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Abstract: Background: In an effort to facilitate the diagnosis and treatment of clinical cervical spine instability (CCSI) and
chronic neck pain, we investigated the role of proliferative injection Prolotherapy in the reduction of pain and recovery of
constitutional and neurological symptoms associated with increased intervertebral motion, structural deformity and irritation of
nerve roots. Methods: For this retrospective case series, 21 study participants were selected from patients seen for the primary
complaint of cervicalgia. Following a series of proliferative injections, performed in a private sub-specialty pain clinic, patient-
reported assessments were measured using questionnaire data, including range of motion (ROM), crunching, stiffness, pain
level, numbness, and exercise ability, between 1 and 39 months post-treatment (mean = 24 months). All patients signed a
consent form prior to treatment. Results: 95 percent of patients reported that Prolotherapy met their expectations in regards to
pain relief and functionality. Significant reductions in pain at rest, during normal activity, and during exercise were reported. A
mean of 86 percent of patients reported overall sustained improvement, while 33 percent reported complete functional recovery.
31 percent of patients reported complete relief of all recorded symptoms. No adverse events were reported. Conclusion: The
results of this study demonstrate statistically significant reductions in pain and functionality, indicating the safety and viability
of Prolotherapy for cervical spine instability. Such clinical efficacy of this procedure warrants further investigation as a non-
invasive treatment option.

Keywords: Atlanto-Axial Joint, Barré-Liéou Syndrome, Cervicalgia, Cervical Instability, Facet Joint Injury,
Manual Therapy, Posterior Cervical Sympathetic Syndrome, Prolotherapy

1. Introduction

Cervical spine (C-spine) injuries may be serious due to the
region’s unique anatomic and biomechanical mechanisms. As
such, high functional demands placed on vertebral motion
segments can render them vulnerable to injuries that can
range in severity from soft tissue contusions to neurogenic
and sensory disturbances following osteo-ligamentous
trauma. Similarly, the etiology of C-spinal complaints is
variable since a range of inflammatory diseases, as well as
degenerative, iatrogenic and connective tissue disorders
affecting bones, joints, disks and ligamentous support
structures can produce C-spine instability. Such clinical
manifestations may be further confounded by their poorly
detectable nature, identified incidentally in connective tissue

disorders associated with ligament laxity and congenital
anomalies. All these factors contribute to the challenges
healthcare professionals encounter with increasing frequency
when trying to determine clinical presentations, including
pre-existing (congenital or acquired) cervical spinal
dysfunctions, and autonomic deficits relating to clinical
cervical spinal instability (CCSI). A. A. White [1] defined
clinical spine instability as the vertebral column’s loss of
ability to support physiological loads in order to maintain the
relationship between vertebrae, as well as to prevent nerve
root damage or irritation. Clinically, the term “spinal stability”
has adopted the definition of the spine’s ability to maintain
alignment as well as provide protection to the neural network
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it encloses during physiologic loading [2]. Manifestations of
instability include loss of stiffness, disk height reduction,
ligament and facet capsule laxity, as well as degeneration of
facet joints. Such progressive degenerative mechanisms of
dysfunction and re-stabilization result in increased and
aberrant range of motion [3].

Considering CCSI is not an exclusive disease but a
pathological result of a combination of traumatic injuries and
degenerative  conditions  characterized by  distinct
epidemiology, determining the incidence and prevalence in
the general population is challenging. In regards to age, the
frequency of injuries to the cervical spine peaks at ages 15 to
35 and greater than 65 years [4], and generally occurs in 1.5
percent to 3 percent of all major trauma cases [5]. In the
general population, the incidence of neck pain in a single
year is estimated to range between 10.4 percent and 21.3
percent, with a greater incidence observed in office and
computer workers. Additionally, while 33 percent to 65
percent of people recover from episodic neck pain at 1 year,
most cases run over a lifetime, and as such, relapses are
common [6].

The most common etiology of neck injury includes motor
vehicle accidents (50 percent to 70 percent), with estimates
indicating more than 1 million whiplash injuries occurring
annually; in fact, Barnsley et al [7] estimated that the annual
incidence of whiplash related symptoms is 3.8 cases per 1000
population. Freeman et al [8] suggested that 6.2 percent of
the US population (15.5 million people) suffers from late
whiplash syndrome - a condition characterized by
progressive pain, joint stiffness, post-injury laxity and
instability [9] associated with trauma from whiplash-like
loads of combined shear, bending and compression forces [10]
generated  during  sudden  acceleration-deceleration.
Depending on the load application vector, comparable
damage is typically sustained by the anterior longitudinal
ligament (ALL), facet capsular (FC) ligaments and
ligamentum flavum (LF) [ 11 ] following cervical
hyperextension and/or hyperflexion [ 12 ], respectively,
placing the ligaments at risk of laxity. Under normal
circumstances, these ligaments afford substantial stability;
however, investigators have postulated that hyper-straining
affects the tissue’s ability to limit motion. This may lead to
supra-physiologic range of motion (ROM), subsequent
nervous tissue impingement and injuries to adjacent peri-
spinous soft tissue [13,14], ultimately precipitating cervical
spinal instability and involvement of the cervical sympathetic
system.

Aside from vehicular accidents and whiplash related
symptoms, leisure-time activities and other risk factors
increase the incidence of C-spine instability, including falls
(6 percent to 10 percent); blunt head and neck traumas;
assaults; diving accidents; penetrating (i.e. ballistic) neck
injuries and contact sport events. Such mid to high-velocity
impact and forced flexion-extension or axial compression,
induced by loads beyond the tolerance threshold of cervical
ligaments and bones, may result in sub-failure mechanism
responses. If not properly diagnosed and managed, any

additional chronic repetitive non-catastrophic trauma can
precipitate  diffuse = symptoms, which present as
dysfunctioning collagen fibers and neural cells send deficit
information to spinal muscles, generating disproportionate
responses and symptoms like migraines, dizziness, nausea,
and more commonly- chronic neck pain.

1.1. Stabilizing Features of the Cervical Spine: Anatomy
and Function

The cervical spine is typically separated into two distinct
functional and structural divisions: the upper cervical (C0-C2)
and lower cervical (C3-C7). The former is distinguished by
the many muscle and ligament attachments, lack of
intervertebral disk between C1 and C2, and distinctly
structured bones and surfaces. A lower cervical vertebra
typically is characterized by a vertebral body, intervertebral
disk, and both a right and left superior and inferior articular
facet, which hinges the vertebrae together. These articular
facets make up the cervical facet joints, located at the back of
the spine, and are each surrounded by a thin ligamentous
capsule connective tissue in which hyaline cartilage coats
articular surfaces while synovial fluid nourishes and
lubricates. The spinal nerve exiting through the intervertebral
foramen is closely related to the facet and uncovertebral joint,
and intervertebral disk, so pathology affecting any one or a
combination of these structures may lead to nerve root
irritation or compromise [15]. Abnormal joint movement
related to ligamentous laxity may generate a variety of
protective actions by adjacent tissue, such as muscle
contracting/spasming in an attempt to stabilize or protect the
joints from further trauma.

