
Manipulation of the Cervical Spine:
Risks and Benefits

Manipulation of the cervical spine (MCS) is used in the treatment of
people with neck pain and muscle-tension headache. The purposes of
this article are to review previously reported cases in which injuries
were attributed to MCS, to identify cases of injury involving treatment
by physical therapists, and to describe the risks and benefits of MCS.
One hundred seventy-seven published cases of injury reported in 116
articles were reviewed. The cases were published between 1925 and
1997. The most frequently reported injuries involved arterial dissection
or spasm, and lesions of the brain stem. Death occurred in 32 (18%)
of the cases. Physical therapists were involved in less than 2% of the
cases, and no deaths have been attributed to MCS provided by physical
therapists. Although the risk of injury associated with MCS appears to
be small, this type of therapy has the potential to expose patients to
vertebral artery damage that can be avoided with the use of mobiliza-
tion (nonthrust passive movements). The literature does not demon-
strate that the benefits of MCS outweigh the risks. Several recommen-
dations for future studies and for the practice of MCS are discussed.
@Di Fabio RP. Manipulation of the cervical spine: risks and benefits.
Phys Ther. 1999;79:50–65.#
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M
anipulation of the spine (MTS) is a form
of manual therapy that is used in an effort
to reduce pain and improve range of
motion.1 The use of manipulation of the

spine to treat patients with pain involves a high-velocity
thrust that is exerted through either a long or short
lever-arm.2–6 The “long-lever” techniques move many
vertebral articulations simultaneously (eg, rotary manip-
ulation of the thoracolumbar spine),7–9 whereas the
“short-lever” techniques involve a low-amplitude thrust
that is directed at a specific level of the vertebral column.
Manipulation of the spine differs from mobilization of
the spine because, theoretically, during manipulation of
the spine, the rate of vertebral joint displacement does
not allow the patient to prevent joint movement.10

Mobilization of the cervical spine involves low-velocity
(nonthrust) passive motion that can be stopped by the
patient.10 The speed of the technique (not necessarily
the amount of force), therefore, differentiates manipu-
lation from mobilization.

Manipulation of the spine has been used in the treat-
ment of patients with head and neck disorders, includ-
ing neck pain and stiffness, muscle-tension headache,
and migraine.11 Because of the proximity of the verte-
bral artery to the lateral cervical articulations, caution
must be used during manipulation of the cervical spine
(MCS). It is thought that stroke can be induced as a
result of MCS by mechanical compression or excessive
stretching of arterial walls,12 but the pathogenesis of
ischemia is unknown.13 Leboeuf-Yde et al14 maintain that
some vascular injuries that occur after MCS may have
happened, in any case, as a natural consequence of some
underlying medical condition. Ladermann has raised
questions about the link between MCS and cerebro-
vascular accidents and claimed that in some cases “there

is barely a temporal
coincidence between
the manipulation and
the onset of brain-stem
syndrome.”15(p63)

Frisoni and Anzola13

proposed a theory that
accounted for the

delay in symptoms that is sometimes reported following
MCS. They suggested that vertebrobasilar ischemia after
neck manipulation might begin with subclinical damage
to the tunica intima or tunica media. Progressive or
delayed symptoms are possible when a thrombus or
slowly progressive dissection forms and propagates to the
basilar, internal carotid, or posterior cerebral arter-
ies.13,16 Based on a review of injuries related to MCS,
Frisoni and Anzola13 also suggested that acute arterial
dissection could result unexpectedly, even after
repeated successful cervical manipulations. Their theory
is supported by the observation that young individuals
without known systemic or vascular pathology who
receive MCS sometimes have subsequent brain infarc-
tions in the vertebrobasilar artery distribution.17,18

The purposes of my study were to review previously
reported cases of injury attributed to MCS, to identify
cases of injury involving treatment by physical therapists,
and to describe the risks and benefits of MCS. Before
analyzing the case reports, I will discuss the effectiveness
of screening examinations for patients with cervical
impairments and describe the current use of MCS by
physical therapists. Following the analysis of injuries
attributed to MCS, I will propose several recommenda-
tions for practice and research related to MCS.

Manipulation and

mobilization may be

important aspects of

the care provided to

patients with

cervical

impairments.

RP Di Fabio, PhD, PT, is Professor, Program in Physical Therapy, Department of Physical Medicine and Rehabilitation, University of Minnesota,
UMHC Box 388, Minneapolis, MN 55455 (USA) (difab001@maroon.tc.umn.edu).
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Screening Examinations
Manipulation of the cervical spine is not the only cause
of vertebrobasilar vascular accidents.19 There have been
reports of spontaneous vertebral artery dissections20

(and Mas et al21 @cases 8 and 11#), self-inflicted vertebral
artery obstruction (ie, caused by self-manipulation)22–25

(and Katirji et al26 @cases 2 and 4# and Easton and
Sherman27 @case 1#), and occlusion related to exercise28

or bony abnormalities such as osteoarthritic spurs29 and
atlanto-occipital fusion.30

Clinical screening examinations that might detect some
of these conditions have been advocated as a way of
preventing injury from MCS.31–36 The central features of
the screening examinations involve patient history and
provocation of symptoms by testing for signs of vertebral
artery compression (reviewed by Grant,31 Terrett and
Webb,33 Rivett,35 Cote et al,37 and Ladermann38). The
detection of congenital bony deviations, spinal instabil-
ity, and inflammatory or degenerative joint disease may
also require plain radiographs and imaging during func-
tional movements.39 There are sex-specific factors that
are considered contraindications to MCS (eg, women
immediately postpartum or taking oral contraceptives
are thought to experience hormone-mediated ligament
laxity that might reduce the protective stability in inter-
vertebral articulations).32 Terrett32 noted that factors in
the patient history can be used to identify “warning”
signs related to osseous, vascular, and neurologic factors
(eg, osteophytes, previous neck trauma, hypertension,
previous stroke, visual disorders), but there is not wide
agreement that these conditions are absolute contra-
indications for MCS.38

Although the use of screening examinations seems pru-
dent, the sensitivity and specificity of “warning signs”
obtained from the patient history and from the symptom
provocation tests of vertebral artery function have not
been established. Several authors have reviewed cases of
subjects without known pathology who experienced ver-
tebrobasilar ischemia following MCS,13,17,18 and it has
been suggested that the population at risk cannot be
identified a priori.13 Patients who have none of the
“warning signs” that would otherwise alert clinicians to
some assumed contraindication for MCS may still expe-
rience injury following MCS.

Several tests have been used to assess the vulnerability of
the vertebral artery to movement-induced pres-
sure,33,37,40 and all of these maneuvers place the neck in
an extended position with rotation. One procedure
requires the clinician to maintain the patient’s head in
this position for 30 to 40 seconds. The clinician then
looks for signs of brain-stem ischemia (ie, vertigo, nys-
tagmus, nausea, or sensory disturbance). The absence of
positive findings for the vertebral artery tests, however,

does not necessarily indicate that the vertebral arteries
will remain patent during MCS.40

Cote et al37 found that the sensitivity of the vertebral
artery test for increasing impedance to blood flow was
zero. Their results were based on a secondary analysis of
earlier work that measured vascular impedance to blood
flow using Doppler ultrasonography during the vertebral
artery test in subjects with and without clinical signs and
symptoms of suspected vertebrobasilar insufficiency.41

Haynes42 reported that only 5% of the arteries tested in
148 patients had Doppler signals that stopped during
contralateral rotation of the neck. Ladermann15

acknowledged the limitations of screening patients to
prevent MCS-induced injury and even suggested that
placing the head in the sustained posture required for
the vertebral artery test exposed the patient to a greater
risk than the brief thrust of a manipulation. In addition,
Grant31 noted that the rapid thrust component of MCS
is not simulated during vertebral artery testing, and this
limitation might contribute to the lack of test sensitivity.
Several modifications in the Australian Physiotherapy
Association premanipulative vertebral artery testing pro-
tocol34 have been suggested by Rivett35 (eg, the addition
of sustained traction, oscillations of the cervical spine at
the end-range of motion), but there is no evidence that
these modifications improve the sensitivity for identify-
ing patients with vertebrobasilar insufficiency.

