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Cervicogenic headache (CH) is a unilateral headache that can
spread to the frontal- temporal and orbital regions and has been
defined by the International Headache Society as “pain, referred from
a source in the neck” [1]. The prevalence of CH is around 4% in the
general population ranging from 15% to 20% of all headaches [2-4].
Although the exact mechanism remains elusive, there appears to be a
correlation between mechanical dysfunction of the high cervical spine
and the development of CH [4-7].

The C2 dorsal ganglion is positioned within the confinement of
the C2 foramen between the inferior margin of the posterior arch
of atlas and the superior margin of the lamina of axis and occupies
about 76% of the available foraminal height [8,9]. The foraminal
space might become compromised during movement of atlas thereby
directly irritating the C2 ganglion, which has been related to the
development of CH [8,9]. The ligaments in the upper cervical segments
help guide normal movement patterns, and provide passive stability
[10]. Ligaments display relative flexibility around a “neutral” position
[11-13]. It appears that the suboccipital joints display a larger neutral
zone compared to the lower cervical segments, allowing relative small
forces of the suboccipital musculature to create motion of atlas within
the Atlanto-Axial (AA) joint [11,14-17]. An anatomical connective
tissue relationship between the rectus capitus posterior minor and the
dura mater has been identified [18,19]. Rocabado [20] found a similar
soft tissue connection between the posterior arch of atlas and the dura
mater, supporting the notion that anatomical position and motion of
atlas and axis could directly influence the neuromenigeal system [19].

Fielding and Hawkins introduced the term atlanto-axial rotatory
fixation to describe a phenomenon in which the atlas remains rotated
relative to the axis and occiput after undergoing trauma to the cervical
spine [21]. Local muscle spasms with or without the presence of a
swollen or disrupted joint capsule, or cartilaginous structures impinged
in the AA joint could potentially maintain a rotatory positional default
position of atlas [21-24]. Based on anatomical relationships atlas
position can affect both ligamentous and muscular functioning in
the high cervical region and might contribute to the development or
maintaining of CH. The purpose of this case study is to propose the
hypothesis that atlas can be in a rotatory positional default position
and to demonstrate the management of this clinical phenomenon in a
patient with CH following a whiplash injury.

Patient characteristics

The patient, a 20-year-old ectomorphic female, presenting two
months following a motor vehicle accident. She developed immediate
pain in the cervical region and a headache; therefore, she was evaluated
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in the ER and underwent a physical and radiological assessment (Figure
1). She was evaluated by a neurologist and diagnosed with cervicogenic
headaches, He referred her for physical therapy. Her subjective
complaints revealed daily headaches located in the occipital region
(R>L), radiating supra-orbital and posterior neck pain (R>L). The pain
was described as “sharper, especially with left rotation”. Additionally,
forward and backward bending of the neck, and performing overhead
activities provoked her pain. Her pain prevented participation
in normal daily and recreational activities. She denied dizziness,
numbness in any of the extremities, balance difficulties, or changes in
vision/hearing/smell. She denied any previous history of headaches,
cervical dysfunction, or trauma and she reported an unremarkable
medical history with a negative general health screen for the presence
of red or yellow flags; therefore further examination of this patient was
appropriate.

Figure 1. Lateral CSA radiograph.
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Examination

The patient completed self- report measures, followed by a physical
examination.

Self-reported measures (Tablel)

The visual analog scale (VAS) was used to assess pain at the time
of the evaluation [25]. The validity and reliability of the VAS have been
previously reported for patients with acute and chronic pain [26]. She
reported her pain at its best at 35 mm and at its worst at 90 mm on a
VAS. At the time of her evaluation the pain was at 84 mm.

The Neck Disability Index (NDI) was used to measure her self-
reported level of disability [27-29]. Content, construct validity, and
reliability of the NDI have been previously shown in patients with
neck pain [30,31]. Although the maximum score is 50, it was chosen
to calculate this patient’s score as a percentage, in which higher scores
would indicate higher levels of disability. The patient scored an NDI of
68% at the time of her evaluation.

