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Growing evidence supports the effectiveness of manual therapy interventions in patients with neck
pain; however, considerable attention has also been afforded to the potential risks such as
vertebrobasilar insufficiency (VBI). Despite the existence of guidelines advocating specific
screening procedures, research does not support the ability to accurately identify patients at risk.
The logical question becomes, ‘‘How does one proceed in the absence of certainty?’’ Given the
lack of clear direction for decision making in the peer-reviewed literature, this commentary
discusses the uncertainties that exist regarding the ability to identify patients at risk for VBI. The
authors hope that this commentary adds additional perspective on manual therapy decision-
making strategies in the presence of uncertainty. J Orthop Sports Phys Ther 2005;35:300-306.

Key Words: cervical spine, diagnostic accuracy, manipulation, mobilization,
vertebral artery

1 Assistant Professor,  US Army-Baylor University Doctoral Program in Physical Therapy,  Fort  Sam
Houston, San Antonio, TX.
2 Associate Professor, Department of Physical Therapy, Regis University, Denver, CO.
3 Assistant Professor, Department of Physical Therapy, University of Utah, Salt Lake City, UT; Clinical
Outcomes Research Scientist, Intermountain Healthcare, Salt Lake City, UT.
4 Research Associate, Department of Physical Therapy, University of Pittsburgh,
Pittsburgh, PA.
5 Affiliate Faculty, Department of Physical Therapy, Regis University, Denver, CO.
6 Associate Professor and Director of Research, US Army-Baylor University Doctoral Program in Physical
Therapy, Fort Sam Houston, San Antonio, TX.
7 Emeritus Professor, Department of Osteopathic Manipulative Medicine, Emeritus Professor, Department
of Physical Medicine and Rehabilitation, Emeritus Senior Associate Dean, Michigan State University
College of Osteopathic Medicine, East Lansing, MI.
The opinions or assertions contained herein are the private views of the authors and are not to be
construed as official or as reflecting the views of the US Air Force, US Army, or Department of Defense.
Address correspondence to John D. Childs, 508 Thurber Dr, Schertz, TX 78154-1146. E-mail:
childsjd@sbcglobal.net

Approximately 54% of
individuals have expe-
rienced neck pain
within the last 6
months14 and the in-

cidence appears to be rising.52 The
economic burden due to neck dis-
orders is high, second only to low
back pain in annual workers’ com-
pensation costs in the United
States.76 Patients with neck pain
are frequently encountered in out-
patient physical therapy practice,
consisting of approximately 25%
of all patients.35 Manual therapy
interventions are one treatment
strategy appropriate for patients
with neck pain.1 The Guide to
Physical Therapist Practice1 uses
the term mobilization/manipulation
to refer to a ‘‘manual therapy
technique comprising a con-
tinuum of skilled passive move-
ments to the joints and/or related
soft tissues that are applied at
varying speeds and amplitudes, in-
cluding a small-amplitude/high-
velocity therapeutic movement.’’
Although this definition is useful
to define physical therapy scope of
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practice, a distinction between manipulation and
mobilization is helpful when discussing risk/benefit
considerations of manual therapy interventions in
patients with neck pain. For the purposes of this
commentary, the term manipulation refers specifically
to techniques involving a high-velocity low-amplitude
thrust, whereas mobilization refers to techniques
performed as lower-velocity passive movements of a
joint.40

The effectiveness of manual therapy interventions
in patients with neck pain and cervicogenic head-
aches is well established,7,8,19,25,26,31,37 suggesting that
both manipulation and mobilization are beneficial,
particularly when combined with active exercise.25,26

Although the effectiveness of manual therapy is
supported in the literature, there is currently no
evidence advocating the superiority of manipulation
versus mobilization or vice versa.25 Considerable at-
tention has been given to the risk of vertebrobasilar
insufficiency (VBI) in patients with neck
pain.16,28,30,34 Fortunately, most estimates of
the risk of VBI attributable to cervical spine
manipulation are extremely low (6 in 10 million, or
0.000 06%),10,27,34,38 although some estimates are as
high as 1 in 400 000.17,46 Physical therapists who
perform spinal manipulation in their clinical practice
frequently use cervical manipulation and mobilization
interventions in patients with neck pain and
cervicogenic headaches.33,46 Although the risk is very
small, the extreme consequences associated with VBI
require consideration in the treatment decision-
making process for patients with neck pain.

