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The Effect of Exercises on Flexion Relaxation in 
Adolescents With Forward Head Posture and 
Rounded Shoulders

Purpose: Previous research indicates a positive correlation between the forward head and 
forward shoulder angle (FHRSA) and the maintenance of a flexed neck position over an extended 
period, leading to static stress on the musculoskeletal system. This study aimed to ascertain the 
benefits of a course of training on flexion-relaxation in male adolescents with forward head and 
forward shoulder postures. 

Methods: Sixty males with FHRSA were selected for the current study and split into two groups: 
Corrective exercise (CE) (n=30) and non-treatment group (n=30). The intervention group 
underwent training. Exercises were performed twice a week for approximately 20-30 minutes, 
while the control group received advice on how to correct posture. Electromyography data of 
the upper extremities of 60 participants with FHRSA (control=30, CE=30) were recorded. At 
the same time, participants in both groups performed the cervical flexion–relaxation task under 
two different conditions (before and after the intervention). The forward head and shoulder 
angles were evaluated using side photography. A mixed repeated-measures analysis of variance 
(ANOVA) was utilized for data analysis.

Results: Significant time×group interactions were observed for electromyography (P<0.05), 
indicating that the response differed between the control and CE groups. CE, but not the control 
condition, was accompanied by a decrease in the onset time of muscle activation, indicative of 
improved flexion-relaxation (P<0.05). CE, but not so in the non-treatment group, resulted in a 
decreased forward head angle (FHA) (F [12, 0], P<0.001, ղp²=0.172) and rounded shoulder angle 
(RSA) (F[15, 4], P<0.001, ηp²=0.211).

Conclusion: CE can improve posture and flexion relaxation in individuals with forward head 
and rounded shoulders. Additionally, CE can improve posture and reduce muscle imbalances in 
individuals with FHRSA.
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Introduction

oday’s teenagers are highly aware of the 
media and frequently use advanced tech-
nologies, such as smartphones [1]. The 
2021 report on digital news users in Spain, 
released by the University of Navarra and 
University of Oxford, reveals that the cell 

phone is the predominant device utilized by Internet 
consumers for information retrieval. Specifically, 90% 
of users regularly engage with their cell phones for vari-
ous purposes, and 78% utilize them for news consump-
tion. This represents a five-percentage-point increase 
compared to 2020 and an 11-point rise from 2019, when 
the figure stood at 67%. Additionally, insights from the 
most recent annual report of the national observatory of 
telecommunications and the information society further 
support these findings [2]. This constant engagement 
with devices makes adolescents vulnerable to negative 
impacts, particularly regarding posture. Extended use of 
smartphones, laptops, and other screens can lead to com-
mon postural issues, such as forward head angle (FHA) 
and rounded shoulder angle (RSA) [3]. The occurrence of 
forward head posture (FHP) and rounded shoulder pos-

ture (RSP) among a cohort of healthy individuals aged 
20-50 years was documented, revealing that 66% exhib-
ited FHP, 73% displayed right RSP, and 66% presented 
left RSP [4]. In adolescents, the prevalence of common 
postural abnormalities indicated that the most frequently 
observed issue was uneven shoulder height (36%), fol-
lowed by FHP (25%) [4]. Additionally, individuals with 
FHP demonstrate increased extension of the atlantooc-
cipital joint and upper cervical spine, which is linked to 
flexion in the lower cervical and upper thoracic spine [5]. 
RSP is defined by a protruded acromion process of the 
shoulder joint about the gravitational line, resulting in a 
stooped posture characterized by elevation, protraction, 
and downward rotation of the scapula. Furthermore, this 
condition leads to an increased angle between the lower 
cervical vertebrae and the upper spine [6].

During computer work, the cervical erector spinae 
(CES) muscle plays a crucial role in effective activation 
and support for the task at hand. According to Yoo et al. 
[6], the fatigue experienced by the CES muscle as a result 
of tasks involving visual display terminals can be mea-
sured using the flexion relaxation phenomenon (FRP). 
This phenomenon is characterized by a lack of electri-

T

Highlights 

• CE improved the flexion-relaxation phenomenon and posture.

• The CE can improve posture and reduce muscle imbalances in subjects with forward head posture and FSAs.

• No significant effects of CE on the flexion-relaxation phenomenon and posture were observed.

• The CE can be incorporated into rehabilitation programs for participants with forward head posture and FSAs; 
however, further studies are required to prove its long-term effectiveness.

Plain Language Summary 

Extended use of smartphones, laptops, computers, televisions, and backpacks can lead to a deviated posture, such as 
a forward head angle (FHA) and rounded shoulder angle (RSA). FHA and RSA are among the most prevalent postural 
issues encountered by individuals of all ages. Certain studies have indicated that the flexion-relaxation phenomenon 
(FRP) may be absent or delayed during full neck flexion, especially among individuals experiencing neck pain. Thus, 
the FRP can be utilized to distinguish between participants with forward head and neck pain and healthy or asymptom-
atic participants. Sixty males from Hormozgan were selected to participate in this study. Then, the electrical activity of 
the upper limb muscles was recorded using an electromyography system while the participants performed the cervical 
flexion-relaxation task in both the pre- and post-test, and forward head and shoulder angles were assessed using side 
photography. The intervention group underwent an 8-week therapeutic exercise routine. Exercises were carried out 
twice a week for approximately 20 to 30 minutes, while the control group received advice on how to correct posture. 
The results showed that the therapeutic exercise routine improved FRP and posture in participants with forward head 
and RSAs. The therapeutic exercise routine can help improve posture and reduce muscle imbalances in individuals 
with forward head and RSAs.
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cal activity in the erector spinae (ES) muscles when the 
trunk is fully flexed [7, 8]. The FRP occurs because the 
load shifts from the active muscles (ES) to the passive 
structures of the spine, such as ligaments, capsules, and 
intervertebral discs [9, 10]. The FRP observed in the cer-
vical spine mirrored that of the ES muscle. During neck 
flexion, the cervical extensors gradually increase their 
activation to manage the increasing load from the head 
[11]. Once the head is completely flexed, the responsibil-
ity of supporting this load shifts from the active muscles 
to the passive structures, leading to a decrease or ces-
sation of myoelectric activity in the muscles [12]. This 
interplay between the active and passive components is 
essential for maintaining the mechanical stability of the 
spine and its neural system [13].