The upper cervical spine (C0-C2) is the most mobile
section of the vertebral column and as such the region is
particularly vulnerable to non-penetrating acceleration
trauma. Horizontally oriented facet joints, located between
the atlas and axis, allow for 50 percent of total neck rotation,
though their fibrous capsular ligaments may be affected by
accentuated axial rotation during impact [16]. When the head
is initially flexed and rotated, the ligaments are susceptible to
forces of impact and rotational components of rear-end motor
vehicle accidents. Alar ligaments are particularly sensitive to
such mechanisms considering they chiefly consist of
collagenous fibers and few elastic fibers [17] which can be
stretched only 10 to 20 percent of the original length before
damage or rupture occurs [18]. If one alar ligament is injured,
the chief mechanism of motion restriction (axial rotation) is
no longer limited.

Discussing the stabilizing features of the cervical spine,
particularly in the context of their response to aberrant
motion and injury, might be helpful in considering the unique
anatomy and broad function of the region. In the whiplash
scenario, if the head is turned or rotated, the cervical muscles,
facets, ligaments, and annulus of the disc are tightened,
predisposing the facet joint capsule to strain, and severe
overstretching or even rupture of ligaments, thereby
contributing to the whiplash mechanism. Prior to unexpected
rear-end motor vehicle accidents, the suboccipital
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musculature may be relaxed, and the flexion of the upper C-
spine is restricted chiefly by the tectorial membrane, the
longitudinal fibers of the cruciate ligaments, and the
transverse ligament. These structures serve as tension bands,
several of which extend from CO to C2 and prevent excessive
motion at the atlantoaxial motion segment by keeping C1
firmly enfolded between CO and C2 [19]. Axial rotation is
primarily restricted by alar ligaments, supported by tectorial
membrane, the accessory atlanto-axial ligaments and joint
capsule [20], but when trauma or inflammatory disease
negatively impacts alar ligaments, increased axial rotation in
the occipito-atlanto-axial complex may ensue. As noted
earlier, an abnormally heightened atlanto-axial rotation
reduces blood flow in the contralateral vertebral artery,
potentially resulting in vertigo, pain and cervical nystagmus
[ 21 ], which accompany rotary hypermobility due to
stimulation of pain and mechanoreceptors of the synovial
joint capsule [22].

Apart from whiplash, stimulated pain responses and
altered joint athrokinematics can also be observed in
population with postural conditions, often due to a
compromise in the surrounding joint’s ROM [23]. Whether
the postural deformity is due to innate genetic or
environmental (occupation) factors, upper extremities and
head can become positioned more anterior to the trunk (also
known as forward head posture), often for prolonged periods
of time. Such a structural compromise of the C-spine can
compromise the ligaments ability to resist creep (FIG 1), and
accelerate carly degenerative and spondylogenic changes,
particularly in the weight-bearing zygapophyseal joints [24].
Space is steadily minimized with the upper cervical segments
twisting backward onto each other; as such, the compression
triggers both the greater and lesser occipital nerves to
anastomose with the trigeminal nerve [25], potentially
leading to symptoms such as tinnitus and vertigo. Increased
tensile stresses associated with an imbalanced posture can
form traction spurs, which may encroach upon nerve roots as
well as ligamentous structures [26]. Postural abnormalities
place undue stress on vertebrae of the lower neck,
contributing to degenerative disk conditions. Being amongst
the most vital functional and structural components of the
human spine, the intervertebral disk is of unparalleled
importance in maintaining spinal stability. Upon structural
alteration, spinal degeneration occurs, contributing to the risk
of instability [27]. Abnormal stresses caused by spinal
instability have been previously shown to precipitate
apoptosis of disc cells and endplate chondrocytes [ 28 ].
Increased apoptosis engenders decreased production of
extracellular matrix proteins, which in turn reduce the
osmotic forces within the nucleus pulposus, prompting loss
of water content and structural integrity, and degeneration of
intervertebral discs [29]. Normal disk height is considerably
reduced, and subluxation of the joint surface occurs- a phase
marked by an increase of abnormal  spinal
segment movement and potential involvement of spinal cord
and nerve roots [30].

Vertebral column stability is maintained by the integrity of

all the anterior elements of support plus one posterior
element, or conversely, all the posterior and one anterior
element. The former components include the yellow and
intertransverse ligament, capsule and facet joint, as well as
the interspinous and supraspinous ligaments. Anterior
elements include anterior and posterior longitudinal ligament
and all the anatomical structures in front, such as the
posterior and anterior halves of the intervertebral disk. Loss
of functional capacity or impairment of the functional spinal
unit may generate instability. Accurately defining and
diagnosing this pathological condition and corollary
syndromes is controversial because of the lack of information
and unifying interpretations. The concept of instability was
first introduced in 1949 by Nicoll [31], who highlighted the
importance of a ligamentous system’s integrity as a factor of
vertebral stability. A  biomechanical approach was
investigated by Pope and Panjabi [32], who advocated that a
reasonable definition of instability is loss of motion segment
stiffness, such that application of force to motion segment
may produce greater displacement than observed in normal
structures. Despite lacking uniformity of opinion in the
literature, authors acquiesce that the degree of local
pathology and instability depends on a number of common
entities, including ligamentous tension, tenderness or pain,
and progressive deformity like general posterior and anterior
ligamentous thickening and intervertebral disk changes
produced by diminished joint mobility [33]. The concept of
instability being associated with pain and neurologic
complications is commonly accepted without much diverging
opinions. Ebraheim et al [34] determined that lower cervical
translation in flexion may have an adverse impact on the
spinal canal diameter. In the case of anterolisthesis or
posterolisthesis of 3.5 mm or more, some vertebral segments
may generate compression or irritation with a clear
neurological deficit.

Ligament laxity graph. Ligaments, when subjected to a
constant stress, display creep behavior—a time-dependent

increase in strain or the fact that ligaments slowly “stretch out”
over time.
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Fig. 1. Ligament laxity graph.
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1.2. Clinical Diagnosis and Imaging

From a mechanical and structural point of view, the
cervical spine is a complex mechanism designed for
substantial mobility, but it lacks stability. As such, aberrant
motion can potentially disrupt its ability to maintain normal
displacement patterns under physiologic loads, promoting
deformity as well as potential neurologic irritation and
incapacitating pain [ 35 ]. Despite numerous diagnostic
identifiers suggesting CCSI, a compelling and acceptable
criterion standard does not yet exist. Consequently, the
condition is ostensibly linked to degeneration, kinematic
measurements of anterior to posterior shear [36], abnormal or
excessive coupling of the cervical spine and unquantifiable
physical examination findings. From a therapeutic standpoint,
because of the potential chronic nature of CCSI, the
treatment should address the underlying pathology as well as
reduction of chronic neck pain, with the goal of enhancing
the function of the cervical spinal stabilizing structures,
decrease stress on adjacent spinal segments, and thereby
improve quality of spinal motion, long-term.

A Delphi study [37] of physical therapists reported that
“clinical cervical spine instability may demonstrate only
subtle symptoms and clinical examination features and
frequently normal radiographic findings. At present, although
numerous diagnostic identifiers are suggested for CCSI, a
valid and effective criterion standard does not exist.” CCSI
diagnosis presents a challenge to health care providers, and
as such diagnosis currently depends mostly on patient history.
According to the Delphi study, the most common symptoms
associated with CCSI include, but are not limited to the
following: intolerance to prolonged static [neck] posture, past
history of cervical spine trauma, clicking/popping sensation,
sharp neck pain with sudden movements, frequent need for
self-manipulation, inability to hold up head, muscle stiffness,
increased symptoms with neck movement (i.e. rotation), and
vertebrobasilar symptoms such as dizziness and headache.

