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BACKGROUND:  Hyperkyphosis negatively effects health status, physical mobility, and quality 

of life, but there is no standard protocol for treating hyperkyphosis. Treatment options include 

targeted exercise. 

OBJECTIVES: This single-site randomized controlled trial (RCT) will determine the efficacy of 

a targeted multimodal spine strengthening exercise program, compared with no exercise 

intervention, among community-dwelling men and women aged ≥60 years. 

DESIGN: The RCT is a parallel-group design, with 1:1 randomization to exercise or attentional 

control groups. 

SETTING: One primary site (1 academic medical center partnered with 1 local community 

medical center). 

PARTICIPANTS: One hundred men and women aged ≥60 years with thoracic kyphosis ≥40° 

will be randomized. 

INTERVENTION: The targeted multi-modal spine strengthening exercise intervention includes 

exercise and postural training, delivered by a physical therapist in a group of 10 participants 3 

times a week for 6 months. Controls receive monthly health education meetings in a group of 10 

participants with monthly calls from study coordinator to monitor physical activity and any 

adverse events. 

MEASUREMENTS: Primary outcome is change in Cobb angle of kyphosis measured from 

lateral spine radiographs at baseline and 6-months. Secondary outcomes include change in 

physical function (the modified Physical Performance Test, Timed Up and Go, Time Loaded 

Standing, 4-meter walk, Six-minute walk) and health-related quality of life (SRS-30 self-image 

domain, PROMIS Global Health Index and Physical Function Index). Additional secondary 
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outcomes include pain, physical activity level, spinal flexion and extension muscle strength, 

paraspinal extensor muscle density and adverse events. 

LIMITATIONS: Blinding of the participants and instructors providing the intervention is not 

possible. 

CONCLUSIONS: The efficacy of a high-quality, adequately powered exercise intervention in 

men and women with kyphosis ≥40° will be evaluated to determine whether targeted multi-

modal spine strengthening exercise reduces hyperkyphosis in older adults, as well as improves 

important secondary outcomes of physical function and health-related quality of life. 
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Introduction 

Age-related hyperkyphosis, an abnormal forward curvature in the thoracic spine, is a common 

progressive deformity of the spine that affects up to 50% of older adults.1-3 Hyperkyphosis can 

lead to significant deterioration in health status, physical mobility and quality of life. Women 

with hyperkyphosis have slower walking speed, difficulty climbing stairs, impaired balance, and 

greater risk for falls, fractures and mortality.2,4-8 Risk factors for hyperkyphosis include advanced 

age, low bone mass, degenerative disc disease, and prevalent vertebral fractures.9-11 Furthermore, 

routine poor posture, decreased spinal extension mobility, and reduced back extensor muscle 

strength are other commonly cited potential causes of age-related hyperkyphosis,12-14 and these 

impairments may be modifiable with exercise. 

 

Despite the adverse effects on health, physical function and quality of life, hyperkyphosis has 

only recently started to be recognized by health care providers as a major health concern.15  

There is no standard of care for treating hyperkyphosis. Current treatment options include 

exercise and bracing. We conducted an uncontrolled pilot study of an exercise program targeting 

spinal muscle strength among older women with hyperkyphosis that resulted in a significant 

improvement in kyphosis, spinal muscle strength and physical performance.16 A recent 

systematic review, including 7 randomized controlled trials (RCT) to determine the effects of 

exercise on kyphosis, found that exercise targeting back extensor muscle strength may result in a 

modest improvement in kyphosis.17 However, a clear recommendation for a treatment 

intervention was not possible due to the small sample sizes, heterogeneity of the study subjects, 

and different and un-validated measurements of the outcome variable of kyphosis. There is a 

need to perform a high-quality RCT that is adequately powered and uses validated outcome 
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measurements of kyphosis, to determine whether targeted spine strengthening reduces 

hyperkyphosis in older adults. Furthermore, few of the prior studies included outcome measures 

of physical function and it is not known whether exercises designed to reduce kyphosis will also 

lead to improvement in physical function. Spinal orthoses reportedly reduce excessive kyphosis, 

improve spinal extensor muscle strength and physical performance although they have only been 

tested in women with underlying spinal osteoporosis.18   

 

Based upon the results of our previous pilot study, we designed an adequately powered, high 

quality randomized trial to test the hypothesis that a targeted multimodal spine strengthening 

exercise program will lead to a clinically meaningful change in kyphosis in community-dwelling 

hyperkyphotic adults aged 60 years and older. The rationale underlying such an intervention is 

that hyperkyphosis increases with age, contributes to impaired physical function, and that 

hyperkyphosis will be improved by an exercise intervention targeting musculoskeletal 

impairments associated with hyperkyphosis.  

 

We are conducting a single-blinded randomized controlled trial of a multi-modal spine 

strengthening exercise intervention: 1) to determine if the exercise intervention improves 

kyphosis, measured as Cobb angle using lateral spine radiographs, 2) to determine if the exercise 

intervention improves secondary outcome measures of physical function and health related 

quality of life, measured using the modified Physical Performance Test, gait speed, Timed Up 

and Go, Timed Loaded Standing, and the PROMIS Global Health Index and Physical Function 

Index, and 3) to determine if the exercise intervention improves spinal muscle strength and/or 

spinal muscle density and if change in these factors is associated with change in physical 
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function.  

Method 

Study Setting 

The study is conducted at the University of California San Francisco (UCSF), an academic 

medical center, with a second intervention location at the Kaiser Permanente Northern California 

(KPNC) San Francisco Medical Center.  

Trial Design 

This is a single-blinded randomized, controlled trial comparing a 3 times per week group 

exercise intervention with a monthly health education group class (Clinical trials, govidentifier 

NCT01751685 with a 1:1 allocation ratio. The study is enrolled in five waves of 20 participants, 

with 10 participants randomized to intervention and 10 participants to control in each wave 

(Figure 1). Participants are randomized in equal proportions to intervention or control using 

randomly permuted blocks of 2 and 4, stratified by age and sex. Treatment assignments are 

generated prior to the study, and placed in order in sealed, opaque envelopes with stratum-

specific sequential ID numbers. Consenting participants fulfilling study eligibility criteria are 

assigned the next available ID number for the appropriate age and sex stratum by the study staff. 