However, research indicates that these postures, result-
ing from prolonged neck flexion, place static strain on the 
musculoskeletal system and increase compressive stress 
on the cervical spine. Over time, this can lead to detrimen-
tal changes in spinal soft tissues and negatively affect neck 
muscle function [4-6]. The interplay of creep and extended 
static loading can lead to increased looseness in the lower 
back, thereby compromising stability of the spinal column 
[7, 8]. Attaining spinal stability depends on well-coordinated 
collaboration between the active and passive elements of the 
neuromusculoskeletal system. In the neck region of the spine, 
passive stability is provided by the viscoelastic characteris-
tics of the spinal structures [9], whereas active stability arises 
from both intentional and reflexive muscle activation [9]. 
Multiple studies examining the lumbar spine have suggested 
that prolonged trunk flexion leads to a reduction in passive 
support [10] and that active stiffness is crucial for maintain-
ing spinal stability when passive support is lacking [9].

Researchers investigating the interplay between passive 
and active stabilizers often utilize FRP [11]. The FRR is the 
proportion of the highest activation during the re-expansion 
stage to the mean activation observed during the maximum 
bending position stage (the quiet period) [12]. 

This phenomenon explains how muscles and visco-
elastic structures, such as ligaments, disks, capsules, and 
fascia, collaborate to distribute loads effectively [13]. 
As neck flexion occurs, cervical extensors progressively 
enhance their activation to counteract the gravitational 
pull on the head’s position. When the completely bent 
position, the stressed viscoelastic structures generate an 
encumbrance enough to counteract gravity, resulting in 
decreased activation of the extensor muscles [14]. Some 
studies have noted the lack or postponement of FRP dur-
ing full neck flexion, especially among participants ex-
periencing neck pain [15]. 

Abnormal flexion-relaxation patterns can be improved 
through exercise interventions [16, 17], which may also 
help rectify muscle imbalances that lead to movement 
compensations associated with Letafatkar et al. [16] For 
example, deep cervical flexor strengthening exercises 
are advised to mitigate FH and RS and promote an up-
right posture [18]. Many studies have examined how 
exercise affects flexion-relaxation patterns in people ex-
periencing low back pain [16, 19], and FH and RS [20]; 
however, there is a deficiency of substantial informa-
tion and consensus regarding the influence of therapeu-
tic exercise routines on these patterns. Some therapies 
have demonstrated no effect on the flexion-relaxation 
response (FRP) [20-22], whereas other studies have in-
dicated an improvement in the flexion-relaxation pattern 
following therapeutic exercise [23, 24].

A therapeutic exercise program was created to focus 
on alterations in posture, center of gravity, and base of 
support in the three participants. The regimen was di-
vided into three stages: The initial stage focused on slow, 
controlled movements to alleviate pain, enhance muscle 
collaboration, and improve proprioception; the second-
ary stage aimed at building muscular endurance; and 
the final stage emphasized muscle strengthening. The 
participants were instructed to perform each exercise for 
approximately 30-60 s. Furthermore, the program pro-
vided instructions on how to realign the spine, scapula, 
glenohumeral joint, cervical, and stomach during each 
meeting, highlighting the importance of maintaining 
these alignments against a wall or bed whenever possible 
before starting the therapeutic exercises.

The procedure assists in preventing deviation of neck 
and waist lordosis, as well as roundback, while perform-
ing exercises [25]. However, to our knowledge, no study 
with random assignment to groups (randomized con-
trolled trials [RCT]) has examined the effectiveness of 
corrective exercise (CE) on the FRP in participants with 
flexion-related symptomatic postural impairments. Ad-
ditionally, evidence regarding the impact of CE on FRP 
is limited and lacks consensus; to date, no studies have 
utilized CE to enhance flexion-relaxation. Moreover, 
these exercises require no special equipment or facilities 
and can be easily performed at home.

The target was to ascertain the benefits of training on 
FRP and posture in individuals with FHP and RSP. We 
hypothesized that CE would improve flexion-relaxation 
and postural misalignments in individuals with FHA and 
RSA postures after 8 weeks. The control group did not 
undergo training and engaged in their regular daily ac-
tivities.
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Materials and Methods

