n ⫽ 32)

25 U/TP BoNT-A (n ⫽ 34)

50 U/TP BoNT-A (n ⫽ 31)

59.7 ⫾ 24.4
56.5 ⫾ 28.0
50.2 ⫾ 29.2
47.8 ⫾ 25.8
46.1 ⫾ 28.9
50.9 ⫾ 30.1
48.7 ⫾ 29.2
51.8 ⫾ 28.2
47.9 ⫾ 29.7
49.3 ⫾ 33.1

58.5 ⫾ 21.8
54.4 ⫾ 28.4
54.6 ⫾ 25.0
55.1 ⫾ 27.6
48.2 ⫾ 29.4
48.3 ⫾ 28.8
49.5 ⫾ 33.0
44.9 ⫾ 31.2
43.9 ⫾ 30.2
52.2 ⫾ 31.4

63.2 ⫾ 24.3
63.2 ⫾ 22.7
65.1 ⫾ 25.0
57.4 ⫾ 25.0
55.9 ⫾ 26.5
57.4 ⫾ 23.8
52.9 ⫾ 24.9
54.1 ⫾ 28.8
48.9 ⫾ 28.8
50.2 ⫾ 23.9

67.8 ⫾ 19.2
63.9 ⫾ 21.6
62.1 ⫾ 22.4
58.0 ⫾ 21.1
55.7 ⫾ 22.7
49.4 ⫾ 25.4
46.4 ⫾ 27.8
58.1 ⫾ 21.7
52.3 ⫾ 27.7
51.0 ⫾ 25.8

BoNT-A ⫽ botulinum toxin type A; TP ⫽ trigger point; VAS ⫽ visual analog pain scale.

prolonged muscle relaxation by inhibition of acetylcholine release at the neuromuscular junction.9 A hypothesized primary dysfunction in the causation of trigger
points and myofascial pain syndrome is an increased
release of acetylcholine from the neuromuscular junction after chronic overload or stretching of muscle.2,23
According to this hypothesis, trigger points are located
exclusively in the motor endplate zone. Chronic
postjunctional membrane depolarization could cause
continuous release and inadequate uptake of calcium
ions from the sarcoplasmic reticulum, resulting in continuous sarcomere contraction and increasing demand
for energy. At the same time, sustained muscle fiber
contraction would lead to local ischemia via compression of blood vessels and reduced nutrition, oxygenation, and fatigue. This would result in nociceptor sensitization via the process of neurogenic inflammation
and subsequent release of excitatory amino acids and
neuropeptides, causing more acetylcholine release and a
vicious cycle (the integrated trigger point hypothesis).2,23 Development of postural abnormalities perpetuates dysfunction and pain. BoNT-A causes inhibition of
acetylcholine release at the neuromuscular junction, resulting in sustained muscle relaxation9 and potential
reversal of the aberrant pathophysiology. However, the
results of this study suggest that direct injection of
BoNT-A into trigger points does not improve pain in
patients with cervicothoracic myofascial pain syndrome.
Evidence suggests that BoNT-A can potentially gener-

ate pain reduction by other processes besides chemodenervation. BoNT-A may reduce afferent nociceptive
transmission to the central nervous system by normalization of sensitized neuromuscular spindle activity.24
Other studies demonstrate retrograde uptake of BoNT-A
into the central nervous system via axonal transport
after intramuscular injection,25 suggesting the potential
for a direct central effect.
Given this theoretical framework for the potential analgesic effects of BoNT-A, we could infer that BoNT-A
would be effective therapy for any painful condition
dependent on relaxation. The results of previous studies
are conflicting with respect to the efficacy of direct
injection of BoNT-A into trigger points in the treatment
of cervicothoracic myofascial pain. Early studies examining the role of direct trigger point injection with
BoNT-A for cervicothoracic myofascial pain involved too
small a number of patients to be deemed more than
probes (n ⫽ 6 and n ⫽ 2, respectively).26,27 Alo et al. 28
performed an uncontrolled, open-label study that suggested efficacy for bolus injection. Freund and
Schwartz29 performed a double-blind, randomized, placebo-controlled trial of direct trigger point injection in
patients with chronic whiplash injuries, showing reduction in pain and improved cervical range of motion.
Wheeler et al. 7,30 performed two double-blind, randomized, placebo-controlled trials of direct trigger point injection without positive results after a single injection
session. Lang6 performed an uncontrolled, open-label

