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ABSTRACT

International Journal of Exercise Science 16(1): 954-973, 2023. The purpose of this study was to compare
the effects of three different intervention strategies, postural education (PE) and two corrective exercise programs
(CEPs), on the craniovertebral angle (CVA) in young adults with forward head posture (FHP). A prospective four-
arm parallel randomized controlled trial with repeated measures was performed. Seventy-nine healthy young
adults (55 women, 24 men; mean age: 20.08 + 2.19 years) with FHP were randomized into four groups: PE group,
self-myofascial release + stretching group (SMRS), self-myofascial release + stretching + strengthening group
(SMRSS), and a control group (CG). Participant CVA (°) was assessed before and after a 4-week intervention.
Seventy-two participants completed the trial. Mean difference comparisons of within-group change in mean CVA
revealed an increase in the PE (MD = 3.1, p <.01), SMRS (MD = 3.8, p <.01), and SMRSS (MD = 4.4, p <.01) groups.
Mean difference comparison of between-group change in mean CVA supported greater CVA change in the SMRS
and SMRSS groups compared to the CG (F(3, 68) = 5.26, p < .01, n2 = .188). All three interventions appear to be
effective techniques for improving FHP in young adults, however CEPs may provide superior outcomes than PE
alone. A 4-week CEP consisting of self-myofascial release + stretching may yield similar CVA enhancements as a
CEP consisting of self-myofascial release + stretching + strengthening. Study findings can assist fitness
professionals in designing evidence-based FHP intervention programs for young adults.

KEY WORDS: Photogrammetry, self-myofascial release, strengthening, stretching
INTRODUCTION

Escalated by technological advancements, the use of computers, laptops, and mobile electronic
devices (MEDs), including smartphones and tablets, has dramatically increased over the last 20
years. Studies have reported forward head posture (FHP) prevalence ranging from 52% to 68%
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in adolescents (63,78, 79), and from 11.4% to 67 % in young adults (36, 48, 60). When using MEDs,
91% of individuals flex their neck to look downward at the device rather than raising it up to
eye level (20). Sustained neck flexion facilitates the development of FHP (16, 27, 49, 54, 57, 60).
In FHP, the cranium projects anterior to the shoulders, as well as rotates posteriorly in the
sagittal plane to enable horizontal optic gaze (Figure 1) (55, 68). Posterior rotation of the cranium
can facilitate hyperextension and compression in the suboccipital region (32, 55).

Figure 1. Mechanism of forward head posture.

Some of the most common ailments associated with FHP include text neck syndrome,
generalized neck pain, cervical spine degeneration, myofascial trigger points, headaches,
temporomandibular disorders, shoulder abnormalities, and respiratory impairments (18). A
need exists for correction of FHP to assist in preventing the onset and chronicity of
musculoskeletal conditions (6, 11, 13, 54, 62, 63). If FHP is not addressed during young or middle
adulthood, it may persist throughout life as a result of spinal remodeling and degenerative
musculoskeletal pathology (16, 57, 71).

The most advantageous methods for professionals to address FHP in their clientele are still up
for debate. Two common approaches include postural education (PE) and the implementation
of corrective exercise programs (CEPs) (18, 42, 46, 67, 68). PE is a component of ergonomic
intervention that incorporates risk factor awareness and postural recommendations when using
equipment or devices (42, 66). When individuals possess a greater understanding of health risks
associated with FHP it can help improve their proprioception (42). PE also commonly includes
topics such as postural guidelines for using computerized technology and recommendations for
rest break frequency (42, 46, 56). CEPs are integrated strategies to address an identified
neuromuscular dysfunction (18). Once a dysfunction, such as a postural abnormality, has been
identified by a qualified professional, corrective exercise techniques and interventions such as
self-myofascial release (SMR), stretching, and strengthening exercises are prescribed and
implemented (18).
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SMR is a technique involving the self-application of mechanical pressure to fascia and muscle
tissue for the purpose of enhancing flexibility, reducing muscle soreness, and decreasing
neuromuscular overactivity (7, 18). Improvements in FHP, forward shoulder posture, and
hyperkyphosis have been observed utilizing a CEP incorporating SMR to the latissimus dorsi,
levator scapulae, sternocleidomastoid, thoracic spine, and upper trapezius muscles when
combined with a stretching, strengthening, and ergonomic intervention (31).

A stretching program targeting shortened muscles can help restore neutral posture (29, 41, 51,
53, 75). FHP promotes adaptive muscle shortening in the sternocleidomastoid (SCM), upper
trapezius (UT), and upper cervical extensors (UCE) (32). In addition, prolonged slouching
during MED use also facilitates shortening of the pectoral muscles (PM) in individuals with FHP
(35, 39). The most common form of stretching prescribed to address postural abnormalities is
static stretching (SS) (18, 29, 53).