A randomized controlled trial (RCT) was conducted, 
and ethical clearance was obtained from the Ethics Com-
mittee of Hormozgan University of Medical Sciences. 
Initially, 80 participants were recruited from a university 
physical therapy clinic that serves clients from the sur-
rounding community. The yardstick for involvement is 
among 15- to 20-year-olds, having a body mass index 
(BMI) of 20-25 kg/m², a forward shoulder angle (FSA) 
exceeding 52°, and an FHA greater than 46°, with these 
angles measured through photogrammetry (Figure 1). 
Subjects were omitted if they had a chronicle of cervical 
spine or back surgery, exhibited neurological symptoms, 
suffered from atrophic arthritis impacting the neck or 
back, were currently taking muscle relaxants, engaged in 
regular physical activity each week, or were professional 
athletes [26], non-completion of the training program 
according to the research, lack of willingness of par-
ticipants to continue participating in the research, non-
participation of the participants in two consecutive train-
ing sessions, injury during the execution of the exercises 
[27, 28]. Next, applying the yardstick for involvement 
and elimination, an expert in physical therapy selected 
60 participants. The sample size was established based 
on preliminary analysis utilizing G*Power software, with 
the FHA score serving as the primary outcome variable. 
(Figure 1). Assessments were performed at the beginning 
of the research and again after 8 weeks at the university’s 
physical therapy clinic. Following the initial assessment, 
participants were allocated to one of two groups: Group 
1 (CE) and Group 2 (Control). Group 1 underwent a 
supervised intervention for 8 weeks, while the control 
group carried out their daily activities. Randomization 
was implemented using a computerized random number 
generator. The allocation sequence was kept hidden from 
the researcher responsible for enrolling and evaluating 
participants using sequentially numbered, opaque, sealed 
envelopes. Participants were partially blinded, as they did 
not know the expected diversity among the groups, but 
were aware of the treatment they were receiving.

The BioPrint system for postural analysis was utilized 
to assess posture (Biotonix Inc., Montreal, CA). Markers 
were affixed to specific anatomical points, including the 
right tragus of the ear, acromion process, and C7 spinous 
process. The participants were then guided to position 
themselves 40 cm from a backdrop, perform three for-
ward bends, reach overhead three times, and ultimately 
stand upright while looking directly ahead in their usual 
sleeping position. A digital camera (Canon Power Shot 
95, USA) was mounted on a 1-meter-high tripod, posi-
tioned 3.5 m from the wall. Photographs were captured 

from the right side of the participants in sagittal sitting 
posture. Measurements of FHA and FSA were obtained 
utilize photo processing software (Adobe Photoshop) as 
follows: FHA was determined from the vertical anterior 
line connecting the tragus and the C7 label, while FSA 
was assessed from the upright posterior line associated 
with the C7 marker and the acromial label. Normative 
data indicate that an FSA greater than 52° suggests RSA, 
and an FHA greater than 46° indicates FHA [18].

In a cervical flexion-relaxation experiment, cervical 
extensor muscle activity was recorded using electro-
myography (EMG) during full cervical flexion (Figure 
2). The participants started in a vertical, normal cervi-
cal spine position, flexed to their maximum extent, and 
then returned to the normal position. While executing 
this task, the participants sat vertically on a stool, with 
their hips and knees at 90° and feet resting on the floor 
shoulder-width apart. Their shoulders were aligned 
with their trunk at approximately 90° internal rotation, 
and their forearms were pronated, with hands relaxed 
on their hips. The cervical flexion-relaxation procedure 
consisted of five stages, each lasting three seconds: 
Phase 1 involved maintaining a normal neck position; 
phase two required uttermost neck flexion; phase 3 was 
a hold at maximal cervical flexion; stage four was cer-
vical extension back to the neutral position; and stage 
five was a hold at the common position [29]. To ensure 
consistency in speed and duration across all phases, the 
assistant counted in synchrony with a metronome set to 
one beat per second [30]. The participants were instruct-
ed to maintain a steady, vertical trunk posture to avoid 
bending or tilting, and to focus on a fixed point directly 
ahead to maintain the initial head position. Before the 
flexion-relaxation task, participants practiced with the 
metronome and the rhythm of head motions until they 
could consistently perform the task. These tasks were 
performed three times in succession without breaks be-
tween sets.

EMG

In the electrode placement stage, disposable surface 
electrodes (models SKINTACT, made in Austria) were 
used. The center-to-center distance between the elec-
trodes was approximately two and a half centimeters. 
Initially, the skin was shaved and sanded to decrease 
skin resistance and improve the quality of the received 
surface electromyographic (SEMG) signals, and it was 
cleaned with 70% alcohol. Additionally, the electrodes 
were placed along the orientation of the muscle fibers by 
the SENIAM guidelines.

Sakinepoor A, et al. Corrective Exercise and Flexion-relaxation. PTJ. 2025; 15(4):307-322.
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After shaving and polishing the skin at the electrode 
sites, surface EMG signals were captured from four 
muscles using a Bagnoli-16 system (FREE EMG 300, 
BTS Bioengineering, Italy) with a sampling rate of 1000 
Hz and a bandwidth of 20–450 Hz. Four pairs of active 
single-differential dry surface electrodes were evenly 
positioned on the sternocleidomastoid (SCM), upper tra-
pezius (UT), ES, and levator scapulae (LS) muscles, in 
line with the established placement protocols (Figure 2). 
For the UT muscle, the electrode is positioned bilater-
ally between the spinous process of the C7 spine and the 
acromion [31]. The SCM electrodes are placed near a 
point that is thirty percent of the distance from the sternal 
notch to the mastoid process, straight over the muscle 
belly of the sternal head [32]. The electrodes for the ES 
are located 2 cm lateral to the spinous processes of C4 
and C5 [32]. In contrast, the electrodes for the LS are 
positioned betwixt the anterior border of the UT and the 
posterior border of the SCM [31]. 

The functional muscle proportion was determined by 
measuring the greatest muscular activity (one-secondary 
root mean square [RMS]) of every muscle while in a 
flexed head position and then dividing this value by the 
one-second RMS of greatest voluntary contraction for 
the corresponding muscle.

