Axial neck pain: a surgeon’s perspective

Neck pain is a common and difficult patient complaint. In the majority of cases, conservative treatment,
including the use of pain medication, anti-inflammatories, rest, physical therapy and select injections
provide the best relief of chronic pain. By elucidating the primary pain generator clinicians may be
guided towards the best treatment options. Surgical treatment of axial neck pain is controversial and
reported outcomes are not encouraging, with the exception of a select group of patients. This article
is intended to provide the general clinician with an understanding of neck pain from a surgeon’s
standpoint so that the treating physician can guide their patient’s expectations in advance of a surgical
consultation. We have performed an extensive review of the English language literature discussing
axial neck pain with a special focus on surgical treatment options. In addition, we give our opinion
regarding both the conservative and surgical treatment of these challenging patients based on our

own experience.
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Understanding and treating axial neck pain is
both challenging and controversial. Axial neck
pain is confined to the cervical, occipital or pos-
terior scapular areas (1. While axial neck pain
typically does not radiate into the upper extremi-
ties, some patients may experience a component
of referred pain to the proximal upper extremi-
ties. This should be distinguished from radicular
pain, which typically extends distally down the
upper extremity in a dermatomal distribution.
Axial neck pain may also be associated with
severe headaches with holocephalic radiation [1].
While most cases of neck pain resolve within
6 weeks with conservative treatment alone, pop-
ulation-based studies indicate that 10-34% of
the general population have persistent chronic
neck pain, with 50% complaining of occipital
radiation [2-4].

In most patients, unless neck pain is accom-
panied by spinal instability, neurologic com-
promise, or severe deformity, surgical interven-
tion has traditionally been avoided [5,6]. More
recently, some authors report a benefit with
surgery in a select cohort [7-9]. For the best
outcome, clinicians should perform appropriate
investigations to elucidate the pathophysiologic
basis for pain, and base treatment decisions on
this. An understanding of surgical indications
and potential complications in these patients
is also important. This article details the main
causes of axial neck pain, including appropriate
diagnostic work-up and potential interventions.
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surgical management

Prevalence & natural history

Neck pain is very common, with one popu-
lation-based study reporting a 66% lifetime
incidence [10]. A best evidence synthesis of the
existing literature revealed a 30-50% annual
prevalence of neck pain with a 1.7-11.5% annual
prevalence of activity-limiting pain. Neck pain
occurs more frequently in women, with a peak
in middle age. Tobacco exposure and poor psy-
chologic health also increase risk. Known disc
degeneration is not a risk factor [11].

Although frustrating, axial neck pain is usu-
ally self-limited and will improve with time, con-
servative care and patience [5.6,12]. Unfortunately,
in some cases, pain relief is incomplete and
patients may suffer residual symptoms that are
disabling. In patients completing 3 months of
medical treatment, approximately 22-32% of
patients had persistent pain [5,6,13]. Psychosocial
factors are the strongest predictor associated
with persistent neck pain [14].

Pathophysiology

The cervical spine is a biomechanically complex
structure in which bone, disc, joint, muscle and
ligament interact to provide head stability and
motion. Thus, the clinician’s greatest challenge
is determining which components of the cervical
spine constitutes the primary pain generator for
a particular patient. Secondary pain generators
may confound the issue. For instance, instability
of the craniocervical junction may result in neck
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muscle pain and stiffness, as these muscles ‘com-
pensate’ for the instability [15]. Unfortunately,
there is a complete lack of Class 1 data that
conclusively demonstrates the pathophysiologic
basis of neck pain in any subset of patients; thus,
much of what is discussed is theoretical or based
on small patient series and anecdotal evidence.

Radiculopathy/myelopathy
Neurologic injury must be ruled out in any
patient suffering from axial neck pain. As a natu-
ral part of aging, the majority of adults develop
degenerative changes throughout their spine [16].
If this results in spinal canal narrowing and cord
compression, patients may develop myelopathy.
This is usually a painless process; however, in
some cases patients describe Lhermitte’s phe-
nomenon, or an intermittent sharp shooting pain
down the spine. Most patients describe painless,
bilateral hand clumsiness and gait difficulty or
fatigue (17]. However, this is slowly progressive
and may lead to severe neurologic impairment,
bowel and bladder incontinence, and paralysis. If
detected, even in the eatly stages, surgical refer-
ral is appropriate as recent studies have demon-
strated that early decompression may result in
more favorable outcomes [18]. In our practice,
we will typically approach this problem with
either an anterior or posterior operation, with
or without fusion, depending on the causative
pathology and overall condition of the spine. It
should be noted, however, that both an ante-
rior and posterior operation is required in select
patients. We inform patients with myelopathy
that the goal of surgery is to stop further pro-
gression of myelopathic symptoms, rather than
to eliminate them, so they have realistic expec-
tations. In those patients who choose expectant
treatment, serial neurologic examinations are
appropriate to detect subtle progression.

