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Background: Wet needling uses hollow-bore needles to deliver corticosteroids, anesthetics, sclerosants,
botulinum toxins, or other agents. In contrast, dry needling requires the insertion of thin monofilament
needles, as used in the practice of acupuncture, without the use of injectate into muscles, ligaments,
tendons, subcutaneous fascia, and scar tissue. Dry needles may also be inserted in the vicinity of
peripheral nerves and/or neurovascular bundles in order to manage a variety of neuromusculoskeletal pain
syndromes. Nevertheless, some position statements by several US State Boards of Physical Therapy have
narrowly defined dry needling as an ‘intramuscular’ procedure involving the isolated treatment of
‘myofascial trigger points’ (MTrPs).
Objectives: To operationalize an appropriate definition for dry needling based on the existing literature and
to further investigate the optimal frequency, duration, and intensity of dry needling for both spinal and
extremity neuromusculoskeletal conditions.
Major findings: According to recent findings in the literature, the needle tip touches, taps, or pricks tiny nerve
endings or neural tissue (i.e. ‘sensitive loci’ or ‘nociceptors’) when it is inserted into a MTrP. To date, there is
a paucity of high-quality evidence to underpin the use of direct dry needling into MTrPs for the purpose of
short and long-term pain and disability reduction in patients with musculoskeletal pain syndromes.
Furthermore, there is a lack of robust evidence validating the clinical diagnostic criteria for trigger point
identification or diagnosis. High-quality studies have also demonstrated that manual examination for the
identification and localization of a trigger point is neither valid nor reliable between-examiners.
Conclusions: Several studies have demonstrated immediate or short-term improvements in pain and/or
disability by targeting trigger points (TrPs) using in-and-out techniques such as ‘pistoning’ or ‘sparrow
pecking’; however, to date, no high-quality, long-term trials supporting in-and-out needling techniques at
exclusively muscular TrPs exist, and the practice should therefore be questioned. The insertion of dry
needles into asymptomatic body areas proximal and/or distal to the primary source of pain is supported by
the myofascial pain syndrome literature. Physical therapists should not ignore the findings of the Western or
biomedical ‘acupuncture’ literature that have used the very same ‘dry needles’ to treat patients with a
variety of neuromusculoskeletal conditions in numerous, large scale randomized controlled trials. Although
the optimal frequency, duration, and intensity of dry needling has yet to be determined for many
neuromusculoskeletal conditions, the vast majority of dry needling randomized controlled trials have
manually stimulated the needles and left them in situ for between 10 and 30 minute durations. Position
statements and clinical practice guidelines for dry needling should be based on the best available
literature, not a single paradigm or school of thought; therefore, physical therapy associations and state
boards of physical therapy should consider broadening the definition of dry needling to encompass the
stimulation of neural, muscular, and connective tissues, not just ‘TrPs’.

Keywords: Dry needling, Literature review, Trigger point, Practice guidelines, Physical therapy

Introduction

Local injection therapies, often referred to as ‘wet need-

ling’, use hollow-bore needles to deliver corticosteroids,

anesthetics, sclerosants, botulinum toxins, or other

agents.1,2 In contrast, ‘dry needling’ refers to the

1 This paper should be attributed to: College of Health Care Sciences,
Nova Southeastern University, Ft. Lauderdale, FL, USA.

Correspondence to: James Dunning, 1036 Old Breckenridge Lane,
Montgomery, AL 36117, USA. Email: jamesdunning@hotmail.com

� W. S. Maney & Son Ltd 2013
DOI 10.1179/108331913X13844245102034
MORE OpenChoice articles are open access and distributed under the terms of
the Creative Commons Attribution Non-Commercial License 3.0 Physical Therapy Reviews 2013 VOL. 000 NO. 000 1



insertion of thin monofilament needles, as used in the

practice of acupuncture, without the use of injec-

tate.3–6 Dry needling is typically used to treat

muscles, ligaments, tendons, subcutaneous fascia,

scar tissue, peripheral nerves, and neurovascular

bundles for the management of a variety of neuro-

musculoskeletal pain syndromes.3,6,7 Given the broad

base of international literature presently available on the

technique, it is particularly concerning that the primary

US-based, National Physical Therapy Association8 and

several State Boards of Physical Therapy9–13 have

recently narrowed their definition of dry needling to

an ‘intramuscular’ procedure, i.e. the insertion of

needles into nodules within taut bands of muscle,

more commonly referred to as ‘trigger points’ (TrPs)

or ‘myofascial trigger points’ (MTrPs). More speci-

fically, these professional organizations have equated

the procedure of dry needling with the term

‘intramuscular manual therapy’ (IMT) or ‘trigger

point dry needling’ (TDN). Certainly, IMT, or the

insertion of needles into TrPs within muscle bellies, is

one aspect of dry needling; however, IMT or TDN

should not be used synonymously with the term dry

needling. In addition to TrPs within muscular tissue,

an extensive body of literature, including both peer-

reviewed articles and randomized controlled trials,

supports the insertion of dry needles throughout the

body at non-TrP sites for the purpose of reducing

pain and disability in patients with neuromusculoske-

letal conditions. Just as the Maitland,14 Kaltenborn,15

and McKenzie16 approaches are each unique brands of

manual therapy, ‘TDN’ and ‘IMT’ are individual

aspects of dry needling. Each describes a single

framework, paradigm, or approach that falls under

the much larger field of dry needling.5,6,9,10,17–25

Dry Needling Targets Neural, Muscular, and
Connective Tissues, Not Just TrPs
The first, peer-reviewed journal article on dry

needling published by a Western, medical physician6

did not limit needle insertion to muscular ‘TrPs’;

rather, the 241-patient study reported that only 2 of

the 14 target structures were muscular TrPs.6 The

other structures needled included ligaments, scar

tissue, tendons, bones, and teno-osseus insertion

sites, all of which are types of connective tissue.6 In

addition, ‘a high density of neurovascular structures’

has been found at dry needling target sites.26

As early as 1977, Melzack et al.27 stated that

‘Trigger points are firmly anchored in the anatomy of

the neural and muscular systems… and the stimula-

tion of particular nerves or tissues by needles could

bring about an increased input to the central biasing

mechanism, which would close the gates to [pain]

inputs from selected body areas’.27 In a more recent

commentary titled ‘Treatment of Myofascial Pain

Syndrome’, Hong stated that the purpose of ‘the fast-

in and fast-out needle technique’26,28–30 in a fan or

cone shape is to ‘ensure that all or most sensitive loci

(i.e. tiny nerve endings) are encountered’.28 Widely

considered one of the world authorities on both dry

needling practice and experimental research, Hong

further reported that ‘high-pressure stimulation by

needling’26,28,31–33 or ‘mechanical irritation of the

needle’26,34 to ‘multiple sensitive loci or nociceptors

within the same MTrP’26,28,31–34 likely ‘elicits a local

twitch response that subsequently provides a very

strong neural impulse to the MTrP circuit to break the

vicious cycle so that MTrP pain is relieved’.26,28,33,34

Interestingly, ‘bilateral or mirror image evoked

potentials’ or ‘local twitch responses’34 (LTRs) have

been recorded in the contralateral trapezius during

unilateral dry needling stimulation of active TrPs on

the ipsilateral, symptomatic trapezius.34 Audette

et al.34 concluded, ‘the LTR is generated by inducing

a spinal reflex that involves sensory input to the spinal

cord by mechanical irritation of the needle at sensitive

loci in the TrP which then results in a motor, efferent

response of the alpha motor neuron pool’.34 The

presence of bilateral LTRs during unilateral dry

needling ‘argues strongly for a central abnormality

rather than a purely peripheral [muscular] abnormality

in patients with active MTrPs’.34

Thus, within the context of myofascial pain

syndromes, dry needles likely come in contact with

both muscle and connective tissue.6 It is held by several

research teams that needles inserted into MTrPs likely

touch, tap, or prick tiny nerve endings or neural tissue

for the purpose of pain reduction. Based on the most

recent literature,6,21,26,28–37 the definition of dry need-

ling by the American Physical Therapy Association

(APTA) and State Boards of Physical Therapy should

therefore clearly articulate that dry needling

encompasses stimulation of neural,26,28–31,33,36,38–54

muscular,5,17,18,21,26,29,30,33,48,55–69 and connective

tissues,6,48–54,70–72 and not just ‘TrPs’.73,74

2013 APTA Definition: Dry Needling Targets
Both Muscular and Connective Tissues
Page two of the January 2012 Resource Paper8 titled,