The entire process of analyzing EMG signals was car-
ried out using MATLAB software. First, EMG data were 
recorded and stored using a wireless device of brand 16 
with a sampling frequency of 1000 Hz. Then, the statis-
tics noise was filtered with a bandwidth of 10 to 450 Hz. 
The recorded data were analyzed using the RMS method 
to determine the level of activity. To normalize the data, 
the activity of every muscle was expressed as a percent-
age of the maximum RMS during normal activity.

Interventions protocol

The intervention group underwent an 8-week thera-
peutic exercise routine (Table 1). The exercises were 
performed twice a week for approximately 20–30 min-
utes [18]. The intensity of the CE was set to a rating of 
perceived exertion (RPE) of 11–13 (RPE, Borg’s 6–20 
scale), which corresponds to a light-to-somewhat hard 
training intensity [32]. Most exercises were planned ac-
cording to the TER principles, with each exercise target-
ing posture, the focal point of stability and the support 
foundation. The training regimen included exercises de-
signed to strengthen and stretch the muscles. Exercise 
advancement was developed in accordance with the 
findings of an earlier study [33].

Figure 1. Flowchart of the research

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Enrollment 

Evaluated for qualification 
(subjects = 80) 

Sampling (subjects= 60) 

Excluded individuals (subjects = 20) included those who did not 
meet the yardstick for involvement (subjects = 13), those who chose 
not to participate (n = 2), individuals aged outside the 15-20 year 
range (subjects = 5), and no individuals (subjects = 0) cited other Allocation 

Assigned to the control group 
(subjects = 30) did not receive the 
divided training (n = 0). 

Assigned training (subjects = 30) •  
Underwent divided training (subjects = 30) 

Analysis 

Analyzed (subjects=30) • Not 
included in the analysis (provide 
reasons) (subjects=0) 

inspect (subjects= 30) • Excluded 
from analysis (give reasons) 
(subjects= 0) 
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The intervention consisted of three distinct phases. Ev-
ery initial phase focused on performing slow and con-
trolled training that caused little discomfort, aimed at 
enhancing muscle coordination and proprioception. The 
secondary period prioritizes building muscular endur-
ance. The final stage concentrated on muscle reinforce-
ment [33]. Each training session was performed for a 
duration of 30-60 s [16]. During the second stage, the 
participants were required to complete three sets of 15 
reiterations, with the initial 12 reiterations performed at 
maximum force, allowing for a 1-minute rest between 
sets. In the third phase, the participants were encouraged 
to perform as many reiterations as possible, targeting 
three sets of 15 reiterations. The control group received 
advice on how to correct posture. This advice included 
the following: 1) Reduce neck extension and forward 
movement of the neck while performing daily tasks. 2) 
While sitting at the computer, have a supportive chair 
that will decrease thoracic flexion and help conserve 
good thoracic posture [16]: 3) Support your forearms ei-
ther on the desk or an extended tray for a keyboard. The 
desk or tray should be at the appropriate height, so you 
do not need to “slouch” for your arms to be supported; 4) 
Alignment correction when wearing glasses should fol-
low the same sequence that has been demonstrated in the 
sitting back-to-wall exercises: Start with correction of 
lumbar, thoracic, and scapular alignment, and then neck 
and head position; 5) During daily activities, amend your 
alignment and decrease the stress imposed by adjacent 
joints before initiating cervical movements [16], and 
particularly correct the position of your thoracic verte-
brae and shoulder girdle, and support your upper limbs; 
6) Apply your abdominals to maintain normal lumbar 

spine alignment and prevent thoracic flexion or “slump-
ing”, particularly when sitting [16].

Statistical analysis

Data were analyzed using the SPSS software, version 
21.0 (IBM Corporation, Chicago, IL). To assess the nor-
mality of the data, a Kolmogorov-Smirnov test was em-
ployed. A 2×2 mixed repeated measures design was im-
plemented to evaluate and compare changes over time, 
and determine whether these changes varied between the 
control and TER groups. The significance level was set 
at <0.05. Effect sizes and 95% confidence intervals (CIs) 
were calculated to assess clinical significance.

Results

The two groups were similar at the beginning of the 
study because no significant differences were observed 
(P>0.05) in their demographic and clinical characteris-
tics (Table 2).

Treatment effects

There were main effects of time (P<0.001) and group 
(P<0.001), as well as a group×time interaction (P<0.001) 
for FHA, RSA, start and end of eccentric contraction, 
start and end of concentric contraction, SCM, LS, RMS, 
UT, and ES. These interactions indicate that the changes 
over the 8 weeks differed between the control and CE 
groups.

Figure 2. Location of electrodes
Abbreviations: SCM: Sternocleidomastoid; UT: Upper trapezius; ES: Erector spinae; LS: Levator scapulae.

Sakinepoor A, et al. Corrective Exercise and Flexion-relaxation. PTJ. 2025; 15(4):307-322.
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Only in the CE, but not in the control group, the FHA 
(P<0.001, ES=0.58, 95% CI, 1.10%, 0.06%) and RSA 
(P<0.001, ES=0.68, 95% CI, -4.94%, -2.83%) were re-
duced.

In the FE task, the participants in the CE group ob-
served significantly less RSA (P<0.001, ES=0.68, 95% 
CI, -4.49%, -2.83%).

In the FE task, participants in the CE group demon-
strated a significantly earlier onset of eccentric con-
traction after the intervention than those in the control 
group (P<0.001, ES=0.58, 95% CI, -1.10%, 0.06%). 
Additionally, the participants in the experimental group 
also demonstrated a significantly earlier cessation of 
eccentric contraction post-intervention than those in 
the control group (P=0.000, ES=0.91, 95% CI, -1.44%, 

Table 1. Corrective exercise 

Training Guidance

Sitting with your back against the wall in a flexed position Leaning pressed up against the wall with arms propped up, maintaining proper scapular 
alignment, and executing neck flexion.