The standard for measuring cervical instability is
considered to be cervical flexion extension radiography [38],
since motion of the individual spine segments cannot be
readily determined by a physical examination. As noted
earlier, C-spinal stability depends on bony structures to some
degree, though more-so on ligamentous structures, so any
abnormal bony motion may be indicative of ligamentous
impairment and instability. Several diagnostic methods are
available to evaluate the cervical spine, which if combined
with radiography may increase test result sensitivity. After all,
when testing for soft tissue injuries, it may be arguable that
radiographic evidence of subluxation or dislocation is merely
indirect evidence for ligament injury, and direct imaging of
soft tissues may be warranted for a true diagnosis.
Monitoring the full arc of spinal segmental motion may
detect anomalous motion, including hypermobility,
anterolisthesis, widening of facet joints, and lateral
translation of C1 on C2, and thereafter confirm or deny the
presence of potential functional loss and structural damage
[39] (FIG 2). Hino et al [40] noted that for evaluation of

conditions that may not be readily identified through
conventional radiographic examinations, dynamic motion
analysis using cineradiography is a valuable adjunctive
diagnostic option. Specifically, C-spinal motion patterns were
evaluated in both a normal population and in patients with
cervical instability in order to determine normal vs
pathologic cervical segmental motion patterns. Through
continuous movement analysis, cineradiography quantified
cervical motion (C1-C2 to C5-C6) during flexion from the
maximum extension position. In normal C-spines, the authors
observed a “well-regulated stepwise motion pattern,” which
commenced at C1-C2 and proceeded to the lower segments.
Conversely, pathologic spines demonstrated a “different
order of onset of segmental motion.” In rheumatoid arthritis
patients that exhibited atlantoaxial subluxation, C1-C2
motion commenced considerably earlier than C2-C3 motion.
The cineradiographic motion analysis observed that in the
patients with C2 or lower segmental instability, segment
motion preceded that in the upper intact segments.

Clinical diagnostic methods that evaluate the integrity of
ligaments (passive stabilizers) or the muscles (active
stabilizers) of the cervical spine typically offer minor
conclusive evidence and are inundated with an unacceptable
degree of reliability [41]. Except for apparent subluxations
[42] and atlanto-axial rotary fixations [ 43 ], clinically
diagnosing rotary hypermobility and instability is challenging.
In this case, magnetic resonance imaging (MRI) might be an
effective alternative on account of its enhanced sensitivity for
soft tissue and spinal cord injuries. This advantage suggests
that MRI may potentially be the favored diagnostic tool for
ligamentous injury, although various disadvantages exist that
may preclude its widespread adoption. In spite of the
drawbacks, MRI remains a viable screening test for patients
with a high risk of cervical spine instability, outperforming
even CT scans for detecting ligamentous injuries and
visualizing the collagen integrity of soft tissue structures [44].
But ultimately, notwithstanding the specificity and sensitivity
of the mandated evaluation, a reliable and accurate protocol
for clearing the cervical spine must be established to
facilitate organized diagnostic evaluations, and decrease the
risk of missed injuries. Thereafter, health care resources can
be used more efficiently and medical tests as well as
intervention safety and efficacy can be maximized.

Because cervical sprain and/or strain (restricted movement)
may preclude the use of CT or MRI due to the imaging
technique’s limited functions in visualizing capsular
pathology and controlled maximum rotation via cervical side
bending, functional MRI (fMRI) may be preferable for
visualizing impaired ligaments and joint capsule, and
accompanying pathoanatomical motion patterns in patients
with injuries of the upper segments of the C-spine
(craniocervical joint complex) [45]. Visualization of the
injury may be more readily rendered by the fMRI on account
of its dynamic nature, such that 40 select positions are
performed, demonstrating pathological movement patterns
and injuries to the ligament and joint capsules [46]. In a study
[47] observing 3 patients with severe whiplash trauma,
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extensive preliminary examinations (MRI, CT, and X-ray,
respectively) failed to find any structural lesions. Upon
undergoing an fMRI examination as well as surgical fixation,
previously undetected injuries to joint capsules were
promptly observed. While fMRI is not indicated for every
patient with distortion of the C-spine, the study noted that the
three cases shared distinct clinical features, serving as “prima
facie” indications for an fMRI, such as headache, numbness,
development of neurological disturbances of upper and lower
limbs, difficulty reading, and other symptoms consistent with
instability of the C1/C2 segment.

There are as of yet few methods that assist in the
evaluation of suspected lesions affecting soft tissues,
particularly distortion of ligaments of the upper C-spine. Like
the fMRI, diagnostic recognition of instability and coexisting
intra-ligamentous malfunction may be visualized by

functional or 3D computed tomography (fCT) as it renders
sufficient objective evaluation of rotatory segmental motion
[48] (FIG 3). Axial rotation is the upper cervical spine’s
dominant motion while flexion/extension is mainly exhibited
from C2-T1 [49]. While measuring such regional spinal unit
motion is challenging, functional radiography has shown to
offer reliable data in evaluating flexion/extension, in regards
to rotation, translations and centers of rotation [ 50 ].
Functional x-rays in lateral view during flexion/extension
may offer some data about instability, but functional CT may
be helpful in recognizing rotatory hypermobility or instability
[51]. In particular, this method is useful for visualizing the
degree of axial rotation at the occiput-atlas and atlas-axis
levels, and segments below, which may increase following
trauma-induced lesions of the alar ligaments.

Digital Motion X-ray of neck before Prolotherapy. In lateral flexion, the neural foramina are

open, whereas in lateral extension they narrow. Gapping of the facet joints (arrows) is another sign

of cervical instability.

NEURAL
FORAMINA
OPEN

LATERAL FLEXION

GAPPING
- OF FACET
JOINTS

LATERAL EXTENSION

Fig. 2. Digital Motion X-ray of neck before Prolotherapy.

3D CT scan of upper cervical spine. C1-C2 instability can easily
be seen in this patient, as 70% of C1 articular facet is subluxed
posteriorly (arrow) on C2 facet when the patient rotates his
head (turns head to the left then the right). This can cause a
myriad of symptoms, including headaches, neck pain, vertigo,
tinnitus, and dizziness.

Subluxed
facet joint

Fig. 3. 3D CT scan of upper cervical spine.



90 Ross A. Hauser et al.: The Biology of Prolotherapy and Its Application in Clinical Cervical Spine Instability and Chronic
Neck Pain: A Retrospective Study

1.3. Capsular Ligament Injury as a Source of Chronic Neck
Pain

Facet joints have been implicated as clinically important
sources of chronic neck pain. Lord et al [52] demonstrated in
a placebo controlled whiplash study that the prevalence of
C2-C3 facet joint pain in patients suffering from chronic neck
pain was 50 percent. Manchikanti et al [53] systematically
evaluated 500 consecutive patients with chronic, non-specific
spine pain to determine prevalence of facet joint injury by
spinal region. In patients with cervical spine pain, prevalence
of facet involvement was 55 percent; 42 percent in thoracic
spine pain, and 31 percent in lumbar spine cases. The authors
concluded that facet joints are significant pain generators in a
large proportion of patients with chronic spinal pain.
Morphologically, this may be due to the fact that spinal facet
or zygapophysial joint capsules are highly innervated by
medial branches of the dorsal rami [54] - as such transmitting
pain in the neck, upper, mid and low back, along with
intervertebrtal discs, nerve root dura, ligaments, fascia and
muscles, with pain referred to the head, upper and lower
extremity and chest wall [55,56].