Screening procedures to identify patients at risk for
VBI prior to manual therapy interventions are widely
advocated, accepted as standard of care, and rou-
tinely used in clinical practice.5,33,47,56,72 For example,
the Australian Physiotherapy Association published a
clinical practice guideline in 1988,3 which was up-
dated in 2000.45 The guidelines generally advocate
that all patients with neck pain receive a subjective
screening examination and perform active neck
movements. Patients who demonstrate symptoms asso-
ciated with VBI may then require referral for further
investigation. At a minimum, these patients are not
treated with cervical manipulation. Additional passive
physical examination procedures are generally advo-
cated for patients with a negative subjective history to
further assess the potential for VBI.46 Despite en-
dorsement by guidelines and common clinical usage,
current research does not support the contention
that practitioners can accurately identify patients at
risk for VBI. Rather, some experts contend that VBI is
an inherently unpredictable, yet rare, complication of
manual therapy procedures.30,70 Therefore, an appro-
priate understanding of the limitations of screening
procedures is essential.

The extremely rare occurrence of VBI associated
with manual therapy interventions limits the possibili-

ties for research on the condition. Accumulating a
sufficient number of cases to permit a meaningful
analysis would require many years, creating inherent
difficulties for prospective research. Additionally,
there are no standardized reporting procedures for
the rare occasion when serious complications do
occur. Therefore it is debatable whether research in
our immediate future will be able to more clearly
inform clinical practice. The logical question then
becomes, ‘‘How does one proceed in the absence of
certainty?’’ Given the lack of clear direction from the
peer-reviewed literature, an understanding of the
mechanics of manual therapy and the decision-
making strategies used by expert practitioners may be
helpful to inform clinical practice until more defini-
tive evidence is provided. Therefore, the purposes of
this commentary are (1) to discuss the uncertainties
that exist regarding the ability of the screening
examination to identify patients at risk for VBI and
(2) to consider the plausibility that positioning con-
siderations may offer a more compelling explanation
for the occurrence of VBI following manual therapy
interventions than the speed or amplitude of the
procedure used. We will also discuss the potential
role for thoracic spine manipulation as a possible
alternative to manual therapy interventions directed
to the cervical spine. Readers are referred elsewhere
for practice guidelines that outline specific decision-
making strategies for screening patients in whom
manual therapy interventions are being consid-
ered45,46 and information on screening for other
conditions in patients with neck pain who warrant
medical referral.11

The Uncertainties of Screening Procedures for
Vertebrobasilar Insufficiency

Performing a screening examination in patients
with neck pain is an important decision-making
priority,5,33,47,56,72 particularly given the frequency
with which manual therapy interventions are utilized
in these patients,33,46 and a legitimate concern to
minimize the risk of harm. Unfortunately, although
VBI screening guidelines exist,45,46 there is currently
no clinical prediction rule that can accurately identify
patients at risk for VBI and there is little evidence
substantiating the accuracy of historical information,
physical examination screening procedures, or diag-
nostic imaging to accurately identify patients at risk
for VBI prior to manual therapy interven-
tions.6,15,16,28,30,70 For example, Haldeman et al30

recently reviewed 64 medical and legal records of
patients who had experienced a stroke presumably
linked to cervical spine manipulation and was unable
to identify any risk factors from the history and
physical examination predictive of VBI. Hufnagel et
al32 reviewed the reports of 10 patients who sustained
VBI following cervical spine manipulation, all of
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whom had negative histories for symptoms purported
to be associated with an increased risk for VBI. Krespi
et al41 reported on 3 patients with confirmed VBI
after a manipulation intervention who initially re-
ported only isolated acute neck pain, with no other
findings suggestive of an increased likelihood for
injury.

A variety of specific physical examination screening
procedures have been described as useful to identify
patients at risk for VBI48; however, the common
purpose of these tests is to position the cervical spine
in a manner believed to compromise the vertebro-
basilar system and to monitor for provocation of signs
and symptoms suggestive of such compromise (eg,
dizziness, diplopia, dysarthria, diminished pupillary
light reflex, nystagmus, impaired sensation of the
face, deviation of the tongue with protrusion, etc). To
the authors’ knowledge, however, there are no studies
in the peer-reviewed literature that suggest these tests
can be accurately used for decision making. In
particular, therapists must recognize the potential for
obtaining false negative results, suggesting that a
patient may still be at risk for VBI, despite a negative
test. Cote et al15 demonstrated that the extension-
rotation test has a sensitivity that approximates zero,
indicating a high likelihood of a false negative results.
Studies by Dvorak et al17 and Haldeman et al30

illustrate the problem of false negative findings by
reporting multiple cases (26 and 27 patients, respec-
tively) in which VBI occurred, despite the practi-
tioner having performed a screening examination
and judged it to be negative. In a study by Dvorak
and Orelli,17 all screening procedures were negative
in a group of 13 patients reported to have experi-
enced signs and symptoms consistent with VBI follow-
ing cervical spine manipulation. It has been
suggested that there is no compelling evidence that
either clinical examination findings, or results of
diagnostic testing procedures such as ultrasono-
graphy, can identify patients at risk for VBI,16,70

making it impossible to accurately counsel patients or
practitioners as to the risks.28,30

