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Pain and tenderness at trigger points and referral sites may he mod-
ified in subjects with myofascial pain in the head and neck region
hy injecting local anesthetic into active trigger points, but the effect
of injection on jaw muscle pain-pressure thresholds has not heen
measured. The mechanism by which trigger-point injection affects
muscle tenderness is also unclear and may be related to the "hyper-
stimulation analgesia" induced hy stimulation of an acupuncture
point. A pressure algometer was used before and after an active
trigger point injection in the masseter to measure the pain-pressure
threshold in the masseter and temporal muscles of 10 subjects with
jaw muscle pain of myogenous origin. The pain-pressure threshold
in the masseter and temporal muscles was also measured in a
matched control group before and after an acupuncture-point injec-
tion in the masseter. The pain-pressure threshold was significantly
lower in myofascial pain subjects than in control subjects at all
recording sites. Pain-pressure thresholds increased minimally in the
masseter after trigger-point injection, whereas the temporal region
was relatively unaffected. In the control group, the pain-pressure
threshold increased significantly at all recording sites in the mas-
seter after acupuncture-point injection. Although local anesthetic
injection acts peripherally at the painful site and centrally where
pain is sustained, pain-pressure thresholds were not dramatically
increased in myofascial pain subjects, in contrast to controls. This
suggests that in subjects with myofascial pain, there was continued
excitability in peripheral tissues and/or central neural areas which
may have contrihuted to the persistence of jaw muscle tenderness.
J OROFACIAL PAIN 1994;8:384-390.

J
aw muscle tenderness ¡s a common clinical finding in patients
with craniomandibuiar dysfunction.'•' in cases of myofascial
pain, focal areas of muscle tenderness, coined "trigger points"
(TPs), have been observed clinically in the masseter and tempo-

ral muscles; referred pain associated with active TPs has been
mapped to more distant anatomic sires in the craniofacial region.^''
Although TPs are palpable as hyperalgesic spots within the muscle,
no specific hisropathologic, biochemical, or electrophysiologic phe-
nomena have been attributed to them. However, trauma to deep
craniofacial tissues appears to be the most likely cause.*'

Diminished pain and tenderness at TPs and referral sites have
resulted irom injection of local anesthetic (LA) into active TPs,
although the reduction in tenderness has not been quantified.' The
mechanism by which LA injection reduces symptoms at referral
sites is also unclear. When LA is injected diagnostically, the block-
ing effect is presumed to occur at the injection site; however, LA
injected peripherally may reach the centrai nervous system (CNS),
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particularly when no vasoconstrictor is used.'' For
example, Rowbotham and Fields'" have described
pain relief following intramuscular injections in
body regions not anatomically associated with the
painful area.

The distribution of TPs correlates spatially with
acupuncture points in the limbs and jaws."
Stimulation of these sites produces gradients of
analgesia."'" Thus it seems possible that LA injec-
tion of an acupuncture point in a normal jaw mus-
cle may also generally affect somatosensory thresh-
olds in the jaw muscles because of the LA effect on
the CNS or the counteritritation effect of the
needle itself,'"

Measurement of the pain-pressure threshold
(PPT) with a pressure algometer is commonly used
to quantify TP sensitivity io the jaw muscles.'"'
When variables such as the rare of applied pressure,
the size of the algometer recording tip, and the
degree of muscle contraction are controlled, the
recording technique is sensitive and rehable,'"'*'"

Tbe LA injection of TPs in painful jaw muscles
appears to affect the PPT locally and at more dis-
tant sites in the jaws.' Therefore, for this study,
PPTs were measured in different regions of the
masseter and temporal muscles before and after
the injection of TPs in painful muscles and
acupuncture points in normal muscles. The
authors postulated that thresholds would increase
in painful and normal muscles as a consequence of
LA injection aod that a similar mechanism may be
involved.