Radicular symptoms are often accompanied
by reactive axial neck pain. Compression of an
exiting nerve root, often by a degenerative disc or
osteophyte, results in pain, weakness and sensory
disturbances in the distribution of the nerve. With
increasing severity, patients describe dermatomal
tingling, a sharp shooting pain radiating down the
arm and myotomal weakness [19]. Often, patients
complain of neck stiffness and aching due to
associated muscle spasm; however, this should be
considered secondary to the primary complaint
of nerve root irritation. In most cases, radicular
symptoms improve with conservative manage-
ment, including nonsteroidal anti-inflammatories,
rest, physical therapy and targeted injections [20].
If symptoms persist or are severe, surgical referral
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is appropriate for the consideration of nerve root
decompression. In our experience, if a disc pro-
trusion or osteophyte is more centrally located
and causing the radiculopathy, or if there is also
evidence of cervical myelopathy, an anterior dis-
cectomy with fusion is typically performed. If a
disc protrusion causing radiculopathy is located
more laterally and there is no evidence of myelopa-
thy, we often perform a posterior cervical forami-
notomy and microdiscectomy without fusion.
Patients will often have immediate improvement
in pain control, with motor and sensory symp-
toms improving over time.

Cervical strain/soft tissue injury
The most common source of axial neck pain
is regional soft tissue [1]. In patients with acute
or subacute symptoms, this is likely a result of
a cervical strain or ‘whiplash’-type injury. This
is the most common cause of axial cervical pain
and is often frustratingly persistent. In many
cases, symptoms occur following an accelera-
tion—deceleration trauma. In the vast majority
of cases, symptoms resolve within 6 weeks with
conservative treatment alone [21]. Thus, early in
the course of axial pain, it is reasonable to treat
patients with rest, analgesics, muscle relaxants
and physical therapy.

Unfortunately, chronic axial neck pain per-
sists in 10-34% of patients [2-4]. It is unclear
what the true basis of this pain is, but it may be
related to sensitization of free mechanonocicep-
tive nerve endings in the muscle [12]. In some
cases, there is no antecedent trauma, but insidi-
ous axial pain. Unless a true soft tissue injury has
occurred, such as a cervical strain, this is more
likely to be a secondary pain generator caused
by chronic soft tissue stress related to poor pos-
ture, unstable biomechanics or another chronic
StIressor.

There are rarely obvious pathognomonic fea-
tures on radiographs that correlate with chronic
cervical strain. Thus, the true pain generator
is speculative and likely multifactorial; biome-
chanical, psychosocial and behavioral factors
likely play a role [22-24]. Some feel that soft tis-
sue damage, either at the time of injury or due
to ‘wear-and-tear’, results in small hematomas,
fibrosis, strictures and atrophy within the mus-
cle tissue, ultimately leading to spasm and pain
(1.25-30]. Others feel that the facet, injured at the
time of an acceleration—deceleration injury, is
the anatomic site of pain. Injury to the articu-
lar surface may prevent the joint from gliding
smoothly [31], or facet capsular stretch may cause
pain [32-35]. Finally, others feel that it is the disc
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itself that is the pain generator [36). This may
be direct due to small tears of the annulus, or
indirect as microinstability leads to altered bio-
mechanics and pain via facet or muscle.

In our surgical practice, we typically do not
offer surgical intervention in patients thought
to have cervical strain or soft tissue injury as
the primary cause of their neck pain. We rec-
ommend conservative treatment with analgesics,
physical therapy and possibly consultation with
a pain specialist.

Facet pain
Another cause of pain may be the zygapophyseal
or posterior facet joints [37]. These are the diar-
throdial synovial joints between the superior and
inferior articular processes of adjacent vertebrae,
which prevent excess anterior translation. In a
series of normal volunteers, Dwyer et al. per-
formed provocative facet injections and derived
a segmental cutaneous map of pain patterns
involving the head, neck, and shoulder [10.38].
In the upper cervical spine, there are no facet
joints; however, similar, reproducible pain pat-
terns can be seen by injection into the atlanto-
occipital and atlantoaxial joints [8.9.39.40]. These
particular pain patterns are reversible with anes-
thetic injections to the facet or the dorsal pri-
mary rami innervating the facet, suggesting this
is a reproducible pain generator in the neck [32].
However, when performed for diagnostic pur-
poses, these injections are associated with a very
high false-positive rate, reported between 27 and
389% [41,42]. Thus, it is recommended that a con-
trol facet joint injection should be used in these
patients when performed for diagnostic purposes
(37]. A randomized controlled trial comparing
2-year outcomes of therapeutic cervical medial
branch blocks with local anesthetic with or
without steroids in patients with chronic neck
pain of facet joint origin was recently published
(43]. This study found that 85% of patients with
anesthetic alone and 93% of patients with both
anesthetic and steroids experienced significant
pain relief at 2 years after an average of 5.7 treat-
ments over that duration, thus demonstrating
the overall effectiveness of this treatment.

