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ABSTRACT
Background: Mobilization and Exercise are the most common treatments for cervicogenic headaches.
Duration of treatment in each intervention is very varied. From short sessions of passive treatments to several
weeks and even monthly sessions of exercise therapy are recommended. Therefore, this study was aimed to
comparison of short-term and long-term effects of cervical joint mobilization and exercise therapy on pain,
range of motion, and cervical movement control in Chronic Cervicogenic Headache patients.
Methods: This study was a randomized clinical trial. Twenty-six patients aged between 18 and 45 years and
in accordance with the inclusion and exclusion criteria were randomly divided into two groups: mobilization
and exercise group. Twelve treatment sessions in four weeks were performed. Pain intensity, Headache
Disability Index, craniocervical flexion test, cervical range of motion were measured before, middle, and
after treatment by VAS, questionnaire, pressure biofeedback and OptiTrack motion analyzers, respectively.
Data analyzed by ANOVA repeated measurement test.
Result: In mobilization group, changes of pain intensity in short term was 2.19+1.6 and long term was
2.61%1.4 (p=0.00). Also, in exercise group, changes of pain intensity in short term were 3.26+1.8 and long
term was 1.23+0.7 (p=0.00). In short term, craniocervical flexion test changed 18.7+16.5 grades in
mobilization group and changed 28.1+18.5 grades in exercise group (p=0.00). Range of motion in upper
cervical significantly changed in short term and long term after mobilization intervention (p=0.00).
Conclusion: This result support that the active exercise is more effective in increasing of upper cervical
motor control, cervical ROM and pain symptom in short term. The mobilization is more benefit in upper
cervical mobility than exercise training in short term and long term.

Key words: Cervicogenic Headache, Exercise Therapy, Mobilization, Motion Analysis, Short Term Intervention,
Long Term Intervention.

INTRODUCTION

Manipulation and mobilization are the most common treatments for cervicogenic headaches (1-4). In many
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review articles, the effect of manipulation on reducing pain in different types of headaches has been studied
(5-8). Also, several clinical trials and case reports emphasized improving muscle function and exercise
therapy in patients with cervicogenic headaches (9-16). In these studies, obvious inconsistencies are observed
during the treatment sessions (17,18,19). Petersen (2003) in a case study reported that cervical mobilization
for 8 sessions reduced pain, increased cervical range of motion, and improved muscle function (16). Hall et
al. (2007) in a study investigated the immediate effect of the SNAG mobilization technique on the first and
second cervical segments and observed the rapid and immediate effect of treatment in reducing pain and
improving rotation of the upper cervical vertebrae in patients with cervicogenic headache (17). van Duijn et
al. (2007) in a case report of a 40-year-old woman with unilateral temporal pain, reported improvement in
pain intensity and cervical disability index after 5 weeks of treatment by combining manipulations,
mobilization, and deep cervical and scapulothoracic exercises (13). Shin et al. (2014) after 12 sessions SNAG
mobilization technique, reported improvement in headache parameters, cervical disability index, and quality
of cervical movements in the intervention group compared to the control group (18). The results were
different in an RCT conducted by Dunning et al. in 2016 to compare manipulation and mobilization with
exercise therapy in patients with cervicogenic headache. They reported that after six to eight sessions of the
upper cervical and thoracic manipulation, better results were achieved in reducing cervical pain and disability
compared to the group with the mobilization of the upper cervical and thoracic region along with exercise
therapy (20). In 2017, Malo-Urries et al. investigated the rapid effect of translatory mobilization on the upper
cervical spine. The range of motion of the cervical and upper cervical spine increased significantly, while the
pain thresholds of the sub-occipital muscles, upper trapezius, and apophyseal joints C2-3 remained
unchanged. The severity of headaches also showed a significant decrease compared to before the intervention
(21). Park et al. (2017) significant improvement in sub-occipital and upper trapezius muscles stiffness was
reported in the craniocervical flexion plus stretching exercises group compared to the stretching exercises
group, after 3 weeks (22). In 2017, Yong and Kang showed a decrease in muscles tone and pain intensity in
craniocerebral flexion exercise, and subcapsular muscle release groups compared to the control group after
2 and 4 weeks (23).

