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Abstract

Background Patients with cervicogenic symptoms following a concussion have shown a disproportionate rate of delayed
symptom resolution. However, the prevalence of cervicogenic symptoms in the acute stages following a concussion and
the percentage of those patients who continue on to suffer delayed symptom resolution is poorly described in the literature.
Objectives To provide a comprehensive report on the clinical prevalence, diagnostic methods, and potential treatment options
for cervicogenic symptoms that are elicited during acute and chronic phases following a concussion.

Methods Electronic searches were conducted in PubMed, SPORTDiscus, ICL, CINAHL and PEDro, from inception to
May 2020, to identify original research articles on concussion involving cervicogenic symptoms. We assessed each included
article for risk of bias, methodological quality, level of evidence and evidence quality. The articles were categorized into
three topics: (1) prevalence of post-concussion cervicogenic symptoms; (2) diagnostic testing for cervicogenic symptoms,
and (3) treatment techniques for cervicogenic symptoms.

Results The initial review resulted in 1443 abstracts, of which 103 abstracts met the inclusion criteria of our research. After
the review of full text, 80 articles were excluded, which resulted in a total of 23 articles for this systematic review. Preva-
lence of cervicogenic symptoms in the acute stages ranged from 7 to 69% and increased to 90% in patients experiencing
persistent post-concussive symptoms. Neck pain at initial evaluation increased risk of developing persistent post-concussive
symptoms (PPCS) by 2.58-6.38 times. Patient-reported outcome measures (e.g., Neck Disability Index, Dizziness Handicap
Inventory, and Rivermead Post-Concussion Questionnaire) can identify patients with cervicogenic symptoms that should be
further differentiated by clinical testing. Lastly, treatment using graded cervical manual therapy has shown to reduce time
to symptom resolution and medical clearance.

Conclusions Cervicogenic symptoms are prevalent in the acute and chronic stages following concussion, which if not diag-
nosed appropriately increase the likelihood of PPCS. Several clinical tests are available to help differentiate cervicogenic
symptoms; however, lack of awareness and hesitation by practitioners limits their use. More randomized controlled trials
are necessary to evaluate the effectiveness of cervical specific treatment programs for PPCS.
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Key Points

Cervicogenic symptoms at the time of initial evaluation
lead to a higher incidence of persistent post-concussive
symptoms (PPCS).

Lack of knowledge among clinicians with respect to
appropriate clinical test and diagnostic criteria limits
understanding of the true prevalence of comorbid cervi-
cal pathology following a concussion.

While several evidence based therapeutic modalities
have been widely accepted as treatments for cervicogenic
symptoms, the extent to which those treatments translate
to treating PPCS patients with a cervical symptom pro-
file is poorly described throughout the literature.

ent grades of severity, nor reflect newer insights into
the persistence of symptoms and/or abnormalities on
specific investigational modalities[1].

While approximately 70-90% of all concussion cases
follow a typical trajectory of symptom resolution within
14 days for adults and 27 days for adolescents and children
[1, 4], there is a growing body of literature suggesting a
comorbid injury may be associated with a delay in symp-
tom resolution and lead to the development of persistent
post-concussive symptoms (PPCS) [5-7, 22]. Specifically,
patients suffering from cervicogenic symptoms (e.g., head-
ache and or dizziness originating at the occiput, neck pain)
often experience delayed symptom resolution [8—12]. The
hallmark characteristics of a cervical clinical profile are
described in Table 1. The need for a comprehensive mul-
tifaceted post-concussion assessment aimed at differentiat-
ing cervicogenic, oculomotor, and vestibular symptoms from
symptoms originating from central nervous system injury
has emerged and been widely recommended [9, 13, 14]. This
clinical assessment should include a comprehensive set of

clinical tests and neurologic outcome measures (e.g., symp-
tom reports, neurological screen, balance, visual, vestibulo-
ocular, cervical spine and cognitive assessment) that can
differentiate the origin of associated symptoms [9, 14, 15].
It has been suggested that this may be the solution to holisti-
cally gauge whether, and to what extent, symptoms may be
attributed to central nervous system injury and/or comorbid
pathology [16].

