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OBJECTIVES: To assess whether a specifically designed
yoga intervention can reduce hyperkyphosis.

DESIGN: A 6-month, two-group, randomized, controlled,
single-masked trial.

SETTING: Community research unit.

PARTICIPANTS: One hundred eighteen women and men
aged 60 and older with a kyphosis angle of 401 or greater.
Major exclusions were serious medical comorbidity, use of
assistive device, inability to hear or see adequately for par-
ticipation, and inability to pass a physical safety screen.

INTERVENTION: The active treatment group attended
hour-long yoga classes 3 days per week for 24 weeks. The
control group attended a monthly luncheon and seminar
and received mailings.

MEASUREMENTS: Primary outcomes were change
(baseline to 6 months) in Debrunner kyphometer-assessed
kyphosis angle, standing height, timed chair stands, func-
tional reach, and walking speed. Secondary outcomes were
change in kyphosis index, flexicurve kyphosis angle, Ran-
cho Bernardo Blocks posture assessment, and health-related
quality of life (HRQOL).

RESULTS: Compared with control participants, participants
randomized to yoga experienced a 4.4% improvement in
flexicurve kyphosis angle (P 5.006) and a 5% improvement in
kyphosis index (P 5.004). The intervention did not result in
statistically significant improvement in Debrunner kyphometer
angle, measured physical performance, or self-assessed
HRQOL (each P4.1).

CONCLUSION: The decrease in flexicurve kyphosis angle
in the yoga treatment group shows that hyperkyphosis is
remediable, a critical first step in the pathway to treating or

preventing this condition. Larger, more-definitive studies of
yoga or other interventions for hyperkyphosis should be
considered. Targeting individuals with more-malleable
spines and using longitudinally precise measures of kypho-
sis could strengthen the treatment effect. J Am Geriatr Soc
57:1569–1579, 2009.
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Hyperkyphosis (dowager’s hump) is an excess forward
curvature of the thoracic spine. A thoracic kyphosis

angle of greater than 401, the 95th percentile value of tho-
racic kyphosis angles in young adults, is one operational
definition of hyperkyphosis.1,2 Population prevalence rates
of hyperkyphosis are unknown, although they may be
grossly approximated based on the prevalence of vertebral
deformities, which occur in 10% to 45% of people aged 50
to 90.3–6 If only half of people with vertebral deformity had
hyperkyphosis, its prevalence would range between 5% and
20%, in parallel with advancing age. These estimates are
conservative, because up to 70% of persons with hyper-
kyphosis do not have vertebral fractures.7–10

Adverse health outcomes associated with hyperkypho-
sis include physical functional limitations,11–14 thoracic
back pain,9 respiratory compromise,7 restricted spinal
range of motion,15 and osteoporotic fractures.16,17

The biological model posits that there are bony,
muscular, ligamentous, and postural contributors to hyper-
kyphosis and that some of these component causes of hyper-
kyphosis are remediable.18,19 Although it is commonly
assumed that vertebral fractures are responsible for hyper-
kyphosis, vertebral deformity accounts for only 42% of the
variance in hyperkyphosis;20 the majority of persons with
hyperkyphosis are free of vertebral fractures.7,9,10 Other
postulated, and potentially mutable, reasons for hyper-
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kyphosis include loss of anterior intervertebral disc
height;10,21,22 weakness of the erector spinae, abdominal
muscles, and shoulder girdle;11,23 postural abnormalities
that lead to further weakness and shortening of underused
muscles, tendons, and ligaments;24 and low bone density,
which may lead to bowing of the spine without overt frac-
ture.11 During normal stance, the center of gravity falls an-
terior to the thoracic spine, promoting greater vertebral
body and intervertebral disc deformity anteriorly than pos-
teriorly; excess kyphosis places a relatively larger load on
the anterior structures.25

The Yoga for Kyphosis Trial was a 6-month, single-
masked, randomized, controlled trial (RCT) of yoga
designed to improve thoracic kyphosis angle, posture,
physical function, and quality of life in older persons with
hyperkyphosis. The RCT was based on the pre–post results
of a single-armed pilot yoga program.19 The central thesis
of this RCT was that it may be possible to make hyperky-
photic persons ‘‘more upright’’ by strengthening the spinal
erectors and core muscles, stretching the muscles of the
shoulder and hip girdles, and retraining posture, thereby
improving the unfixed contributors to hyperkyphosis. In the
longer term, more-upright stance could lessen the anterior
forces on the vertebral bodies and intervertebral disks, pos-
sibly preventing kyphosis progression.