According to the presented articles, the duration of treatment in both suggested treatment methods is very
diverse from short sessions and examination of immediate symptoms of passive treatments to several weeks
and even monthly sessions of exercise therapy are recommended for patients with cervical headaches.
Variation in treatment time is a factor for differences results in these studies. With this explanation, this study
aimed to compare the short-term and long-term effects of mobilization of cervical joints and exercise therapy
on pain and range of motion and control of cervical movement in people with chronic cervicogenic headache.

Methods

This study was a randomized controlled trial. Twenty sex subjects with chronic cervicogenic headache
participated in this study and were divided into two groups by simple non-probability sampling method. The
medical ethics committee at the Zahedan University of Medical Sciences approved the study ethics and issued
the ethics certification number as IRZAUMS.REC.1397.162 and registered with the region’s Clinical Trials
Registry (IRCT20180714040466N1). All participants signed written informed consents.

Population

The inclusion criteria were men and women aged 18-45 years, having at least 3 months of history of headache,
having at least a headache once a week, at least 5 cervicogenic headache criteria, no history of radiculopathy,
progressive rheumatic and neurological diseases, no history of long-term use of corticosteroids, no history of
accident and whiplash injury, malignancy, pregnancy. The exclusion criteria were the patient's unwillingness
to continue treatment, exacerbation of symptoms during treatment and intolerance to diagnostic tests
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(6,22,24,25).
Sample size
The sample size was determined based on a pilot study. Ten subjects were divided randomly into two equal
groups, and the main part of study was conducted on them. The means and SDs for the parameters from this

pilot study, with a= 0.05 and 90% power were used to calculate the sample size. The sample size according
to the following formula.

n=(Z 1-0/2 + Z 1-B)* (S1?+S2%)/ (u1-p2)>
Z 1-0/2=1.96
Z1-p=1.28

According to the results of the pilot and the formula stated, the sample size in each group was considered 13
patients.

The sampling method was the simple, non-probabilistic sampling method and from the available population.
The participants will then be allocated randomly to two intervention groups, the mobilization group and
Exercises group. Randomization would be performed using random number sequence. The administrator and
participants were informed about the grouping data. But the physiotherapist who assessed the subjects,
recorded the outcome, and analyzed the data about the grouping was blinded.

Procedure

The initial clinical examination study was performed by measuring demographic information and evaluation
cervical vertebral artery and laxity of upper cervical ligaments. Then the individuals were selected to enter
the study by examining the inclusion and exclusion criteria.

Assessments

Pain intensity

The VAS (Visual Analogue Scale) of McGill Short Questionnaire was used to measure the intensity of pain.
Evaluation of active cervical range of motion

The patient sat on a chair with back support. Then, flexion, extension, lateral flexion and rotation to the right
and left measured by OptiTrack motion analyzers. Markers of OptiTrack motion analyzers were attached on
the right and left acromion, forehead and sternum. At the command of the examiner, the patient performed
the movements. The patient repeated each movement three times. Ultimately, the range of motion was
recorded in Motive software and processed with Matlab (26).

Flexion-Rotation Test

The rotation between the atlas and axis neck vertebrae was passively measured by this test. The validity of
this test was reported as good (ICC: 0.8) by Yodas et al. (1992) (27). To perform the test, patient was crook
lying. Then, the examiner locked the lower cervical vertebra and turned the head to the right and left. The
test was performed three times (26).

Craniocervical Flexion Test

The patient was supine. An adjustable compression biofeedback device was placed under the neck adjacent
to the sub-occiput. The pressure of the device was set to 20 mm Hg and the person was asked to move the
chin to perform craniocervical flexion (e.g., saying "yes"). In 5 steps, the patient increased the range of motion

3130



Frontiers in Health InformaticsISSN-Online: www.healthinformaticsjournal.com
2676-7104

and increased the pressure in each step by looking at the barometer hands of 2 mm Hg. The pressure was
held for 10 seconds in each step that was repeated 10 times. There was a 10-second break between each step.
The maximum pressure that the person kept for 10 seconds without error was multiplied by the number of
correct repetitions of that stage. This number considered as an index of the endurance of the deep flexor
muscles of the neck and control of craniocervical movement (28).