Materials and Methods

Twenty female subjects aged 21 to 54 years par-
ticipated io tbe study. Subjects were matched for
gender and age because PPTs in cranicfacial mus-
cles are affected by these variables," Ten suhjects
were recruited from patients referred to the
TMJ/facial pain clinic at the University Hospital,
Vancouver, BC, for the diagnosis and management
of temporomandibular disorders and craniofacial
pain. The subjects were classified as having cra-
oiofacial pain of myogenous origin. Diagnostic
criteria for subject selection was based on the
International Headache Society's Classification of
myofascial pain," namely continuous, dull pain in
one or more jaw muscles, localized tenderness m
firm bands of muscle, and palpation of specific
tender areas ("active" TPs) that lead to changes in
patterns of pain referral. There was no radiograph-
ie evidence of TMJ pathosis io the subjects with
muscle pain.

The other 10 "control" subjects were dental
hygiene students who had complete natural denti-
tions and reported no history of jaw dysfunction,

PPT Recording

Each subject was seated in an upright position in a
dental chair. The masseter muscle was palpated to
determine the anterior and posterior limits of its
superficial part. The central point of site Ml was
located 10 mm posterior to the anterior horder of
the muscle and 10 mm superior to the inferior bor-
der of the mandible. Site M3 was located 10 mm
posterior to the anterior border of the muscle and
10 mm inferior to tbe lowest point on the zygo-
matic buttress. Site M2 was located 10 mm poste-
rior ro the anterior border of the muscle, equidis-
tant from sites Ml and M3, Site M4 was located
10 mm anterior to the posterior border of the mus-
cle, equidistant from sites M2 and M3. Site M5
was located 10 mm anterior to the posterior bor-
der of the muscle, equidistant from sites Ml and
M2(Figl).

The anterior temporal muscle was palpated to
determine its anterior border. Site Tl was located
10 mm posterior to tbe anterior border of the mus-
cle and 10 mm superior to the highest point on the
zygomatic buttress. Site T2 was located 10 mm
posterior to the anterior border of rhe muscle and
15 mm superior to the ceotral point of site Tl, Site
T3 was 15 mm superior to site T2, Site T4 was
located 10 mm superior to the highest point on the
zygomatic buttress and 15 mm posterior to Tl.
Site T5 was located 15 mm posterior to site T4

(Fig !)•
A pressure algometer with a recording tip

10 mm in diameter (Model PTH-AF2, Pain
Diagnostics and Thermography Corp, Great Neck,
NY) was used to measure PPTs, The instrument
has been described by Reeves et al,"* Before data
were collected, tbe operatot was calibrated using a
stopwatch to ensure that a controlled rate of pres-
sure (0.5 kg/cm2/s) was applied perpendicular to
the skin overlying the recording sites,'"

The PPT was determined as the point at which
the pressure stimulus applied to the skin changed
from a sensation of pressure to pain." Each subject
was asked to raise her right hand when the pres-
sure applied to the recording site changed from a
sensation of pressure to pain. Then the algometer
was removed from the recording site.

The experiment took place in a dental office
with only the operator and subject present to
minimize distraction from extraneous sources.
The subject sat upright in a dental cbair witb her
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Fig 1 The location of PPT measurement sites in the
right masserer (Ml to M5) and temporal (Tl to T5)
muscles.

arms resting on her lap. The subject fixed her
attention on the test stimulus (algometer),
because a change in attention has been shown to
modulate cutaneous sensitivity.^' Pain-pressure
thresholds were measured in the right masseter
and temporal muscles of control subjects. In
myofascia! pain subjects, PPTs were measured in
the masseter and temporal muscles on the side
associated with an active TP. Two PPT measure-
ments were made at each recording site. During
PPT measurement, the operator used his or her
hand to exert counterpressure on the contralater-
al side of the subject's head.