Bending at the capital joint without raising the head The participants were advised to tuck their jaws forward towards the front of the neck.

Augmenting the intrinsic neck flexors in a flat position on 
your back

The participants experienced a stretching sensation in the central back of the neck and 
activation of the front intrinsic muscles that flexed the cervical spine.

Flexing the neck while lifting the head, both with and 
without support, to strengthen the intrinsic flexor cervical 

while lying supine

The patient is directed to tilt their chin forward towards the anterior neck and then roll 
the cervical spine and head along the maintained surface, keeping the chin aligned with 
the anterior cervical spine.

Augmenting the intrinsic extensor muscles of the neck while 
lying on the back

The patient’s forehead was placed on their hands. They were then asked to gently “roll” 
their head backward within a pain-free range of motion.

Augmenting the intrinsic extensor muscles of the neck while 
in a quadruped position

The patient is advised to flatten the thoracic spine to resemble a “table top” and to 
properly align the head and cervical spine with the thoracic and lumbar regions. They 
were also instructed to tilt their head forward and then backward, envisioning a rod 
extending from the center of the neck and rotating around it.

Sitting with the hind against a wall while performing 
shoulder abduction and lateral rotation

The subject subsequently engaged in bilateral shoulder abduction and lateral rotation, 
positioning the arms opposite the wall without any compensatory extension in the 
thoracic, lumbar, or cervical regions. While sliding their arms up the wall, the patient 
ensured spinal alignment, particularly by maintaining capital flexion. A common patient 
reaction is to report heightened muscle activity in the mid-thoracic area, suggesting 
greater engagement of the trapezius, rhomboids, and thoracic spinal muscles. Progression 
involves introducing resistance.

Sitting with the hind against the wall while performing 
shoulder flexion

The individual executes shoulder flexion and lateral rotation to a 90° angle while keeping 
their elbows bent and “palms facing you”. Next, they are asked to extend their shoulder 
by “reaching up towards the ceiling”. Throughout this, the subject must keep their lower 
back pressed against the wall and position their neck in a state of flexion.

Wall slides: Standing against the wall with shoulder flexion

The participant is directed to stand facing the wall, positioning the ulnar side of their 
hands against it while flexing their shoulders and lowering their chin towards the front of 
their neck. Next, the subject is guided to glide their arms upward along the wall, ensuring 
that the neck remains in place and avoiding any unnecessary extension of the neck during 
shoulder flexion and when returning to the initial position.

Trapezius exercises in side lying

Progression: Increasing resistance using free weights or resistance bands. Trapezius 
training in the side-lying position involved the participant lying on her side with her head 
resting on a towel roll and her arm extended overhead. The clinician stabilizes the arm 
with one hand and guides the scapula into adduction, external rotation, and posterior tilt 
with the other hand. The patient was instructed to adduct the scapula, and once the full 
range of scapula adduction was reached, the therapist directed the subject to maintain 
the weight of the arm while keeping the scapula adducted and preventing cervical 
extension. The clinician should monitor the proper activation of the trapezius muscle. The 
participants practiced this exercise at home by resting their arms on pillows for support.

A sequence of exercises targeting the head, shoulders, and 
pelvis

While upright as opposed to a wall with your pelvis in a posterior tilt, tuck your jaw, and 
lift the back of your head, then rotate your head.

Integrated training (head and shoulders) Stand independently with your shoulders rolling forward, upward, backward, and 
downcast, holding each position for two-three seconds.

W to Y

Participants positioned their arms to create the letter “W” by abducting them to 90° and 
bending their elbows at 90°. Next, they retracted their shoulder blades and externally 
rotated their arms while maintaining a 90° shoulder abduction. Subsequently, they 
formed the letter ‘Y’ with their arms and body. While keeping their shoulder blades 
retracted, they lifted their arms overhead and fully extended their elbows to complete 
the “Y” shape. They held each position for 5 s and raised their arms by 4-5 inches.
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-0.37%). Furthermore, the CE group exhibited a signif-
icantly delayed onset of concentric contraction after the 
intervention compared to the control group (P=0.000, 
ES=0.51, 95% CI, -0.00%, -1.02%). Lastly, the CE 
group showed a significantly earlier end of concentric 
contraction post-intervention than to the control group 
(P=0.001, ES=0.35, 95% CI, -0.86%, -0.15%).

In the FE task, participants in the CE group dem-
onstrated a significantly earlier onset for UT at the 
post-intervention stage compared to the control group 
(P<0.001), with an effect size of 1.47 (95% CI, -2.04%, 
-0.90%). Similarly, for SCM, the TER group also dem-
onstrated a significantly earlier onset post-intervention 
relative to the control group (P<0.001), with an effect 
size of 1.23 (95% CI, -1.78%, -0.67%). Additionally, 
the CE group exhibited a significantly earlier onset 
for ES (P<0.003), with an effect size of 1.23 (95% CI, 
-1.23%, -0.19%). For LS, the CE group again showed a 
significantly earlier onset later-intervention compared 
to the control group (P=0.000), with an effect size of 
1.14 (95% CI, -1.68%, -0.59%). While there was a sig-

nificant main effect of time (P<0.000), there was no 
significant group effect (P<0.189) or interaction among 
group and time for onset, UT (P<0.152).

