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Results. The mean number of active MTPs was significantly greater in the WAD group (6.71 ± 0.79) than
in the MNP group (3.26 ± 0.33) (P < 0.001), but this
was not found for the latent MTPs (3.95 ± 0.57 vs
2.82 ± 0.34; P > 0.05). In the WAD group, the current
pain intensity (visual analogue scale) of the patients
was significantly correlated with the number of
active MTPs (rs = 0.03, P = 0.03) and the spontaneous pain area (rs = 0.25, P = 0.07), and the number of
active MTPs was significantly correlated with the
spontaneous pain area (rs = 0.3, P = 0.03). In the MNP
group, significant correlation was found only
between pain duration and spontaneous pain area
(rs = 0.29, P = 0.02).
Conclusions. Active MTPs are more prominent in
WAD than MNP and related to current pain intensity
and size of the spontaneous pain distribution in
whiplash patients. This may underlie a lower degree
of sensitization in MNP than in WAD.
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Introduction
Abstract
Objective. The aim of this study was to investigate
pain patterns and the distribution of myofascial
trigger points (MTPs) in whiplash-associated disorders (WADs II and III) as compared with mechanical
neck pain (MNP).
Methods. Manual examination of suboccipital,
upper trapezius, elevator scapula, temporalis, supraspinatus, infraspinatus, deltoid, and sternocleidomastoid muscles, was done to search for the
presence of both active or latent MTPs in 49 WAD
patients and 56 MNP patients. Local pain and
referred pain from each active MTP was recorded on
an anatomical map.

Whiplash-associated disorders (WADs) are a common
injury associated with motor vehicle accidents, affecting
up to 83% of the individuals involved in rear collisions [1].
It is a significant public health problem and an important
cause of disability, considering that its incidence is estimated at four per 1,000 persons in some countries, and
its overall economic burden has been evaluated at $3.9bn
annually in the United States [2] and £3.64bn per year in
the United Kingdom [3], and up to 40% of those experiencing whiplash injury develop persistent pain [4,5].
Approximately 50% of the patients report other whiplashrelated symptoms (e.g., headache and dizziness) up to 1
year after the motor vehicle accident [6]. The development
seems to be predicted by the sensory dysfunctions (pressure pain threshold, thermal pressure threshold, brachial
plexus provocation test, sympathetic vasoconstrictor
reflex) which can be assessed after the accident [7].
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The exact mechanisms of chronic pain following whiplash
are not fully defined, but Sterling et al. found [7] that
chronic pain in WAD is associated with central and peripheral sensitization which may develop as early as 1 month
after injury. Sensory changes include hypersensitivity to a
variety of mechanical and electrical stimulations and
algesic substances [8–10]. Lowered pain thresholds in
uninjured tissues have been reported in WAD subjects,
and these findings are explained as the expression of an
abnormal processing of nociceptive information in the
brain and spinal cord [7,11,12].

as chronic tension-type headache [28], episodic tensiontype headache [29,30], lateral epicondylalgia [31],
migraine [32,33], shoulder pain [34,35], and fibromyalgia
[20,36].

In WAD, chronic pain cannot be solely explained as the
consequence of an obvious anatomical defect or tissue
damage [13], although the lack of macroscopically identifiable tissue damage does not rule out the presence of
painful lesions [14]. Recent evidence shows that central
sensitization may be influenced by peripheral sources of
nociception, especially nociception from deep tissue such
as zygopophyseal joint capsule, which may be damaged
in whiplash and become a source of pain [14]. This is
further supported by several studies with medial branches
of the cervical dorsal rami blocks [15,16]. Strains of joint
capsule (not tear) can nevertheless produce persistent
nociceptive activity from the affected joint and induce
persistent secondary changes in the activity of various
cytokines and transmitters in the dorsal root ganglia and
spinal cord [17].

Ettlin et al. found that WAD patients have a significantly
higher prevalence of the distribution of MTPs in the semispinalis capitis than MNP patients [39].