Symptom provocation testing and functional radio-
graphs might help identify vascular and mechanical
problems in some patients. Clinicians need to be aware,
however, that negative (normal) findings for these tests
do not mean that MCS will be safe. Symptom provoca-
tion tests might even cause injury in some patients.

Methods of Assessment of Injuries Associated
With Cervical Manipulation
I identified descriptions of cases and case reports in-
volving injuries attributed to MCS using a search of the
Index Medicus database for the years 1966 to 1997. The
BIOETHICSLINE database (1973–1997), the Cumulative
Index to Nursing and Allied Health (CINAHL) database
(1982–1997), and the Current Contents database (1994–
1997) were also used. The search was initiated using the
key words “chiropractic,” “cervical vertebrae,” “neck
pain,” and “physical therapy.” Additional references
were identified from the bibliographies of published
articles that were construed to be relevant to the topic of
cervical manipulation injuries. Several recent reviews
provided the majority of reference citations.11,13,43–50

Case reports of spontaneous vertebral artery dissec-
tions20,51 (and Mas et al21 @except cases 8 and 11#),
self-inflicted injuries related to neck motion22–25 (and
Katirji et al26 @cases 2 and 4# and Easton and Sherman27

@case 1#), injury due to trauma,52–56 and bony malforma-
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tions or congenital vascular malformations (Bladin and
Merory54 @case 3#) were not analyzed. Accounts of
manipulation-related injuries that appeared in newspa-
pers and magazines55 were not included.

Information from each case report was entered into a
spreadsheet. The database included patient age and sex,
the practitioner administering the manipulation, the
type of injury sustained from the manipulation, whether
the outcome was death, presence of previous medical
complications, the type of manipulation, and whether
the patient received other manipulative treatments prior
to the incident. Terrett55 reported numerous cases in the
literature where the practitioner responsible for the
injury induced by MCS was incorrectly labeled as a
“chiropractor.” Terrett55 suggested that future discus-
sions regarding the safety of MCS be based on a “cor-
rected” description of the practitioner (provided to him
through correspondence and discussions with the
authors of reports containing supposedly inaccurate
descriptions of the practitioner performing MCS). The
analysis of the data, therefore, was repeated using Ter-
rett’s “corrections” for practitioners. These “corrections”
were done by simply changing the type of practitioner
that provided manipulation from “chiropractor” to some
other type of practitioner (eg, physician, physical thera-
pist) so that the “corrected” data would be consistent
with Terrett’s findings.

Articles not in the English language were included and
were evaluated based on the interpretation from second-
ary sources or from an English abstract. There were
several instances where the same case was reported
multiple times in the literature. An attempt was made to
identify instances of multiple reporting where the orig-
inal case report was not referenced in subsequent arti-
cles.27,56–64 Redundant data were removed from the
database prior to analysis. The number of redundant
cases could only be estimated, however, because there
was a reliance on secondary sources for extracting some
information. Descriptive statistics were obtained using
Statistica* (version 5.1) for each variable in the database.

Results of Assessment of Injuries Associated
With Cervical Manipulation
One hundred seventy-seven cases were reported in 116
articles.† The case reports were published between 1925
and 1997. Secondary sources were used to extract data in
17% (n530) of the cases. The patients described in
these case reports were 80 males and 90 females (the
patient’s sex was not reported in 7 case reports). The
mean age of the patients was 39.6 years (SD513 years,
range54 months to 87 years).

* Stat Soft Inc, 2300 E 14th St, Tulsa, OK 74104.
† References 13, 16–18, 21, 26, 27, 45, 46, 48, 54, 56, 60, 61, 64–165.

Figure 1.
Injuries attributed to manipulation of the cervical spine. The category “Arterial Dissection” included pseudoaneurysm, arterial spasm, and rupture. The
“Brain-Stem Injury” and “Cerebral/Cerebellar Injury” categories indicate cases of infarct in these areas of the brain. The “Other” category included
visual deficits, hearing loss, balance deficits, and phrenic nerve injury.
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The most frequently reported injuries involved arterial
dissection or spasm, lesions of the brain stem, and
Wallenberg syndrome (Fig. 1). The “other” category
included visual deficits, hearing loss, balance deficits,
and phrenic nerve injury (Fig. 1). Death occurred in
18% of the cases (n532). Twenty percent of the patients
(n536) were described as “healthy” prior to the inci-
dent, but health status prior to injury was not reported
for 32% of the cases (n557). The medical histories of
the remaining patients indicated that some patients were
smokers, were overweight, had hypertension, were tak-
ing oral contraceptives, had osteoarthritis or osteoporo-
sis, had chest pain, or had a previous incident involving
trauma to the head and neck.

The majority of injuries were attributed to manipulation
by chiropractors (Fig. 2). Physical therapists were
involved in less than 2% of the cases. Some
authors,43,47,166 however, have reported incidents (in
aggregate form) that were attributed to physical thera-
pists using MCS (Tab. 1). A retrospective survey of
physical therapists showed one minor transient incident
for every 1,573 manipulations.166 In a prospective analy-
sis of MCS involving manipulative physical therapists in
New Zealand, Rivett and Milburn43 found 1 incident
(usually an exacerbation of neck pain) per every 476
cervical manipulations.

When the type of practitioner (noted in the original
studies included in this review) was determined using
Terrett’s55 modifications, the number of chiropractors
involved in cases of MCS injury decreased slightly, and
the numbers of cases attributed to physicians, physical
therapists, and other individuals (ie, a barber, a kung-fu
practitioner, and a masseur) increased (Fig. 2). In

addition, the number of cases where the practitioner was
later reported (by the original authors of the case
report) to be unknown increased slightly (Fig. 2). The
overall pattern of practitioners involved in MCS-related
injuries, however, did not change with Terrett’s55

adjustments.

The specific type of manipulation was not described in
46% (n582) of the cases. When the type of manipula-
tion was identified, manual procedures that involved
rotational thrust had the largest representation (23%)
(Fig. 3). I was unable to determine the type of manipu-
lation in 24% (n542) of the cases, primarily because the
original articles were not published in the English lan-
guage. Although the description of manipulation could
have been in the original non-English article, it was
missing from the secondary source interpretation of the
case or from the English-language abstract. I, therefore,
classified the type of manipulation in these cases as “not
translated” (Fig. 3).

Cervical manipulation was not a new treatment for
nearly half of the patients. Forty-one percent (n573) of
the patients had at least one other manipulation prior to
the incident, and only 10% of the patients were identi-
fied as experiencing their first manipulation. The history
of previous MCS was not reported for 24% (n543) of
the cases, and data regarding previous manipulations
could not be extracted from 24% (n543) of the cases.

