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Background: Tension-type headache (TTH) decreases the ability to concentrate and function during daily activities in affected
patients. As most patients with TTH exhibit forward head posture (FHP). Various interventions have been pro-
posed to resolve TTH. However, research regarding the efficacy of these interventions remains lacking. The pres-
ent study aimed to investigate the association between FHP and TTH, and to evaluate the efficacy of various
intervention methods on headache symptoms and other clinical variables in patients with TTH induced by FHP.

Material/Methods: Participants were randomly allocated to 3 groups: biofeedback (BF, n,=21), manual therapy (MT, n,=20) and,
stretching (ST, n,=21). Interventions were conducted 3 times per week for 4 weeks. Craniovertebral angle (CVA),
electroencephalographic findings for attention, stress, and pressure-pain threshold (PPT), headache on activi-
ties of daily living (Henry Ford Headache Disability Inventory, HDI), and quality of life (QoL) assessments were
obtained pre-intervention, post-intervention, and at the 2-week follow-up.

Results: The correlation between CVA and HDI after intervention (R2=0.324, P<0.001), and at 2-week follow-up (R?=0.115,
P<0.01) are significant. BF was associated with significant improvements in CVA (FZ,59=3.393, P<0.001, n,za=0.130),
attention (F, . .=5.186, P<0.01, r]f,=0.150), stress [skin temperature (sz59=6.005, P<0.001, nf,=0.169) and skin con-
ductance (F, ,,=4.900, P<0.01,13=0.142)], PPT (F, ,=5.050, P<0.01,12=0.146), HDI (F, ;,=3.303, P<0.01,13=0.101),
and QoL (F, ;,=3.409, P<0.05, 13=0.104).

Conclusions: Our findings indicate that BF was more effective than MT and ST in the treatment of TTH due to FHP. Such
findings highlight the need to develop and promote a controlled exercise program to facilitate a return to nor-
mal daily activities in patients with TTH due to FHP.
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Background

Headache is a very common condition that most people ex-
perience at least once in their lifetimes. Headache refers to
the pain accompanied by discomfort in the face, neck and the
head [1]. Approximately 80% of patients with headaches ex-
perience difficulty engaging in daily activities, and research
has indicated that the incidence of headache accompanied by
sleep disorders, depression, or anxiety continues to increase [2].

Among the representative types of headaches, tension-type
headache (TTH) is the most common type in adults, with a re-
ported prevalence between 36% to 78% [3]. Approximately
14% of adults experience TTH at least once per week, although
symptoms occur almost every day in 3% of adult patients [1].
In affected patients, TTH occurs at a frequency of at least
once per month and may be accompanied by moderate-to-
severe sensations of pressure, with pain persisting from 30
minutes to 7 days [4]. Similar to migraine, TTH can be charac-
terized as either episodic or chronic, although TTH does not
present with nausea or vomiting [4]. Although various factors
are likely involved, research has suggested that pathophysi-
ological changes in muscular activity play a role in the devel-
opment of TTH [5]. In accordance with this finding, abnormal
spasms of the scalp and neck muscles have been observed in
70% of patients who experience TTH [6].

Abnormal muscle spasms can result from improper posture
or abnormalities in posture regulation [7]. Forward head pos-
ture (FHP) represents the most common posture abnormality
in adults and several studies have demonstrated an associ-
ation between TTH and FHP [3,8]. FHP refers to the anterior
displacement of the head relative to the trunk via upper cer-
vical extension and lower cervical flexion [9]. Previous studies
have reported that patients with FHP exhibit weakness in the
extensor (suboccipital, semispinalis, splenius, and upper tra-
pezius) and flexor muscles (longus colli, longus capitus, rec-
tus capitis anterior) of the neck, as well as shortening of the
sternocleidomastoid muscle [10]. Such changes lead to in-
creased pressure between the cervical vertebrae and the de-
velopment of tender points within the neck region. A study by
Fernandez-de-las-Pefas et al. [11] reported that all patients
with TTH exhibit tender points over the suboccipital muscle,
and that these tender points are associated with referred pain
in the occipital and temporal regions.

Several studies have demonstrated a correlation between
TTH and stress. A study by Kroll et al. [12] reported that stress
exacerbates TTH pain and decreases physical activity, while
additional studies have demonstrated that TTH is associated
with decreased quality of life (QoL) [13] and increased levels
of depression [14]. Despite the substantial health-related and
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socioeconomic impact of TTH, there is little evidence of effec-
tive interventions for reducing TTH.

Most previous studies regarding TTH have focused on reduc-
ing tender points over the contracted muscle caused by FHP
through acupuncture [15], relaxation or manual therapy [5,16].
However, these methods provide only temporary relief and
have demonstrated limited efficacy in improving posture and
reducing TTH symptoms. Recently, in an effective way to FHP,
Cervical sensory biofeedback training lead to a nearly 50% re-
duction in headache activity [8]. Biofeedback is improvement
rates are similar for each treatment modality but substantially
greater than those observed in untreated patients or patients
with false or non-contingent biofeedback. And cervical sen-
sory biofeedback can improve neuromuscular balance, pos-
tural alignment, increase functional mobility, and actively re-
duce pain [8,17].

Therefore, the present study aimed to develop a TTH more ef-
fective treatment program focused on improving posture in
patients with FHP correlation, and to investigate the effects
of various treatment methods on levels of attention, stress,
and QoL in patients with TTH.

