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Changes in Flexed Posture, Musculoskeletal Impairments and Physical Performance

Following Group Exercise in Community-Dwelling Older Women

Wendy B. Katzman, Deborah E. Sellmeyer, Anita L. Stewart, Linda Wanek, Kate A. Hamel

Objectives: Flexed posture commonly increases with age and has been associated with impaired

physical performance in older women. The purpose of this study was to determine whether

improvements in flexed posture, strength, range of motion (ROM) and physical performance

would be observed after 12-weeks of group exercise and to determine the relationship between

baseline measurements, change in strength, change in ROM, change in physical performance,

and change in flexed posture.

Design: Pretest posttest of outcome measures.

Setting: Outpatient academic medical center.

Participants: Twenty-one women with thoracic kyphosis 2 50°.

Intervention: Multi-dimensional group exercise performed 2x/week for 12 weeks.

Measurements: Primary dependent measures of flexed posture included kyphosis, forward head

and height. Other dependent measures included spinal extensor muscle strength, shoulder■ hip/

knee ROM, balance, Modified Physical Performance Test (PPT), Jug Test, and gait speed.

Results: Baseline kyphosis was 57°45.0°, age was 72.0+4.2 years. At the end of the exercise

program there were significant improvements in usual and best kyphosis (-6°43°, -5°4.3°,

p3.001), spinal extensor muscle strength (21%+13% peak torque/body weight, p<001), popliteal

angle (right 7°47°; left 9°410°, p<001), Modified PPT (2+2 points, p<001), and Jug Test
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(-1.4+1.3 s, p<001). Age and Modified PPT at baseline correlated with change in kyphosis,

r=0.5, p=0.02 and r=0.42, p=0.055 respectively. There were no other significant associations

between baseline measurements, change in strength, change in ROM, or change in physical

performance and change in flexed posture.

Conclusion: Multi-dimensional group exercise reduced measured kyphosis, improved strength,

ROM and physical performance. This study provides a promising exercise intervention that may

improve posture and physical performance in older women with flexed posture.

Key Words: older women, kyphosis, flexed posture, exercise
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Changes in Flexed Posture, Musculoskeletal Impairments, and Physical Performance

Following Group Exercise in Community-Dwelling Older Women

INTRODUCTION

Flexed posture commonly increases with age in older women, and is characterized by an

excessive curvature in the thoracic spine (kyphosis), forward head posture and decline in height.

1-3 Kyphosis increases by 6 - 11% per decade over the age of 55 years even in women without

vertebral fractures, and may be a significant risk factor for future fractures independent of low

bone mineral density (BMD) or fracture history. “In studies of community-dwelling older
-

women, the mean angle of kyphosis was 38° it 14° for those a mean age of 68 years, increasing

to 51° E 16° for women a mean age of 82 years, with a diagnosis of osteoporosis and at least one

vertebral compression fracture.” Increased kyphosis has been associated with greater difficulty

performing activities of daily living (ADLs) and decline in physical performance. **''Women

with increased kyphosis have impaired balance, slower walking and stair climbing speed, shorter

functional reach, and decreased ability performing household activites.”"

While the precise etiology of flexed posture is unknown, there are many underlying

musculoskeletal, neuromuscular and sensory impairments associated with flexed posture. ****

” “Often present without vertebral fractures, increased kyphosis has also been linked with

vertebral compression fractures (VCF), and is thought to initiate spinal deformity in older

individuals with low bone mass. ****" Impairments in spinal extension muscle strength and

shoulder■ hip range of motion (ROM) have been correlated with measures of flexed posture.'"

Research suggests that women with increased kyphosis have impaired perception and
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integration of correct postural alignment, affecting balance and the ability to maintain normal

upright posture." 11, 18

There has been limited research to determine whether improving the modifiable

impairments of strength, ROM and postural alignment improves measures of flexed posture.

Furthermore, it is not known whether improved measures of flexed posture will affect

performance in balance, gait speed, and ADLs.