Proceeding in the Absence of Certainty: Patient
History

Practitioners wishing to judiciously use evidence to
minimize the risk of harm are faced with a difficult
dilemma. On the one hand, therapists are confronted
with having to rely on a set of screening procedures
that, while generally accepted as standard of care,
have limitations in their diagnostic accuracy to the
extent that their results may not be particularly
useful, and even misleading. On the other hand,
therapists who suggest that screening is futile and
forgo screening potentially place themselves at legal
risk should an adverse event occur. The lack of clear
guidance for accurate decision-making does not obvi-

ate the practitioner’s responsibility to perform a
prudent examination and clearly document that
screening was performed. However, practitioners who
are not fully informed may have a false sense of
security that adhering to recommendations in screen-
ing guidelines45,46 will enable them to accurately
detect the majority of patients at risk.30 In a survey of
Canadian physical therapists, 88% strongly agreed
that all available screening tests should be performed
prior to cervical manipulation,33 suggesting that
therapists may have a false sense of security regarding
the accuracy of screening procedures.

Despite the uncertainties, there is some existing
information that can help define prudence with
regard to screening for the risk of VBI in patients
with neck pain. First, the extreme consequences
related to VBI lend support to screening guidelines
advocating a generally conservative approach.45,46 It is
a rare occurrence, but 18% of patients developing
VBI will experience complete recovery, although the
prognosis is more favorable if detected early.30 There-
fore, it may be unwise to ignore the signs and
symptoms thought to be associated with VBI or a
positive screening test, regardless of the level of
evidence to support the accuracy of these findings.
For example, a therapist’s suspicion of VBI may be
increased in the patient with neck pain who also
reports dizziness, lightheadedness, nystagmus, im-
paired sensation to the face, blurred vision, or other
signs or symptoms consistent with compromise to the
vertebrobasilar complex. It may also be unwise to
perform screening procedures in test positions that
are more likely to compromise the vertebrobasilar
system than the examination and treatment proce-
dures to be used (eg, having the patient in supine
with the head unsupported in a position of terminal
rotation and extension). Test positions such as this
may pose greater risks to patients than manual
therapy interventions performed with the spine in a
more neutral position.43,70,69,75 Prudence would dic-
tate that if a suspicion of VBI exists, based on the
patient’s history, then end range provocative testing
should be avoided; the physical therapist should refer
these patients to the appropriate medical practitioner.

Second, the mechanism of injury can also be
helpful to guide decision making. The most common
reported cause of sudden-onset VBI is trauma, par-
ticularly from high-velocity flexion-distraction and
rotational forces that may occur during a whiplash
incident.60 There have recently been multiple sources
of evidence substantiating that suspicion of VBI
should be heightened in the patient whose neck pain
results from a traumatic episode.12,53,58,59,73,74 In a
prospective study of 47 patients who had experienced
recent trauma to the cervical spine, an alarming 25%
(12/47) of the patients demonstrated evidence of
VBI on either magnetic resonance imaging or mag-
netic resonance angiography.53 Similar rates of injury
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to the vertebrobasilar system have been reported in
other studies.20,22 Giacobetti et al22 reported com-
plete disruption of blood flow in 20% (12/61) of
patients sustaining cervical spine trauma, with 83%
(10/12) reporting a flexion mechanism of injury. It is
also important to distinguish between evidence of
injury to the vertebrobasilar system suggested by
imaging, and the actual occurrence of VBI. The
presence of injury on imaging does not guarantee
progression to VBI, or that a patient with such
imaging findings, who receives manipulation during
treatment, would experience symptoms associated
with VBI. To put these findings in context, it is
important that practitioners not be unwarrantedly
alarmed by a patient presenting with dizziness,
lightheadedness, and unsteadiness following whiplash
injury. Vertebral artery injuries associated with whip-
lash are usually associated with significant trauma,59

raising the practitioner’s awareness that manual
therapy would be contraindicated for these patients.
Furthermore, symptoms such as dizziness,
lightheadedness, and unsteadiness following whiplash
injury are common71 and more likely attributable to
altered sensorimotor function61-64 or vestibular in-
volvement,77 suggesting that these patients may ben-
efit from rehabilitation focused on sensorimotor
training.