Physical Therapists & the Performance of Dry

Needling defined dry needling as ‘an invasive techni-

que used by physical therapists (where allowed by

state law) to treat myofascial pain that uses a dry

needle, without medication or injection, which is

inserted into areas of the muscle known as trigger

points…’8 Notably, an updated February 2013 APTA

version of this document titled, Description of Dry

Needling in Clinical Practice: an Educational Resource

Paper, defines dry needling as including both

muscular and connective tissues, but not neural

stimulation.75 The paper reads, ‘dry needling is a

Dunning et al. Dry needling

2 Physical Therapy Reviews 2013 VOL. 000 NO. 000



skilled intervention that uses a thin filiform needle to

penetrate the skin and stimulate underlying myofas-

cial trigger points, muscular, and connective tissues

for the management of neuromusculoskeletal pain

and movement impairments’.75 Interestingly, the

2013 definition implies that only muscle and con-

nective tissue may be targeted by dry needles in the

treatment of neuromusculoskeletal pain.26,28,31–34

Yet, nerve endings, referred to as ‘sensitive loci’ or

‘neurovascular bundles’ are clearly supported as

needle stimulation targets in the existing literature.26

How can physical therapists treat the ‘neuro’ in

neuromusculoskeletal with dry needles without pla-

cing needles near, beside, or onto neural tissue (i.e.

peri-neural needling)? By adding neural targets to the

position statement, the APTA would provide a

stronger and more evidence-based framework for

state boards to follow.

Narrowly Focused Position Statements by State
Boards of Physical Therapy
To date, a number of State Physical Therapy

Boards9–13 continue to have limited definitions of

dry needling. As a result, many physical therapists

believe that they are only able to treat patients by

targeting intramuscular TrPs with dry needles, as

their respective State Boards do not authorize them

to insert needles into connective tissues (e.g. liga-

ments, tendons, teno-osseus junctions, musculotendi-

nous junctions, scar tissue) or to perform peri-neural

or peri-neurovascular needling. Several State Boards

of Physical Therapy have issued narrowly focused

position statements on dry needling:

N Mississippi (Effective: 10 September 2012): The
Mississippi State Board of Physical Therapy updated
its regulations to read, ‘Intramuscular manual ther-
apy is a physical intervention that uses a filiform
needle no larger than a 25-gauge needle to stimulate
trigger points, diagnose and treat neuromuscular pain
and functional movement deficits; is based upon
Western medical concepts; requires an examination
and diagnosis, and treats specific anatomic entities
selected according to physical signs’.10

N North Carolina (Effective: 14 June 2012): The North
Carolina Board of Physical Therapy Examiners
revised its definition of dry needling to read,
‘Intramuscular Manual Therapy (IMT), which is
generally referred to as dry needling, is defined as a
technique to treat myofascial pain using a dry needle
(without medication) that is inserted into a trigger
point with the goal of releasing/inactivating the
trigger points and relieving pain’.9

N Louisiana (Effective: 20 October 2011): Rule 311 of
the Louisiana Physical Therapy State Board uses the
terms ‘dry needling’ and ‘intramuscular dry needling’
interchangeably, and as a result, requires a physical
therapist to ‘successfully complete…no fewer than
50 hours of face-to-face instruction in intramuscular
dry needling treatment and safety’.11

N Nebraska (Effective: 20 June 2011): The Nebraska
State Board of Physical Therapy opined, ‘Dry
needling is a mechanical modality technique used to
treat myofascial pain that uses a dry needle, without
medication, that is inserted into a trigger point with
the goal of releasing/inactivating the trigger points’.12

N Colorado (Effective: 30 June 2012): The Colorado
State Physical Therapy Board opined, ‘Dry needling
(also known as Trigger Point Dry Needling) is a
physical intervention that uses a filiform needle to
stimulate trigger points, diagnose and treat neuro-
muscular pain and functional movement deficits; is
based upon Western medical concepts; requires an
examination and diagnosis, and treats specific ana-
tomic entities selected according to physical signs.
Dry needling does not include the stimulation of
auricular or distal points’.13

Whether these State Boards of Physical Therapy9–13

will update their position statements and/or practice

acts to include both neural and connective tissue as

possible target structures for dry needling remains to

be seen. However, Arizona has recently provided a

reason to be optimistic. In January 2013, the Arizona

Physical Therapy Association set the standard by

becoming the first US-based, physical therapy associa-

tion to explicitly recognize neural, muscular, and

connective tissue as target sites for dry needling.76 The

definition of dry needling that appears in the Arizona

position statement reads,

It is the position of the Arizona Physical Therapy
Association that dry needling for the management of
neuromusculoskeletal conditions is consistent with
the scope of practice of licensed physical therapists
in Arizona. Dry Needling is a skilled intervention
performed by a physical therapist that uses a thin
filiform needle to penetrate the skin and stimulate
underlying neural, muscular and connective tissues
for the evaluation and management of neuromuscu-
loskeletal pain and movement impairments.76

Page two of the January 2012 APTA Resource

Paper8 titled, ‘Physical Therapists & the Performance

of Dry Needling’, also states, ‘Preliminary research

supports that dry needling improves pain control,

reduces muscle tension, normalizes biochemical and

electrical dysfunction of motor endplates, and facil-

itates an accelerated return to active rehabilitation’.

However, although the reference list of the 141-page

resource paper8 cited four systematic reviews,17,19,24,56

one clinical review,21 and one unpublished evidence

summary,77 the 23 randomized controlled trials that

were reportedly reviewed and rated by a single expert

on a 0–5 scale for quality and level of support for dry

needling, were not individually identified or specifi-

cally referenced in any way.8 Moreover, while the

‘median quality of the research was 4’ and the ‘median

support for dry needling was 3’, the specific studies

included in the analysis remains a mystery.8 This

resource paper8 also failed to describe available
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literature on neuromusculoskeletal conditions that

supports the use of ‘TrP’ dry needling.

It is concerning that the APTA8,75 and several State

Boards of Physical Therapy9–13 continue to omit

neural and/or connective tissue as possible target

structures when defining dry needling in official

position statements. Perhaps position statements that

compartmentalize dry needling to ‘IMT’ – i.e. confine it

to muscle bellies, tight knots, or ‘myofascial TrPs’,8–11 –

fit better with the traditional physical therapy frame-

work. Given that other professions continue to

question whether dry needling is within the scope of

practice of a physical therapist, declaratory state-

ments by State Boards of Physical Therapy that

operationalize dry needling with an ‘intramuscular’9–13

framework may be a more defensible position.