Previous studies have investigated methods to improve flexed posture, however these

interventions are limited in number and scope.” None have investigated whether improving

measures of flexed posture is associated with improved physical performance. Greendale and

colleagues demonstrated improved forward head posture, timed ADL tasks and functional reach

in a single group of hyper-kyphotic older women after a 12-week four yoga pose intervention;

however, there was no change in measured kyphosis.” Itoi and colleagues reported improved

kyphosis among hyper-kyphotic participants after a two-year trunk extension strengthening

intervention, but there were no measures of physical performance.” Others found improved

kyphosis, spinal extension strength and balance after a six-month spinal bracing intervention,

which was surprising considering the passive nature of the intervention.” The most recent study

of a single group of kyphotic women with osteoporosis reported improved measured height,

spinal extension strength, balance and gait speed after a four-week spinal weighted orthosis,

trunk extension and balance exercise program, but did not measure change in kyphosis.” These

interventions were all limited in scope, difficult to apply clinically, did not target the multiple

impairments associated with flexed posture, and did not examine the relationship between

changes in measures of flexed posture and change in physical performance.
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The primary purpose of this study was to determine if improvements in flexed posture,

strength, ROM and physical performance would be observed after a 12-week multi-dimensional

group exercise intervention in women 65 years of age and older. It was hypothesized that a

targeted multi-dimensional exercise intervention designed to improve known strength, range of

motion and postural alignment impairments associated with flexed posture would be associated

with significant improvement in measures of flexed posture, strength, ROM, and physical

performance.

A second aim was to determine whether baseline measures of age, bone density T-score,

number of VCF, flexed posture, strength, ROM, physical performance, or change in measures of

strength or ROM were associated with change in measures of flexed posture. It was hypothesized

that baseline characteristics, change in strength and change in ROM would affect change in

measures of flexed posture.

A third aim was to determine whether change in measures of flexed posture was

associated with change in physical performance.

METHODS

Study Design

This experiment was a single group pretest - posttest design. Two pretest measurements

were performed to determine test retest reliability and variability of all dependent measures. All

participants were tested before and after a three-month group exercise intervention. The

University of California, San Francisco Institutional Review Board (IRB) approved this study

and all participants gave informed consent.
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Recruitment

The population targeted for this study was women aged 65 years and older with flexed

posture. Participants were recruited from the University of California, San Francisco Medical

Center and San Francisco senior programs through mailings, flyers and public talks. Participants

were required to have a thoracic kyphosis 2 50°, active thoracic extension range 25°, the ability

to walk 1/4 mile without an assistive device, and be capable of climbing one flight of stairs

independently. Approval to participate in a moderate intensity exercise program was required

from a primary care physician. Participants were excluded for diagnosed vertebral compression

fractures within the previous six months, serious medical conditions that would limit

participation in the planned exercise program (including uncontrolled hypertension, type I

diabetes, chest pain, myocardial infarction, or cardiac surgery within the previous 6 months),

diagnosed vestibular or neurological disorder, total hip or knee replacement, or hip fracture

within the previous 12 months, current use of sedative or hypnotic medications, 10 or more

alcoholic drinks/weeks, oral glucocorticoid medications for six weeks or more the past year, non

English speaking, dementia or significant cognitive impairment (< 24 on the Mini Mental State

Exam), or three or more falls the past year. Participants were instructed to maintain their prior

activity level once enrolled in the study.

Intervention

Participants engaged in a group exercise intervention twice per week for 12-weeks and

were asked to perform daily independent postural alignment correction at home. Exercises

targeted multiple musculoskeletal impairments associated with measures of flexed posture

including spinal extensor muscle strength, thoracic spine, shoulder and hip ROM, and postural

---- -*ºJ-º-;r
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alignment. **** A sensory-integration approach was used to teach participants to recognize

correct postural alignment and consciously practice correct alignment at least three times a day.

Participants were instructed to maintain proper spinal alignment during ADLs and during the

group exercise program.