Discussion

Risks of Injury Due to Cervical Manipulation
The risk of injury due to MCS is not known. The
frequency of complications among patients receiving

Figure 2.
Practitioners providing manipulation of the cervical spine that resulted in
injury. For the purpose of comparison, the type of practitioner was
adjusted according to the findings by Terrett.55

Figure 3.
The type of manipulation of the cervical spine attributed to injury. “Not
Reported” means that the information was not included in the case
report. “Not Translated” means that the description of manipulation
could have been in an original non-English language article, but was
missing from the secondary source interpretation of the article or from
the English-language abstract.
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Table 1.
Complications of Cervical Manipulations Attributed to Physical Therapists

Primary Reference

Information
Obtained From
Secondary Source Article Type Patient Manipulation Type Injury Outcome

Parkin et al107 (1978) No Case report 23-year-old woman Traction-rotation Brain-stem infarction Residual ataxia, paralysis,
and sensory changes

Nielsen125 (1984) Terrett45 (1987) Case report 44-year-old woman Unavailable Balance dysfunction,
vomiting, memory
loss

No improvement

Fritz et al123 (1984) No Case report 63-year-old man Hyperextension and
side bending

Brain-stem infarction Minor residual
hemiparesis, dysarthria,
dizziness

Frisoni and Anzola13 (1991) Terrett55 (1995) Review 39-year-old woman Not reported Vertebrobasilar
stroke

Good recovery, with
residual balance deficit

49-year-old woman Not reported Vertebrobasilar
stroke

Full recovery

Patijn47 (1991)a No Review 6 of 129 cases (,5%)
attributed to physical
therapist manipulation

Not reported Not reported Not reported

Michaeli36 (1993) No Survey 1 case Mobilizationb Cerebrovascular
accident

Not reported

4 cases Brachialgia Partial recovery for 2
cases; no improvement
for 2 cases

Michaeli166 (1991) No Survey 48 incidents/75,500
manipulations

Unavailable Minor transient
reactions

Full recovery implied

Accident Rehabilitation and
Compensation Insurance
Corporation

Rivett and Milburn43

(1996)
Personal communication 2 patients with “marked

neurovascular
complications”

Unavailable Unavailable Not reported (stroke
implied)

Rivett and Milburn43 (1996) No Prospective study 1 incident/476
manipulations

Not reported Minor exacerbation
of neck pain

Full recovery implied

a Includes cases described by Parkin et al107 and Fritz et al123 and also includes cases involving low back manipulations.
b This case was attributed to nonthrust techniques.
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cervical manipulation can only be estimated because the
actual number of manipulations and caseload of patients
receiving MCS are not known. The lack of data concern-
ing the practice of manipulation has led to a wide
variation of estimates. Rivett and Milburn43 reported that
the incidence of severe neurovascular compromise was
estimated to be within the rather wide range of 1 in
50,000 to 1 in 5 million manipulations. Coulter et al11

used data from a community-based study of chiropractic
services167 and estimated that complications for cervical
spine manipulation occur 1.46 times per 1 million
manipulations. They also estimated the rate of serious
complications (6.39 per 10 million manipulations) and
death (2.68 times per 10 million manipulations) from
manipulation of the cervical spine.11 Klougart et al168

surveyed 99% of all chiropractors practicing in Denmark
and estimated that one case of cerebrovascular accident
occurred for every 1.3 million cervical treatment ses-
sions. The occurrence increased to one in every 0.9
million treatment sessions for upper cervical manipula-
tions, and they noted that techniques using rotational
thrusts were overrepresented in the frequency of injury.
Other estimates of complications following chiropractic
manipulation of the cervical spine have been in the
range of 1 in 200,000 manipulations52 to 1 in 3 million
manipulations.169

In order to put the risk of cervical manipulation in
perspective, some authors have compared the estimated
rate of occurrence of manipulation-induced injury to
other treatments for cervical impairments. Dabbs and
Lauretti170 suggested that the risk of complications
(eg, gastrointestinal ulcers, hemorrhage) or death from
the use of nonsteroidal anti-inflammatory drugs
(NSAIDs) is 100 to 400 times greater than for the use of
cervical manipulation. Hurwitz et al44 reported that the
incidence of a “serious gastrointestinal event” associated
with NSAID use was 1 in 1,000 patients compared with 5
to 10 cases of complication per 10 million cervical
manipulations. Cervical spine surgery, by comparison,
had 15.6 cases of complication per 1,000 surgeries.44

Although most of these estimates indicate that the
incidence of complications due to MCS is rare, some
authors13,43,47,48,171,172 have suggested that the reliance
on published cases will produce an underestimation of
the injuries associated with these procedures. Lee et al172

surveyed 177 neurologists practicing in California and
reported 55 incidences of stroke presumed to be related
to MCS, but the validity of the claim that MCS caused the
strokes was not established. Robertson171 cited a survey
of the Stroke Council of the American Heart Association
that identified 360 unpublished cases of extracranial
arterial injury, but the clinical details of these cases were
not published. There have also been cases reported in
newspapers and magazines that have not appeared as

case reports in the medical or chiropractic literature.55

In addition to problems caused by the potential mis-
match between published case reports and actual inju-
ries, I believe that evaluating the complications following
MCS in a retrospective fashion is problematic. Lader-
mann stated, “It is impossible to know from most
descriptions what manipulation was performed, what
the qualification of the practitioner was, what force
was applied, the number of treatments and their
frequency.”46(p183)

Prospective surveys involving physical therapists in New
Zealand43 and chiropractors in Norway173 who perform
manipulation of the cervical spine have shown that it is
not uncommon for patients to experience mild transient
reactions to MCS (eg, an exacerbation of neck pain or
headache). The incidence rate for minor exacerbation
of neck pain per physical therapist manipulation in New
Zealand, reported prospectively, was 0.21% (1 in 476
manipulations).43 Only 11% of the reactions to chiro-
practic manipulation (including lumbar manipulation)
were characterized as preventing the patients from per-
forming their daily activities.173 There were no perma-
nent complications attributed to MCS in either
study.43,173

Another approach to evaluating the risks and benefits of
MCS is to summarize the opinions of experts in the field
of manual therapy. The RAND group evaluated the risks
and benefits of MCS by assessing the clinical opinions of
a 9-member panel that consisted of 4 chiropractors, a
primary care physician, a neurosurgeon, an orthopedic
surgeon, and 2 neurologists.11,174,175 Ratings were made
on a 9-point ordinal scale (15inappropriate application
of MCS, 95apropriate application of MCS). For 736
“clinical scenarios,” the panel indicated that only 11.1%
of the scenarios were appropriate for the application of
MCS, whereas 57.6% of the scenarios were ranked as
inappropriate.174 Coulter174 noted that for almost all the
scenarios evaluated, the use of mobilization was rated
more favorably than manipulation.