Another important source of deep tissue nociception is
active myofascial trigger points (MTPs) in the neck and
shoulder muscles, which are considered to be a primary
source of pain following whiplash injury [18,19] as has
been shown for other widespread pain syndromes such
as fibromyalgia [20]. MTPs may perpetuate lowered pain
thresholds in uninjured tissues far away from their localization [21] and are one of the most important peripheral
pain generators and initiators for central sensitization
[22]. Consequently, by treating MTPs, the dysfunctional
process of the nervous system may be mitigated leading
to clinical improvement [23]..
MTPs can be classified as active (responsible for
spontaneous pain of patients; local and referred) or
latent (responsible for a pain with which the patient is
not familiar).
Latent MTPs are commonly found in healthy persons [24]
and can quickly be transformed into active MTPs under
the influence of perpetuating factors [25].
However, both active and latent MTPs may provoke
muscle imbalance, abnormal motor recruitment, and
weakness [26].
The existence of MTPs may predispose the muscle to
further damage and cause an accelerated development of
muscle fatigue [27].
Several studies have demonstrated that active MTPs are
contributing significantly to different pain syndromes, such
2

Active MTPs are claimed to play an important role in the
genesis of mechanical neck pain (MNP) [37]. Most of the
symptoms in whiplash (neck pain and stiffness, headache,
shoulder pain, arm pain or numbness, paresthesia, weakness, dysphagia, dizziness, and concentration difficulties)
can also be found in patients with MNP [38].

It has already been found that acute WAD patients present
a correlation between the number of MTPs and intensity of
pain [40].
It has been found that WAD patients present with more
active MTPs in the neck–shoulder muscles than healthy
people, but the number of latent MTPs is the same [41].
However, it is still unknown whether active MTPs could be
at least in part responsible for pain-related symptoms
(e.g., headache and dizziness) in WAD patients, though
active MTPs have been found in these patients and contribute to WAD pain.
To our knowledge, there are no other studies in the literature analyzing the distribution of MTPs in different muscles
between MNP and WAD patients.
Thus, the aims of this study are to 1) compare the MTP
distribution and the pain pattern between WAD and MNP;
2) investigate the relationship between MTPs and current
pain intensity (visual analogue scale [VAS]) in both groups;
and 3) investigate the relationship between MTPs and
spontaneous pain area in both groups.

Material and Methods
Subjects
Forty-nine WAD patients (mean age = 41.6 ± 1, 72 years,
21 men, 28 women) and 56 subjects (mean age =
45.2 ± 1, 81 years, 23 men, 33 women) with MNP (never
had a trauma to the neck, just complaining of symptoms
in the neck–head area) participated in this study; all
patients were recruited at Poliambulatorio Dalla Rosa
Prati, Parma (Italy).
WAD patients were included in the study if they were first
screened by a physician and if they met the Quebec Task
Force Classification of WAD II or WAD III [42].
MNP patients were included in the study if they
presented with neck pain for at least 3 months without
any trauma.

Trigger Points in WAD and MNP
For the purpose of this study, MNP was defined as generalized neck pain and/or shoulder pain with mechanical
characteristics including symptoms provoked by maintained neck posture or by movement, or by palpation of
cervical muscles [37]. Patients from both groups were
excluded from the study if they, assessed by a physician,
exhibited one of the following: 1) previous history of neck
surgery; 2) any therapeutic intervention for myofascial pain
in the last 3 months; 3) any “red flags” (e.g., infections,
malignancy, fracture, rheumatoid arthritis, osteoporosis);
and 4) diagnosis of fibromyalgia syndrome according to
the American College of Rheumatology [43].
Informed consent was obtained from all participants
according to the Declaration of Helsinki, and the study
was performed in Poliambulatorio Dalla Rosa Prati,
Parma, Italy. The protocol was approved by the local
Ethical Committee.

the pressure, the patients were asked if this pressureevoked pain was recognized as familiar or not. If the
evoked pain was familiar to the patient, the MTP was
considered to be active; otherwise, it was considered to
be latent.
Before searching for another MTP, a break was taken to
wait for the previously evoked pain to disappear.
Statistical Analysis
The data were analyzed with the software SIGMASTAT
3.5 (Systat, San Jose, CA, USA), and the results were
expressed as mean ± standard error of the mean
(mean ± SEM). The Shapiro–Wilks test was used to
analyze the normal distribution of the data (P > 0.05).
Quantitative data without a normal distribution were analyzed with nonparametric tests, whereas data with normal
distribution were analyzed with parametric tests.