The envelope is opened at the end of their baseline study visit. The date and time each envelope 

is opened is recorded in a log along with participant ID to ensure integrity of the randomization. 

 

Participants 

Individuals are eligible who are age 60 years and older, with kyphosis angle ≥ 40 degrees 

measured by the Debrunner kyphometer (Techmedica Inc, Camarillo, CA).  After meeting 

preliminary study criteria, a study physician reviews the participant’s medical history and a letter 
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is sent to their primary care provider for signed approval to participate in the planned exercise 

intervention. Exclusion criteria include inability to extend the thoracic spine at least 5 degrees, 

failure to comply with run-in procedures, non-English speaking, and a disorder or disease likely 

to prevent or interfere with safe participation in a group-based exercise class including painful 

vertebral fractures in the past 3 months, unexplained weight loss (>10 pounds in the past year), 3 

or more falls in the past year, advanced disability or end-stage disease, major psychiatric illness, 

cognitive impairment (failed Mini-Cog),19 alcohol or drug abuse (diagnosed by primary care 

provider), narcotic pain medications, diagnosed vestibular or progressive neurologic disorder, 

total hip or knee replacement or hip fracture within the previous 6 months, or oral glucocorticoid 

medications for 3 months or more the past year. Participants are excluded if unable to pass safety 

tests (gait speed <0.6 m/s, inability to stand with feet together for 30 seconds, inability to 

actively flex shoulders to 90 degrees, inability to move from standing to supine on a mat and 

return to standing independently or with the use of a nearby chair). 

Intervention 

The intervention is a multi-modal group-based kyphosis-specific exercise program that was 

developed and initially tested during our previous pilot study.16 The exercise program targets 

multiple musculoskeletal impairments that are known to be associated with hyperkyphosis, 

including spinal extensor muscle weakness, decreased spinal mobility, and poor postural 

alignment (Table 1). The spinal strengthening component incorporates high-intensity 

strengthening exercise targeted to strengthen spinal extensor muscles and stabilize the trunk in 

neutral alignment. The spinal mobility component incorporates foam rollers and end-range 

exercises to increase spinal extension and rotation, and reduce mobility limitations in the anterior 

shoulders, chest and spine. Participants lie supine on foam rollers, and perform sidelying and 
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standing end-range thoracic extension and rotation to mobilize the spine during exercise.  The 

spinal alignment component integrates spinal extensor strength and mobility into practice. The 

instructor trains participants to recognize neutral spinal alignment and maintain their best spinal 

alignment during the group exercise program and during activities of daily living. Participants 

are asked to practice good posture at least 3 times during the day, and to report compliance to the 

study coordinator on a weekly basis. Participants are instructed not to change their usual level of 

activity or exercise during study enrollment.   

We standardized the protocol with a written pamphlet/script and a video. Each exercise session 

begins with 10 minutes of warmup activity, ended with 5 minutes of cool-down, and stretching 

the neck, chest and all extremities. A licensed physical therapist teaches the intervention. A 

research assistant is present during exercise class to assist the physical therapist.  

Setting and supervison. A group-based intervention lead by a physical therapist is implemented 

to ensure that participants learn from a professional skilled at exercise instruction in an older 

population with multiple medical co-morbidities. The physical therapist is assisted by a trained 

research assistant to ensure a ratio of 5:1 participant/instructor. The instructors include auditory, 

visual and tactile feedback to participants to ensure safe performance of the exercises, and 

instructions to integrate good body mechanics and posture into the exercises and activities of 

daily living (ADLs). Exercises are progressed in frequency and intensity during the study, as 

long as participants are able to demonstrate good quality movement. If a participant has pain 

≥6/10, he or she is instructed not to attend class, to contact their medical provider, and to use 

analgesic medications (Tylenol 1.5 grams up to 3.0 grams per day, or Voltaren gel applied over 

the painful area) and ice. If a participant has pain <6/10, exercises may be modified in order to 

ensure the ability to complete the exercises without increasing pain.  
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Frequency and duration. Participants assigned to the intervention attend a group exercise 

program for 1 hour three times per week for 6 months, followed by 6 months of usual physical 

activity. Those assigned to the control attend a group education program for 1 hour once a month 

for 6 months. After the 6-month post-intervention testing visit, control participants meet with the 

study physical therapist and receive 1-1 instruction in the kyphosis-specific exercise program, 

receive an exercise DVD of the study exercise program, handouts with pictures of the exercises 

and concepts of postural alignment, and exercise equipment (a roller and theraband). The 

intervention participants receive the same DVD, handouts and exercise equipment after their 6-

month testing visit.  

Intensity. The strengthening regimen incorporates high-intensity strengthening exercise at a 

Borg Scale intensity of 4-5, based upon 70-80% of perceived exertion,20,21 a stimulus 

recommended to produce significant strength gains, and often results in improved endurance, in 

upper and lower extremity muscles in older adults.22 For all strengthening exercises (quadruped 

arm and leg lift, prone trunk lift, sidelying thoracic rotation/extension and sidelying leg lifts) we 

implement a gradual, ramped protocol for the first 6-weeks, beginning without resistance, while 

participants learn the exercises, and gradually progressing the intensity of the exercise with 

theraband or resistance with weights to light (30-40%), moderate (50-60%), then high (70-80%) 

intensity resistance based upon perceived exertion until a Borg Scale intensity of 4-5 is 

reached.23,24  When exercising at a Borg Scale intensity of 4-5, within the first 2 repetitions, one 

typically rates the level of difficulty as “somewhat hard” to “hard”.  If the participant rates the 

difficulty less than “somewhat hard”, the resistance will be increased, or if the participant rates 

difficulty as more than “hard”, resistance will be reduced. The goal is to perform 2 sets of good 

quality movements in the range of 70-80% of maximum until momentary muscle fatigue at 8 
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repetitions.23,24 Weights are increased from one pound, in one-pound increments, and theraband 

resistance is increased, progressing from yellow to red to green to blue theraband (corresponding 

to 2 to 10 pounds of force for each percentage of theraband strain).25 Resistance is increased 

throughout the trial to maintain a “somewhat hard” to “hard” level of exertion.  