FHP also predisposes the development of underactive and overly lengthened muscle groups in
the head, neck, and upper thoracic region, contributing to muscle imbalance and the loss of
upright head and neck posture (18, 40, 75). Examples include the deep cervical flexors,
superficial intrinsic cervical extensors, the upper thoracic/lower cervical erector spinae, and
rhomboid muscles (24, 32, 52, 55). Strengthening exercises that engage these muscles can help
correct this postural abnormality by improving length-tension relationships and enhancing
muscle force production (9, 18, 22, 40).

The majority of studies investigating the effect of corrective exercise programming on FHP
incorporate individuals with existing pain or pathology (44, 68). Gaps in the literature exist for
knowledge of optimal intervention for the young adult population with FHP who are at risk for
developing future pain and/or pathology. It is currently unclear whether PE alone can influence
a change in an established clinical measure of head posture, the craniovertebral angle (CVA) (42,
46). The effectiveness of a combined SMR + stretching intervention compared to a CEP
incorporating SMR + stretching + strengthening exercises is also presently unknown (21, 53, 64).
The purpose of this study was to compare the effects of three different intervention strategies,
PE and two CEPs, on the CVA in young adults with FHP. An interrelated objective was to
determine which intervention, if any, yields the greatest postural enhancement.

METHODS

Participants

A prospective four-arm parallel randomized controlled trial (ClinicalTrials.gov registration
number: NCT05321654) with repeated measures took place on the campus of Liberty University
from August to November 2021 in order to compare 3 groups receiving different 4-week
interventions to a control group. The institutional review boards of Liberty University (IRB-
FY20-21-1073) and Concordia University Chicago (1775403-1) approved this research prior to
commencement. Participation in this study was voluntary, and informed consent was acquired
from each participant prior to enrollment. This research was carried out fully in accordance with
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the ethical standards of the International Journal of Exercise Science (47). The authors utilized
CONSORT guidelines for reporting parallel group randomized trials and TIDieR checklist and
guides for presenting study interventions (26, 43).

The population consisted of a non-probability sample of convenience to include young adult
volunteers between the ages of 18 and 29 years of age (Table 1). A total of 94 participants
responded to invitations to participate and completed the 2020 Physical Activity Readiness
Questionnaire (2020 PAR-Q+), followed by a questionnaire to rate their current stage of change
(SOC) from the transtheoretical model adapted to assess exercise/postural modification
behavior change. Participants then underwent a head posture screening in the Liberty
University Biomechanics & Motion Analysis Laboratory with the use of photogrammetry.
Inclusion criteria were: CVA < 53° (39) and self-identification of SOC stage > 3/5 to indicate their
readiness to comply with an assigned exercise prescription or postural guidelines (37). Exclusion
criteria consisted of any musculoskeletal injury to the head, shoulders, or spine within the last
six months; diagnosis of pathology related to the cervical spine, thoracic spine, or upper
extremities; or non-clearance for physical activity based on results of the 2020 PAR-Q+
questionnaire. As depicted in the flow chart of participants through the trial (Figure 2), 79
participants (55 women, 24 men) with mean age of 20.08 £ 2.19 years; mean height of 167.48 +
8.13 cm;, and mean weight of 70.67 + 14.32 kg; were initially accepted into the study. Seventy-
two participants (51 women, 21 men); mean age: 20.17 + 2.25 years; mean height: 167.34 + 8.25
cm; and mean weight: 70.31 + 14.61 kg completed the trial.

Table 1. Participant characteristics by group (Mean + SD).

Variable PE (n = 20) SMRS (n=16)  SMRSS (n =17) CG (n=19) p-value*
Age (Years) 21.20 +3.07 20.25+2.05 19.59 +1.42 19.53 +1.65 0.071
Height (cm) 167.87 +£8.52 165.73 £5.35 166.47 +8.73 168.91 £9.71 0.676
Weight (kg) 74.78 +15.45 66.53 +13.06 67.34 +17.87 71.44 +10.96 0.293

SD: Standard deviation; PE: Postural Education; SMRSS: Self-Myofascial Release+Stretching; SMRSS: Self-
Myofascial Release+Stretching+Strengthening; CG: Control Group; * p < .05.