METHODS

Study Design and Setting

The Yoga for Kyphosis Trial was a randomized, controlled,
single-masked clinical trial. All activities took place at the
Yoga for Kyphosis offices in Westwood, California. The
University of California at Los Angeles institutional review
board approved the protocol, and participants provided
written, informed consent.

The yoga intervention group attended three yoga classes
per week for 6 months, and the control intervention group
received attention activities consisting of monthly luncheon-
seminars and mailings. The RCT phase is the subject of this
report. The study also included a 6-month post-RCT inter-
vention, which will be reported subsequently.

The intended sample size was 120 evenly allocated to
active and control treatments. To achieve a group size of
approximately 30 in each arm and to allow staged recruit-
ment, the intervention was implemented twice (Waves 1
and 2), with roughly half of the sample enrolled each time.
Wave 1 received the RCT intervention between April and
October 2005. Wave 2 received the RCT intervention
between February and July 2006.

Participants

Participants were recruited from mailing lists; referrals from
physicians, physical therapists, and study participants; flyers;
and senior education programs. Initial eligibility (e.g., age,
willingness to accept randomization) was evaluated over the
telephone. At an in-person screening, inclusion and exclusion
criteria were assessed. Women and men aged 60 and older
with adult-onset hyperkyphosis (noticed after age 50) were
eligible if their measured Debrunner kyphometer angle was
401 or greater (see below). The following were exclusions:
active angina pectoris, uncontrolled hypertension, high rest-

ing pulse or respiratory rate, unstable asthma or chronic ob-
structive pulmonary disease, cervical spine instability,
unstable knee or shoulder joints, hemiparesis or parapare-
sis, use of assistive walking device, inability to hear or see
adequately for participation, inability to comprehend and
follow directions, inability to attend in-person classes, like-
lihood of moving within 1 year, and no examination from
healthcare provider within 12 months (if not taking any
prescription medications) or in the past 6 months (if any
regular medicines taken) and not willing to do so before
enrollment. Participants also had to stably execute the fol-
lowing safety tests: transition from standing to recumbent on
the floor and rise from the floor to standing, lift both arms to
shoulder level, stand with feet side by side for 30 seconds,
and stand with feet hip-width apart for 60 seconds.

Randomization

Assignments were generated using randomly permuted
blocks of four and six. Couples were randomized as a unit,
to facilitate recruitment and retention and to avoid con-
tamination; analyses were adjusted accordingly. Treatment
assignments were placed in numbered, opaque envelopes
and handed out in sequential order at the completion of the
baseline visit. Researchers who conducted follow-up visits
were unaware of assignments, and participants were
instructed not to reveal them.

Interventions

The active treatment group practiced yoga 3 days per week
for 1 hour per session for 24 weeks. The control group
received monthly luncheons and seminars, 2 hours per ses-
sion, for the same duration.

Yoga Intervention

The study used Hatha yoga, which teaches asanas (poses)
and pranas (breathing).26 By emphasizing mental and phys-
ical focus during the practice of asanas, yoga attempts to
build concentration and body awareness. It is a nonballistic
form of physical activity that uses slow, controlled move-
ments (enhancing safety). Because yoga postures are highly
modifiable, they can be targeted at the mutable causes of
hyperkyphosis while respecting the physical limitations of
this population. A progressive series of poses was used that
addressed flexibility, strength, and proprioceptive aware-
ness of all major appendicular and truncal muscle groups.
The first poses were done recumbent on the floor, a safe way
to introduce controlled breathing and simple isometric and
isotonic contractions of the arms, legs, and abdomen. Ad-
vancement was made to poses in a chair, on hands and
knees, in the prone position, and standing. Poses were
modified versions of standard asanas modified to the phys-
ical capabilities of the population. An overview of the yoga
program is contained in Supporting Appendix S1.

Control Intervention

The control intervention was designed to provide a social
environment similar to yoga. A doctoral-level health edu-
cator facilitated six luncheon seminars aimed at providing
an emotionally positive and intellectually stimulating ex-
perience with socialization. Each session included lunch, an
informational component (e.g., ‘‘What is stress and what
can you do about it?’’), and an interactive component (e.g.,
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‘‘Value Bingo,’’ an exercise in articulating personal priori-
ties). Control participants also received a newsletter and a
senior health magazine monthly.

