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Meteor Shower 
 

 
A Leonid fireball streaks over Turkey in 2001 (Courtesy: National Geographic Daily News) 

• Meteors are often seen falling from the sky alone.  But there are certain times in a year when dozens or 
even hundreds of meteors per hour will light up the sky, seemingly coming from one part of the sky, 
radiating in all directions and falling toward Earth one after the other. 

• Meteor showers happen when the earth passes through a trail of debris left by a comet. For example, the 
Orionid meteor shower happens when the earth passes through a cloud of debris left by Halley's Comet. 
Others are caused by debris from asteroids. Thousands of these particles can enter the earth's 
atmosphere, ignite, and leave fiery trails as they burn out. 

• On average, meteors can speed through the atmosphere at about 30,000 mph (48,280 kph) and reach 
temperatures of about 3,000 degrees Fahrenheit (1,648 degrees Celsius). Sometimes, meteors can 
explode in magnificent fireballs that can sometimes be seen during the day. 

• Most meteors are very small, some as tiny as a grain of sand, so they disintegrate in the air. Larger ones 
that reach the Earth's surface are called meteorites and are rare. 

• Whether an object breaks apart depends on its composition, speed, and angle of entry. A faster meteor at 
an oblique angle suffers greater stress. Meteors made of iron withstand the stress better than those of 
stone. Even an iron meteor will usually break up as the atmosphere becomes denser, around 5 to 7 miles 
up.  Large meteors can explode above the surface, causing widespread damage from the blast and 
ensuing fire. This happened in 1908 over Siberia, in what’s called the Tunguska event. 

  

http://www.space.com/11552-photos-halleys-comet-images-astronomy.html
http://www.livescience.com/15445-fallen-stars-gallery-famous-meteorites.html
http://www.space.com/3113-meteors-meteor-showers-science.html
http://www.space.com/5573-huge-tunguska-explosion-remains-mysterious-100-years.html
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Independent Research - Narrative Review 
 
 

The Diagnosis and Management of Myofascial  
Pain Syndrome: A Narrative Review 

 
Christopher B. Roecker, DC, MS, FACO 

 

Instructor, Palmer College of Chiropractic 
Life Science Department, Davenport, IA 

 
ABSTRACT 
 
Myofascial pain syndrome is a clinical condition 
that has been increasingly recognized over the past 
thirty years. Myofascial pain syndrome is 
characterized by the presence of hyperirritable 
nodules, called myofascial trigger points, which 
cause chronic pain within a single quadrant of the 
body. This article will provide an overview of the 
diagnosis of myofascial pain syndrome as well as 
the most common forms of management for this 
condition. Additionally, this article proposes the use 
of a subset of myofascial trigger point diagnostic 
criteria in an attempt standardize the identification 
of myofascial pain syndrome across various health 
care practitioners. It is recommended that clinicians 
incorporate the patient’s preferences, the clinician’s 
previous experiences, and the best available 
evidence in an attempt to provide evidence-based 
care for patients with myofascial pain syndrome. 
 
KEY WORDS:  Myofascial Pain Syndrome; 
Myofascial Trigger Point Pain; Pain, 
Musculoskeletal; Muscles, Skeletal; Humans 
 
INTRODUCTION 
 
Chronic pain is a major health care concern 
impacting as many as one-third of all Americans 
adults.1 Pain originating from musculoskeletal 
tissues are the most common cause of long-term 
pain and physical disability.2 Health care 
practitioners are becoming increasingly aware of 
myofascial pain syndrome (MPS) as a cause of 
chronic musculoskeletal pain.3 MPS has been 
reported to affect approximately 30% of all pain 
patients in general practice,4,5 and is the most 
common cause of pain within a variety of other 

health care disciplines.6,7 8 Sensitive areas within 
the patient’s musculature, or related fascia, produce 
chronic pain and are known as myofascial trigger 
points (TrPs). MPS is a condition where TrPs 
produce chronic pain that is localized to a single 
body quadrant. Appropriate identification and 
management of MPS has been identified as an 
important area of emphasis within health 
care.3,5,7,9,10  

 
MYOFASCIAL PAIN SYNDROME 
 
Clinical observations describing the features of 
MPS date as far back as the 1950s when Janet 
Travell and Raymond Nimmo independently 
describing similar features of MPS.11,12 Increased 
recognition of MPS began following the publication 
of the textbook Myofascial Pain & Dysfunction: 
The Trigger Point Manual13 in 1983 by Drs. Janet 
Travell and David Simons. Unfortunately, thirty 
years after the initial publication of this textbook, 
MPS remains one of the most under-diagnosed or 
misdiagnosed conditions within the United 
States.5,10  
 
Clinical Characteristics of Myofascial Pain 
Syndrome 
 
MPS consist of a wide range of clinical features. 
The TrP responsible for producing MPS have been 
described as a hyperirritable nodule within a taut 
band of skeletal muscle or its associated fascia that 
produces chronic pain.3,5,6,13-18 Practitioners 
frequently described the palpatory findings of TrPs 
as “knots,” “nodules,” or “taut bands" within soft 
tissue.12 It is important to note that MPS is a chronic 
musculoskeletal pain condition that originates from 
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TrPs and is localized to a single quadrant of the 
body. 