Then, subjects were randomly divided into two groups: mobilization and exercise group. Patients in both
groups received routine physiotherapy treatment including TENS, hot pack, suboccipital muscle release by
Greenman method (29,30).

In the mobilization treatment group, the Maitland method, including longitudinal movement maneuvers,
central postero-anterior vertebral, unilatral postero-anterior vertebral, transverse vertebral and rotation
maneuvers techniques were performed on the three upper cervical joints according to the Maitland method
(31). Each technique was applied on both sides for 30 seconds (32).

The patients of the exercise group performed some exercises: craniocervical flexion movement by
biofeedback pressure, scapula adduction, shoulder abduction and external rotation, stretching exercises for
trapezius. Exercises were completed in three sets with 10 repetitions under the supervision (17).

Patients were treated in 12 sessions three days a week for four weeks (17). All the variables were measured
before, after six sessions (short term) and end of treatment (long term).

Data analysis

Results were presented as mean values and standard deviation (SD). Criterion of significancy was set as
p<0.05. Data analysis was performed with SPSS version 17. The assumption of a normal distribution was
assessed using the K-S test. The assumption of equality of variances was tested using Levene’s test. Data
analyzed by ANOVA repeated measurement test.

Results

Using an experimental study, the sample size was estimated to be 26 people for two groups (13 people in
each group). From 54 patients referred to the clinic, after evaluating the inclusion criteria, 26 samples were
selected, which were randomly assigned into two groups of mobilization and exercise therapy. Demographic
information of the patients is given in Table-1. There were no differences between the two groups in terms
of demographic characteristics (p> 0.05).

Table 1. Demographic and baseline characteristics of subjects

Mobilization Exercise p-
Group (n=13) Group (n=13) value*
Time of
headache 7.6+4.6 9.3£5.2 0.3
Frequency of
headache 4.1+1.5 4.4+1.0 0.5
Age (year) 38.5+0.4 38.9+0.4 0.4
Gender
4 .
(men/female) 3/10 o 06
*Significant P<0.05.

The normality of the data was determined using Kolmogorov-Smirnov test with the results indicating the
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normality of the distribution of the variables examined (p <0.05). To ensure the accuracy of the randomization
process, we compared the pre-study data of the two groups. The results showed that there was no difference
between the two groups in variables before intervention (p> 0.05). The within group and between group
results were compared using ANOVA Repeated measurement test. The results are given in Table 2.

Table-2. Means difference and standard deviations of variables, and p-values for within and between group

comparisons
p-value
Mobilization Group (n=13) Exercise Group (n=13) Between
Group
Perce Perce p-valueiP value Percen| Percerlp_value P value
Short |nt of | Long |nt of befodre S:I(l);t Short | tof | Long | tof bzi(:ire short Sl}cor Lon
term |chang| term |chang an term |chang| term |chang and long &
es os short | long . es short term term|term
term | term term
Cranioce
rvical |\ I8 721 g0, 120951 5301 00 | 0.53 |281218/99 40437 1% 135 504 0.00 | 0.10 |0.18]0.02
flexion | 6.5 4.2 S 8.1
test
Pain o 31.5 o o
intensity 2.1+1.6|34% [2.6£1.4 o 0.00 | 0.54 |3.2+1.8| 74% [1.240.7| 32% | 0.00 | 0.09 |0.13]|0.11
0
Headach
disaﬁility8'3i7'3 1;‘)7 129'46il 66% | 0.02 | 0.54 12‘76i1125.9% 8.7+8.1| 14% | 0.00 | 0.38 |0.33/0.53
index
Flexion |5.2+4.1 IOZA')S 2.5+1.5/5.3%| 0.08 | 0.23 |6.7+£3.5| 4.8% |8.2+5.2|11.5%| 0.00 | 0.44 [0.61|0.04
E’“i“m 54427 102/'8 3.8£1.8| 8% | 0.00 | 0.06 |7.7+4.1]10.9%|3.1£1.7, 6.6% | 0.00 | 0.00 |0.28]0.50
0
Side
ig?ﬁﬁ}iﬁﬂﬂﬁﬁ 13/;9 2.9+1.9/7.6%| 0.02 | 0.10 |7.244.2(15.2%(6.3+3.7| 7.8% | 0.01 | 0.78 [0.30]0.11
side
Left
irrl";ztifgﬂs'léﬂ' 101/;2 50438 18;2 0.03 | 0.98 “'gﬂ 10% [4.8+2.7/ 8.4% | 0.02 | 020 [0.200.91
side
Right 429
flexion- |9.743.6 <y 6.4+2.8/19% | 0.00 | 0.00 |7.0£5.9| 37% |3.8+2.5/18.9%| 0.10 | 0.19 [0.41|0.20
rotation 0
Left ¢ 4413
flexion- '9 137% (9.3£1.3[ 30% | 0.00 | 0.66 |7.0£2.6(|28.6%6.3+£1.1{25.6%| 0.04 | 0.75 |0.60(0.01
rotation