In spite of the heavy innervation, facet joints are poorly
vascularized, and the poor blood supply impedes an efficient
healing process, triggering scar tissue formation and adhesive
capsulitis within the joint, leading to chronic dysfunction and
pain [57]. The capsular ligament is highly innervated, and
composed of crimped, dense collagen fiber bundles linked by

proteoglycans, with interspersed elastin fibers and fibroblasts.

Under load, the collagen fibers may become uncrimped,
which permits the overall joint to rotate and translate without
generating any mechanical resistance. When impaired, it is
hypothesized that collagen fibers are implicated in facet
capsule laxity [58]. For instance, degeneration of the facet
joint cartilage alters joint mechanics due to wear of the
articular layer; such thinning may be correlated to an
increased rate of capsular ligament degradation due to altered
joint mechanics [59]. Fujiwara et al [60] investigated spinal
motion changes in association with facet cartilage
degeneration, and concluded that together  with
spondylolisthesis, degenerative thinning of cartilage may
precipitate spinal segment hypermobility and laxity of facet
capsules. This may be due to scar tissue proliferation, which
develops to reconnect collagen fibers that were impaired by
resisting increased tensile stresses generated by the segment’s
hypermobility. Capsular ligament failure may also undermine
fibroblasts involved in the remodeling of its injured tissue
[61] As such, the poorly repairing capsular ligament may be
at an increased risk for further injury, degeneration and loss
of mechanical integrity. Fewer undamaged collagen fibers
support ligament loads, which can likewise augment the risk
of damage. Concurrently, a greater stress on fibroblasts may
induce their production of aberrant proteins, which are less
advantageous for the repair of the ligament extracellular
matrix to maintain its mechanical processes. Accordingly,
repairing the capsular ligament is integral through correct

treatment protocols, which aim to boost mechanotransduction
mechanisms critical to restoring function and biomechanical
integrity of the facet joints and stability of the structural
column [62].

A salient feature of cervical facet joints are the
mechanoreceptors and nociceptive nerve endings [63], richly
innervated by medial branches of the segmental dorsal rami
as well as those above and below, which may account for the
broad referral patterns [64] (FIG. 4). Barnsley et al [65]
observed multiple levels of symptomatic facet joints, with the
two most common double-level patterns being C2/C3 with
C5/C6, and C5/C6 with C6/C7. C2/C3 and higher facet joints
produce neck and sub-occipital pain, as well as headaches,
while joints below can produce neck, upper arm,
interscapular and shoulder pain.

Panjabi et al [66] delineated the facet articular cartilage,
synovial fold, and facet capsule as at-risk structures for
whiplash-like injuries due to excessive facet joint
compression or capsular ligament strain. Specifically, the
authors noted that risk to facet joint components may be
associated with facet compression during rear impact
accelerations > 3.5 g, as capsular ligament strains exceed the
physiologic strains at 6.5 g. As such, even relatively low
impact collisions may generate facet impairment

Besides facet capsule injury as a hypothesized mechanism
for neck pain (as well as headache and shoulder pain), a
variety of C-spinal structures may be responsible, including
intervertebral discs, dorsal root ganglia, ligaments and
muscles. In an anatomical investigation of the human
cervical facet capsule, Winkelstein et al [67] quantitatively
demonstrated that the semispinalis, multifidus, and rotator
muscles are in close proximity to the cervical facet capsule,
and substantial muscle insertions into the facet capsule
ligament may be responsible for possible mechanism of
injury to the ligament-facet complex due to cervical muscle
activation during particular neck muscle loading. Notably,
the study results exhibited that 22.4 percent of the human
lower cervical facet capsule area is covered with muscle
fibers, implying a potential path for facet capsule loading.
Using a scale of 1.5 to estimate the force for stimulated
muscles undergoing rapid elongation (as in whiplash injury),
the authors observed that the loading of the facet capsule due
to muscle contraction may be as high as 51 N. Facet capsule
injury may occur at loads ranging from 48 to 121 N [68].
When the capsular ligament in the lower cervical facet joints
exceeds its physiologic limit during traumatic altered spinal
kinematic [69], injury may result in facet-mediated neural
responses [70], displaced soft tissue and deformation, as well
as minor ruptures and strain (ranging from 35 percent to 64.8
percent in shear and tension) [71]. latridis et al [72] suggest
that such micro-trauma following sub-failure loading alters
the mechanical properties of the tissue, increasing laxity,
decreasing stiffness, altering viscoelastic properties and,
ultimately inducing persistent activity in the nervous system.

Aside from chronic neck pain, patients with cervical
instability due to injury of the facet joints may also develop a



European Journal of Preventive Medicine 2015; 3(4): 85-102 91

myriad of symptoms known as Barré-Liéou syndrome. Those
with Barré-Liéou Syndrome (posterior cervical sympathetic
syndrome) may be predisposed to developing secondary
symptoms like restlessness, irritability and poor
concentration [73], which may potentially progress into a
chronic state. As such, careful examination of the primary
clinical presentations is imperative for an accurate diagnosis
and successful resolution. Characteristics of Barré-Li¢ou
syndrome include presence of headache, vertigo, dizziness,
facial pain, visual disturbances, neck pain, and ear pain and
are thought to be resultant from cervical instability with
encroachment on the cervical sympathetic nerves. Headaches
may also result from internal and external carotid vessel

Pain patterns from the different cervical facet joint levels.

Adapted and use
e Approaches. 2013. Springer.

spasming, while sympathetic vasoconstriction of the internal
carotid artery may lead to ischemia of the brain and
subsequent vertigo. The remaining constellation of symptoms,
including tinnitus can result from sympathetic stimulations of
caroticotympanic nerve, reduced blood flow in various
arteries such as the carotid, vertebral and ophthalmic, and
altered communication with the trigeminal ganglion.
Treatment of these symptoms is challenging because of the
lacking evidence for a definite diagnosis; however, because
vertebral misalignment, hypermobility and subsequent nerve
compression may precipitate Barré-Liéou Syndrome, using
diagnostic tools to determine CCSI may be the first step to
combating it.

ith permission from Linetsky FS. Regenerative Injection Therapy Principles and Practice (pgs 889-912) from Deer TR, et al. Comprehensive Treatment of Chi
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Fig. 4. Pain patterns from the different cervical facet joint levels.