Comparator. The control group was designed to approximate the social interaction and attention 

received during the exercise intervention. Control participants receive monthly health education 

classes in a group class format to provide social interaction.  Sample topics include bone health, 

managing urinary incontinence, fall prevention, and stress management. Additionally, the study 

coordinator calls participants on a monthly basis to record 7-days of pedometer reading, and 

collect safety log information for monitoring adverse events. 

Blinding.  Participants and class instructors in this study cannot be blinded. However, the 

primary outcome measurement of change in Cobb angle of kyphosis from lateral spine 

radiographs will be made by an investigator blinded to group allocation. Furthermore, all 

measurements of physical function are collected by an investigator blinded to group allocation.  

Data Collection and Management 

Operating procedures, informed consent, scripts for telephone screening and teaching the 

exercise intervention, data forms, and checklists for visits are in the Study of Hyperkyphosis, 

Exercise and Function (SHEAF) Study Manual. The study schedule, the hypotheses and analyses 

are shown in Tables 2 and 3, respectively. A research assistant/coordinator initially screens 

participants for the study on the telephone or via an online screening tool followed by a 

telephone screen. Study staff obtains informed consent and performs an in-person clinic screen to 

ensure that participants meet all study criteria, and collect baseline demographic and health 

information. Once approval to participate is obtained from the primary care provider, participants 
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attend a run-in meeting, where they receive a reference manual with study contact information, 

time and location for testing and class visits, and a pedometer with instructions to wear for 7-

days prior to their baseline testing.  

A UCSF Clinical Research Center (CRC) exercise physiologist performs the physical 

performance tests. Data is entered via Research Electronic Data Capture (Redcap) forms into a 

secure database. Every hour, pre-programmed error-checking programs scan incoming forms for 

completeness, data ranges, and logic sequences, and study personnel are notified to correct any 

errors.  The data are stored and accessible to the data analyst for transforming the data to SAS for 

viewing, reporting, and analyses.  

Primary Outcome 

The primary outcome is change in kyphosis from baseline to 6-months, measured using the gold 

standard Cobb angle of kyphosis derived from standing lateral spine radiographs and a 

standardized protocol for thoracic kyphosis (T4-T12).26 We will perform exploratory analyses 

using the centroid method for measuring Cobb angle from lateral spine radiograph and the 

Debrunner kyphometer external measurement of kyphosis.27  

Secondary outcomes. Secondary outcomes are 3-, 6-, and 12-month changes of physical 

function and health-related quality of life. 

Physical function. The modified Physical Performance Test (modified PPT) is a composite 

measure of several aspects of physical function in aging adults.28 The modified PPT includes 7-

item timed standardized tasks: 50-foot floor walk, putting on and removing a lab coat, picking up 

a penny from the floor, standing up five times from a 16-inch chair without the use of arms, 

lifting a 7-pound book to a shelf, climbing one flight of stairs, and standing with feet together, 

and two additional untimed tasks: climbing up and down four flights of stairs and performing a 
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360º turn.  A 4-meter walk test is administered to measure gait speed (m/s).29 The Timed Up and 

Go test measures the time (s) to rise from a 48 cm height armchair, walk 3 m, turn and return to a 

fully seated position in the chair.30 Timed Loading Standing is a test of combined trunk and arm 

endurance that measures the time (s) a person can stand while holding a two-pound dumbbell in 

each hand with the arms at 90 degrees of shoulder flexion and the elbows extended.31 The Six-

minute Walk test is a measure of aerobic capacity, and records the distance in feet covered 

walking for 6 minutes.32  

Health related quality of life (HRQoL): We administer the modified Scoliosis Research 

Society SRS-30 instrument, self-image domain,33 to measure self-image, and PROMIS global 

health and physical function indices to measure overall health and physical function quality of 

life.34 

Other measures. Questionnaires are used to collect demographic data and medical history (eg. 

current medications and medical co-morbidities in the past 5 years) at the screening and baseline 

study visit. We measure height and weight using standard methods, and bone density of the hip 

and spine using the GE Lunar Prodigy Dual X-ray Absorptiometry at the baseline visit. We are 

using a standardized protocol for spine muscle flexor and extensor strength16 with the Biodex 3 

(Biodex Medical Systems Inc.) computerized dynamometer and the spine attachment to measure 

peak torque to body weight muscle strength. (RSI Systems, Boulder, CO). We are obtaining axial 

images from abdominal quantitative computed tomography lateral scout scans at the L4-L5 disc 

space (GE9800 Advantage; General Electric, Milwaukee, WI) and calculating spinal extensor 

muscle density (HU) using specialized proprietary software. Vertebral fractures will be 

calculated from T4 to L4 baseline standing lateral spine radiographs. Physical activity level is 

measured at baseline, 3-month, 6-month and 12-month study visits using the Physical Activity 
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Scale for the Elderly (PASE) questionnaire,35 and an Omron step counter for 7 days.  Pain and 

pain interference data is collected at each visit. 

Harms. Participants are asked to report adverse events to the study staff. Safety logs are 

administered by the study coordinator on a weekly basis in the intervention group and monthly in 

the control group. Participants complete an event log documenting change in pain, falls and other 

injuries. Events are categorized as occurring during a study visit, occurring outside of study visit, 

pre-existing, or new event. Serious adverse events (death, life-threatening adverse experiences, 

related inpatient hospitalization) will be reported to the UCSF Committee on Human Subjects 

Research within 5 days.  