Physical examination

The patient ambulated normally and appeared uncomfortable
during her intake interview. Visual inspection revealed a forward head
placement with a suboccipital extension position and bilateral shoulder
protraction (R>L). Forward head position can be attributed to a variety
of musculoskeletal dysfunctions, which include neck pain, headaches,
and craniofascial pain [32-37]. Active range of motion (AROM) was
used as a screening test and assessed in sitting [38]. A description
of the measurement protocol can be found in Table 1. The patient
demonstrated decreased forward bending of 40° limited by tightness

Table 1. Test procedures and outcomes for cervico-thoracic range of motion assessment.

and pain and backward bending was limited at 15° by pain. Rotation
left was 42° and rotation right was 65°. Side bending left was 32° and
right was 40°. She reported neck pain during the Spurling’s test and the
right Quadrant test; however, no radiating symptoms were reported,
indicating possible involvement of the facet joints, which could account
for the AROM loss [39]. The seated Sharp-Purser and supine alar
ligament tests were negative so it was assumed that the high cervical
ligamentous system was intact. She displayed a negative bilateral upper
limb tension test, normal bilateral muscle stretch reflexes in the UE’s,
negative cranial nerve testing [39], and normal bilateral myotomal
strength in the upper quadrant. Palpation revealed hypertonicity of the
suboccipital triangle (R>L), bilateral scalene (R>L), levator scapulae
(R>L), and trapezius muscles. Sensitivity to touch was present at the
nuchal line, suboccipital muscles (R>L), and the right facet capsules
of C2-C3 and C5-C6. Palpation for position revealed what appeared
to be a rotation of atlas in relationship to the occiput and axis, which
was evident by a relative anterior position of the left transverse process
compared to the right (palpated while the seated patient maintained a
protrusion of the mandible). These findings increased the probability
that a mechanical dysfunction in the spine could be the origination of
her problems.

Passive mobility assessment was performed to obtain an impression
about segmental mobility. Occipito-atlantal (OA) mobility was assessed
by cradling the head and making a side-bend motion around a virtual
pivot point through the mouth [40]. Testing revealed hypomobility
of the left OA joint. Atlanto-axial (AA) mobility was assessed using
the cervical flexion-rotation test (FRT). During the FRT the neck is
placed in maximum forward bend position. At that point rotation of
the head in both directions is compared for range, measured with the

Pain

Disability

Forward Bend

Backward Bend

Side bending

Rotation

Suboccipital
-Rotation

Suboccipital
-side bending

Intervertebral motion testing
Motion assessment grading:
0- ankylosis. 1-Considerable Restriction.

Assessment method
VAS
NDI

Patient seated in upright position with corrected
neutral position. Motion is viewed from behind
and repeated while measured with inclinometer.

Patient seated in upright position with corrected
neutral posture. Motion is viewed from behind
and repeated while measured with inclinometer.

Patient seated in upright position with corrected
neutral posture. Motion is viewed from behind
and repeated while measured with inclinometer.

Patient in upright seated position. Use of
goniometer to measure motion. The nose
position is used as the reference point relative to
the acromion to the side of rotation.

Neck flexion test. Patient in supine. Maximal
passive flexion is achieved followed by rotation
of the head. Measurement with goniometer with
the nose position being the reference point.

Patient in the supine position. The head is
cradled and side bend motion of the head is
achieved through a virtual pivot point in the
mouth.

Patient in the supine position. Each segment
underwent an upslide and down slide motion
and end-feel was tested.

2-Slight restriction. 3- Normal
movement. 4-Slight increased movement.
5-Considerable increased movement.

6-Unstable
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Visit 1 Visit 4 Visit 9

84 48 5

68 38 6

40°. 53° 72°

Deviated to the right side Deviated to the right No deviation noted
and causing uncomfortable minimally. Pain free

tightness in the No pain

cervicothoracic junction.