In the FE task, participants in the CE group demon-
strated a significantly earlier RMS for UT at post-inter-
vention compared to the control group (P<0.001), with 
an effect size (ES) of 0.69 (95% CI, -1.73%, 0.34%). 
Similarly, the CE group showed a significantly earlier 
RMS for SCM (P<0.001), with an ES of 1.57 (95% CI, 
-2.15%, -0.99%). There was a significant main effect of 
time (P<0.001) and group (P<0.001), along with a no-
table interaction between group and time on RMS and 
UT (P<0.001). Additionally, the CE group exhibited a 
significantly earlier RMS for ES (P<0.001), with an ES 
of 0.44 (95% CI, -1.47%, 0.57%), and LS (P<0.001), 
with an ES of 0.49 (95% CI, -1.51%, 0.53%) (Tables 
3, 4 and 5).

Table 2. The demographic information and initial measurements of participants exhibiting forward head and RSPs

Characteristics Experimental (n=30) Control (n=30) P

Age (y) 18.13±1.4 17.20±1.3 0.65

Height (cm) 159.0±6.7 159.5±7.3 0.78

Mass (kg) 65.9±8.6 65.8±8.7 0.96

BMI(kg/m2) 26.3±4.9 26.1±4.8 0.86

BMI: Body mass index.
Significant level: P≤0.05.
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Table 3. FHA and SA, before and after interventions

Outcomes Groups Baseline 8 Weeks Compared to 
the Baseline

Intra-subject Effect
ES (95% CI)

F P ηp
2

CA (degree) Exp
Co

48.2±1.1
47.8±1.0

43.9±2.0
48.2±2.1

8.91 ↓
0.82↑

12.0
1.9

<0.001
0.169

0.172
0.064

0.58 
(-1.10 to 0.06)

SA (degree) Exp
Co

54.1±2.0
48.6±1.3

46.4±2.2
48.3±1.3

4.91 ↑
0.61 ↓

15.4
1.7

<0.001
0.304

0.211
0.036

0.68 
(-4.49 to -2.83)

Outcomes Groups

Interaction Effect  
(Time × Group) Between-subject Effect

F P ηp
2 F P ηp

2

CA (degree) Exp
Co 26.7 <0.001 0.316 30. 3 <0.001 0.344

SA (degree) Exp
Co 27.5 <0.001 0.322 42.9 <0.001 0.426

Significant level: P≤0.05.
Abbreviations: FHA: Forward head angle; CA: Cervical angle; SA: Shoulder angle; ηp²: Partial eta squared (effect size); CI: 
Confidence interval.
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Discussion

This study aimed to investigate the effects ofCE on 
FRP and posture in individuals with flexion-related pos-
tural dysfunction. The results showed that participants 
in the CE group showed notable enhancements in both 
FRP and posture after an eight-week exercise program. 
The intervention group showed an improvement in the 
craniovertebral and shoulder angles after training, while 
the control group did not exhibit any notable changes 
in these angles. Studies have repeatedly indicated that 
individuals with forward head and FSA (FHRSA) fre-
quently display irregular flexion-relaxation patterns. The 
findings of this study confirm that the irregular FRP ob-

served in individuals with FHRS can be significantly im-
proved by applying TER focused on the cervical spine, 
leading to better FRP outcomes.

Many studies have investigated how stretching programs 
can enhance range of motion [34, 35]. Certain evaluations 
suggest that engaging in strength training while the muscle 
is in an extended position may lead to structural changes 
[36]. Strength training leads to an enlargement of the mus-
cle’s cross-sectional area by increasing the number of paral-
lel sarcomeres. Additionally, this type of exercise modifies 
the number of serial sarcomeres, which in turn influences 
muscle length. The specific length at which muscles are ac-
tivated during strength training is crucial. Our results are 
consistent with numerous previous studies [20, 37]. Mak 

Table 4. Flexion-relaxation phenomena before and after interventions

Outcomes Groups Baseline 8 Weeks Compared to 
the Baseline

Intra-subject Effect

F P ηp
2

Start of eccentric con-
traction ( millisecond)

Exp
Co

29.20±9.69
25.40±6.32

23.93±8.24
28.60±7.12

22.02 ↓
11.18 ↑

45.1
21.6

<0.001
0.234

0.438
0.428

End of eccentric con-
traction ( millisecond)

Exp
Co

92.6±22.2 
85.4±15.5

74.2±18.0
87.6±13.6

19.87 ↓
2.51 ↑

7.1
0.374

<0.001
0.561

0.110
0.012

Start of concentric con-
traction ( millisecond)

Exp
Co

87.5±18.9
88.6±16.6

98.2±22.8
90.6±15.4

10.89. ↑
2.20 ↑

35.0
4.8

<0.001
0.765

0.376
0.143

End of concentric con-
traction ( millisecond)

Exp
Co

23.4±7.2
30.13±7.6

20.8±7.4
28.9±6.1

11.11 ↓
4.08 ↓

173.5
143.5

<0.001
0.122

0.749
0.345

Outcomes Groups
Interaction Effect (Time × Group) Between-subject Effect

ES (95% CI)
F P ηp

2 F P ηp
2

Start of eccentric con-
traction ( millisecond)

Exp
Co 171.9 <0.001 0.748 68.7 <0.001 0.542 0.58 

(-1.10 to 0.06)

End of eccentric con-
traction ( millisecond)

Exp
Co 12.0 <0.001 0.172 9.3 < 0.003 0.139 0.91 

(-1.44 to -0.37)

Start of concentric 
contraction ( mil-

lisecond)

Exp
Co 82.8 <0.001 0.588 103.5 <0.001 0.641 0.51 

(-0.00to -1.02)

End of concentric con-
traction ( millisecond)

Exp
Co 137.9 <0.001 0.704 36.1 <0.001 0.384 0.35 

(-0.86 to -0.15)