The sample size was determined utilizing G*Power software (G*Power, version 3.1.9.7,
Germany). Based on calculated results for a repeated measures ANOVA within- and between-
factors, a sample size of at least 40 participants was necessary for 80% power (1-p = 0.80) with
an effect size of d = 0.5, and an alpha level (type I error) of 0.05. For a one-way ANOVA, a sample
size of at least 48 participants was necessary for 80% power (1-f = 0.80) with an effect size of d
= 0.5, and an alpha level (type I error) of 0.05. A total of 94 participants initially volunteered to
participate in the study. After baseline posture assessment, the researchers excluded 15
individuals from the study due to not meeting inclusion criteria. Out of the 79 participants who
began the study, four self-withdrew due to discontinuing the regimen, two withdrew due to
illness, and one did not schedule a follow up due to non-response (Figure 2). A total of 72/79
participants completed the study (drop out ratio = 8.9 %). Data sets used during statistical
analysis did not include CVA measurements of drop out participants.

International Journal of Exercise Science http:/ /www.intjexersci.com

957

—
| —



Int ] Exerc Sci 16(1): 954-973, 2023

Enrollment Assessed for eligibility (n = 94)
Excluded (n=15)
. Not meeting inclusion criteria
(n=13)
Randomized (n =79) * Declined to participate (n =0)
* QOther reasons (n=0)

¢
=, l l l

Allocated to PE (n=20) Allocated to SMRS (n=20) Allocated to SMRSS (n=19) Allocated to CG (n=20)
* Received allocated * Received allocated * Received allocated * Received allocated
intervention (n=20) intervention (n = 20) intervention (n=19) intervention (n=20)
* Did not receive allocated * Did not receive allocated * Did not receive allocated * Did not receive allocated
intervention (n=0) intervention (n=0) intervention (n=0) intervention (n=0)
Lost to follow-up (a = 0) Lost to follow-up (n=4) Lost to follow-up (n=2) Lost to follow-up (n.=1)
+ Discontinued regimen ' mfness (fl:l) _ ¢ lliness(n=1) + No response (n=1)
(n=0) » Discontinued regimen s Discontinued regimen
(n=3) (n=1)
) | l l l
Analysed (n=20) Analysed (n =16} Analysed (n=17) Analysed (n=19)
* Excluded from analysis * Excluded from analysis * Excluded from analysis * Excluded from analysis
n=0) n=0) n=0) n=0)

Figure 2. CONSORT flowchart of study design and participant randomization.

Protocol

Participants arrived to the lab wearing either a tank top or t-shirt, as well as had their hair tied
back if necessary (63). A digital scale (Health-o-meter Professional, model 500KL, McCook, IL)
was used to measure height and weight. The primary investigator (PI), who is a licensed
physical therapist with over 20 years of experience, performed posture screening. A 9.5 mm
reflective joint marker was placed on the tragus of the participant’s ear, and a 14 mm reflective
joint marker was placed over the spinous process of the C7 vertebrae (63). A digital camera
(Canon Powershot, model SX540, Tokyo, Japan) was mounted on a tripod (Manfrotto, model
055, Cassola, IT) and leveled utilizing multi-plane circular spirit bubble levels (59). The camera
was placed three meters away from the participant (16, 63), orthogonal to the sagittal plane, and
adjusted to the height of the C7 spinous process of the participant to aid in lens error reduction
(4, 15, 38). Each participant underwent lateral-view postural assessment of their dominant side
(33, 63) in the sitting position. Participants sat comfortably on a stool with hands resting
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Table 2. Summary of the posture education session.

References for

devices (MED)

= If your neck was flexed (bent down) during MED
usage (which is not advised), take a 20 minute rest
break keeping your head in neutral posture
(looking straight ahead) to help your neck muscles
recover from fatigue.

Topic Content Outline Educational Content
= Textneck.
Health risks = Spinal d(.egen(.eratlon. ' Bayattork et al., 2019
. . * Mpyofascial trigger points. Cuellar & Lanman, 2017
associated with -
forward head = Headaches. Kalichman et al., 2016
osture = Temporomandibular disorders. Hansraj, 2014
p = Shoulder abnormalities. Lau et al., 2010
* Respiratory impairments.
=  Sit or stand in an upright position to avoid
Postural guidelines slo.uchmg or awkward postures. . . Abdelhameed & Abdel-
. . = Raise your MED upwards to avoid bending the .
for using mobile aziem, 2016
: . head downward or forward.
electronic devices =  Support your elbows on an armrest, table, or thighs Gustaffson, 2012
(MED) pporty ’ ’ & Syamala et al., 2018
when sitting.
* Avoid prolonged static postures.
= Take a break from MED use every 20 minutes to
help prevent the onset of fatigue in shoulder and
neck musculature.
»  During the rest break, focus your eyes on objects at
Rest break guidelines least 20 feet away for at least 20 seconds to help Kim & Koo, 2016
for mobile electronic prevent eye strain and headaches. Neupane et al., 2017

Vate-U-Lan, 2015

Postural guidelines
for using desktop
computers

* Head: Position vertically over the spine with the
neck in neutral rotation (look straight ahead). Eyes
should be at same height as top of the monitor.