2. Interventions
2.1. Spinal Manipulation Therapy

A significant proportion of healthcare practice is dedicated
to care of musculoskeletal spinal conditions [ 74 ], with
millions of dollars spent annually on treatment, lost wages,
and compensation [75,76]. Despite the magnitude, costs and
morbidity of neck pain, remarkably limited research has
investigated treatment for patients with this condition [77],
though it is assumed that spinal manipulation therapy (SMT)
can offer short-term relief [78]. This therapeutic intervention
encompasses a range of manual maneuvers that stretch,
mobilize or manipulate the spine, paravertebral tissue and
other articulations to mitigate neck pain and stiffness,
migraines, muscle-tension headaches and improve locomotor
function [79].

Despite widespread use of SMT for chronic neck pain,
systematic reviews have found Ilimited evidence and
insufficient data on the therapy’s short and long-term
effectiveness [80,81,82,83], while clinical trials may be too
small to evaluate risk of rare complications [84,85]. Many
published case reports have linked neck manipulation to

vertebral and carotid artery dissection and insufficiency
[86,87,88]; after all, arteries are uniquely susceptible to
mechanical injury due to their relationship to the adjacent
bony structures and ligaments. The three sites most
susceptible to external forces include: atlanto-axial (C1-C2)
junction, craniocervical junction and ascent in the foramina
of the first 6 cervical vertebrae [89]. Ultimately, SMT has the
effect of increasing mobility, which can further irritate
already damaged structures [90,91]. The resultant movement
of the target vertebrac does not solely depend on the
magnitude and direction of thrust force, but on constraints of
vertebral movements, such as potentially unstable or lax
ligaments, bony contacts and disks.

2.2. Surgery

When a cervical spine fracture is identified, subsequent
management is seemingly straightforward; however,
appropriate management of a ligamentous cervical spine
injury without fracture is less certain. Surgery is commonly
performed particularly when CCSI with neurologic
involvement is presented- anterior cervical fusion being the
primary procedure [92]. Over 300,000 spine fusions are
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performed annually in the United States, the vast majority of
which target degenerative diseases of the spine. One study
[93] demonstrated a 220 percent increase in spinal fusion
surgery between 1990 and 2000, in spite of the absence of
clarified indications or new demonstrations of efficacy.
Expert opinions echo this sentiment, estimating that fewer
than half of fusions are appropriate [94].

As the standard of care is steadily shifting toward greater
use of spinal fusion, there remains limited objective evidence
in the literature to support its value in significantly reducing
pain and improving stability. In patients that underwent
fusion, Munro [95] observed reduction in the incidence of
pain by two-thirds but no remarkable stability recovery. Brav
et al [96] compared a number of fused and non-fused patients,
in terms of recovery and hospitalization recumbency time,
and concluded the overall prognosis to be essentially the
same in both groups. Conversely, other studies demonstrate
that cervical spinal fusion is usually successful in relieving
symptoms, but there is no statistical significance in the
quality-adjusted life years between the operative and non-
operative groups [97]. These conflicting data are significant,
considering the associated societal and healthcare expenses,
including per-surgery costs, potential surgical revision, length
of post-surgical rehabilitation, missed work (disability) and

Cervical Spinal Motion Continuum

Normal Minor

cervical =3 Hypermobility =3 instability ——— instability ———3 instability

joint
motion * ¢

No symptoms Pain &

musculoskeletal
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loss of productivity, and increased comorbidities [98] that
predispose adjacent levels to increased stress [99] and acute,
traumatic instability [100]. Previous studies have reported
chronic degenerative changes in joints adjacent to the fused
mass, manifested as disc degeneration, facet joint arthrosis,
and myeloradiculopathy [101]. Steady development of disc
and facet arthrosis in cervical joints adjacent to fusions has
also been reported for degenerative spine conditions [102].
While complex surgical correction and realignment may
doubtlessly be indicated in cases of severe threat to
neurologic structures, oftentimes treatment time and
expenses can be significantly minimized by implementation
of more appropriate conservative (noninvasive) treatment
approaches that target the root of the problem (FIG 5).

In regards to ensuing medical complication associated with
the progression of care, adjacent segment disecase (ASD) may
result from multiple sequential cervical fusions, as reported
in the clinical outcomes of 888 patients studied to determine
the long-term effects of repeat cervical fusions [103]. Indeed,
spinal fusion have demonstrated clinical success in relieving
pain and improving neurological symptoms, but the benefits
must be weighed against the risks, in terms of complications,
expenses and quantity of acceptable procedures.
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Cervical spinal motion continuum and role of Prolotherapy.
When spinal instability causes symptoms such as pain, dizziness,
tinnitus, vertigo, sinusitis, vision changes, swallowing difficulty, as

well as pain and tingling down the arm that comes and goes, the

treatment of choice is Prolotherapy. Severe spinal instability such as
what occurs with fracture necessitates spinal fusion for stabilization.

Fig. 5. Cervical Spinal Motion Continuum.

2.3. Corticosteroids & NSAIDs

On account of chronic pain associated with clinical
cervical spine instability, patients may experience a reduced
qualify of life, depression, loss of sleep and poor
concentration. As such, in conjunction with traditional
physical treatment modalities and therapy, patients may opt
for treatment with analgesic medication to improve
psychosocial and physical function. As recommended by the

World Health Organization (WHO), acetaminophen and non-
steroidal anti-inflammatory drugs (NSAIDs) are on the first
rung of the analgesic ladder to mitigate mild to moderate pain
[104]. Notwithstanding the risks and contraindications of
analgesic medication, studies [105,106] have shown that
NSAIDs are not recommended due to their inhibition of soft
tissue healing mechanisms, which are key for CCSI
conditions. Specifically, the authors observed that the
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prescribed  anti-inflammatory  drugs  hampered the
inflammatory proliferative phase of healing (days 0-4 post
injury), and delayed muscle regenerative processes,
respectively. In the study investigating the use of ibuprofen
for tendon injuries, it was observed that at four weeks, the
non-steroidal drug decreased the strength of flexor tendons
undergoing repair by 300 percent [107]. While the short-term
pain relief from NSAIDS is useful, long-term chronic pain
management with the medication is unfavorable, considering
the inhibition of fibroblast growth (crucial for ligament and
tendon repair), as well as interference with prostaglandin
initiation, proteoglycan synthesis and other functions, which
are key in accelerating healing.

Like NSAIDs, corticosteroids suppress processes that
initiate the inflammatory healing response, thereby
decreasing collagenase, and inhibit formation of granulation
tissue and prostaglandins, which increase circulation and
recruit immune cells to injured sites [108]. Numerous studies
[109,110] have shown that corticosteroids, like cortisone (or
hydrocortisone), may lead to a decrease in bone, ligament
and tendon strength. In one experimental study [ 111 ]
examining corticosteroid injections into tendons, 100 percent
of the tendons exhibited nercrosis at the site of injection. A
recent study [ 112 ] comparing the effectiveness of
corticosteroid injections with Prolotherapy for lateral
epicondylosis (LE) noted that the most common treatment for
LE is corticosteroid injections. The authors went on to say
that while this treatment is used to reduce inflammation in
subjects with a variety of tendinopathies, histologic studies
suggest that inflammation is not a major feature of the
condition, but rather a failure of normal tendon repair
mechanisms related to angiofibroblastic degeneration [113];
as such, the rationale for the use of the injections is
misguided. In fact, the authors noted that inflammation may
actually be a favorable facet of the response to injury and
healing  processes so inhibiting them may be
counterproductive [114]; moreover, numerous treatments like
NSAIDs, steroidal injections, and even rest, braces, activity
modification and physical therapy have proved to be
generally ineffective [ 115]. As such, given the lack of
evidence for long-term corticosteroid benefits, the need for
alternative injectable agents is essential to improve function
and reduce pain.