The decision to use a thrust technique on the cervical
spine must be weighed in terms of risks and benefits.
The relatively high proportion of injuries linked to
manipulation causing rotation (Fig. 3) has prompted
some authors45,49,50,168 to recommend that upper cervi-
cal rotation procedures be abandoned in favor of thrust
methods that do not require rotation. Other
authors13,18,48,152,176 have suggested (or reviewed evi-
dence that implies) that thrust techniques should be
abandoned altogether or that other treatments such as
low-velocity spinal mobilization be used in place of MCS.
Grant31 cited the Australian Physiotherapy Association
protocol for premanipulative testing of the cervical spine
as a basis for recommending that generalized rotary

56 . Di Fabio Physical Therapy . Volume 79 . Number 1 . January 1999



Table 2.
Reviews of Randomized Trials Comparing Groups Receiving Cervical Manipulation With Placebo Control or Comparison Groups

Reference
Primary
Complaint Analyzed

Randomized Controlled
Trials Reviewed

Intervention:
(Thrust5t,
Nonthrust5nt) Method Results Authors’ Conclusions

Koes et al179

(1991)
Neck pain Sloop et al184 (1982)

Nordemar and Thorner185

(1980)
Brodin186 (1985)
Howe and Newcombe187

(1983)
Mealy et al188 (1986)

t
nt

nt
t

nt

Blinded, descriptive review All trials had methods
scores of ,50 (100
maximum; best)

Manipulation is not
consistently better than
other therapies, and
methodology scores for
all studies were low

Hurwitz et al44

(1996)
Subacute, chronic neck pain Sloop et al184 (1982)

Howe and Newcombe187

(1983)
Koes et al189–192,a

(1992–1993)
Cassidy et al193

(1992 and 1993)
Vernon et al194 (1990)

t
t

t1nt

t vs ntc

t vs nt

Pooled estimate of effect
size for 3 selected studies

Effect size50.42 favoring
manipulation (95%
CIb50.005 to 0.85)

Manipulation is slightly
more effective than
mobilization for
achieving short-term relief
of symptoms

Muscle-tension headache
(nonmigraine)d

Boline et al195 (1995)
Jensen et al196 (1990)
Hoyt et al197 (1979)

t
t1nt
t1nt

Data across studies not
pooled due to differences
in treatment

Not evaluated
quantitatively

Manipulation or
mobilization may be
beneficial

Coulter et al11

(1996)
Same data as Hurwitz et al44

(1996)

Vernon180

(1995)
Muscle-tension headache

(nonmigraine)d
Jensen et al196 (1990)
Boline et al195 (1995)

t1nt
t

Descriptive traditional
review

Studies that were designed
as case series were
combined with
randomized controlled
trials to suggest that
“manipulation seems
better” than mobilization
or no treatment

No definitive support for
manipulation efficacy in
randomized controlled
trials

Aker et al177

(1996)
“Neck disorders” (including

neck pain)
Sloop et al184 (1982)
Nordemar and Thorner185

(1980)
Brodin186 (1983)
Mealy et al188 (1986)
Koes et al191 (1992)
Jensen et al196 (1990)
Cassidy et al193

(1992 and 1993)
Vernon et al194 (1990)
McKinney et al198 (1989)

t
nt

nt
nt
t1nt
t1nt
t vs ntc

t vs ntc

nt

Pooled estimate of effect
size for 5 studies that
used manual therapy in
combination with other
treatments

Effect size520.6
(95% CI520.9 to 20.4)

Preliminary support for
manual therapy in
combination with other
treatments for short-term
relief of neck pain (but
efficacy could not be
adequately assessed with
the studies included in
the review)

Gross et al178

(1996)
Same as Aker et al177 (1996)

a A series of 4 studies from the same database (Koes et al189–192) were evaluated as one study “unit,” and the series combined manipulation and mobilization under the category of “manual therapy.”
b CI5confidence interval.
c Manipulation (thrust) compared with mobilization (nonthrust).
d One study was reviewed that addressed migraine headaches, but was not included in this summary.
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manipulation and vigorous traction not be used and that
only a single manipulation be given during each treat-
ment session. In addition, Grant31 and Terrett32 recom-
mended that vertebral artery testing be done during
each patient visit prior to MCS and that informed
consent be given by the patient prior to each
manipulation.

Benefits of Cervical Manipulation
Although the risk of serious injury might be reduced by
modifying the manipulative technique, this course of
action does not address the effectiveness of MCS com-
pared with other forms of manual therapy. Several
literature reviews11,44,177–180 have addressed the efficacy
of cervical manipulation and mobilization. In order to
interpret the results of these literature reviews, I consid-
ered any manual technique that utilized a thrust at the
end of the available range of cervical motion to be a
manipulation. Mobilization was considered to be any
nonthrust technique (eg, the “Maitland” technique,181

“muscle energy” techniques182).

Quantitative reviews used statistical procedures to calcu-
late pooled effect sizes183 by combining data from stud-
ies that were deemed to be similar in terms of the types
of patients or treatment procedures described in the
primary studies of MCS.44,177 Cohen183 provided a guide
that can be used to evaluate to the magnitude of the
effect size. Cohen defined an effect size with an absolute
value of 0 to 0.19 as negligible, one with an absolute
value of 0.20 to 0.50 as small, one with an absolute value
of 0.51 to 0.80 as medium, and one with an absolute
value greater than 0.80 as large. In addition, some
quantitative reviews44,177 transformed pain ratings to a
standard scale so than the magnitude of clinical
improvement, in terms of pain reduction, could be
estimated.

With the redundant publications eliminated in 4
reviews,44,177,179,180 a total of 12‡ nonoverlapping ran-
domized controlled trials184–198 were identified that eval-
uated the efficacy of MCS for the treatment of patients
with neck pain and headache (Tab. 2). The types of
manual therapy intervention for each study (thrust
versus nonthrust) are summarized in Table 2. Patients in
the “intervention” groups received manipulation or
mobilization, or both types of manual therapy. The
comparison groups included patients receiving analge-
sics, rest, spinal mobilization, or modality therapy.

The quantitative reviews produced small to medium
effect sizes (absolute effect size values ranged from 0.42
to 0.60), showing that mobilization and manipulation
were slightly better than control or comparison interven-

tions (Tab. 2). The effect sizes, however, were based on
subsets of articles (3–5 articles) selected by the authors
of each quantitative review.44,177 Aker et al177 acknowl-
edged that the small number of studies used in the
subgroup analysis were unlikely to have sufficient power
for meaningful results. Hurwitz et al44 included studies
that used thrust or nonthrust techniques under a cate-
gory that they labeled “manipulation randomized con-
trolled trials” (Tab. 2). Their conclusion that manipula-
tion is slightly better than mobilization for the treatment
of patients with subacute and chronic neck pain, there-
fore, is confounded by studies using a mixture of treat-
ment types.

The pooled index of pain change on a 100-point pain
scale showed that from 1 to 4 weeks following the
initiation of therapy, there was an expected difference of
13 to 16 points.44,177 This finding indicates that the
overall decrease in pain attributed to manual therapy
was on the order of 13% to 16%.

The literature reviewed indicates that manual therapy
may provide a short-term improvement in pain associ-
ated with head and neck disorders, but there is no
evidence to support the idea that manipulation of the
cervical spine achieves better clinical outcomes than
does mobilization. Only 2 studies193,194 cited in the
review articles (Tab. 2) compared mobilization with
manipulation of the cervical spine. Cassidy et al193 found
no difference in pain intensity ratings immediately after
a single cervical spine manipulation, compared with
mobilization of the cervical spine, for 2 groups of
approximately 50 patients with unilateral neck pain.
Vernon et al194 reported that manipulation into rotation
immediately increased the pressure-pain threshold of 5
subjects with chronic mechanical neck pain compared
with 4 subjects who received gentle mobilization into
rotation. Follow-up beyond the day of treatment was not
done in either study. The results, therefore, cannot be
generalized to long-term effects. A study199 published
after the reviews summarized in Table 2 showed that
MCS was no better than massage for improving cervical
range of motion for patients with headache (approxi-
mately 20 patients per group and both groups showed
improvement in range of motion).