=  Spine: Sit up straight in the chair. Low back should
rest against the backrest of the chair and supported
by the chair or a lumbar pad. Avoid slouching on
the armrests.

= Shoulders: Relaxed in a neutral position (not
elevated by the arm rest) resting against the
backrest of the chair. Upper arms should rest at the
side of the body.

* Forearms: Rest lightly on the armrests if present,
parallel to the floor with elbows flexed at 90
degrees.

=  Wrists: Maintain neutral position if possible (avoid
exaggerated extension or flexion). Avoid resting
hand on the mouse when not in use.

= Hips: Flexed 90 degrees and thighs should be
parallel to the floor.

= Knees: Flexed 90 degrees and level with hips. Back
of knees should be 2-3 inches away from the end of

the seat.

NIH, 2021
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= Feet: Rest both feet level on floor. Use a footrest if
feet do not touch the floor.

= Use of desk and desk chair to utilize same body NIH, 2021
posture as when using a desktop computer. Sahu et al., 2021
Postural guidelines = Use of a laptop stand or angled riser to improve
for using laptop head and neck posture.
computers = Use of wireless keyboard to enhance wrist posture.

= Avoid using laptop in awkward or unsupported
positions such as the couch, bed, or floor.

= Standing for a short (30-180 second) rest break after | Kar & Hedge, 2020
20 minutes of seated computer use to help diminish | Carter et al., 2018
musculoskeletal discomfort. Engelmann et al., 2011

= If possible, add one to two minutes of walking
during rest breaks to help facilitate blood flow,
reduce mental fatigue, and prevent the onset of
musculoskeletal symptom:s.

Rest break guidelines
for computers

approximately two-thirds down their thighs with palms supinated and feet flat on the ground
with hips and knees at 90° (62). They performed three repetitions of both neck flexion and
extension in their full available pain-free range of motion (34, 80) and then stopped their head
to rest in a self-selected “natural” position while looking straight ahead at an opposite wall in
the laboratory (16, 33). Once the participant sat motionless for five seconds, a photograph of
their head and neck was captured with the digital camera (64). This protocol was repeated
without delay to capture a second photograph of the participant’s posture (33). Immediately
after data capture, the PI uploaded the image files into Kinovea video analysis software (version
8.15) for CV A assessment.

Randomization of participant group assignments was completed by the PI using a block
randomization generator on a website (http:/ /www.randomization.com). Utilizing a sequence
created by the block randomizer, the PI placed participants who met inclusion criteria into one
of four groups: postural education (PE; n = 20), self-myofascial release + stretching (SMRS; n =
20), self-myofascial release + stretching + strengthening (SMRSS; nn = 19), and control group (CG;
n =20). A hard copy of the sequence generator report was kept concealed in a manila folder and
was only opened by the PI during group delegation. Participants and researchers were not
blinded to group assignment.