Recruitment.  Participants are recruited from community talks at local senior centers, 

communication with primary care physicians at Kaiser Permanente Northern California (KPNC) 

San Francisco Medical Center, flyers posted in the UCSF Departments of Physical Therapy, 

Department of Medicine – Division of General Internal Medicine, and Orthopedics and Spine 

Clinic, as well as the San Francisco Veterans Affairs Medical Center and KPNC San Francisco 

Medical Center; and letters sent to people 60 years and older in a UCSF registry of patients who 

have previously agreed to be contacted about research and a KPNC San Francisco diagnosis-

unspecified database established for the study.  

Strategies to enhance retention. All participants are remunerated $100 upon completion of the 

study. All participants also receive a copy of the study exercises on DVD, an exercise manual 

with study concepts and photographs of the exercises, a foam roller and theraband. Participants 

in the intervention group receive up to 72 1-hour group exercise classes, and participants in the 

control group receive 4 1-hour health education meetings and an individual 1-hour session with 

the study physical therapist after their 6-month testing visit. Both groups receive copies of their 
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DXA and x-ray reports upon completion of the study. Throughout the study, parking is 

reimbursed for study visits or taxi vouchers are provided for the testing visits.  

Sample size estimation. We calculated the minimal effects detectable with 80% power in 2-

sided tests with a type-I error rate of 5%, in a sample size of 100 subjects, allowing for within-

subject correlation of the baseline and 6-month outcomes, and loss to follow-up of 20% of 

participants. Results shown in Table 4 strongly suggest that the study is powered to detect 

clinically meaningful effects.  

The minimum detectable effects for kyphosis and Physical Performance Test (PPT) in Table 4 

are consistent with our uncontrolled pilot study results, even if regression to the mean and 

spontaneous improvement accounted for ½ of the mean improvement of 6 degrees in kyphosis 

and 2 points in PPT. Standard methods for ANCOVA, positing reductions in residual variance by 

a factor of 1-r2 due to adjustment for the baseline value of the outcome, were used to obtain these 

estimates with r representing the within-subject correlation.  Using data from the pilot study, we 

estimated r as 0.8 for kyphosis and PPT, and 0.85 for gait speed; we also used pilot data to obtain 

residual standard deviations (5, 2.6, and 0.18 respectively). 

Analyses 

Reporting will be in accordance with SPIRIT guidelines. The primary analyses will be by 

treatment assignment, without regard to adherence to the intervention. Changes in Cobb angle of 

kyphosis at 6 months will be the primary endpoint. Given fiscal and feasibility limitations on this 

single-site study, tests of treatment effects on 6 additional physical function and 3 HRQoL 

measures (Aim 2), as well as muscle strength and density (Aim 3), and all comparisons at 1 year, 

will be regarded as secondary and analyzed without penalty for multiple comparisons, but with 

results clearly presented as hypothesis-generating. We will use t-tests, Wilcoxon, chi-square, and 
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exact tests as appropriate to compare the treatment and control groups in terms of baseline age, 

gender, co-morbidities, vertebral fractures, degenerative disc disease, and level of kyphosis. If 

between-group imbalances are found, sensitivity analyses will be conducted adjusting for the 

imbalanced covariates.  However, the primary analysis will be unadjusted, to avoid inflation of 

type-I error and erosion of confidence in the results due to model selection. ANCOVA will be 

used to assess effects of the intervention on changes from baseline to 6 months in the primary 

and secondary endpoints. The models will include fixed effects for treatment, the baseline value 

of the outcome, and wave of recruitment. Normality and equality of variance of the residuals will 

be checked and achieved using transformation if necessary. We will also check for non-linearity 

in the effect of baseline value of the outcome, as well as its interaction with treatment 

assignment.  In secondary analysis, the same approach will be used for changes from baseline to 

1 year. In exploratory sub-group analyses, we will assess differences in the treatment effect by 

baseline kyphosis, split at the 75th percentile, number of co-morbidities (≥2 vs 0-1), and presence 

of vertebral fracture. Finally, we will use the methods of Bland and Altman to assess the 

agreement of radiographic and Debrunner kyphosis measurements, then assess treatment effects 

using the Debrunner measurements.  After we assess intervention effects on muscle strength and 

density, we will then use structural equation modeling to assess the pathways through which the 

intervention affects physical function. We hypothesize that the intervention will have direct 

effects on function, as well as indirect effects on function via kyphosis, muscle strength, and 

density; we also hypothesize an indirect effect of the intervention on kyphosis via strength and 

density. These analyses will control for potential confounders of the changes in kyphosis and 

strength including age, baseline kyphosis severity, degenerative disc disease, physical function, 

and vertebral fractures.  
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Trial monitoring. The principal investigator has primary responsibility for the overall conduct 

of the study, the study manual and chairing study meetings with the co-investigators. The 

principal investigator and lead investigators meet after each wave of the study to review the 

progress of the study and address any human subject issues that occur. These discussions may 

involve adverse event prevention measures, subject accrual issues, research staff training on 

protection of human subjects, and occurrence of adverse events. Lead investigators will 

contribute expertise in design and analysis, and contribute to overall study progress. 

 

Data Safety Monitoring Board. The Data Safety Monitoring Plan provides for an external, 

objective Data and Safety Monitoring Board (DSMB) comprised of 3 arm’s length members who 

review safety of study participants after each wave of the study. Blinded safety data is 

communicated to all DSMB members. The DSMB reviews annual reports prepared by the PI, 

statistician, and data management staff on the progress of the project including data on 

enrollment, comparison of target to actual enrollment, overall status of the study participants, 

adherence to the study interventions, and information on race/ethnicity, gender, adverse events, 

and serious adverse events. The DSMB determines whether the study should continue, be 

terminated, or modified based on observed beneficial or adverse effects. 

 

Ethics and Confidentiality 

The study has received approval from the University of California at San Francisco and Kaiser 

Permanente Northern California Institutional Review Boards (IRB), as well as the Research 

Committee of the San Francisco Veterans Affairs Medical Center. Any study modifications are 

approved by the IRB before implementation, consent forms are revised, and the protocol 
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revisions are reported on the clinicaltrials.gov site.  Participants for the current trial are assigned 

an ID to be used on all forms and in the database management system. De-identified data is 

stored in a secure database and is backed up daily. Hard copies of records with personal 

identifiers are kept separately from the data. Data is entered into the data management system by 

a research assistant/coordinator. Only the research assistant/coordinator and the database service 

provider are able to view participants’ data and identifiers in the database. Trial investigators 

have no relevant financial or competing interests. 