Certainly, ‘nerve points’42,43 sound a little ‘Eastern’

to some, and may, at face value, be confused with

traditional Chinese acupuncture; however, dry need-

ling neither attempts to move qi along meridians, nor

does it rely on diagnoses from traditional Chinese

acupuncture or Oriental medicine.78,79

Trigger Point Needling is Only One Kind of Dry
Needling
In 2009, the APTA recommended ‘IMT’ as the term

to be used by physical therapists to describe the

intervention of dry needling.8 The following excerpt

is from page two of the January 2012 Resource Paper

titled, ‘Physical Therapists & the Performance of Dry

Needling’:

Dry needling is an invasive technique used by
physical therapists (where allowed by state law)
to treat myofascial pain that uses a dry needle,
without medication or injection, which is inserted
into areas of the muscle known as TrPs. A TrP
describes a taught band of skeletal muscle located
within a larger muscle group. Trigger points can be
tender to the touch and can refer pain to distant
parts of the body. Physical therapists utilize dry
needling with the goal of releasing/inactivating the
TrPs and relieving pain.8

This definition seems to suggest that physical

therapists should only insert needles into muscle

bellies in an attempt to inactivate TrPs. This recom-

mendation makes sense considering Itoh et al.80 found

that ‘TrP acupuncture’ of the splenius capitis, upper

trapezius, levator scapulae, sternocleidomastoid, sub-

occipitals, scaleni and paravertebrals was more effec-

tive in the short-term (i.e. at week 13) at reducing pain

and disability than classical or sham acupuncture in

patients with chronic, non-radiculopathic neck pain.

In contrast, Tough et al. concluded in a 2009 syste-

matic review and meta-analysis that ‘there is limited

evidence deriving that deep needling directly into

myofascial trigger points has an overall treatment

effect when compared to standardized care’.24

Moreover, ‘the result of the meta-analysis of direct

dry needling [for myofascial trigger point pain]

compared to placebo control treatment did not attain

statistical significance’.24 There is a paucity of high-

quality evidence to underpin the use of direct dry

needling into myofascial TrPs for the purpose of short/

long-term pain and disability reduction in patients

with musculoskeletal pain syndromes.18,20,23,24,80

Rather, the vast majority of the dry needling litera-

ture for the management of neuromusculoskeletal

conditions has demonstrated that targeting TrPs

(i.e. muscle tissue) and non-TrP structures (i.e. neural

and connective tissues) is as effective as needling

only non-TrP structures in reducing pain and disa-

bility in patients with the following conditions:

knee osteoarthritis,50–52,81–90 hip osteoarthritis,53,91–94 piri-

formis syndrome,60 carpal tunnel syndrome,36,37,40,41,44,45,47

migraine,95–101 tension type headache,97,98,102 temporo-

mandibular disorder,59,67,94,103–107 shoulder pain,108–110

neck pain,23,24,29,35,61,63–65,80,94,111–114 low back

pain,4,5,19,20,66,69,94,115–125 and plantar fasciitis.48,49,54,56,126,127

While many of these studies directly use the term

‘dry needling’,5,18,21,26,33,56,64,67,104,110 in their method-

ology, other studies use alternative terminology such

as ‘deep dry needling’,67 ‘superficial dry needling’,55,128

‘TrP acupuncture’,20,80 ‘paraspinal needling’,64 ‘intra-

muscular and nerve root needling’,65 ‘needle electrical

intramuscular stimulation’,129 ‘needle release’,113 ‘acu-

puncture needling’,63,113 ‘needling therapy’,17 ‘acu-

puncture’36–38,40,41,47,49–55,61,69,72,81–88,90,92,94–100,105–108,

112,115–117,119–123,130–135 and ‘electroacupuncture’.37,46,

93,126,127,136–139 Some studies have even chosen to use

both ‘acupuncture and dry needling’19,23,24,62,77 in

their titles. Importantly, none of the studies used

medicine and/or injectate in conjunction with their

needling procedure; therefore, all studies fit within the

strict definition of dry needling, regardless of

terminology. To our knowledge, no published ran-

domized controlled trials, to date, have used the

words ‘IMT’ to describe a dry needling intervention

for any condition.

Interestingly, the most common term used to

describe dry needling is ‘acupuncture’. Physio-

therapists and/or medical physicians114–116,119,140–144

within both government administered national health

services and mainstream university health systems53,90,

97–99,114,123,133,134, in the UK,49,51,52,84,100,101,131,132

Canada,114 USA and Germany53,90,97–99,123,133,134 use

the term ‘acupuncture’ to describe dry needling

methodologies. The same is true of articles published

in mainstream, highly respected journals, including the

British Medical Journal,84,89,100,101,112,124 European

Journal of Pain,24,131 Archives of Physical Medicine &

Rehabilitation,17,22,60,109,145,146 Pain,6,44,87,111,123,125,133,

136,147 Annals of Internal Medicine,4,81,86,88,117,132

Headache,95,96 Rheumatology,35,51,82,85
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Spine,5,19,66,114,118,119,121,135 and Cochrane Database of

Systematic Reviews.62,108 Even the Physical Therapy

Journal sponsored by the APTA has used acu-

puncture and dry needling interchangeably in a recent

publication.52 It would therefore be a mistake to ignore

the findings of high-quality, randomized controlled

trials,37,40,53,54,63,81,84,89,90,92,99,100,107,114,115,119,125,132,148 sys-

tematic reviews,17,19,23,56,83,97,121,149 meta-analyses,24,85

Cochrane reviews,62,108,150 the British practice

guidelines,124 the European practice guidelines,151,152

and the joint clinical practice guidelines from the

American College of Physicians and the American

Pain Society117 simply because they used the term

‘acupuncture’ instead of dry needling in their title and/

or methods section. Moreover, ignoring RCTs pub-

lished by PhD and licensed acupuncturists (LAc) in

well-respected, peer-reviewed journals would be short-

sighted. By disregarding these studies, physical thera-

pists may limit their ability to support the use of dry

needling in clinical practice for treating knee osteoar-

thritis, shoulder pain, carpal tunnel syndrome,

migraine headache, tension type headache, hip pain,

low back pain, and neck pain.

Physical Therapists Should Not Ignore the
Findings of Western Acupuncture Trials
‘Acupuncture’ literally translates to ‘needle penetra-

tion’ (i.e. ‘acu’5needle; ‘puncture’5penetration), and

the vast majority of the ‘acupuncture’ trials are not

claiming to move qi along meridians or channels.

Furthermore, the vast majority of the so-called ‘acu-

puncture’ RCTs have used Western medical diagnoses

(not traditional Chinese or Oriental medicine78,79

diagnoses such as bi syndrome, qi, blood stagna-

tion, and kidney yang deficiency148,153) such as

chronic neck pain,23,24,29,35,61,63–65,80,94,111–114 plantar

fasciitis,48,49,54,56,126,127 knee osteoarthritis,50–52,81–90,

and carpal tunnel syndrome.36,37,40,41,44,45,47 These same

‘acupuncture’ trials have investigated the efficacy of

inserting thin filiform needles (without medicine) into

‘Ah-Shi points’ (in Chinese ‘auwh’ means ‘that’s where it

hurts’ or ‘that’s it’; synonymous with trigger

points57,58,154) and/or non-trigger point locations.