Posture Education Group: Immediately after the baseline CVA assessment, PE group members
received a one-time 20-minute in-person one-on-one standardized educational session by a
research team member in the laboratory. Topics included health risks associated with FHP;
postural guidelines for using MEDs, desktop computers, laptop computers, and rest break
guidelines (Table 2). At the conclusion of the educational session, each PE group participant was
emailed a copy of the presented educational information and guidelines. A weekly email was
sent to group members during the 4-week intervention period to provide reminders and
encouragement to adhere to postural guidelines. The researchers asked participants not to begin
a new exercise program or alter their current physical activity level over the next four weeks.
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Self-Myofascial Release + Stretching Group: Immediately after the baseline CVA assessment,
SMRS group members received a 15-minute in-person one-on-one standardized
instructional/training session for the SMRS intervention provided by a research team member
in the laboratory (Figure 3). A 12 x 6 x 6 inch high-density myofascial roller (NASM Tool, Cygnet
Systems, Dallas, TX) and a 23-inch soft-tissue mobilization tool (STMT) (Therapist’s Choice®
Pressure Point Hook Cane, Tampa, FL) was provided to group members at no cost to enable
implementation of a 4-week home program. Implemented protocols followed the National
Academy of Sports Medicine (NASM) recommendations for inhibitory and lengthening
techniques (18). Participants applied SMR to the thoracic spine (TS) using the myofascial roller
by holding pressure over the central region of the TS for 30 seconds, followed by six repetitions
of active rolling up and down the length of the TS (up + down equaling one repetition) over a
90 second time period to promote mobilization of restricted myofascial tissues and restoration
of upright posture (18, 45). Participants applied SMR to the center of the muscle belly in bilateral
SCM and UCE using self-applied pressure with fingertips, while the STMT was utilized to
administer SMR to center of the muscle belly in bilateral UT and PM for 30 seconds (18). For the
first two weeks of the study, participants performed SMR three times per week on non-
consecutive days. During weeks three and four, participants progressed SMR protocol
frequency to five days per week. They also performed SS to bilateral SCM, UT, PM, and UCE
muscles (Figure 3) after SMR on three non-consecutive days per week. During the first two
weeks of the study, participants performed two repetitions of stretches held for 20 seconds, and
progressed to three repetitions of 30 seconds, five days per week during weeks three and four.
At the conclusion of the training session, each group participant was emailed a copy of
instructions for the assigned intervention. A weekly reminder email was sent to group members
during the 4-week intervention period to encourage CEP adherence. Researchers asked
participants not to begin a new exercise program other than their assigned CEP or alter their
current physical activity level during the 4-week intervention period.

Self-Myofascial Release + Stretching + Strengthening Group: Immediately after the baseline
CVA assessment, SMRSS group members received a 20-minute in-person one-on-one
standardized instructional/training session provided by a research team member in the
laboratory that included the same SMR + stretching protocol as the SMRS group, as well as
incorporated strengthening exercises following NASM recommendations for activation and
integration techniques (Figure 3) (18). Group participants received a 12 x 6 x 6 inch high-density
myofascial roller (NASM Tool, Cygnet Systems, Dallas, TX), a 23-inch soft-tissue mobilization
tool (Therapist’s Choice® Pressure Point Hook Cane, Tampa, FL), a 36 inch medium resistance
(resistance = 20 lb.) exercise tube with handles (Stroops, model: Slastix Toner, Clearfield, UT),
and a 36-inch medium resistance (resistance = 3.7-5.5 1bs.) exercise band (Theraband, Akron,
OH) at no cost to enable implementation of the prescribed 4-week home program. Strengthening
exercises included the supine chin tuck (SCT), upper thoracic-lower cervical extension (UTLCE),
and a single-arm row with trunk rotation (SARTR). The SCT was performed progressed in three
phases: Week 1: chin tuck held 2 seconds, 4 second return to start position, repeated five times.
Week 2: same as week 1 but incorporated a towel roll placed behind head to enable increased
range of motion during the exercise. Week 3 and 4: chin tuck with head lift 1 inch above the
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towel roll was held for 2 seconds, 4 second return to start position, repeated five times. The
UTLCE exercise was performed by placing the resistive exercise band around the back of the
head with neck flexed 15-20 degrees. Participants extended their neck to a neutral position
against the resistance of the band and held this position for 2 seconds, followed by a 4 second
return to the start position. The SARTR exercise was performed by placing one foot forward;
completing a single arm row with exercise tubing using the contralateral arm compared to the
lead leg; rotating the trunk 90 degrees toward the side of the body performing the row; followed
by reversing these movements to return back to start position in a controlled manner. This
exercise was performed on both the right and left sides. The UTLCE and SARTR exercises were
performed with 1 set of 10 repetitions for weeks 1-2 and progressed to 2 sets of 10 repetitions in
weeks 3-4. Participants performed all muscle strengthening exercises three times per week on
non-consecutive days throughout the 4-week intervention period. At the conclusion of the
training session, each group participant was emailed a copy of instructions for the assigned
intervention. A weekly reminder email was sent to group members during the 4-week
intervention period to encourage CEP adherence. Researchers asked participants not to begin a
new exercise program other than their assigned CEP or alter their current physical activity level
during the 4-week intervention period.

Intervention Participants Instruction and Photos
Prescription
Self-Myofascial Release Step 1: Hold pressure on the middle
(SMRS and SMRSS portion (shoulder blade region) of
groups): your thoracic spine for 30 seconds.
Myofascial rolling: Step 2: Perform 6 slow repetitions of
Thoracic spine active rolling over your entire

thoracic spine (7 seconds up + 7
seconds down =1 repetition). Week
1-2: Keep hips low during
myofascial rolling Week 3-4: Raise
hips off the floor during myofascial

rolling.
Self-Myofascial Release Hold pressure in the middle of the
(SMRS and SMRSS following muscles on both the right
groups): and left sides of your body for 30
Self-applied manual seconds. Gradually increase the
pressure: amount of pressure you apply every
Sternocleidomastoid week. This pressure should never be
Upper Neck Extensors painful or bruising.
Self-Myofascial Release Hold pressure in the middle of the
(SMRS and SMRSS following muscles on both the right
groups): and left sides of your body for 30
Self applied pressure with | seconds. Gradually increase the
soft-tissue mobilization amount of pressure you apply every
tool: week. This pressure should never be
Upper Trapezius painful or bruising.

