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. Introduction: The purpose of this study was to investigate the effects of shortened-length
Article info: ¢ versus through-range exercise training on upper quarter posture in primary school students
Received: 13 May 2018 . with Forward Head Posture (FHP).
Accepted: 04 Sep 2018 :  Materials and Methods: Sixty pain-free participants with FHP were randomly allocated to

Available Online: 01 Jan 2019 one of three groups; shortened-length training (n=20), through-range training (n=20), and no-
:  treatment control group (n=20). The shortened-length and through-range groups participated
in training programs 3 times per week for 8 weeks. Upper quarter postures, including
Craniovertebral Angle (CVA), Shoulder Angle (SA), Cranial Angle (CA), and thoracic
kyphosis were measured by photogrammetry before and after the training. The confidence
level was set at 95% (P<0.05).

Results: After training, both exercise groups showed significant changes in CVA (P=0.001),
SA (P=0.001), CA (P=0.001), and thoracic kyphosis (P=0.001) compared to the control group.
Furthermore, CVA changed more in the shortened-length exercise group compared to the
through-range exercise group (P=0.003) (effect size= 0.446).

Conclusion: Both through-range and shortened-length exercises altered upper quarter

Keywords: ¢ alignment. The shortened-length training resulted in a larger change in CVA. These changes
Exercise therapy, Posture, : were small, and more studies are needed to investigate the effects of such training programs
Head, Kyphosis, Shoulder : among people with pain.
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1. Introduction

n Forward Head Posture (FHP), the head

is located forward relative to the vertical

line of gravity, which may result in in-

creased cervical lordosis and positional

changes in the craniocervical region [1, 2].
Poor school ergonomics is one of several risk factors im-
plicated in developing FHP [3, 4].

FHP and rounded shoulders are common postural pre-
sentations in all age groups, children, and adolescents
alike. Since spinal and neck pain is common in adoles-
cents, researchers propose an association between FHP
and spinal pain [5]. However, a clear relationship be-
tween postural alignment and musculoskeletal pain in
adolescent students has not yet been demonstrated [6].
Since adolescents with FHP show different muscular
functions in the cervical region, and altered breathing
patterns [7-10]. managing FHP by health professionals
may benefit musculoskeletal disorders.

Several interventions are proposed to manage FHP, in-
cluding taping, manipulation, electrotherapy, and joint
mobilization [11-14]. A commonly advocated approach
is exercise that stretches the upper trapezius, sternoclei-
domastoid, and levator scapula muscles, and strengthens
deep cervical flexors [15-18]. A recent meta-analysis
showed high heterogeneity in the results of randomized
controlled trials examining the effects of different exer-
cise regimens to manage FHP [19]. Therefore, additional
research is needed to evaluate if some exercise programs
are more effective for FHP.

It has been proposed that muscle fibers demonstrate dif-
ferent mechanical behaviors when they are weakened in
the shortened rather than elongated form. The muscles
that have been weakened in the long length show more
weakness in their shortened length, while it may not
demonstrate any dysfunction in other lengths of muscle
fibers [20]. Since some muscles may be weakened in the
elongated length in persons with FHP, and they are pre-
disposed to malfunction in their short length, it seems
rational to design some exercise to strengthen these mus-
cles in the shortened length [20, 21].

Although many studies have investigated the effect of
different exercises (through range exercises) on subjects
with FHP, no research has studied the effects of strength-
ening exercises in shortened length positions of these
subjects [19]. Therefore, we designed the shortened-
length exercises to emphasis on muscle strengthening
while muscle overloading was performed in muscle
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shortened length. For this purpose, the subjects were
asked to move the target muscles to the maximal possi-
ble shortened length and hold it for 5 seconds while they
try to push the distal segments to reach a more shortened
length by frequency of one effort per second (five efforts
in each movement).

To our knowledge, the effect of training in the short-
ened muscle length on FHP in children has not been ex-
amined so far. Therefore, the purpose of this study was to
examine the impact of through-range versus shortened-
length exercise training on pain-free adolescent students
with FHP.