The order of measurement of PPT recording
sites was randomized." During a rest period of at
least 30 seconds between each measurement, the
subject relaxed her jaw. All sites were measured
with the subject clenching lightly in the intercuspal
position (approximately 107o maximum voluntary
contraction) because variations in motor activity
can affect sensory thresholds.''-^'

Local Anesthesia

In normal subjects, the acupuncture p- -• "So
(Jiache) was located in the right masseti-r Using
anatomic landmarks, the surface marking of the
point was located on the skin, 15 mm anterior and
superior to the angle of the mandible. The location
of the point was then confirmed using an acupunc-
ture point locator (Model 4, Joanco Medical
Electronics, North Vancouver, BC).

In subjects with myofascial pain, the masseter
muscles were palpated to locate an active TP. The
spot was determined on the basis of local and
referred symptoms intensifying on firm palpation.*
Its location was marked on the skin overlying the
muscle.

After baseline PPT measurements of both con-
trol and pain subjects, 0.5 mL of procame (1%)
LA without vasoconstrictor was injected percuta-
neously into the designated acupuncture point of
control subjects by means of a 25-gauge hypoder-
mic needle and disposable syringe. In the myofas-
cial pain subjects, the active TP was injected using
the same protocol. In both groups, the PPT mea-
surement procedure was repeated after 4 minutes.

Data Analysis

Mean PPTs obtained from the two stimulus trials at
each recording site, before and after injection, were
used for data analysis. A four-factor analysis of
variance (ANOVA) was used to compare PPTs from
both masseter and temporal muscles before and
after injection of LA in an acupuncture or active
trigger point. A two-factor ANOVA was then used
to compare PPTs by region in eacb muscle before
and after injection of LA in an acupuncture point or
active TP. An independent two-sample í test was
used to compare PPTs in control and myofascial
pain subjects prior to injections. A 5% level of sig-
nificance was used for all tests. Using confidence
intervals, PPT data from control subjects (before
injection) were calculated to permit pairwise region-
al comparisons of PPTs (confidence limits, 95%).

Results

In control subjects, there were regional differences
in PPTs in both muscles (P < .0001). Before injec-
tion, pairwise regional comparisons revealed that
thresholds at recording areas Ml, M2, and M3;
M4 and M5; and T2, T4, and T5 were similar.
The magnitude of the PPT measured at each
recording site increased after injection of LA in the

386 Volume 8. Number 4, 1994



McMillan

Fig 2 Location of TP injection sites ¡n = 10) in the
masseter muscles of myofasciai pain subjects.

acupuncture point, and there were statistically sig-
nificant differences at all recording sites in the
masseter {P < .001), Thresholds in the temporal
region were consistently higher rhan in the mas-
serer muscle before and after injection (P < ,0001].
Mean PPT values (kg) measured at recording sites
in the right masseter and temporal muscles of con-
trol subjects, before and after injection of LA in
acupuncture point S6, are shown in Table 1,

PPTs were significantly lower in myofascial pain
subjects than controls at all recording sites (P < .0001),
The magnitude of the PPT measured at each
recording site in the masseter increased slightly
after LA injection in the TP. However, in the tem-
poral region only the PPT at site T4 Increased,
There were statistically significant differences
hetween PPTs before and after injection at sites
M2 and M3 {,05 >P> .01). PPT data from right
and left masseter and temporal muscles in myofas-
cial pain subjects, before and after injection of LA
in TPs, are shown in Table 2, Data from right and
left sides were pooled because PPTs obtained bilat-
erally in the jaws have been shown to be corre-
lated," The distriburion of TP injection sites in the
masseter are depicted in Fig 2.