Table 4. Total Propoxyphene–Acetaminophen Napsylate Rescue Use

Week
Week
Week
Week
Week
Week
Week
Week

1
2
3
4
5
6
7
8

Placebo (n ⫽ 35)

10 U/TP BoNT-A (n ⫽ 32)

25 U/TP BoNT-A (n ⫽ 34)

50 U/TP BoNT-A (n ⫽ 31)

9.52 ⫾ 12.4
16.8 ⫾ 25.2
27.7 ⫾ 38.8
38.8 ⫾ 52.4
49.9 ⫾ 66.5
58.6 ⫾ 80.0
67.9 ⫾ 94.6
78.5 ⫾ 108.7

6.6 ⫾ 11.1
13.7 ⫾ 20.7
18.2 ⫾ 27.3
24.6 ⫾ 36.3
29.8 ⫾ 45.9
32.0 ⫾ 54.4
36.3 ⫾ 62.7
43.9 ⫾ 74.1

9.4 ⫾ 12.8
18.9 ⫾ 24.1
27.7 ⫾ 36.2
37.7 ⫾ 50.2
40.7 ⫾ 55.7
50.9 ⫾ 69.7
59.0 ⫾ 82.7
66.8 ⫾ 94.7

11.3 ⫾ 12.9
23.7 ⫾ 26.0
33.3 ⫾ 35.3
42.0 ⫾ 43.4
46.6 ⫾ 46.8
56.6 ⫾ 57.0
67.0 ⫾ 67.9
77.0 ⫾ 78.5

Data are presented as mean number of pills ingested per group ⫾ SD. All analyses are not statistically significant.
BoNT-A ⫽ botulinum toxin type A; TP ⫽ trigger point.
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Data are presented as mean ⫾ SD. Analysis of variance (repeated measures): dosage effect: P ⫽ 0.86; time effect: P ⬍ 0.001; dose ⫻ time effect: P ⫽ 0.87.
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Table 5. Trigger Point Pain Threshold by Pressure Algometry

Week
Week
Week
Week
Week
Week
Week
Week

0
1
2
3
4
6
8
12

Placebo (n ⫽ 35)

10 U/TP BoNT-A (n ⫽ 32)

25 U/TP BoNT-A (n ⫽ 34)

50 U/TP BoNT-A (n ⫽ 31)

4.4 ⫾ 1.6
5.3 ⫾ 2.3
5.4 ⫾ 2.0
5.7 ⫾ 2.4
5.9 ⫾ 2.7
5.9 ⫾ 2.7
5.8 ⫾ 2.3
6.8 ⫾ 3.4

4.2 ⫾ 1.4
4.4 ⫾ 1.8
4.6 ⫾ 2.0
5.1 ⫾ 2.8
5.4 ⫾ 2.6
5.0 ⫾ 1.9
5.4 ⫾ 2.9
5.3 ⫾ 3.1

4.1 ⫾ 1.7
4.1 ⫾ 2.1
4.4 ⫾ 2.6
4.7 ⫾ 2.7
4.9 ⫾ 2.3
5.2 ⫾ 2.2
5.2 ⫾ 2.0
5.7 ⫾ 2.6

4.2 ⫾ 1.6
4.2 ⫾ 1.6
4.5 ⫾ 1.6
4.6 ⫾ 1.8
5.1 ⫾ 1.8
6.0 ⫾ 3.6
6.5 ⫾ 3.9
6.3 ⫾ 3.8

BoNT-A ⫽ botulinum toxin type A; TP ⫽ trigger point.