Although there is general consensus regarding the 
existence of MPS as a legitimate clinical condition, 
a codified diagnostic criteria demonstrating the 
presence of this condition does not exist.3,10,18 I 
have summarized common TrP diagnostic criteria 
within Table 1.3,5,10,16 A systematic review of the 
literature evaluated all articles concerning the 
diagnostic criteria used to identify TrPs.16 The 
diagnostic criterion outlined in Table 2 contains 
only the diagnostic criteria included in at least 50% 
of the literature regarding TrP identification;16 this 
subset of diagnostic criteria may serve to simplify 
the identification of TrPs and standardize the 
diagnosis of MPS. 

Spontaneous pain referral or altered sensation is 
closely associated with MPS. Patients have 
described these sensations as “deep” and ”aching” 
muscular pain that may also produce paresthesia-
like pain.3,13 These pain referral patterns produce a 
distinctive sensation and patients suffering from 
MPS are able to predict these referral patterns. 
Various diagrams of TrP pain referral patterns have 
been depicted within the textbooks published by 
Drs. Travell and Simons and various other 
authors.13,19 Further elaboration of these pain 
referral patterns is outside of the scope of this 
review, but it should be noted that the diagrams 
have not undergone validation. 
 
Diagnosing Myofascial Pain Syndrome 
 
The low rate of current MPS recognition combined 
with the high prevalence of pain and dysfunction in 
the United States indicates that health care 
professionals may benefit from an increased 
awareness of MPS. While recognition of MPS is 
highly dependent on the clinician’s previous 
knowledge of the condition,20 it has also been 
demonstrated that the diagnostic accuracy of MPS 
may be significantly improved with minor amounts 
of training.21 It has also been recommended that 
clinicians consider MPS when faced with patients 
demonstrating musculoskeletal pain lacking a well-
defined pathoanatomical diagnosis.3 
 

As with any condition, the assessment of MPS 
should incorporate a structured approach to generate 
an accurate diagnosis.10 Patients suspected of 
having MPS present with a history of chronic pain 
that is poorly localized, and is described as a deep 
muscular (somatic) pain isolated to a single body 
quadrant.5,10,12 Clinicians should inquire about the 
patient's daily activities, occupation, recreational 
activities, repetitive movements, prolonged 
postures, and abnormal lifting or carrying 
patterns.10,22 An investigation into gross traumas, 
repetitive microtraumas, or activities that may have 
overloaded the area of complaint are also 
benefitial.12,23 MPS has been reported to produce 
altered motor functioning, manifesting as localized 
weakness, reduced activity tolerance, and loss of 
coordination in the muscle containing TrPs.3,10 
Therefore, it is important to evaluate patients 
suspected of having MPS for potential 
biomechanical dysfunction, musculoskeletal 
anomalies, postural deviations, and reduced ranges 
of motion. MPS is also known to be provoked by 
activation of the involved musculature, 
psychological stress, anxiety, cold temperatures and 
postural dysfunctions.3  
 
Palpation of the region suspected of harboring a TrP 
is to be performed by searching for taut bands 
within the myofascial system, followed by precise 
localization of suspected TrPs.10 Transverse 
"snapping" palpation is commonly performed to 
search a taut band and involves applying pressure at 
a 90° angle to the taut band and rolling the tissue 
under the finger (Figure 1).5,10 This transverse 
palpation has been reported to elicit a localized 
twitch response within the muscle.5 It is important 
to note that, despite being an common component to 
many TrP diagnostic criteria (Table 1), this 
localized twitch response has failed to demonstrate 
an acceptable level of inter-rater reliability and 
MPS diagnosis should not be contingent upon this 
finding.21 Next, TrP localization within the taut 
myofascial band is performed with firm digital 
pressure, which is applied with a similar amount of 
pressure as it takes to blanch a fingernail 
(approximately 3 kg). Similar pressure is applied at 
different points throughout the taut band and is 
maintained for approximately five seconds at each 
location.3,10 Prompting the patient to describe any 
changes in the symptomotology, such as pain 
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referral, may assist in localizing the TrP and its 
associated pain referral pattern. 