Material and Methods

Experimental design

Participants were divided into 3 groups based on the method
of postural improvement: biofeedback group (BF), manual
therapy group (MT), and stretching exercise group (ST), which
was conducted in sessions of 20 to 30 minutes, 3 times per
week. Each participant was randomly assigned to a group us-
ing the Random Allocation Software program for Windows 2.0
(Isfahan University, Iran). To determine the consistency of the
effects based on elapsed time, patients were re-evaluated at
the 2-week follow-up. The craniovertebral angle (CVA) was
measured to investigate the correlation between changes in
FHP and headache symptoms (primary outcome). Secondary
outcomes included changes in clinical factors known to influ-
ence headache (e.g., attention, stress, and pressure threshold).
In addition, we examined whether TTH relief was associated
with changes in QoL. The protocol of the present study was
approved by the Institutional Review Board of our university.

Patients

A total of 508 participants were recruited from among univer-
sity students in G- city, all of whom met the requirements for
initial selection. All participants had completed headache sur-
veys and had been informed that they could withdraw from
the study at any time. In order to identify participants with
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Table 1. The pretest demographic and self-report variables for each treatment group (N=62).

BFG (n,=21) MTG (n,=20) STG (n,=21) F/x2 (P)
Age (year) 2291 (2.84) 21.40 (2.47) 22.10 (2.39) 1.824 (0.170)
Sex (Male/Female) 7/14 6/14 6/15 2.052 (0.358)

Height (cm) 167.99 (7.20) 166.98 (9.18) 166.74 (8.77) 0.131 (0.878)
weight® 6024 (1085) 6177 (1305) 6147(1172) 009 (0.909)
CovAWe 4753 (083 4717 (080) 4729 (084) 0960 (0.385)
' Headache time (wkiy) 9038 (269 ors 273 005 (3.09 0312 (0733)

Values are presented as mean (SD). BFG — biofeedback group; MTG — manual therapy group; STG — stretching group.

both headache and FHP, CVA measurements were obtained
in accordance with the methods proposed by De et al. [18].
Participants with a CVA of 49° or below were considered to
exhibit FHP [19]. TTH was defined based on the classification
criteria outlined by the International Headache Society [4].
Inclusion criteria were as follows: 1) presence of 2 or more of
the following: bilateral headache, pressure or squeezing pain,
mild or intermediate pain intensity, and headache not elicited
by daily physical activities; 2) less than 180 headache days
per year or 15 headache days per month; 3) headache last-
ing between 30 minutes and 7 days; 4) headache unaccom-
panied by nausea or vomiting; 5) absence of photophobia or
phonophobia during headache. Exclusion criteria were as fol-
lows: 1) headache onset greater than 6 months prior to ini-
tiation of the study; 2) receipt of headache or neck-related
treatments within the past year; 3) use of headache medica-
tion or analgesics within the past 3 months; 4) history of in-
jection treatments, surgery, severe cervical disc herniation,
or fracture that may have influenced the intervention. A to-
tal of 508 consecutive patients were screened for study eligi-
bility. Among them, 172 participants with CVA values above
49°, 128 participants who did not satisfy TTH eligibility crite-
ria, 39 participants who had met additional exclusion criteria,
and 107 patients who could not participate were excluded.
A final total of 62 participants (26 male and 36 female) provid-
ed written informed consent and were included in the study.
Sixty-two patients with TTH (mean age: 22.15+2.56 years; age
range: 19-29 years; 67.1% female; headache time: 9.39 + 2.81
weeks/year; range: 4-15 weeks; CVA: 47.34°+0.84°) satisfying
the eligibility criteria agreed to participate and were randomly
assigned to the biofeedback (n,=21), manual therapy (n,=20),
and stretching (n,=21) groups.

The pretest demographic and self-report values for each treat-
ment group are shown in Table 1.

Sample size

The sample size was determined based on the large effect size
(Cohen’s d: 0.47) reported in a previous study [3]. The calcu-
lations were then modified to fit the present study, resulting
in an effect size of f(V) = 0.235. The effect size was calcu-
lated using G-power version 3.1 (Franz Faul, Universitiat Kiel,
Germany). As the experimental design included 3 groups and
3 measurements, the sample size was calculated based on
the following parameters: repeated-measures ANOVA, within-
between interaction, o err prob: 0.05, power (1-B err prob):
0.80. This calculation resulted in a required sample size of 39
participants. Considering the dropout 10% rate, we included
additional participants in the present study. Figure 1 depicts
the flow diagram of participant selection.