Thus, while the terminology, theoretical constructs,

and philosophies are different, the actual procedure of

inserting thin monofilament needles, as used in the

practice of acupuncture, without the use of injectate is

very similar across professions.3 The use of McKenzie

and May16 exercises by a chiropractor does not make

him or her a physical therapist; likewise, the use of dry

needles by a physical therapist does not make him or

her an acupuncturist. Rather, these techniques are

shared procedures among a variety of healthcare

professions. As an additional comparison, physical

therapist researchers do not ignore or exclude studies

published by MDs, DOs, and DCs when citing

references to support the use of spinal manipulation

treatments for a variety of neuromusculoskeletal

conditions simply because the authors consider the

techniques as ‘chiropractic’ or ‘osteopathic manipula-

tions’. Physical therapists should therefore not ignore

the findings of large scale randomized controlled trials

available in the Western or biomedical ‘acupuncture’

literature that use the same ‘dry needles’ to treat

patients with neuromuscular conditions.49,51–53,84,90,97–

101,114,123,131–134

Poor Inter-Examiner Reliability for TrP Location
Barbero et al.155 reported ‘moderate to high’ intra-

rater reliability of an experienced physiotherapist for

determining the location of MTrPs within the upper

trapezius muscle. However, in a recent systematic

review on the reliability of physical examination for

the diagnosis of myofascial TrPs, Lucas et al.149

concluded, ‘There is no accepted reference standard

for the diagnosis of trigger points, and data on the

reliability of physical examination for trigger points

is conflicting’. In addition, a predictable pattern of

pain referral and the local twitch response are each

no longer considered to be sufficient or necessary

for the diagnosis of a TrP.22,25,149 After reviewing

nine studies on reliability, Lucas et al.149 further

concluded:

None of the nine studies in this systematic literature
review specifically reported inter-rater reliability
estimates for the identification of the location of
active trigger points in symptomatic participants….
At present, there is no data on the reliability of
pinpointing the exact location of active trigger
points…. The existing data on reliability pertain
only to agreeing if a muscle has the signs of a trigger
point and not the exact location of the taut band or
the nodule within the taut band.149

Lew et al.156 reported that the inter-examiner

agreement was only 21%, and Myburgh et al.157

found error rates of 3.3–6.6 cm among examiners

attempting to identify the specific location of TrPs in

the upper trapezius muscle. In another recent

literature review, Myburgh et al.22 found poor inter-

examiner reliability of manual palpation of TrPs in

various muscle groups. Only ‘tenderness’ of the upper

trapezius, not the actual location of the TrP, was

found to be moderately reliable. In 2011, Myburgh

et al.157 similarly reported ‘good agreement between

experienced practitioners’ for the ‘presence or

absence’ of a clinically relevant TrP in the upper

trapezius muscle. However, this study, like the many

others,158–162 failed to investigate the inter-rater

reliability for determining the specific location of

the TrP within the target muscle. If clinicians are not

able to reliably identify TrPs, they may not be able to

consistently activate/deactivate them by penetrating

the nodule within the taught band, as is commonly

Dunning et al. Dry needling

Physical Therapy Reviews 2013 VOL. 000 NO. 000 5



taught by Travell and Simons.73,74 In fact, in a recent

systematic review, Tough et al.25 concluded, ‘There is

a lack of robust empirical evidence validating the

clinical diagnostic criteria [for TrP identification or

diagnosis] proposed by both Travell and Simons

(1999) and Fischer (1997)’.

High-quality evidence suggests that manual exam-

ination for the identification of the specific location of

the ‘TrP’ is not a valid22,25,157 or reliable22,147,149,156

process between-examiners. Poor reliability of TrP

identification also makes it rather challenging, if not

impossible, for Physical Therapists to be in compli-

ance with the APTA8 and several State Physical

Therapy Boards.93,120,127,129,155 As Lucas et al.149

summarizes, ‘It is not yet evident that examiners can

agree on the precise location of an active TrP; hence,

they cannot be relied upon to accurately insert the

needle into the nodule of the taut band’. Perhaps ‘TrP

dry needling’, or ‘IMT’,8–13 as performed by physical

therapists, does not meet the criteria of evidence-

based practice (i.e. a valid and reliable diagnostic and

therapeutic intervention).

Ah-Shi Acupuncture Points and TrPs: Different
Theories, Similar Locations
Although ‘IMT’ or ‘TrP needling’ involves insertion

of needles into muscle bellies, Melzack et al.27

reported:

a high degree (71%) of correspondence between
MTrPs and acupuncture points, and it is very likely
that all MTrPs are Ah-Shi acupuncture points…
[however], trigger points are firmly anchored in the
anatomy of the neural and muscular systems, while
acupuncture points are associated with an ancient
conceptual but anatomically non-existent system of
meridians, which carry Yin (spirits) and Yang
(blood).27

Melzack et al.27 further concluded, ‘trigger points

and acupuncture points for pain, though discovered

independently, and labeled differently, represent the

same phenomenon and can be explained in terms of

the same underlying neural mechanisms’. More

recently, Dorsher and Fleckenstein,57 both medical

physicians, found that 238 (93.3%) of 255 common

MTrPs anatomically corresponded with classical

acupoints. Furthermore, ‘the marked correspondences

of the pain indications (up to 97%) and somatovisceral

indications (up to 93%) of anatomically corresponding

common MTrP-classical acupoint pairs provide a

second, clinical line of evidence that trigger points

and acupuncture points likely describe the same

physiologic phenomena’.58 Dorsher further demon-

strated a strong correspondence between the distribu-

tions of the myofascial referred-pain patterns73,74 and

acupuncture meridians78,79 of anatomically corre-

sponding common MTrP-classical acupoint pairs.

Biomechanical, Chemical, Endocrinological, and
Vascular Effects of Dry Needling
The biomechanical,70–72,163 chemical,146,164 and

vascular129,138,140,165,166 effects of needling either

superficial55 subcutaneous tissue (non-muscular) or

deep23,24,73,74 intramuscular tissue without injectate

have been well documented. Improved microcircula-

tion around the knee joint has been demonstrated

following ‘dry’ needling into non-TrP locations,138 and

improved muscle blood flow has been found following

‘manual acupuncture’ in the lower extremities.167,168

Following needle electrical intramuscular stimulation

targeting MTrPs in patients with shoulder and cervical

myofascial pain syndrome, microcirculation above the

area of the MTrPs was found to have increased from

127.3 to 310.2 BPUs per Laser Doppler Flowmetry, a

greater than two-fold increase. Furthermore, low

blood flow seemed to correlate with pain intensity,129

suggesting that reduced microcirculation plays a

role in the pathophysiology of myofascial pain

syndrome.166,169 Electrical dry needling in patients

with knee osteoarthritis has also resulted in endocri-

nological changes, including increases in beta-endor-

phins and decreases in cortisol.136

Non-Trigger Point Dry Needling in Knee
Osteoarthritis and Carpal Tunnel Syndrome:
Highly Effective
There is overwhelming evidence from randomized

controlled trials, systematic reviews, and meta-

analyses that dry needling the knee joint without

targeting specific TrPs is effective at reducing pain

and disability in patients with chronic knee

osteoarthritis.50–52,81–85,89,90,131 Likewise, there is

robust evidence that peri-neural needling of non-

TrP structures helps reduce pain and disability while

improving sensory and motor nerve conduction

velocities. Peri-neural needling has also been shown

to stimulate microcirculation in patients with mild to

moderate carpal tunnel syndrome.36,37,40,41,47 Such

findings suggest that organizations that teach physi-

cal therapists a TrP ‘search and destroy’ method of

dry needling may not be evidence based. Rather,

therapists may be much more effective treating

conditions such as osteoarthritis and carpal tunnel

syndrome by focusing on non-TrP locations such as

neural, connective, and muscle tissue.

Dry Needling for Tendinopathy, Not Just TrPs
Several recent studies7,163,165,168,170–172 support the

use of dry needling in the management of tendino-

pathy; more specifically, dry needling has been shown to

positively influence tendon healing by increasing blood

flow via local vasodilation165,167,168,170 and collagen

proliferation.163,171 It is theorized that the lack of

blood flow and subsequent hypoxic environment

contributes to ‘tendon dysrepair’173 and leads to the
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pain and disability associated with chronic tendino-

pathy.7 In comparison to a superficial heating

modality, and following dry needling using ‘vertical

pecking’ between the tendon and its sheath, Kubo

et al.165 found statistically significant increases in

blood flow and oxygen saturation levels around the

Achilles tendon. Following dry needling to burn-

injured mice, and when compared with conventional

dressing, Lee et al.171 found significantly greater basic

fibroblastic growth factor and accelerated tissue

healing rates. Likewise, Langevin et al.163 reported

significantly greater fibroblastic activity following

rotational needle manipulation in a mouse model.