Limitations
Several limitations were encountered when analyzing
data for this article. Published cases were difficult to
find. Some articles describing injuries related to MCS
were indexed in Index Medicus without any statement that
the article actually contained a case report. It is not
possible, therefore, to determine whether my review was
exhaustive. In addition, there were large blocks of data
(eg, health history prior to incident, type of manipula-
tion used) that were not reported in the published
studies. For some articles originally published in foreign

‡ Four studies by Koes and colleagues evaluated different aspects of the same
database and were considered as one study (Tab. 2).
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languages, only incomplete data were available because
the author of the secondary analysis did not extract all of
the information needed in the present review. The use
of ambiguous terminology or labels that possibly misrep-
resented practitioners was also a factor that complicated
the extraction of data from case reports and the random-
ized controlled trials that addressed MCS.55,200 For exam-
ple, “chiropractic manipulation” was not always done by
a chiropractor,55 or patient outcomes were compared for
physical therapy versus manual therapy (when manual
therapy is practiced by physical therapists).200 Regardless
of these limitations, several preliminary recommen-
dations can be made regarding the practice and study
of MCS.

Recommendations
Mobilization should be used as an alternative to MCS.
There have been injuries attributed to mobilization of
the cervical spine (Tab. 1),36 but the preponderance of
cases reported in the literature suggest that more com-
plications are associated with MCS. Although the risk of
injury with either type of manual therapy is thought to
be rare, the efficacy of MCS has not been shown to be
better than that of mobilization for treating patients with
neck pain and muscle-tension headache.§ The largest
number of injury cases have involved thrust techniques
applied by chiropractors (Fig. 2), but it should also be
noted that chiropractors perform the largest number of
manipulations of any practitioner group.11 One could
presume that if physical therapists utilize more treat-
ments involving MCS, the prevalence of MCS-related
injury may also rise. The recommendation to use mobi-
lization as an alternative to MCS for cervical impairment,
in my opinion, should apply to all practitioners of
manual therapy, regardless of their professional training
or license.

If MCS is used to treat patients with cervical impair-
ments, then clinicians should not, in my opinion, apply
long lever-arm techniques that use rotational thrust or
short lever-arm (“local”) rotational thrust techniques in
the upper cervical spine. This recommendation is made
with the caveat that there may be a bias for the use of
rotary manipulative procedures in the populations of
practitioners studied.201 That is, many practitioners may
simply select rotary techniques, and it is difficult to
determine whether rotary thrust—or any thrust tech-
nique—places the patient at risk for vertebrobasilar
injury. In addition, it is not clear at this time whether
clinicians should avoid rotational thrust techniques in
the lower cervical spine. The literature rarely differenti-
ated between manipulation applied to the upper cervical
(craniocervical) spine from the rest of the cervical spine.

The risks and effectiveness of MCS may depend on the
cervical level being moved. Future research should make
a distinction between upper cervical and other cervical
manipulations.

Studies in the future need to be designed to determine
whether sensitive and specific premanipulative screen-
ing protocols can be developed. The occurrence of
injury in individuals without known pathology following
MCS and the possibility of cumulative subclinical dam-
age to the vertebral arteries are factors that need to be
considered when using MCS. These factors complicate
the assessment of sensitivity and specificity of prema-
nipulative screening protocols. The screening proto-
cols32,34 have not yet been shown to be sensitive and
specific for identifying persons who are at risk for injury
following MCS. There is no compelling evidence that
supports the use of symptom provocation testing, Dopp-
ler ultrasound, brain imaging, or arteriography as valid
clinical screening tools to identify patients who are at
risk of injury from MCS.201

Risk factors need to be identified. McGregor et al201

pointed out that there is little agreement or confirma-
tion in the literature concerning the association of
presumed “risk factors” (eg, a person’s sex, smoking, use
of oral contraceptives, history of migraine, osteoarthritic
spurs, high blood pressure) and vertebrobasilar vascular
compromise. Whether it is even possible to identify risk
factors (patient characteristics or a particular health
history with a clear association to vertebrobasilar injury)
needs to be determined.

Case reports should provide more details (eg, response
to premanipulative testing and to previous manipula-
tions, health status prior to injury, predisposing factors
that might have increased the risk of injury, specific type
of manipulative procedures used to treat the patient).
The large blocks of missing data in the database derived
from case reports and the possibility that injuries related
to MCS are often not reported in perspective with
comorbid factors, previous manipulation exposure, and
the “dose” of therapy complicate the assessment of risks
and benefits associated with MCS.

Prospective reporting systems should be implemented so
that potential bias regarding the assessment of compli-
cations following MCS can be reduced. Powell et al48

suggested that most of the injuries due to MTS were
related to misdiagnosis, failure to recognize the onset or
progression of neurological signs and symptoms,
improper technique, or the use of MTS in the presence
of coagulation disorders or herniated intervertebral
disk. The data derived from prospective reporting sys-
tems might be useful for evaluating the prevalence of
these (and other as yet unknown) injury “factors.” In

§ Muscle-tension headache is defined as a constant, “viselike,” referred ache fre-
quently involving the frontal or suboccipital region of the head that is thought to
be caused by sustained contraction of the scalp and neck muscles.197
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addition, the systematic assessment of clinical outcome
may ultimately provide specific profiles of patients that
distinguish those patients who are at greatest risk for
injury from those patients who are most likely to benefit
from MCS.

Summary and Conclusions
Manipulation and mobilization may be important
aspects of the care provided to patients with cervical
impairments, but there are few randomized controlled
trials that have evaluated the efficacy of these proce-
dures. Premanipulative screening protocols have not
been shown to be sensitive and specific for identifying
individuals who are at risk for injury following MCS. It is
difficult, therefore, to determine who should receive MCS.

The review of published cases involving injury attributed
to MCS showed that the most frequently reported inju-
ries involved arterial dissection or spasm, lesions of the
brain stem, and Wallenberg syndrome. Twenty percent
(n536) of the patients were described as “healthy” prior
to the incident. Death occurred in 18% (n532) of the
cases. Physical therapists were involved in less than 2% of
the cases, and the most serious injury sustained by
patients receiving MCS from physical therapists was
stroke in the vertebrobasilar artery distribution. Cervical
manipulation was not a new treatment for nearly half of
the patients. Forty-one percent (n573) of the patients
had at least one other manipulation prior to the inci-
dent. The type of manipulation was not described in
46% (n582) of the cases. When the type of manipula-
tion was identified, manual procedures that involved
rotational thrust had the largest representation (23%
@n540#). Quantitative reviews reported small to medium
effect sizes, showing that mobilization and manipulation
were slightly better than control or comparison interven-
tions, but there was no compelling evidence to show that
manipulation achieved better clinical outcomes com-
pared with mobilization. The occurrence of injury fol-
lowing MCS in patients without known systemic or
vascular pathology and the absence of serious neuro-
vascular accident during the first exposures to MCS
might provide indirect support for the theory that
cumulative subclinical damage to the vertebral arteries
occurs following MCS.

Some preliminary recommendations regarding the use
and study of MCS have been presented. Until more is
known about the effectiveness and risk of MCS, the use
of nonthrust mobilization techniques should be consid-
ered as an alternative to MCS for all practitioners of
manual therapy.
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Paris. 1967;118(5):435–440. Cited by: Terrett AGJ. Vascular accidents
from cervical spine manipulation: report on 107 cases. Chiropractic
Journal of Australia. 1987;17(1):15–24.

88 Heyden S. Extra kraniler thrombotischer arterienverschlussals folge
von hopfund halsverletzung. Matetia Medica Nordmark. 1971;23:24–32.
Cited by: Terrett AGJ. Vascular accidents from cervical spine manipu-
lation: report on 107 cases. Chiropractic Journal of Australia. 1987;17(1):
15–24.