15° 28° 40°

Limited by pain.

Left: 32°
Right: 40°

Left: 42°

pain at end range right side of

the neck

Right: 65°

Left: 15°

Painful and provoking the
headache

Right: 39°

Side bend right restricted and

painful

AO (L): 2/6
AA (R): 1/6

C2-C3 (R): 2/6
C5-C6 (R): 2/6
T3-T5 (B): 2/6

Pain at end range

Left: 40°
Right: 45°

Left: 50°

Sensitive at end range right
side of the neck

Right: 68°

Left: 28°

and painful

Right: 46°

Right equals left motion
without pain

AA (R): 2/6
C5-C6 (R): 2/6
T3-T5 (B): 2/6

No pain notedl

Left: 72°
Right: 49°

Left: 72°
Painfree
Right: 74°

Left: 44°
No pain upon testing
Right: 46°

T4-T5 (B): 2/6

All previously restricted
segments returned to 3/6
mobility
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goniometer and the quality of endfeel [38].The reliability of The FRT
in patients with cervicogenic headaches has been demonstrated by
Hall et al. [41]. Based on a high sensitivity (90-91%), specificity (88-
90%), and overall diagnostic accuracy (91%) this an appropriate test
to use clinically [7,41]. Testing revealed hypomobility of the AA joint
(R>L), with headache provocation upon testing thereby increasing the
probability that the AA joint limitation was a contributing factor to her
CH. Spinal segmental motion assessment was used to further analyze
joint mechanics in the cervical spine. The validity and reliability of
spinal segmental motion palpation ranges from good to poor [42-45].
It has been proposed that a clinician should be able to identify motion
between two different vertebrae through segmental motion assessment
[45]. Facet mobility of C2 through C7 was assessed using a down slide
test as described by Paris [40] and revealed hypomobility of the right
facet joints of C2-C3, C5-C6. Thoracic mobility testing demonstrated
hypomobility of T3-T5 (Table 1).

Forward head posture will lead to muscle adaptation in a predictable
pattern. Janda [46] identified these changes and described them as “the
upper crossed muscle syndrome” [47]. Manual muscle testing was
performed as described by Kendall and Magee, which confirmed the
presence of “the upper crossed syndrome” [39,48]. Testing revealed
marked weakness of the short neck flexors, graded 3+/5 [49]. Left lateral
bend of the cervical spine was graded 4/5. Both the rhomboids and
middle trapezius were graded 4/5. Muscle length testing demonstrated
muscle shortening of the suboccipital region, levator scapula, trapezius,
and pectoralis muscle groups, right more than left.

Clinical impression

Based on the clinical presentation it was hypothesized that this
patient presented with a positional default of atlas in right rotation
which lead to abnormal mechanical functioning of the cervical and
upper thoracic spine resulting in ongoing headaches and alterations in
the normal muscle strength/length relationship in the upper quadrant.
This rotatory position could have resulted in referred pain from the AA
joint complex or causing direct irritation of the C2 ganglion in the right
subocciptal triangle, either caused by muscle tone or by narrowing of
the intervertebral space between atlas and axis as a result of the default
position of atlas.

The goal of her physical therapy treatment was to normalize
atlas position, restore mechanical functioning of the cervical spine,
normalize muscular functioning of the upper quadrant and improve
upright posturing. The overall aim was to resume her activities of
daily living and recreational activities without pain or headaches. Her
prognosis was good.