Clearly, dry needling both superficial and deep non-TrP

locations results in significant mechanical,70–72,163

chemical,146,164 endocrinological,136 microvascu-

lar,138,165,167,168,171 neural,36,41,47 and central effects
38,39,44,46,130,137,140 (i.e. activation of the descending

pain inhibitory systems, cortex, hypothalamus, and

inactivation of the limbic system per recent fMRI,

and PET studies). As such, the physical therapy

profession must re-evaluate whether it is truly ‘best

practice’ to limit dry needling to muscle TrPs.

There is Limited Evidence Supporting the
Effectiveness of Deep TDN
Compared to sham or placebo treatments, a recent

systematic review and meta-analysis174 recommended

‘dry needling [directly into MTrPs] for decreasing

pain in patients with upper quarter myofascial pain

syndrome’; however, the data in this meta-analysis

was based on three ‘immediately after’ and two ‘at 4-

weeks’ post-treatment studies. More specifically,

although the findings of Kietrys et al.174 support the

immediate and short-term effectiveness of dry need-

ling, it does not provide any evidence for the

long-term effects of direct TDN on pain or disability

in patients with upper quarter myofascial pain

syndrome. There are three trials20,80,113 that seem to

be frequently cited by clinicians in support of deep

TDN; however, all three studies have significant

methodologic limitations. First, Ma et al.113 used a

‘mini-scalpel needle release’ surgical procedure

instead of monofilament dry needling in an effort

to remove or disrupt a TrP within the upper trapezius.

As such, the study113 should not be cited in support

of ‘sparrow pecking’, ‘pistoning’, ‘fast-in fast-out’

intramuscular and deep TDN in patients with

myofascial pain syndrome. Second, although Itoh et

al.20 found that deep (20 mm) TrP acupuncture of

myofascial TrPs is more effective than either super-

ficial (3 mm) TrP acupuncture or standard acupunc-

ture, the conclusions should be cautiously considered

given the following methodological shortcomings: (1)

the sample contained just 35 patients that were further

split into three smaller groups, (2) the longest out-

come measures for pain and disability were taken

just 4 weeks after the final needling session, (3) the

improvements in pain seen in the deep TrP acupunc-

ture group was ‘reversed’ by the end of the 3-week no

treatment interval, (4) the between-group differences

for pain and disability were not statistically signifi-

cantly different by week 13. Third, after comparing

TrP, standard, and sham acupuncture, Itoh et al.80

concluded that TrP acupuncture is more effective than

standard (traditional/classical) acupuncture and non-

penetrating sham acupuncture for reducing pain and

disability in patients with chronic, non-radiculopathic

neck pain. However, the 40-patient sample size was

divided among three smaller groups, and outcome

measures for pain and disability were taken only 3

weeks post-treatment.

Multiple Needles Should Be Left In Situ for 10–
30 minutes
Although the optimum dosage50,51,83,85,124 (frequency

of treatment sessions per week or month), duration

(length of time the needles should remain in situ), and

intensity (the number of needles used and degree of

manual manipulation or electrical stimulation) has

yet to be determined23,24,50,51,83,85,114,135,141 for many

neuromusculoskeletal conditions, the vast majority of

‘dry’ needling randomized controlled trials attempt to

elicit a deqi response.142,143 Deqi has been defined as a

dull ache, heaviness, distension, numbness, tingling,

cramping, pressure, fullness, spreading, warmth, or

coolness.142,143 In addition, most trials have left

multiple needles in situ for between 5 and 40-minute

durations; moreover, a recent systematic review and

meta-analysis19 within the framework of the

Cochrane collaboration concluded, ‘for low back

pain of any duration, needle retention for about

10 minutes is better than removal immediately after

insertion’.19 Table 1 provides the durations and

Table 1 Duration needles left in situ for neuromusculoskeletal condition.

Neuromusculoskeletal condition Duration needles left in situ

Low back pain 10 minutes,20 15 minutes,68 20 minutes116,119,125,144 or 30 minutes.69,123,139

Carpal tunnel syndrome 30 minutes,37,40,41 40 minutes47 or 60 minutes.36

Plantar fasciitis 5 minutes,56,186,187 15 minutes49 or 20 minutes.126,127

Knee osteoarthritis 20 minutes51,81,82,87,88,136 or 30 minutes.88–90,138

Shoulder pain 5 minutes18 or 10 minutes.110

Neck pain 10 minutes,80 20 minutes61,132,141,188 or 30 minutes.111,112,133,189

Headaches 20 minutes95 or 30 minutes.96,98–101

Dunning et al. Dry needling

Physical Therapy Reviews 2013 VOL. 000 NO. 000 7



specific studies that multiple needles were left in situ

for a variety of neuromusculoskeletal conditions.

Even when ‘pistoning’, ‘sparrow pecking’, or ‘fast-

in-and-out’ maneuvers were used with the intent of

eliciting an LTR in muscular TrPs, multiple needles

were often left in place for ten minutes or longer.20,80

While several studies29,35,59,63,64,67,102,104,175,176 have

demonstrated immediate and/or short-term improve-

ments in pain and/or disability following ‘in-an-out’

techniques, to date, there are no high-quality

long-term trials23,24 to support the practice of im-

mediately removing the needles after pricking TrPs or

eliciting LTRs; therefore, this practice should be

questioned.

Local, Proximal, and Distal Needling
‘Regional interdependence’ has been defined as ‘the

concept that seemingly unrelated impairments in a

remote anatomical region may contribute to, or be

associated with, the patient’s primary complaint’;177

that is, the practice of examining and treating muscle,

joint or neural impairments that are not local, but are

distal or proximal to the patient9s symptoms, has

gained widespread acceptance in the orthopedic

manual physical therapy community.177-183 For

example, there are several trials that support the use

of thrust manipulation to the cervical, cervicothor-

acic, thoracic, and upper rib articulations in the

treatment of patients with the primary complaint of

shoulder pain178-183 or shoulder impingement184,185–

i.e. treating proximal structures to affect distal

symptoms. Likewise, patients with lateral epicondy-

lalgia often seek conservative treatment by a physical

therapist. In addition to providing manual therapy to

the humero-radial joint and needling the forearm

extensor muscles,176 physical therapists often manip-

ulate the neck and wrist based on supporting evidence

in the literature.190,191 That is, physical therapists

commonly deliver manual therapy both proximal190

and distal191 to the site of pain. The fact that the

Mississippi and Colorado State Boards of Physical

Therapy believe that IMT and dry needling, respec-

tively, do not include the stimulation of distal points

seems misleading and clinically illogical.10 Based on

this line of reasoning, physical therapists in

Mississippi10 and Colorado13 are not allowed to

target TrPs in the adductor magnus muscle in

patients with ‘generalized internal pelvic pain…or

pain shooting up inside the pelvis’74 because the pain

is located ‘distal’ to the patient’s pain complaint. It is

worth noting that this clinical reasoning is directly

contrary to that recommended by Travell and

Simons. According to Travell and Simons, ‘deep

pain in the ipsilateral sacroiliac joint’74 may be caused

by a TrP in a very ‘distal’ location, namely the soleus

muscle. Interestingly, the most recent literature on

myofascial pain syndrome provides clear evidence for

needling distal sites, a finding analogous to the

acupuncture tradition of treating distal acupoints to

influence anatomically remote pain.154

More recently,33 ipsilateral or contralateral dry

needling to MTrSs (myofascial trigger spots) in the

distal gastrocnemius muscle (lower leg) was shown to

suppress spontaneous electrical activity (i.e. end plate

noise) in MTrSs within the more proximal biceps

femoris muscle. Furthermore, after either tibial nerve

transection or L5-6 spinal cord transection in rabbits,

Hsieh et al.33 found that the remote effects in the

bicep femoris disappeared. According to Hsieh

et al.,33 the physiologic basis for the remote and/or

distal effects of dry needling may be related to

activation of the diffuse noxious inhibitory control

(DNIC) system, as induced by noxious stimulation

provided by the needles. Simply put, ‘the pathway

for the remote effect appears to be a spinal reflex’.33

Such a finding implies that inserting a needle into

the left hand would potentially lead to pain relief in

the right hand. The recent findings of Hsieh et al.33

add support to the practice of needling contral-

ateral to the side of pain and/or needling distal to

the site of pain in order to reduce end plate noise

and suppress activity of more proximal painful

TrPs.