In considering potential preventive and interventional
measures for the treatment of PPCS, particularly for those
who manifest with an array of cervicogenic symptoms, it
is imperative to understand the prevalence of concussed
patients with cervical symptoms, potential causes, and
effectiveness of preventive and treatment measures [17].
While cervicogenic symptoms have been implicated in
contributing to delayed recovery following a concussion,
little is known about what percentage of concussed indi-
viduals suffer from this comorbid pathology both in the
acute and chronic stages. Moreover, it remains unclear
how many clinicians take the time to screen for cervi-
cogenic symptoms, which further complicates efforts to
understand the true prevalence of these symptoms. Lastly,
while therapeutic modalities such as massage, cervi-
cal spine proprioception retraining, vibration, manual
manipulations, stretching and traction are widely accepted
treatments for cervicogenic symptoms, the nature of how
effective those treatments and other active rehabilitation
techniques translate into the treatment of PPCS patients
with a cervical symptom profile is poorly described
throughout the literature.

The aim of this study was to perform a systematic review
of the literature pertaining to the prevalence and evaluation
of cervicogenic symptoms following a concussion, and to
inform the potential interaction between the pathophysiol-
ogy of PPCS and comorbid cervical pathology. High-level
evidence and data were synthesized to provide a comprehen-
sive report on (1) the frequency with which patients suffer
from cervicogenic symptoms in both the chronic and acute
phases following a concussion; (2) the methodologies that

Table 1 Hallmark traits of a cervical clinical profile following a concussion

Neck pain

Numerous pain-sensitive structures exist in the cervical and occipital regions. Pain generating structures include the

joint ligaments, cervical nerve roots and vertebral arteries passing through the cervical vertebral bodies and may be
compromised during a concussion due to quick acceleration and deceleration of the head

Cervicogenic dizziness

Cervicogenic dizziness is characterized by the presence of imbalance, unsteadiness, disorientation, neck pain, limited

cervical range of motion (ROM), and may be accompanied by a headache. The cervical spine is typically considered
the cause of the dizziness when all other potential causes of dizziness are excluded

Cervicogenic headache

Cervicogenic headache is a secondary headache due to a disorder of the cervical spine. Cervicogenic headaches are

often characterized by reduced range of neck motion and worsening headache with certain movements or pressure
applied to certain points on the neck. The headaches are often unilateral and the pain may radiate from the neck/
back of the head up to the front of the head or behind the eye. The headache may or may not be associated with a

complaint of neck pain
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are effective in identifying cervicogenic symptoms following
a concussion, and (3) potential treatments for patients who
are diagnosed as having a cervical clinical profile following
a concussion.

2 Methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [18].

2.1 Data Sources and Search Strategy

A systematic review of the current literature was per-
formed by two independent reviewers using the electronic
databases PubMed, SportDiscus, Index to Chiropractic
Literature (ICL), Cochrane Library databases and Physi-
otherapy Evidence Database (PEDro) from January 1st,
1990 to May 26th, 2020. The following keywords were
used in different combinations: concussion, neck, cervi-
cal, post-concussion syndrome, physical therapy, athletic
training, treatment, chiropractic, and manual therapy. For
the complete list of combinations, see Table 2. Reference
lists of articles meeting the selection criteria were also
collected. Searches were limited to human participants and
English language publications. All records of literature
search were examined by title and abstract to exclude irrel-
evant records. All abstracts that are related to concussion
involving cervicogenic symptoms were selected for a full
reading of the article.

2.2 Eligibility Criteria

This systematic review included original research articles
on concussion that involve cervicogenic symptoms. Exclu-
sion criteria were foreign origin papers other than English,
abstracts, case studies, editorials, magazine articles, and
papers that did not fall within the three main topics listed
below. Review articles were considered separately and incor-
porated into the discussion for context. The selection of arti-
cles is shown in Fig. 1. Following this search, the articles
were categorized into three main topics:

(1) Prevalence of cervicogenic symptoms following a con-
cussion and potential complications associated with a
cervicogenic symptom profile.