Pectoralis Minor
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Static Stretching (SMRS
and SMRSS groups):
Sternocleidomastoid
Upper Trapezius

Stretch the muscle to the end of its
range, but no pain or discomfort
should be felt. Week 1-2: Hold each
stretch for 20 seconds. Perform 2
repetitions, perform on R and L
sides. Week 3-4: Hold each stretch
for 30 seconds. Perform 3 repetitions,
perform on R and L sides.

Int ] Exerc Sci 16(1): 954-973, 2023

Static Stretching (SMRS

Stretch the muscle to the end of its

and SMRSS groups): range, but no pain or discomfort

Pectoralis should be felt. Week 1-2: Hold each

Upper Neck Extensors stretch for 20 seconds. Perform 2
repetitions, perform on R and L
sides. Week 3-4: Hold each stretch
for 30 seconds. Perform 3 repetitions,
perform on R and L sides.

Muscle Strengthening Perform strengthening after self-

(SMRSS group only): myofascial release and static

Supine Chin Tuck stretching. Strengthening exercises

Progression: Week 1

should be performed gently and
discomfort free. Lie on your back.
Tuck chin back slowly, hold 2
seconds. Slowly return back to start
position in 4 seconds. Repeat 5 times.

Muscle Strengthening
(SMRSS group only):
Supine Chin Tuck
Progression: Week 2

Lie on your back. Place towel roll
under head. Tuck chin back and pull
neck backwards into the towel. hold
for 2 seconds. Slowly return back to
start position in 4 seconds. Repeat 5
times.

Muscle Strengthening
(SMRSS group only):
Supine Chin Tuck
Progression: Weeks 3 and
4

Lie on your back. Perform a chin
tuck first, then lift head up 1 inch,
Hold 2 seconds, then slowly return
to start position in 4 seconds. Repeat
5 times.

Muscle Strengthening
(SMRSS group only):
Upper Thoracic-Lower
Cervical Extensor
Strengthening Exercise

Place resistance band behind head.
Put hands on wall. Neck should be
slightly flexed forward. Then, extend
your head backwards against the
resistance of the band. Hold 2
seconds, then return back slowly to
start position in 4 seconds. Week 1-2:
1 set of 10 repetitions. Week 3-4: 2
sets of 10 repetitions.

Muscle Strengthening
(SMRSS group only):
Single-Arm Row with
Trunk Rotation

Get into a split stance, perform a row
with the tubing, then rotate your
trunk 90 degrees to the same side as
your row. Perform in a controlled
manner on right and left sides. Week
1-2: 1 set of 10 repetitions. Week 3-4:
2 sets of 10 repetitions.
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Figure 3. Corrective exercise interventions.

Control Group: Immediately after the baseline CV A assessment, researchers informed CG group
members they would not be receiving an intervention and asked them not to begin a new
exercise program or alter their current physical activity level over the next four weeks.

Intervention Review Session and Post-Intervention Posture Assessment: On week 2, SMRS and
SMRSS group members were asked to return to the laboratory for a 10-minute one-on-one
intervention training review session. During the session, participants demonstrated their
assigned CEP and received immediate feedback on their technique by a member of the research
team. Re-instruction was provided if improper form was observed. After the 4-week
intervention period, all study participants returned to the laboratory within a five-day period to
undergo follow-up CVA assessment using the same data capture and analysis procedures
performed at baseline.

Craniovertebral Angle Assessment: The PI uploaded postural image files into Kinovea video
analysis software (version 8.15). This software has been demonstrated to have high validity (r =
1.0 p <.001) and high inter- and intra-tester reliability (ICC (95%CI) > 0.99; p < .001) for joint
angle quantification up to 5m from an object compared to AutoCAD engineering software (58).
On each image file, the PI assessed participant CVA by measuring the angle between the
intersection of two lines: the first line drawn from the tragus of the ear to the spinous process of
C7 vertebrae and the second line drawn horizontally through C7 spinous process (Figure 4) (19,
63, 70). The photogrammetric technique for CVA assessment has been found to be valid (r =.89,
p <.05) and reliable (ICC (95%CI) = 0.78-0.99, p < .05) compared to radiographic measures (76).
A second researcher directly observed the PI perform each CVA assessment, as well as provided
verbal agreement with the accuracy of angle measurement. For each participant, the CVA was
derived by taking the mean of two CVA measurements that were assessed on the captured
photographs (33).