In another recent experimental study,26 dry need-

ling of primary MTrPs in patients with shoulder pain

was found to inhibit the activity of satellite or

secondary MTrPs situated in the shoulder, elbow,

or forearm. That is, the target MTrP was found either

proximal or distal to the patient’s site of discom-

fort.26 It follows then that the APTA7 and Physical

Therapy State Boards10,13 should consider that the

best practice for dry needling may require the

placement of needles both ‘local and/or distal’ to

the patient’s primary source of pain.

Physical therapists often deliver manual therapy

and/or orthotic interventions to the tarso-metatarsal,

subtalar, or talocrural joints in order to manage

patients with low back pain;192–196 likewise, the

insertion of needles without injectate into bodily

areas that are asymptomatic but distal or proximal

to the site of pain is supported by the myofascial

pain syndrome literature.154 As Melzack et al.27

points out:

The stimulation of particular nerves or tissues by
needles…would close the gates to [pain] inputs
from selected body areas. The cells of the midbrain
reticular formation are known to have large
receptive fields…. It is possible, then, that particular
[distant] body areas may project especially strongly
to some reticular areas, and these, in turn, could
bring about a complete block of inputs from
particular parts of the body.27
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Conclusion
Just as the Maitland,14 Kaltenborn,15 and McKenzie16

approaches are unique brands of manual therapy, so is

‘TDN’ and ‘IMT’ to dry needling. They provide a

single framework or paradigm within the much

broader field of dry needling.5,17–25 Therefore, the

terms ‘TDN’ or ‘IMT’ should not be used inter-

changeably or synonymously with the term ‘Dry

Needling’. Dry needling encompasses the insertion of

needles without injectate3 into, alongside, or around

nerves,17,28,36,40,42,43,47,55,65,164 muscles,5,6,20,23,24,65,109 or

connective tissues6,7,48,49,70–72,126,170,172 for the manage-

ment of pain and dysfunction in neuromusculoskeletal

conditions. Dry needling neither attempts to move

qi along meridians nor does it rely on diagnoses

from traditional Chinese or Oriental Medicine.78,79

Considering the mechanical,70–72,163 chemical,146,164

endocrinological,136 microvascular,138,164,165,167,168,171

neural,36,41,47 and central effects38,39,44,46,130,137,140 of

both superficial and deep dry needling at TrP and

non-TrP locations, the position statements by the

APTA8,75 and many State Boards of Physical

Therapy9–13 do not seem to be consistent with the

existing literature.
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Schöps P, et al. Immediate effects of dry needling and
acupuncture at distant points in chronic neck pain: results of
a randomized, double-blind, sham-controlled crossover trial.
Pain. 2002;99(1–2):83–9.

112 Irnich D, Behrens N, Molzen H, König A, Gleditsch J, Krauss
M, et al. Randomised trial of acupuncture compared with
conventional massage and ‘sham’ laser acupuncture for
treatment of chronic neck pain. BMJ. 2001;322(7302):1574–8.

113 Ma C, Wu S, Li G, Xiao X, Mai M, Yan T. Comparison of
miniscalpel-needle release, acupuncture needling, and stretch-
ing exercise to trigger point in myofascial pain syndrome. Clin
J Pain. 2010;26(3):251–7.

114 Trinh K, Graham N, Gross A, Goldsmith C, Wang E,
Cameron I, et al. Acupuncture for neck disorders. Spine (Phila
Pa 1976). 2007;32(2):236–43.

115 Brinkhaus B, Witt CM, Jena S, Linde K, Streng A, Wagenpfeil
S, et al. Acupuncture in patients with chronic low back pain: a
randomized controlled trial. Arch Intern Med. 2006;166(4):
450–7.

116 Cherkin DC, Sherman KJ, Avins AL, Erro JH, Ichikawa L,
Barlow WE, et al. A randomized trial comparing acupuncture,
simulated acupuncture, and usual care for chronic low back
pain. Arch Intern Med. 2009;169(9):858–66.

117 Chou R, Qaseem A, Snow V, Casey D, Cross JT Jr, Shekelle
P, et al. Diagnosis and treatment of low back pain: a joint
clinical practice guideline from the American College of
Physicians and the American Pain Society. Ann Intern Med.
2007;147(7):478–91.

118 Eisenberg DM, Post DE, Davis RB, Connelly MT, Legedza
AT, Hrbek AL, et al. Addition of choice of complementary
therapies to usual care for acute low back pain: a randomized
controlled trial. Spine (Phila Pa 1976). 2007;32(2):151–8.

119 Giles LG, Muller R. Chronic spinal pain: a randomized
clinical trial comparing medication, acupuncture, and spinal
manipulation. Spine (Phila Pa 1976). 2003;28(14):1490–502;
discussion 1502–493.

120 Inoue M, Kitakoji H, Ishizaki N, Tawa M, Yano T, Katsumi
Y, et al. Relief of low back pain immediately after acupuncture
treatment–a randomised, placebo controlled trial. Acupunct
Med. 2006;24(3):103–8.

121 Johnston BC, da Costa BR, Devereaux PJ, Akl EA, Busse JW.
The use of expertise-based randomized controlled trials to
assess spinal manipulation and acupuncture for low back pain:
a systematic review. Spine (Phila Pa 1976). 2008;33(8):914–8.

122 MacPherson H, Thorpe L, Thomas K, Campbell M.
Acupuncture for low back pain: traditional diagnosis and
treatment of 148 patients in a clinical trial. Complement Ther
Med. 2004;12(1):38–44.

123 Molsberger AF, Mau J, Pawelec DB, Winkler J. Does
acupuncture improve the orthopedic management of chronic
low back pain–a randomized, blinded, controlled trial with 3
months follow up. Pain. 2002;99(3):579–87.

124 Savigny P, Watson P, Underwood M. Early management of
persistent non-specific low back pain: summary of NICE
guideline. Br Med J. 2009;338:1441–5.

125 Vas J, Aranda JM, Modesto M, Benı́tez-Parejo N, Herrera A,
Martı́nez-Barquı́n DM, et al. Acupuncture in patients with
acute low back pain: a multicentre randomised controlled
clinical trial. Pain. 2012;153(9):1883–9.

Dunning et al. Dry needling

Physical Therapy Reviews 2013 VOL. 000 NO. 000 11



126 Ebrahim AHM, Ahmed GM, Elsayed E, Sarhan R. Effect of
electroacupuncture TENS, stretching exercises, and prefabri-
cated insole in patients with plantar fasciits. Sci J Al-Azhar
Med Univ. 2007;28(3):1–10.

127 Perez-Millan R, Foster L. Low-frequency electroacupuncture
in the management of refractory plantar fasciitis: a case-series.
Med Acupunct. 2001;13(1):1–7.

128 Baldry P. The integration of acupuncture within medicine in
the UK–the British Medical Acupuncture Society’s 25th
anniversary. Acupunct Med. 2005;23(1):2–12.

129 Lee SH, Chen CC, Lee CS, Lin TC, Chan RC. Effects of
needle electrical intramuscular stimulation on shoulder and
cervical myofascial pain syndrome and microcirculation. J
Chin Med Assoc. 2008;71(4):200–6.

130 Biella G, Sotgiu ML, Pellegata G, Paulesu E, Castiglioni I,
Fazio F. Acupuncture produces central activations in pain
regions. Neuroimage. 2001;14(1 Pt 1):60–6.