Procedure
Patient demographic characteristics (age, gender, weight,
height, pain duration, history of whiplash) were collected.
Then, each patient was given a body chart in order to
establish their spontaneous pain area. A VAS was used to
record the current pain intensity on a scale ranging from 0
(“no pain”) to 10 (“worst pain imaginable”).
Then each subject was seated, and MTPs (both active
and latent) were explored in the suboccipital, upper trapezius, elevator scapula, temporalis, supraspinatus, infraspinatus, and sternocleidomastoid muscles bilaterally.
MTPs were identified by an assessor who had more than
3 years of experience with MTPs and who was blinded to
the condition of the subject (whiplash or MNP).
It was decided to explore these muscles because their
pain pattern is similar to the pain that many MNP and
WAD patients present. Furthermore, they were easy to
access with palpation; no further muscles were included
because of the lack of time for the evaluation.
Semispinalis capitis has already been identified by Ettlin et
al. [39] as a muscle that presents more active MTPs
in WAD patients compared with nontraumatic chronic
neck pain.
The MTP diagnosis was made according to the criteria
described by Simons et al. [44] and Gerwin et al. [45]:
presence of a palpable taut band in a skeletal muscle,
presence of a hypersensitive tender spot within the taut
band, local twitch response elicited by the snapping palpation of the taut band, and reproduction of typical
referred pain pattern of the MTPs in response to compression. These four criteria, when applied by an experienced
assessor, have obtained a good interexaminer reliability
[45].
When a tender spot in a taut band was found with manual
examination, a constant pressure of approximately 4 kg/
cm2 was maintained for 10 seconds [46]. After releasing

VISTAMETRIX software (SkillCrest, LLC, Tucson, AZ, USA)
was used to have a numeric value of the pain area pictured on the map by the patients. Differences in the
number of either active or latent MTPs between both
study groups were assessed with the Mann–Whitney
Rank Sum Test (data without a normal distribution). The
chi-squared test was used to assess the differences in the
distribution of either active or latent MTPs within each
muscle between both study groups. Spearman’s correlation (data without a normal distribution) test was used to
calculate the correlation among VAS, pain duration, the
number of active MTPs, spontaneous pain area, and age.
The values in the text and tables are expressed as the
mean ± SE. The statistical analysis was conducted at a
95% confidence level; a P value less than 0.05 was
considered to be statistically significant.
Results
Demographic Characteristics
Demographic data of each group are given in Table 1.
Values are expressed in mean ± SE.
No statistically significant difference was found between
the two groups in the distribution of age (P = 0.16), height
(P = 0.43), weight (P = 0.83), pain duration (P = 0.16), pain
area (P = 0.05), and VAS (P = 0.13) (Table 1).
Although pain duration difference was not statistically significant, MNP patients were mainly chronic as the mean
duration of their symptoms was 109.37 months.
The Anatomical Distribution and Pain Pattern of MTPs
in WAD
The WAD group showed 6.71 ± 0.79 active MTPs and
3.95 ± 0.57 latent MTPs, and the MNP group showed
3.26 ± 0.33 active MTPs and 2.82 ± 0.34 latent MTPs.
The distribution of active MTPs between both groups
showed a statistically significant difference (P < 0.001),
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Table 1

Demographic characteristics of patients

Gender (female/male)
Age (years)
Height (cm)
Weight (kg)
Pain duration (months)
Pain area
VAS

WAD (N = 49)

MNP (N = 56)

P value

28/21
41.61 ± 1.73
168.5 ± 1.24
66.8 ± 2.2
57.12 ± 14.11
4521.77 ± 326.72
5.59 ± 0.42

33/23
45.23 ± 1.81
170.5 ± 1.45
66.9 ± 1.40
109.37 ± 20.89
3,506.71 ± 341.84
4.69 ± 0.37

—
0.16
0.43
0.83
0.16
0.05
0.13

MNP = mechanical neck pain; WAD = whiplash-associated disorder; VAS, visual analogue scale.

but this was not found for latent MTPs (P = 0.16). Furthermore, there was a statistically significant difference
(P < 0.001) in the distribution of total MTPs between the
two groups (Table 2). Differences in the distribution of

Table 2
groups

Distribution of MTPs between both

Active MTPs
Latent MTPs
Total MTPs

WAD (N = 49)

MNP (N = 56)

P value

329 (6.71)
194 (3.95)
523 (5.33)

183 (3.26)
158 (2.82)
341 (3.04)

<0.001
0.16
<0.001

MNP = mechanical neck pain; MTP = myofascial trigger point;
WAD = whiplash-associated disorder.
Numbers in parentheses are MTP/patient.