Third, in some cases, the presence of VBI following
a traumatic event may be associated with cervical
fracture.59 Unlike screening for VBI, well-validated
evidence exists to guide clinicians in screening pa-
tients for an increased risk of fracture. A clinical
prediction rule has been developed65 and prospec-
tively validated4 to assist practitioners in determining
which patients experiencing trauma should undergo
cervical radiographs to rule out injuries such as
fractures, dislocations, or ligamentous instability. The
rule has been 100% sensitive in detecting these
injuries in over 15 000 patients with trauma to the
head or neck,4,65 indicating an absence of false
negative results and giving practitioners a high de-
gree of confidence that patients’ cervical spine inju-
ries, including fracture, are unlikely to be missed
when the rule is used. Therefore, adequately screen-
ing patients for fracture using the cervical spine
radiography prediction rule,4,65 may help in the
detection of patients with an elevated risk of VBI with
manual therapy interventions based on the possibility
of a concomitant fracture.12,53,73

Finally, it is important to remember that patients
with vertebral artery injury can present with neck
pain as the only symptom and thus be misdiagnosed
as strictly a mechanical problem.66 Therefore, despite
a temporal relationship between an ischemic event
and manual therapy intervention, the ischemic event
may have already been in progress and thus not
directly attributable to the manipulative intervention.
It is unknown how frequently VBI is temporally

linked to cervical spine manipulation, when it was
actually previously existing and misdiagnosed as me-
chanical neck pain upon presentation to the manipu-
lative practitioner. Therefore, to account for this
uncertainty, we would generally avoid using thrust
manipulation in the initial session for patients with
acute onset of neck pain and for patients with recent
changes to their chronic neck symptoms. It may be
unclear if these patients are experiencing a rare VBI
incident or more common mechanical neck pain.

Proceeding in the Absence of Certainty: Physical
Assessment and Monitoring

When a patient’s history does not indicate the
potential for VBI to exist, we advocate a model of
physical assessment that introduces the application of
incrementally greater movements and loads. A guid-
ing principle is to minimize challenging the cervical
spine beyond what will be imposed by any treatment
procedures such as manual therapy interventions. For
example, prior to performing a manual therapy
procedure, the therapist can maintain the patient’s
head in the position from which the procedure will
be performed for a period of 10 to 15 seconds prior
to imparting the force, assessing for signs and symp-
toms consistent with VBI (ie, premanipulative hold
technique).23 If any of the pertinent signs or symp-
toms is observed, performance of the manual therapy
procedure would be contraindicated and further
consultation may be warranted. Although this appears
to be a prudent and intuitively sensible approach in
the authors’ opinion, there is no evidence to support
the accuracy of this procedure in screening for VBI.

It is important for therapists to recognize that
symptoms of VBI may be delayed by several days or
even weeks following injury,2 and it has been sug-
gested that complications related to manipulation
frequently do not occur during the initial treat-
ment.21 Regardless of the testing method used, it is
important that therapists constantly monitor a pa-
tient’s response to treatment both immediately after
treatment and upon subsequent follow-up visits.
Powell et al55 reviewed 138 cases of complications
following spinal manipulation and concluded that
misdiagnosis and the failure to recognize the onset or
progression of neurologic signs or symptoms was a
primary risk factor for complications resulting from
manual therapy. In many reported cases where death
or serious neurologic complications ensued following
manual therapy, the practitioner ignored a progres-
sive worsening in the patient’s status and continued
to utilize the techniques.68 Clearly, this is inappropri-
ate. Clinicians should consistently monitor their pa-
tients and take immediate and appropriate actions
when adverse effects become apparent.
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Proceeding in the Absence of Certainty: Manual
Therapy Techniques

Although estimates of vertebral artery dissections
attributable to manipulation range from 1.5%57 to
31%,28 recent evidence suggests that the amount of
strain on the vertebral arteries during manipulation is
similar to, or lower than, the strain recorded during
routine range-of-motion testing and other diagnostic
testing procedures.67 The force associated with ma-
nipulation also appears to generate only a fraction of
the strain necessary to result in vertebral artery
failure, indicating that most patients should easily
tolerate the forces imparted during cervical manipu-
lation.67 Serious complications have also occurred
following mobilization procedures,28,29,49 suggesting
that the speed and amplitude of the technique used
(ie, manipulation versus mobilization) may not be the
only consideration necessary for prudent decision
making.