(2) Diagnostic and classification criteria for the differential
diagnosis of cervicogenic symptoms and classification
of a cervical clinical profile following a concussion.

(3) Evidence-based treatment for cervicogenic symptoms
following a concussion.

2.3 Study Selection

Two authors (KC and KK) performed independently the
identification, screening, eligibility and inclusion of stud-
ies (Appendix a), with disagreement settled by consen-
sus judgement. The following were recorded: first author,
year of publication, study design, age of patients, time
since concussion, diagnostic methodology, treatment
methodology, main outcome, and relevant results with
respect to our aims. When included studies referenced
previous papers for details of their methods, full texts of

Table 2 Detailed literature

Database Keywords Total Abstracts Articles
search (January 1, 1990-May reviewed included
27, 2020)

PubMed Concussion, neck 455 51 14

PubMed Concussion, Chiropractic 38 5 2

PubMed Concussion, athletic training, cervical 126 5 1

PubMed Concussion, pcs, physical therapy 37 8 1

PubMed Concussion, cervical, treatment 300 13 1

SportDiscus Concussion, neck 41 1 0

SportDiscus Concussion, neck, treatment 1 0 0

SportDiscus Concussion, cervical 27 1 1

SportDiscus Concussion, physical therapy 11 1 0

SportDiscus Concussion, cervical, PCS 57 7 1

ICL Cervical, concussion 17 3 0

Cochrane Concussion 0 0

PEDro Concussion, cervical 3 0 0

PEDro Concussion, treatment 14 3 1

PEDro Concussion, physical therapy 314 6 1

Total 1443 103 23
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13 articles
“prevalence of
cervicogenic symptoms’
Inclusion criteria

4

Inclusion criteria
23 articles

5 articles
“Diagnostic criteria for
identifying cervicogenic
symptoms”

Original Research
1,443 results »
(keywords)

103 abstracts
selected and read

5 articles
“Evidence based
treatment for
cervicogenic symptoms’

|
1

4

Exclusion criteria
80 articles

60 articles
Did not match the
purpose or objectives of

'

Fig.1 PRISMA flow diagram

these references were screened, and available data were
extracted. In addition, data listed in supplementary docu-
ments were also extracted in an attempt to present a fully
comprehensive review of the literature.

2.4 Risk of Bias Selection

Two reviewers (KC and KK) independently assessed the risk
of bias of the included studies using the Quality in Prognos-
tic Studies (QUIPS) tool, which grades six separate study
domains (selection of participants, study attrition, prognostic
factor measurement, outcome measurement, study confound-
ing and statistical analyses) according to their risk of bias (low,
medium or high risk of bias).

the study

(1) 6 case studies
(2) 4 non-english
(3) 2 expert opinion
(4) 8 Review papers

3 Results
3.1 Study Characteristics

The literature search yielded 1443 abstracts after removal
of duplicates for initial review, and 103 abstracts met the
inclusion criteria of our research (Fig. 1). The full text of all
103 articles were analyzed. Eighty articles were excluded
for the following reasons: the main topic did not match the
three topics of this study (n=60), were case studies (n="6),
in a foreign language (n=4), expert opinion (n=2), or a
literature review (n=238). In total 23 articles met the inclusion
criteria for this systematic review. The selected articles are
described in Tables 3, 4 and 5.
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Table 3 (continued)

Main outcomes findings

Methods

Time since concussion

Population

Risk of bias Study objective

References

Neck or shoulder pain was

Retrospective review

Median 9 days

580 concussed; 312 (53.7%)

Examine the effect of current

Low

Provance [26]

associated with longer

reported shoulder or neck

pain

neck or shoulder pain on
concussion outcomes

symptom resolution time

6.38,95% CI 2.14,

(beta

=0.002), more severe
symptoms (beta="7.06, 95%

10.31; p

0.004), and

post-injury sleep problems

CI1.23,293;p

2.20,CI1.51,3.21;

p<0.001)
Physical therapy for neck treat-

(OR=

Retrospective chart review

Median 39 days

To explore how often neck and 147 patients

Van der Walk [25] Low

ment was recommended in 80

cases (54%)
Vestibulo-ocular treatment in

Mean 46+ 51 days

or vestibulo-ocular treatment
is received or recommended

in people with PCS

106 cases (72%)
59 cases (40%) received treat-

ment or recommendation for

both

3.2 Prevalence of Cervicogenic Symptoms
Following a Concussion and Potential
Complications Associated with a Cervicogenic
Symptom Profile.