Table 3

active MTPs in each muscle between both study groups
were significant for all muscles except for the left upper
trapezius, the left elevator scapula, the left temporalis, and
the right deltoid muscles. The difference in the distribution
of latent MTPs in each muscle between both study groups
was not significant except for the left sternocleidomastoid
muscle (Table 3).
The WAD group showed statistically significant correlations between VAS and the number of active MTPs
(rs = 0.3, P = 0.03), and between the spontaneous pain
area and the number of active MTPs (rs = 0.3, P = 0.03)
(Table 4).
In the WAD group, the pain duration was not significantly
correlated with the VAS (rs = 0.005, P = 0.97), with the
number of active MTPs (rs =0.03, P = 0.83), or with the
spontaneous pain area (rs = 0.1, P = 0.46). Furthermore,

Distribution of MTPs in each examined muscle
WAD Group

Suboccipital left
Suboccipital right
Upper trapezius left
Upper trapezius right
Sternocleidomastoid left
Sternocleidomastoid right
Elevator scapula left
Elevator scapula right
Temporalis left
Temporalis right
Sovraspinatus left
Sovraspinatus right
Infraspinatus left
Infraspinatus right
Deltoid left
Deltoid right
Total
Total (active + latent)

MNP Group

P Value

Active

Latent

Active

Latent

Active

Latent

28
38
20
37
21
22
15
15
16
24
14
15
17
18
15
14
329
523

16
14
26
17
13
15
12
11
9
8
6
11
7
11
8
10
194

20
21
15
20
13
13
10
8
13
15
4
7
6
6
4
8
183
341

13
12
22
21
6
9
6
7
11
12
8
9
5
6
6
5
158

0.03
0.01
0.13
0.01
0.03
0.02
0.13
0.04
0.28
0.02
0.01
0.02
0.01
0.01
0.01
0.07

0.28
0.4
0.16
0.77
0.04
0.07
0.06
0.18
0.87
0.51
0.76
0.41
0.39
0.1
0.4
0.09

MNP = mechanical neck pain; MTP = myofascial trigger point; WAD = whiplash-associated disorder.
The numbers in bold indicate significant differences between groups (P<0.05).
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Table 4

Correlations

VAS/pain duration
VAS/number of active
MTPs
VAS/pain area
Age/number of active
MTPs
Pain area/number of
active MTPs
Pain duration/number of
active MTPs
Pain duration/pain area

WAD (N = 49)
P Value

MNP (N = 56)
P Value

0.97
0.03

0.83
0.33

0.07
0.18

0.11
0.57

0.03

0.32

0.83

0.84

0.46

0.02

MNP = mechanical neck pain; MTP = myofascial trigger point;
WAD = whiplash-associated disorder; VAS, visual analogue
scale.
The numbers in bold indicate significant differences between
groups (P<0.05).

no significant correlation was found between age and the
number of active MTPs (rs = −0.19, P = 0.18) or between
VAS and spontaneous pain area (rs = 0.25, P = 0.07).
In the MNP group, VAS was not significantly correlated
with pain duration (rs = 0.02, P = 0.83), the number of
active MTPs (rs = 0.13, P = 0.33), or spontaneous pain
area (rs = 0.21, P = 0.11). Furthermore, the number of
active MTPs was not significantly correlated with age
(rs = −0.07, P = 0.57), pain area (rs = 0.13, P = 0.32), or
pain duration (rs = 0.02, P = 0.84).
The significant correlation was between pain duration and
pain area (rs = 0.29, P = 0.02) in the MNP group.
Discussion
The results of this study show that WAD patients have
more active MTPs in the neck–shoulder muscles than
MNP patients, and these findings are generalized to the
majority of the examined muscles.
In WAD, the number of active MTPs is correlated to the
current level of pain intensity (VAS) and to the spontaneous pain area, whereas this was not found for MNP
patients. These findings suggest that active MTPs may
contribute to the pain symptoms in WAD, which is in
accordance with the results from other studies [18,19].
Spatial summation of MTP pain reproducing spontaneous
pain pattern in WAD is also found in other musculoskeletal
disorders like chronic tension-type headache and shoulder impingement [28,35].
In addition, a mean number of 3.2 active MTPs in MNP
patients was found in the current study, which is similar to
the results in a previous study [37] in which MNP patients
exhibited a mean of 1.8 active MTPs (however, the previ-