2. Materials and Methods
Study participants

In this randomized clinical trial, 60 male pain-free vol-
unteer students with FHP were recruited and randomly
assigned into one of three groups of 20 people; short-
ened-length, through- range, and control group. Accord-
ing to the research objectives and similar previous study,
the sample size was estimated as 15 subjects for each
group by using GxPower software V. 3.1 considering
0=0.05 and power of 80% and based on the Craniover-
tebral Angle (CVA) in the corrective exercise group [16,
22]. To compensate the possible dropouts, 20 subjects
were selected for each group.

Inclusion and exclusion criteria

The students were included in this study if they were
pain-free, 7 to 13 years old, with CVA less than 50 de-
grees (as a diagnosis of FHP, based on previous studies)
[13, 23, 24]. The students were excluded from the study
if they had a history of heart disease or other illnesses
that could interfere with research, obvious scoliosis and
structural hyperkyphosis (non-correction by performing
stretching exercises) according to New York criteria,
and history of any medical conditions that could inter-
fere with the study [25]. The subjects who had a history
of exercise in professional and regular sports programs
were also excluded.

Study procedure

After selecting the subjects, an introduction session
was held for the subjects, and their demographic data
were obtained. The study process and objectives were
explained to the subjects, and informed consent was
obtained from their parents. Only general information
about the intervention was provided to the subjects, and
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their parents and subjects in two intervention groups
were blinded to group allocation.

The subjects were assured that the obtained data would
remain confidential, and they could leave the research
whenever they wanted. At the beginning of the study,
the study variables were recorded by a blinded examiner
who also performed posttest. After the pretest, the sub-
jects of two intervention groups attended to that training
program that was under direct supervision of an expert
trainer (who was blinded to the study objectives) three
sessions per week for eight weeks. The posttest was
done five and eight weeks after the beginning of exercise
training. The subjects in the control group were asked
not to participate in any other exercise during the study.
The subjects of the control group were allowed to will-
ingly participate in the same exercise program after the
study ending under direct supervision of the first author.

Exercise programs

Before starting the main exercise, the subjects were
asked to do a 10-min warm-up by stretching, jogging,
and running. After that, the main exercise program
consisted of five §tretching exercises followed by 4
strengthening exercises. For stretching exercises, the
subjects were asked to perform the stretches until feeling
pain or discomfort and held the position for 30 seconds
in two sets [26]. These stretching exercises were per-
formed before starting the strengthening exercises and
were done in the same manner in both through-range
and shortened-length groups. The strengthening exer-
cises were done in two sets of 8-12 repetitions in both
intervention groups

In the through-range exercise group, the strengthening
exercises started from the beginning of the range and
continued slowly until the end of the range. Then, with-
out stopping, it returned into its original state, and this
cycle was repeated for 8-12 times in each movement.
However, in the shortened-length exercise group, the
subjects were asked to move the weight to the maximal
possible shortened length of the target muscles and hold
it for five seconds while they tried to push the distal seg-
ments to reach more shortened length by frequency of
one effort per second (five efforts in each movement).

Then the subjects were asked to release the position
and return to the beginning of the range. This cycle was
repeated 8-12 times for each strengthening exercise in
the shortened-length training group. After performing
the exercise programs, both groups performed ten min-
utes of cool down by general stretching and walking.
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In both experimental groups, the first two weeks were
considered as an introduction to the program. Afterward,
for each strengthening exercises, the 1RM (one-repetition
maximum) was measured using the reliable and validated
Brzycki formula [27]. The progressive exercises were ap-
plied from the third week. The strengthening exercises
were prescribed at an exercise intensity of 35% of mea-
sured IRM by using free weights. After three weeks, IRM
was measured again, and exercises were applied at an in-
tensity of 50% of the 1RM by using free weights on the
digtal part of the moving segments. The exercise program
consisted of nine exercises as follows that were adopted
from Ruivo et al. program [15].

Stretching exercises:

Pectoral minor stretching in standing position: the sub-
jects were asked to stand in the door and stabilize the
forearm with door pillar and then rotate the trunk to the
opposite direction. This action leads to shoulder external
rotation in the involved arm and then the exercise was
done on the other side.