Specific exercises included thoracic extension, shoulder flexion and hip extension

stretching, trunk extension and scapular muscle strengthening, transverses abdominus

stabilization, and postural alignment training (Appendix 1). The strengthening regimen used

high-intensity, progressive resistive exercise principles and the stretching regimen incorporated

foam rollers and stretch straps.” For spinal extension strengthening, participants performed

prone trunk extension to neutral against gravity, starting without weights and progressing

through a series of three prone postures prior to adding hand-held dumbbells.” Spinal rotation

and extension strengthening exercises were performed side-lying with theraband(8) (Thera

band(8), Akron, Ohio) and quadruped with weights. For all strengthening exercises, weight or

theraband(8) resistance was increased once a participant could perform three sets of eight

repetitions with proper form, and without pain or discomfort. Weights were increased from one

pound, in one pound increments, and theraband(8) resistance increased, progressing from yellow

to red to green to blue theraband(8) (corresponding to two to 10 pounds of force for each

percentage of theraband(8) strain).””

Motivational interviewing and educational incentives helped identify barriers to

participation and improve the drive to exercise. **Informal weekly interviewing identified

difficulties participants encountered with the exercises and adjustments were made accordingly.

Participants were given educational handouts about normal postural alignment, posture exercises,
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integration of good posture into ADLs, recommended amounts of calcium and vitamin D, and

home safety.”

MEASURES

Primary dependent measures of flexed posture, strength, ROM and physical performance

were performed at three time points. Measurements were repeated at Timel (T1), Time 2 (T2)

one week later, and Time 3 (T3) after 12-weeks of group exercise. Tl and T2 measures were

used to calculate test retest reliability with intraclass correlation coefficient (ICC) (3,1), and test

retest differences in T1 and T2 measurements were calculated with paired t-tests.” T2 was used

as the baseline and T3 as post-intervention measurement. The primary investigator performed all

measurements, while a research assistant read and recorded. Most measurements were repeated

three times and their mean used for statistical analysis. Specific measures are described below.

Primary Outcome Measures

Flexed Posture

Three primary outcome measures of flexed posture were identified for this study: thoracic

kyphosis, forward head posture and height. Each measure was repeated during “usual” and

“best” posture. “Usual” posture was standardized at full exhalation while “best” posture

measurements were performed at full inhalation and cued to “stand as upright and tall as you

can”. Participants’ feet were traced to ensure the same positioning on future measurement.

Thoracic kyphosis defined as Cobb's angle between the 2" and 3rd thoracic vertebrae and the

11" and 12"thoracic vertebra was measured with a Debrunner kyphometer (Proteck AG, Bern,

Switzerland) using a standard protocol.” The researcher placed the kyphometer over appropriate

landmarks and an assistant read and recorded the measurement. Height measurements were



Changes in Flexed Posture Following Group Exercise
performed with a standard protocol using the Harbinger taximeter. “Forward head posture

measurements were calculated as the distance from the tip of the tragus to the wall. Mantex

Precision calipers (Haglof Sweden AB, Langsele, Sweden), adapted with a measurement level,

were used as participants stood with their heels against a two-inch block to prevent trunk leaning.

All measurements had good test retest reliability (Table 1). T2-T1 test retest differences

were non-significant (Table 2).

Outcome Measures of Strength, ROM and Physical Performance

Other outcome measures included two measures of spinal extension strength, six

measures of ROM and seven measures of physical performance.

Strength. Trunk extension muscle strength was measured using a trunk extension

protocol on the Biodex 3 (Biodex Medical Systems, Inc, Shirley, New York) with the spine

attachment. Participants were positioned in a modified sitting position with hips in 55° flexion,

knees flexed between 35° and 40°, and feet supported. Participants performed three maximal 5

second trials with a 45 second rest between trials. Peak torque to body weight ratio was used for

analysis. Prone trunk extension with a hand-held dynamometer, positioned over the 6" thoracic

vertebrae at the spinous process, was used to measure trunk extension strength. Participants were

positioned prone over two pillows supporting the trunk, and extended their trunk to neutral

against resistance for 5-seconds.