ous study examined four muscles, whereas the present
study examined eight muscles). Although active MTPs are
more present in MNP patients than in healthy subjects, active MTPs are less prevalent in MNP than in
WAD patients.
In contrast to the differences in the number of active
MTPs, the number of latent MTPs was found to be similar
in the two groups. This indicates that the active, but not
the latent, MTPs may contribute to the pain induction
in WAD.
Other studies found that the distribution of latent MTPs
in neck–shoulder muscles is similar between healthy
subjects and WAD patients [41], and between healthy
subjects and MNP patients [47], confirming that they
do not contribute to spontaneous pain of patients
[24].
Central sensitization is a well-described phenomenon in WAD [48]. Several studies have proposed
active MTPs to be important peripheral pain generators
and initiators for central sensitization acting as one
peripheral source of nociception [21,22]. The phenomenon of central sensitization affects how the spinal
neural circuits respond to different stimuli, leading to
lowered pain thresholds in uninjured and injured parts of
the body [22]. It has been reported that central pain
mechanisms are more evident in WAD as compared with
MNP [49]. Hypersensitivity exists in both injured and
uninjured parts of the body in chronic WAD, whereas
hypersensitivity is found only in injured parts (the neck) in
MNP subjects when compared with healthy controls
[49,50].
The smaller number of active MTPs in MNP patients found
in the current study, as compared with WAD, may underlie
a lower degree of central sensitization in MNP than
in WAD.
The persistence of pain in WAD patients may be at least in
part related to the dysfunctions induced by the trauma
(e.g., deep neck flexor weakness and hyperactivity of
superficial muscles, forward head posture); it has been
studied that they do not resolve spontaneously [51] even
when the acute pain following whiplash resolve inducing a
vicious circle of chronic pain that cannot be eliminated
until the original dysfunction is corrected.
MTPs may develop easily when this dysfunction persists,
inducing overuse of certain muscles (e.g., sternocleidomastoid, upper trapezius, suboccipital muscles) that can
now easily develop MTPs.
Furthermore, WAD patients present a high number of
MTPs resulting in constant sources of nociception in
deep tissues allowing spatial summation and temporal
summation phenomenon, which may explain the correlation found between VAS and the number of active
MTPs and between the pain area and the number of
active MTPs.
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Pain duration is not related to the number of active MTPs.
Therefore, the persistence of pain in WAD patients can be
rationally explained by the dysfunctions usually presented
in these patients, but these dysfunctions were not
assessed so this could just be an idea of explaining this
finding arising from the literature.
The high number of active MTPs in WAD patients could
also at least in part explain why these patients often
present with symptoms like headache, dizziness, and
tinnitus, which may all be related to active MTPs
in neck muscles (specially sternocleidomastoid, suboccipital, upper trapezius) that may produce symptoms to
the head.
Supplementary studies may further investigate the effects
of elimination of active MTPs on sensitization mechanisms
in subjects with MNP as compared with WAD.
The association between active MTPs and central sensitization has been found also in a recent study on whiplash
[3] and in other local pain syndromes, such as low back
pain [13], migraine [32,33], lateral epicondylalgia [31],
tension-type headache [29,30], knee osteoarthritis [52],
and carpal tunnel syndrome [53]. The results of those
studies and of the current study are clinically relevant in
that an early inactivation of MTPs in WAD might in part
avoid and/or delay the development of chronic pain and
central sensitization.
There could be a number of limitations to this study. First
of all, it is impossible to state a cause–effect relationship
between MTPs and WAD because no treatment was
applied to check if the pain area and the pain intensity
were reduced with the inactivation of the MTPs.
In fact, if MTPs are considered at least partially to contribute to the symptoms of WAD patients, by removing them,
symptoms would be expected to decrease.
Further research is needed to investigate the effect of MTP
inactivation on WAD and MNP symptoms. Both situations
often become chronic and still present many MTPs.
Therefore, removing the deep and constant source of
nociception (MTPs) could be an important stage in the
managing of these pain situations.
Analyzing the reactions to manual therapy treatment
directed to MTPs, inactivation, and normalizing neck dysfunctions would be interesting to understand which one of
the two patient group reacts better to this treatment in
order to have a real evaluation of the role of the MTPs in
the symptoms presented by these patients and this is the
current study.
Patients were asked to state their “current pain
intensity,” and this could be confusing (many patients
reported that they had a different VAS the day before);
asking them about the “average pain over the past
week” would have given a more clear idea about their
pain condition.
6