Intervention
Biofeedback exercise

In accordance with the suggestions of Fernandez-de-las-Pefas
et al. [3] and Castien et al. [8], biofeedback exercise (Figure 2A)
sessions were conducted by placing airbags inflated to 20 mmHg
under the occipital bone. Participants were asked to exert pres-
sure on the airbag by extending the chin. The pressure sen-
sor of the device was observed to adjust the pressure by it-
self (Figure 2B). This motion results in contraction of the deep
neck flexors (DNF) of the cervical spine. During the interven-
tion, the pressure of the inflated bag was gradually increased to
30 mmHg by increments of 2 mmHg (Figure 2B). Thus, partici-
pants underwent a series of exercises at 22 mmHg, 24 mmHg,
26 mmHg, 28 mmHg, and 30 mmHg. Based on the progressive
overload principle (Table 2). Participants rested 1 minute be-
tween each set, resulting in a total session length of approx-
imately 13 minutes.
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Assessed for eligibility (N=508)

Enrollment

Excluded (n=446)

« (VA=49° (n=172)

« Not meet TTH inclusion criteria (n=128)
- Other reasons (n=146)

Randomized (n=62)

Allocation

<_|‘_

A 4 v

Biofeedback group (n,=21) Menual therapy group (n,=20) Stretching group (n,=21)
- concentric, eccentric, and isometric «ITand AT « Chest and neck muscle (6 method)
+22-30mmHg . CO—CZ, C7, Cranio-cervial muscle « Stretching and hold-relax

+ 15-20 repeat, 3set, 3x/week, 4 week « Each 15 min, 3x/week, 4 week +Both 10’5, 10 set, 3x/week, 4 week

!

v v

Lost to post-test (n1=0)

« carniovertebral angle

« Attention and stress

« Pressure-pain thresholds
« Activities of daily living
« Quality of life

Lost to post-test (nz=0)

« carniovertebral angle

+ Attention and stress

« Pressure-pain thresholds
« Activities of daily living
« Quality of life

Lost to 2 wk follow-up (nw=0)

|

Lost to 2 wk follow-up
(private circumstances (n,=1)

Analysis

Lost to post-test (n3=0)

« carniovertebral angle

« Attention and stress

« Pressure-pain thresholds
« Activities of daily living
« Quality of life

Lost to 2 wk follow-up (n3=0)

y

4_

A

+ Analysed (n.=21)
Excluded from analysis (n=0)

+ Analysed (n,=20)
Excluded from analysis (n=0)

« Analysed (n3=21)
Excluded from analysis (n=0)

Figure 1. Flowchart according to the CONSORTS tatement for reporting randomizedrials.

Manual therapy

In accordance with the suggestions of Monzani et al. [20] and
Cho et al. [21], manual therapy was conducted using myofascial
inhibitory (IT) and articulatory techniques (AT). The IT method
aims to alleviate muscle spasms, which occur in patients with
both TTH and FHP. IT treatment was applied to the soft tissue
below the occipital region of the head, over the occiput-atlas-
axis joint. Treatments were performed with the patient in the su-
pine position, with the patient’s eyes closed and head resting in
the therapist’s hands. The therapist reached his or her fingertips
towards the arch behind the atlas, such that the patient’s head

appeared to be hanging in the therapist’s hands. To reach the
target muscle fibers, pressure was increased in a vertical fash-
ion and applied until the therapist had detected a decrease in
muscle tone. IT treatment was performed for 10 minutes, dur-
ing which the therapist focused on cranio-cervical muscle tone.

The AT method has been used to improve disability of the neck
joint and restore movement among the occiput, atlas, axis, and
upper thoracic joints. AT treatment was performed in 2 stages
with patients in the supine position, with each session last-
ing for 5 minutes. In the first stage, a slight rotation was in-
duced in order to identify the joint barrier following distraction.
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Figure 2. Inflatable air-filled pressure sensor (A) and position of the patients during the exercise (B). Patient-specific criteria;

craniovertebral angle, <49°.

Table 2. Biofeedback programs.

Intensity Time Methods
1st week 22-26 mmHg 3 set, 20 repeats Concentric and eccentric contractions (3 sec)
25t week 22-26 mmHg ) el 13 (s Concent.ric (3 sec) and isometric contractions (5 sec), eccentric,
contractions (3 sec)
3st week 26-30 mmHg 3 set, 20 repeats Concentric and eccentric contractions (3 sec)
4st week 26-30 mmHg 3 set, 15 repeats Concentric (3 sec) and isometric contractions (5 sec), eccentric,

contractions (3 sec)

While maintaining this tension, joint mobilization was per-
formed at the level of the T -C, and C~C —C, vertebrae. The sec-
ond stage consisted of short, high-frequency oscillations.
Without flexion or slight bending of the neck, the skull was ro-
tated along the vertical axis. IT and AT treatments (10 minutes
each) were conducted 3 times per week, respectively.

Stretching exercise

The stretching methods used in the present study were devel-
oped based on those described by Ylinen et al. [22]. In order
to relax the pectoralis major and minor, scalene, sternoclei-
domastoid (SCM), upper trapezius, and suboccipital muscles,
mentioned in the study, sessions consisted of 3 types of chest
stretches and 3 types of neck stretches. While standing within

a doorframe with their shoulders abducted to 90° and 120°,
patients leaned forward using their body weight to stretch the
chest muscles. To stretch the pectoralis minor, patients inter-
locked the fingers of both hands behind their back, result-
ing in retraction and depression of the scapula. The SCM was
stretched via neck extension, contralateral flexion, and ipsi-
lateral lateral rotation. In addition, lateral flexion of the upper
trapezius muscle, ipsilateral flexion and rotation of the scalene
muscle, and flexion of the extensor muscles were performed
for 10 seconds each, followed by 5 seconds of rest. Extension
of muscles in the neck region was performed bilaterally. Each
set consisted of these 6 consecutive motions. During weeks
1-2, participants performed 10 sets per session, each of which
lasted 25 minutes. Sessions were conducted 3 times per week,
and participants were instructed to stretch to the greatest
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‘Tragues of

the ear

Figure 3. The craniovertebral angle was assessed directly from
a side-view picture using a protractor and a straight
edge.

extent possible during each session. Muscle extensions were
preceded and followed by light tapping of the neck and the
shoulder using both hands. During weeks 3—4, a hold/relax-
ation phase was added to the end of the protocol used dur-
ing weeks 1-2. To prevent muscle fatigue, the hold/relaxation
phase was set to a maximum of 10 seconds. Each 10-second
phase was composed of 2 seconds of concentric contraction,
6 seconds of hold, and 2 seconds of eccentric contraction.