Another reported treatment of facet joint pain
is radiofrequency ablation of the medial branches
of the dorsal rami innervating the facets. In a ret-
rospective study performed by Mikeladze ¢t al.,
68 of 118 patients had some temporary relief of
pain with this technique, but 40 of the patients
had no response to the treatment [44]. Thus,
results of this intervention are less encouraging
than facet joint injection results.
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In our practice we do not offer surgery to
patients thought to have neck pain of facet ori-
gin and instead refer them to pain specialists
for conservative therapy and injection therapy
when indicated.

Cervical degenerative disc disease
Cervical discs may also be a source of pain [37].
Unfortunately, diagnosing the cervical disc as
a pain generator is complicated by the normal
aging process. Age-related changes include
dehydration of the nucleus pulposus, loss of
disc height and decreased annular compe-
tence. Changes in endplate stresses can result
in osteophyte formation, endplate sclerosis,
uncovertebral and facet joint hypertrophy and
loss of lordosis. This occurs most rapidly at lev-
els under the highest biomechanical stress and
those in previously injured. In most patients,
these changes are asymptomatic; in the major-
ity of cases, degenerative changes on cervical
imaging are not the smoking gun in neck pain
patients [45].

However, there is a subset of patients in whom
degenerative discs are indeed a source of pain.
Pure discogenic pain is unique; patients feel they
can not get comfortable and frequently readjust
their position and ‘squirm’ during office visits.
Pathophysiologically, the pain may arise from
annular incompetence. The annulus is inner-
vated by a branch of the ventral nerve root,
the sinuvertebral nerve, and the sympathetic
plexus [46], which may be irritated by associated
microinstability. This is an extremely difficult
entity to accurately diagnose, and in our expe-
rience the success of surgery in even the most
appropriate candidates is poor.

Peripheral nerve pain
Compression of peripheral nerves may cause
pain. The occipital nerve is formed by the dorsal
rami of C2, C3 and C4, and can cause occipital
headache when irritated. Commonly, atlanto-
axial instability causes compression of the C2
root within the foramen causing symptoms [47].
Patients with atlantoaxial degenerative osteo-
arthritis who complain of upper cervical and
occipital pain secondary to involvement of the
C2 nerve root can be successfully treated with
C1-2 posterior arthrodesis [12]. In our practice,
we tend to favor the C1-2 Harms technique or
transarticular fixation for bony fusion.

A C4 radiculopathy is important to distin-
guish from true axial neck pain. Unlike most
cervical radiculopathies in which pain radiates
down the arm to some degree, the C4 dermatome
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involves the proximal trapezius and posterior
scapula, mimicking axial pain [48]. However, in
most cases, radicular symptoms are unilateral as
opposed to bilateral axial pain. Paresthesias and
sensory examination should be performed, how-
ever there is no motor unit associated with this
root. In this patient population, we offer surgical
intervention given the presence of a radiographic
abnormality supporting the diagnosis and failure
of conservative management. As with more com-
mon radiculopathies, this can be addressed with
either an anterior or posterior surgery based on
the pathology and patient characteristics.

Tumor/trauma/infectious process
In some cases, axial neck pain may result from a
more serious pathologic process. Often, anteced-
ent histories of injury, systemic symptoms, or
exposure are the ‘red flags’ that should prompt
an expedited work-up. The clinician must rule
out overt instability or active process that could
result in spinal cord injury.

Tumors frequently metastasize to the verte-
bral body and can cause a number of symptoms
that can be mistaken for axial neck pain [49]. It
is theorized that tumor growth causing perios-
teal stretching can cause an unrelenting pain,
varying from persistent aching to sharp, stab-
bing pains. Tumor infiltration can also result in
vertebral body collapse with resulting mechani-
cal pain due to resultant instability. This pain
worsens with movement but may abate with
rest. Often, neural element compression from
tumor or pathologic fracture fragments results
in an associated neurologic deficit. Immediate
work-up and emergent surgical consultation is
warranted in these cases.

Similar to tumor pathology, infectious prob-
lems can result in axial pain symptoms [s0]. In
most cases, the nidus of the infectious process is
the disc space, although osteomyelitis and epi-
dural collections occur. Again, destruction of
bone and disc spaces are the pain generators of
this process. Spinal instability, direct compres-
sion by the infectious process and indirect spinal
cord compromise can result in neurologic defi-
cit, so immediate surgical and infectious disease
consultation is warranted [1].

Shoulder pathology/rotator-
cuff disease
All patients with axial neck pain, especially uni-
lateral or involving the shoulder or deltoid, should
have a complete shoulder examination. Shoulder
pain often results in severe, secondary axial neck
pain or is confused for a C5 radiculopathy [s1].
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Thus rotator-cuff, acromial-clavicular and gle-
nohumeral pathology should be considered.
Tenderness to palpation, decreased range of
motion, and specific impingement tests are war-
ranted, along with imaging studies in appropriate
patients. In our practice, we refer these patients
to a physiatrist or orthopedic shoulder specialist
to rule in or rule out a problem in this area, better
clarify the clinical picture.