The present review identified 13 original articles that
explored the prevalence of cervicogenic symptoms fol-
lowing concussion and potential complications. First,
four articles examined the frequency of neck pain in the
acute stages following a concussion [19-22]. Prevalence
of comorbid neck pain at time of initial assessment fol-
lowing a concussion ranged from 7.2 to 68.4%. The preva-
lence of cervicogenic symptoms in patients with PPCS
was described in five articles and ranged from 12 to 90%
with neck pain and dizziness being the most prevalent
symptoms [11, 19, 23-25]. Lastly, six articles demon-
strated potential consequences of cervicogenic symp-
toms such as delayed symptom resolution (e.g., persisted
10 days longer than those without) [7], where the pres-
ence of neck pain at time of initial evaluation increased
the risk of developing PPCS by 2.58-6.38 times [11, 22,
26-29].

3.3 Diagnostic and Classification Criteria
for the Differential Diagnosis of Cervicogenic
Symptoms and a Cervical Clinical Profile
Following a Concussion

The criteria for multifaceted diagnostic evaluations to dif-
ferentiate cervicogenic symptoms following concussion
was the topic of five original research articles [9, 30-33].
These articles revealed how post-concussive symptoms
(e.g., headache, dizziness and neck pain) can be derived
from the Neck Disability Index, Dizziness Handicap
Inventory, Rivermead Post-Concussion Questionnaire,
and single item severity scores may be used to identify
those at risk of cervical dysfunction necessitating a more
thorough cervical exam [1, 33-35]. Numerous clinical
tests such as: cervical strength testing, neck palpation,
cervical joint position error test, cervical flexion-rota-
tion test, head and neck differentiation test, and smooth
pursuit neck torsion test were identified throughout the
literature search and may be useful when differentiating
cervical dysfunction [34, 36]. Despite these findings, it
became clear that many clinicians are unfamiliar with the
process of identifying cervical dysfunction; therefore,
cervical tests are not ubiquitously employed in clinical
practice [30, 31, 37].
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3.4 Evidence-Based Treatment for Cervicogenic
Symptoms Following a Concussion

A total of five original research articles [10, 38—41] were
used to make the clinical recommendations surrounding
the treatment effect on cervicogenic symptoms follow-
ing a concussion. The present systematic review revealed
that active rehabilitation is both feasible and productive
in patients suffering from Cervicogenic PPCS following
a thorough physical exam to identify signs of a cervical
clinical profile and rule out any red flags (e.g., cervical
instability). Schneider et al. [10] demonstrated PPCS
patients who received therapy were 3.91 times more likely
to resolve cervicogenic symptoms within 8 weeks. Simi-
larly, a randomized controlled trail by Reneker et al. [39]
showed a reduction in time to medical clearance (15.5 vs
26 days) and median days to symptomatic recovery (13.5
vs 17 days) in patients who received individualized pro-
gressive manual therapy such as massage, traction, joint
mobilizations and joint reposition training compared to
those who received a sham treatment. The authors of these
studies reported no complications throughout their treat-
ment protocols further demonstrating the utility and safety
of introducing therapy early in patients with cervicogenic
symptoms.