The ability of MPS to mimic other conditions may 
cause clinical confusion and is a common 
occurrence among health care practitioners.10,24,25 
Clinicians should consider a broad range of 
differential diagnoses when evaluating a patient 
suspected of having MPS. The following list 
represents an overview of conditions which may 
mimic MPS: arthritis, bursitis, entrapment 
neuropathy, various osseous pathologies, 
radiculopathy, tendinopathy, strain, sprain and 
fibromyalgia syndrome (FMS).  
 
Historically, there has been considerable confusion 
when distinguishing the pain associated with FMS 
from that of MPS.26 In 1990 the first official 
diagnostic criteria for FMS was published,27 which 
included the presence of widespread pain (all four 
quadrants of the body) in combination with 
tenderness at 11 or more of the 18 specific tender 
point sites.27 Since this original publication, the 
criteria for FMS has eliminated the requirement of 
the specific tender point sites and is now based 
upon two outcome measures, the Widespread Pain 
Index (WPI) and the Symptom Severity (SS) Scale, 
in combination with symptomotology for ≥ 3 
months.28 FMS is also associated with poor sleep, 
fatigue, and soft tissue stiffness.29 It is important to 
note that the pain associated with FMS is 
widespread throughout the body and does not 
palpate with an abnormal texture or cause pain 
referral.12 Distinguishing among the clinical 
features of MPS and FMS is fairly straightforward 
once one understands the characteristic findings of 
the two conditions.  

Managing Myofascial Pain Syndrome 
 
The management of MPS should be directed toward 
the treatment of painful TrPs while also addressing 
factors that may predispose the individual to future 
TrPs.10,30,31 Clinicians generally provide 
recommendations to perform self-stretching and 
low intensity therapeutic exercise, in combination 
with a clinician-directed management strategy.3 The 
various MPS management strategies include non-
invasive (conservative) and invasive forms of 
treatment.10,15,18  

 
Conservative management strategies for MPS are 
widely varied. I will briefly review the most 
common conservative management options, which 
include spray and stretch, post-isometric relaxation, 
and trigger point pressure release.  The spray and 
stretch treatment was described in the first edition 
of the Myofascial Pain & Dysfunction: The Trigger 
Point Manual and involves applying cutaneous 
vapocoolant (ethyl chloride) spray prior to passively 
stretching the involved musculature.13 The use of 
vapocoolant spray is intended to distract the patient 
from the discomfort of stretching the muscle 
harboring a sensitive TrP.5,10,30  
 
A second conservative approach is post-isometric 
relaxation (PIR). PIR involves the clinician 
passively stretching the involved muscle, followed 
by an isometric muscle contraction performed by 
the patient, followed by further passive stretching of 
the involved muscle by the clinician.5,10,32 A third 
conservative management strategy is trigger point 
pressure release (formerly ischemic compression). 
Application of this form of management involves 
manually applying gentle pressure to the tender TrP, 
in a gradually increasing manner, until increases 
resistance is felt.5,10,33 This level of pressure is 
temporarily maintained until the tension is felt to 
release. The biological mechanisms surrounding 
these various strategies are not well-understood and 
hypotheses tend to focus on the elongation of 
myofibrils in an attempt to inhibit motor neurons by 
stimulating Golgi tendon organs.34  
 
A variety of other conservative management options 
exist for the management of MPS. Additional 
treatment options include: acupressure, therapeutic 
ultrasound, massage, low level laser therapy 
(LLLT), and transcutaneous electrical nerve 
stimulation (TENS).5,10,15,23,30 Despite the high 
prevalence of conservative management strategies 
used to manage MPS, there exists very little clinical 
research to establish the efficacy of these 
treatments. 
 
The more invasive strategies for managing MPS are 
generally reserved for patients that have failed 
conservative management and involve needling 
therapies.5,15 The most common needling therapies 
for managing MPS include trigger point injections 
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(TPIs) and dry needling. While TPIs are common, 
there is no standard injection solution.5,10 Various 
injection solutions include local anesthetic (1% 
lidocaine), corticosteroids, botulinum toxin, sterile 
water and saline.15,30 TPIs of local anesthetic intend 
to reduce TrP pain, are generally safe, and have 
consistently demonstrated improved patient 
outcomes.15 TPIs of corticosteroids intended to 
reduce inflammation, but increase the risk of local 
tissue damage from myotoxicity.15,19 TPIs of 
botulinum toxin (type-A botulinum toxin) intended 
to limit the contractility of TrPs,15,35,36 but are 
associated with an increased risk of inadvertently 
affecting normal tissues.37-39 Lastly, dry needling 
involves the insertion of a solid filiform needle into 
a TrP to mechanically disrupt the dysfunctional 
tissue physiologically.5,10,15,40 Dry needling is also 
similar to acupuncture, but is devoid of the concept 
of chi or a vitalistic life-force.40 
 