Significant level:P≤0.05.
Abbreviations: Con: Control; SOEC: Start of eccentric contraction; EOEC: End of eccentric contraction; SOCC: Start of concen-
tric contraction; EOCC: End of concentric contraction; ηp²: Partial eta squared (effect size); CI: Confidence interval.
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Table 5. Muscle activation and onset time before and after interventions

Variables Groups Baseline 8 Weeks Compared to the 
Baseline

Onset, UT
(millisecond)

Exp
Co

165.8±13.4
166.4±14.5

146.2±13.2 
152.9±11.5

11.82↓
8.11 ↓

Onset, SCM
(millisecond)

Exp
Co

144.9±18.8
135.9±21.3

123.3±16.2
132.0±19.6

14.90 ↓
2.86 ↓

Onset, ES
(millisecond)

Exp
Co

150.1±14.1
153.5±11.0

138.6±17.8
147.9±11.6

7.66↓
4.16 ↓

Onset, LS
(millisecond)

Exp
Co

162.5±11.1
165.7±11.3

147.1±15.5
170.8±12.6

9.47 ↓
2.98 ↑

RMS, UT
(%MVC)

Exp
Co

44.87±12.73
47.4±2.5

37.07±9.48
48.0±2.0

17.38 ↓
1.25 ↑

RMS, SCM
(%MVC)

Exp
Co

40.09±3.5
42.5±2.4

34.8±3.2
42.1±2.2

13.19 ↓
0.94 ↓

RMS, ES
(%MVC)

Exp
Co

51.07±15.16
50.4±3.7

44.80±12.78
49.3±1.2

12.27 ↓
2.18 ↓

RMS, LS
(%MVC)

Exp
Co

51.73±16.21
48.1±3.0

44.40±13.59
51.9±4.1

14.16 ↓
8.04 ↑

Variables Groups
Intra-subject Effect Interaction Effect 

(Time×Group) Between-subject Effect
ES (95% CI)

F P ηp
2 F P ηp

2 F P ηp
2

Onset, UT
(millisecond)

Exp
Co

63.8
21.6

<0.001
<0.025

0.524
0.428 2.1 0.152 0.35 1.7 0.189 0.030 1.47 

(-2.04 to -0.90)

Onset, SCM
(millisecond)

Exp
Co

11.3
0.528

<0.001
0.473

0.163
0.018 5.3 <0.024 0.085 7317.8 <0.001 0.992 1.23 

(-1.78 to -0.67)

Onset, ES
(millisecond)

Exp
Co

9.6
3.7

<0.003
0.243

0.143
<0.036

9.6
0.114 <0.003 0.143 7.5 <0.008 0.996 1.23 

(-1.23 to -0.19)

Onset, LS
(millisecond)

Exp
Co

4.7
3.1

<0.033
0.087

0.076
0.098 18.9 <0.001 0.246 33.9 <0.001 0.370 1.14 

(-1.68 to -0.59)

RMS, UT
(%MVC)

Exp
Co

80.3
1.0

<0.001
0.326

0.581
0.033 102.6 <0.001 0.639 36.1 <0.001 0.384 0.69 

(-1.73 to 0.34)

RMS, SCM
(%MVC)

Exp
Co

51.2
0.347

<0.001
0.560

0.469
0.012 38.7’ <0.001 0.401’ 57.8’ <0.001 0.499 1.57 

(-2.15 to -0.99)

RMS, ES
(%MVC)

Exp
Co

64.7
2.1

<0.001
0.149

0.528
0.070 38.1 <0.001 0.397 4.3 <0.042 0.069 0.44

 (-1.47 to 0.57)

RMS, LS
(%MVC)

Exp
Co

29.4
22.2

<0.001
0.063

0.337
0.434 141.7 <0.001 0.710 61.2 <0.001 0.514 0.49

 (-1.51 to 0.53)

Significance level: P<0.05.
Abbreviations: Exp: Experimental; Con: Control; UT: Upper trapezius; SCM: Sternocleidomastoids; ES: Erector spinae; LS: 
Levator scapulae; RMS: Root mean square; ηp²: Partial eta squared (effect size); CI: Confidence interval.
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et al. conducted a study on the functional recovery rate 
(FRR) associated with bending from a seated position in 
individuals suffering from low back pain (LBP) after un-
dergoing a rehabilitation program. Their findings indicated 
an improvement in FRR, which was determined by calcu-
lating the ratio of RMS values in an upright sitting position 
to those in a flexed sitting position. A significant rise in the 
FRR was observed in LBP patients when comparing their 
status before and after rehabilitation; however, our method 
indicated a reduction (P<0.05) [18]. One reason for the in-
consistency between the results of this study and our re-
search is that our study focused on adolescents, whereas this 
study focused on adults. Additionally, our research sample 
included only of boys, while this study included both men 
and women. Furthermore, the research conducted by Mak 
et al. measured lumbar muscle flexion relaxation, whereas 
our study measured neck muscle flexion relaxation. More-
over, the positions used to measure muscle activity differed 
between the two studies. In our study, the movement in-
volved the neck, while in the study by Mak at al., the as-
sessment was conducted in a sitting position with bending 
movements and returning from a bent position to an upright 
sitting position [18].

Furthermore, Neblett et al. investigated variations in FRRs 
in a cohort of 54 patients with LBP both before and after a 
back rehabilitation program [38]. The treatment strategy 
included counseling for stress management and SEMG 
biofeedback to facilitate relaxation of trunk muscles dur-
ing flexion. Following treatment, the proportion of patients 
with chronic low back pain (CLBP) who exhibited normal 
functional recovery patterns increased significantly, from 
30% to 95%. Notably, this study indicated that exercise 
could effectively normalize abnormal FRP [39]. However, 
our method indicated a reduction (P<0.05).