4 Discussion

Several decades of concussion research have advanced
our knowledge in concussion pathophysiology, diagnosis,
and prognostic outlook. Recent research indicates that the
mechanism that produces concussion can induce both neu-
ral injury in the brain parenchyma and also neck/cervical
injury [11, 27, 34]. Symptoms elicited by CNS injury and
cervical injury are surprisingly similar but broadly classi-
fied as concussion symptoms devoid of a differential diag-
nosis. This systematic review aimed to uncover the acute
and chronic response profile of cervicogenic symptoms
following a concussion, determine effective diagnostic
tools for cervical dysfunction, and examine the effective-
ness of treatment for post-concussive cervical dysfunc-
tion. Our review revealed that as many as 68% of patients
suffer cervical symptoms during the acute stages follow-
ing a concussion, while as many as 90% of PPCS patients
complain of one or more cervical symptoms. Moreover, a
lack of knowledge and clinical experience limited the use
of a cervical differential diagnosis by clinicians following
a concussion, which significantly hinders true prevalence
of comorbid cervical pathology. Furthermore, without
proper differential diagnosis, cervical symptoms such as

neck pain, tension headache, or dizziness, can be misattrib-
uted to vestibular or oculomotor deficits. Lastly, it became
evident that patients who were identified as suffering from
cervicogenic symptoms may benefit from immediate inter-
vention, including a graded increase in manual therapy and
aerobic exercise, which may reduce the risk of developing
PPCS.

4.1 What are Cervicogenic Symptoms and What
do they Mean Following a Concussion?

While cervicogenic symptoms were first noted following
concussion as early as 70 years ago [42], it has only been
within the past 5 years that widespread effort has been
made to understand the implications of comorbid cervical
pathology after a concussion [16, 43]. Several studies have
since revealed that as high as 90% of PPCS patients suffer
from cervicogenic symptom such as neck pain, cervico-
genic headache, and dizziness [11, 21, 22]. The prevalence
of comorbid neck pain acutely, or at time of concussion,
ranged from 7 to 68% and appeared to be driven by age, sex,
reporting/research site and mechanism of injury [19-22].
In young patients, ranging in age from 5 to 21, the highest
incidence of comorbid neck pain was seen in 21-year-olds
and increased as age increased [21]. Additionally, there was
disproportionate reporting of neck pain acutely following a
concussion in females (4333/100,000 incidents) compared
to males (2995/100,000 incidents) [21]. This result was rep-
licated by Carmichael et al. who found females were more
likely to suffer comorbid neck pain than males [20]. This
may be partially explained by reports that suggest increased
neck strength may decrease linear acceleration of the head
in response to sports-related impacts [44—46]. Additionally,
neck stiffness and anticipation have been reported to play
a role in rate of head acceleration in response to sports-
related impacts [47]. Lastly, the mechanism of injury was
shown to alter prevalence where sports-related concussions
were associated with a lower rate of comorbid neck pain
when compared to non-sports-related concussion [19-21].
While the findings of these preliminary studies give clini-
cians some insight into the prevalence of acute cervico-
genic symptoms following a concussion, previous studies
were cohort studies utilizing data from emergency room
visits, which represents only a subset of concussive inju-
ries [19-22]. Many individuals who sustain a sports-related
concussion do not seek care from an emergency room and
instead report to an athletic trainer or other health care pro-
vider. Moreover, there may be a higher likelihood of an
individual seeking medical help at an emergency room if
neck pain is present due to the widely documented and pub-
licized risk of cervical spine injury.
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The prevalence of cervicogenic symptoms ranged from
12 to 90% of patients referred to specialty clinics due to
chronic and/or delayed symptom recovery. Across the PPCS
patient populations, it appeared that the presence of identi-
fied cervical symptoms was highly dependent on the type
of referral. Only 12% of all patients referred to a neuropsy-
chologist specializing in concussion management were
referred to physical therapists for neck pain or suspected
comorbid cervical pathology [23], while physical therapists
specializing in cervicogenic dysfunction identified comor-
bid cervical pathology in 84-90% of patients seen following
physician referral [24, 48]. This finding perhaps suggests
that individual clinicians trained in the differential diag-
nosis of cervical pathology may be more adept at identify-
ing comorbid cervical pathology rather than misattributing
these symptoms to other origins. In addition, several articles
identified the potential implications of comorbid cervical
pathology, such as delayed symptom resolution, delayed
return to activity, risk of future injury, and sensorimotor
deficits [11, 22, 26].