In contrast, growing evidence implicates cervical
rotation near the terminal range of motion as the
primary component of movement in over 80% of
patients who experienced VBI after manual therapy
intervention.16,17,29,34 In a survey of 367 members of
the Swiss Society for Manual Medicine in the early
1980s, Dvorak and Orelli17 found that among 13
patients reported to have experienced changes in
consciousness following manipulation, treatment was
directed to the upper cervical spine in each case
using a manipulation intervention with the patient’s
neck in a position of maximal extension and rotation.
These clinical reports are corroborated by a number
of recent ultrasonography and angiography studies
demonstrating that cervical spine rotation,42,44,51,75

extension,43,75 and a combination of extension with
rotation43 result in diminished vertebral artery blood
flow. In a review of the literature, Mann and
Refshauge47 reported that 16 out of 20 studies
showed a decrease in vertebral artery blood flow
during neck rotation, with or without neck extension.
It seems reasonable that neck positioning may have a
stronger relationship to the onset of VBI following
manual therapy than the speed and amplitude of the
technique. Many routinely used manual therapy pro-
cedures do not place the patient’s neck in terminal
ranges of motion. Perhaps rather than focusing
exclusively on the speed and amplitude of the proce-
dure, practitioners should consider performing all
manual therapy interventions in positions that do not
place the patient’s neck in the terminal ranges of
motion. Several experts concur with this senti-
ment,16,17,50 recommending that manual therapy in-
terventions involving a rotational component in the
terminal range of rotation range of motion be
abandoned. Although it is unclear whether adhering
to this recommendation would reduce the already
low incidence of VBI, therapists should at least

consider whether terminal-range manual therapy in-
terventions are worth the apparent risks. Screening
guidelines might consider discouraging the use of
manipulation interventions that incorporate an end
range rotational component, regardless of the speed
and amplitude of the procedure used.

Directing manual therapy interventions towards the
thoracic region instead of the cervical spine is an-
other approach to minimizing the risks associated
with manual therapy in patients with neck pain. It is
theorized that biomechanical relationships between
the cervical and thoracic spine make it possible that
disturbances in joint mobility in the thoracic spine
may contribute to movement restrictions and pain in
the cervical region.24,36,39 The substitution of thoracic
techniques for interventions directed to the cervical
spine could avoid even the small risks associated with
cervical techniques yet achieve similar therapeutic
benefits18; however, only limited evidence exists to
support the notion that thoracic spine manipulation
is beneficial for patients with neck pain.9,13,54 Cleland
et al13 recently demonstrated that thoracic spine
manipulation results in immediate reduction in pain
in patients with neck pain compared to patients
receiving sham manipulation. Further research is
necessary to determine the long-term effectiveness of
thoracic spine manipulation in patients with neck
pain and whether a subgroup exists for whom this
treatment approach is optimal.

CONCLUSION

Although growing evidence supports the effective-
ness of manual therapy interventions for patients with
neck pain, current evidence is unable to sufficiently
guide decision making to the extent that therapists
can confidently conclude that a negative screening
examination rules out the possibility for VBI. Fortu-
nately, the risk appears to be extremely low. Research
also suggests that the use of cervical techniques that
do not place the neck into end range positions, or
the use of thoracic techniques instead of cervical
procedures, may further minimize the risk. In the
absence of convincing evidence, a conservative ap-
proach based on prudence, experience, and limited
research findings is presented.

We do not intend this commentary to be viewed as
prescriptive practice guideline. Instead, we hope that
it will provide additional perspective on manual
therapy decision-making strategies in the presence of
uncertainty. As with any intervention, patients should
be informed of the risks and benefits to make an
informed decision. The demeanor and goals of the
patient, nature of referral, skill of the therapist, and
bias of the referring provider must all be weighed in
the context of the overall decision-making process.

304 J Orthop Sports Phys Ther • Volume 35 • Number 5 • May 2005

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight

emagrum
Highlight



REFERENCES
1. American Physical Therapy Association. Guide to Physi-

cal Therapist Practice. Second Edition. Phys Ther.
2001;81:9-746.

2. Auer RN, Krcek J, Butt JC. Delayed symptoms and
death after minor head trauma with occult vertebral
artery injury. J Neurol Neurosurg Psychiatry.
1994;57:500-502.

3. Australian Physiotherapy Association. Protocol for pre-
manipulative testing of the cervical spine. Aust J
Physiother. 1988;34:97-100.

4. Bandiera G, Stiell IG, Wells GA, et al. The Canadian
C-spine rule performs better than unstructured physician
judgment. Ann Emerg Med. 2003;42:395-402.

5. Barker S, Kesson M, Ashmore J, Turner G, Conway J,
Stevens D. Professional issue. Guidance for pre-
manipulative testing of the cervical spine.
Man Ther.2000;5:37-40.

6. Bolton PS, Stick PE, Lord RS. Failure of clinical tests to
predict cerebral ischemia before neck manipulation.
J Manipulative Physiol Ther. 1989;12:304-307.

7. Bronfort G, Assendelft WJ, Evans R, Haas M, Bouter L.
Efficacy of spinal manipulation for chronic headache: a
systematic review. J Manipulative Physiol Ther.
2001;24:457-466.