* Values are means = SD
** Significant P<0.05.
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The results in the Table-2 show that changes in pain intensity, headache disability index in the first and
second six sessions of mobilization treatment were significant (p = 0.00) and there was no significant
difference between short-term and long-term treatments (p>0.05). Also, changes in the range of motion of
the cervical in the mobilization group in the first and second six sessions showed different results. In general,
changes in the cervical range of motion in the first and second sessions were not significant in several
movement (p> 0.05). In addition, craniocervical flexion test and range of motion in upper cervical showed
significant changes in the first and second six sessions (p>0.05).

Pain intensity and headache disability index in the exercise group were significant in the first and second six
sessions (p = 0.00). In the exercise therapy group, all variables of cervical range of motion and upper cervical
movement control test had a significant difference in the first and second six sessions (P <0.05).

The inter-group comparison in the first six sessions showed no significant difference between the two groups
of exercise and mobilization in the discussed variables (p> 0.05). However, in the second six sessions of
treatment, significant changes were observed in the craniocervical flexion test and the range of motion of the
flexion (p <0.05). also, changes in the range of motion of the upper cervical between the two groups were
significant (p <0.05).

Discussion

The greatest change of pain intensity was seen in exercise group in short term. However, the greatest change
of headache disability index was seen in mobilization group in long term. In addition, the results showed
exercise therapy has more effect in cervical range of motion but, the range of motion of the upper cervical
was more in the mobilization group. The percentage of changes in craniocervical flexion test was higher in
exercise group.

Moreover, mobilization directly inhibits pain in the spinal cord by stimulating the type I and II
mechanoreceptors of the facet cervical joints via gait control mechanism. Physiological effects such as
increased blood flow and increased skin temperature in the region can also reduce pain (17,33). Mobilization
restores the natural mobility of the joints and reduces the activity of pain receptors by reducing the mechanical
stress of the joints (19). Therefore, according to the mentioned mechanisms to reduce pain and improve
movement, we can expect person's function would be improved and headache disability index decreased. In
this study, both mobilization and exercise were effective in reducing headache disability index. Although the
improvement in the short term is significant in both groups, it does not mean that they do not need to continue
treatment because the changes in the long term are also significant that this long-term treatment helps to
stabilize the improvement. The same point can also indirectly lead to a relative increase in cervical range of
motion, which in the results of the current study also significant changes were seen in some variables. Since
mobilization treatment has been applied specifically to the upper part of the cervical, so we expect more
range of motion in this area in the mobilization group, which the same result was achieved in the present
study. Positive results of mobilization on increasing the range of motion of the upper cervical rotation have
been reported in studies (17,34). The increase in the range of motion of the upper cervical rotation in the
mobilization group was very clear and significant in short term, and a higher percentage of changes was
observed than in the exercise group in long term. Therefore, we suggest for the stability of therapy will need
to complete the treatment sessions.

Performing active exercises in the cervical and shoulder girdle increase the range of motion of the cervical
and reduces the compensatory movements of the joints (14,35). Muscle control achieved during active
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exercise reduces pressure on pain-sensitive structures and thus reduces headache symptoms (14). Increased
endurance and increased muscle strength achieved during active training are among the other factors that can
increase a person's endurance in performing cervical movements and as a result, less pain is reported by the
patient (15). It also seems that relieving muscle imbalance and muscle shortening could help to reduce pain
(14). Therefore, performing scapula stability exercises leads to support of the weight of the upper limbs and
increases the stability of the shoulder girdle. This leads to increased cervical movements, decreased
compensatory joint movements, and greater control of movements by the muscles, resulting in reduced
pressure on pain-sensitive structures and reduced headache symptoms (14, 36). In this way, we can expect to
have a decrease in pain and headache disability index in the exercise group, which was well observed.
Changes in pain intensity are observed during the short-term exercise group, but since the decreasing trend
has continued during the end of the treatment.