Figure 4. Craniovertebral angle measurement.

International Journal of Exercise Science http:/ /www.intjexersci.com




Int ] Exerc Sci 16(1): 954-973, 2023

Statistical Analysis

Data analysis was performed using IBM SPSS version 28 for Windows (SPSS Inc., Chicago, IL,
USA) and reported with mean and standard deviation. Analysis of descriptive participant
characteristics by group was performed using a one-way ANOVA (Table 1). Due to the small
sample size, normality of CVA data was assessed using the Shapiro-Wilk test. Mean difference
comparison of within-group change in mean CVA measures was completed using a repeated
measures ANOVA and the Bonferroni test for adjustment of multiple pairwise comparisons
(Table 3). Mean difference comparison of between-group change in mean CVA measures was
performed with a one-way ANOVA (Table 4). Due to unequal group sizes, Gabriel’s test was
selected for post-hoc comparison. Levene’s test was utilized to assess equality of error variance.
Significance level was set at p < .05.

RESULTS

The trial was completed by 72 participants (51 women, 21 men) with a mean age: 20.17 + 2.25
years; mean height: 167.34 £ 8.25 cm; and mean weight: 70.31 £ 14.61 kg. All participants
reported SOC self-rating > 3/5. Figure 2 illustrates a CONSORT flow diagram (8) of
participation throughout the study. Pre-intervention analysis revealed no significant difference
in participant age (F(3, 68) = 2.45, p > .05), height (F(3, 68) = 0.51, p > .05), or weight (F(3, 68) =
1.27, p > .05) between groups (Table 1). Shapiro-Wilk test, W(72) = .97 , p = 0.077, supported
normal distribution of CVA data. No significant between-group differences (F(3, 68) = 0.82, p >
.05) in baseline CV A were present. Mean difference comparison of within-group change in mean
CVA revealed an increase in the PE (MD = 3.1, p <.01), SMRS (MD = 3.8, p < .01), and SMRSS
(MD =44, p <.01) groups (F(3, 68) =5.26, p < .01, n2=.188, Table 3). Mean difference comparison
of between-group change in mean CVA supported greater CVA change in the SMRS (MD = 2.94,
p <.05) and SMRSS groups (MD = 3.54, p <.01) compared to the CG (F(3, 68) =5.26, p < .01, n?>=
.188, Table 4, Figure 5).

Table 3. Mean difference comparison of within-group change in mean craniovertebral angle (°).

Pre Post
M SD M SD MD SE p
PE 451 5.9 48.1 5.9 3.1 0.64 <0.001**
SMRS 474 5.2 51.2 4.0 3.8 0.72 <0.001**
SMRSS 47.1 3.9 51.4 54 44 0.70 <0.001**
CG 46.9 4.4 47.8 5.0 0.8 0.66 0.206

M: Mean; SD: Standard Deviation; MD: Mean difference; SE: Standard error; PE: Postural Education; SMRSS: Self-
Myofascial Release/Stretching; SMRSS: Self-Myofascial Release/Stretching / Strengthening; CG: Control Group; **p
< 0.01. Bonferroni test utilized for adjustment of multiple pairwise comparisons.
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Table 4. Mean difference comparison of between-group change in mean craniovertebral angle (°).

Comparison

Group Group MD SE df p
PE CG 221 0.92 3.0 0.109
SMRS CG 2.94 0.98 3.0 0.021*
SMRSS CG 3.54 0.96 3.0 0.003**
PE SMRS 0.73 0.96 3.0 0.970
PE SMRSS 1.33 0.95 3.0 0.650
SMRS SMRSS 0.60 1.00 3.0 0.991

MD: Mean Difference; SE: Standard Error; df: Degrees of freedom; PE: Postural Education; CG: Control Group;
SMRS: Self-Myofascial Release+Stretching; SMRSS: Self-Myofascial Release+Stretching+Strengthening; *p < .05; **
p < .01. Gabriel post-hoc test utilized for multiple comparisons.

Change in Mean Craniovertebral Angle

°)

ngle
3

47 e===PE

e / ——SMRS"
4 e SMIRSS ™
43 CG

Mean Craniovertebral A

Pre-Intervention Post-Intervention

Time

Figure 5. Change in mean craniovertebral angle. Change in mean craniovertebral angle was greater in SMRS group*
and SMRSS group** compared to CG. *p < .05; ** p < .01.