Outcome measures
Forward head posture

Based on study by De-La-Llave-Rincon et al. [18], FHP was deter-
mined by measuring CVA. Participants were asked to sit facing
forward with their arms placed naturally in their lap and neck
held in the most comfortable position, while wearing cloth-
ing that exposed C.. Photographs of the C, region (side view)
were then obtained using a smartphone camera (Galaxy Note 5,
Samsung, Korea). The camera was placed in a fixed location
to ensure that all photos were taken at an identical distance.
A goniometer was used to measure CVA on the printed im-
ages. The angle between the line from the outer bound of the
tragus of the ear to the C, vertebrae was measured. All efforts
were made to ensure CVA was measured under identical con-
ditions for each participant (Figure 3). According to reports by
Subbarayalu [23] this method has an intra-class correlation
coefficient (ICC) of 0.87, indicative of high reliability. Lower
CVA values indicate advanced progression of FHP, which was
defined as a CVA below 49°, based on the findings previous
studies [19].

Figure 4. Eletroencephalogram and position of electrode
placement (1).

Impact of headache on activities of daily living

To determine the impact of headache on activities of daily
living, participants were asked to complete the Henry Ford
Headache Disability Inventory (HDI). The HDI based on re-
sponses to 25 items associated with the functional and sen-
sory aspects of headache experiences. Responses were scored
as follows: yes, 4 points; sometimes, 2 points; no, 0 points.
Overall scores were obtained by adding the point values for
each of the 25 items, with higher scores indicate of more se-
vere headache [24]. Previous studies have demonstrated that
the HDI exhibits high test-retest reliability (Cronbach’s alpha:
0.94, Pearson correlation coefficient: 0.83) [25].

Attention

Electroencephalography (EEG; Pro-Comp Infiniti, Thought
Technology, Canada) was used to assess levels of attention in
each participant. Electrodes were placed in accordance with
the international 10-20 system, with an effective frequency
range of 1-40 Hz (unit: pV).

Monopole derivation was performed using the earlobe elec-
trode, where EEG signals are not readily detected, as the ref-
erence for EEG measurement. In this method, several chan-
nels are combined into a single reference power to measure
the absolute EEG activity from all channels [26].

To ensure the stability of measurements, participants to rest
in the measurement facility for 10 minutes prior to assess-
ments. The temperature and humidity of the testing envi-
ronment were held constant for all participants, and levels
of noise were minimized. Participants were asked to wear a
blindfold during measurement to avoid the influence of visual
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Figure 5. Stress measurement device and sensor: device (1), heart rate (A), skin conductance (B), skin temperature (C), and respiratory

rate (D) sensor.

stimulation (Figure 4). EEG recording was initiated when at
least 10 second of stable EEG signals without artifacts were
detected. The resistance of all electrodes (diameter: 8 mm;
gold-plated) was set to less than 5 kQ. To minimize the con-
tact resistance on the skin, the forehead was wiped with cot-
ton dipped in alcohol prior to fixation of the electrodes using
gel and conductive grease (ElefixZ-401CE, Japan). Data were
recorded for 20 minutes, although EEG was repeated the fol-
lowing day if participants stated that they had fallen asleep
or experienced any changes in psychological state due exter-
nal influences during the session. Previous studies have re-
vealed that decreases in theta band activity (4-8 Hz) are ob-
served during attentive states, along with increases in sensory
motor rhythm (SMR and low-beta: 12-15 Hz) and middle-beta
activity (15-22 Hz) [27]. Therefore, in the present study, we
calculated the ratio of theta to SMR and middle-beta wave ac-
tivity in order to investigate levels of attention [27]. The ratio
is given by the following equation (1):

(SMR-+Middle beta wave)
0]
Theta wave

Power Ratio=

EEG electrodes were placed in accordance with a method com-
monly used in neurofeedback experiments (C, A, A)). The place-
ment locations are shown in Figure 4(1) [28].

Stress

Increased levels of stress are accompanied by increases in res-
piration rate, heart rate, skin temperature, and skin conduc-
tance [29]. Therefore, in the present study, we evaluated lev-
els of stress using an eight-channel, multi-modality Pro-Comp
Infiniti biofeedback system, which was equipped with Biograph
version 5.0 (Biofeedback, Thought Technology Ltd., Canada)
for signal processing (Figure 5). This system exhibits sufficient
power and flexibility for real-time, computerized biofeedback
and data acquisition in a clinical setting.

To minimize contact resistance with the skin, the sensors were
wiped with cotton dipped in alcohol. As in previous experi-
ments, participants were allowed to rest at the measurement
facility for 10 minutes prior to recording. The temperature and
humidity of the testing environment were held constant for all
participants, and levels of noise were minimized. Participants
were asked to wear a blindfold during measurement to avoid
the influence of visual stimulation.