Interestingly, multiple studies have concluded that 
the solution injected via TPI has no influence on the 
patient’s outcomes and dry needling is as effective 
as TPI for the management of MPS.41,42 These 
findings support the hypothesis that the therapeutic 
benefits of needling are likely to result from the 
mechanical disruption of the TrP caused by the 
needle, instead of the unique features of the injected 
solution.5,10 It is also common for practitioners to 
manage MPS with a combination of different 
management options.30 A systematic review of MPS 
management has also revealed that management 
strategies incorporating multiple forms of treatment 
yields superior results.43  
 
In addition to the treatment options previously 
discussed, clinicians should consider addressing 
factors known to precipitate or perpetuate 
MPS.10,14,44 Effective MPS management requires 
correction of these factors,3,14 which are commonly 
categorized into mechanical, nutritional, and 
psychological sources. The mechanical factors 
associated with MPS include abnormal posture, 
scoliosis, pelvic torsion, joint hypomobility, 
ergonomic stressors and anatomical abnormal 
muscle activation patterns.3,10,14,44-46  
 
Nutritional factors that perpetuate MPS have been 
said to include  inadequate dietary iron, folic acid, 
magnesium, zinc, and Vitamins D, C, B1, B6, 

B12.14,44 These deficiencies may contribute to 
chronic musculoskeletal pain and clinicians may 
consider evaluating the nutritional status of patients 
with MPS.14,47,48 Psychological factors associated 
with MPS include anxiety, depression, and 
generalized mood disturbances.3,10,23 Proper 
management of psychological factors may require 
interdisciplinary care with practitioners external to 
musculoskeletal medicine.23,31 
 
An evidence-based approach to clinical decision-
making attempts to optimize the patient’s response 
to care by combining the clinician’s expertise, the 
patient’s preferences and the best available 
research.49,50 This approach is important to 
producing optimal patient outcomes and should be 
employed when managing MPS. In an attempt to 
provide evidence-based care of MPS, clinicians 
formulating an appropriate management strategy 
should have a discussion with the patient regarding 
the available management strategies, the 
practitioner’s previous experience managing this 
condition and expected prognosis, as well as the 
patient’s values and preferences regarding their 
care. 
 
LIMITATIONS 
 
As this paper is a narrative review of the literature, 
the selection of relevant reference articles may have 
been subject to selection bias and the search results 
are less reproducible than systematic methods. Also, 
the reference articles were not objectively appraised 
to evaluate methodological rigor.  
 
 
CONCLUSION 
 
MPS is a common clinical condition characterized 
by chronic pain resulting from TrPs. While MPS is 
becoming more widely recognized, the condition 
continues to be one of the most under-diagnosed or 
misdiagnosed conditions within the United States. 
Over the past thirty years, MPS has become 
increasingly accepted among various health care 
professions, but a consistent criteria to establish the 
presence of MPS is lacking. Clinicians should 
become familiar with the most common clinical 
features of MPS as well as the available 
management strategies used to treat this condition. 
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Effective management of MPS involves a 
combination of treatments, such as conservative 
therapies, needling therapies, and correction of 
factors that may perpetuate the development of 

MPS. Ultimately, the management of MPS should 
incorporate clinical decision-making that integrates 
all aspects of an evidence-based clinical decision-
making process. 

 
TABLES 
 
Table 1 - Common myofascial trigger point criteria among recent review articles 3,5,10,16 
 

Criteria 
 
 1. 

 
A localized tender point within a taut band of skeletal muscle 

 2. Spontaneous pain referral or altered sensation  
 3. Reproduction of pain complaint or altered sensation upon sustained TrP pressure 

(approximately 3 kg of pressure for 5 seconds) 
 4. Reduced range of motion of the involved muscle 
 5. Production of a local twitch response with transverse "snapping" palpation or needle 

insertion 
 6. Pain relief upon stretching or injection of the TrP 

 
 
Table 2 - The three most commonly reported criteria for diagnosing a myofascial trigger points16 
 

Criteria 
 
 1. 

