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Purpose: This study serves to determine the effectiveness of either chiropractic spinal

manipulative therapy to the thoracic spine or stretch and strengthening exercises

(stretching the pectoralis major muscle and strengthening the rhomboid, middle and

inferior trapezius muscles) versus the combined treatment of chiropractic spinal manip-

ulative therapy to the thoracic spine in conjunction with stretch and strengthening

exercises.

Method: A randomised study design with thirty female participants between the ages of

twenty and thirty nine was selected. Group 1 (n ¼ 10) received chiropractic spinal

manipulative therapy to the thoracic spine. Group 2 (n ¼ 10) received chiropractic spinal

manipulative therapy to the thoracic spine as well as stretch and strengthening exercises

i.e. stretching the pectoralis major muscles and strengthening the rhomboid, middle and

inferior trapezius muscles. Group 3 (n ¼ 10) received stretch and strengthening exercises.

The stretch and strengthening exercises were performed in the consultation rooms to

ensure that the participants were complying with the treatment and doing the exercises

properly. The study consisted of seven consultations for Group 1 (they received treatment

once a week for six weeks) and for Groups 2 and 3 there were nineteen consultations (they

received three treatments a week for six weeks). Objective data was recorded at the

beginning of the first, fourth and seventh consultations for Group 1, and the first, tenth and

nineteenth consultations for Groups 2 and 3. On the seventh consultation (for Group 1) and

nineteenth consultation for Groups 2 and 3, only data collection was done. Objective data

were obtained by using the Flexicurve® Ruler measurements for the angle of kyphosis.

Visual analysis was done by taking lateral (sagittal) view photographs at the beginning of

the initial and final consultations.

Results: Statistical analysis revealed significant statistical changes for the intragroup results

for all three groups. No significant statistical difference was found between the groups for

the inter-group analysis.

Conclusion: The study showed that all three treatment protocols for Groups 1, 2, and 3 were

effective. However, Group 1 had not shown a great improvement in their postural kyphosis,
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Group 3 had shown a relatively good improvement in their posture, while Group 2 had

shown the best results with regards to improvement of the participants' posture. There-

fore, in conclusion, Groups 2 and 3 treatment protocols can be used effectively to treat

postural kyphosis but Group 2's treatment protocol, consisting of chiropractic spinal

manipulative therapy to the thoracic spine in combination with stretch and strengthening

exercises, will yield the best results.

Copyright © 2016, The Authors. Production and hosting by Elsevier B.V. on behalf of

Johannesburg University. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Thoracic kyphosis is defined as an increase in the normal

thoracic curvature of the spine (Teixeira & Carvalho, 2007).

Postural kyphosis most commonly presents in young women

owing to a number of factors, such as: sitting with a slouched

posture; carrying heavy bags or backpacks to school or uni-

versity; watching television; breast development leading to

insecurity in some individuals (thereby causing shoulder

protraction); and heavy manual work, as well as those owing

to fashion trends, such as wearing high heeled shoes (Britnell

et al., 2005).

The normal range of kyphosis is between twenty and forty

degrees, but it does vary with age and gender (Heary & Albert,

2007). The angle of kyphosis increases with age and this in-

crease is greater in females than males (Yochum & Rowe,

2005). It has been shown that women are more susceptible

to societal influences and psychological factors such as

depression, insecurity and anxiety, leading to poor postural

habits (Lewis & Valentine, 2010).

Studies have shown that teenage girls tend to develop

kyphosis as a result of discomfort and insecurities that are

experiencedwith breast development and altered body image.

Women with large breasts have a tendency to have an

increased kyphosis because of the increased weight of the

breast tissue. In older women (twenty five to forty five years of

age), the increased kyphosis has been attributed to certain

sporting activities, financial stresses, physical abuse, preg-

nancy and wearing high heeled shoes (Britnell et al., 2005).