Vascular pathology
A rare but dangerous source of neck pain is
arterial dissection. Sudden, severe pain may be
related to carotid, vertebral and aortic dissection
(s2-54]. Often this is accompanied by changes
in vital signs or neurologic examination and
warrants emergent hospital-based work-up.

Rheumatologic process

Rheumartologic disorders are beyond the scope of
this article; however, seronegative and seroposi-
tive spondyloarthropathies may result in axial
neck pain. Appropriate work-up, especially in
patients with multiple joint complaints, should
be considered; however, these patients are often
very challenging to treat surgically [ss]. Poor
bone quality and treatment with anti-inflamma-
tory medications make healing difficult. Thus,
unless there is overt spinal instability, neurologic
compromise or gross deformity, we typically
recommend nonoperatitve treatment.

Work-up & treatment
As noted above, the most ominous patholo-
gies can be suspected based on history alone.
However, the patient’s description of pain onset
and distribution, and exacerbating and relieving
factors provides great insight into the primary
pain generator. In many cases, however, the
description will be nonspecific.

Currently, there is no ‘gold standard’ or vali-
dated sequence of studies to diagnose neck pain.
Instead, most studies seek to simply confirm or
rule out a specific pathology. Most studies have
a high false-positive rate, with a large number of
normal controls demonstrating abnormal find-
ings [37.41]. Thus, the clinician must take care not
to use tests simply to justify a treatment strat-
egy. Due to this challenge, one editorial recently
suggested that clinicians approach these tests as
predictors of response to therapy, rather than
tools for diagnosis. Thus, patients should be
relieved of the expectation for ‘diagnosis; treat-
ment; cure, but instead regard testing as a way
to predict which therapeutic modality they will
have the best response from [s6].
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Appropriate imaging studies seek to rule-out
instability and neural element compromise.
Provided the patient is able to move their head
without issue, plain x-rays provide an excellent
basic screen [57]. On lateral, anteroposterior and
open-mouth views, general assessment can be
made of spine alignment, degenerative changes
and gross pathologic processes. Flexion-extension
views can assess macroinstability and are the sim-
plest dynamic study to perform [s8]. MRI (or
myelogram if required) is useful to assess neural
element compromise, fluid in the facet joints and
unusual signal in disc, ligament or bone com-
plexes. Finally, reconstructed CT images may be
necessary to examine bony structures in detail.

However, the presence and severity of persis-
tent neck pain is not correlated with the degree
of degenerative changes seen on x-ray [12.13.45].
Degenerative changes of aging are the rule, not the
exception [12,45]. In one study of 200 asymptom-
atic patients, 95% of men and 70% of women had
at least one degenerative change on plain radio-
graphs [59] and another reported 70% of patients
over 70 years of age had degenerative changes
on plain radiographs [60-62]. Another study of
63 asymptomatic volunteers demonstrated that
19% had MRI abnormalities, and other studies
have shown that MRI abnormalities are insuf-
ficient to demonstrate a characteristic discogenic
pain marker (63,64]. Thus, many patients will have
degenerative changes on their imaging studies,
and it is erroneous to immediately attribute axial
pain to these imaging aberrations.

In most cases, provided gross instability and
neurologic compromise are ruled out, patients
should attempt conservative treatment. We
strongly advocate rest, with lifting restrictions,
gentle stretching, anti-inflammatories and pain
medications in the acute phase of axial neck pain.
Treatment should focus on the gradual resumption
of normal activities. If neck pain persists, patients
should begin a program of physical therapy
emphasizing neck strengthening (65]. In a meta-
analysis of randomized controlled trials involving
nonspecific neck pain, manipulation, multimodal
interventions, exercise and manual therapy had a
significant effect on pain, while acupuncture and
manual therapy significantly decreased disabil-
ity [66.67]. Physicians should be very cognizant of
medication requirements, and begin transitioning
to appropriate chronic pain medication regimens
if appropriate. Pain consultation and the judicious
use of pain injections may be considered.

The most important diagnostic tools for deter-
mining the etiology of axial neck pain often pro-
vide relief from symptoms. Using the patient’s
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history and imaging studies for guidance, the cli-
nician may be able to narrow down the primary
pain generators. This may allow them to attempt
selective pain procedures, which not only provide
confirmation of pain source, but pain relief as
well. For instance, selective facet injections or
nerve root blocks are often useful adjuncts to
basic conservative treatment [37,43].

The one exception to this is suspected dis-
cogenic pain. In these cases, provocative test-
ing, such as cervical discography can be useful
in diagnosis, but is an uncomfortable test and
should be reserved for the very rare patient that
may be a surgical candidate. Discs with moder-
ate to severe concordant pain levels should be
considered positive, and adjacent control levels
must be used [12]. Only discs that are positive
should be considered potential surgical tar-
gets. As with facet joint injections, this test has
been associated with a high false-positive rate
that can reach greater than 40% [37]. It should
be noted that there is a great deal of debate
over the effectiveness of cervical discography.
(37.61,62,68-75].