The results of the study showed the positive effect of exercise therapy in increasing the range of motion of
the cervical. It seems that according to the above explanations, reduce of pain, correction of posture,
correction of the cervical movement, increase in endurance and strength of cervical muscle that is obtained
after performing the active exercise (14,15,35), these results is obvious. Active exercise also showed very
significant changes in the control of upper cervical movement. At the end of the second six sessions of
treatment, the rate of change in the exercise group was much greater than the mobilization group. It seems
that doing active exercises have more positive effects on movement control than passive techniques (9).
Decreased ability of the deep flexor muscles of the cervical to hold and the inability to perform and control
contraction at a low-level lead to a decrease in the ability of the person to maintain static and functional
positions of the cervical (36,37). It also causes inability or reduction in the control of upper cervical
movements, which in turn leads to disorders and symptoms in the person (38,39). With the said explanations
and the prominent role of the deep flexor muscles of the cervical, it is obvious that paying attention to these
muscles is one of the main conditions of treatment (9). Petersen (2003), Jull et al. (2002) showed the
effectiveness of exercise therapy and mobilization in controlling upper cervical movement, the results of the
two studies were in line with our study (9,16). In the Jull study, the rate of changes in the craniofelxion test
in the exercise group was significantly better than the manipulation group. Jull considered active therapy to
improve deep cervical muscle function better than passive therapy (9). Although in our study, the inactive
treatment group (mobilization) also showed a significant improvement in this function, the results were
superior in the active group (exercise therapy). Upper cervical movement control in the exercise therapy
group at the end of treatment sessions (long term) shows more significant changes than the mobilization
group. Therefore, active exercises can be preferred to passive techniques to achieve better movement control
in the upper cervical.

Conclusion

Although mobilization and exercise therapy are effective in improving headache and headache disability
index in short time, it seems that completing treatment sessions is more effective in further reducing the
patient's symptoms. In control of upper cervical movement, active exercise is more effective than
mobilization techniques, even short term. The increase in the range of motion of the upper cervical rotation
in the mobilization group was very clear and significant in short term. In general, it is expected to achieve
better and more stable results in both active and passive treatments by completing the treatment course.

Funding
This study was supported and approved by the Zahedan University of Medical Sciences.
Authors’ contributions

All authors made substantial contributions to conception, design, acquisition, analysis and interpretation of
3134



Frontiers in Health InformaticsISSN-Online: www.healthinformaticsjournal.com
2676-7104

data.

Contflict of interest

The authors declared no conflict of interest.

Acknowledgements

This paper was derived from a MSc. thesis on physiotherapy. Authors of this paper appreciate for the

cooperation of Research Deputy of Medical Science University of Zahedan in due to their collaboration in
conducting this project and all people participated in this study.

References

1. Rana MV. Managing and treating headache of cervicogenic origin. Med Clin North Am. 2013 Mar; 97(2):
267-80.

2.De Hertogh W, Vaes P, Beckwée D, van Suijlekom H, Duquet W, Van Roy P. Lack of impairment of
kinesthetic sensibility in cervicogenic headache patients. Cephalalgia. 2008 Apr; 28(4): 323-8.

3.Fernandez-de-Las-Penas C, Alonso-Blanco C, Cuadrado ML, Pareja JA. Spinal manipulative therapy in
the management of cervicogenic headache. Headache. 2005 Oct; 45(9): 1260-3.

4.Becker WJ. Cervicogenic headache: evidence that the neck is a pain generator. Headache. 2010 Apr; 50(4):
699-705.

5. Chaibi, A, Russell MB. Manual therapies for cervicogenic headache: a systematic review. J Headache Pain
2012 Jul; 13(5): 351-9.

6. Bronfort G, Nilsson N, Haas M, Evans R, Goldsmith CH, Assendelft WJ, et al. Noninvasive physical
treatments for chronic/recurrent headache. Cochrane Database Syst Rev 2004;(3):CD001878.