Measurements

Baseline and follow-up visits included self-reported survey
of demographics, health conditions, health behaviors, and
quality of life; anthropometrics; and physical performance
testing. Measurements were made in the same order at all
visits.

Reproducibility

The same staff member measured each anthropometric and
physical performance outcome three times (with reposition-
ing) at each visit. The average of the three measures was used
as the study outcome. The first and second of the three mea-
sures were used to assess intrarater reliability. A second
masked research associate performed same-day measure-
ments with repositioning in most instances (92–102 partic-
ipants). Interrater reliability, assessed using intraclass
correlation, ranged from 0.89 to 0.96 for the Debrunner
and flexicurve kyphosis measures and from 0.73 to 0.93 for
the other anthropometric and physical performance tests. In-
trarater reliability ranged from 0.93 to 0.98 for the Debrun-
ner and flexicurve kyphosis measures and from 0.86 to 0.94
for other anthropometric and physical performance tests.

Primary Outcomes

The primary outcomes were change (baseline to 6 months)
in Debrunner kyphometer-assessed kyphosis angle, stand-
ing height, timed chair stands, functional reach, and walk-
ing speed. Primary outcomes were selected, because they
changed in response to the yoga intervention in a single-
armed pilot study.19

The Debrunner kyphometer consists of a protractor
with 11 precision, mounted at the end of two double parallel
arms (Appendix S2). The upper arm of the kyphometer is
placed on C-7, and the lower arm is placed on T-12. The
circumscribed kyphosis angle is read from the protrac-
tor.9,27 Participants had two sets of Debrunner measures
taken to assess spinal flexibility: one standing in their usual,
relaxed posture and one standing as tall as possible.28

Standing height was measured using a wall-mounted
stadiometer.29 Hyperkyphosis precluded some from touch-
ing their heels to the wall; if so, the distance between their
heels and the wall was measured, and this distance was
replicated at follow-up. The timed chair stands test re-
corded the number of seconds required for subjects to stand
up from a seated position five times without using their
hands.30 The functional reach test evaluated subject’s abil-
ity to extend their arm forward without moving their base
of support.31 The result is in centimeters; longer reach in-
dicates better performance. The timed walk measured the
time (seconds) that it took to complete a 50-foot course at
the fastest pace.32

Secondary Outcomes

Secondary outcomes were change in kyphosis index, flexi-
curve kyphosis angle, Rancho Bernardo Blocks, and health-
related quality of life (HRQOL). The kyphosis index was
measured using a flexicurve, which conforms to the contour
of the spine (Appendix S2).18,20 The cephalic end of the

flexicurve is placed on C-7, and it is molded to the spine in
the caudal direction. The shape is traced onto paper and the
apex kyphosis height is measured relative to the length of
the entire thoracic spine; this ratio is the kyphosis index.
Higher values indicate greater kyphosis. Using geometric
formulae, the flexicurve-inscribed kyphosis angle was also
calculated from the flexicurve tracing. By definition, an in-
scribed angle is systematically less than a circumscribed
angle. The Rancho Bernardo Blocks measure is an estimate
of forward posture, but is not specific for thoracic kypho-
sis.13,17,33 With the participant lying supine on a flat sur-
face, blocks are placed under the occiput to achieve a
neutral head position (Appendix S2). The number of blocks
required to achieve neutrality is the estimate of forward
posture. Secondary HRQOL outcomes were assessed in
multiple domains. The RAND 36-Item Health Survey 1.0
assessed physical functioning, general bodily pain, role lim-
itations due to health, role limitations due to personal or
emotional problems, mental health, social functioning, en-
ergy and fatigue, and health perceptions.34 Scores range
from 0 to 100; higher scores indicate better function.
T-scores were computed by normalizing the mean to 50.
Pain was measured in greater detail using the RAND bodily
pain questions.34 This 12-item survey asks about the oc-
currence of bodily pain in the previous 4 weeks; persons
reporting any pain are asked 11 additional questions that
gauge severity, frequency, duration, and number of days
that pain interfered with usual activities as well as pain’s
interference with mood, mobility, sleep, recreation, and life
enjoyment. The pain interference items are scaled from 0 to
100, normalized to a mean of 50. The Activities-specific
Balance Confidence (ABC) scale is a 16-item survey that
assesses participants’ confidence that they will not fall dur-
ing daily activities.35 Scores range from 16 to 160; higher
scores correspond to greater falls efficacy (confidence that
falls will not occur). The ABC-6, which consists of the six
most challenging items from the ABC scale, was also cal-
culated.36 The ABC and ABC-6 were scaled to 100 to fa-
cilitate comparison with the HRQOL scales.