Hrysomallis and Goodman, stated that one of the causes of

postural deviations such as kyphosis was weak and/or

lengthened agonist muscle groups combined with a strong

and tight antagonisticmuscle group (Hrysomallis&Goodman,

2001). Stretch and strengthening exercises should be given in

order to try and correct the postural deviation. The trapezius

(middle and inferior parts) and rhomboid muscles need to be

strengthened and the pectoralis major muscle needs to be

stretched (Hrysomallis&Goodman, 2001). These exercises can

help correct the postural kyphosis, as well as decrease the

“rounded shoulder” effect that results from poor posture

(Gatterman, 2004).

According to Gatterman, the mechanical effects of chiro-

practic spinal manipulative therapy are that it causes changes

in joint alignment and corrects abnormal joint movement and

spinal curves. There are various causes of altered joint func-

tion, such as: acute or repetitive injury, abnormal posture,
poor coordination, age, defects that may be congenital or

developmental and various diseases (Gatterman, 2005).

According to Pickar and Wheeler, spinal manipulative

therapy increases joint mobility, thereby silencing gamma

motor neurons. Gamma motor neuron activation is elevated

in fixated spinal segments. When there is an increase in

gamma motor neuron activation, joint mobility is impaired

because the muscle stretch reflex is able to detect small

changes in muscle length. Therefore, spinal manipulative

therapy increases joint mobility, thus causing a barrage of

impulses in muscle spindle afferents, decreasing gamma

motor neuron activity. This will then cause a reduction in the

gain of the gamma-loop through an undetermined neural

pathway (Pickar & Wheeler, 2001).

Pickar (2002) stated that gamma motor neuron mechano-

receptors reset muscle spindles, which then restores muscle

tonus. Increase in muscle strength has been noted (by using

an electromyogram) after spinal manipulative therapy.

Therefore, spinalmanipulative therapy has shown to improve

muscle function, either through facilitation or disinhibition of

neural pathways (Pickar, 2002).

Spinal manipulative therapy will stretch the adjacent

musculature of the vertebral level being adjusted. This

“stretch” in the muscles activates the muscle spindles and

Golgi tendon organ reflexes. The spinal manipulation will

result in decreased hypertonicity in themuscles and therefore

alter the tone of the muscle (Esposito & Philipson, 2005).

Instruments that are used to assess kyphosis must be

viewed in terms of their accuracy, reliability, practicality and

cost. The Flexicurve® Ruler was used to measure the angle of

thoracic kyphosis in this quantitative study. It has been

proven to be a valid and reliable means to measure thoracic

kyphosis and is also inexpensive (Teixeira & Carvalho, 2007).
2. Materials and methods

2.1. Selection criteria

A selection of thirty female participants between the ages of

twenty and thirty nine years was recruited for this study. This

specific sample group was chosen because most cases of

postural kyphosis occur in females (Hanfy, Awad, & Allah,

2012). The specific age group chosen was selected to limit

structural changes that occur with increasing age (in the

middle and elder years) (Britnell et al., 2005). All participants
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had no contra-indications to the application of chiropractic

spinal manipulative therapy to the thoracic spine, no current

musculoskeletal injury and no thoracic scoliosis or Pottenger's
saucer that would affect the outcome of the study. The par-

ticipants could not receive any other form of treatment that

would interfere with the results of the study, including

manual therapy such as massage, chiropractic treatment,

physiotherapy as well as medication use such as muscle re-

laxants or anti-inflammatory drugs.

Participants that met the inclusion criteria were assigned

into one of the three groups. Each group consisted of ten

participants. Participants were assigned to their group by

drawing a number from a box. The box contained 30 pieces of

paper labelled 1, 2 or 3 (representing the group numbers). The

number that the participant drew from the box was the group

number that they were allocated to.