Test retest reliability was good for Biodex trunk extension, however it was poor for the

hand-held dynamometer (Table 1). There were no significant T2-T1 test retest differences (Table

2).

* {
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Range of Motion. Six goniometry measurements were used to document ROM in the

shoulders, hips and knees bilaterally. Bony landmarks were marked with a pen at full excursion

to accommodate skin movement before all measurements. The researcher positioned the

participant at end range, while an assistant positioned the goniometer, read and recorded

measurements. ROM in shoulder flexion was measured supine with both hips and knees flexed

until the lumbar spine flattened.” Popliteal angle was measured supine, one hip flexed to 90°

and the opposite leg extended on the table.” Hip extension range of motion was measured supine

with the modified Thomas Test, one hip flexed to 110°, while the opposite hip was moved into

extension, not controlling the knee. 37

Test retest reliability was good for all measurements except left shoulder flexion and left

popliteal angle (Table 1). There were no significant T2-T1 test retest differences in ROM (Table

2).

Physical Performance. Balance was measured using three tests of static and dynamic

postural control. A standardized protocol for the Sensory Organization Test (SOT) on the Smart

Balance Master (Neurocom, Clackamas, OR) was used to measure ability to use input from

somatosensory, visual and vestibular systems to maintain balance.” * Center of pressure (COP)

velocity was calculated to assess body sway while standing on a force platform (Type 9286AA,

Kistler Inst., Amherst, NY) with eyes closed for 30 seconds.” COP excursion during a dynamic

leaning task was also assessed. Subjects were asked to lean as far forward and backward as

possible with eyes open while COP data was recorded. COP excursion was calculated as the

difference between greatest forward and backward lean, normalized to foot length."

11
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The Modified Physical Performance Test (PPT) described by Binder and colleagues,

included seven standardized timed tasks (50-foot walk, don and remove a coat, pick up a penny

from floor, stand-up five times from a chair, lift a 7-pound book to a shelf, climb one flight of

stairs, and balance in semi-tandem, tandem and feet side-by-side positions) and two un-timed

tasks of physical performance (climb four flights of stairs and turn 360°).” The Jug Test

measured the time to transfer five one-gallon water-filled jugs (approximately 8.5 lbs.) from a

low to high shelf, one jug at a time. *The low shelf was positioned at patella height and the high

shelf at acromion height for each participant. Preferred gait speed was recorded using photocells

at the beginning and end of a 25-foot course. Participants were instructed to walk at their “usual”

speed.

All measurements had moderate to excellent test retest reliability (Table 1). T2-T1 test

retest differences were not significant (Table2).

Baseline Characteristics

To examine baseline characteristics of bone mineral density (BMD) and vertebral

compressions fractures (VCF) and their relationship to change in primary outcome

measurements, all participants underwent testing for BMD and VCF.

Bone Mineral Density and VCF. Bone mineral testing of the lumbar spine (L1-L4) was

performed on a GE Lunar Prodigy machine (GE Medical Systems, Madison, Wisconsin),

according to standard protocol and reviewed by the study physician. Lateral Vertebra

Assessment (LVA) of T4 through L4 was performed according to protocol on the same machine,

and semi-quantitative and quantitative assessments were completed by an experienced clinical

12
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densitometrist. A vertebral fracture was identified when a vertebral body had 20% or greater

reduction in anterior, central or posterior height compared with adjacent vertebrae. 43

Statistical Analysis

Data analysis was completed using Minitab statistical software (Minitab, State College,

PA). T-tests for paired comparisons were used to test for differences between baseline (T2) and

post-intervention (T3) scores for each measure of flexed posture, strength, ROM and physical

performance. Because of the number of outcome measures, we divided O. = 0.05 by 20, and

established statistical significance at p3.0025.

Pearson correlation coefficients were used to test for correlations between baseline

measures of age, BMD and physical performance and change in flexed posture, (p<.05). We

examined the correlations between change in strength or ROM and change in flexed posture

(p<05). A mixed model ANOVA was used to examine the relationship between the number of

VCF and change in flexed posture (p<05).