   
 Tender spot (or nodule) in a taut band 

 2.  Patient pain recognition on tender spot palpation 
 3.  Predicted pain referral pattern (according to Travell and Simons13) 
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FIGURES 
 
Figure 1 - Transverse "snapping" palpation of a taut myofascial band 
 

 
 

Note:  The red (line) indicates a taut myofascial band within the patient’s soft tissue.  The orange (arrow) 
indicates the clinician’s force vector applied at a 90° angle to the taut myofascial band.  
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Authors’ Abstract: 
 
Immobilization of the cervical spine is a common procedure following traumatic injury. This is often 
precautionary as the actual incidence of spine injury is low. Nonetheless, stabilization of the head and neck is an 
important part of pre-hospital care due to the catastrophic damage that may follow if further unrestricted 
movement occurs in the presence of an unstable spine injury. Currently available collars are limited by the 
potential for inadequate immobilization and complications caused by pressure on the patient’s skin, restricted 
airway access and compression of the jugular vein. Alternative approaches to cervical spine immobilization are 
being considered, and investigation of these new methods requires a standardized approach to the evaluation of 
neck movement.  
 
This review summarizes the research methods and scientific technology that have been used to assess and 
measure cervical range of motion, and which are likely to underpin future research in this field. A systematic 
search of international literature was conducted to evaluate the methodologies used to assess the extremes of 
movement that can be achieved in six domains. Thirty-four papers were included in the review. These studies 
used a range of methodologies, but study quality was generally low. Laboratory investigations and 
biomechanical studies have generally given way to methods that more accurately reflect the real-life situations 
in which cervical spine immobilization occurs. Latterly, new approaches using virtual reality and simulation 
have been developed. Coupled with modern electromagnetic tracking technology this has considerable potential 
for elective application in future research. However, use of these technologies in real-life settings can be 
problematic and more research is needed. 
 
Background 
 
Chronic cervical spine pain is a major cause of 
morbidity in the Western world,1 and resultant 
disability is often quantized in terms of restricted 
cervical range of motion (CROM),2,3 which is 
typically measured, in a non-laboratory 
environment, via visual estimation,4 goniometry,5,6 
or inclinometry.7 However, the foregoing 
methodologies, although more practical and cost 
efficient for the typical primary healthcare clinic 

(PHC), have poor specificity and sensitivity8,9 and 
are limited in that they primarily measure CROM 2-
dimensionally and under static conditions.9  

 
More accurate devices, such as ultrasonography; 10 
electrogoniometry, 11 and optical-based systems 12 

have been available for many years; however, they 
are typically cost prohibitive for the PHC. Over the 
past two decades, electromagnetic tracking systems 
(EMTSs) have been developed in attempts to more 
precisely quantify CROM. Such devices, which 

http://www.dcorthoacademy.com/
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measure patient-attached sensors within a magnetic 
field,3  include the Flock of Birds, Motion Star, and 
3-Space Fastrak, the latter of which has been 
described by some as the new gold standard in 
assessing range of motion (ROM) .13,14 Although 
research has shown EMTSs to be highly accurate 
and practical for use in both biomechanical 
laboratories 15 and PHCs, 15,16 the technology 
continues to be cost prohibited for the typical PHC 
and has other limitations such complicated 
calibration and set-up,17 lack of portability, small 
zone of operation and susceptibility to metal-
induced magnetic field disruption,18 have mainly 
limited their use to biomechanical laboratories. 
 
More recently, advances in micromechanical and 
wireless technology have led to the development of 
highly accurate, miniature motion sensing systems 
which include accelerometers, magnetometers, and 
rate gyroscopes. These devices, which collectively 
may be called orientation sensor (OSS) or inertial 
sensor systems, have distinct advantages over 
EMTSs which include less cost; easy setup; and 
resistance to metal or EMG interference. Although 
have the potential to jump the gap between the 
laboratory and PHC, there are some limitations 
which include the inability to measure linear 
translation and 6 degrees of freedom, both of which 
can be achieved with EMTSs. 
 
The actual protocol used to move the patient’s 
cervical spine through the six planes of motion is 
another factor that influences CROM accuracy. 
Active range of motion is used in most clinics; 
however, several investigations have determined 
that using a passive range of motion technique (i.e., 
the examiner takes the relaxed-patient’s neck 
through the planes of motion to end-range) is more 
accurate, although, more time-consuming.54-56  

 
More recently a group13 has proposed that both 
active and passive techniques are flawed for they 
fail to analyze the extent of CROM limitation 
during the activities of daily living, which is based 
upon a more subconscious use of the cervical spine. 
To emulate this, Sarig-Bahat et al.13 developed a 
simple kill-the-fly game where, in a virtual 
environment created by the wearing of a special 
goggles (Figure I), the patient uses their head to 
move crosshairs on a can of bug spray to the 

location of a fly. The fly location is controlled by 
the examiner and is progressively moved through 
the six planes of motion at greater and greater 
distances from the neutral anatomical position 
(Figure II).  In the experiment, they compared 
traditional command-based ROM testing against the 
subconscious ROM obtained via the game and 
discovered that the subconscious CROM was 
greater in magnitude in all planes as compared to 
conventional testing (P<0.005). 
 