2.4. Other Nonoperative Interventional Techniques

Management of chronic spinal pain with interventions like
physical therapy and injectable techniques like facet joint
nerve blocks, as well as intramuscular and epidural spinal
injections, offer short-term symptomatic and pain relief but
may have unclear long-term benefits [116]. There have been
several systematic reviews [117] and trials [118 119,120]
investigating the use of structured physical therapy programs
for the treatment of cervical spondylosis and its sequelae.
Limited conclusions could be derived regarding its efficacy;
however, individually tailored physical therapy in
conjunction with other procedures have demonstrated
improvement in pain relief and sensory function. A study by

Olson et al [121] concluded that while physical therapy may
effectively reduce mechanical stresses on passive
components, its ability to restore a compromised passive
subsystem is questionable. Similarly inconclusive results
have been observed in studies [122,123] investigating the use
of Botulinum Toxin A injections to treat pain conditions like
headache, dystonia, muscle spasticity, and myofascial pain
arising from trigger points. Epidural steroid spinal injections
administered via a translaminar or transforaminal route to
target specific nerve roots have been shown to provide up to
6 months of pain relief, though long-term benefits are
variably effective, and complications as well as side-effects,
like anxiety, cataracts and stomach ulcers, may compound the
unreliability of the intervention [ 124]. According to a
literature synthesis [125] examining facet joint nerve blocks,
evidence for therapeutic lumbar intraarticular facet injections
was moderate for both short and long-term improvement, and
limited for cervical facet joint injections. Evidence for
cervical medial branch blocks was moderate.

2.5. Prolotherapy for Clinical Cervical Spine Instability

Standard treatments such as SMT and surgery likely do not
promote soft tissue healing through the body’s own
remarkable musculoskeletal repair processes. Prolotherapy
(“proliferative” therapy) is a regenerative injection therapy
that is predicated on the body’s inherent capacity to heal via
the inflammatory cascade (FIG. 6), provoked by the
administration of sclerosant or autologous solutions that
trigger inflammatory and healing responses. Prolotherapy
pioneer Dr. George S. Hackett broadly defined the
nontraditional therapy as “the rehabilitation of an
incompetent structure by the generation of new cellular
tissue.” As such, this orthobiologic procedure involves the
injection of mild irritants directly into injured soft-tissue,
ultimately galvanizing the body’s stagnant (or prematurely
aborted) regenerative processes by jump-starting the
production of new tissue at the fibrous junction with the bone.
The irritant solutions act on lesions by eliciting temporary,
low-grade inflammation at the injury site, in turn
encouraging the initiation of the inflammatory healing
cascade. Common injectant solutions used for this purpose
can be 15 percent hypertonic dextrose, polidocanol,
manganese, or sodium morrhuate mixed with an anesthetic
such as lidocaine or procaine, delivered directly into the
fibro-osseous junction. Other common solutions include
human growth hormone (HGH), testosterone, and zinc. Thus,
the first stage of the wound-healing cascade is initiated,
precipitating vital inflammatory responses like fibroblast and
platelet activation that repair and reinforce injured connective
tissue. A more aggressive proliferant (which may be needed
in those with more severe symptoms), termed cellular
Prolotherapy, includes the use of the patient’s own cells, such
as platelet rich plasma (PRP), bone marrow or adipose tissue,
which contain progenitor cells. In some cases, this may be
preferable on account of the potent concentration of platelets,
which like dextrose locally prompt the inflammatory
response and enhance the recruitment, proliferation and
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differentiation of cells involved in regeneration. The rationale
for PRP rests in the supra-physiologic concentration of
platelets releasing a variety of bioactive proteins (growth
factors)  responsible  for  attracting  macrophages,
mesenchymal stem cells, and osteoblasts that respectively
promote necrotic tissue removal, collagen synthesis and
healing.

The use of proliferants to treat chronic pain, underlying
instability, and associated sympathetic symptoms [126] (FIG.
7) has a long history, with positive biological responses
documented in a variety of studies. Case reports [ 127 ]
reviewing Prolotherapy for whiplash-related chronic neck
pain, to open-face prospective and double-blind, placebo
controlled studies [ 128 | have documented -clinically
significant improvements in pain reduction. Similarly
favorable results were observed in a double blind clinical
study by Ongley et al [129], in which more than 50 percent
of patients with chronic lower-back pain experienced
significant improvement, following dextrose/phenol/glycerin
vs. saline injections. More successful results were noted by
Bourdeau [130], who published a 5-year retrospective survey
of patients treated with Prolotherapy for lower back pain,
citing a 70 percent improvement. Klein et al [131] presented
a randomized, double-blind clinical trial of 79 patients who
previously failed conservative treatments for chronic low
back pain. Following a 6-month evaluation, 30 of the 39
patients randomly assigned to the proliferation treatment
group achieved a 50 percent or greater decrease in pain.

Studies [ 132,133 ] have been published on favorable
cervical Prolotherapy outcomes. In a retrospective case series,
Hooper et al [134] investigated the clinical benefits of
intraarticular regeneration injections (Prolotherapy) for
chronic whiplash related neck pain. 20 percent dextrose
solution was injected in patients identified as having ligament
laxity of the zygapophysial joint. The authors concluded that
the procedure improved pain, function, and appeared safe and
highly effective in addressing the underlying pathology,
rather than just treating the symptoms. In a separate
retrospective case series, Hooper et al [135] investigated the
clinical benefits of dextrose Prolotherapy for patients with a
history of chronic spinal pain. One hundred and seventy-
seven consecutive patients completed Prolotherapy treatment
(performed on a weekly basis for up to 3 weeks) and were
followed for a period spanning from 2 months to 2.5 years.
Patient-reported outcomes demonstrated a 91.0 percent
reduction in pain level; as well as 84.8 and 84.3 percent
improvement in daily living activities and ability to work,
respectively. Recent research, using flexion/extension x-rays
to study C-spinal instability and fluoroscopically guided

cervical Prolotherapy, exhibited statistically significant
correlations between a reduction in both cervical flexion and
extension translation and improvement in the patient pain
level [136]. Although such results are promising in regards to
the management of neck pain, an observational study [137]
examining Prolotherapy for unresolved neck pain also
considered quality of life measurements. The results of the
uncontrolled study demonstrated that Prolotherapy may
decrease pain and improve quality of life in patients with
unresolved neck pain. Notably, decreases in pain, stiffness
and crunching levels achieved statistical significance even in
subjects whose medical doctors conceded that surgery was
the only option for treating their neck pain. Other studies
[138,139,140,141,142, 143] report favorable results with
Prolotherapy for C-spine related trauma.

The Biology of Prolotherap
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typically done every four to six
weeks to simulate the normal
healing tissue repair cascade.

Ligament and tendon tissue repair ti

Bleeding

Proliferation

Inflammation Remodeling
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Inflammatory Cascade.