Another limitation could be that there was no direct
access to all WAD and MNP patients presenting to the
clinic because some of them had first been sent to other
types of therapies and therefore had to be excluded.
Finally, all patients were recruited from the same clinic
where the researchers had access to patients searching
for a visit because of their neck problems in this clinic.
Conclusions
WAD patients have more active MTPs, greater pain intensity (VAS), and a larger spontaneous pain area than MNP
patients, suggesting a lower degree of sensitization in
MNP as compared with WAD.
These findings suggest that managing MTPs in WAD may
be a way to reduce pain and sensitization.
Acknowledgments
Prof. Ge and Prof. Arendt-Nielsen are thanked for the
great support and help in writing this article. Dott.
Chiarotto and Dott. Villafane are thanked for smart suggestions and encouragement.
References
1 Yadla S, Ratliff JK, Harrop JS. Whiplash: diagnosis,
treatment, and associated injuries. Curr Rev Muscoloskelet Med 2008;1(1):65–8.
2 Eck JC, Hodges SD, Humphreys SC. Whiplash: A
review of a commonly misunderstood injury. Am J
Med 2001;110(8):651–6.
3 Bannister G, Amirfeyz R, Kelley S, Gargan M.
Whiplash injury. J Bone Joint Surg Br 2009;91(7):845–
50.
4 Dommerholt J. Persistent myalgia following
whiplash. Curr Pain Headache Rep 2005;9(5):326–30.
5 Barnsley L, Lord S, Bogduk N. Whiplash Injury. Pain
1994;58(3):283–307.
6 Kamper SJ, Rebbeck TJ, Maher CG, McAuley JH,
Sterling M. Course and prognostic factors of whiplash:
A systematic review and meta-analysis. Pain 2008;
138:617–29.
7 Sterling M, Jull G, Vicenzino B, Kenardy J. Sensory
hypersensitivity occurs soon after whiplash injury and
is associated with poor recovery. Pain 2003;104(3):
509–17.
8 Koelbaek
Johansen
M,
Graven-Nielsen
T,
Schou Olesen A, Arendt-Nielsen L. Generalized muscular hyperalgesia in chronic whiplash syndrome. Pain
1999;83(2):229–34.

Trigger Points in WAD and MNP
9 Curatolo M, Petersen-Felix S, Arendt-Nielsen L, et al.
Central hypersensitivity in chronic pain after whiplash
injury. Clin J Pain 2001;17(4):306–15.
10 Moog M, Quintner J, Hall T, Zusman M. The late
whiplash syndrome: A psychophysical study. Eur J
Pain 2002;6(4):283–94.
11 Banic B, Petersen-Felix S, Andersen OK, et al. Evidence for spinal cord hypersensitivity in chronic
pain after whiplash injury and in fibromyalgia. Pain
2004;107(1–2):7–15.

23 Herren-Gerber R, Weiss S, Arendt-Nielsen L, et al.
Modulation of central hypersensitivity by nociceptive
input in chronic pain after whiplash injury. Pain Med
2004;5:366–76.
24 Ettlin T, Schuster C, Stoffel R, Brüderlin A, Kischka U.
A distinct pattern of myofascial findings in patients
after whiplash injury. Arch Phys Med Rehabil 2008;
89(7):1290–3.
25 Ge HY, Arendt-Nielsen L. Latent myofascial trigger
points. Headache Rep 2011;15(5):386–92.

12 Curatolo M, Arendt-Nielsen L, Petersen-Felix S. Evidence, mechanisms, and clinical implications of
central hypersensitivity in chronic pain after whiplash
injury. Clin J Pain 2004;20(6):469–76.