7. Vernon H, McDermaid CS, Hagino C. Systematic review of randomized clinical trials of

complementary/alternative therapy in the treatment of tension-type and cervicogenic headache. Complement
Ther Med. 1999 Sep;7(3): 142-55.

8.Bronfort G, Assendelft WJ, Evans R, Haas M, Bouter L. Efficacy of spinal manipulation for chronic
headache: a systematic review. J] Manipulative Physiol Ther. 2001 Sep; 24(7): 457-66.

9.Jull G, Trott P, Potter H, Zito G, Niere K, Shirley D, et al. A randomized controlled trial of exercise and
manipulative therapy for cervicogenic headache. Spine (Phila Pa 1976). 2002 Sep 1; 27(17): 1835-43;
discussion 1843,

10.Hopper D, Bajaj Y, Kei Choi C, Jan O, Hall T, Robinson K, et al. A pilot study to investigate the short-
term effects of specific soft tissue massage on upper cervical movement impairment in patients with
cervicogenic headache. ] Man Manip Ther. 2013 Feb; 21(1): 18-23.

11. Bodes-Pardo G, Pecos-Martin D, Gallego-Izquierdo T, Salom-Moreno J, Fernandez-de-Las-Pefias C,
Ortega-Santiago R. Manual treatment for cervicogenic headache and active trigger point in the
sternocleidomastoid muscle: pilot randomized clinical trial J Manipulative Physiol Ther. 2013 Sep; 36(7):
403-11.

12. Garcia JD, Arnold S, Tetley K, Voight K, Frank RA. Mobilization and manipulation of the cervical spine
in patients with cervicogenic headache: any scientific evidence? Front Neurol. 2016 Mar 21; 7: 40.

13. van Duijn J, van Duijn AJ, Nitsch W. Orthopaedic manual physical therapy including thrust manipulation

and exercise in the management of a patient with cervicogenic headache: a case report. ] Man Manip Ther.

2007;15(1):10-24.

14.McDonnell MK, Sahrmann SA, Van Dillen L. A Specific Exercise Program and Modification of Postural
3135



Frontiers in Health InformaticsISSN-Online: www.healthinformaticsjournal.com
2676-7104

Alignment for Treatment of Cervicogenic Headache: A Case Report. J Orthop Sports Phys Ther. 2005 Jan;
35(1): 3-15.

15. Ylinen J, Nikander R, Nykdnen M, Kautiainen H, Hékkinen A. Effect of neck exercises on cervicogenic
headache: a randomized controlled trial. J Rehabil Med. 2010 Apr; 42(4): 344-9.

16. Petersen SM. Articular and muscular impairments in cervicogenic headache: a case report. J Orthop
Sports Phys Ther. 2003 Jan; 33(1): 21-30; discussion 30-2.

17. Hall T, Chan HT, Christensen L, Odenthal B, Wells C, Robinson K. Efficacy of a C1-C2 self-sustained
natural apophyseal glide (SNAG) in the management of cervicogenic headache. J Orthop Sports Phys Ther.
2007 Mar; 37(3): 100-7.

18.Shin EJ, Lee BH. The effect of sustained natural apophyseal glides on headache, duration and cervical
function in women with cervicogenic headache. J Exerc Rehabil. 2014 Apr 30; 10(2): 131-5.

19. Schoensee SK, Jensen G, Nicholson G, Gossman M, Katholi C. The effect of mobilization on cervical
headaches. J Orthop Sports Phys Ther. 1995 Apr; 21(4):184-96.

20. Dunning JR, Butts R, Mourad F, Young I, Fernandez-de-Las Pefias C, Hagins M, et al. Upper cervical
and upper thoracic manipulation versus mobilization and exercise in patients with cervicogenic headache: a
multi-center randomized clinical trial. BMC Musculoskelet Disord. 2016 Feb 6; 17: 64.

21. Malo-Urriés M, Tricas-Moreno JM, Estébanez-de-Miguel E, Hidalgo-Garcia C, Carrasco-Uribarren A,
Cabanillas-Barea S. Immediate Effects of Upper Cervical Translatoric Mobilization on Cervical Mobility
and Pressure Pain Threshold in Patients With Cervicogenic Headache: A Randomized Controlled Trial. J
Manipulative Physiol Ther. 2017 Nov - Dec;40(9):649-658.