  

Discussion and Dissemination 

We propose to evaluate the efficacy of a single-site randomized trial of a targeted multi-modal 

spine strengthening exercise program in community-dwelling adults 60 years and older with 

hyperkyphosis. A recent systematic review of the effects of exercise on hyperkyphosis supports 

the need for an adequately designed randomized controlled trial examining the effect of exercise 

on hyperkyphosis.17 Furthermore, efforts to prevent or treat osteoporosis related spinal kyphosis 

have identified the need for more comprehensive assessment of health outcomes in older adults 

with excessive kyphosis, including comprehensive assessment of symptoms, impact, and 

treatment benefit for kyphosis.15  

The population is aging although physical function status is not keeping pace.36 Individuals are 

living longer with greater impairments in physical mobility. There is sparse quality evidence of 

the effects of targeted spine strengthening exercise on kyphosis. Few trials have assessed the 

effects of a multi-modal spine strengthening exercise program on physical function, specifically 

mobility function, which is known to be impaired in individuals with hyperkyphosis. We are 

conducting a high-quality randomized controlled trial that is adequately powered and utilizes 
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validated outcome measurements of kyphosis, to investigate the effects of a multi-modal spine 

strengthening exercise program on both our primary outcome of kyphosis as well as secondary 

outcomes of physical function. If the exercise intervention results in a change in kyphosis and/or 

physical function, we will examine the pathways of change in order to determine whether 

changes in kyphosis, spinal muscle strength and/or density are responsible for the change in 

physical function. Furthermore, if we find that hyperkyphosis and physical function can be 

improved by a multi-modal spine strengthening exercise program, this evidence could enable 

providers to recommend early intervention for hyperkyphosis to prevent or delay hyperkyphosis 

associated physical disability. 

Our study has some limitations including that we are recruiting a healthy community-based 

group of adults 60 year and older and are excluding individuals with co-morbidities that could 

interfere with safe participation in a group exercise class. Therefore the results of this study will 

not be generalizable to frail adults 60 years and older with hyperkyphosis. Another limitation is 

that blinding the participants and the instructors providing the intervention is not possible. While 

this is not uncommon in exercise trials, we have ensured that the investigators measuring 

kyphosis and performing the physical function testing are blinded to group allocation.  

To ensure that the results of our study will inform physical therapists in practice and have an 

impact on patient care, results will be presented at scientific conferences and published in 

academic journals. We will also disseminate the results of this clinic trial to professional groups 

including the American Physical therapy Association, American Society of Bone and Mineral 

Research and the National Osteoporosis Foundation. These professional organizations may 

incorporate findings from this research into evidence-based exercise prescriptions and clinical 

practice guidelines for older adults with hyperkyphosis.  
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Our goal is to conduct a clinical trial that will provide clinicians with evidence of the efficacy of 

a targeted multi-modal spine strengthening exercise program on hyperkyphosis and physical 

function. Exercise trials have often used lower extremity strengthening exercise to improve 

physical function in older adults. In contrast, we are focusing on decreasing spinal 

hyperkyphosis. If our exercise intervention is successful, our approach to improving 

hyperkyphosis could represent a fundamental paradigm shift in exercise intervention strategies to 

improve physical function for older adults. Results from our trial may provide new insights into 

the effects of exercise on physical function and quality-of life that are important outcomes for 

patients and if successful, could assist providers’ in individualized clinical decision making.  

 at UCSF LIBRARY AND CKM on August 12, 2015http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


 21 

Acknowledgements 

Dr Katzman conceived of the study. Dr Katzman, Dr Vittinghoff, Dr Kado, and Dr Lane initiated 

the study design, and Dr Lane, Dr Schafer, Ms Wong, and Dr Gladin helped with 

implementation. Dr Katzman is the grant holder. Dr Vittinghoff provided statistical expertise in 

clinical trial design and conducted the primary statistical analysis. All authors contributed to 

refinement of the study protocol and approved the final manuscript. The authors appreciate Dr 

Roger Long’s oversight reviewing participant medical histories and safety logs. 

 

The study was funded by National Institute of Aging grant R01-AG028. Additional support was 

provided by the US Department of Veterans Affairs, Veterans Health Administration, Office of 

Clinical Science Research and Development, under grant 5 IK2 CX000549 (to Dr Schafer).   

 

ClinicalTrials.gov Identifier: NCT01751685 (issue date: December 3, 2012; protocol amendment 

number: 05; author: Ms Wong). 

 

DOI: 10.2522/ptj.20150171  

 at UCSF LIBRARY AND CKM on August 12, 2015http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


 22 

References 

1. Takahashi T. Trunk deformity is associated with a reduction in outdoor activites of daily 
living and life satisfaction in community-dwelling older people. Osteoporos Int. 
2005;16:273-279. 

2. Kado DM, Huang MH, Karlamangla AS, Barrett-Connor E, Greendale GA. 
Hyperkyphotic posture predicts mortality in older community-dwelling men and women: 
a prospective study. J Am Geriatr Soc. 2004;52(10):1662-1667. 

3. Katzman W, Cawthon P, Hicks GE, et al. Association of Spinal Muscle Composition and 
Prevalence of Hyperkyphosis in Healthy Community-Dwelling Older Men and Women. J 
Gerontol A Biol Sci Med Sci. 2011. 

4. Kado DM, Huang MH, Barrett-Connor E, Greendale GA. Hyperkyphotic posture and 
poor physical functional ability in older community-dwelling men and women: the 
Rancho Bernardo study. J Gerontol A Biol Sci Med Sci. 2005;60(5):633-637. 