Group 1 received chiropractic spinal manipulative therapy

to restricted thoracic spine segments. Group 2 received

chiropractic spinalmanipulative therapy to restricted thoracic

spine segments as well as stretch and strengthening exercises

(stretching the pectoralis majormuscle and strengthening the

rhomboid, middle and inferior trapezius muscles). Group 3

received stretch and strengthening exercises only.
2.2. Methodology

Participants were recruited by word of mouth as well as by

making use of advertisements which were placed around the

University of Johannesburg Doornfontein Campus and the

Chiropractic Day Clinic. This research study took place at the

Chiropractic Day Clinic. Willing female participants' had their

angle of kyphosis measured, which had to fall within the

angle of kyphosis for their required age group (Table 1).

Each participant's angle of kyphosis was measured using

the Flexicurve® Ruler. The C7 and T12 spinous processes were

marked. The Flexicurve® Ruler was moulded to the partici-

pant's spine from the markings C7 to T12. The curve formed

from the ruler was traced to paper. A straight line was drawn

connecting the C7 and T12 points, and the lengths of E, L1 and

L2 were measured. The angle of kyphosis was calculated

using: Theta ¼ arc tan (E/L1) þ arc tan (E/L2). See Figs. 1 and 2.

A photograph of each participant's postural kyphosis was

taken in a lateral (sagittal) plane. The plumb linewas also used

to measure the participants' kyphosis on the initial and final

consultations.
Table 1 e Degree of kyphosis for women by age (Yochum
& Rowe, 2005).

Age (years) Kyphosis (�)

Minimum Maximum

2e9 8 36

10e19 11 41

20e29 7 40

30e39 10 42

40e49 21 50

50e59 22 53

60e69 34 54

70e79 30 56
Group 1 received treatment once aweek for sixweeks. Each

treatment consisted of chiropractic spinal manipulative

therapy to restricted thoracic spine segments. Each partici-

pant's angle of kyphosis was taken on the first, fourth and

seventh consultations prior to receiving treatment. On the

seventh consultation, only data collection was done, there

was no treatment given.

Groups 2 and 3 received three treatments a week for six

weeks. Group 2 participants received chiropractic spinal

manipulative therapy to restricted thoracic spine segments

once a week for six weeks and stretch and strengthening

exercises three times a week for six weeks. Group 3 partici-

pants received stretch and strengthening exercises three

times a week. Each participant's angle of kyphosis (for

Groups 2 and 3) was taken on the first, tenth and nineteenth

consultations prior to receiving treatment. On the nine-

teenth consultation, only data collection was done, there

was no treatment given.

The combination, phalangeo-metacarpal and anterior

thoracic diversified manipulative techniques was used in this

study. All techniques chosen produced a consistent result

with the application of a controlled force, leverage, direction

and velocity to the specific restricted thoracic facet joints

(Bergmann & Peterson, 2011).

Postural advice (on how to sit and stand correctly) was

given to all three groups.
3. Results

The ShapiroeWilk test for normality was performed to

determine if the data was normally distributed, with a sta-

tistical significant level set at p � 0.05.

3.1. Inter-group analysis

3.1.1. Clinical interpretation
As seen in Fig. 3, Group 1 had a mean decrease in thoracic

kyphosis of 14.33%. Group 2 had a mean decrease in thoracic

kyphosis of 30.66% and Group 3 had a mean decrease in

thoracic kyphosis of 27.22%.

For the inter-group analysis, the non-parametric Krus-

kaleWallis test was used to examine differences between the

three groups at each time period.

The KruskaleWallis test results presented in Table 2 show

that the p-value at visit one was not statistically significant

(p ¼ 0.21). The baseline reading of p ¼ 0.21 showed that the

groups started off comparable. However, the p-value

remained greater than 0.05 at visit four (p ¼ 0.73) and visit

seven (p ¼ 0.66). Therefore, there was no statistical difference

(p > 0.05) noted between the three groups at each of the three

visits. As there were no significant statistical differences

present within the KruskaleWallis test inter-group results,

the ManneWhitney U test was not performed.

3.2. Intra-group analysis

3.2.1. Clinical interpretation
3.2.1.1. Group 1. In Fig. 4 at visit one, Group 1 had a mean

thoracic kyphosis of 23.96�. At visit four, the mean thoracic
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Fig. 1 e A: Marking the spinous process of C7 and T12. B: Moulding the flexicurve along the participant's spine from C7 to

T12 markings (Teixeira & Carvalho, 2007).