 
   
 

 
 
 
 
 
 
 
 
 

Pre-hospital CROM immobilization, a practice that 
remains recommended by Trauma Life Support, 
Pre-Hospital Trauma Life Support, and the Joint 
Royal Colleges Ambulance Liaison Committee 
guidelines, has recently become questioned 
secondary to the fact there is very little evidence 
that such immobilization has an effect on patient 
outcome.22 Furthermore, these techniques have been 
associated with airway compromise, pressure 
necrosis, raised intracranial pressure, increased risk 
of aspiration, and dysphagia.23 In 2009, Benger et 
al. 23 went so far as to present evidence to suggest 
that prehospital trauma patients who are fully alert, 
stable, and cooperative do not require the 
application of a semi-rigid cervical collar, even 
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when suspected of underlying cervical fracture is 
present. 23 Therefore, the practice of prehospital 
CROM immobilization remains somewhat 
controversial. 
 
Methods 
 
A comprehensive search of international literature 
was made by using keywords such as cervical 
motion, cervical range of motion, and cervical 
movement in databases including AMED, the 
Cochrane Library, CINAHL PLUS, EMBASE, 
MEDLINE, PubMed, and SPORTDiscuss. Because 
of the state of research on this topic, i.e., there was 
not a single randomized controlled trial, all study 
designs were allowed in.   
 
Results 
 
Of the 312 articles returned from these searches, 34 
were ultimately met the inclusion criteria and were 
included in the review. Hoppenbrouwers et al. 24 

compared passive versus active range of motion 
methods and discovered reproducibility for active 
and passive range of motion was moderate (kappa = 
0.52 and 0.54, respectively), but a wide range of 
kappa scores were found.  Del Rossi et al. 25 used a 
cadaveric model to study different techniques of 
spine-board transfer for patients with and without 
cervical spine instability (in the former cases, the 
posterior cervical ligaments were cut in varying 
degrees of severity during dissection, in order to 
achieve the effect of instability). Using an 
electromagnetic tracking system, (Fastrak) the team 
discovered that there was no difference between the 
various techniques with regard to unwanted cervical 
spine motion and that such unwanted motion 
progressively worsened as the degree of cervical 
ligamentous disruption progressed. 
Shafer and Naunheim 26 conducted a sophisticated 
experiment which studied four methods of 
extrication from a motor vehicle following a 
simulated high-speed collision.  Using a six-camera 
motion analysis system, the method which afforded 
the least unwanted CROM was the one that simply 
place a cervical collar on the patient and then 
allowing them to remove themselves from the 
vehicle. 
 

Different methodologies for obtaining CROM were 
also discussed. Using standard radiograph was 
discouraged secondary to the ethicality of the repeat 
radiation exposures needed to develop the CROM. 
Inclinometers and goniometers, which include the 
popular Cervical Range of Motion Device, are 
perhaps one of the most common methods of 
assessing CROM. However, they are limited by 
two-dimensional assessment, as well as an inability 
to eliminate upper thoracic spine range of motion, 
which confounds pure CROM assessment. EMTSs 
(see background) offer a three-dimensional 
assessment of the CROM as measured within a 
magnetic field. Although this methodology is 
considered by some to be the gold standard, 13,14 the 
systems are non-portable, difficult to calibrate, 
expensive, and susceptible to metallic and EMG 
interference. The recent development of OSSs (see 
background) has remedied the aforementioned 
difficulties with EMTS; however, these miniature 
motion sensing systems cannot measure linear 
translation or six-degrees of freedom. In another 
area of research, Sarig-Bahat et al. 13 (see 
background) used a combination of EMTS and a 
virtual-reality system to compare active versus 
subconscious ROM. They concluded that 
subconscious ROM testing, as determined via the 
kill-the-fly game, was greater in all planes when 
compared to traditional command-based testing.  
 
Conclusions 
 
The actual paper, which was filled with difficult 
syntax, as well as errors in footnoting and editing, 
put forth some interesting articles on the 
controversial subject of pre-hospital cervical spine 
immobilization practices as well as current 
theories/technologies for the measurement of 
CROM. With regard to immobilization practices, 
there appears to be a general lack of evidence to 
support its continued practice for a certain patient 
type. Advances in a micromechanical and wireless 
technology have given rise to portable OSSs which 
afford highly objective, three-dimensional CROM 
data at a reasonable cost. Such technology has the 
potential to change the current landscape by 
allowing affordable and more accurate CROM 
testing into the PHC. 
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Clinical Relevance 
 
The topics of this investigation are clinically 
relevant in that they support the argument for 
limited pre-hospital cervical spine immobilization 
and introduce the affordable and extremely accurate 
OSSs which have the potential to bridge the gap 
between the laboratory and PHCs. 
 