8. Bronfort G, Evans R, Nelson B, Aker PD, Goldsmith
CH, Vernon H. A randomized clinical trial of exercise
and spinal manipulation for patients with chronic neck
pain. Spine. 2001;26:788-797; discussion 798-789.

9. Browder DA, Erhard RE, Piva SR. Intermittent cervical
traction and thoracic manipulation for management of
mild cervical compressive myelopathy attributed to
cervical herniated disc: a case series. J Orthop Sports
Phys Ther. 2004;34:701-712.

10. Carey P. A report on the occurrence of cerebral vascular
accidents in chiropractic practice. J Can Chiroprac
Assoc. 1993;34:104-106.

11. Childs JD, Whitman JM, Fritz JM, Piva SR, Young B.
Physical Therapy for the Cervical Spine and
Temporomandibular Joint. La Crosse, WI: Orthopaedic
Section of the American Physical Therapy Association;
2003:8-63.

12. Chung YS, Han DH. Vertebrobasilar dissection: a pos-
sible role of whiplash injury in its pathogenesis. Neurol
Res. 2002;24:129-138.

13. Cleland JA, Childs JD, McRae M, Palmer JA, Stowell T.
Immediate effects of thoracic manipulation in patients
with neck pain: a randomized clinical trial. Man Ther.
In press.

14. Cote P, Cassidy JD, Carroll L. The factors associated
with neck pain and its related disability in the
Saskatchewan population. Spine. 2000;25:1109-1117.

15. Cote P, Kreitz BG, Cassidy JD, Thiel H. The validity of
the extension-rotation test as a clinical screening proce-
dure before neck manipulation: a secondary analysis.
J Manipulative Physiol Ther. 1996;19:159-164.

16. Di Fabio RP. Manipulation of the cervical spine: risks
and benefits. Phys Ther. 1999;79:50-65.

17. Dvorak J, Orelli F. How dangerous is manipulation to
the cervical spine? Case report and results of a survey.
Manual Med. 1985;2:1-4.

18. Erhard RE, Piva SR. Manipulation therapy. In: Placzek
JD, Boyce DA, eds. Orthopaedic Physical Therapy
Secrets. Philadelphia, PA: Hanley & Belfus; 2000:83-91.

19. Evans R, Bronfort G, Nelson B, Goldsmith CH. Two-
year follow-up of a randomized clinical trial of spinal
manipulation and two types of exercise for patients with
chronic neck pain. Spine. 2002;27:2383-2389.

20. Friedman D, Flanders A, Thomas C, Millar W. Vertebral
artery injury after acute cervical spine trauma: rate of
occurrence as detected by MR angiography and assess-
ment of clinical consequences. AJR Am J Roentgenol.
1995;164:443-447; discussion 448-449.

21. Frisoni GB, Anzola GP. Vertebrobasilar ischemia after
neck motion. Stroke. 1991;22:1452-1460.

22. Giacobetti FB, Vaccaro AR, Bos-Giacobetti MA, et al.
Vertebral artery occlusion associated with cervical spine
trauma. A prospective analysis. Spine. 1997;22:188-
192.

23. Grant R. Dizziness testing and manipulation of the
cervical spine. In: Grant R, ed. Physical Therapy of the
Cervical and Thoracic Spine. New York, NY: Churchill
Livingstone; 1988:111-124.

24. Greenman PE. Principles of Manual Medicine. 2nd ed.
Baltimore, MD: Williams & Wilkins; 1996.

25. Gross AR, Hoving JL, Haines TA, et al. A Cochrane
review of manipulation and mobilization for mechani-
cal neck disorders. Spine. 2004;29:1541-1548.

26. Gross AR, Kay T, Hondras M, et al. Manual therapy for
mechanical neck disorders: a systematic review. Man
Ther. 2002;7:131-149.

27. Haldeman S, Carey P, Townsend M, Papadopoulos C.
Arterial dissections following cervical manipulation: the
chiropractic experience. CMAJ. 2001;165:905-906.

28. Haldeman S, Kohlbeck FJ, McGregor M. Risk factors
and precipitating neck movements causing
vertebrobasilar artery dissection after cervical trauma
and spinal manipulation. Spine. 1999;24:785-794.

29. Haldeman S, Kohlbeck FJ, McGregor M. Stroke, cere-
bral artery dissection, and cervical spine manipulation
therapy. J Neurol. 2002;249:1098-1104.

30. Haldeman S, Kohlbeck FJ, McGregor M. Unpredict-
ability of cerebrovascular ischemia associated with
cervical spine manipulation therapy: a review of sixty-
four cases after cervical spine manipulation. Spine.
2002;27:49-55.

31. Hoving JL, Koes BW, de Vet HC, et al. Manual therapy,
physical therapy, or continued care by a general
practitioner for patients with neck pain. A randomized,
controlled trial. Ann Intern Med. 2002;136:713-722.