Surgical considerations

In patients who have failed conservative treat-
ment, a surgical consultation may be requested.
However, patients suffering from axial neck
pain should be warned that very few will have
surgically treatable pathologies, and fewer still
will benefit from aggressive, invasive procedures.
In patients who are deemed appropriate surgical
candidates, the best results in our experience
are achieved in those whose pain management
regimen is well coordinated. Most will require
short-acting narcotics briefly during the heal-
ing process, and preoperative opioid tolerances
make postoperative pain control challenging. In
addition, as most procedures will entail a bony
fusion, nonsteroidal anti-inflammatory medica-
tion, steroid use, nicotine dependence and other
impediments to bone healing should be strongly
discouraged. Finally, it is important to note any
psychosocial confounding factors.

As stated above, patients with instability
or neurologic compromise warrant surgical
consultation. Axial neck pain associated with
radiculopathy, myelopathy or pathologic insta-
bility/impingement, may be surgical candidates.
However, patients with cervical spondylosis and
axial neck pain in the absence of other concur-
rent symptoms are generally not considered for
surgery [12].

In patients with severe, unrelenting axial neck
pain and degenerative spondylolisthesis that have
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exhausted all conservative treatment options and
who have examination, imaging and discogram
results supporting a one- or two-level discogenic
pain generator, surgery may be an option. In
these cases, as the disc itself is suspected to be the
pain generator, logic suggests removing the disc
will be of benefit. There is some supportive evi-
dence that this approach is effective. Studies of
anterior cervical discectomy and fusion anterior
discectomy with fusion for radiculopathy have
resulted in relief of axial neck pain in a small
subset of patients suffering from both [8.9.40];
however, it is unclear if this was a secondary pain
generator. There is a group of frequently cited
studies retrospectively reviewing a small series
of patients who underwent cervical fusion for
neck pain without radiculopathy. The major-
ity focus on anterior discectomy with fusion
(7.8.76.77), although one explored only posterior
fixation without disc ablation [7]. All studies
demonstrated a benefit, with 70-93% of patients
having good-to-excellent pain relief. However,
this encouraging data is somewhat misleading,
as none of these studies have been deemed scien-
tifically admissible under evidence-based guide-
lines. Only one study, a randomized clinical trial
with adequate numbers and controls, has focused
on a primary complaint of axial neck pain. This
study has failed to demonstrate clinical effective-
ness of surgical treatment [78]. Thus, current pub-
lished guidelines from the Task Force on Neck
Pain and Its Associated Disorders recommends
avoiding surgery in patients with axial neck pain

alone, and no signs of neurologic compromise or
major pathology [79].

Conclusion

Neck pain is common. Appropriate work-up to
determine the primary pain generator will allow
the clinician to provide appropriate treatment.
Without evidence of neurologic compromise,
major deformity, or spinal instability, surgical
management is usually ill-advised.

Future perspective

It is likely that the aging population will be bur-
dened with ever-increasing complaints of neck
pain. Unfortunately, no ‘silver bullet’ is appear-
ing on the surgical horizon to solve this problem.
In addition, without robust evidence of benefit
(which to this point has been lacking), many
insurance carriers may refuse to cover surgical pro-
cedures done chiefly for neck pain without overt
instability. Thus, we may see patients move even
farther from surgery, which may be for the better.
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Neck pain is common and the work-up should focus on locating a primary pain generator.

The physician must rule out red flags (such as malignancy, tumor, infection, myelopathy, instability and vascular lesions).

Common pain generators include cervical degenerative discs, muscle strain, cervical facets, rheumatologic disease, shoulder/rotator-cuff
pathology, and C4 radiculopathy or peripheral nerve pathology.
Treatment should focus on the primary pain generator.

In most cases surgery can and should be avoided.

Bibliography
Papers of special note have been highlighted as:
of interest
of considerable interest

1 Ahn N, Ahn U, Ipsen B, An HS.
Mechanical neck pain and cervicogenic
headache. Neurosurgery 60(Suppl. 1),
§21-827 (2007).

2 Bovim G, Schrader H, Sand T. Neck pain in
the general population. Spine 19, 1307-1309
(1994).

3 Dvorak J. Epidemiology, physical
examination and neurodiagnostics. Spine 23,

2663-2673 (1998).

768

4

Makela M, Heliovaara M, Sievers K,
Impiraara O, Knekt P, Aaromaa A.
Prevelence, determinants and consequences of

chronic neck pain in Finland. Am.

J. Epidemiol. 134, 1356-1367 (1991).
Rothman R, Rashbaum R. Pathogenesis of
signs and symptoms of cervical degenerative
disc degeneration. /nst. Course Lect. 27,
203-215 (1978).