Editorial Summary 
 
This Journal article attempted to discuss several 
topics which included the controversial prehospital 
cervical immobilization strategy, as well as the 
available methods and devices for measuring 
CROM.  Unfortunately, the piece was flawed, 
secondary to grammatical errors, footnoting errors 
and poor editing. As mentioned above, there were 
some interesting items of discussion that might be 
instructive to primary health care providers. 
 
Summary 
 
Although interesting areas of research were brought 
forth in this paper, its current form could be 
significantly improved. 
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Authors’ Abstract: 

 
Objective:  Determine if simvastatin impairs exercise training adaptations. 
 
Summary of Background Data:  Statins are commonly prescribed in combination with therapeutic 
lifestyle changes, including exercise, to reduce cardiovascular disease risk in patients with the metabolic 
syndrome. Statin use has been linked to skeletal muscle myopathy and impaired mitochondrial function, but it 
is unclear whether statin use alters adaptations to exercise training. 
 
Methods:  Examined were the effects of simvastatin on changes in cardiorespiratory fitness and skeletal 
muscle mitochondrial content in response to aerobic exercise training. Sedentary overweight or obese adults 
with at least 2 metabolic syndrome risk factors (defined according to National Cholesterol Education Panel 
Adult Treatment Panel III criteria) were randomized to 12 weeks of aerobic exercise training or to exercise in 
combination with simvastatin (40 mg per day). The primary outcomes were cardiorespiratory fitness and 
skeletal muscle (vastus lateralis) mitochondrial content (citrate synthase enzyme activity). 
 
Results: Thirty-seven participants (exercise plus statins; n=18; exercise only; n=19) completed the study. 
Cardiorespiratory fitness increased by 10% (P<0.05) in response to exercise training alone, but was blunted by 
the addition of simvastatin resulting in only a 1.5% increase (P<0.005 for group by time interaction). 
Similarly, skeletal muscle citrate synthase activity increased by 13% in the exercise only group (P <0.05), but 
decreased by 4.5% in the simvastatin plus exercise group (P<0.05 for group by time interaction). 
 
Conclusion:  Simvastatin attenuates increases in cardiorespiratory fitness and skeletal muscle mitochondrial 
content when combined with exercise training in overweight or obese patients at risk of the metabolic 
syndrome. 
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Background 
 
There is a growing population persons participating 
in rehabilitative exercise who are using statins to 
mitigate cardiovascular disease risk.  However, 
there has been little understanding of the impact of 
statin drugs on rehabilitative exercise outcomes. 
While this study sought to look at the impact of 
concomitant statin use on aerobic exercise training, 
it has broader implications for other forms of 
exercise such as strength training used in 
rehabilitation of musculoskeletal injuries and 
disorders.  The monitoring of an important enzyme 
in muscle energy metabolism suggests strong 
implications on all parameters of muscle 
performance.  
 
Methods 
 
The study examined subjects between 25 and 59 
years of age, who were overweight or obese (BMI 
26-39), who had at least 2 of 6 features of metabolic 
syndrome (abdominal obesity, atherogenic 
dyslipidemia, raised blood pressure, insulin 
resistance/glucose intolerance, proinflammatory 
state, prothrombotic state).  Subjects were 
randomized to exercise plus simvastatin or exercise 
only groups.  Exercise consisted of 12 weeks of 
training of jogging at 60-75% of heart rate reserve 
(equivalent to approximately 60-75% of VO2peak) 
for 30 minutes, 3 days the first week and 45 5 
days/week thereafter in addition40 mgs simvaststin 
daily. Outcome measures before and at 12 weeks 
included body composition measurements, blood 
metabolic panels and vastus lateralis biopsies to 
determine citrate synthase levels. 
 
Results 
 
At follow-up subjects in the exercise only group 
achieved significant reductions in fat mass with 
significant increases in lean mass (muscle).  No 
significant improvements in body composition 
occurred in the exercise plus statin group. Total 
cholesterol and LDL significantly improved only in 
the exercise plus statin group.  Cardio-respiratory 
fitness improved 10% in the exercise only group but 
did not improve significantly in the exercise plus 
statin group. Skeletal muscle citrate synthase 
activity increased significantly by 13% in the 
exercise only group and decreased by 4.5% in the 
exercise plus statin group (non-significant loss). 