We examined the correlations between change in flexed posture and change in physical

performance (p<05).

RESULTS

Thirty-six participants were enrolled in the study after meeting all eligibility

requirements. Eleven participants withdrew before the intervention phase: five participants

changed their mind, three sustained non-study related injuries, two had balance problems and

could not safely participate in the group intervention, and one admitted to modifying her “usual”

posture at screening and no longer qualified. Of the 25 who began the intervention, three

participants withdrew during the intervention phase due to non-study related injuries and one

º
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withdrew due to a family emergency. There were no injuries associated with study participation.

Twenty-one participants completed the study and all 24 exercise sessions (Table 1). Participants

who withdrew during the intervention were no different in age, kyphosis or BMD T-score than

those who completed the study. Participants completing the study were 72 + 4.2 years of age

(mean it SD), with lumbar spine BMD T-score—1.5 + 1.3 and a median number of two VCF.

Changes in Primary Outcome Measures

Change in Flexed Posture

“Usual” kyphosis improved 6°4:3°and “best” kyphosis improved 5°:3°

(p<.001) (Table 2). There were no significant changes in forward head posture or height

(p>.0025).

Change in Impairment Measures of Strength and ROM

There was a significant increase in Biodex spinal extension strength (21% + 13% peak

torque/body weight, p<.001) (Table 2). There was no significant difference in prone trunk

extension strength (p-.0025). Popliteal angle increased bilaterally (right 7° #7° and left 9°: 10°,

p3.001) (Table 2). There were no significant differences in shoulder flexion bilaterally or

modified Thomas Test bilaterally (p-.0025).

Change in Physical Performance

There were no significant changes in balance measures of SOT, COP excursion or COP

velocity, or gait speed (p-.0025). Timed Jug Test scores improved (1.4 + 1.3 s, p<001) and

Modified PPT scores improved (2 + 2 points, p<001) (Table 2).

Baseline Measures and Change in Measures of Flexed Posture

:*-
-

2.
à

*

r

º

14



Changes in Flexed Posture Following Group Exercise
There were no significant correlations between baseline BMD T-score, ROM, or strength

and change in kyphosis (p-.05). The number of VCF at baseline did not have a significant effect

on the change in kyphosis (p-.05). Age at baseline correlated with change in “best” kyphosis (r =

.50, p=.02); younger participants had greater improvements in “best” kyphosis than older

participants. Modified PPT at baseline correlated with change in “usual” and “best” kyphosis (r =

-:42, p=.055); higher functioning participants had greater improvements in kyphosis.

Change in Strength or ROM and Change in Flexed Posture

There were no significant correlations between changes in strength or ROM and change

in kyphosis (p-.05).

Change in Measures of Flexed Posture and Change in Physical Performance

There were no significant correlations between change in measures of flexed posture and

change in physical performance (p-.05).

DISCUSSION

These results support our primary hypothesis that improved flexed posture and improved

physical performance would be observed following a 12-week multi-dimensional group exercise

in women 65 years and older with flexed posture. The 6° change in “usual” kyphosis represents

an 11% improvement and the 5° change in “best” kyphosis represents a 10% improvement from

baseline. This exceeded that described by Itoi & Sinaki after a two-year prone trunk extension

intervention.” It was consistent with that reported from 6-month use of passive postural

bracing.” This improvement in kyphosis in 12-weeks exceeds the amount of progression of

15
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kyphosis typically observed over a decade in older individuals and may have significant

longitudinal benefits.

The magnitude of change in trunk extension strength in this study exceeded that reported

by other research. To compare our results to others, we converted peak torque/body weight ratio

to peak torque multiplying by body weight. Our results demonstrated a 53% increase in peak

torque after three-months in our participants who were 72.0 + 4.2 years old (mean + SD). One

study reported a 24-45% increase at six months in women 80.2 + 4.8 years, while another

reported a 27% increase at one year in women 35.9 + 2.9 years. ** While we used the same

prone trunk extension strengthening intervention as Gold et al., we developed a multi

dimensional intervention including sensory integration training of postural alignment that may

have enhanced our participants' strength. However, the method for testing trunk extension

strength was not identical across all studies.