32. Hufnagel A, Hammers A, Schonle PW, Bohm KD,
Leonhardt G. Stroke following chiropractic manipula-
tion of the cervical spine. J Neurol. 1999;246:683-688.

33. Hurley L, Yardley K, Gross AR, Hendry L, McLaughlin
L. A survey to examine attitudes and patterns of practice
of physiotherapists who perform cervical spine manipu-
lation. Man Ther. 2002;7:10-18.

34. Hurwitz EL, Aker PD, Adams AH, Meeker WC, Shekelle
PG. Manipulation and mobilization of the cervical
spine. A systematic review of the literature. Spine.
1996;21:1746-1759; discussion 1759-1760.

35. Jette AM, Smith K, Haley SM, Davis KD. Physical
therapy episodes of care for patients with low back
pain. Phys Ther. 1994;74:101-110; discussion 110-105.

36. Johansson H, Sojka P. Pathophysiological mechanisms
involved in genesis and spread of muscular tension in
occupational muscle pain and in chronic
musculoskeletal pain syndromes: a hypothesis. Med
Hypotheses. 1991;35:196-203.

37. Jull G, Trott P, Potter H, et al. A randomized controlled
trial of exercise and manipulative therapy for
cervicogenic headache. Spine. 2002;27:1835-1843; dis-
cussion 1843.

38. Klougart N, Leboeuf-Yde C, Rasmussen LR. Safety in
chiropractic practice. Part II: Treatment to the upper
neck and the rate of cerebrovascular incidents.
J Manipulative Physiol Ther. 1996;19:563-569.

J Orthop Sports Phys Ther • Volume 35 • Number 5 • May 2005 305

C
L

I
N

I
C

A
L

C
O

M
M

E
N

T
A

R
Y



39. Knutson GA. Significant changes in systolic blood
pressure post vectored upper cervical adjustment vs
resting control groups: a possible effect of the
cervicosympathetic and/or pressor reflex. J Manipulative
Physiol Ther. 2001;24:101-109.

40. Koes BW, Assendelft WJ, van der Heijden GJ, Bouter
LM. Spinal manipulation for low back pain. An updated
systematic review of randomized clinical trials. Spine.
1996;21:2860-2871; discussion 2872-2863.

41. Krespi Y, Gurol ME, Coban O, Tuncay R, Bahar S.
Vertebral artery dissection presenting with isolated neck
pain. J Neuroimaging. 2002;12:179-182.

42. Kuether TA, Nesbit GM, Clark WM, Barnwell SL.
Rotational vertebral artery occlusion: a mechanism of
vertebrobasilar insufficiency. Neurosurgery.
1997;41:427-432; discussion 432-423.

43. Li YK, Zhang YK, Lu CM, Zhong SZ. Changes and
implications of blood flow velocity of the vertebral
artery during rotation and extension of the head.
J Manipulative Physiol Ther. 1999;22:91-95.

44. Licht PB, Christensen HW, Hojgaard P, Hoilund-Carlsen
PF. Triplex ultrasound of vertebral artery flow during
cervical rotation. J Manipulative Physiol Ther.
1998;21:27-31.

45. Magarey ME, Coughlan B, Rebbeck T. Clinical guide-
lines for pre-manipulative procedures for the cervical
spine. Melbourne, Australia: Australian Physiotherapy
Association; 2000.

46. Magarey ME, Rebbeck T, Coughlan B, Grimmer K,
Rivett DA, Refshauge K. Pre-manipulative testing of the
cervical spine review, revision and new clinical guide-
lines. Man Ther. 2004;9:95-108.

47. Mann T, Refshauge KM. Causes of complications from
cervical spine manipulation. Aust J Physiother.
2001;47:255-266.

48. Meadows JTS. Orthopaedic Differential Diagnosis in
Physical Therapy: A Case Study Approach. New York,
NY: McGraw-Hill; 1999.

49. Michaeli A. Reported occurrence and nature of compli-
cations following manipulative physiotherapy in South
Africa. Aust J Physiother. 1993;39:309-315.

50. Michaud TC. Uneventful upper cervical manipulation in
the presence of a damaged vertebral artery. J Manipula-
tive Physiol Ther. 2002;25:472-483.

51. Mitchell JA. Changes in vertebral artery blood flow
following normal rotation of the cervical spine.
J Manipulative Physiol Ther. 2003;26:347-351.

52. Nygren A, Berglund A, von Koch M. Neck-and-shoulder
pain, an increasing problem. Strategies for using insur-
ance material to follow trends. Scand J Rehabil Med
Suppl. 1995;32:107-112.