131 Foster NE, Thomas E, Hill JC, Hay EM. The relationship
between patient and practitioner expectations and preferences
and clinical outcomes in a trial of exercise and acupuncture for
knee osteoarthritis. Eur J Pain. 2010;14(4):402–9.

132 White P, Lewith G, Prescott P, Conway J. Acupuncture versus
placebo for the treatment of chronic mechanical neck pain: a
randomized, controlled trial. Ann Intern Med. 2004;141(12):
911–9.

133 Witt CM, Jena S, Brinkhaus B, Liecker B, Wegscheider K,
Willich SN. Acupuncture for patients with chronic neck pain.
Pain. 2006;125(1–2):98–106.

134 Witt CM, Jena S, Selim D, Brinkhaus B, Reinhold T, Wruck
K, et al. Pragmatic randomized trial evaluating the clinical and
economic effectiveness of acupuncture for chronic low back
pain. Am J Epidemiol. 2006;164(5):487–96.

135 Yuan J, Purepong N, Kerr DP, Park J, Bradbury I,
McDonough S. Effectiveness of acupuncture for low back
pain: a systematic review. Spine (Phila Pa 1976). 2008;33(23):
E887–900.

136 Ahsin S, Saleem S, Bhatti AM, Iles RK, Aslam M. Clinical
and endocrinological changes after electro-acupuncture treat-
ment in patients with osteoarthritis of the knee. Pain.
2009;147(1–3):60–6.

137 Almeida RT, Perez AC, Francischi JN, Castro MS, Duarte ID.
Opioidergic orofacial antinociception induced by electroacupunc-
ture at acupoint St36. Braz J Med Biol Res. 2008;41(7):621–6.

138 Loaiza LA, Yamaguchi S, Ito M, Ohshima N. Electro-
acupuncture stimulation to muscle afferents in anesthetized
rats modulates the blood flow to the knee joint through
autonomic reflexes and nitric oxide. Auton Neurosci.
2002;97(2):103–9.

139 Yeung CK, Leung MC, Chow DH. The use of electro-acupuncture
in conjunction with exercise for the treatment of chronic low-back
pain. J Altern Complement Med. 2003;9(4):479–90.

140 Almeida RT, Duarte ID. Nitric oxide/cGMP pathway
mediates orofacial antinociception induced by electroacupunc-
ture at the St36 acupoint. Brain Res. 2008;1188:54–60.

141 Ceccherelli F, Gioioso L, Casale R, Gagliardi G, Ori C. Neck
pain treatment with acupuncture: does the number of needles
matter? Clin J Pain. 2010;26(9):807–12.

142 Bovey M. Deqi. J Chin Med. 2006;81:18–29.
143 Hui KK, Nixon EE, Vangel MG, Liu J, Marina O, Napadow

V, et al. Characterization of the ‘deqi’ response in acupunc-
ture. BMC Complement Altern Med. 2007;7:33.

144 Thomas KJ, MacPherson H, Thorpe L, Brazier J, Fitter M,
Campbell MJ, et al. Randomised controlled trial of a short
course of traditional acupuncture compared with usual care
for persistent non-specific low back pain. BMJ. 2006;
333(7569):623.

145 Rha DW, Shin JC, Kim YK, Jung JH, Kim YU, Lee SC.
Detecting local twitch responses of myofascial trigger points in
the lower-back muscles using ultrasonography. Arch Phys
Med Rehabil. 2011;92(10):1576–80.e1.

146 Shah JP, Danoff JV, Desai MJ, Parikh S, Nakamura LY,
Phillips TM, et al. Biochemicals associated with pain and
inflammation are elevated in sites near to and remote from
active myofascial trigger points. Arch Phys Med Rehabil.
2008;89(1):16–23.

147 Sciotti VM, Mittak VL, DiMarco L, Ford LM, Plezbert J,
Santipadri E, et al. Clinical precision of myofascial trigger point
location in the trapezius muscle. Pain. 2001;93(3):259–66.

148 Brinkhaus B, Witt C, Jena S, Linde K, Streng A, Irnich D,
et al. Interventions and physician characteristics in a

randomized multicenter trial of acupuncture in patients with
low-back pain. J Altern Complement Med. 2006;12(7):649–57.

149 Lucas N, Macaskill P, Irwig L, Moran R, Bogduk N.
Reliability of physical examination for diagnosis of myofascial
trigger points: a systematic review of the literature. Clin J Pain.
2009;25(1):80–9.

150 Trinh KV, Graham N, Gross AR, Goldsmith CH, Wang E,
Cameron ID, et al. Acupuncture for neck disorders. Cochrane
Database Syst Rev. 2006;(3):CD004870.

151 Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-
Moffett J, Kovacs F, et al. Chapter 4. European guidelines for
the management of chronic nonspecific low back pain. Eur
Spine J. 2006;15(Suppl 2):S192–300.

152 van Tulder M, Becker A, Bekkering T, Breen A, del Real MT,
Hutchinson A, et al. Chapter 3. European guidelines for the
management of acute nonspecific low back pain in primary
care. Eur Spine J. 2006;15(Suppl 2):S169–191.

153 Moffet H. Traditional acupuncture theories yield null out-
comes: a systematic review of clinical trials. J Clin Epidemiol.
2008;61:741–7.

154 Dorsher PT. Myofascial referred-pain data provide physiologic
evidence of acupuncture meridians. J Pain. 2009;10(7):723–31.

155 Barbero M, Bertoli P, Cescon C, Macmillan F, Couts F, Gatti
R. Intra-rater reliability of an experienced physiotherapist in
locating myofascial trigger points in upper trapezius muscle.
J Man Manip Ther. 2012;20:171–7.

156 Lew PC, Lewis J, Story I. Inter-therapist reliability in locating
latent myofascial trigger points using palpation. Man Ther.
1997;2(2):87–90.

157 Myburgh C, Lauridsen HH, Larsen AH, Hartvigsen J.
Standardized manual palpation of myofascial trigger points
in relation to neck/shoulder pain; the influence of clinical
experience on inter-examiner reproducibility. Man Ther.
2011;16(2):136–40.

158 Al-Shenqiti AM, Oldham JA. Test-retest reliability of
myofascial trigger point detection in patients with rotator
cuff tendonitis. Clin Rehabil. 2005;19(5):482–7.

159 Gerwin RD, Shannon S, Hong CZ, Hubbard D, Gevirtz R.
Interrater reliability in myofascial trigger point examination.
Pain. 1997;69(1–2):65–73.

160 Hsieh CY, Hong CZ, Adams AH, Platt KJ, Danielson CD,
Hoehler FK, et al. Interexaminer reliability of the palpation of
trigger points in the trunk and lower limb muscles. Arch Phys
Med Rehabil. 2000;81(3):258–64.

161 Levoska S, Keinanen-Kiukaanniemi S, Bloigu R.
Repeatability of measurement of tenderness in the neck-
shoulder region by a dolorimeter and manual palpation. Clin J
Pain. 1993;9(4):229–35.

162 Njoo KH, Van der Does E. The occurrence and inter-rater
reliability of myofascial trigger points in the quadratus
lumborum and gluteus medius: a prospective study in non-
specific low back pain patients and controls in general
practice. Pain. 1994;58(3):317–23.

163 Langevin HM, Bouffard NA, Churchill DL, Badger GJ.
Connective tissue fibroblast response to acupuncture: dose-
dependent effect of bidirectional needle rotation. J Altern
Complement Med. 2007;13(3):355–60.

164 Shah JP, Phillips TM, Danoff JV, Gerber LH. An in vivo
microanalytical technique for measuring the local biochemical
milieu of human skeletal muscle. J Appl Physiol. 2005;99(5):
1977–84.