This intervention increased range of motion in the lower extremities. Popliteal angle

increased bilaterally to age-matched normative values for this measure.” There was no change in

shoulder mobility as measured shoulder flexion range of motion. There may be better methods to

measure shoulder mobility that quantify pectoral muscle length that can be used in future study.

The 2-point increase in Modified PPT score matched that previously reported in the

initial 3-month phase of a group exercise intervention in sedentary adults 83 + 4 years.” There

were no significant changes in measures of balance and gait speed. However, our participants

were comparable to age-matched normal individuals on the Balance Master SOT and had slower

COP velocity than healthy adults age 66-70 years at baseline.” Furthermore, our participants

were extremely robust with a baseline gait speed of 1.35 m/second.

16



Changes in Flexed Posture Following Group Exercise
We did find that some characteristics of the women were associated with the amount of

change in flexed posture. Younger participants demonstrated greater change in “best” kyphosis

consistent with prior findings that younger women have more ability to improve kyphosis

compared to older women.” Our finding that baseline Modified PPT scores correlated with

change in “usual” and “best” kyphosis suggests that higher functioning individuals exhibited

greater postural change. We did not find a relationship between the number of vertebral

compression fractures and change in flexed posture. In fact, the five women with the greatest

number of VCF (three) improved “usual” kyphosis 7.4° and “best” kyphosis 5.5°, results

comparable to the group as a whole.

These results did not find that changes in strength or ROM correlated with change in

flexed posture. It is possible the strength measurements quantified lumbar extension strength

and did not measure the change in thoracic extension strength, which may be associated with

improved kyphosis. We expected to find a correlation between improved hamstring flexibility,

measured by popliteal angle, and improved kyphosis because improving hamstring flexibility

theoretically allows greater mobility in the pelvis and spine. However, we did not measure

lumbar lordosis and it is likely that increasing hamstring flexibility allowed the pelvis to rotate

into more anterior rotation and increased lumbar lordosis rather than decreased thoracic

kyphosis. This may also explain why there was no increase in height as kyphosis improved; an

increase in lumbar lordosis would concomitantly reduce standing height equal to any increased

height expected from improving kyphosis alone.

These results did not support our third hypothesis that changes in flexed posture

correlated with change in physical performance. The measures of flexed posture were static

17
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measurements that may not capture the dynamic nature of the physical performance tasks. Our

participants were also extremely robust, with normal balance, gait speed and Modified PPT

scores at baseline. While there were significant changes in physical performance, small effect

sizes may limit the ability to detect significant correlations <.05. Furthermore, other co-variates

not measured, such as trunk proprioception, vital capacity, pain, co-morbidities and mobility

self-confidence may influence change in kyphosis and physical performance.

The participation rate in the 12-week program was exceptional and demonstrated the appealing

and feasible nature of the exercise program. Other than those who withdrew due to unrelated

injuries or family emergency, there was 100% adherence to the 24 sessions and the home

postural alignment practice.

We recognize our study had several limitations. This study is a single group pre-test

posttest design and is not a randomized controlled trial. However, we tried to reduce the

confounding effects of measurement variability and learning by comparing our results to the

95% confidence interval of T2-T1 measurements. In all cases we met or exceeded this

confidence interval, evidence that T3-T2 change was attributable to the intervention (Table 2).