Covariates

Demographic descriptors, medical conditions, and health
behaviors were recorded using standardized questionnaires.
Usual physical activity was assessed using the average of the
home and leisure domains from the Postmenopausal Estro-
gen Progestins Intervention Trial physical activity scale.
Values range from 1 to 4, corresponding to no, mild, mod-
erate, and intense usual activity.37–39 A single, masked, ex-
pert musculoskeletal radiologist (LS) read vertebral
deformities from baseline standing radiographs. The crite-
rion for prevalent fracture was at least 25% decrement in
height in the anterior, middle, or posterior dimension of the
vertebral body.

Adherence

Attendance at yoga classes or at luncheon seminars was
recorded. Participants who attended 80% of the yoga
classes or four of the six lunch seminars were classified as
adherent.
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Side Effects

To allow equal opportunity to observe possible side effects
in the active and control conditions, a monthly symptom
checklist containing plausible side effects of the yoga inter-
vention (e.g., back pain, muscle cramps) and distractor
symptoms expected to be unrelated to yoga (e.g., constipa-
tion) was used.

Sample Size

Power calculations were based on plausible effect sizes for
two primary outcomes for which pilot data were available
(Debrunner kyphometer angle and standing height); it was
assumed that the treatment difference would be 1.5 times
the effect sizes observed in the 3-month pilot.19 The sample
size required to detect the hypothesized between-group
differences in mean within-subject change using a two-
sample t-test, under 80% power, .05 significance level, and
two-sided hypothesis testing was calculated. Randomizing
a sample of 120, assuming 20% attrition, the minimum
detectable difference in Debrunner kyphosis angle was
7.821, and the minimal detectable difference in height
change was 0.12 cm.

Statistical Analysis

Baseline characteristics were summarized using frequencies
for categorical variables and means and standard deviations
for continuous variables. The two treatment arms were
compared, and attriters and completers were compared,
using Wilcoxon two-sample rank sum tests and Fisher exact
tests. Within-subject changes from baseline to 6 months in
anthropometric and physical performance outcomes were
compared for the two treatment arms using Wilcoxon two-
sample rank sum tests.

A ‘‘ceiling effect’’ characterized baseline values of most
of the HRQOL scales (i.e., many participants were at the
maximum value). To account for this right truncation, an-
alyses of continuous HRQOL outcomes used longitudinal
Tobit models.40 Ordinal categorical outcomes were ana-
lyzed using a method previously developed.41 Briefly,
within-participant changes were ranked separately for each
baseline outcome value, these ranks were transformed using
normal scores, and the treatment arms were compared us-
ing Wilcoxon signed rank testing.

The occurrence of side effects (each month for each
symptom) was compared using Fisher exact tests. The total
number of symptomatic months (out of 6) that each symp-
tom was reported was compared using Wilcoxon two-
sample rank sum tests. Longitudinal logistic regressions for
each symptom indicated that trajectories (whether pre-
valence increased or decreased over time) did not vary
significantly according to treatment arm (results not pre-
sented). Symptom checklists were missing for at least 1
month for 57.5% of control group participants and 31.6%
of yoga group participants. (Median numbers of checklists
received were 4.95 and 5.31, respectively.) Not having a
symptom in the previous month was more strongly predic-
tive of missing data in the subsequent month for control
participants than for yoga participants. Thus, analyses em-
ployed multiple imputation42 of missing symptoms, im-
puted as a function of the participant’s own observed

percentage of symptomatic months. Nonimputed analyses
were not substantively different (data not shown).

RESULTS

Participant Flow

Two hundred forty-three telephone screenings and 172 in-
person screenings were completed to enroll 118 partici-
pants. Wave 1 randomized 48 participants, 23 to yoga and
25 to the control intervention, delivered between April and
October 2005. Wave 2 randomized 70 participants, 35 to
yoga and 35 to the control intervention, delivered between
February and July 2006. Figure 1 depicts screening, enroll-
ment, and intervention delivery.