26 Lucas KR, Polus BI, Rich PA. Latent myofascial trigger
points: their effects on muscle activation and movement efficiency. Journal of Bodywork and Movement
Therapies 2004;8:160–6.

13 van Wilgen CP, Keizer D. The sensitization model
to explain how chronic pain exists without tissue
damage. Pain Manag Nurs 2012;13(1):60–5.

27 Ge HY, Arendt-Nielsen L, Madeleine P. Accelerated
muscle fatigability of latent myofascial trigger points in
humans. Pain Med 2012;13(7):957–64.

14 Curatolo M, Bogduk N, Ivancic PC, et al. The role of
tissue damage in whiplash-associated disorders: Discussion paper 1. Spine (Phila Pa 1976) 2011;36(suppl
25):S309–15.

28 Fernández-de-las-Peñas C, Caminero AB, Madeleine
P, et al. Multiple active myofascial trigger points and
pressure pain sensitivity maps in the temporalis
muscle are related in women with chronic tension type
headache. Clin J Pain 2009;25(6):506–12.

15 Barnsley L, Lord S, Bogduk N. Comparative
local anaesthetic blocks in the diagnosis of cervical
zygapophysial joint pain. Pain 1993;55(1):99–
106.
16 Bogduk N, Marsland A. The cervical zygopophysial
joints as a source of neck pain. Spine (Phila Pa 1976)
1988;13(6):610–7.
17 Winkelstein BA. How can animal models inform on the
transition to chronic symptoms in whiplash? Spine
(Phila Pa 1976) 2011;36(suppl 25):S218–25.
18 Fricton JR. Myofascial pain and whiplash. Spine: State
of the Art Reviews 1993;7(3):403–22.
19 Gerwin RD, Dommerholt J. Myofascial trigger points in
chronic cervical whiplash syndrome. J Musculoskeletal Pain 1998;6(suppl 2):28.
20 Ge HY. Prevalence of myofascial trigger points in
fibromyalgia: The overlap of two common problems. Curr Pain Headache Rep 2010;14(5):339–
45.
21 Freeman MD, Nystrom A, Centeno C. Chronic whiplash and central sensitization; an evaluation of the role
of a myofascial trigger points in pain modulation.
J Brachial Plex Peripher Nerve Inj 2009;23(4):2.
22 Xu YM, Ge HY, Arendt-Nielsen L. Sustained nociceptive mechanical stimulation of latent myofascial trigger
point induces central sensitization in healthy subjects.
J Pain 2010;12:1348–55.

29 Fernández-de-las-Peñas C, et al. Myofascial trigger
points in the suboccipital muscles in episodic tensiontype headache. Man Ther 2006;11:225–30.
30 Fernández-de-las-Peñas C, et al. Myofascial trigger
points, neck mobility and forward head posture in
episodic tension-type headache. Headache 2007;47:
662–72.
31 Fernàndez-Carnero J, Fernández-de-las-Peñas C, de
la Llave-Rincòn AI, Ge HY, Arendt-Nielsen L. Prevalence of and referred pain from myofascial trigger
points in the forearm muscles in patients with
lateral epicondylalgia. Clin J Pain 2007;23(4):353–
60.
32 Fernández-de-Las-Peñas C, Cuadrado ML, Pareja
JA. Myofascial trigger points, neck mobility and
forward head posture in unilateral migraine. Cephalalgia 2006;26(9):1061–70.
33 Giamberardino MA, Tafuri E, Savini A, et al. Contribution of myofascial trigger points to migraine symptoms. J Pain 2007;8(11):869–78.
34 Bron C, Dommerholt J, Stegenga B, Wensing M,
Oostendorp RA. High prevalence of shoulder girdle
muscles with myofascial trigger points in patients with
shoulder pain. BMC Musculoskelet Disord 2011;
28(12):139.
35 Hidalgo-Lozano A, Fernández-de-las-Peñas C,
Alonso-Blanco C, et al. Muscle trigger points and
7