study using grid-pattern midbelly injection of BoNT-A
(rather than direct trigger point injection) with positive
therapeutic effects. The results of the present study
suggest that injection of BoNT-A into trigger points does
not improve pain in patients with cervicothoracic myofascial pain syndrome who simultaneously receive physical therapy and pharmacotherapy.
Let us examine the potential role of injection methodology in explaining these disparate results. There are
several potential injection techniques for administration
of BoNT-A besides trigger point injection. (1) Given the
chemodenervation effect of BoNT-A, injections could be
electromyographically directed toward the motor end
plate zone, because this is the only part of the muscle
containing motor nerve terminals.31,32 (2) Compartment
technique is an intramuscular bolus anywhere within the
body of the muscle. It is usually reserved for deep muscles that are difficult to localize (e.g., psoas, piriformis),
requires imaging, and relies on diffusion of BoNT-A to
produce relaxation.28,33 (3) Multiple injection sites
within single muscles have also been used to enhance
spread and facilitate relaxation.34 There is some evidence that multiple injection techniques within a single
muscle are superior to single injection with respect to
pain in cervical dystonia.34 (4) In an open-label study,
BoNT-A has been injected in a grid-like fashion (without
electromyography) throughout the midbelly of affected
muscles rather than exclusively at trigger points.6 Mechanistically, midbelly injection could also yield superior
chemodenervation and relaxation.
BoNT-A may be conceptualized as producing chemodenervation within a “sphere” of diffusion, because
toxin diffuses in all directions from an injection site.35
The size of the “sphere” of chemodenervation is determined by the pharmacologic parameters of dose and
volume.31 Ideally, BoNT-A should be directed toward the
motor endplate zone to produce optimal chemodenervation at the neuromuscular junction. Unfortunately,
these zones are not known for most muscles (including
the cervicothoracic musculature). In an experimental
model using the rat tibialis anterior muscle, injection of
BoNT-A at a distance of 0.5 cm from the motor endplate
Anesthesiology, V 103, No 2, Aug 2005

zone resulted in a 50% decrease in paralysis.31 Therefore,
location of injection may be important in the efficacy of
BoNT-A, but compensation could be obtained by adjustment of dose or volume of injectate or both. Inexact
knowledge of motor endplate zones could be compensated by midbelly injection, given that extrafusal muscle
fibers are generally innervated in a circumscribed area at
their midbelly.36
Again, it is almost intuitive for an anesthesiologist to
consider directly injecting BoNT-A into trigger points,
which is why we chose this injection methodology.
However, dogmatic injection of trigger points without
analysis of the postural relations of the cervicothoracic
musculature may ignore biomechanical functional relations (table 6 and fig. 1). For example, if the splenius
capitis and semispinalis capitis (neck extensors) were
weakened by BoNT-A in a patient with the postural
abnormality of propulsion (fig. 1), the scalenes, pectoral
muscles, and sternocleidomastoid muscles could flex the
neck further. Weakening neck flexors without simultaneously weakening neck extensors in a patient with
propulsion could enhance the postural abnormality and
perhaps actually increase pain. The postural abnormality
of propulsion is common in patients with cervicothoracic myofascial pain. This study chose to purposefully
ignore the presence of postural abnormalities and the
functional relations of the cervicothoracic musculature,
recapitulating the injection methodology of trigger
points with local anesthetic. To date, no study of the use
Table 6. Function of Cervicothoracic Muscles
Shoulder elevation
Head rotation
Neck flexion

Neck extension

Head tilt

Levator scapulae
Trapezius
Splenius capitis and cervicis
Sternocleidomastoid
Scalenes
Pectoralis minor and major
Sternocleidomastoid
Splenius capitis and cervicis
Semispinalis capitis
Trapezius
Scalenes
Sternocleidomastoid

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/103/2/377/359029/0000542-200508000-00021.pdf by guest on 19 January 2022

Data are presented as mean (kg/cm2) ⫾ SD. Analysis of variance (repeated measures): dosage effect: P ⫽ 0.61; time effect: P ⬍ 0.001; dose ⫻ time effect:
P ⫽ 0.61.

FERRANTE ET AL.

382

The authors thank Amy Lang, M.D. (Volunteer Assistant Professor, Department
of Rehabilitation Medicine, Emory University School of Medicine and Hospitals,
Lawrenceville, Georgia), for providing the figure of a patient with propulsion.

References

Fig. 1. This patient exhibits the postural abnormality of propulsion with shortened cervical paraspinal muscles, elevated and
shortened upper trapezius and levator scapulae muscles, and
internal rotation of the shoulder girdles (rounding).

of BoNT-A in myofascial pain has cataloged, examined,
or accounted for the presence or absence of postural
abnormalities with respect to the methodology of injection.6,7,26 –30
Long-term benefits from traditional therapies for myofascial pain are transient, variable, often incomplete, or
nonexistent.3–7 However, unlike the current study, no
previous study of BoNT-A in myofascial pain has controlled for the concomitant use of both pharmacotherapy and physical therapy.6,7,26 –30 Lack of control of
pharmacotherapy and physical therapy confounds the
interpretation of the results of previous studies. There
was a clear time effect on all outcome variables independent of treatment groups (no significant dose ⫻ time
effect interaction) in the current study, suggesting that
the simultaneous use of pharmacotherapy and physical
therapy was able to bring some relief. It should be noted
that although there is some evidence that the modalities
Anesthesiology, V 103, No 2, Aug 2005