After tissue damage by injury, the body attempts to
heal the area by mediating this cascade. When the
body is unable to heal itself, which is often the case
when avascular (no or little blood supply) tissues such
as ligaments, tendons, cartilage and fibrocartilage
(meniscus and labrum) are injured, Prolotherapy is
utilized to stimulate healing.

Proliferation Cascade.
Prolotherapy stimulates healing via inflammation.
After Prolotherapy solutions are injected into the.
injury site, a cellular reaction takes place in which
various cells including fibroblasts, endothelial cells
and myofibroblasts form new blood vessels and
ultimately lay down collagen which enhances tissue
repair and strength.

Tissue Remodeling Cascade.

The final phase of healing is tissue remodeling.

For many months after an injury or Prolotherapy, tissue
continues to remodel. The new tissue that results looks
and functions very closely to the original tissue before

the injury. Once the tissue strength approaches that

of the normal parent tissue, pain resolves.

Fig. 6. The Biology of Prolotherapy.
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Prolotherapy to cervical facet joints is shown in this 3D
model. By stabilizing cervical vertebral motion, Prolotherapy
may resolve cervical instability and related symptoms, including

23

chronic neck pain.

Fig. 7. Prolotherapy to cervical facet joint is shown in this 3D model.

3. Materials and Methods
3.1. Patients

This study involved 21 patients (13 women and 8 men) out
of 23 consecutive patients who sought treatment for C1-C7
cervicalgia. The 21 patients characterize all the qualifying
criteria- they were treated with Prolotherapy for chronic neck
pain at our private pain clinic from 2008 through early-2013.
Patient inclusion criteria were age > 18 (average patient age
was 44 +12); upper cervical instability due to traumatic or
degenerative causes; neck pain with associated symptoms;
sub-occipital headaches and/or migraine headaches;
tenderness in upper C-spine and occipito-cervical junction;
ligament laxity precipitated by instability; symptoms greater
than 6 months; positional radiculopathy (defined as
intermittent numbness, tingling, or pain that radiates down
the arm(s) as related to neck position); leg paresthesia
without evidence of myelopathy; and completion of dextrose

Prolotherapy treatment course at least 6 months prior to study.

General exclusion criteria were rheumatoid arthritis, Down’s
syndrome, cervical fractures, continuous radiculopathy, and
os odontoideum.

Prior to Prolotherapy, 19 patients received cervical
manipulation (including self-manipulation or that performed
by a licensed chiropractor), performed in a professional
setting and/or self-manipulation. The total number of high-
velocity treatments received ranged from 3 to hundreds. Prior
to high-velocity manipulation, 47 percent of patients
experienced stiffness; 28 percent limited ROM; and 52
percent crepitation/clicking/crunching. Other symptoms
included headache, muscle weakness, cognitive difficulty,
fatigue, nausea and tinnitus. Patients reported that these
symptoms remained despite the number of manipulations that

they received. In two cases, patients reported that they felt
cervical spine manipulations made their symptoms worse. An
average of 4 months (range 0 to 6 months) lapsed between
final manipulation session and first Prolotherapy treatment.

3.2. Intervention

For dextrose Prolotherapy, the injection sites were first
sterilized with Maxiclens (containing chlorhexidine); after
which the topical anesthetic lidocaine 5% cream was applied,
and wiped clean using hydrogen peroxide and ChloraPrep
after 10 to 15 minutes. All patients were treated with a 15
percent dextrose, 0.1 percent procaine, and 10 percent
sarapin solution. 4 patients received this basic solution alone,
while in 9 of the 21 cases, each syringe of this solution
included an additional 0.5 cc of sodium morrhuate
(50mg/mL). 3 patients were treated with an addition of
platelet rich plasma (PRP) from their own blood. The
remaining patients received the dextrose solution mentioned
above with the addition of 1.0 cc of polidocanol (5 mg/mL),
1.0 cc of manganese (0.1 mg/mL), or a combination thereof
in each syringe. This was determined based on the severity of
symptoms and patient’s progress, as additives increase the
inflammatory response. The cervical spine (C1l to C7) was
injected with varying units of solution, ranging from 50-80cc,
depending on the degree of injury as well as the number of
areas treated per day. The latter included bony structures of
the C-spine, such as the three basic vertebral functioning
structures (lamina, transverse processes and facet joints), the
mastoid process, and segments of the occiput, scapula and
clavicle. Bony structure muscle attachments treated included
suboccipital triangle, erector spinae group, side and anterior
neck muscles, serratus anterior and trapezius, as well as both
the capitis and cervicis splenius muscles. The mean number
of Prolotherapy treatments was 6.6 (2 to 15). The mean
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duration of the treatment period was 15 months.
3.3. Data Collection

A questionnaire was distributed in which patients used a
10 point scale (0= no pain and 10 = crippling/severe pain) to
rate neck, head and facial pre-treatment and post-treatment
pain magnitude while at rest, as well as during normal
activities and exercise. The same rating scale was used to
assess stiffness (0 = no stiffness and 10 = extremely stiff);
range of motion (0 = no range of motion problem and 10 =
extreme limitation to range of motion); crepitation (0 = no
crunching and 10 = extreme level of crunching); and
numbness (0 = no numbness and 10 = extremely numb).
Multiple choice questions were used to determine pre- and
post-treatment exercise ability, including: overall sustained
improvement; and, average daily overall ability to exercise
six weeks or more following their last treatment. The
multiple choice options included: (a) no exercising
restrictions (no symptoms); (b) mildly compromised; (c)
moderately compromised; (d) severely compromised; (e)
totally compromised.

Follow-up questions involved patients ranking the
percentage of overall sustained daily improvement with
regard to pain, stiffness, range of motion, crepitation, and
numbness, currently to at least six weeks or longer following
treatment. If the patient’s sustained improvement was < 100
percent, multiple choice questions were provided to quality
the reason, including: (a) recommended number of treatments
not received; (b) re-injury performing normal activities; (c)
re-injury doing somewhat unreasonable activity; (d) poor

adherence to doctor’s exercise/muscle toning
recommendation; (e) poor adherence to weight loss
recommendation; (f) insufficient diet modification to

improve injection efficacy; (g) development of other medical
conditions that affected Prolotherapy’s potential; (h) Little
benefit realized from Prolotherapy; (i) n/a. Lastly, the
questionnaire considered surgery as a possible option before
and after treatment. Specifically, patients were asked whether
they consulted another physician or surgeon prior to
receiving Prolotherapy for their respective conditions. If so,
patients were asked as to whether the physician or surgeon
recommended surgery, and which type of surgical procedure
in particular.

3.4. Results

Patient-reported outcomes were obtained at a mean of 24
months following completion of treatment (range 1 to 39
months). Significant reductions (p < 0.001 [a = 0.05]), were
observed in pain rating for pain at rest (mean + SD of 5.743.0
at baseline vs. 1.5£1 post-treatment); pain during normal
activity (6.6+2.4 vs. 1.3£1.6); and during exercise (7.7+2.6
vs. 1.9£2.3). Pain ratings in the three categories were reduced
by 82.5%, 80.3%, and 75.4% of their baseline values,
respectively. Although female patients were presented with a
longer history of pain compared to males (7.6 months vs. 4.7),
no significant gender difference was observed for the

response of pain to treatment. For stiffness, ROM, crepitation
and numbness, only patients with non-zero baselines values
were analyzed. All patients had non-zero baseline values for
at least one of these categories, and 9 patients had non-zero
baseline values for at least two categories. With the exception
of one patient who reported no gain for crunching/crepitation,
all patients with non-zero baselines for these categories
experienced  improvement. For  stiffness, = ROM,
crunching/crepitation, and numbness, the baseline vs. post-
treatment ratings were, respectively, 5.8+3.5 vs. 1.3+1.8;
4.843.6 vs. 1.5+£2.5; 5.8+3.5vs.2.2 +2.6; and, 3.2+3.9 vs.
0.3+£0.9. No patient reported an adverse result (increased
rating) for these outcomes.