53. Parbhoo AH, Govender S, Corr P. Vertebral artery injury
in cervical spine trauma. Injury. 2001;32:565-568.

54. Pho C, Godges J. Management of whiplash-associated
disorder addressing thoracic and cervical spine impair-
ments: a case report. J Orthop Sports Phys Ther.
2004;34:511-519; discussion 520-513.

55. Powell FC, Hanigan WC, Olivero WC. A risk/benefit
analysis of spinal manipulation therapy for relief of
lumbar or cervical pain. Neurosurgery. 1993;33:73-78;
discussion 78-79.

56. Refshauge KM, Parry S, Shirley D, Larsen D, Rivett DA,
Boland R. Professional responsibility in relation to
cervical spine manipulation. Aust J Physiother.
2002;48:171-179; discussion 180-175.

57. Rothwell DM, Bondy SJ, Williams JI. Chiropractic
manipulation and stroke: a population-based case-
control study. Stroke. 2001;32:1054-1060.

58. Schellinger PD, Schwab S, Krieger D, et al. Masking of
vertebral artery dissection by severe trauma to the
cervical spine. Spine. 2001;26:314-319.

59. Schwarz N, Buchinger W, Gaudernak T, Russe F,
Zechner W. Injuries to the cervical spine causing
vertebral artery trauma: case reports. J Trauma.
1991;31:127-133.

60. Sim E, Vaccaro AR, Berzlanovich A, Pienaar S. The
effects of staged static cervical flexion-distraction defor-
mities on the patency of the vertebral arterial
vasculature. Spine. 2000;25:2180-2186.

61. Sterling M. A proposed new classification system for
whiplash associated disorders—implications for assess-
ment and management. Man Ther. 2004;9:60-70.

62. Sterling M, Jull G, Vicenzino B, Kenardy J. Character-
ization of acute whiplash-associated disorders. Spine.
2004;29:182-188.

63. Sterling M, Jull G, Vicenzino B, Kenardy J. Sensory
hypersensitivity occurs soon after whiplash injury and is
associated with poor recovery. Pain. 2003;104:509-517.

64. Sterling M, Jull G, Vicenzino B, Kenardy J, Darnell R.
Development of motor system dysfunction following
whiplash injury. Pain. 2003;103:65-73.

65. Stiell IG, Wells GA, Vandemheen KL, et al. The
Canadian C-spine rule for radiography in alert and
stable trauma patients. JAMA. 2001;286:1841-1848.

66. Sturzenegger M. Headache and neck pain: the warning
symptoms of vertebral artery dissection. Headache.
1994;34:187-193.

67. Symons BP, Leonard T, Herzog W. Internal forces
sustained by the vertebral artery during spinal manipu-
lative therapy. J Manipulative Physiol Ther.
2002;25:504-510.

68. Terrett AGJ. It is more important to know when not to
adjust. Chiropr Tech. 1990;2:1-9.

69. Thiel H, Rix J. Is it time to stop functional pre-
manipulation testing of the cervical spine? Man Ther. In
press.

70. Thiel HW. Gross morphology and pathoanatomy of the
vertebral arteries. J Manipulative Physiol Ther.
1991;14:133-141.

71. Treleaven J, Jull G, Sterling M. Dizziness and unsteadi-
ness following whiplash injury: characteristic features
and relationship with cervical joint position error.
J Rehabil Med. 2003;35:36-43.

72. Vautravers P, Maigne JY. Cervical spine manipulation
and the precautionary principle. Joint Bone Spine.
2000;67:272-276.

73. Veras LM, Pedraza-Gutierrez S, Castellanos J, Capel-
lades J, Casamitjana J, Rovira-Canellas A. Vertebral
artery occlusion after acute cervical spine trauma.
Spine. 2000;25:1171-1177.

74. Vinchon M, Assaker R, Leclerc X, Lejeune JP.
Vertebrobasilar insufficiency resulting from traumatic
atlantoaxial instability: case report. Neurosurgery.
1995;36:839-841.

75. Weintraub MI, Khoury A. Critical neck position as an
independent risk factor for posterior circulation stroke.
A magnetic resonance angiographic analysis.
J Neuroimaging. 1995;5:16-22.

76. Wright A, Mayer TG, Gatchel RJ. Outcomes of disabling
cervical spine disorders in compensation injuries. A
prospective comparison to tertiary rehabilitation re-
sponse for chronic lumbar spinal disorders. Spine.
1999;24:178-183.

77. Wrisley DM, Sparto PJ, Whitney SL, Furman JM.
Cervicogenic dizziness: a review of diagnosis and
treatment. J Orthop Sports Phys Ther. 2000;30:755-766.

306 J Orthop Sports Phys Ther • Volume 35 • Number 5 • May 2005