Discussion

PPTs in Painful Muscles

Measurement of the PPT is used as an adjunct in
the diagnosis of myogenic pain and to assess the
effectiveness of clinical treatments such as passive
muscie stretch and intramuscular injections.'' In
the present study, the PPTs in subjects wirh muscle
pain were markedly lower than those in normal

Table 1 Pain-Pressure Threshold (PPT, mean ± 1
SD) m the Right iVIasseter (M) and Temporal (T)
Muscles of Control Subjects (n = 10) Before and
After Acupimcture-Point Injection

Recurding
site

M l

U 2
M3
M4

rvi5

Tl

T2
T3
T4
T5

Before

1,8 ± 0 4
1.7 ± 0.4
1.8 ± 0.4
2 1 + 0 5
2,1 ± 0.5

2,5 ±0.5
2 8 ± 0.6
3.2 ± 0.7
2.7 ±0.4
29 + 05

PPT (kg)

After

2,2 ±0,3 '
2.1 ±0,4'
2,2 ± 0.5'
2.5 ±0 5'
2.7 ±04*

2.6 ± 0.4
2.9 ±0.5
3.5 ±0,8
2.9 ± 0.4
3 1 ± 0.6

l lest. ANOVA, P < .001.

Table 2 Pain-Pressure Threshold (PPT, mean ± 1
SD) in Masseter (M) and Temporal (T) Muscles of
Myofascial Pain Subjects Before and After Trigger-
Point (TP) Injection

Recording
site

Ml
M2
M3
M4
M5

Tl
T3
T3
T4
T5

Before

0,5 ± 0,2
0.4 ±0,1
0.5 ± 0.2
0.5 ±0.2
0.6 ± 0 2

0,7 ± 0,2
O.S ± 0,4
0 8 = 0.2
07 ± 0 3
0.8 ± 0 3

PPT (kg)

After

0.6 + 0.2
0 5 ± 0.2'
0.6 ±0 3 '
0 7 ± 0,4
0.7 ± 0,3

0,7 ±0,3
0,8 ± 0.3
O 7 ± O 3
o a ±0.3
08 ±0.4

'Stalistical lesf ANOVA. 05 > P> .01

jaw muscles, Ohrbach and Gale"" and Reeves et al'"
have described similar findings in subjects with
myofascial pain affecting the jaws. The reason for
the decrease in pain threshold is still unclear, but
when muscles suffer mechanical or chemical trau-
ma, pressure stimuli of innocuous intensity applied
over the affected site result in muscle pain.*-'"' The
hyperalgesia is thought to be a consequence of sen-
sitization of muscle nociceptors and other low-
threshold mechanoreceptive endings so rhat weak
stimuli elicit pam. The sensitization is most likely
due ro the release of endogenous substances, such
as prostaglandin H2 and hradykinin, from dam-
aged tissue. This release lowers the mechanical
threshold of nociceptivc endings into the innocu-
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Otis range.'' Any increase in tnput from peripheral
tissues SLich as tnuscles appears to increase the
excitability of trigeminal and spinal nociccptive
neurons."-' These netirons respond to both deep
and cutaneous afferent input. Hu et al' have
observed that stimulation of rat muscle afférents
by the small-fiber irritant mustard oil appears to
facilitate cutaneous afferent input ro nociccptive
brain stem neurons. It also causes an expansion of
cutaneous mechanoreceptive fields with the poten-
tial effect that a stimulus applied to a hyperalgesic
area is likely to result in greater afferent input to
the hrain stem than a comparable stimulus applied
to a normal area. This mechanism may account, at
least in part, for the tenderness and pam referral
patterns that were associated with the myofascial
pain subject group in the present study.

the combined activation of low-threshold iirimary
afférents and small-diameter nociceptive primary
afférents, which provide a type of counterirritatton
and thus inhibit the central transmission of noci-
ceptive information (reviewed in Bushneil et aP).
Buíihnell et al'" have shown that the pain threshold
can be altered significantiy in musculoskeletal tis-
sues by acupuncturelike transcutaneous electrical
nerve stimulation. It is also possible that the LA
injection had a nonspecific pain-teducing effect
because of its peripheral and central effects on sen-
sory-discriminative pathways."• '̂•"

The location of active TPs in the masseter did
not appear to be closely correlated with the dis-
position of known acupuncture points; however,
the sample size was small compared with previous
studies."•'-