One reason for the discrepancies between the results 
of this study and those of Neblett et al. [38] is that the 
exercises performed in their study differed from those in 
our research. Additionally, in the study above, the par-
ticipants experienced back pain, whereas in our study, 
the individuals had FHP and forward shoulder posture 
(FSP). Furthermore, the methods used to measure mus-
cle activity differed between studies.

In addition, Park and Choi examined how stabilization 
training influences FRP in the erector spinae muscles. 
Their outcomes suggest that lumbar stabilization train-
ing can alleviate FRP asymmetry in these muscles, po-
tentially decreasing the incidence of low back pain in 
the general population [37]. Our research supports their 
findings, indicating that following a seven-week CE, a 
higher percentage of patients with chronic lower back 

pain achieved the FRP. Furthermore, Marshall and Mur-
phy demonstrated that a twelve-week exercise training 
regimen resulted in diminished muscle activity during 
complete torso flexion [20].

Our results differ from those of previous investigations 
[40-42]. Shamsi et al. found no significant impact of 
stretching and strengthening exercises on FRP compared 
to a control group [43].

Among the inconsistencies in this study and our re-
search, we can identify differences in the types of exer-
cises used, age of the participants, methods employed to 
measure muscle activity, and positions used for measur-
ing muscle activity. Additionally, in this study, partici-
pants reported experiencing pain, whereas in our study, 
there were no reports of pain.

Additionally, our findings conflict with those of Horn 
and Bishop [10], who indicated that the acute onset of 
LBP caused by delayed onset muscle soreness (DOMS) 
did not influence the fatiguing recovery rate. They sug-
gested that changes in FRR may not be significantly af-
fected by acute pain in back muscles triggered by the 
delayed onset muscle soreness (DOMS) protocol [42]. 
CE is a type of exercise therapy designed to improve the 
coordination between the superficial and deep muscles 
of the neck, as well as to enhance neuromuscular control 
in individuals with FHA and RSA postures [16]. The text 
indicates that altered muscle activity and the creep phe-
nomenon can impact FRP impairment [44, 45]. It high-
lights that CE contributes to improved posture and helps 
reestablish a normal balance of muscle activity among 
agonist and antagonist muscle groups. Additionally, CE 
increases the elongation capacity of muscle groups that 
restrict joint movement [18]. Our research produced two 
significant findings: First, it showed that functional re-
covery performance can be improved with a specific ex-
ercise program; second, it confirmed that the main factor 
affecting FRP is the insufficient stability of the cervical 
core. Targeted exercise regimens may enhance FRP by 
activating the deep cervical muscles and providing the 
necessary stability to the cervical spine [19]. 

The outcome of the existing research on the FSA of 
the participants indicates that the training period had a 
positive effect. The findings of the present study regard-
ing the FHP and RSP correction of the participants in-
dicate that the training period had a positive effect. The 
findings of the current study are consistent with those 
of Abdollahi et al. [46]. Idan Almasoodi et al. [47], and 
Letafatkar et al. [16], with no discrepancies noted.
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FHP and RSP are associated with shortening of the UT, 
posterior cervical extensor muscles (including the sub-
occipital, semispinalis, and splenius muscles), SCM, LS, 
and pectoralis major muscles, as well as weakness of the 
deep cervical flexors [48].

The useful change mechanisms of posture in the exper-
imental group might have occurred from a combination 
of enhancements in motor control and neuromuscular 
efficiency [25, 49, 50], as well as improvements in the 
deep cervical flexor muscle and scapular realignment 
involving depression, downcast rotation, and/or abduc-
tion (internal rotation) [38]. In the present study, a useful 
change in posture has been demonstrated. Posture has 
been demonstrated to be a consequence of integrated 
change, such as reduced activation of superficial mus-
cles, strengthening of weak muscles during arm motions 
[25, 49, 50], decreased compressive forces on the cervi-
cal epiphyseal joints, and enhanced length and strength 
of connective tissue [51].

Other possible mechanisms for reducing FHP and for-
ward shoulders in this study include the following: Re-
ducing the activity of the UT, SCM, scalene, and CES 
muscles; strengthening the cervical deep flexor mus-
cles; and engaging the synergistic muscles in this area 
[25, 52]. The exercise protocol used in this study was 
designed to stretch the anterior shoulder muscles and 
strengthen the posterior shoulder muscles, which may 
have affected FHP and RSP.

Additionally, strengthening the stabilizing muscles of 
the scapula and stretching the pectoralis major and minor 
muscles are effective in reducing FHP and FSP. In this 
study, to correct the FSAs and forward head situation, 
we utilized lengthening exercises for the chest muscles 
and posterior shoulder structures, augmented training for 
the scapular retractors, serratus anterior, and shoulder ro-
tators, stretching of the LS muscles, strengthening of the 
deep neck flexors, strengthening of the thoracic spine ex-
tensors, and stretching of the anterior structures [25, 53].

Conclusion

TER successfully reverses FRP and improves posture 
in patients with FHRS. CE programs can help correct 
potential muscle imbalances that may cause compensa-
tory movements, ultimately resulting in FHA and RSA. 
The CE therapy outlined in this study aims to enhance 
regulation among the superficial and deep neck muscles 
and improve neuromuscular control in individuals with 
functional headache disorders and recurrent shoulder 
pain. This approach may help activate underactive deep 

muscles while reducing strain on the surface muscles. 
Additionally, the study could validate the primary mech-
anism behind Functional Rehabilitation Programs and 
highlight that instability is a recognized contributing fac-
tor to this issue.
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