Sternocleidomastoid muscles stretching in standing
position: the starting position was standing with optimal
posture and place the right arm behind the body, lower-
ing the shoulder. The subjects were asked to perform ab-
dominal bracing and chin tuck, then perform contralat-
eral cervical side bending concurrent with rotation to the
same side of right hand. They allowed using left hand
to apply additional pressure on the movement, too. This
exercise was also performed on the other side.

Levator scapulae stretching in standing position: the
starting position was standing with optimal posture and
place the right arm behind the body, lowering the shoul-
der. The subjects were asked to perform abdominal brac-
ing and chin tuck, then perform cervical side bending
concurrent with rotation to the contralateral side of right
hand. They allowed using left hand to apply additional
pressure on the movement, too. This exercise was also
performed on the other side.

Quadruped thorax stretching exercise: the aim was
to stretch pectoral muscles and mobilize the thoracic
spine into extension. The subjects were asked to come
down onto the floor on all fours, making sure knees
are under hips with shins placed firmly on the ground,
the hands placed directly under shoulders with fingers
spaced widely apart and facing forward. Before starting
the stretch, a deep breath was taken and then drawn the
abdomen toward thighs. Then the subjects were asked to
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move their body caudally until they felt stretching in the
mentioned structures without pain sensation.

Chin tuck in the supine position: the main goal was to
stretch suboccipital muscles and gently activate longus
colli and longus capitis muscles and then activate and
train the deep cervical flexors. The subjects were in a su-
pine position with a head in contact with the floor. Then
they were instructed to perform chin tuck by drawing the
chin toward the sternal notch without elevating the head
from the floor.

Strengthening exercises

Shoulder external rotation in side-lying: the goal was
to activate teres minor and infraspinatus muscles. The
starting position was side-lying on the right hand and left
armrest on the lateral chest wall, fully internal rotation,
and elbow in 90° of flexion. The subjects were asked to
rotate the shoulder externally. Free weights were added
to the wrist when applicable. This exercise was per-
formed bilaterally, too.

Arm horizontal abduction with external shoulder rota-
tion in prone position: the main goal was to activate mid-
dle trapezius, lower trapezius, thomboids, infraspinatus,
and teres minor muscles. The starting position was prone
lying with bilateral arm 90° abduction and full external
rotation, elbow full extension, and chin tuck. The sub-
jects were instructed to abduct the arms horizontally to-
ward the ceiling. Free weights were added to both wrists
when applicable.

Y to I in the prone position: the aim was to activate
middle trapezius, lower trapezius, and serratus anterior
muscles. The starting position was lying in the prone
position with 90° bilateral shoulder abduction and full
external rotation (“Y” position). Then the subjects were
instructed to move both arms into a position of full bilat-
eral elevation with the elbow extension forming an “I”.
Free weights were added to the bilateral wrist when ap-
plicable.

W exercise: the main goal was to activate middle tra-
pezius, lower trapezius, rhomboids, infraspinatus, and
teres minor muscles. The starting position was prone ly-
ing with 90° abduction bilateral of the arm and full ex-
ternal rotation, elbow 90° of flexion, and chin tuck. The
subjects were instructed to abduct the arms horizontally
toward the ceiling. Free weights were added to the bilat-
eral wrist when applicable.

Postural assessment
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CVA, Cranial Angle (CA), and Shoulder Angle (SA)
were measured by the photogrammetric method. The
previous study showed high reliability of measurement
for upper body posture in this method [23]. Before as-
sessment, special black markers (a circle sticker with di-
ameter of 14 mm) were attached to the bony landmarks
on C7, acromion, eye tragus, and ear tragus. Then the
subjects were asked to stand quietly and look at a point
on the wall upfront. A digital camera (Canon Inc. model
EOS 750D) was set at a distance of 80 cm from standing
point, and the C7 height of every subject [24].