Intervention and outcome

This patient presented with a relative acute complaint with high
tissue sensitivity based on pain limiting active motion. Therefore,
the treatment plan included a range of manual techniques (Table 2).
Myofascial manipulation was used as a preparatory technique. Muscle
energy techniques consisting of a de-rotation technique of atlas to the left
and thrust joint manipulation techniques were used to restore normal
joint functioning in the subcranial, lower cervical, and upper thoracic
facet joints [20]. Additionally, she received active stability training of
the cervical-thoracic regions to normalize muscular functioning and
she was instructed how to improve her upright posture. The patient
was seen for a total of 9 visits. Manipulation techniques used during the
course of treatment were performed as described by Hartman and were
based on the presence of hypomobility [50]. During the first treatment,
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a muscle energy technique was used to neutralize atlas position and
improve right AA mobility (Figure 2) [20]. The patient was supine with
the head in a slight extension and some left rotation with the subject
looking left while the remainder of the neck remained in midline. In
this position a 6 second light resistance was applied to the left temple to
facilitate a left rotational movement of atlas by contraction of the both
the left obliquuscapitis superior and inferior muscles. This was followed
by a 6 second resistance to the right temple to facilitate a similar left
rotation of atlas by contraction of the right rectus capitis anterior
muscles. This alternating sequence was repeated 6 times and palpation
of the sub-occipital region was performed to ensure that contraction in
the sub-occipital region was achieved. After this the head was placed in
more extension and left rotation and the above described sequence was
repeated. Test-retest using the FRT revealed an increase in left rotation
of AA by 5 degrees without headache provocation. To address the
hypomobilities of the right facet joint of C5-C6 and T3-T5 segments
thrust manipulation was performed in the supine position. In order to
maximize the carryover of her interventions the patient was instructed
in an augmented exercise program (Table 2), which included the same
muscle energy technique she underwent during treatment performed
in sitting.

During the second treatment thrust manipulation of the left AO,
and right facet joint of C2-C3 were added. Based on the FRT and
position palpation of atlas during the third and fourth session the
muscle energy of the right AA was repeated and manipulation of the
right facet joint of C5-C6 was carried out. The fifth session was two
weeks after the initial treatment and, at that time, the right AA joint
continued to be stiff and the muscle energy technique was used to
address this. Additionally, a supine thrust manipulation was carried
out for the T3 through T5 segments [27]. At session six and seven no
positional was present and only hypomobility of the T4-T5 segment
was detected and thrust manipulation was used to address this. At visit
eight and nine no joint limitations were detected; therefore, no joint
manipulation techniques were used.

Muscle stretching using the hold-relax technique was used for
the posterior neck muscles, levator scapula, trapezius, and pectoralis
muscles during the course of treatments. Muscle strengthening
focused initially on the supine deep neck flexion exercise, which has
been previously described in detail [51] and seated isometric side
bending while maintaining a neutral cervical and head position. As the
patient progressed, strengthening of the middle, lower trapezius, and
rhomboid muscles in the prone position were added to her treatment
program (Table 2). The patient was introduced to posture awareness
early on and this was reinforced in all subsequent treatments.

After nine treatments the patient no positional default could be
identified and she displayed normal AROM of the neck without any
provocation of pain (Table 1). She reported that her headaches were no
longer present. Her physical therapy goals had been met and she was
discharged with the instruction to continue working on her posture
correction.

Figure 2. Supine de-rotation technique (not actual patient).
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Table 2. Intervention for each nine visits.

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8 Visit 9
Joint manipulation C5-C6 (r) AO (1) C5-C6 (r) T3-T5 (r) T3-T5 (r) T3-T5 (r) T4-T5 (r)

T3-T5 (r) C3-C4 (r)

C5-C6 (r)

Muscle energy de-rotation |To improve left To improve left ' To improve left | To improve left To improve left
technique rotation of atlas |rotation of atlas rotation of atlas |rotation of atlas rotation of atlas
Mpyofascial techniques(to |-Cervical -Cervical -Cervical -Cervical -Cervical -Cervical -Cervical -Cervical
reduce overall muscle laminar release |laminar release |laminar release laminar release |laminar release |laminar release |laminar release |laminar release
tone) -SCM technique |-Anterior chest |-Pectoralis -Pectoralis -Pectoralis -Pectoralis