89 Wood MJ, Lang EK, Faludi HK, Woolhandler GJ. Traumatic verte-
bral artery thrombosis. J La State Med Soc. 1971;123:413–414.

90 Kanshepolsky J, Danielson H, Flynn RE. Vertebral artery insuffi-
ciency and cerebellar infarct due to manipulation of the neck: report
of a case. Bull Los Angeles Neurol Soc. 1972;37(2):62–65.

91 Lorenz R, Vogelsang HG. Thrombose der arteria basilaris nach
chiropraktischen manipulationen an der halswirbelsaule. Dtsch Med
Wochenschr. 1972;97:36–43.

92 Kommerell G, Hoyt WF. Lateropulsion of saccadic eye movements:
electro-oculographic studies in a patient with Wallenberg’s syndrome.
Arch Neurol. 1973;28:313–318.

93 Kramer KH. Wallenberg syndrom nach manueller behandlung.
Manuelle Medizin. 1974;12:88–89. Cited by: Terrett AGJ. Vascular
accidents from cervical spine manipulation: report on 107 cases.
Chiropractic Journal of Australia. 1987;17(1):15–24.

94 Lyness SS, Wagman AD. Neurological deficit following cervical
manipulation. Surg Neurol. 1974;2:121–124.

95 Mehalic T, Farhat SM. Vertebral artery injury from chiropractic
manipulation of the neck. Surg Neurol. 1974;2:125–129.

62 . Di Fabio Physical Therapy . Volume 79 . Number 1 . January 1999



96 Miller RG, Burton R. Stroke following chiropractic manipulation of
the spine. JAMA. 1974;229:189–190.

97 Davidson KC, Weiford EC, Dixon GD. Traumatic vertebral artery
pseudoaneurysm following chiropractic manipulation. Radiology. 1975;
115:651–652.

98 Kipp W. Todlicher Hirnstamminfarkt Nach HWS: Manipulation @disser-
tation#. Tubingen, Germany: Eberhard Karls Universtitaet; 1975:39.
Cited by: Terrett AGJ. Vascular accidents from cervical spine manipu-
lation: report on 107 cases. Chiropractic Journal of Australia. 1987;17(1):
15–24.

99 Hensell V. Neurologische schaden nach repositions: massnahmen
an der wirbelsaule. Med Welt. 1976;27:656–658. Cited by: Terrett AGJ.
Vascular accidents from cervical spine manipulation: report on 107
cases. Chiropractic Journal of Australia. 1987;17(1):15–24.

100 Goodbody RA. Fatal post-traumatic vertebro-basilar ischaemia.
J Clin Pathol. 1976;29:86–87.

101 Mueller S, Sahs AL. Brain stem dysfunction related to cervical
manipulation: report of three cases. Neurology. 1976;26:547–550.

102 Rinsky LA, Reynolds GG, Jameson RM, Hamilton RD. A cervical
spinal cord injury following chiropractic manipulation. Paraplegia.
1976;13:223–227.

103 Beatty RA. Dissecting hematoma of the internal carotid artery
following chiropractic cervical manipulation. J Trauma. 1977;17:
248–249.

104 Zauel D, Carlow TJ. Internuclear opthalmoplegia following cervi-
cal manipulation. Ann Neurol. 1977;1:308.

105 Gorman RF. Cardiac arrest after cervical spine mobilisation. Med J
Aust. 1978;2:169–170.

106 Nyberg-Hansen R, Loken AC, Tenstad O. Brainstem lesion with
coma for five years following manipulation of the cervical spine.
J Neurol. 1978;218:97–105.

107 Parkin PJ, Wallis WE, Wilson JL. Vertebral artery occlusion follow-
ing manipulation of the neck. N Z Med J. 1978;88:441–443.

108 Zimmerman AW, Kumar AJ, Gadoth N, Hodges FJ 3d. Traumatic
vertebrobasilar occlusive disease in childhood. Neurology. 1978;28:
185–188.

109 Krueger BR, Okazaki H. Vertebral-basilar distribution infarction
following chiropractic cervical manipulation. Mayo Clin Proc. 1980;55:
322–332.

110 Lennington BR, Laster DW, Moody DM, Ball MR. Traumatic
pseudoaneurysm of ascending cervical artery in neurofibromatosis:
complication of chiropractic manipulation. ANJR Am J Neuroradiol.
1980;1:269–270.

111 Schellhas KP, Latchaw RE, Wendling LR, Gold LHA. Vertebrobasi-
lar injuries following cervical manipulation. JAMA. 1980;244:
1450–1453.

112 Dahl A, Bjark P, Anke I. Cerebrovaskulaere kompliskasjoner til
manipulasjonsbehandling av nakken. Tidsskr Nor Laegeforen. 1982;102:
155–157.

113 Meyermann R. Possibilities of injury to the artery vertebralis.
Manuelle Medizin. 1982;20:105–114. Cited by: Terrett AGJ. Vascular
accidents from cervical spine manipulation: report on 107 cases.
Chiropractic Journal of Australia. 1987;17(1):15–24.

114 Simmons KC, Soo Y, Walker G, Harvey P. Trauma to the vertebral
artery related to neck manipulation. Med J Aust. 1982;1:187–188.

115 Kewalramani LS, Kewalramani DL, Krebs M, Saleem A. Myelopa-
thy following cervical spine manipulation. Am J Phys Med. 1982;61:
165–175.

116 Gutmann G. Injuries to the vertebral artery caused by manual
therapy. Manuelle Medizin. 1983;21:2–14. Cited by: Terrett AGJ. Vascu-
lar accidents from cervical spine manipulation: report on 107 cases.
Chiropractic Journal of Australia. 1987;17(1):15–24.

117 Horn SW 2d. The “locked-in” syndrome following chiropractic
manipulation of the cervical spine. Ann Emerg Med. 1983;12:648–650.

118 Pamela F, Beaugerie L, Couturier M, et al. Syndrome de deeffer-
entiation motrice par thrombose du tronc basilaire apres manipulation
vertebrale. Presse Med. 1983;12:1548. Cited by: Terrett AGJ. Vascular
accidents from cervical spine manipulation: report on 107 cases.
Chiropractic Journal of Australia. 1987;17(1):15–24.

119 Weintraub MI. Dormant foramen magnum meningioma “activat-
ed” by chiropractic manipulation. NY State J Med. 1983;83:1039–1040.

120 Schmidley JW, Koch T. The noncerebrovascular complications of
chiropractic manipulation. Neurology. 1984;34:684–685.

121 Cellerier P, Georget AM. Dissection des arteres vertebrale apres
manipulation du rachi cervical a propos d’un case. J Radiol. 1984;65:
191–196.

122 Daneshmend TK, Hewer RL, Bradshaw JR. Acute brainstem stroke
during neck manipulation. BMJ. 1984;288:189.

123 Fritz VU, Maloon A, Tuch P. Neck manipulation causing stroke:
case reports. S Afr Med J. 1984;66:844–846.

124 Lindy DR. Patient collapse following cervical manipulation: a case
report. British Osteopathic Journal. 1984;16:84–85. Cited by: Terrett AGJ.
Vascular accidents from cervical spine manipulation: report on 107
cases. Chiropractic Journal of Australia. 1987;17(1):15–24.

125 Nielsen AA. Cerebrovaskulaere insulter forarsaget af manipulation
af columna cervicalis. Ugeskr Lager. October 22, 1984:3267–3270. Cited
by: Terrett AGJ. Vascular accidents from cervical spine manipulation:
report on 107 cases. Chiropractic Journal of Australia. 1987;17(1):15–24.