22. Park SK, Yang DJ, Kim JH, et al.: Effects of cervical stretching and cranio-cervical flexion exercises on
cervical muscle characteristics and posture of patients with cervicogenic headache. J Phys Ther Sci, 2017,
29: 1836-1840.

23. Yang DJ, Kang DH. Comparison of muscular fatigue and tone of neck according to craniocervical flexion
exercise and suboccipital relaxation in cervicogenic headache patients. J Phys Ther Sci. 2017 May; 29(5):
869-873.

24, Bravo Petersen SM, Vardaxis VG. The flexion—rotation test performed actively and passively: a
comparison of range of motion in patients with cervicogenic headache. J Man Manip Ther. 2015
May;23(2):61-7.

25. Youdas JW, Garrett TR, Suman CL, Bogard VJ, Hallman HO, Carey JR. Normal range of motion of the
cervical spine: an initial goniometric study. Phys Ther. 1992 Nov; 72(11): 770-80.

26. Ogince M, Hall T, Robinson K, Blackmore AM. The diagnostic validity of the cervical flexion-rotation
test in C1/2- related cervicogenic headache Man Ther. 2007 Aug; 12(3): 256-62.

27. Falla D. Unravelling the complexity of muscle impairment in chronic neck pain. Man Ther. 2004 Aug;
9(3): 125-33.

28.Falla DL, Jull G, Dall’ Alba P, Rainoldi A, Merletti R. An electromyographic analysis of the deep cervical
flexor muscles in performance of cra niocervical flexion. Phys Ther. 2003 Oct; 83(10): 899-906.

29. Fernandez-de-las-Penas C, Pérez-de-Heredia M, MoleroSanchez A, Miangolarra-Page JC. Performance
of the craniocervical flexion test, forward head posture, and headache clinical parameters in patients with
chronic tension-type headache: a pilot study. J Orthop Sports Phys Ther. 2007 Feb; 37(2): 33-9.

30. DeStefano L. Greenman’s principles of manual medicine. 4th ed. Baltimore, MD, USA: Lippincott

3136



Frontiers in Health InformaticsISSN-Online: www.healthinformaticsjournal.com
2676-7104

Williams & Wilkins; 2011.

31. Maitland G, Banks K, English K, Hengeveld E. Maitland's verterbal manipulation. 7th ed. Boston:
Butterworth-Heinemann; 2005. p 272-285.

32. Kendall FP, McCreary EK, Provance PG, Rodgers MM, Romani WA. Muscles: testing and function with
posture and pain. 5th ed. Baltimore, MD, USA: Lippincott Williams & Wilkins; 2005.

33. Allen CJ, Terrett D, Vernon H. Manipulation and pain tolerance. Am J Phys Med 1984;63:217-25.

34 Mohamed AA, Shendy WS, Semary M, Mourad HS, Battecha KH, Soliman ES, Sayed SHE, Mohamed
GI. Combined use of cervical headache snag and cervical snag half rotation techniques in the treatment of
cervicogenic headache. J Phys Ther Sci. 2019 Apr;31(4):376-381.

35. Johnson G, Bogduk N, Nowitzke A, House D. Anatomy and actions of the trapezius muscle. Clin
Biomech. 1994;9:44-50.

36. Schuldt K, Ekholm J, Harms-Ringdahl K, Nemeth G, Arborelius UP. Effects of arm support or suspension
on neck and shoulder muscle activity during sedentary work. Scand J Rehabil Med. 1987;19:77-84.

37. Rinne M, Garam S, Hakkinen A, Ylinen J, Kukkonen-Harjula K, Nikander R. Therapeutic exercise
training to reduce chronic headache in working women: Design of a Randomized Controlled Trial. Phys
Ther. 2016;96(5): 631-40.

38. Panjabi MM. The stabilizing system of the spine. Part I. Function, dysfunction, adaptation, and
enhancement. J Spinal Disord. 1992;5(4):383-389; discussion 397.

39. Panjabi MM. The stabilizing system of the spine. Part II. Neutral zone and instability hypothesis. J Spinal
Disord. 1992;5(4):390-396; discussion 397.

3137