Overall, the presence of neck pain at first evaluation
increased the risk of developing PPCS by 2.58-6.38 times
[11, 22, 26], and patients with acute neck pain have more
severe overall post-concussion symptoms, as well as post-
concussion sleep disturbances [26]. Concussive impacts to
the head or neck have also been hypothesized to predispose
athletes to a risk of future injury, due to altered cervical
sensorimotor function such as decreases in cervical flexor
endurance and strength as well as decreased cervical kin-
esthesia [27-29]. Changes in deep cervical musculature
endurance, strength, and kinesthesia vary across concussed
patients, and this large inter-subject variation precludes
whether and to what extent cervical musculature plays a role
in developing cervicogenic dysfunction after a concussion
[49]. Additional research is needed to explore what factors
may be modifying cervical resiliency and vulnerability to
concussive injury.

4.2 How to Identify a Cervical Clinical Profile
Following a Concussion?

Understanding the mechanisms, causes and underlining
pathophysiology of cervicogenic symptoms following a
concussion is the next critical step to the prevention of
PPCS patients suffering from cervical symptoms. Ellis
et al. [16] first proposed the theory that PPCS patients can
be divided into specific post-concussion disorders (PCDs)
that could be characterized by features of clinical history,
symptom profile, physical exam, and treadmill exercise
testing [16]. These PCDs include: global brain metabolism
(physiologic PCD), or neurological sub-system dysfunc-
tion of either vestibulo-ocular PCD and/or cervicogenic

PCD. Since the emergence of this three part classifica-
tion system, Kontos et al. [9] released an alternative clini-
cal screening protocol that includes five clinical domains
based on symptom clusters: (1) anxiety/mood, (2) cog-
nitive/fatigue, (3) migraine, (4) ocular, and (5) vestibu-
lar. This protocol uses neck pathology as a modifying, or
contextual, factor that may alter each clinical domain in
a unique way [9].

Although a multifaceted concussion assessment is
widely recommended, it remains unclear what percentage
of clinicians are abiding by these recommendations. This
complicates an accurate understanding of the prevalence
of cervical involvement following a concussion, as certain
symptoms may be misdiagnosed and/or attributed to other
underlining mechanisms. A partial explanation for the lim-
ited clinical use of cervical testing was offered by Reneker
et al. [30]. In their survey of expert medical professionals,
no consensus was reached on the utility of cervical testing
after a concussion, despite demonstrated high sensitivity
in differentiating cervical dysfunction [30]. In contrast, a
strong-to-moderate consensus was reached by the expert
panel for each method presented to differentiate vestibular
and/or ocular motor dysfunction following a concussion.
The experts identified a lack of familiarity with these cer-
vical tests as the largest obstacle to implementing them in
their clinical practice. Similar studies since have explored
the attitudes and beliefs of physical therapists [31] and chi-
ropractors [32] only to reveal that they often lack the gen-
eral knowledge pertaining to conservative treatment proto-
cols and symptom profiles to recognize and conservatively
treat concussions. Additionally, many of these practitioners
reported an overall hesitancy to provide cervical treatment
after a concussion.

Despite disagreement and knowledge barriers between
clinicians, there is substantial evidence to suggest patient-
reported outcome measures such as the Neck Disability
Index, Dizziness Handicap Inventory, Rivermead Post-
Concussion Questionnaire, along with single item sever-
ity scores can identify cervical symptoms such as head-
ache, dizziness, and neck pain, which can be indicators
of a cervical clinical profile following a concussion [1,
33-35]. These measures can provide valuable insight into
the necessity for a more thorough cervical exam, while
also providing a means for assessment in tracking pro-
gress. Moreover, a differential physical exam designed to
identify comorbid cervical pathology following a concus-
sion should include tests such as range of motion, cervical
strength, neck palpation to explore for point tenderness,
joint position error test, flexion-rotation test, head and
neck differentiation test, and smooth pursuit neck torsion
test [34, 36]. Overall our findings suggest that practition-
ers who perform an acute physical examination of patients
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immediately following a concussion may be able to iden-
tify one or more potentially treatable post-concussion
symptoms that could then be addressed through active
rehabilitation.