Additionally, we applied the most conservative correction for multiple comparisons in order to

reduce the probability of making a type-I error. We enrolled a group of highly motivated, robust

women and cannot generalize our results to less-motivated or frail populations. We had a small

sample size limiting power to detect significant correlations rº■ ).5, and restricting analysis of

covariates known to affect variation in function from spinal deformity.” We did not find

significant change in other measures of flexed posture previously reported. 20, 21

18
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These results provide intriguing preliminary data that this type of exercise intervention

may not only improve posture, but also improve physical performance. Further research is

needed to develop better methods to quantify standing height and forward head posture that

incorporate postural sway and multiple degrees of freedom in the spine, pelvis and legs, as well

as to develop dynamic measures of flexed posture during functional activities. During our study,

participants expressed improved self-confidence as their posture improved and future work

should incorporate measures of body image and quality of life. Ultimately, a randomized

controlled trial with a larger sample size and longer-term outcomes would allow optimal analysis

of pathways of change between flexed posture, impairments of strength and ROM, and physical

performance.

CONCLUSION

These results demonstrate statistically significant gains can be made in measures of

flexed posture, strength, ROM, and physical performance in older women with increased

kyphosis. This three-month multi-dimensional exercise intervention yielded greater

improvements in kyphosis and spinal extension strength than other techniques have previously

reported. Considering kyphosis progresses with age and is associated with decreased physical

performance and increased fracture risk, targeted exercise that improves kyphosis may have

significant functional implications. Multi-dimensional group exercise should be considered when

developing a comprehensive program to improve posture, musculoskeletal impairments and

physical performance.
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Table 1. Descriptive Characteristics, Measures of Flexed Posture, Strength, ROM and Physical

-

Performances @ Baseline, N=21

Mean + SD Range

Characteristics (Median) (Min – Max) ICC

Descriptive Characteristics

Age (yrs) 72.0 + 4.2 66 - 80 NA

Vertebral compression fractures (n) (2) 0 - 3 NA

BMD (T-score) -1.5 + 1.3 –3.6 – 0.7 NA

Flexed Posture

Kyphosis – usual (deg) 57 it 5.0 47 – 65 .93

Kyphosis – best (deg) 50 + 6.0 37 - 60 .94

Forward head — usual (in) 8.8 + 0.7 7.4 – 10.1 .76

Forward head — best (in) 8.4 + 1.1 6.3 – 11.2 .86

Height – usual (cm) 160.9 + 7.7 147.5 – 176.3 .99

Height – best (cm) 161.8 + 7.9 148.4 – 176.9 .99

Strength and ROM

Biodex extension strength (% BW) 35.2 + 14.8 9.8 — 57.4 .84

Prone extension (lb) 17.6 + 3.8 11.3 – 24.3 .46

Shoulder flexion R (deg) 162 + 12.5 140 – 180 .83

Shoulder flexion L (deg) 159 + 11.7 135 - 176 .73

Popliteal angle R (deg) 141 + 9.2 123 - 155 .85

r) -7
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º
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Popliteal angle L (deg) 142 + 11.0 124 - 162

Modified Thomas Test R (deg) 27 it 6.4 15 – 37

Modified Thomas Test L (deg) 27 it 6.7 13 - 38

Physical Performance

Balance Master SOT (100 pt) 73 + 8 58 - 86

COP velocity (cm/s) 1.5 + 0.7 .7 – 3.6

COP excursion (% stance length) 53.6 + 7.0 38.7 – 67.3

Modified PPT (36-pt) 30 + 2.6 25 - 34

Jug Test (s) 13.5 + 3.3 8.9 – 22.6

Gait speed (m/s) 1.35 + 0.18 1.03 – 1.67

.67

.87

.86

.75

.86

.79

.74

.92

.92

Abbreviations: SD, standard deviation; Min, minimum; Max, maximum, NA, not applicable

ICC = Intraclass Correlation Coefficient (3,1)
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Table 2. Differences (T2 – T1) and Change (T3–T2) in Dependent Measures