Heart rate (HR) was measured by fixing the HR sensor (measure-
ment unit: frequency/minute) to the middle finger of the right
hand (Figure 5(A)), while skin conductance (SC) was measured by
fixing the SC sensor (measurement unit: microsiemens, pS) to the
index and ring finger of the right hand (Figure 5(B)). Skin temper-
ature (ST) was measured by fixing a thermistor to the little finger
of the right little (measurement unit: °C) (Figure 5(C)). Respiratory
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rate (RR) was measured using piezo belts (Figure 5(D)). All phys-
iological measurements were automatically recorded and stored
by the biofeedback system.

Pressure pain thresholds

In the present study, we used a Commander Algometer TM de-
vice () Tech Medical Industries, USA) to measure pressure-pain
thresholds (PPTs) for each participant, in accordance with the
methods proposed by Palacios-Cena et al. [30]. This algometer,
which measures applied pressure in pounds (lb), is composed
of a probe (10 x 10 mm), handle, and display screen. The de-
sired location and placement of the algometer were confirmed
with the participant in a relaxed, prone position. The central
portion of the algometer was held by the experimenter for sta-
bility, and the pressure applied to the participant was grad-
ually increased over the suboccipital muscle [11], near the
headache region. Prior to measurement, participants were in-
structed to say “ah” when the pressure applied to the tender
point produced pain. Previous studies have demonstrated that
this method exhibits high test-retest reliability (R: 0.99) [31].

Quality of life (QoL)

The Headache Impact Test 6 (HIT-6) was used to evaluate
the effect of various types of headache on QoL (e.g., TTH,
migraine). The HIT-6 was created by the developers of the
Short-form 36, based on items included on internet-based head-
ache impact questionnaires, the Migraine Disability Assessment
Scale (MIDAS), and migraine-specific QoL questionnaires. A to-
tal of 54 questions from the questionnaires and 35 questions
from clinical assessments were selected based on content,
relevance, item response theory, internal consistency, clinical
relevance, contribution to total score, and linguistic analysis.
The final questionnaire is composed of 6 questions related to
pain, social function, role function, cognitive function, psycho-
logical pain, and activity [32]. Total scores on the HIT-6 range
from 36-78 points, and participant responses are scored as
follows: never, 6 points; rarely, 8 points; sometimes, 10 points;
often, 11 points; always, 13 points. Scores of 49 or lower in-
dicate no impact of headache on Qol, while scores of 50-55
indicated a mild impact on QoL. Scores of 56-60 indicate sig-
nificantly reduced QoL due to headache, while scores of 60
or above indicate severely reduced QoL due to headache [32].

Previous studies have demonstrated that the HIT-6 exhibits
high internal consistency (Cronbach’s alpha: 0.89) and test-
retest reliability (ICC: 0.80) [32].

Statistical analysis

Data analyses were performed using SPSS (Version 18.0;
SPSS Inc., Chicago, IL, USA) statistical software. Baseline
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demographic variables and scores on the self-report measures
were compared between treatment groups via one-way anal-
ysis of variance (ANOVA) for continuous data and chi-square
tests of independence for categorical data.

For the effects of treatment on various outcomes, primary out-
come for a linear regression model (CVA and HDI) was used on
the correlation between FHP and TTH. Secondary outcome for
the effects of treatment on FHP, attention, stress, PPTs, ADL,
and QoL were examined via 2-way repeated-measures ANOVA.
For each ANOVA, 2-way (group x times) interactions were re-
garded as hypotheses of interest. Interactions were analyzed
based on simple main effects for the between-group differences
at each measurement point, with a Bonferroni-corrected o of
0.017 (3-point one-way ANOVA tests). Data were analyzed using
2 different approaches. First, an intention-to-treat (ITT) analy-
sis was performed for all patients originally randomized in the
trial. Missing data points for dropouts were imputed using the
last-observation-carried-forward method. In addition, we ana-
lyzed only the data of those participants who had completed
the trial (i.e., per-protocol analysis). Partial eta squared (13)
was calculated to investigate the effect size based on treat-
ment type. The level of statistical significance for all analyses
was set to a=0.05.

Results

In the ITT analysis of primary outcomes, a significant corre-
lation between increases in CVA and decreases in HDI was
observed, with an explanatory power of 32.4%. This correla-
tion remained significant during the 2-week follow-up period
(R2=0.339, P=0.007), with an explanatory power of 11.5%.
The result of the 3-point (pre-intervention to post-interven-
tion; post-intervention to 2-week follow-up) and regression
analyses are displayed in Table 3.

In the ITT analysis of secondary outcomes, a significant effect
of the interaction between time and group was observed on
CVA (nf,=0.13, indicative of a moderate group effect), attention
(nf,=0.15, indicative of a large group effect), PPTs (n,2,=0.146,
indicative of a large group effect), HDI scores (13=0.101, indica-
tive of a moderate group effect), HIT-6 scores (nf,=0.104, indica-
tive of a moderate group effect). Significant differences in CVA,
attention, HDI scores, and HIT-6 scores were also observed
among the 3 points at the 2-week follow-up, while significant
differences in PPT were observed among the 3 points post-
intervention and at the 2-week follow up.