Castaldo et al.
pressure pain hyperalgesia in the shoulder muscles in
patients with unilateral shoulder impingement: A
blinded, controlled study. Exp Brain Res 2010;
202(4):915–25.
36 Ge HY, Wang Y, Fernández-de-las-Peñas C, et al.
Reproduction of overall spontaneous pain pattern by
manual stimulation of active myofascial trigger points
in fibromyalgia patients. Arthritis Res Ther 2011;
13(2):R48.
37 Fernández-de-las-Peñas C, Alonso-Blanco C,
Miangolarra JC. Myofascial trigger points in subjects
presenting with mechanical neck pain: A blinded, controlled study. Man Ther 2007;12(1):29–33.
38 Hogg-Johnson S, van der Velde G, Carroll LJ, et al.
The burden and determinations of neck pain in the
general population: Results of the Bone and Joint
Decade 2000–2010 Task Force on Neck Pain and Its
Associated Disorders. Spine (Phila Pa 1976) 2008;
33(suppl 4):S39–51.
39 Fernández-Pérez
AM,
Villaverde-Gutiérrez
C,
Mora-Sánchez A, et al. Muscle trigger points, pressure
pain threshold, and cervical range of motion in patients
with high level of disability related to acute whiplash
injury. J Orthop Sports Phys Ther 2012;42(7):634–41.
40 Fernández-Pérez A, Fernández-de-Las-Peñas C,
Fernández-Carnero J, et al. Myofascial trigger points
in subjects with whiplash syndrome: a pilot study.
Eur J Pain 2009;13(1):5158–9.
41 Fernández-de-Las-Peñas C, Alonso-Blanco C,
Miangolarra JC. Myofascial trigger points in
subjects presenting with mechanical neck pain; A
blinded, controlled study. Man Ther 2007;12(1):29–
33.
42 Spitzer WO, Skovron ML, Salmi LR, et al. Scientific
monograph of the Quebec Task Force on WhiplashAssociated Disorders: redefining “whiplash” and
its management. Spine (Phila Pa 1976) 1995;20
(suppl 8):1S–73S.
43 Häuser W, Wolfe F. Diagnosis and diagnostic tests for
fibromyalgia (syndrome). Reumatismo 2012;64(4):
194–205.
44 Simon DG, Travell JG, Simons LS. Travell & Simon’s
Myofascial Pain and Dysfunction: The Trigger Point

8

Manual, Vol. 1, 2nd edition. Baltimore: Williams e
Wilkins; 1999.
45 Gerwin RD, Shannon S, Hong CZ, Hubbard D, Gevirtz
R. Interrater reliability in myofascial trigger point examination. Pain 1997;69:65–73.
46 Tough EA, White AR, Richards SH, Campbell JL.
Myofascial trigger points needling for whiplash associated pain—a feasibility study. Man Ther 2010;
15(6):529–35.
47 Falla D, O’Leary S, Farina D, Jull G. The change in
deep cervical flexor activity after training is associated
with the degree of pain reduction in patients with
chronic neck pain. Clin J Pain 2012;28(7):628–34.
48 Stone AM, Vicenzino B, Lim EC, Sterling M. Measures
of centra hyperexcitability in chronic whiplash associated disorder—A systematic review and metaanalysis. Man Ther 2013;18(2):111–7. [Epub ahead of
print].
49 Scott D, Jull G, Sterling M. Widespread sensory hypersensitivity a feature of chronic whiplash -associated
disorder but not chronic idiopathic neck pain. Clin J
Pain 2005;21:175–81.
50 La Touche R, Fernández-de-Las-Peñas C,
Fernández-Carnero J, et al. Bilateral mechanical-pain
sensitivity over the trigeminal region in patients with
chronic mechanical neck pain. J Pain 2010;11(3):256–
63.
51 Fernandez-de-Las-Penas C, Cuadrado ML, Pareja
JA. Myofascial trigger points, neck mobility, and
forward head posture in episodic tension-type headache. Headache 2007;47(5):662–72.
52 Finan PH, Buenaver LF, Bounds SC, et al. Discordance between pain and radiographic severity in knee
osteoarthritis: findings from quantitative sensory
testing of central sensitization. Arthritis Rheum
2013;65(2):363–72.
53 Ortega-Santiago
R,
de-la-Llave-Rinvon
AI,
Laguarta-Val S, et al. Neurophysiological avances in
carpal tunnel syndrome: Process of central sensitisation or local neuropathy. Rev Neurol 2012;54(8):
490–6.