1. Simons DG, Travell JG, Simons LS: Myofascial Pain and Dysfunction: The
Trigger Point Manual. Upper Half of Body, vol 1, 2nd edition. Baltimore, Williams
& Wilkins, 1999, pp 11–93
2. Borg-Stein J, Simons DG: Focused review: Myofascial pain. Arch Phys Med
Rehabil 2002; 83 (suppl 1):S40–7
3. Aker PD, Gross AR, Goldsmith CH, Peloso P: Conservative management of
chronic neck pain: Systematic overview and meta-analysis. BMJ 1996; 313:
1291–6
4. Hoving JL, Gross AR, Gasner D, Kay T, Kennedy C, Hondras MA, Haines T,
Bouter LM: A critical appraisal of review articles on the effectiveness of conservative treatment for neck pain. Spine 2001; 26:196–205
5. Gross AR, Aker PD, Goldsmith CH, Peloso P: Physical medicine modalities
for mechanical neck disorders. Cochrane Database Syst Rev 2000; (2):CD000961
6. Lang AM: A pilot study of Botulinum toxin type A (Botox®), administered
using a novel injection technique, for the treatment of myofascial pain. Am J Pain
Manage 2000; 10:108–12
7. Wheeler AH, Goolkasian P, Gretz SS: A randomized, double-blind, prospective pilot study of botulinum toxin injection for refractory, unilateral, cervicothoracic, paraspinal, myofascial pain syndrome. Spine 1998; 23:1662–7
8. Cui M, Khanijou S, Rubino J, Aoki KR: Subcutaneous administration of
botulinum toxin A reduces formalin-induced pain. Pain 2004; 107:125–33
9. Jankovic J, Brin MF: Therapeutic uses of botulinum toxin. N Engl J Med
1991; 324:1186–94
10. Borodic GE, Acquadro M, Johnson EA: Botulinum toxin therapy for pain
and inflammatory disorders: Mechanisms and therapeutic effects. Expert Opin
Investig Drugs 2001; 10:1531–44
11. Brashear A, Gordon MF, Elovic E, Kassicieh VD, Marciniak C, Do M, Lee
CH, Jenkins S, Turkel C: Botox Post-Stroke Spasticity Study Group: Intramuscular
injection of botulinum toxin for the treatment of wrist and finger spasticity after
a stroke. N Engl J Med 2002; 347:395–400
12. Greene P, Kang U, Fahn S, Brin M, Moskowitz C, Flaster E: Double-blind,
placebo-controlled trial of botulinum toxin injections for the treatment of spasmodic torticollis. Neurology 1990; 40:1213–8
13. Jankovic J, Schwartz K: Botulinum toxin injections for cervical dystonia.
Neurology 1990; 40:277–80

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/103/2/377/359029/0000542-200508000-00021.pdf by guest on 19 January 2022

used during physical therapy may be efficacious in treating cervicothoracic myofascial pain,3–5 there is no evidence that amitriptyline or other antidepressants are
effective.37 It should also be noted that supplementation
of “standard” pharmacotherapy and physical therapy by
injection of BoNT-A provided no additional benefit in the
current study. The use of BoNT-A in myofascial pain
would not be clinically advantageous if this and future
studies were unable to demonstrate a clear superiority
over conventional therapies.
Despite the lack of a difference in pain relief between
placebo and BoNT-A groups, BoNT-A–treated patients
demonstrated improvement or a trend toward improvement in three subscales of the SF-36 as compared with
placebo. The rationale for improved health-related quality-of-life scores without improvement in pain relief in
the current study is obscure and may simply represent
type I error.
In conclusion, this study suggests that injection of
BoNT-A directly into trigger points does not improve
pain relief in patients with cervicothoracic myofascial
pain syndrome. Future studies should carefully address
the effects of dosing, volume, postural abnormalities,
choice of muscles to inject, injection site, and injection
technique in the use of BoNT-A for cervicothoracic myofascial pain syndrome.