5. Kado DM, Huang MH, Nguyen CB, Barrett-Connor E, Greendale GA. Hyperkyphotic 
posture and risk of injurious falls in older persons: the Rancho Bernardo Study. J 
Gerontol A Biol Sci Med Sci. 2007;62(6):652-657. 

6. Katzman WB, Harrison SL, Fink HA, et al. Physical Function in Older Men With 
Hyperkyphosis. J Gerontol A Biol Sci Med Sci. 2014. 

7. Katzman WB, Huang MH, Lane NE, Ensrud KE, Kado DM. Kyphosis and Decline in 
Physical Function Over 15 Years in Older Community-Dwelling Women: The Study of 
Osteoporotic Fractures. J Gerontol A Biol Sci Med Sci. 2013. 

8. Huang MH, Barrett-Connor E, Greendale GA, Kado DM. Hyperkyphotic posture and risk 
of future osteoporotic fractures: the Rancho Bernardo study. J Bone Miner Res. 
2006;21(3):419-423. 

9. Kado DM, Huang MH, Karlamangla AS, et al. Factors associated with kyphosis 
progression in older women: 15 years' experience in the study of osteoporotic fractures. J 
Bone Miner Res. 2013;28(1):179-187. 

10. Ensrud KE, Black DM, Harris F, Ettinger B, Cummings SR. Correlates of kyphosis in 
older women. The Fracture Intervention Trial Research Group. J Am Geriatr Soc. 
1997;45(6):682-687. 

11. Ettinger B, Black DM, Palermo L, Nevitt MC, Melnikoff S, Cummings SR. Kyphosis in 
older women and its relation to back pain, disability and osteopenia: the study of 
osteoporotic fractures. Osteoporos Int. 1994;4(1):55-60. 

12. Hongo M, Miyakoshi N, Shimada Y, Sinaki M. Association of spinal curve deformity 
and back extensor strength in elderly women with osteoporosis in Japan and the United 
States. Osteoporos Int. 2012;23(3):1029-1034. 

13. Sinaki M, Itoi E, Rogers JW, Bergstralh EJ, Wahner HW. Correlation of back extensor 
strength with thoracic kyphosis and lumbar lordosis in estrogen-deficient women. 
American journal of physical medicine & rehabilitation / Association of Academic 
Physiatrists. 1996;75(5):370-374. 

14. Hinman MR. Comparison of thoracic kyphosis and postural stiffness in younger and 
older women. Spine J. 2004;4(4):413-417. 

15. Bayliss M, Miltenburger C, White M, Alvares L. A conceptual and disease model 
framework for osteoporotic kyphosis. Osteoporos Int. 2013;24(9):2423-2432. 

 at UCSF LIBRARY AND CKM on August 12, 2015http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


 23 

16. Katzman WB, Sellmeyer DE, Stewart AL, Wanek L, Hamel KA. Changes in flexed 
posture, musculoskeletal impairments, and physical performance after group exercise in 
community-dwelling older women. Arch Phys Med Rehabil. 2007;88(2):192-199. 

17. Bansal S, Katzman WB, Giangregorio LM. Exercise for improving age-related 
hyperkyphotic posture: a systematic review. Arch Phys Med Rehabil. 2014;95(1):129-
140. 

18. Pfeifer M, Begerow B, Minne HW. Effects of a new spinal orthosis on posture, trunk 
strength, and quality of life in women with postmenopausal osteoporosis: a randomized 
trial. American journal of physical medicine & rehabilitation / Association of Academic 
Physiatrists. 2004;83(3):177-186. 

19. Borson S, Scanlan JM, Chen P, Ganguli M. The Mini-Cog as a screen for dementia: 
validation in a population-based sample. J Am Geriatr Soc. 2003;51(10):1451-1454. 

20. Gearhart RF, Jr., Goss FL, Lagally KM, et al. Ratings of perceived exertion in active 
muscle during high-intensity and low-intensity resistance exercise. J Strength Cond Res. 
2002;16(1):87-91. 

21. Day ML, McGuigan MR, Brice G, Foster C. Monitoring exercise intensity during 
resistance training using the session RPE scale. J Strength Cond Res. 2004;18(2):353-
358. 

22. Fiatarone Singh M. Exercise comes of age: rationale and recommendations for a geriatric 
exercise prescription. Jouranl of Gerontology. 2002;57(5):M262-M282. 

23. Feigenbaum MS, Pollock ML. Strength training: rationale for current guidelines for adult 
fitness programs. Phys Sportsmed. 1997;25(2):44-63. 

24. Pollock ML, Wenger NK. Physical Activity and Exercise Training in the Elderly: A 
Position Paper from the Society of Geriatric Cardiology. Am J Geriatr Cardiol. 
1998;7(4):45-46. 

25. Patterson RM, Stegink Jansen CW, Hogan HA, Nassif MD. Material properties of Thera-
Band Tubing. Phys Ther. 2001;81(8):1437-1445. 

26. Lundon KM, Li AM, Bibershtein S. Interrater and intrarater reliability in the 
measurement of kyphosis in postmenopausal women with osteoporosis. Spine. 
1998;23(18):1978-1985. 

27. Briggs AM, Wrigley TV, Tully EA, Adams PE, Greig AM, Bennell KL. Radiographic 
measures of thoracic kyphosis in osteoporosis: Cobb and vertebral centroid angles. 
Skeletal Radiol. 2007;36(8):761-767. 

28. Reuben DB, Siu AL. An objective measure of physical function of elderly outpatients. 
The Physical Performance Test. J Am Geriatr Soc. 1990;38(10):1105-1112. 

29. Studenski S, Perera S, Wallace D, et al. Physical performance measures in the clinical 
setting. J Am Geriatr Soc. 2003;51(3):314-322. 

30. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for 
frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-148. 

31. Shipp KM, Purse JL, Gold DT, et al. Timed loaded standing: a measure of combined 
trunk and arm endurance suitable for people with vertebral osteoporosis. Osteoporos Int. 
2000;11(11):914-922. 