126 Zak SM, Carmody RF. Cerebellar infarction from chiropractic
neck manipulation: case report and review of the literature. Ariz Med.
1984;41:333–337.

127 Heffner JE. Diaphragmatic paralysis following chiropractic manip-
ulation of the cervical spine. Arch Intern Med. 1985;145:562–564.

128 Davis C. Osteopathic manipulation resulting in damage to spinal
cord. BMJ. 1985;291:1540–1541.

129 Brownson RJ, Zollinger WK, Madeira T, Fell D. Sudden sensori-
neural hearing loss following manipulation of the cervical spine.
Laryngoscope. 1986;96:166–170.

130 Miglets AS. Discussion in: Brownson RJ, Zollinger WK, Madeira T,
Fell D. Sudden sensorineural hearing loss following manipulation of
the cervical spine. Laryngoscope. 1986;96:166–170.

131 Gittinger JW Jr. Occipital infarction following chiropractic cervical
manipulation. J Clin Neuroopthalmol. 1986;6(1):11–13.

132 Putnam TD, Wu Y. Tracheal rupture following cervical manipula-
tion: late complication posttracheostomy. Arch Phys Med Rehabil. 1986;
67:48–50.

133 Rubsaam CJ. Beschadiging van het ruggemerg door osteopa-
thische manipulatie. Ned Tijdschr Geneeskd. 1986;130:1245.

134 Grayson MF. Horner’s syndrome after manipulation of the neck.
BMJ. 1987;295:1381–1382.

135 Carmody E, Buckley P, Hutchinson M. Basilar artery occlusion
following chiropractic cervical manipulation. Ir Med J. 1987;80:
259–260.

136 Dunne JW, Conacher GN, Khangure M, Harper CG. Dissecting
aneurysms of the vertebral arteries following cervical manipulation:
a case report. J Neurol Neurosurg Psychiatry. 1987;50:349–353.

Physical Therapy . Volume 79 . Number 1 . January 1999 Di Fabio . 63

III
III

III
III

III
III

III
III

I



137 Fast A, Zinicola DF, Marin EL. Vertebral artery damage complicat-
ing cervical manipulation. Spine. 1987;12:840–842.

138 Povlsen UJ, Kjaer L, Arlien-Soborg P. Locked-in syndrome follow-
ing cervical manipulation. Acta Neurol Scand. 1987;76:486–488.

139 Jentzen JM, Amatuzio J, Peterson GF. Complications of cervical
manipulation: a case report of fatal brainstem infarct with review of the
mechanisms and predisposing factors. J Forensic Sci. 1987;32:
1089–1094.

140 Chen TW, Chen ST. Brainstem stroke induced by chiropractic
manipulation: a case report. Chin Med J (Engl). 1987;40:557–562. Cited
by: Terrett AGJ. Misuse of the literature by medical authors in
discussing spinal manipulative therapy injury. J Manipulative Physiol
Ther. 1995;18:203–210.

141 Murthy JMK, Naidu KV. Aneuysm of the cervical internal carotid
artery following chiropractic manipulation. J Neurol Neurosurg Psychia-
try. 1988;51:1237–1238.

142 Mas J-L, Henin D, Bousser MG, et al. Dissecting aneurysm of the
vertebral artery and cervical manipulation: a case report with autopsy.
Neurology. 1989;39:512–515.

143 Stuart PJ, Bernstein T. A case of subdural hematoma and temporal
bone fracture as complications of chiropractic manipulation. J Emerg
Med. 1989;7:615–617.

144 Zupruk GM, Mehta Z. Brown-Sequard syndrome associated with
posttraumatic cervical epidural hematoma: case report and review of
the literature. Neurosurgery. 1989;25:278–280.

145 Gray J, Phillips SJ, Maloney WJ. Vertebral artery dissection follow-
ing cervical chiropractic manipulation. Nova Scotia Medical Journal.
1989;68:30–32.

146 Phillips SJ, Maloney WJ, Gray J. Pure motor stroke due to vertebral
artery dissection. Can J Neurol Sci. 1989;16:348–351.

147 Ponge T, Cottin S, Ponge A, et al. Accident vasculaire vertebro-
basilaire apres manipulation du rachis cervical. Rev Rhum. 1989;56:
545–548. Cited by: Terrett AGJ. Vascular accidents from cervical spine
manipulation: report on 107 cases. Chiropractic Journal of Australia.
1987;17(1):15–24.

148 Shafrir Y, Kaufman BA. Quadriplegia after chiropractic manipula-
tion in an infant with congenital torticollis caused by a spinal cord
astrocytoma. J Pediatr. 1992;120:266–269.

149 Lewis M, Grundy D. Vertebral osteomyelitis following manipula-
tion of spondylitic necks: a possible risk. Paraplegia. 1992;30:788–790.

150 Pandit A, Kalra S, Woodcock A. An unusual cause of bilateral
diaphragmatic paralysis. Thorax. 1992;47:201.

151 Sullivan EC. Brain stem stroke syndromes from cervical adjust-
ments: report on five cases. Chiropractic: The Journal of Chiropractic
Research and Clinical Investigation. 1992;8(1):12–16.

152 Kponkton A, Hamonet C, Montange A, Devailly JP. Complications
de la manipulation cervicale une observation de locked-in syndrome.
Presse Med. 1992;21:2050–2052.

153 Hamann G, Felber S, Haas A, et al. Cervicocephalic artery dissec-
tions due to chiropractic manipulations. Lancet. 1993;341:764–765.

154 Tolge C, Iyer V, McConnell J. Phrenic nerve palsy accompanying
chiropractic manipulation of the neck. South Med J. 1993;86:688–690.

155 Sinel M, Smith D. Thalmic infarction secondary to cervical manip-
ulation. Arch Phys Med Rehabil. 1993;74:543–546.

156 Vibert D, Rohr-Le Floch J, Gauthier G. Vertigo as manifestation of
vertebral artery dissection after chiropractic neck manipulations. ORL
J Otorhinolaryngol Relat Spec. 1993;55:140–142.

157 Teasell RW, Marchuk Y. Vertebro-basilar artery stroke as a compli-
cation of cervical manipulation. Critical Reviews in Physical and Rehabil-
itation Medicine. 1994;6:121–129.

158 Oware A, Herskovitz S, Berger A. Long thoracic nerve palsy
following cervical chiropractic manipulation. Muscle Nerve. 1995;
18:1351.

159 Soper JR, Parker GD, Hallinan JM. Vertebral artery dissection
diagnosed with CT. AJNR Am J Neuroradiol. 1995;16:952–954.

160 Peters M, Bohl J, Thomke F, et al. Dissection of the internal
carotid artery after chiropractic manipulation of the neck. Neurology.
1995;45:2284–2286.

161 Jumper JM, Horton JC. Central retinal artery occlusion after
manipulation of the neck by a chiropractor. Am J Ophthalmol. 1996;
121;321–322.

162 Liepert J, Rommel O, Witscher K. Electrophysiological findings in
an iatrogenic case of Wallenberg’s syndrome. EEG-EMG Zeitschrift für
Elektroenzephalographie Elektromyographie und Verwandte Gebiete. 1995;26:
239–243.

163 Alimi Y, Tonolli I, Di Mauro P, et al. Manipulators of cervical
vertebrae and trauma of the vertebral artery: report of two cases. J Mal
Vasc. 1996;21:320–323.