165 Kubo K, Yajima H, Takayama M, Ikebukuro T, Mizoguchi
H, Takakura N. Effects of acupuncture and heating on blood
volume and oxygen saturation of human Achilles tendon in
vivo. Eur J Appl Physiol. 2010;109(3):545–50.

166 Larsson R, Oberg PA, Larsson SE. Changes of trapezius
muscle blood flow and electromyography in chronic neck pain
due to trapezius myalgia. Pain. 1999;79(1):45–50.

167 Sandberg M, Lundeberg T, Lindberg LG, Gerdle B. Effects of
acupuncture on skin and muscle blood flow in healthy
subjects. Eur J Appl Physiol. 2003;90(1–2):114–9.

168 Shinbara H, Okubo M, Sumiya E, Fukuda F, Yano T, Kitade
T. Effects of manual acupuncture with sparrow pecking on
muscle blood flow of normal and denervated hindlimb in rats.
Acupunct Med. 2008;26(3):149–59.

169 Larsson R, Cai H, Zhang Q, Oberg PA, Larsson SE.
Visualization of chronic neck-shoulder pain: impaired micro-
circulation in the upper trapezius muscle in chronic cervico-
brachial pain. Occup Med (Lond). 1998;48(3):189–94.

170 James SL, Ali K, Pocock C, Robertson C, Walter J, Bell J,
et al. Ultrasound guided dry needling and autologous blood

Dunning et al. Dry needling

12 Physical Therapy Reviews 2013 VOL. 000 NO. 000



injection for patellar tendinosis. Br J Sports Med. Aug
2007;41(8):518–21; discussion 522.

171 Lee JA, Jeong HJ, Park HJ, Jeon S, Hong SU. Acupuncture
accelerates wound healing in burn-injured mice. Burns.
2011;37(1):117–25.

172 Pfefer MT, Cooper SR, Uhl NL. Chiropractic management of
tendinopathy: a literature synthesis. J Manipulative Physiol
Ther. 2009;32(1):41–52.

173 Cook J, Purdham C. Is tendon pathology a continuum? A
pathology based model to explain the clinical presentation of
load induced tendinopathy. Br J Sports Med. 2009;43(6):409–
16.

174 Kietrys DM, Palombaro KM, Azzaretto E, Hubler R, Schaller
B, Schlussel JM, et al. Effectiveness of dry needling for upper
quarter myofascial pain: a systematic review and meta-
analysis. J Orthop Sports Phys Ther. 2013;43(9):620–634.

175 Fernandez-Carnero J, Fernandez-de-las-Penas C, Sterling M,
Souvlis T, Arendt-Nielsen L, Vicenzino B. Exploration of the
extent of somato-sensory impairment in patients with uni-
lateral lateral epicondylalgia. J Pain. 2009;10(11):1179–85.

176 Gonzalez-Iglesias J, Cleland JA, del Rosario Gutierrez-Vega
M, Fernandez-de-las-Penas C. Multimodal management of
lateral epicondylalgia in rock climbers: a prospective case
series. J Manipulative Physiol Ther. 2011;34(9):635–42.

177 Wainner RS, Whitman JM, Cleland JA, Flynn TW. Regional
interdependence: a musculoskeletal examination model whose
time has come. J Orthop Sports Phys Ther. Nov
2007;37(11):658-660.

178 Bergman GJ, Winters JC, Groenier KH, et al. Manipulative
therapy in addition to usual medical care for patients with
shoulder dysfunction and pain: a randomized, controlled trial.
Ann Intern Med. Sep 21 2004;141(6):432-439.

179 Mintken PE, Cleland JA, Carpenter KJ, Bieniek ML, Keirns
M, Whitman JM. Some factors predict successful short-term
outcomes in individuals with shoulder pain receiving cervi-
cothoracic manipulation: a single-arm trial. Phys Ther. Jan
2010;90(1):26-42.

180 Sobel JS, Kremer I, Winters JC, Arendzen JH, de Jong BM.
The influence of the mobility in the cervicothoracic spine and
the upper ribs (shoulder girdle) on the mobility of the
scapulohumeral joint. J Manipulative Physiol Ther. Sep
1996;19(7):469-474.

181 Sobel JS, Winters JC, Groenier K, Arendzen JH, Meyboom de
Jong B. Physical examination of the cervical spine and
shoulder girdle in patients with shoulder complaints. J
Manipulative Physiol Ther. May 1997;20(4):257-262.

182 Strunce JB, Walker MJ, Boyles RE, Young BA. The
immediate effects of thoracic spine and rib manipulation on
subjects with primary complaints of shoulder pain. J Man
Manip Ther. 2009;17(4):230-236.

183 Winters JC, Sobel JS, Groenier KH, Arendzen HJ, Meyboom-
de Jong B. Comparison of physiotherapy, manipulation, and

corticosteroid injection for treating shoulder complaints in
general practice: randomised, single blind study. Bmj. May 3
1997;314(7090):1320-1325.

184 Bang MD, Deyle GD. Comparison of supervised exercise with
and without manual physical therapy for patients with
shoulder impingement syndrome. J Orthop Sports Phys
Ther. Mar 2000;30(3):126-137.

185 Boyles RE, Ritland BM, Miracle BM, et al. The short-term
effects of thoracic spine thrust manipulation on patients with
shoulder impingement syndrome. Man Ther. Aug
2009;14(4):375-380.

186 Cotchett MP, Landorf KB, Munteanu SE, Raspovic AM.
Consensus for dry needling for plantar heel pain (plantar
fasciitis): a modified Delphi study. Acupunct Med.
2011;29(3):193–202.

187 Cotchett MP, Landorf KB, Munteanu SE, Raspovic A.
Effectiveness of trigger point dry needling for plantar heel
pain: study protocol for a randomised controlled trial. J Foot
Ankle Res. 2011;4:5.

188 Muller R, Giles LG. Long-term follow-up of a randomized
clinical trial assessing the efficacy of medication, acupuncture,
and spinal manipulation for chronic mechanical spinal pain
syndromes. J Manipulative Physiol Ther. 2005;28(1):3–11.

189 He D, Veiersted KB, Hostmark AT, Medbo JI. Effect of
acupuncture treatment on chronic neck and shoulder pain in
sedentary female workers: a 6-month and 3-year follow-up
study. Pain. 2004;109(3):299–307.

190 Fernandez-Carnero J, Cleland JA, Arbizu RL. Examination
of motor and hypoalgesic effects of cervical vs thoracic spine
manipulation in patients with lateral epicondylalgia: a clinical
trial. J Manipulative Physiol Ther. 2011;34(7):432–40.

191 Struijs PA, Damen PJ, Bakker EW, Blankevoort L, Assendelft
WJ, van Dijk CN. Manipulation of the wrist for management
of lateral epicondylitis: a randomized pilot study. Phys Ther.
2003;83(7):608–16.

192 Brantingham JW, Lee Gilbert J, Shaik J, Globe G. Sagittal
plane blockage of the foot, ankle and hallux and foot
alignment-prevalence and association with low back pain. J
Chiropr Med. 2006;5(4):123–7.

193 Cambron JA, Duarte M, Dexheimer J, Solecki T. Shoe
orthotics for the treatment of chronic low back pain: a
randomized controlled pilot study. J Manipulative Physiol
Ther. 2011;34(4):254–60.

194 Cibulka MT. Low back pain and its relation to the hip and
foot. J Orthop Sports Phys Ther. 1999;29(10):595–601.

195 Dananberg HJ, Guiliano M. Chronic low-back pain and its
response to custom-made foot orthoses. J Am Podiatr Med
Assoc. 1999;89(3):109–17.

196 Williams AE, Hill LA, Nester CJ. Foot orthoses for the
management of low back pain: a qualitative approach
capturing the patient’s perspective. J Foot Ankle Res.
2013;6(1):17.

Dunning et al. Dry needling

Physical Therapy Reviews 2013 VOL. 000 NO. 000 13