32. Laboratories ATSCoPSfCPF. ATS statement: guidelines for the six-minute walk test. Am 
J Respir Crit Care Med. 2002;166(1):111-117. 

 at UCSF LIBRARY AND CKM on August 12, 2015http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


 24 

33. Asher MA, Min Lai S, Burton DC. Further development and validation of the Scoliosis 
Research Society (SRS) outcomes instrument. Spine (Phila Pa 1976). 2000;25(18):2381-
2386. 

34. Gershon RC, Rothrock N, Hanrahan R, Bass M, Cella D. The use of PROMIS and 
assessment center to deliver patient-reported outcome measures in clinical research. 
Journal of applied measurement. 2010;11(3):304-314. 

35. Washburn RA, Smith KW, Jette AM, Janney CA. The Physical Activity Scale for the 
Elderly (PASE): development and evaluation. J Clin Epidemiol. 1993;46(2):153-162. 

36. Crimmins EM, Beltran-Sanchez H. Mortality and morbidity trends: is there compression 
of morbidity? The journals of gerontology. Series B, Psychological sciences and social 
sciences. 2011;66(1):75-86. 

  

  

 at UCSF LIBRARY AND CKM on August 12, 2015http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


 25 

Figure 1.  Flowchart of the randomized control trial 

 

  Telephone Pre-screen for eligibility  

Intervention group  
 

Control group  
 

Patient allocation 

3, 6 and 12* months 
after randomization 

Proceed to Clinic Screen  

Enrolled/Randomized  

Cobb angle (Xray), physical function 
(modified PPT, gait speed, Timed Up 

and Go, Timed Loaded Standing), 
health related quality of life (PROMIS 
Global Health and Physical Function 
index, SRS 30) and spinal muscle 

strength and density (CT) 
 

Assessment Cobb angle (Xray), physical function 
(modified PPT, gait speed, Timed Up 

and Go, Timed Loaded Standing), 
health related quality of life (PROMIS 
Global Health and Physical Function 
index, SRS 30) and spinal muscle 

strength and density (CT) 

Cobb angle (Xray), physical function 
(modified PPT, gait speed, Timed Up 

and Go, Timed Loaded Standing), 
health related quality of life (PROMIS 
Global Health and Physical Function 
index, SRS 30) and spinal muscle 

strength and density (CT) 
 

*12 month for intervention group only 
(excluding CT) 

Cobb angle (Xray), physical function 
(modified PPT, gait speed, Timed Up 

and Go, Timed Loaded Standing), 
health related quality of life (PROMIS 
Global Health and Physical Function 
index, SRS 30) and spinal muscle 

strength and density (CT) 
 

 at UCSF LIBRARY AND CKM on August 12, 2015http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


 26 

Table 1. Multi-modal spine strengthening exercise intervention framework 
Exercise Target Repetitions Equipment 
Spinal strengthening: Strengthening trunk muscles (20 mins)   
Progress weights and theraband to “somewhat hard to hard” 70-80% max 
     Supine transversus abdominus on 
roller 

Stability of trunk with 
mobility of 
extremities; strengthen 
transverses 
abdominus 

10 reps x1 Roller 

     Quadruped arm and leg lift Stability of trunk with 
mobility of 
extremities; strengthen 
lower trapezius, spinal 
extension, multifidus, 
and transverses 
abdominus 
stabilization 

8 reps x 2 Cuff 
weights 

     Prone trunk lift to neutral Thoracic, lumbar and 
hip extension 
strengthening 

8 reps x 2 Bolster, 
cuff 
weights 

     Side-lying thoracic rotation/extension 
 
 
 
 
  

Thoracic extension and 
rotation with 
scapulothoracic 
retraction/depression 
strengthening, 
and mobility in 
extension and rotation 

8 reps x 2 Theraband 

    Sidelying hip abduction/external 
rotation 

Strengthen gluteus 
medius for stability in 
stance 

8 reps x 2 Cuff 
weights 

Spinal alignment: Warm-up, integrate postural stability into mobility training (20 mins) 
     Marching on roller Increase heart rate and 

warm-up "core" 
muscles" 

10 reps x1 Roller 

     Unilateral overhead reaching on 
roller 

Increase heart rate and 
increase shoulder 
flexibility 

10 reps x1 Roller 
  

     Bilateral pull down supine on roller Increase heart rate and 
improve shoulder and 
chest flexibility 

10 reps x1 Theraband, 
roller 

     Shoulder  flexion/thoracic extension 
at wall  

Stability of trunk with 
mobility in shoulders 
and thoracic spine; 
strengthen lower 

10 reps x1 Body 
weight 
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trapezius/serratus 
anterior muscles 

     Wall push-ups Stability of trunk with 
mobility in arms; 
scapular stabilization 

10 reps x1 Body 
weight 

     Single leg stance Stability of trunk 
during unilateral 
stance 

10 reps x1 Body 
weight 

Spinal mobility: ROM exercises using a stretch strap as needed (15 min) 
    Chest/spine stretching supine/roller Lengthen pectoralis 

major; expand ribcage 
and anterior chest wall 

During 
warm-up 

Roller 

    Gluteal stretching Lengthen posterior hip 
capsule and gluteal 
muscles 

Passive 30s 
hold x1 

- 

    Supine straight-leg raise Lengthen hamstrings 
and gastroc-soleus 

Passive 30s 
hold x1 

Stretch 
strap 

    Prone hip/quadriceps stretch Lengthen iliopsoas and 
quadriceps 

Passive 30s 
hold x1 

Stretch 
strap 

    Quadruped thoracic extension stretch Increase thoracic spine 
extension and 
lengthen anterior chest 
wall musculature 

Passive 30s 
hold x2 

- 

    Neck/chest stretch standing Cool-down; lengthen 
trapezius and anterior 
chest wall musculature 

Passive 30s 
hold x3 
positions 

- 

Diaphragmatic breathing: coordinated throughout; breathing into the concavity; exhaling 
with                                                                                                                              pelvic floor  
and deep abdominal muscle contraction 
Postural correction: Practice at least 3 times a day during  activities of daily living 
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Table 2. Schedule of enrollment, intervention and assessments 