Baseline Characteristics

Mean age was 75.5 (range 59.8–90); approximately 81%
were women and 88% Caucasian. In general, participants
had high educational attainment, were not current smokers,
and had moderate alcohol consumption (Table 1). The av-
erage physical activity score was 2.3, which corresponds to
activities such as light housework, gardening, carpentry,
bowling, golfing, or walking at least 10 minutes daily.
Characteristics were generally similar in the yoga and con-
trol intervention groups, except that current employment
and level of educational attainment were somewhat higher,
and usual physical activity was slightly lower, in the yoga
group. Prevalent vertebral fractures were present in 25% of
participants.

Baseline characteristics did not differ between partic-
ipants who did and who did not complete the 6-month fol-
low-up, with the exception of prevalent thoracic vertebral
fracture (more common among attriters) and race or eth-
nicity, although nonwhite sample sizes were small. The
characteristics listed in Table 1 did not differ between Wave
1 and Wave 2 (data not shown).

Baseline Values of Primary and Secondary Outcomes

Summarized in Table 2, on average, participants were mod-
erately kyphotic, with a median Debrunner kyphosis angle
of 581, a kyphosis index of 0.16, and a flexicurve kyphosis
angle of 361. (The flexicurve kyphosis angle is inscribed, by
definition, systematically lower than the circumscribed
Debrunner angle.) Spinal flexibility, the difference between
kyphosis angles measured during usual posture versus best
posture, was �5.69 � 4.101 using the Debrunner instru-
ment. According to flexicurve, spinal flexibility was
� 3.35 � 2.511. Spinal flexibility did not differ according
to treatment assignment (data not shown).

At baseline, Spearman correlations between each of
the kyphosis measurements were statistically significantly
different from 0: Debrunner angle with kyphosis index,
0.79; Debrunner angle with flexicurve kyphosis angle, 0.80;
and kyphosis index with flexicurve kyphosis angle, 0.99.
Correlations between Rancho Bernardo blocks and Deb-
runner angle, kyphosis index, and flexicurve kyphosis angle
were 0.34, 0.34, and 0.35, respectively, substantially lower
than correlations between other kyphosis measures.

Participants reported almost no limitations in role
function related to physical or emotional health or in social
function; median scores were 100. With the exception of the
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Wave 1 

Excluded (N = 23) 

   Not meeting 

inclusion criteria 

(N = 12) 

   Refused (N = 11)

Assessed for 

eligibility by 

phone (N = 117) 

Assessed for 

eligibility in person

(N = 94) 

Eligible for 

Baseline

(N = 58) 

Randomized

(N = 48) 

Allocate to yoga (N = 23) 

   Received intervention 

   (N = 23) 

Allocated to Control (N = 25) 

   Received intervention 

   (N = 24) 

   Did not receive intervention

(N = 1)

Analyzed 

(N = 25) 

Excluded

(N = 0)

Analyzed 

(N = 25) 

Excluded

(N = 0)

Excluded (N = 36) 

   Did not meet inclusion 

criteria (N = 7) 

   Unable to schedule for 

assessment   

   (N= 18) 

  Refused (N = 11)
Excluded (N = 10) 

   Refused (N = 10) 

Wave 2 

Assessed for 

eligibility by 

phone (N = 204)

Assessed for 

eligibility in person 

(N = 132) 

Eligible for 

Baseline

(N = 84) 

Randomized

(N = 70) 

Allocate to Control (N = 35) 

   Received intervention 

   (N = 33) 

   Did not receive intervention 

   (N = 2)

Allocate to yoga (N = 35) 

   Received intervention 

   (N = 35)

Analyzed 

(N = 35) 

Excluded

(N = 0)

Analyzed 

(N = 35) 

Excluded

(N = 0)

Excluded (N = 72) 

   Not meeting 

inclusion criteria 

(N = 13) 

   Refused (N = 59) 

Excluded (N = 48) 

   Not meeting inclusion 

criteria (N = 23) 

   Unable to schedule for 

assessment   

   (N = 8) 

   Refused (N = 17)

Excluded (N = 14) 

   Not meeting inclusion 

criteria (N = 5) 

   Incomplete baseline

assessment  (N = 1) 

   Refused (N = 8)

Figure 1. Flow diagram of recruitment, enrollment, intervention delivery, and number of participants who contributed data to the
analysis in the Yoga for Hyperkyphosis Trial, according to study wave.
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energy and fatigue domain, all other HRQOL scales were
rated uniformly highly. Although health-related role limi-
tations were generally absent, bodily pain was common.
Three-quarters endorsed some pain in the previous 4 weeks;
of these, approximately 60% stated that their pain occurred
fairly often to daily. Apparently, pain did not compromise
function: the median number of days of interference with
daily activity was 0. Falls efficacy was also high. All do-
mains of HRQOL, pain reporting, and falls efficacy were
similar in the yoga and the control intervention groups
(Table 2) and in Wave 1 and Wave 2 (data not shown).