Effect of LA on PPTs

The LA injection of TPs has been cited as a means
of reducing muscle tenderness locally and at refer-
ral sites.''" A minor increase in the PPT throughout
the masseter muscles of myofascial pain subjects
after injection was found in the present study, bur
the PPT was relatively unaffected in the temporal
region. There are a number of reasons why there
was only a minimal change in the PPT at more
distant anatomical sites. Travell and Simons' have
described how referred pain may, in some in-
stances, become more intense when the TP is pene-
trated by a needle; during the injection itself, the
increase in pain may activate "latent" TPs, result-
ing in a decrease in the PPT at referral sites. It is
also possible, although unlikely, rhat the TP was
tnissed during injecrion, leading to a diminished
LA effect.' Local anesthetic is used to treat muscle
pain because of its peripheral action ar the painful
site and because it can act centrally where the pain
is thought to be sustained.-'-' However, it has been
shown in the limbs that LA administered at the
injury site does not necessarily decrease the
excitability of the spinal cord to preinjury levels."
Thus it is possible that in the subjects of the
present study, although the local site was blocked,
there may have been continued excitability in
trigeminal neurons in the brain stem, which led to
persistence of the pain.

There was a generalized increase in the PPT
after the LA injection of an acupuncture point in
the masseter muscles of normal subjects. This was
not unexpected because stimulation of acupunc-
ture points by needling can produce sustained
changes in pain thresholds." Such "hyperstimula-
tion analgesia" is thought to be a consequence of

General Obsetvations on PPTs

During isometric exercises such as clenching of the
teeth, somatosensory thresholds may be altered if
pain is associated with the motor task."-'*
However, in the current study, control subjects
reported no discernible discomfort during light
clenching, and myofascial pain subjects reported
no additional discomfort as a consequence of the
task. Such innocuous conditioning stimuli do not
appear to inhibit pain in humans."

Pain-pressure thresholds in rhe temporal region
were higher than in the masseter muscles of nor-
mal and painful muscles, irrespective of the
anatomic location ofthe recording site. These find-
ings concur with previous observations in the
jaws'^'' and may be due in part to the different
density of connective tissue tendon in the anterior
temporal muscle compared with rhe masseter.̂ " In
control suhjects, there were regional differences in
thresholds in both muscles, which has been shown
previously by Ohrbach and Gale'' and McMillan
and Lawson,'' although there was some variation
m the distribution of anatomic regions with similar
thresholds. In the current study, values for PPTs in
the temporal region were similar to those mea-
sured by McMillan and Law ŝon; however, PPTs in
the masseter were lower than those measured hy
McMillan and Lawson." These results may have
been due to gender differences in craniofacial mus-
cle PPTs.' The PPTs found in the current study
were consistently lower than those described by
Ohrbach and Gale"; although they measured PPTs
in both males and females, and it is uncertain
whether they controlled the level of muscle con-
traction during recordings. Both of these variables
could account for the differences in PPTs.
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Resumen

El umbral de presión-dolor en los músculos mandibulares
dolorosos luego de una inyección en puntos de
estimulación