 
Conclusions 
 
Simvastatin attenuates increases in cardiorespiratory 
fitness and skeletal muscle mitochondrial content 
when combined with exercise training in 
overweight or obese patients at risk of the metabolic 
syndrome.  Any reductions in cardiovascular risk 
from simvastatin use are likely offset by their 
mitigated by reductions of exercise benefit 
associated with aerobic training.  Given the 
association of the reduction in exercise gains with 
the reduction in a key enzyme in muscle energy 
metabolism broad implications on the muscle 
performance and gain with other types of exercise is 
likely. 
 
Clinical Relevance 
 
While the study used several criteria for inclusion, 
this collection of criteria is extremely common in 
the adult population seeking care for 
muscluloskeletal disorders.  This suggests that the 
use at least of simvastatin in these patients may 
negate benefits seen with typical rehabilitative 
exercise protocols such as strengthening exercise.  
While the study only looked at one statin drug, 
extensive other research shows that negative 
impacts of this broad class of agents on muscle 
metabolism and function is common.   
 
The most implicate mechanism is the inhibition of 
CoQ10 which is a key part of the muscle metabolic 
pathway.  CoQ10 is produce in the same metabolic 
pathway as cholesterol and statin inhibition of this 
pathway has been shown to reduce CoQ10. The 
additional finding of the inhibition by statins of 
citrate synthase, another key enzyme in muscle 
metabolism, suggest broad mechanisms of muscle 
inhibition from the use of these drugs.  
Supplementation of CoQ10 has been show to help 
statin associated muscle pain in about 50% of 
subjects and perhaps should be routinely considered 
in musculoskeletal patients during and after 
rehabilitative exercise participation.  However, 
given the demonstration of the impairment of other 
metabolic enzymes by statin therapy, this 
supplementation would not be expected to totally 
negate the adverse impact. 
 
JACO Editorial Summary 
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• The article was written by authors from the 
Division of Cardiology at Duke University 
Medical Center; Departments of †Nutrition 
and Exercise Physiology and Internal 
Medicine - Division of Gastroenterology 
and Hepatology and Cardiovascular 
Medicine, Biomedical Sciences, and 
Medical Pharmacology and Physiology at 
the University of Missouri; Harry S Truman 
Memorial Veteran’s Hospital and 
Department of Pediatrics and Arkansas 
Children’s Nutrition Center at the University 
of Arkansas for Medical Sciences. 

• The purpose of the study was to determine 
the impact of statin drug use on gains 
associated with aerobic exercise and to 
elucidate the mechanisms behind and 
associated changes. 

• Concurrent statin use negates all measured 
gains associated with aerobic training. 

• The mechanism associated with the negative 
statin effects is enzymatic and therefore 

have similar implications to all forms of 
exercise therapy. 

• The authors suggest that the previously 
demonstrated benefit of CoQ10 replacement 
during statin therapy may be a way to 
protect against some of the adverse impacts 
on muscle performance although this study 
did not specifically examine this concept. 
 

Summary 
 
The results of this investigation should raise 
awareness of the potential for statin drug use to 
inhibit gains from rehabilitative exercise and to be 
the mechanism of excessive muscle pain preventing 
or reducing adherence to these procedures. 
Supplementation of CoQ10 has been show to help 
statin associated muscle pain in about 50% of 
subjects and perhaps should be routinely considered 
in musculoskeletal patients during and after 
rehabilitative exercise participation. 
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The Journal of the Academy of Chiropractic Orthopedists welcomes your 
comments on these and any other issues you wish to provide feedback on. 

 
Please address your comments or concerns to the Editors at: 

ACO@dcorthoacademy.com 
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Announcements 
 
 
News & Events 
 
 
Academy & JACO ERB Member to Become Representative for USBJI 
  
John Ventura, DC, FACO, was appointed as ACA's representative for 
the U.S. Bone and Joint Initiative (USBJI) earlier this week. The USBJI is a 
multi-disciplinary initiative targeting the care of people with 
musculoskeletal, bone and joint disorders. Its focus is on improving your 
quality of life as well as advancing the understanding and treatment of 
those conditions through research, prevention and education.  
 
Congratulations, Dr. Ventura!  
 
 

 
 
 

http://r20.rs6.net/tn.jsp?e=001jBqqBBWuV9mAGRpRV-L6ZHVT9tfrsHg9wTnog5clbZSo69tqVyTdCqNKSn6UyjdW5W_LTl8FstvklxJmoNy5pKqBJNhiAR6VOkbJH0h33hhnM8Y8GXgamg==


 

 

Order Now! 

Academy of Chiropractic Orthopedists’  
Patient Education Brochure, purchase is now 

available at: 

http://www.dcorthoacademy.com/store-
pamphlet.php 

 

http://www.dcorthoacademy.com/store-pamphlet.php
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