fascial stretch
-Pectoralis
muscle play

-Anterior chest
fascial stretch

muscle play muscle play

Active stabilization -Neck flexion  |-Neck flexion | -Neck flexion

-Neck flexion

muscle play muscle play

-Neck flexion  |-Neck flexion  -Neck flexion -Neck flexion  -Neck flexion

(10 reps 10 seconds unless -Isometric neck |-Isometric neck |-Isometric neck |-Isometric neck |-Inferior/ -Inferior/ -Inferior/ -Inferior/ -Inferior/
fatigue prevented proper | side bend side bend side bend side bend middle trapezius middle trapezius middle trapezius middle trapezius middle trapezius
performance) -Rhomboids -Rhomboids -Rhomboids -Rhomboids -Rhomboids
Muscle stretching -Posterior neck |-Posterior neck -Posterior neck |-Posterior neck -Posterior neck |-Posterior neck |-Trapezius, -Trapezius, -Trapezius,
(contract-hold-relax- Trapezius, Trapezius, Trapezius, Trapezius, Trapezius, Levator, Levator, Levator,

stretch technique with Levator, Levator, Levator, Levator, Levator, Pectoralis Pectoralis Pectoralis

3x30 second stretch) Pectoralis Pectoralis Pectoralis Pectoralis Pectoralis

Posture -Initiate -Sub occipital |-Sub occipital |-Sub occipital |-Sub occipital |-Sub occipital |-Sub occipital |-Sub occipital |-Sub occipital
With visual feedback awareness positioning positioning positioning positioning positioning positioning positioning positioning
-TSA -Head -Head -Head -Head -Head -Head
positioning positioning positioning positioning positioning positioning positioning
-TSA -TSA -TSA -TSA -TSA -TSA
positioning positioning positioning positioning positioning positioning
Augmented Home -Posterior neck |-Cervical -Cervical -Cervical -Cervical -Cervical -Cervical -Cervical -Cervical
exercises stretch rotation in max |rotation in max rotation in max rotation in max rotationin max rotation in max rotationin max rotation in max
(stretched hold for -Cervical flexion flexion flexion flexion flexion flexion flexion flexion
30 seconds x3 and rotation in max |-Muscle energy -Muscle energy -Muscle energy -Muscle energy -Muscle energy -Muscle energy |-Muscle energy -Muscle energy
strengthening 10x 10 flexion de-rotation de-rotation de-rotation de-rotation de-rotation de-rotation de-rotation de-rotation
seconds ifpossibel) -Muscle energy technique. technique. technique. technique. technique. technique. technique. technique.
de-rotation -Posterior neck, -Posterior neck, |-Posterior neck, -Posterior neck, -Posterior neck, -Posterior neck, -Posterior neck, -Posterior neck,
technique. Trapezius, Trapezius, Trapezius, Trapezius, Trapezius, Trapezius, Trapezius, Trapezius,
-Neck flexion  |and Pectoralis and Pectoralis  and Pectoralis |and Pectoralis  and Pectoralis |and Pectoralis  and Pectoralis  and Pectoralis
strengthening  |stretching stretching stretching stretching stretching stretching stretching stretching
-Posture -Neck flexion  |-Neck flexion -Neck flexion ~ -Neck flexion |-Neck flexion ~ -Neck flexion |-Neck flexion  -Neck flexion
correction strengthening  strengthening  |strengthening  and scapular and scapular and scapular and scapular and scapular
-Posture -Posture -Posture strengthening  |strengthening  strengthening  strengthening  strengthening
correction correction correction -Posture -Posture -Posture -Posture -Posture
correction correction correction correction correction
Outcomes [52,53]. They can be the result of pathological conditions of the joint

The patient was seen for a total of 9 visits during a 5-week time span.
Comparison of the AROM measures, VAS, and NDI scores at baseline,
session 4 and session 9 can be found in Table 1. At session four, side
bending, and rotation left remained restricted. Suboccipital rotation
left improved to 28° but continued to provoke pain. At session nine
AROM was pain free. Suboccipital rotation was pain free; and rotation
seemed fairly equal during the FRT. Intervertebral joint mobility in the
cervical spine and T3-T4 was restored to normal and only the right
facet joint of T4-T5 remained stiff. At session four, her VAS score
decreased to 46 mm. The NDI score by session four had improved to
38. At session nine, she reported that she was no longer experiencing
any headaches and she felt that her neck moved much better, without
any pain and her ability to remain upright was improving, although
this remained challenging. Her VAS score was only 0.5 mm and her
NDI score improved to 6. During a 2-month follow-up phone call the
patient reported she had maintained her headache-free status.