Fig. 2 e Method for measuring thoracic kyphosis using the Flexicurve® ruler (Greendale, Nili, Huang, Seeger, & Karlamangla,

2011).
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kyphosis was 22.35�. At visit seven, the mean thoracic

kyphosis was 20.52�. The mean decrease in thoracic

kyphosis was 14.33%. As seen from the line graph, there is a

linear decrease, indicating that the degree of kyphosis had

decreased within this group from visits one to seven.
Fig. 3 e The mean values for thoracic kyphosis for each

group.
3.2.1.2. Group 2. In Fig. 5 at visit one, Group 2 had a mean

thoracic kyphosis of 26.09�. At visit four, the mean thoracic

kyphosis was 22.43�. At visit seven, the mean was 18.09�. The
mean decrease in thoracic kyphosis was 30.66%. As seen from

the line graph, there is a linear decrease, indicating that the

degree of kyphosis had decreased within this group from

visits one to seven.

3.2.1.3. Group 3. In Fig. 6 at visit one, Group 3 had a mean

thoracic kyphosis of 27.93�. At visit four, the mean thoracic
Table 2eKruskaleWallis test results for the three groups.

KruskaleWallis test

Visit Mean/p-value Group 1 Group 2 Group 3

1 Mean 11.95 15.70 18.85

p-Value p ¼ 0.214; thus p > 0.05

4 Mean 14.50 14.70 17.30

p-Value p ¼ 0.730; thus p > 0.05

7 Mean 16.40 13.45 16.65

p-Value p ¼ 0.664; thus p > 0.05

http://dx.doi.org/10.1016/j.hsag.2016.06.001
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Fig. 4 e The mean values for degree of thoracic kyphosis

for Group 1.

Fig. 5 e The mean values for degree of thoracic kyphosis

for Group 2.
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kyphosis was 23.88�. At visit seven, the mean thoracic

kyphosis was 20.33�. The mean decrease in thoracic kyphosis

was 27.22%. As seen from the line graph, there is a linear

decrease, indicating that the degree of kyphosis had

decreased within this group from visits one to seven.

Fig. 4 shows that the mean decrease in thoracic kyphosis

for Group 1 was 14.33% and had a decrease in the degree of

kyphosis by 3.44�. The mean decrease in thoracic kyphosis for

Group 2 (as seen in Fig. 5) was 30.66% and had a decrease in the

degree of kyphosis by 8.00�. Fig. 6 showed that the mean

decrease in thoracic kyphosis for Group 3 was 27.22% and had

a decrease in the degree of kyphosis by 7.60�. Thus Group 2

had the best improvement clinically as the change in their

degree of thoracic kyphosis was the greatest.

For the intra-group analysis, the Friedman test was used

and, if positive, the Wilcoxon Signed Ranks test was used.
Fig. 6 e The mean values for degree of thoracic kyphosis

for Group 3.
The results presented in Table 3 were statistically signifi-

cant (p � 0.05) in all three groups. Group 1 had a p-value of

0.00, Group 2 had a p-value of 0.00 and Group 3 had a p-value

of 0.00. The Wilcoxon Signed Ranks test was used for within

group analysis to demonstrate where these changes occurred.

From the results presented in Table 4, the test revealed that

there was a significant statistical improvement in all three

groups (p � 0.05) from visits one to four, as well as from visits

one to seven.

As there was a statistical significant difference between

visits one to four and visits one to seven in all three groups,

this indicates that the treatment was effective in reducing

kyphosis from the onset of the treatment to the end. There-

fore, there was a consistent change from the first to final visits

in all three groups.
3.3. Visual analysis

From the photographs taken, visually there was a minor

improvement in each participant's posture assessed, using the
plumb line over the course of the study. After analysing each

participant's initial and final photograph it could be seen that

Groups 2 and 3 had shown the greatest improvement visually,

whereas Group 1 visually had not shown much improvement

in their posture.
4. Discussion

Levangie and Norkin (2005) stated that faulty posture, if

continued on a daily basis, over time results in structural

changes such as ligamentous or muscle shortening or

lengthening. Hrysomallis and Goodman (2001) stated that one

of the causes of postural deviations such as kyphosis was

owing to having a weak and lengthened agonist muscle group

combined with a strong and tight antagonistic muscle group.