Then a photo was taken from lateral view. After that,
the subjects were asked to leave the position and walk
slowly in the laboratory for two minutes. Then another
photo was taken in the same manner, and this process
was repeated. Afterward, postural measurements were
extracted from these three photos by using AutoCAD
software (AutoCAD V. 20.1) and the mean value was
considered as the study data for analysis. The CVA was
obtained from the angle between the horizontal line that
passes through the C7 spine and the line that connects
C7 to the ear tragus. To measure the SA, the angle be-
tween the line that connects the C7 to the midpoint of the
arm and the horizontal line passing through the midpoint
of the arm was measured. For the CA, the angle between
the line that connects the ear tragus to the eye tragus and
the horizontal line passing through the midpoint of the
ear tragus was obtained [18].

Based on a previous study, a 50cm long, 2cm wide
flexible ruler was used to measure the thoracic kypho-
sis angle [16]. Firstly, the spinous processes of T2 and
T12 were identified and marked with blue board marker
as bony landmarks to measure thoracic kyphosis. The
subjects were asked to stand upright barefoot on a flat
surface, distribute body weight equally on both feet with
the distance of shoulders width, and gaze at a point on
the front wall. Then the subjects were instructed to wait
for one minute in this position to reach normal posture.

After that, the sternum and symphysis pubis were sta-
bilized by two dowels horizontally mounted on the spine
stabilizer instrument to minimize postural sway. Then
the flexible ruler was molded on the thoracic curve, and
the points adjacent to T2 and T12 spinous processes (that
marked previously on the spine) were marked on the
ruler. The flexible curve was then marked on the white
paper sheets carefully.

The T2 and T12 position points were marked, too. This
procedure was performed three times with 1-min inter-
val, and the mean value of three trials was considered as
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Figure 1. Method of the depiction of L and H lines by using a
flexible ruler for measurement of thoracic kyphosis

a kyphosis angle [16]. After that, quantification of tho-
racic kyphosis angle was performed by identifying the
“H” and “L” distances and inserting in the equation of
"4[ Arctan(2H/L)]", as described by previous studies [16,
28]. The validity and reliability of this method have been
already demonstrated (Figure 1) [28].

Statistical analyses

All analyses were conducted in SPSS V. 20. The Sha-
piro-Wilk test assessed the normality of data. Descrip-
tive statistics were used to describe the data. One-way
ANOVA was run to assess baseline between-group dif-
ferences. Two-way repeated measure ANOVA was used
to examine the effect of time and group on postural mea-
sures. One-way ANCOVA was conducted to compare
the effectiveness of the two exercise training programs
while controlling for baseline postural measures.
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The confidence level was considered to be 95%
(P<0.05). The power of analyses and effect size (Partial
Eta Squared) was calculated for each variable, too. The
effect size was categorized as small (d=0.2), medium
(d=0.5), and large (d>0.8) [29]. The plots of the means
of three groups were drawn to interpret the findings of
two-way repeated measure ANOVA.

3. Results

Table 1 presents the demographic data of all groups,
and one-way ANOVA results did not show any statisti-
cally significant differences between groups.

Two-way ANOVA demonstrated a statistically signifi-

cant interaction of group and time on CVA (F, ;,=22.92,
P=0.001), CA (F,,=8.32, P=0.001), SA (F,,=26.20,
P=0.001) and thoracic kyphosis (F,.,=6.55, P=0.001)

2,54

(Table 2). The mean values of CVA, CA, SA, and tho-
racic kyphosis of each “group” and “time” illustrate that
the path of progression in two experimental groups dif-
fers from the control group (Figure 2).

Therefore, one-way ANCOVA was conducted to com-
pare the effectiveness of two exercise programs while
controlling for pretest values in all study parameters.
There was only a significant difference in mean CVA in
week 5 (F, ,=10.15, P=0.003) and week 8 (F, ;;=9.84,
P=0.003) between the two exercise groups (Table 3).
Comparing the estimated marginal means showed that
the postural change was greater in the shortened-length
training group (week five: 49.14 degrees, week eight:
51.15 degrees) compared to the through-range training
group (week five: 47.51 degrees, week eight: 49.21 de-
grees). The effect size of these differences between the
exercise groups were small (0.201 and 0.215).