Depalma A, Rothman R, Lewinnek G,
Canale S. Anterior interbody fusion for severe
cervical disc degeneration. Surg. Gynecol.
Obster. 134, 755758 (1972).

Ratliff J, Voorhies R. Outcome study of
surgical treatment for axial neck pain. Souzh

Therapy (2011) 8(6)

Med. . 94, 595602 (2001).

Key study in the surgical treatment of
primarily axial neck pain.

Palit M, Schfferman J, Goldthwaite N ez a/.
Anterior discectomy and fusion for the

management of neck pain. Spine 24,

2224-2233 (1999).

Key study in the surgical treatment of

primarily axial neck pain.

Garvey T, Transfeldt E, Malcolm J, Kos P.
Outcome of anterior cervical discectomy
and fusion as percieved by patients

treated for dominant axial-mechanical
cervical spine pain. Spine 27, 1887-1895
(2002).

future science group



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Cote P, Cassidy J, Carroll L. The
Saskatchewan health and back pain survey:
the prevelence of neck pain and related
disablity in Saskatchewan adults. Spine (Phila
Pa 1976) 23(15), 1689-1698 (1998).

Hogg-Johnson S, van der Velde G, Carroll L]
et al. The burden and determinants of neck
pain in the general population: results of the
bone and joint decade 2000-2010 task force
on neck pain and its associated disorders.
Spine (Phila Pa 1976) 33(Suppl. 1), S39-S51
(2008).

Wieser E, Wang J. Surgery for neck pain.
Neurosurg. 60(Suppl. 1), S51-856 (2007).

Gore D, Sepic S, Gardner G, Murray M.
Neck pain: a long-term follow-up of

205 patients. Spine (Phila Pa 1976) 12, 1-5
(1987).

Carroll L, Holm L, Velde GVD, Al E. Course
and prognostic factors for neck pain in the
general population: results of the bone and
joint decade 20002010 task force on neck
pain and its associated disorders. Spine
33(Suppl. 1), S75-S82 (2008).

Rao R. Neck pain, cervical radiculopathy, and
cervical myelopathy: pathophysiology, natural
history, and clinical evaluation. /. Bone joint
Surg. Am. 84-A(10), 1872-1881 (2002).

Friedenberg Z, Miller W. Degenerative disc
disease of the cervical spine. J. Bone Joint

Surg. Am. 45, 1171-1178 (1963).

Tracy JA, Bartleson JD. Cervical spondylotic
myelopathy. Neurologist 16(3), 176-187
(2010).

Fehlings M, Arvin B. Surgical management of
cervical degenerative disease: the evidence
related to indications, impact, and outcome.

J. Neurosurg. Spine 11(2), 97-100 (2009).

Henderson CM, Hennessy RG, Shuey HM Jr,
Shackelford EG. Posterior-lateral
foraminotomy as an exclusive operative
technique for cervical radiculopathy: a review

of 846 consecutively operated cases.

Neurosurgery 13(5), 504-512 (1983).
Eubanks JD. Cervical radiculopathy:

nonoperative management of neck pain and
radicular symptoms. Am. Fam. Physician.
81(1), 33-40 (2010).

Scientific approach to the assessment and
management of activity-related spinal
disorders. A monograph for clinicians. Report
of the Quebec Task Force on Spinal
Disorders. Spine (Phila Pa 1976) 12(7 Suppl),
$1-859 (1987).

Berry H. Chronic whiplash syndrome as a
functional disorder. Arch. Neurol. 57,
592-594 (2000).

Linton S. A review of phsycological risk
factors in back and neck pain. Spine 25,
11481156 (2000).

future science group

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Axial neck pain: a surgeon’s perspective

Swezey R. Chronic neck pain. Rheum. Dis.
Clin. North Am. 22, 411-437 (1996).

Evans R. Some observations on whiplash

injuries. Neurol. Clin. 10, 975-997 (1992).
Larsson S, Almund M, Cai H, Oberg P.

Chronic pain after soft tissue injury of the
cervical spine: trapezius muscle blood flow

and electromyography at static load and
fatigue. Pain 57, 173-180 (1994).

Mcpartland J, Bodeur R, Hallgren R.
Chronic neck pain, standing, balance, and
suboccipital muscle atrophy: a pilot study.
J. Manipulative Physiol. Ther. 20, 24-29
(1997).

Squires B, Gargan M, Bannister G.
Soft-tissue injuries of the cervical spine.

J. Bone Joint Surg. Br. 78, 955-957 (1996).

Taylor J, Finch P. Acute injury of the neck:
anatomical and pathological basic of pain.
Ann. Acad. Med. Singapore 22, 187-192
(1993).

Ulig Y, Weber B, Grob D, Muntener M.

Fiber composition and fiber transformation in
neck muscles of patients with dysfunction of
the cervical spine. J. Orthop. Res. 13, 240-249
(1995).

Bogduk N, Yoganandan N. Biomechanics of
the cervical spine. Part 3: minor injuries.
Clin. Biomech (Bristol, Avon) 16, 267-275
(2001).