Activity Staff Member 

Time Point in Study Schedule 
Screeni
ng/Con
sent 

Run-
In 

Baseli
ne 
Testin
g 

Study 
Classes/ 
Lectures 

3-
month 
Testin
g 

6-
mont
h 
Testi
ng 

12-
month 
Testin
g* 

Recruitment and screening 
Telephone pre-
screening 

Recruiter X       

Clinic screening, 
kyphosis 
measurement 

Research Assistant X       

Clinic screening, 
gait speed and 
safety exams 

Research Assistant X       

Clinic screening, 
demographic, 
medical history 
and Mini-Cog 
questionnaires 

Research Assistant X       

Informed consent Research Assistant X       
Assessments 
Pedometer 
allocation/ 
readings 

Research Assistant  X X  X X X 

Height and Weight 
measurement 

Research Exercise 
Physiologist 

  X  X X X 

Modified Physical 
Performance Test 

Research Exercise 
Physiologist 

  X  X X X 

Time Loaded 
Standing 

Research Exercise 
Physiologist 

  X  X X X 

Timed Get Up and 
Go 

Research Exercise 
Physiologist 

  X  X X X 

6-minute walk Research Exercise 
Physiologist 

  X  X X X 

4meter walk Research Exercise 
Physiologist 

  X  X X X 

Biodex (isokinetic 
extension and 
flexion) 

Research Exercise 
Physiologist 

  X  X X X 

Debrunner 
kyphosis and 
lordosis 

Research Exercise 
Physiologist 

  X  X X X 

Lateral spine 
radiograph 

Radiologist   X   X X 
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Computed 
Tomography at L4 

Radiologist   X   X X 

DXA-hip and 
lumbar spine 

Research Exercise 
Physiologist 

  X     

Randomization Research Assistant   X     
PASE 
questionnaire 

Participant   X  X X X 

Scoliosis Research 
Society SRS-30, 
self image domain 

Participant    X  X X X 

PROMIS global 
health and physical 
function 

Participant   X  X X X 

Adverse event 
protocol 

Research 
Coordinator 

As needed throughout study 

Intervention/Comparator Intervention 
Intervention Group         
  Intervention 
Classes 

Physical Therapist 
and Research 
Assistant 

   1 hr class  
3x/wk for 
6 mos 

   

  Safety Logs Research 
Coordinator 

   Weekly 
for 6 mos 

   

Control Group         
  Lectures Physical 

Therapist/MD/RN 
   1hr/mo for 

4  mos 
   

  Safety Logs Research 
Coordinator 

   Monthly 
for 4 mos 

   

*Intervention Group Only 
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Table 3. Variables, hypotheses, outcomes, methods of analysis  

Variable/Outcome Hypothesis Outcome Measure Method of 
analysis 

Primary 
Kyphosis  Improvement in 

intervention relative to 
control group 

Radiographic Cobb angle ANCOVA 

Secondary 
Composite physical 
function 

Improvement in 
intervention relative to 
control group 

Modified Physical 
Performance Test score (7 
items) 

ANCOVA 

Gait speed Improvement in 
intervention relative to 
control group 

4-meter walk ANCOVA 

Mobility  Improvement in 
intervention relative to 
control group 

Timed Up and Go ANCOVA 

Spine endurance  Improvement in 
intervention relative to 
control group 

Timed Loaded Standing ANCOVA 

Aerobic 
capacity/endurance 

Improvement in 
intervention relative to 
control group 

Six Minute Walk Test ANCOVA 

Spinal muscle 
strength 

Improvement in 
intervention relative to 
control group 

Biodex computerized 
dynamometer 

ANCOVA 

Spinal muscle 
density 

Improvement in 
intervention relative to 
control group 

Spinal extensor muscle 
attenuation from CT scans 
(HU) 

ANCOVA 

Spine specific 
health-related 
quality of life 

Improvement in 
intervention relative to 
control group 

SRS 30 self-esteem domain ANCOVA 

General health 
related quality of life 

Improvement in 
intervention relative to 
control group 

PROMIS Global Health 
Index and Physical Function 
Index  

ANCOVA 

Kyphosis Improvement in 
intervention relative to 
control group 

Kyphosis derived from 
Debrunner kyphometer 

ANCOVA 

Other outcomes 
Enrollment We will recruit 100 

participants 
Number recruited Descriptive 

statistics 
Retention We will retain at least 

75% of the sample 
Number who completed the 
study testing visit 2 

Descriptive 
statistics 
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Adherence The mean proportion of 
exercise sessions 
completed will be 60% 

Mean proportion of 
completed exercise visits 

Estimates 
based upon 
mean (95% 
CI) 

Adverse events No difference between 
groups 

Self-report of adverse events Chi-square 
test 

Subgroup or sensitivity analyses 
Level of baseline 
kyphosis (split at 
75th percentile) 

No difference in 
outcomes 

≥ 75th vs <75th percentile of 
kyphosis 

Interaction 
term of the 
variable x 
treatment 
group 

Number of co- 
morbidities  

No difference in 
outcomes 

≥2 vs 0-1 co-morbidities Interaction 
term of the 
variable x 
treatment 
group 

Presence or absence 
of vertebral fracture 
on baseline lateral 
spine radiographs 

No difference in 
outcomes 

≥1 or 0 vertebral fractures Interaction 
term of the 
variable x 
treatment 
group 

Physical activity 
level at baseline 

No difference in 
outcomes 

Step count at testing   visit 1 Interaction 
term of the 
variable x 
treatment 
group 

Change in physical 
activity at 6-months 

No difference in 
outcomes 

Change in step count from 
testing visit 1 to testing 2 

Interaction 
term of the 
variable x 
treatment 
group 
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Table 4. Minimum detectable effects with sample size = 100 
Outcome measures Absolute / percent of mean change 
Kyphosis (degrees) 1.88 / 3.3% 
Modified Physical Performance Test (points) 0.98 / 3.3% 
Gait speed (meters/second) 0.059 / 4.4% 
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