No significant time-by-group difference in HR was identified
(n3=0.076, indicative of a moderate group effect). Significant
differences were observed among the 3 points at the 2-week
follow-up. However, significant time-by-group effects were
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Table 3. Mediation analysis (influence of tension type headach by increase of craniovertebral angle): results of linear regression
Analysis (N=62).

BFG (n,=21, A) BFG (n,=20, B) STG (n,=21, C)

Base - followup fw-2wkfw Base-followup fw-2wkfw Base-followup fw-2wkfw

CVA (deg) 2.66 (2.76) 1.59 (3.72) 240 (1.86) -0.24 (1.75) 1.16 (1.70) -1.67 (1.65)

HDI (point) 7.05 (6.53) 2.48 (2.36) 8.40 (6.12) -1.30 (2.54) 495 (6.92) -0.714 (3.39)

Mediation analysis: results of linear regression analysis

Independent Coefficient
variable
Constant 0.324 28.720***
oBasetofw 0187  5.043[0113-0261]
CConstant oxts 77k
Cofwtoawkfw 0280 2791[0.079-0.4811"

Values are presented as mean (SD). BFG — biofeedback group; MTG — manual therapy group; STG — stretching group;
CVA — Craniovertebral angle; HDI — Henry Ford headache disability inventory. Regression model change of CVA according
to HDI (base to fw, fw to 2wk fw), Cl — confidence interval. ** P<0.01; *** P<0.001.

Table 4. Each therapy participants: potential mediators at pretest and 4 weeks and outcome after treatment by 2 Weeks (N=62).

BFG (n,=21, A) MTG (n,=20, B) STG (n,=21, C) Timexgroup

CVA 47.53 49.61 51.20 47.17 49.57  49.33 47.29  48.46  48.29 3.393 0.130
(deg) (0.83) (2.73) (2.37)>  (80) (1.58) (1.78) (0.84) (1.43) (1.36) [48.458-48.977]** ’
Attention 1.74 2.84 4.15 1.84 2.86 2.97 1.49 2.66 2.28 5.186 0.150
(mV) (1.16)  (1.35) (1.79)¢ (0.82) (1.35) (1.07) (0.74) 0(88) (0.93) [2.327-2.751]** ’
PPT 18.14 19.54 21.36 18.56 20.91 19.71 17.80 18.53 18.43 5.050 0.146
(Ib) (1.31) (2.32) (2.28)c (1.55) (3.20)° (2.17) (1.24) (1.79) (1.58) [18.873-19.567]** ’
HDI 79.91 68.86 66.38 78.50 70.10 71.40 77.57 72.62 73.33 3.303 0.101
(point) (3.49) (6.14) (5.81) (4.63) (6.02) (6.35) (3.22) (6.74) (5.15) [71.622-73.859]** ’
HIT6 53.47 50.52 49.05 53.55 51.10 51.75 54.76 52.86 52.91 3.409 0.104
(point) (2.42) (2.94) (51.75)* (2.24) (2.83) (2.86) (1.92) (2.17) (2.19) [51.734-52.704]* ’
Stress

HR 77.48 76.38 74.99 78.35 77.09 76.03 78.22 77.50 76.69 2.433 0.076
(bpm/min) (1.79) (1.62) (1.95) (1.96) (1.52) (1.67) (1.66) (1.82) (1.81) [76.491-77.225] ’

ST (°0) 33.65 33.56 32.79 33.63 33.58 33.45 33.66 33.69 33.68 6.008 0.169

(0.53) (0.61) (0.58)* (0.58) (0.60) (0.63) (0.54) (0.63) (0.52) [33.382-33.614]***
SC (us) 0.84 0.81 0.79 0.85 0.83 0.82 0.85 0.84 0.84 4.900 0.142
. (0.45)  (0.04) (0.06)c (0.03) (0.34) (0.05) (0.04) (0.05) (0.04) [0.820-0.839]**
RR 14.48 15.28 15.26 14.12 14.65 14.77 13.69 14.24 14.18 1.304 0.042

(breath/min) (0.51)  (0.51) (0.51) (0.75) (0.62) (0.46) (0.61) (0.53) (0.49) [14.399-14.638]

Values are presented as mean (SD). BFG — biofeedback group; MTG — manual therapy group; STG — stretching group;

CVA — craniovertebral angle; PPT — pressure-pain thresholds; HDI — Henry Ford headache disability inventory; HIT6 — headache impact
test-6; SC — skin conductance; ST — skin temperature; RR — respiratory rate; HR — heart rate. n% - Partial Eta Squared; Cl — confidence
interval. Significant interaction timexgroup (* P<0.05; ** P< 0.01, *** P<0.001); Between-group differences at each point measurement
Bonferroni correction (2 P< 0.017: A>B, ® P<.017: B>C, € P< 0.017: A>C).
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observed with regard to ST (13=0.169, indicative of a large
group effect) and SC (12=0.142, indicative of a large group ef-
fect). Significant differences in ST and SC were observed among
the 3 points at the 2-week follow-up. However, no significant
time-by-group difference in RR was identified (13=0.042, indic-
ative of a small group effect). No significant differences in RR
were observed among the 3 points.

Patient values for pre-intervention, post-intervention, and
2-week follow-up assessments are displayed in Table 4.