4. Discussion

Table 1. Comparison of participants” demographic characteristics before the study using one-way ANOVA

Variable MeantSD
Group Shortened-Length Through-Range Control i
Age (y) 11.05+0.75 11.05+0.82 10.75+0.85 0.409
Height (cm) 147.4546.5 145.05+7.2 144.75+7.51 0.562
Weight (kg) 39.80+10.41 41.85+12.6 38.70+8.56 0.162
BMI (kg/m2) 17.9+2.32 19.90+3.91 18.41+1.89 0.431
SD: Standard Deviation; BMI: Body Mass Index JVIR
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Table 2. Comparing upper quarter postural measures in the three study groups

MeantSD

P

. . . Power of  Effect
Variable UL Shortened-  Through- Control F s ('Il'lTeth;'oup Analyses  Size
Length Range nteraction)
Before the 45.80+4.10  44.68+3.88  47.08+2.76
Intervention
Fiveweeksafter 24,103 45021416  47.73:2.87
CVA the intervention SEEE 2EEs R 22.915 0.001* 1.00 0.446
Eight weeks
aftertheinter  51.735.06  48.59:4.48  48.0743.25
vention
Before the 53.1748.80  51.4848.06  57.1745.45
Intervention
Fiveweeksafter o c\7er 54064794  56.6046.77
SA the intervention G/ Do/ 0026, 26.20 0.001* 1.00 0.479
Eight weeks
aftertheinter-  59.5747.36  56.50t8.16  56.37+6.54
vention
Before the 36.94+7.20  37.05:7.21  39.18%5.69
Intervention
Fiveweeksafter 5/ o557 34974710  38.8246.80
Kyphosis  the intervention e T e 5.55 0.001* 0.974 0.163
Eight weeks
aftertheinter-  32.4247.61  32.05t7.18  38.11%6.47
vention
Bl 26.44+4.37  23.99t6.44  22.48+4.04
Intervention
CA Fiveweeksafter 540,107 51844570  22.05:4.80 8318 0.001* 0.988 0.226
the intervention
After Sweeks  21.07+457  19.49+545  21.446.33
*Statistically significant differences were observed
JMR

CVA: Craniovertebral Angle; SA: Shoulder Angle; CA: Cranial Angle

The results of this study demonstrated that upper
quarter alignment altered significantly in both exercise
groups, but CVA showed more changes in the shortened-
length group. This clinical trial indicates that postural
corrections, especially for FHP (i.e. thoracic kyphosis,
and rounded shoulders), are possible with corrective
exercise programs. The results provide preliminary evi-
dence that shortened-length training might be slightly
more effective for CVA, too. This is consistent with other
study results reporting that corrective exercises can alter
upper body posture [19, 30-32].

Also, a recent meta-analysis finding support correc-
tive exercises to promote upper body posture in subjects
with FHP (the level of evidence of 1a for CVA) [19].
Based on our findings, CVA and SA changed moderately
(moderate effect sizes) in both exercise groups, whereas
changes in kyphosis and CA were small. The current re-
sults are inconsistent with a meta-analysis that showed

the CVA might respond more to corrective exercise pro-
grams [19].

Changing posture in the exercise groups compared to
the control group may be due to the restoration of ago-
nistic/antagonistic muscular balances by increasing the
elongation capacity of shortened muscles and strength-
ening of the weak ones [33]. In this study, the active
stretching exercises of levator scapulae, sternocleidomas-
toid, and pectoral muscles in addition to strengthening
of the rhomboid, lower and middle trapezius and shoul-
der rotator cuff muscles were prescribed to achieve such
a desired postural alignment [15, 24].

To our knowledge, this is the first study examining
the effects of shortened-length training exercises to cor-
rect postural malalignments. Our findings support that
shortened-length training may be slightly more effective
for correcting decreased CVA in subjects with FHP in
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Figure 2. Mean values of Craniovertebral Angle (CVA), Cranial Angle (CA), Shoulder Angle (SA) and thoracic kyphosis of
three groups (shortened-length, through-range, and control) and assessment times (before the intervention, five and eight

weeks after the intervention)

comparison with through-range training, but this differ-
ence was small based on small effect size. This finding
suggests that weakened muscles in the FHP may be in
elongated length at rest, so these muscles display weak-
ness when they place in their shortened length rather
than other muscle lengths.