El dolor y ia sensibilidad en los punios de estimulación y en ios
sitios de reFerencia pueden ser modificados en ias personas
con dolor miofaciai en la cabeza y la región cervical por medio
de la inyección de anestésico local en puntos de estimulación
activos, pero no se ha determinado el efecto de lal inyección
sobre los umbrales de presión-dolor de los músculos mandibu-
lares. El mecanismo por ei cual la inyección en los puntos de
eslimuiación afecta la sensibiiidad muscular no esta ciaro y
puede ser relacionado a ia 'analgesia por hiperestimulaciór,"
inducida por la estimuiación de un punto de acupuntura. Se
uliiizó un algómetro de presión antes y después de reaiizar una
inyección en un punto de estimuiación activo en ei masetero
para medir ei umbrai de presión-doior de tai múscuio y de los
temporales, en 10 sujetos afectados por dolor muscuiar
mandibular de origen miógeno El umbrai de presión-dolor en el
músGuio masetero y en los temporaies también fue medido en
un grupo de control correspondiente, antes y después de la
inyección en un punió de acupuntura del masetero. El umbral de
presión-dolor fue significativamente menor en el grupo que
padecía doior miofacial que en ei grupo de controi En todos los
sitios de registro, los umbrales de doior aumentaron como míni-
mo en ei masetero iuego de la inyección en ios puntos de
estimuiación, mientras que la región del temporal ro fue afec-
tada relativamente. En ei grupo de controi, ei umbrai de presión-
doior aumentó significativamente en todos ios sitios de registro
después de la inyección en un punto de acupuntura Aunque ia
inyección con anestésico locai aclúa periféricamente en ei sitio
doioroso y centraimente donde ei doior es aiimentado, ios
umbraies de presión-dolor no fueron aumentados dramática-
mente en ei grupo experimental en comparación con el grupo
de control. Esto indica que en ios sujetos con dolor miofacial,
existía una excitabilidad continua en los tejidos periféricos y/o
en ias áreas nerviosas centraies las cuales pueden inaber con-
tribuido a la persistencia de la sensibiiidad de ios músculos
mandibulares.

Zusammenfassung

Druckschmerzschwelle schmerzhafter Kiefermusi^eln
nacb Injektion im Triggerpunkt

Schmerz und Empfindliciikeit in Triggeipunkten und Arealen mit
übertragenem Schmer; können wohi bei Personen mit
myofasiiaiem Schmerz im Kopf und in der Nackenregion durch
injektion von Lokalanastheükum m aktive Triggerpunkte gelin-
dert werden, aber die Auswirkung einer injektion auf die
Drucksobmerïschwelle der Kaumusiieln ist nicfit untersucht
worden. Der Mechanismus, durch den eine Triggerpunktinjek-
tion die Empfindlichkeit der Muskuiatur beeinfiusst, ist unifiar
und könnte verwandt sein mit der " iHyperstimulations-
Anaigesie," weiche bei Stimulation eines Akupunkturpunkts
induiiert wird. Die Druckschmerzschwelle der Mm Masseteren
und Temporales von 10 Patienten mit myofasziaien
Kaumuskeischmerzen wurde mit einem Druckdoiorimeter vor
und naoh injektion in einem aktiven Triggerpunkt im M
íviasseter gemessen, Dre Drucksohmerzsohwelie in den Mm,
Masseteren und Temporales wurde auch in einer paraileiisierten
Kontrollgruppe vor und nach einer injektion in einen
Akupunkturpunkt im M Masseter gemessen. Die
DruckschmerzEChweile war bei den Patienten mit muskuiären
Schmerzen signifikant tiefer als bei den Kontroiipersonen, Bei
ailen Messsteilen stiegen die Druckschmerzschwelien im M,
Masseter nach Triggerpunktinjektion leicht an, währenddem sich
in der Temporalregion kaum eine Auswirkung zeigte, in der
Kontroilgruppe stieg die Drucksohmerzschwelie signifikant bei
allen Messstelien nach einer Akupunkturpunktinjektion Obwohi
eine injektion von Lokaianästhetikum peripher bei der
schmerzhaften Steiie wirkt und zentrai, wo der Sciimerz erhal-
ten bleibt, wurde bei den Patienten mit myofasziaien Schmerzen
im Gegensatz zur Kontroligruppe keine dramatische Erhöhung
der Druckschmerzschweile erzieit Dies legt nahe, dass bei
Personen mit myofasziaien Schmerzen eine bleibende
Erregbarkeit der peripheren Gewebe und/oder der zentraien
neuraien Regionen bestenhen bleibt, weiche zur bieibenden
Empfindlichkeit der Kiefermuskein beigetragen haben konnte
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