Discussion

Joint dysfunctions can contribute to neck pain and headaches
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itself, problems with the supporting muscles and connective tissues, or
nerve tissues [54]. It appeared that the patient in this case displayed
joint dysfunctions at multiple segments. Based on the clinical findings
it was hypothesized that the positional default of atlas was the primary
source of this patient’s problem. Therefore proper identification of
anatomical landmarks in the suboccipital region is necessary. The
C2 spinous process can be identified by palpating midline below the
external occipital protuberance [55]. The transverse process of atlas
is located anterior of the mastoid process and posterior of the ramus
of the mandible [20]. By protruding the ramus the transverse process
becomes easily accessible. Bilateral simultaneous palpation of the
transverse process of atlas will provide a direct impression of its relative
position in comparison to the occiput and the rest of the cervical spine.
To validate this palpation techniques it will have to be compared with
outcomes of other validated diagnostic tests, such as radiographs [42].
Evaluation of her cervical radiograph (Figure 1) confirmed the presence
of a rotated atlas. As seen on the lateral view both posterior arches of
atlas are visualized, which can only occur when atlas is not placed in the
horizontal plane. This concurred with the palpation findings, therefore
supporting the hypothesis of a rotatory atlas default position [24].
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Further studies will be necessary to determine the content validity of
this approach to determine atlas position.

Joint Manipulation has been shown to be effective [27,56,57] in
the management of patients with neck pain [40,46,58-60]; therefore,
it could have contributed to the improvements reported in this case.
The effects of manipulation is beyond biomechanical changes only
[61]; however, in the current literature there is no clear explanation for
some of the effects of manipulation [62]. A few hypotheses have been
proposed offering mechanical, neurophysiological, and psychological
rationales [62,63]. Considering anatomical relationships and the
mechanical forces used during manipulations it can’t be ruled out that
there was a direct positive effect on the central nervous system in this
case causing neurophysiological responses and thereby affecting her
pain and headaches [61,62,64].

Panjabi [13] suggests that in the neutral zone little resistance
is offered by the ligamentous system to maintain cervical stability;
therefore, changes in the supporting cervical musculature may lead to
pain patterns often found in patients with neck pain and headaches
[34,36,65]. It has been demonstrated that stimulation of ligaments can
increase paraspinal muscles activity [66]. Therefore, it seems plausible
to assume that a similar effect can be caused by the stabilizing ligaments
of the high cervical region following trauma or postural deficits,
causing an increased activity of the stabilizing muscles of this region.
This increased muscle activity, or spasm, of the anterior and posterior
sub-occipital muscles might maintain the rotatory default position
of atlas. A combination of manual therapy techniques including a
muscle energy de-rotation technique and direct manipulation of the
spine appeared beneficial restoring the position of atlas and normalize
subocciptital joint functioning [20].

Conclusion

To our knowledge this is the first report postulating that a positional
default position of atlas can exist and could be a contributing factor
in subjects with CH. This case illustrates the successful management
using manual therapy, including a de-rotation technique of atlas for
the treatment of cervicogenic headache and cervical pain following
a whiplash trauma. Evaluation techniques for the high cervical spine
including palpation for position and movement in combination with
the assessment of a lateral radiograph of the cervical spine lead to the
hypothesis that this patient presented with a rotatory positional default
of atlas. Further research is necessary to test the hypothesis that the
positional default of atlas could play a role in patients with neck pain
and headaches. Additionally, the cause-effect relationship between the
treatment and positive outcome in this case study has to be further
validated.
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