DISCUSSION

The primary purpose of this randomized control trial was to evaluate the effectiveness of PE or
CEP intervention on the CVA in young adults with FHP. The results of this study indicate that
fitness professionals who prescribe any of the three intervention protocols used in this study
may increase a young adult’'s CVA over a 4-week time period, but that CEPs may provide
superior postural improvements than PE alone.

To the best of our knowledge, this is the first study to investigate the isolated effects of PE on
the CVA. The findings of the present study suggest PE is an effective FHP intervention, as
within-group change in mean CVA significantly increased (Table 3) and supports a clinically
important difference (5). Studies utilizing checklist rating systems to assess head posture, such
as the Rapid Upper Limb Assessment and the Rapid Office Strain Assessment, also support for
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the use of PE to address FHP (14, 42, 66, 73). In these studies, head posture ratings improved
four weeks after one in-person educational session (73), three months after five educational
sessions (66), six weeks after six educational sessions (42), and six weeks after 60 minutes of
web-based education (14). In the current study, post-intervention CVA significantly increased
within the PE group after four weeks, but no difference in CVA change was observed between
the PE group and other groups, suggesting PE may be best utilized in conjunction with a CEP
rather than a substitute for CEP intervention when addressing FHP in this population.

Although there are examples in the literature where a 4-week CEP consisting of a combined
stretching + strengthening intervention yielded CVA improvements (3, 69, 74), to the best of our
knowledge, the current study is the first to investigate the effects of a SMR + stretching CEP
protocol compared to a SMR + stretching + strengthening CEP protocol on the CVA in young
adults with FHP. Three prior studies have utilized a combined SMR + stretching + strengthening
CEP to examine potential influences on FHP after 8-week (2) and 12-week (31, 67) durations. In
all three studies, researchers reported head posture improvements; however, it should be noted
that a different angle than the CVA was utilized to assess head posture, as well as participants
in one of the studies (31) received both a CEP and ergonomic educational training concurrently.
The results of the present study are in line with the outcomes of these studies, as post-
intervention mean CVA change in the SMRSS group was significantly greater than the CG.

One study has been identified that compared the effects of a 12-week muscle strengthening CEP
vs a 12-week muscle stretching CEP on FHP in the adolescent population (61). In this study,
muscle strengthening intervention was found to be superior to muscle stretching for improving
FHP (61). Current study findings suggest that performing SMR immediately prior to static
stretching may assist in enhancing stretching effects on CVA improvement, as not only did
participants in the SMRS group demonstrate significantly greater CVAs compared to the CG,
but no group differences in post-intervention mean CVA change occurred between the SMRS
and SMRSS group. These results imply that over the course of four weeks, a SMR + stretching
CEP may be just as effective in improving the CVA compared to a SMR + stretching +
strengthening CEP.

A primary limitation of the current study was the intervention duration. In attempts to minimize
participant drop out due to the COVID-19 pandemic, a 4-week duration was selected. Another
limitation was the inability to control for participants” extra-curricular physical activity level. It
is likely that some participants may have been more physically active than others over the 4-
week period, which may have influenced outcomes. Other study limitations include the
utilization of one team member (the PI) for joint marker placement and CVA assessment, angle
measurements in Kinovea software limited to whole numbers (no tenths of degrees), the absence
of researcher blinding, and lack of a long-term follow up to evaluate potential lasting effects.
Lastly, as this study focused on static posture in young adults without neuromuscular or
musculoskeletal pathology, study findings cannot be generalized to dynamic postures, different
age groups, or to those with a diagnosed medical condition.
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The current study evaluated the effects of PE or CEP intervention on the CVA in young adults
with FHP. The results of this study suggest that any of the three intervention protocols utilized
in this randomized control trial may increase a young adult’s CVA over the course of four weeks,
but that CEPs may yield greater postural improvements than PE. Study outcomes also suggest
that clinicians who implement a 4-week CEP consisting of SMR + stretching may yield similar
CVA enhancements as a CEP comprised of SMR + stretching + strengthening exercises. To
continue to add to the body of research on SMR and its potential benefit on FHP enhancement,
it is recommended that future research incorporate longer intervention durations to aid in
determining whether SMR may provide additional CVA improvement when combined with
stretching compared to a strengthening-only CEP. Comparisons of more intervention
combinations, such as SMR + stretching vs stretching only; and a stretching + strengthening
protocol with and without SMR; are also suggested to further assist in the determination of
optimal CEP programming.
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