4.3 What Should be Done Once a Cervical Clinical
Profile has been Identified?

The final step to the prevention of PPCS in patients suffer-
ing from cervical symptoms following a concussion is to
identify evidence-based treatment strategies and explore the
effectiveness of those strategies. Several active treatments
such as stretching, manual traction, cervical and/or vestibu-
lar physical therapy, cervical manipulation, and subthresh-
old aerobic exercise, have been proposed to improve symp-
tom resolution in both the acute and chronic stages after
a concussion, if implemented at the appropriate time [10,
38-41, 50-53]. The findings of this systematic review out-
line a three-phased approach that can be followed to identify
and treat comorbid cervical pathology following a concus-
sion. The steps to this process are as follows: (1) complete a
physical exam that identifies any potentially treatable post-
concussion disorder signs or symptoms including cervical
symptomology, while simultaneously clearing any red flags
that might prohibit progression; (2) if a cervicogenic com-
ponent is identified in the absence of any red flags, begin
graded cervical manual therapy with conservative treatment
measures and progress to more aggressive techniques as
symptoms permit, and (3) introduce graded aerobic exercise
as appropriate.

To start the physical exam of a patient with suspected
cervical clinical profile the first step is to rule out inju-
ries such as a cervical fracture, dislocation and/or an
otherwise unstable cervical spine, which may result in
a more complicated injury if not treated appropriately
[53]. This can be done utilizing the purser test, alar liga-
ment stress test, and physical palpation [36, 54]. While
palpating, signs of fracture or instability, such as muscle
guarding, extreme point tenderness and/or sharp radiat-
ing pain should be identified [53]. Stability and strength
should also be addressed by measuring deep cervical
musculature using the cranio-cervical flexion test. Signs
of neurological insufficiencies can also be measured uti-
lizing the smooth pursuit neck torsion and cervical joint
position error tests [34]. The patient-reported outcome
measures mentioned in the previous section may also be
beneficial in establishing a baseline level of dysfunction
as well as any signs that the patient may not be ready
to progress to the next stage of the intervention plan.
Lastly, graded aerobic exercise testing protocols such as
the Buffalo Concussion Treadmill Test (BCTT) may be

beneficial in identifying deficits due to altered cerebral
blood flow regulation, which is useful in the differential
diagnosis of one or more post-traumatic disorders after
concussive head injury [51, 52]. While a complete review
of the BCTT is beyond the scope of this review, cervico-
genic symptoms are typically not provoked or worsened
dearly during the treadmill exercise test. Sometimes neck
pain can develop when the patient is nearing exhaus-
tion on the treadmill or hours after the test is over (from
straining of the cervical muscles). Symptom exacerbation
in the early stages of the BCTT, conversely, is thought to
represent physiological dysfunction of the central auto-
nomic nervous system.

Following a physical exam in which no red flags are
raised, manual therapy should begin immediately starting
conservatively and progressing to more aggressive treat-
ment techniques based on the clinician’s educational train-
ing and scope of practice. A referral may be necessary in
some instances, especially for more aggressive manual
modalities such as cervical manipulation or integrated
cervical physical therapy. However, several conserva-
tive techniques such as gentle stretching, position release
therapy, vibration, light manual traction, and cervical
joint position error training have been shown to be effec-
tive starting points for any qualified clinician [10, 39-41].
In exploring the role of active physical therapy in PPCS,
expedited return to play and symptom resolution have been
seen in concussed patients who received treatment com-
pared with those who did not. Schneider et al. [10] reported
PPCS patients who received therapy were 3.91 times more
likely to be medically cleared in 8 weeks. Furthermore,
Reneker et al. [39] demonstrated a reduction in time to
medical clearance (15.5 vs 26 days) and median days to
post-concussion symptom recovery (13.5 vs 17 days) fol-
lowing targeted manual therapy, as compared to those who
received a sham treatment. These results demonstrate the
utility and safety of introducing physical therapy early in
patients with cervicogenic symptoms after a concussion.
Moreover, patients who undergo physiotherapy treatments
such as stretching, muscle strengthening and manual trac-
tion, achieved improvements on patient-specific functional
scales and reduced complaints of pain [40]. It is important
to note that these patients received non-specific physical
therapy treatments including both vestibular and cervical
components.