Discussion

We aimed to investigate the correlation between decreases in
FHP and TTH, and to determine the efficacy of various inter-
ventions in improving FHP. We further aimed to examine the
effects of these treatments on attention, stress, tender points,
headache symptoms, and QoL

Changes in TTH and CVA were significantly correlated post-treat-
ment (R=0.569, P=0.000) and at the 2-week follow-up (R=0.339,
P=0.007). A study by Fernandez-de-las-Pefas et al. [8] reported
that manual therapy reduced FHP, and that such decreases in
FHP were associated with an 85% decrease in headache fre-
quency (P<0.05). Furthermore, a study by César et al. [33] re-
ported that decreases in CVA exacerbate TTH symptoms in af-
fected patients when compared with healthy controls (P<0.001).
Such findings suggest that TTH is caused by FHP-induced cer-
vical musculoskeletal dysfunction.

In the present study, CVA was measured to investigate changes
in FHP. Significant increases in CVA were observed follow-
ing the intervention (Fz. +5=3-393; P<0.001), although CVA val-
ues differed significantly between the BF and MT/ST groups
at the 2-week follow-up (F,,=3.393, P<0.017). A study by
César et al. [3] demonstrated that patients with TTH exhibit
significantly lower CVA values than healthy controls (P<0.01),
and that weak DNF function was associated with increased TTH
severity (P<0.001). However, Castien et al. [8] reported that pa-
tients with FHP exhibited significant increases in CVA follow-
ing manual therapy. These results indicate that patients with
TTH exhibit increases in FHP, which in turn weaken the DNFs
and lead to cervical musculoskeletal dysfunction. The results
of the present study suggest that patients of the BF group ex-
hibited increases in CVA due to increased strength of the DNFs.
Ylinen et al. [22] reported that significant changes in neck dis-
ability (P=0.013) and neck stiffness (P=0.01) occurred following
4 weeks of manual therapy and stretching in patients with neck
pain. However, in accordance with the findings of the present
study, no significant changes in neck disability and stiffness
were observed at the 8-week follow-up, while symptoms had
become exacerbated relative to pre-treatment conditions in
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some patients. In the present study, patients of the ST and MT
groups received manual FHP alignment by a therapist, while
those in the BF group were required to correct their own pos-
ture. Thus, patients of the BF group may have remembered
the correct posture, even after some time had passed. In a
study by Trewartha et al. [34] a significant difference in pro-
prioceptive correction was observed between passive block-
stacking training and active block-stacking training (P=0.007).
The findings suggest that patients of the BF group improved
their ability for proprioceptive correction to the proper pos-
ture via self-alignment.

In order to confirm whether TTH is associated with changes
in attention levels, power ratios were obtained via EEG. EEG
results indicated the presence of significant time-by-group
effects (Fz,59=5-186' P<0.01), and significant differences were ob-
served between the BF and ST groups at the 2-week follow-up
(F2’59=10.701, P<0.017). A study by Kuhajda et al. [35] examined
attention levels in adult participants with headaches based
on response time at encoding (word judgment task). In accor-
dance with the findings of the present study, the authors re-
ported that patients of the headache group exhibited sig-
nificant decreases in attention relative to participants of the
control group (P=0.008). Moreover, Carissa et al. [36] reported
that the word count, which is used to evaluate attention, was
significantly higher in participants of an upright posture group
relative to that observed in a relaxed posture group (P=0.02).
Another study by Zhavoronkova et al. [37] reported that up-
right body posture is associated with increased high-frequency
brain activity (maximal power increase in the B-wave range).
Similarly, our findings indicated that patients of the BF group
were able to maintain the upright posture and increases in
attention following treatment.

In the present study, we evaluated levels of stress by mea-
suring HR, ST, SC, and RR. Although no significant differences
in HR or RR were observed among the groups, significant dif-
ferences were observed for ST (F2Y59=6.005; P<0.001) and SC
(F2,59=4.900; P<0.01). In addition, significant differences in ST
were observed among the BF, MT, and ST groups at the 2-week
follow-up (F, ,,=13.605; P=0.000). Significant differences in SC
were also observed between the BF and ST groups (F=7.705;
P=0.001). A study by Roos et al. [38] reported that, as stress lev-
els rise, increases in sympathetic nervous system activity pro-
duce increases in heart rate, respiration rate, temperature, and
sweat production, thereby increasing SC. In a study of 12 988
Japanese patients, Yokoyama et al. [39] reported that increases
in stress are proportional to increases in headache (P<0.0001).
However, a study by Nair et al. [40] reported significant dif-
ferences in heart rate and pulse pressure between an upright
posture group and a slouching posture group (P=0.005), while
additional research by Kraft and Pressman [41] indicated that
an upright body posture is associated with decreases in HR.
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Chadha et al. [42] also observed that maintaining normal pos-
ture produces increases in thyroid stimulating hormone (TSH)
secretion, while Hisar et al. [43] demonstrated that increases
in thyroxine and cortisol levels following TSH secretion are
significantly associated with stress relief. These findings sug-
gest that the decreases in FHP and postural improvements ob-
served in patients of the present study may have induced se-
cretion of TSH, thereby leading to increases in thyroxine and
cortisol levels and subsequent reductions in the level of stress.