164 Segal DH, Lidov MW, Camins MB. Cervical epidural hematoma
after chiropractic manipulation in a healthy young woman: case
report. Neurosurgery. 1996;39:1043–1045.

165 Donzis PB, Factor JS. Visual field loss resulting from cervical
chiropractic manipulation. Am J Opthalmol. 1997;123:851–852.

166 Michaeli A. Dizziness testing of the cervical spine: Can complica-
tions of manipulation be prevented? Physiotherapy Theory and Practice.
1991;7:243–250.

167 Shekele PG, Brook RM. A community-based study of the use of
chiropractic services. Am J Public Health. 1991;81:439–442.

168 Klougart N, Leboeuf-Yde C, Rasmussen LR. Saftey in chiropractic
practice, part I: the occurrence of cerebrovascular accidents after
manipulation to the neck in Denmark from 1978–1988. J Manipulative
Physiol Ther. 1996;19:371–377.

169 Carey PF. A report on the occurrence of cerebral vascular acci-
dents in chiropractic practice. Journal of the Canadian Chiropractic
Association. 1993;37:104–106.

170 Dabbs V, Lauretti WJ. A risk assessment of cervical manipulation vs
NSAIDs for the treatment of neck pain. J Manipulative Physiol Ther.
1995;18:530–536.

171 Robertson JT. Author’s rebuttal @letter#. Stroke. 1982;13:260–261.

172 Lee KP, Carlini WG, McCormick GF, Albers GW. Neurologic
complications following chiropractic manipulation: a survey of Califor-
nia neurologists. Neurology. 1995;45:1213–1215.

173 Senstad O, Leboeuf-Yde C, Borchgrevink C. Frequency and char-
acteristics of side effects of spinal manipulative therapy. Spine. 1997;
22:435–440.

174 Coulter ID. Manipulation and mobilization of the cervical spine:
the results of a literature survey and consensus panel. Journal of
Musculoskeletal Pain. 1996;4:113–123.

175 Coulter ID, Shekelle PG, Mootz RD, Hansen DT. The use of expert
panel results: the RAND panel for appropriateness of manipulation
and mobilization of the cervical spine. Topics in Clinical Chiropractic.
1995;2:54–62.

176 Barr JS Jr. Point of view. Spine. 1996;21:1759–1760.

64 . Di Fabio Physical Therapy . Volume 79 . Number 1 . January 1999



177 Aker PD, Gross AR, Goldsmith CH, Peloso P. Conservative man-
agement of mechanical neck pain: systematic overview and meta-
analysis. BMJ. 1996;313:1291–1296.

178 Gross AR, Aker PD, Goldsmith CH, Peloso P. Conservative man-
agement of mechanical neck disorders: a systematic overview and
meta-analysis. Online Journal of Current Clinical Trials. 1996; doc no. 200.
Available at: http://www.jake.prod.oclc.org:3050/.

179 Koes BW, Assendelft WJJ, van der Heijden GJMG, et al. Spinal
manipulation and mobilization for back and neck pain: a blinded
review. BMJ. 1991;303:1298–1303.

180 Vernon HT. The effectiveness of chiropractic manipulation in the
treatment of headache: an exploration in the literature. J Manipulative
Physiol Ther. 1995;18:611–617.

181 Maitland GD. Vertebral Manipulation. 5th ed. Toronto, Ontario,
Canada: Butterworths Canada Ltd; 1986.

182 Nyberg R. Manipulation: definition, types, application. In: Basma-
jian JV, Nyberg R, eds. Rational Manual Therapies. Baltimore, Md:
Williams & Wilkins; 1993:34.

183 Cohen J. Statistical Power Analysis for the Behavioral Sciences. Rev ed.
London, England: Lawrence Erlbaum Associates; 1987.

184 Sloop PR, Smith DS, Goldenberg E, Dore C. Manipulation for
chronic neck pain: a double-blind controlled study. Spine. 1982;7:
532–535.

185 Nordemar R, Thorner C. Treatment of acute cervical pain: a
comparative group study. Pain. 1980;10:93–101.

186 Brodin H. Cervical pain and mobilization. Journal of Manual
Medicine. 1985;2:18–22.

187 Howe DH, Newcombe R, Wade MT. Manipulation of the cervical
spine: a pilot study. J R Coll Gen Prac. 1983;33:574–579.

188 Mealy K, Brennan H, Fenelon GCC. Early mobilization of acute
whiplash injuries. BMJ. 1986;292:656–657.

189 Koes BW, Bouter LM, van Mameren H, et al. A randomized clinical
trial of manual therapy and physiotherapy for persistent back and neck
complaints: subgroup analysis and relationship between outcome
measures. J Manipulative Physiol Ther. 1993;16:211–219.

190 Koes BW, Bouter LM, van Mameren H, et al. A blinded random-
ized clinical trial of manual therapy and physiotherapy for chronic
back and neck complaints: physical outcome measures. J Manipulative
Physiol Ther. 1992;15:16–23.

191 Koes BW, Bouter LM, van Mameren H, et al. Randomised clinical
trial of manipulative therapy and physiotherapy for persistent back and
neck complaints: results of one-year follow-up. BMJ. 1992;304:601–605.

192 Koes BW, Bouter LM, van Mameren H, et al. The effectiveness of
manual therapy, physiotherapy, and treatment by the general practi-
tioner for nonspecific back and neck complaints: a randomized clinical
trial. Spine. 1992;17:28–35.

193 Cassidy JD, Lopes AA, Yong-Hing K. The immediate effect of
manipulation versus mobilization on pain and range of motion in the
cervical spine: a randomized controlled trial @published correction
appears in J Manipulative Physiol Ther. 1993;16:279–280#. J Manipulative
Physiol Ther. 1992;15:570–575.

194 Vernon HT, Aker P, Burns S, et al. Pressure pain threshold
evaluation of the effect of spinal manipulation in the treatment of
chronic neck pain: a pilot study. J Manipulative Physiol Ther. 1990;13:
13–16.

195 Boline PD, Kassak K, Bronfort G, et al. Spinal manipulation vs
amitriptyline for the treatment of chronic tension-type headaches: a
randomized clinical trial. J Manipulative Physiol Ther. 1995;18:148–154.

196 Jensen OK, Nielsen FF, Vosmar L. An open study comparing
manual therapy with the use of cold packs in the treatment of
post-traumatic headache. Cephalalgia. 1990;10:241–250.

197 Hoyt W, Shaffer F, Bard D, et al. Osteopathic manipulation in the
treatment of muscle contraction headache. J Am Osteopath Assoc.
1979;78:322–325.

198 McKiney LA, Dorman JO, Ryan M. The role of physiotherapy in
the management of acute neck sprains following road-traffic accidents.
Archives of Emergency Medicine. 1989;6:27–33.

199 Nilsson N, Christensen HW, Hartvigsen J. Lasting changes in
passive range of motion after spinal manipulation. a randomized,
blind, controlled trial. J Manipulative Physiol Ther. 1996;19:165–168.

200 Simon T. Letter to the editor regarding “A randomized clinical
trial of manual therapy and physiotherapy for persistent back and neck
complaints: subgroup analysis and relationship between outcome
measures.” J Manipulative Physiol Ther. 1994;17:128.

201 McGregor M, Haldeman S, Kohlbeck FJ. Vertebrobasilar compro-
mise associated with cervical manipulation. Topics in Clinical Chiroprac-
tic. 1995;2:63–73.

Physical Therapy . Volume 79 . Number 1 . January 1999 Di Fabio . 65

III
III

III
III

III
III

III
III

I