Although not included in this review, several case stud-
ies and case series have shown a significant reduction in
PPCS symptoms following highly specialized and targeted
intervention techniques such as cervical manual manipula-
tions and mobilizations [8, 55]. Moreover, Hammerle et al.
compared the use of vestibular vs cervical specific therapy
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by incorporating proprioceptive retraining and therapeutic
exercises in PPCS patients suffering from dizziness. In this
study, those in the cervical treatment group were 30 times
more likely to report improvement in dizziness severity
compared to a vestibular treatment group [41]. These pre-
liminary findings serve as a critical data when attempting to
design future randomized controlled trials to elucidate the
effectiveness of targeted cervical specific interventions on
cervicogenic PCS.

Finally, in conjunction with graded manual therapy,
graded aerobic exercise may commence where deemed
appropriate [16]. While initially a major concern in the
acute stages following a concussion due to the threat of
symptom provocation and delaying of symptom resolution,
direct evidence shows that graded aerobic exercise can be
safely integrated into the rehabilitation plan including the
treatment of patients with cervicogenic symptom profile
[39, 40, 52]. The present systematic review of the literature
did not identify any studies in which aerobic exercise was
incorporated as a treatment protocol specifically for patients
suffering from cervical profiles. However, several studies
have revealed the benefits of early graded aerobic exercise
in the treatment of patients suffering from post-concussion
symptoms [50, 51].

5 Conclusions

Concussion is a multifaceted injury that can be further com-
plicated by comorbid cervical pathology that requires a care-
ful diagnosis and treatment plan. The high prevalence rates
and potential implications of cervical pathology in associa-
tion with a concussion necessitate the inclusion of a cervical
spine differential diagnosis when signs of a clinical symptom
profile exist. The results from this systematic review suggest
that the prevalence of neck pain following a concussion is
dependent on several factors such as age, sex, mechanism,
and clinician’s proficiency in cervical diagnostic measures.
Further studies are needed to explore the role each of these
modifying factors play in the prevalence of comorbid cervi-
cal pathology following a concussion. Furthermore, addi-
tional research is warranted to identify the barriers clinicians
face when implementing cervical spine differential diagnosis
into their clinical treatment of concussion. Lastly, rigorous
randomized controlled trials should be conducted to deter-
mine the effectiveness of highly specialized treatments on
the cervical symptomology.

Appendix

See Table 6.

Table 6 Checklist to guide the selection of studies based on inclusion criteria

Item Question

Action

1 Did the study discuss cervical symptoms /cervical profile following a concussion?

2 Is the full manuscript of the article available and published in English?

3 Did the study utilize one of the eligible study designs?

4 Did the study discuss 1 of the following criteria?

(1) Prevalence of cervicogenic symptoms following a concussion and potential complications associated

with a cervicogenic symptom profile

Yes, move to next questions
No, study is excluded
Yes, Move to next questions
No, study is excluded
Yes, move to next questions
No, study is excluded
Yes, move to next questions
No, study is excluded

(2) Diagnostic and classification criteria for the differential diagnosis of cervicogenic symptoms and clas-

sification of a cervical clinical profile following a concussion

(3) Evidence-based treatment for cervicogenic symptoms following a concussion

5 Did the study discuss the prevalence of cervicogenic symptoms following a concussion and or potential
complications associated with a cervicogenic symptom profile?

Yes, move to question 6
No, move to question 8

6 Did the study discuss the prevalence of cervicogenic symptoms in the acute or chronic stages followinga  Yes, include study
concussion? No, move to question 7
7 Did the study discuss a complication associated with the presence of cervicogenic symptoms following a  Yes, include study
concussion? No, study is excluded
8 Did the article discuss a classification criteria or clinical test used for the identification and differentiation  Yes, include study

of cervicogenic symptoms following concussion?

9 Did the study describe a treatment protocol that was utilized for the treatment of cervicogenic symptoms

following a concussion?

No, Move to the next question

Yes, include study
No, study is excluded
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