Boduk N, Marsland A. The cervical
zygopophyseal joints as a source of neck pain.

Spine 13, 610—617 (1988).

Kwan O, Friel J. Critial apprasal of facet
joints injections for chronic whiplash.

Med. Sci. Monit. 8, RA191-RA195 (2002).

Winkelstein B, Mclendon R, Barbir A,
Myers B. An anatomical investigation of the
human cervical facet capsule, quantifying
muscle insertion area. /. Anat. 198, 455-431
(2001).

Winklestein B, Nightengale R,

Richardson W, Myers B. The cervical facet
capsule and its role in whiplash injury:

a biomechanical investigation. Spine 25,
1238-1246 (2000).

Jonsson H Jr, Cesarini K, Sahlstedt B,
Rauschning W. Findings and outcome in
whiplash-type neck distortions. Spine 19(24),
2733-2743 (1994).

Bogduk N. The anatomical basis for spinal
pain syndromes. /. Manipulative Physiol. Ther.
18(9), 603-605 (1995).

Documents the high false-positive rates of
both facet joint injections and cervical
discography that need to be considered when
performing these studies.

Dwyer A, Aprill C, Bogduk N. Cervical
sygopophyseal joint pain patterns. I: a study

www.futuremedicine.com

39

40

41

42

43

44

45

46

47

48

49

50

51

in normal volunteers. Spine 15, 453-457
(1990).

Dryfuss P, Michaelsen M, Fletcher D.
Atlanto-occipital and atlanto-axial joint pain

patterns. Spine 15, 453—457 (1994).

Brigham C, Tsahakis P. Anterior cervical
foraminotomy and fusion. Surgical
techniques and results. Spine 20, 766770
(1995).

Schwarzer AC, Aprill CN, Derby R, Fortin J,
Kine G, Bogduk N. The false-positive rate of
uncontrolled diagnostic blocks of the lumbar
zygapophysial joints. Pain 58(2), 195-200
(1994).

Barnsley L, Lord S, Wallis B, Bogduk N.
False-positive rates of cervical zygapophysial
joint blocks. Clin. J. Pain 9(2), 124-130
(1993).

Manchikanti L, Singh V, Falco FJ,

Cash KA, Fellows B. Comparative outcomes
of a 2-year follow-up of cervical medial
branch blocks in management of chronic
neck pain: a randomized, double-blind
controlled trial. Pain Physician 13(5),
437-450 (2010).

Randomized trial demonstrating
effectiveness of selective block of the medial
branch of the dorsal rami in patients with

chronic neck pain of facet origin.

Mikeladze G, Espinal R, Finnegan R,
Routon J, Martin D. Pulsed radiofrequency
application in treatment of chronic
zygapophyseal joint pain. Spine J. 3(5),
360-362 (2003).

Grob D. Surgery in the degenerative
cervical spine. Spine 23, 2674-2683
(2000).

Boduk N, Windsor M, Inglis A. The
innervation of the cervical intervertebral

discs. Spine 13, 2—8 (1988).
Wertheim SB, Bohlman HH.

Occipitocervical fusion. Indications,
technique, and long-term results in thirteen
patients. /. Bone joint Surg. Am. 69(6),
833-836 (1987).

Connell M, Wiesel S. Natural history and
pathogenesis of cervical disc disease. Orzhap.

Clin. North Am 23, 369-380 (1992).

Abdu WA, Provencher M. Primary bone and
metastatic tumors of the cervical spine. Spine

23(24), 2767-2777 (1998).

Strausbaugh LJ. Vertebral osteomyelitis. How
to differentiate it from other causes of back
and neck pain. Postgrad. Med. 97(6),
147-148, 151-144 (1995).

Lauder TD. Musculoskeletal disorders that
frequently mimic radiculopathy. Phys. Med.
Rehabil. Clin. N. Am. 13(3), 469-485
(2002).

769



52

53

54

55

56

57

58

59

60

61

62

Clarke, Schiefer, Pichelmann & Krauss

Biousse V, D’anglejan-Chatillon J,
Massiou H, Bousser MG. Head pain in
non-traumatic carotid artery dissection: a
series of 65 patients. Cephalalgia 14(1),
$33-S36 (1994).

Hirst AE Jr, Johns V] Jr, Kime SW Jr.
Dissecting aneurysm of the aorta: a review of
505 cases. Medicine (Baltimore) 37(3),
217-279 (1958).

Silbert PL, Mokri B, Schievink W1. Headache
and neck pain in spontaneous internal carotid
and vertebral artery dissections. Neurology

45(8), 1517-1522 (1995).

Krauss WE, Bledsoe JM, Clarke MJ,
Nottmeier EW, Pichelmann MA.
Rheumatoid arthritis of the craniovertebral
junction. Neurosurgery 66(3 Suppl.), 83-95
(2010).