A study by Palacios-Cena et al. [30] reported that myofascial
trigger points (TrP) around the head and neck are more com-
mon in patients with TTH than in healthy controls. Moreover,
a study by Fernandez-de-las-Pefas et al. [11] reported a cor-
relation between TTH and TrP of the suboccipital muscle, and
that activation of TrP increases the frequency and intensity of
TTH. To investigate changes in TrP activity in response to vari-
ous interventions, we measured changes in suboccipital mus-
cle PPTs on the affected side. Our analysis revealed a signifi-
cant time-by-group interaction with regard to PPTs (F, ,=5.050,
P<0.01). Fernandez-de-las-Pefias et al. [11] reported that TrPs
of the suboccipital muscle significantly increase along with in-
creases in FHP (P<0.01). Similarly, we observed significant in-
creases in FHP in patients of the present study (P<0.001). These
findings suggest that decreases in PPT lead to FHP relief, con-
sequently shortening the suboccipital muscle and reducing TrP
activation. Nociceptive input from TrP of the suboccipital mus-
cle can stimulate the afferent fibers of the trigeminal nerve
nucleus caudalis [44]. Nociceptive input from the muscles sur-
rounding C ~C,, including the suboccipital muscle, converge at
the trigeminal nerve in the nucleus caudalis [44]. These find-
ings indicate that repetitive nociceptive activation of the nu-
cleus caudalis may result in central sensitization, potentially
reducing the headache threshold in patients with TTH [45].

At each assessment point during the intervention of the pres-
ent study, MT was more effective than BF and ST after inter-
vention (F,,,=4.663; P<0.017). However, at the 2-week fol-
low-up, BF was more effective than MT and ST (F2’59=10.9O4;
P<0.017). A study by Jari et al. [22] reported that significant
differences in neck disability (P=0.013) and neck stiffness
(P=0.01) were occurred following 4 weeks of stretching and
manual therapy. However, no significant differences were ob-
served after 8 weeks. Boline et al. [46] reported that head-
ache intensity (P=0.003) and frequency (P=0.004) had de-
creased in patients treated via chiropractic manipulation for
4 weeks, relative to those observed in patients treated with
medication. Although the medication dosage in chiropractic
group was reduced due to the observed improvements, after
4 weeks increases in headache intensity and frequency were
observed following the intervention, necessitating increases in
medication dosage. In a comparative study of patients treated
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via chiropractic adjustment or amitriptyline, Kassak et al. [47],
reported that the chiropractic group exhibited decreased head-
ache severity after 6 weeks of treatment. However, recurrence
of headache 4 weeks after the end of the experiment required
participants to resume amitriptyline treatment. These previ-
ous studies indicate that manual therapy and stretching exert
no long-term effects following the intervention. Manual ther-
apy involves direct manipulation of TrP and alignment of FHP.
In contrast, participants engaging in BF treatment are trained
to actively decrease FHP, increasing their ability to maintain
the upright position long-term. In the present study, further
increases in CVA were observed in the BF group at the 2-week
follow-up. These results indicate that, although MT was more
effective during the intervention period due to simultaneous
manipulation of the joints and muscles, FHP returned at the
2-week follow-up. However, changes in CVA were maintained
at follow-up in the BF group, likely due to reduced TrP acti-
vation associated with extension of the suboccipital muscle.

A study by Lai et al. [48] reported that presynaptic inhibition
occurs on the agonist muscle when the antagonist muscles
are contracted, which induces maintenance of correct posture.
Suboccipital muscle is a representative upper cervical exten-
sor muscle that can be considered an antagonist of the deep
neck flexor. Based on the results, in can be inferred that BFG
could maintain the CVA due to strengthening of the DNFs.
Furthermore, the antagonist suboccipital could have contrib-
uted with presynaptic inhibition.

We utilized the HDI and HIT-6 to investigate the effects of
headache on daily life QoL, respectively. Significant group-by-
time effects were observed for both HDI (F2,59=3.303; P<0.01)
and HIT-6 scores (F2Y59=3.4O9; P<0.05). Two weeks after the in-
tervention, significant decreases in HDI scores were observed
in the BF and ST groups (F, ,,=8.073; P<0.017), while signifi-
cant decreases in HIT-6 were observed in the BF group, rela-
tive to values obtained for the MT and ST groups (F, ;,=12.542;
P<0.017). A study by Espi-Lopez et al. [13] reported that pa-
tients with headaches experience decreased Qol, based on
responses obtained using Short Form-36, and that QoL was
strongly influenced by the intensity of pain. Furthermore,
a study by Penzien et al. [49] reported that 38% of patients
with TTH are restricted in their ability to perform daily activi-
ties, while 4% face significant impairments at work. The au-
thors also reported that friendship, school life, and family rela-
tionships are significantly affected in 8-9% of patients. These
previous studies indicate that the decrease in TTH observed
in the present study was due to decreases in FHP. Our results
further suggest that decreases in TTH improve QoL and func-
tioning during daily activities, and that BF is more effective
than the other 2 methods for reducing FHP and TTH symptoms.
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The present study is limited in that all participants were young
adults belonging to a narrow age range. Future studies should
include participants of a wider age range to improve the gener-
alizability of the results.

Conclusions

Our findings indicated that FHP was significantly correlated
with TTH, such that decreases in FHP production improved TTH.
Moreover, improvements in TTH symptoms were associated
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