Dependent Measure T2 - T1 p-value T3 - T2 p-value

Flexed Posture

Kyphosis – usual (deg) 1 (-1,2) .67 -6 it 3 <.001%

Kyphosis – best (deg) 0 (-2,2) .99 –5 it 3 <.001*

Forward head — usual (in) 0 (-0.4,0.3) .99 -0.1 + 0.5 .82

Forward head — best (in) 0.1 (-0.3,0.5) .86 –0.2 + 0.7 .49

Height – usual (cm) 0.2 (-0.2,0.5) .50 0.2 + 0.6 .41

Height – best (cm) 0.1 (-0.1,0.4) .26 0.1 + 0.4 .98

Strength and ROM

Biodex extensor strength (%BW) -4 (-11,4) .44 21 + 13 <.001*

Prone extension (lb) 1 (-1,3) .60 1 + 4 .75

Shoulder flex R (deg) 0 (-4,4) .99 -0.5 + 6.4 .93

Shoulder flex L (deg) -1 (-6,5) .93 2 + 10 .56

Popliteal R (deg) -1 (-4,3) .83 7+ 7 <.001%

Popliteal L (deg) 0 (-5,5) .99 9 + 10 <.001*

Mod Thomas Test (deg) 0 (-2,3) .97 4 + 5 .003

Mod Thomas Test (deg) 0 (–3,2) .91 2 + 6 .38

Physical Performance

Balance Master SOT (100 pt) 3 (0.6) .05 2 + 7 .40

COP velocity (cm/s) 0.1 (-0.1,0.3) .45 -1.0 + 5 77

COP excursion (% stance length) 0.9 (–3,5) .81 –0.07 it 0.4 .62

Jug Test (s) -0.5 (-1.3,0.2) .21 -1.4 + 1.3 .001.*

Modified PPT (36-pt) 1 (0,2) .23 2 + 2 .001 +

-
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º º
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T1= Time 1 initial measurement; T2 = Time 2 pretest measurement; T3= Time 3 posttest

measurement

T2-T1 data reported as mean change (95% confidence interval)

T3-T2 data reported as mean change + standard deviation

* Significant difference T3–T2 at p < 0.025 (by paired ttests)
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Appendix 1. Exercise Intervention

Exercise Intensity/Duration Target

Warm-up (5 mins)

Shoulder, chest, upper back ROM

Strengthening (20 mins)

Prone trunk lift to neutral

Quadruped arm/leg lift

Bilateral shoulder flexion

Supine on roller

Sidelying thoracic rotation

10 repetitions - active

Active range of motion

3 sets of 8 repetitions,

0–5% or theraband.(8)

Arms by side —- “W’”

position by shoulders ->

fists by ears

Ankle & wrist cuff

weights

Theraband(8) resistance

Theraband(8) resistance

Increase heart rate before

stretch & strengthen exercises

Thoracic and lumbar spine

extension, Scapular

strengthening

Lower trapezius, spinal

extension, multifidus and

transverses abdominus

stabilization

Lower trapezius, spinal

extension, multifidus and

transverses abdominus

stabilization

Thoracic extension, rotation

strength and mobility

31



Changes in Flexed Posture Following Group Exercise

ROM exercises (15 mins)

Chest stretching & diaphragmatic

breathing, supine on roller

Prone hip extension

Supine straight leg raise

Quadruped thoracic

extension/chest stretch

Postural Alignment (15 mins)

Postural correction

Neutral spine sit -> stand

Cool-down (5 mins)

Wall push-ups

Overhead arm wall slides

Calf stretching at wall

Home Postural Alignment

Passive 30s hold

Combine with shoulder

flexion exercises

Passive —stretch strap x 1

bilaterally

Passive —stretch strap x 1

bilaterally

Passive — x 3

Active

Standing, eyes open, eyes

closed

Seated on gym ball – 10

repetitions

Active

Body weight as

resistance x 10

Lift arms from wall end

range x 10

Passive 30s hold x 1

Postural correction at

Lengthen pectoralis major;

expand ribcage and anterior

chest wall

Lengthen iliopsoas and

quadriceps

Lengthen hamstrings and
-

gastroc-Soleus

Increase thoracic spine

extension and lengthen anterior

chest wall musculature

Recognition and integration of

sensory cues for correct

alignment

Recognition and integration of

correct sensory cues during

functional activities

Scapular stabilization

Lower trapezius muscles

Gastroc-soleus muscles

Integrate improved postural 32
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