The excessive actin to myosin filaments overlap is pro-
posed as an explanation of the underlying mechanism
of slightly more effectiveness of shortened-length train-
ing protocol [20, 34]. Considering specific adaptation to
imposed demands principle, it seems rational to develop
exercise programs to train the weakened muscles in the
shortened length, which demonstrated more weakness
[35]. This technic may be more effective in restoring
their function/balance and be more effective in correct-
ing postural malalignment.

Though the shortened-length training was more effec-
tive in correcting CVA, both exercise groups had a simi-
lar effect on thoracic kyphosis, CA and SA. This finding
may be explained by the primary focus of this study on
the impact of shortened-length training in subjects with
FHP. Therefore, the exercise programs were designed to
address FHP rather than thoracic kyphosis or SA. In this
regard, we need more tailored exercise programs to as-
sess their effect on thoracic hyperkyphosis and rounded

shoulder postures. Secondly, the lack of additional bene-
fit from shortened-length training for CA compared with
through-range ones may explain why CA responds less
to exercise than CVA, as illustrated by the smaller effect
size of CA (0.226) than CVA (0.446) achieved in this
study [19].

Previous studies suggest that long-time attendance at
school may predispose students to several changes in
their lifestyle and habits that may result in their muscle
changes [36, 37]. Thus health professionals and parents
should pay more attention to prevent these problems. Ac-
cording to the results, the exercise program helps change
postural parameters as it is more evident for CVA and
SA, so prescribing corrective exercises are suggested for
primary school students. Also, this effect may be slightly
better for CVA using shortened-length exercise training.

While the findings may be useful in designing the cor-
rective exercise protocols, we need further investigation
to establish the relationship between posture and pain,
and its implications for rehabilitation. This is particular-
ly important considering the wide range of factors other
than posture, which have been implicated in persistent
neck and spinal pain, including psychological, social,
and lifestyle factors.




January 2019, Volume 13, Number 1

Table 3. Comparing upper quarter postural measures
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3 MeanSD After Five Weeks After Eight Weeks
e
& Time L 5
< Shortened- Through F Effect Power F Effect Power
> length range Size Size
Before the intervention 45.80+4.10 44.68+3.88
Five weeks after the inter-
S vention 49.74+4.83 46924416 1545 0p3* 0215 100 984 0003 0210 0.863
Bight weeks afterthe o 73,506 48594448
intervention
Before the intervention 53.17+8.80 51.48+8.06
Five weeks after the inter-
S vention 57.05£7.64  5406£7.94 33, 0077 0082 0426 0322 0081 0080 0416
i el i e 59.57+7.36  56.50+8.16
intervention
Before the intervention 36.94+7.20 37.05+7.21
(%]
‘s Five weeks after the inter-
-g_ vention 34.52£7.27  34.977.10 0.203 0.655 0.005 0.072 0.176 0.678 0.005 0.069
>
=z .
Eight weeks afterthe 5, 151761 370547.18
intervention
Before the intervention 26.44+4.37 23.9916.44
Five weeks after the inter-
S vention 23.90£4.07 2184:3.70 3413 0910 0001 0051 0570 0455 0015 0.114
Bight weeksafterthe 5, 7,457 19494545
intervention
*Statistically significant differences were observed VR

CVA: Craniovertebral Angle; SA: Shoulder Angle; CA: Cranial Angle

This study deliberately included primary school male
students with FHP, so the findings should not be general-
ized to all students with other postural changes. Further
studies are required on other peoples with FHP or other
postural changes, to clarify this problem more. Since
movement mechanics differ between individuals with
and without pain, the findings may not be generalizable
to subjects who had FHP with neck pain or cervicogenic
headache [38-40]. The study was limited to the eight
weeks without follow up, so additional work with longer
follow up better identifies the effect of training on the
postural alignment.

5. Conclusion

Both through-range and shortened-length exercises al-
tered upper quarter alignment, but the shortened-length
training was slightly more effective for CVA. More
studies are needed to investigate the effects of short-
ened-length training for other postural changes and to
establish a relationship between posture and pain, and
implications for rehabilitation.
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