TRIGGER POINT INJECTIONS WITH BoNT-A

Anesthesiology, V 103, No 2, Aug 2005

toxin: Pharmacokinetics in cats after intramuscular injection. Naunyn-Schmiedeberg’s Arch Pharmacol 1976; 292:161–5
26. Cheshire WP, Abashian SW, Mann JD: Botulinum toxin in the treatment of
myofascial pain syndrome. Pain 1994; 59:65–9
27. Acquadro MA, Borodic GE: Treatment of myofascial pain with botulinum
A toxin. ANESTHESIOLOGY 1994; 80:705–6
28. Alo KM, Yland MJ, Kramer DL, Charnov JH, Redko V: Botulinum toxin in
the treatment of myofascial pain. Pain Clinic 1997; 10:107–16
29. Freund BJ, Schwartz M: Treatment of whiplash associated neck pain with
botulinum toxin-A: A pilot study. J Rheumatol 2000; 27:481–4
30. Wheeler AH, Goolkasian P, Gretz SS: Botulinum toxin A for the treatment
of chronic neck pain. Pain 2001; 94:255–60
31. Shaari CM, Sanders I: Quantifying how location and dose of botulinum
toxin injections affect muscle paralysis. Muscle Nerve 1993; 16:964–9
32. Childers MK, Kornegay JN, Aoki R, Otaviani L, Bogan DJ, Petroski G:
Evaluating motor end-plate-targeted injections of botulinum toxin type A in a
canine model. Muscle Nerve 1998; 21:653–5
33. Porta M: A comparative trial of botulinum toxin type A and methylprednisolone for the treatment of myofascial pain syndrome and pain from chronic
muscle spasm. Pain 2000; 85:101–5
34. Borodic GE, Pearce LB, Smith K, Joseph M: Botulinum A toxin for spasmodic torticollis: Multiple vs single injection points per muscle. Head Neck 1992;
14:33–7
35. Borodic GE, Joseph M, Fay L, Cozzolino D, Ferrante RJ: Botulinum A toxin
for the treatment of spasmodic torticollis: Dysphagia and regional toxin spread.
Head Neck 1990; 12:392–9
36. Coers C: Structural organization of motor nerve endings in mammalian muscle spindles and other striated muscle fibers. Am J Phys Rehabil 1959; 38:166–75
37. Cohen SP, Mullings R, Abdi S: The pharmacologic treatment of muscle
pain. ANESTHESIOLOGY 2004; 101:495–526

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/103/2/377/359029/0000542-200508000-00021.pdf by guest on 19 January 2022

14. Simons DG: Muscular pain syndromes, Advances in Pain Research and
Therapy, vol 17. Edited by Fricton JR, Awad E. New York, Raven Press, 1990, pp
1–41
15. Fischer AA: Pressure algometry over normal muscles: Standard values,
validity and reproducibility of pressure threshold. Pain 1987; 30:115–26
16. Fischer AA: Documentation of myofascial trigger points. Arch Phys Med
Rehabil 1988; 69:286–91
17. Reeves JL, Jaeger B, Graff-Radford SB: Reliability of the pressure algometer
as a measure of myofascial trigger point sensitivity. Pain 1986; 24:313–21
18. Ware Jr, JE Sherbourne CD: The MOS 36-Item Short-Form Health Survey
(SF-36): I. Conceptual framework and item selection. Med Care 1992; 30:473–83
19. McHorney CA, Ware Jr, JE Raczek AE: The MOS 36-Item Short-Form Health
Survey (SF-36): II. Psychometric and clinical test of validity in measuring physical
and mental health constructs. Med Care 1993; 31:247–63
20. Montecucco C, Schiavo G: Structure and function of tetanus and botulinum neurotoxins. Q Rev Biophys 1995; 28:423–72
21. Humm AM, Pabst C, Lauterburg T, Burgunder JM: Enkephalin and aFGF are
differentially regulated in rat spinal motoneurons after chemodenervation with
Botulinum toxin. Exp Neurol 2000; 161:361–72
22. Puffer EB, Lomneth RB, Sarkar HK, Singh BR: Differential roles of developmentally distinct SNAP-25 isoforms in the neurotransmitter release process.
Biochemistry 2001; 40:9374–8
23. Simons DG, Travell JG, Simons LS: Myofascial Pain and Dysfunction: The
Trigger Point Manual. Upper Half of Body, vol 1, 2nd edition. Baltimore, Williams
& Wilkins, 1999, pp 69–78
24. Rosales RL, Arimura K, Takenaga S, Osame M: Extrafusal and intrafusal
muscle effects in experimental botulinum toxin-A injection. Muscle Nerve 1996;
19:488–96
25. Wiegand H, Erdmann G, Wellhoner HH: 125I-labelled botulinum A neuro-

383