It was evident from the results that all three groups had a

significant improvement in their posture. The results of the

study suggested that the combination group (of spinal

manipulative therapy to the thoracic spine and stretch and

strengthening exercises) produced the best results in

decreasing the degree of postural kyphosis.

With regards to the intra-group analysis, clinically, all

three groups had shown a decrease in themean values for the

degree of thoracic kyphosis. However, Group 2 had the

greatest decrease in themean value. This result indicated that

the Group 2 treatment protocol was the most effective in

improving postural kyphosis, which could be due to the me-

chanical effects of spinal manipulative therapy combined

with the effect of performing stretch and strengthening ex-

ercises. Statistically, all three groups had shown that there

was a change in their degree of kyphosis over time.
Table 3 e Friedman test results for the three groups.

Friedman test

Group 1 Group 2 Group 3

p ¼ 0.00 p ¼ 0.00 p ¼ 0.00

http://dx.doi.org/10.1016/j.hsag.2016.06.001
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Table 4eWilcoxon Signed Ranks test results for the three
groups.

Wilcoxon Signed Ranks test

Visit Group 1 Group 2 Group 3

1e4 p ¼ 0.005 p ¼ 0.005 p ¼ 0.005

1e7 p ¼ 0.005 p ¼ 0.005 p ¼ 0.005
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Gatterman (2005) stated that some of the mechanical ef-

fects of chiropractic spinal manipulative therapy were that it

causes changes in joint alignment, abnormal joint movement

and spinal curves. Pickar (2002) stated that increased joint

mobility, increased muscle strength and decreased muscle

spasm were some of the effects of spinal manipulative ther-

apy. Chiropractic spinal manipulative therapy stretches the

adjacent musculature of the vertebral level being adjusted.

This “stretch” in the muscles will then activate the muscle

spindles and golgi tendon organ reflexes, which will decrease

the state of hypertonicity in the muscles and therefore alter

the tone of the muscle (Esposito & Philipson, 2005; Pickar,

2002).

Hrysomallis and Goodman (2001) stated that stretch and

strengthening exercises should be given in order to try and

correct the postural deviation. The trapezius (middle and

inferior parts) and rhomboidmuscles need to be strengthened

and the pectoralis major muscles need to be stretched. These

exercises can help correct the postural kyphosis as well as

decrease the “rounded shoulder” effect that occurs due to

these postural effects (Gatterman, 2004).

The study showed that the treatment protocols for Groups

1, 2 and 3 were effective in treating postural kyphosis.

Nevertheless, taking the above information into account, it

suggests that Group 2 treatment protocol was the most

effective. Evidence also suggests that Group 2 and 3 treatment

protocols were more effective than Group 1's treatment pro-

tocol. Therefore, Group 2 had shown the best results, owing to

the mechanical and neurological effects of spinal manipula-

tive therapy in combination with the effect that the exercises

performed has on posture.
5. Conclusion

It was evident from the results that the participants in the

three groups had responded well to their treatment protocols.

Regarding objective measurements, Groups 1, 2 and 3

demonstrated clinical and statistical improvements in their

degree of thoracic kyphosis i.e. there was a decrease in the

degree of kyphosis. It was found that Group 2 responded best,

with its combined treatment protocol. However, in the inter-

group analysis there were no statistically significant differ-

ences found in the thoracic kyphosis values between the three

groups.
Therefore, in conclusion, Groups 2 and 3 treatment pro-

tocols can be used effectively to treat postural kyphosis, but

Group 2's treatment protocol will yield the best results.
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