Patient-reported daily overall sustained improvement (pain,
stiffness, ROM, crepitation, numbness) after > six weeks of
receiving Prolotherapy was 86 percent = 16 percent. 7 patients
of 21 (33 percent) reported 100 percent improvement, while
the remaining attributed the lack of complete sustained
improvement to: not receiving the recommended number of
treatments (23 percent); re-injury while performing normal
activities (14 percent); re-injury while performing an
unreasonable activity (9 percent); and N/A (52 percent). 19 of
21 patients with compromised ability to exercise at baseline
reported improved ability to exercise post-treatment. 8 of 21
(38 percent) reported a complete inability to exercise before
treatment, and only 2 of 21 (9 percent) were capable of
exercising vigorously without restriction. After treatment, no
patient reported complete inability to exercise and 6 of 21 (29
percent) regained capacity for unlimited exercise. To gauge
overall satisfaction with the treatment, 95 percent of patients
reported “yes” in response to whether Prolotherapy met overall
expectations, while one patient responded “somewhat.” 11 of
21 patients (52 percent) reported that they discontinued
treatment because they were either pain/symptom-free or
happy with the results though not 100% relieved of pain and/or
other symptoms. Prior to Prolotherapy treatments, two patients
were recommended by a physician or surgeon to have a
cervical fusion operation. After completing their course of
treatment, neither of these patients felt they needed an
operation due to relief of symptoms.

No adverse outcomes were reported.

4. Clinical Bottom Line

4.1. Discussion

This retrospective case series represents one of the few
studies supporting the use of Prolotherapy in the treatment of
chronic neck pain and cervical instability. The study results
are compelling as they indicate a positive correlation between
proliferant injections and reductions in pain and improved
functionality. 20 of 21 patients reported post-treatment
reduction in all three pain categories (while at rest, during
normal activity and exercise), and 20 of 21 patients reported
improvement in all four functional categories (stiffness,
ROM, crepitation/crunching, and numbness). On the
questionnaire, 95 percent of patients expressed a positive
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view of their experience with Prolotherapy, while the
remaining 5 percent reported that the treatment met their
expectations “somewhat.”

In spite of the statistically significant study results and
encouraging patient experiences, which provide valuable
insights into the effectiveness of Prolotherapy for the greater
population, this clinical pilot study has several limitations.
The small sample size acceptably supports efficacy, action
and safety of Prolotherapy for upper and lower cervical spine
instability, but the absence of controls may not definitively
support the treatment’s effectiveness and therapeutic claims.
Additional disadvantages relate to the uncertain effect that
the injection agents (dextrose, sarapin, PRP, manganese, Na
Morrhuate, polidocanol) may have on the treatment outcome.
It may also be probable that some patient improvements may
have been spontaneous; however, most patients experienced
chronic neck pain for an average of 12 months prior to first
Prolotherapy treatment, and time dependence did not play a
role in symptom relief, which for 8 patients occurred at 2 to 6
months of treatment. As such, this preliminary data suggest
that much of the gain observed may be directly related to
treatment. Additional limitations concern the reliance on
post-hoc  questionnaires and paucity of meaningful
interpretations and true event rates due to small number of
participants. Nevertheless, the percentage of daily overall
sustained improvement attests to moderate objective
validation of patient benefit, and the marked frequency of
complete post-treatment relief from high baseline values
suggests that post-hoc outcome interpretations are not major
confounding factors.

Ultimately, considering the statistically significant
percentage of total improvements, and the fact that all but 1
study subject expressed overall satisfaction, the study’s
hypothesis- that Prolotherapy is a viable treatment option for
CCSI- has been validated. Stiffness, range of motion,
activities of daily living and athletic ability, as well as pain
level, are critical factors affecting patients with cervical spine
instability. Based on our study results, it is apparent that
proliferative injection therapy directly addresses these quality
of life issues, and the improvements are objective. On
account of research protocols, our study parameters were
strict for every patient; however, in a regular private clinic
setting, Prolotherapy solution strength and variety may be
modified, treatment durations are more flexible, and
additional measures are taken to continuously ensure even
greater improved outcomes.

Hypertonic dextrose Prolotherapy benefits lie in directly
acting on lesions by eliciting vital inflammatory responses
like fibroblast and platelet activation, as well as stimulation
of cell replication and angiogenesis, which trigger a wide
array of regenerative cellular processes. Considering the
uncertain efficacy of current conservative treatments, as well
as risks, failure rate and expenses associated with suboptimal
invasive interventions, proliferative therapy may serve as a
viable adjunct to conservative management, and more pivotal
research protocols are merited to corroborate on the manifold
preventive and regenerative benefits, observed in this study.

4.2. Conclusion

Biological models have demonstrated that injuries to the
osseous or soft tissues of a joint predispose it to premature,
painful, degenerative changes. Particularly, a poorly
functioning 3-joint complex of the C-spine (disk and two
facet joints) may lead to inter-segmental laxity or instability,
with possible facet mediated chronic neck pain.
Epidemiological studies, crash testing, and anatomical data
all corroborate the fact that cervical facet joints are richly
innervated, heal poorly on account of inadequate blood
supply, and are prone to injury during even low vehicular
impact. A valuable diagnostic tool includes digital motion
radiography (video fluoroscopy) to assess painful
hypermobility and instability due to post-traumatic and
degenerative pathology of capsular and axial ligaments.

Patients with chronic neck pain may go through numerous
treatments such as chiropractic, physical therapy and more
invasive procedures to relieve pain, whereas more targeted
interventions to manage instability and cervical facet joint
pain are warranted. The current scientific research relevant to
the use of Prolotherapy for clinical cervical spine instability
and chronic neck pain provides preliminary evidence
supporting the use of hypertonic dextrose injectants in
repairing joint laxity, hypermobility and corollary hallmark
complaints like neck pain, headache/migraine,, crepitation,
dizziness, tinnitus, and vertigo. On the basis of the scarcity of
randomized, controlled studies investigating the clinical
efficacy of Prolotherapy for cervical musculoskeletal
conditions, therapeutic efficacy remains inconclusive, though
statistically significant improvements consistently observed
in literature reviews and pilot studies provides a justification
for future investigations. The substantial gains in pain relief
and functionality and lack of adverse effects in the greater
majority of our study participants suggest that the procedure
is potentially efficacious, comprehensive, exhibits a high
safety record, and cost-effective. The effective use of limited
resources minimalized factors confining study outcomes, and
it is hoped that the statistically significant results can guide
future clinical and translational research of Prolotherapy for
clinical cervical spine instability.

*Creep: Time dependent elongation of a tissue when
subjected to a constant stress
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