Haldeman S. Is it time to discard the term
“diagnosis” when examining a person with
uncomplicated axial neck pain? Spine J. 11,

177-179 (2011).

Kaiser JA, Holland BA. Imaging of the
cervical spine. Spine 23(24), 2701-2712
(1998).

Maus TP. Imaging of the spine and nerve
roots. Phys. Med. Rehabil. Clin. N. Am. 13(3),
487-544, vi (2002).

Gore D, Sepic S, Gardner G.
Roentgenographic findings of cervical spine
in assymptomatic people. Spine 11, 521-524
(1986).

Fenlin JM Jr. Pathology of degenerative
diseaes of the cervical spine. Orthop. Clin.
North Am. 2, 371-387 (1971).

Cloward R. Cervical discography: a
contribution to the etiology and mechanism
of neck, shoulder and arm pain. Ann. Surg.

150, 1052-1064 (1959).

Cloward R. Cervical discography: technique,
indications and use in diagnosis of ruptured
cervical discs. A/R Am J. Radiol. 79, 690-709
(1959).

770

64

65

66

67

68

69

70

71

72

Parfenchuck T, Janssen M. A correlation of
cervical magnetic resonance imaging and
discography/computed tomographic
discograms. Spine 19, 2819-2825 (1994).

Handal J, Scheusner R, Zardus M,

Holliday G. Clinical correlation of cervical
MRI and cervical discography. Orthop. Trans.
15, 223-229 (1991).

Hurwitz EL, Carragee EJ, Van Der Velde G
et al. Treatment of neck pain: noninvasive
interventions: results of the Bone and Joint
Decade 2000-2010 Task Force on Neck Pain
and Its Associated Disorders. Spine

33(4 Suppl.), S123-S152 (2008).

Kay TM, Gross A, Goldsmith C,
Santaguida PL, Hoving J, Bronfort G.
Exercises for mechanical neck disorders.
Cochrane Database Syst. Rev. 3, CD004250
(2005).

Leaver AM, Refshauge KM, Maher CG,
McAuley JH. Conservative interventions
provide short-term relief for non-specific neck

pain: a systematic review. /. Physiother. 56(2),
73-85 (2010).

Manchikanti L, Dunbar E, Wargo B, Shah R,
Derby R, Cohen S. Systematic review of
cervical discography as a diagnositc test for
chronic spinal pain. Pain Physician 12(2),
305-321 (2009).

Klafta LA Jr, Collis JS Jr. The diagnostic
inaccuracy of the pain response in cervical

discography. Clev. Clin. Q 36, 35-39 (1969).

Holt EP Jr. Further reflections on cervcial
discography. Report of 50 cases in normal
subjects. JAMA 231, 613-614 (1975).

Meyer R. Cervical discography: a help or a
hindrance in evaluating neck, shoulder arm
pain? AJ/R Am J. Roentgenol. Radium Ther.
Nucl. Med. 90, 1208-1215 (1963).

Pascaud J, Mailhes F, Pascaud S, Rousseau J.
The cervical intervertebral disc: diagnostic
value of cervical discography in degenerative

and posttraumatic lesions. Ann. Radiol.

(Paris) 23, 455-460 (1980).

Therapy (2011) 8(6)

73

74

75

76

77

78

79

Roth D. Cervical analgesic discography:

a new test for the definitive diagnosis of the
painful-disc syndrome. JAMA 235,
1713-1714 (1976).

Simmons E, Segil C. An evaluation of
discography in localization of symptomatic
levels in discogenic diseases of the spine.

Clin. Ortho. Relat. Res. 365, 111-116 (1975).
Grubb SA, Kelly CK. Cervical discography:

clinical implications from 12 years of

experience. Spine 25(11), 1382-1389 (2000).
Large clinical study of cervical discography.
Garvey T, Transfeldt E, Malcome J, Kos P.

Outcome of anterior cervical descectomy and
fusion as percieved by patients treated for
dominant axial-mechanical cervical spine

pain. Spine 27(17), 1887-1894 (2002).

Key study in the surgical treatment of
primarily axial neck pain.

Simmons E, Bhalla S, Butt W. Anterior
cervical discectomy and fusion: a clinical and
biomechanical study with eight-year
follow-up. J. Bone Joint Surg. Br. 51(B),
225-237 (1969).

Key study in the surgical treatment of
primarily axial neck pain.

Carragee E, Hurwitz E, Cheng I, Al E.
Treatment of neck pain: injections and
surgical interventions: results of the bone and
joint decade 20002010 task force on neck
pain and its associated disorders. Spine

33(Suppl. 1), S153-S169 (2008).

Key study in the surgical treatment of
primarily axial neck pain.

Guzman J, Haldeman S, Carroll L, Al E.
Clinnical practice implications of the bone
and joint decade 2000-2010 task force on
neck pain and its associated disorders: from

concepts and findings to recommendations.

Spine 33(Suppl. 1), S199-8213 (2008).

Current clinical guidelines for treating

patients with axial neck pain.

future science group