Intervention Delivery

Overall, 50% of participants in the yoga intervention group
attended 80% or more of the yoga classes (median % at-
tended was 79.9%); yoga adherence rates were 52.2% in
Wave 1 and 48.6% in Wave 2. Of those randomized to the
control condition, 71.7% attended at least four of six lun-

cheon seminars (median number was 5); Wave 1 and Wave
2 luncheon seminar adherence rates were 76.0% and
68.6%, respectively.

Kyphosis, Posture, and Height

Compared to the control intervention, yoga resulted in
statistically significant reductions in hyperkyphosis accord-
ing to two of the three kyphosis measurement methods
(Table 3). The median flexicurve kyphosis index decreased
by 0.006 in those randomized to yoga and increased by
0.003 in control participants (P 5.004), a 5% difference.
The median flexicurve-inscribed kyphosis angle lessened by
0.931 in the yoga intervention group, whereas that of the
control participants increased by 0.821 (P 5.005), a 4.4%
difference. Median Debrunner kyphosis angle diminished
by 3.01 in the yoga group, but it also decreased by 1.31 in
the control group, a difference of 3% (P 5.44). The Rancho
Bernardo blocks did not change in either group. A small

Table 1. Baseline Demographic, Behavioral, and Medical Characteristics of Study Sample, According to Treatment
Assignment and Loss to Follow-Up

Characteristic

Full

Sample

(N 5 118)

Yoga

Intervention

Group (n 5 58)

Control

Intervention

Group (n 5 60)

P-Value for

Treatment

Arm Comparisons�

Participants

Lost to

Follow-Up

(n 5 13)

P-Value

Comparing

Attriters and

Completers�

Age, mean � SD 75.5 � 7.4 74.5 � 7.6 76.5 � 7.2 .17 76.6 � 7.4 .53

Body mass index, kg/m2, mean � SD 26.5 � 4.6 26.3 � 4.7 26.8 � 4.5 .52 25.9 � 5.1 .48

Female, n (%) 96 (81.4) 48 (82.8) 48 (80.0) .81 12 (92.3) .46

Race or ethnicity, n (%)w .41 .006

Black 6 (5.1) 1 (1.7) 5 (8.5) 3 (25.0)

Hispanic 5 (4.3) 3 (5.2) 2 (3.4) 1 (8.3)

White 103 (88.0) 52 (89.7) 51 (86.4) 7 (58.3)

Other 3 (2.6) 2 (3.5) 1 (1.7) 1 (8.3)

Employed (paid or volunteer), n (%)w 51 (43.6) 31 (60.8) 20 (33.9) .04 4 (33.3) .55

Educational level, n (%)w .03 .12

o High school 1 (0.9) 0 (0.0) 1 (1.7) 1 (8.3)

High school 8 (6.8) 2 (3.5) 6 (10.2) 0 (0.0)

Some college 33 (28.2) 12 (20.7) 21 (35.6) 2 (16.7)

�College 75 (64.1) 44 (75.9) 31 (52.5) 9 (75.0)

Cigarette use, n (%)z .57 .43

Never 65 (56.0) 34 (58.6) 31 (53.5) 5 (41.7)

Former 50 (43.1) 23 (39.7) 27 (46.6) 7 (58.3)

Current 1 (0.9) 1 (1.7) 0 (0.0) 0 (0.0)

Current alcohol consumption, n (%)z 63 (54.3) 37 (63.8) 26 (44.8) .06 7 (58.3) 1.00

Drinks per week for consumers, mean � SD 16.4 � 18.9 15.1 � 17.4 18.0 � 21.0 .68 14.9 � 10.6 .44

Usual physical activity score, mean � SDz,§ 2.3 � 0.5 2.2 � 0.5 2.4 � 0.5 .06 2.3 � 0.5 .92

Number of chronic conditions, mean � SD 5.4 � 3.0 5.6 � 3.1 5.2 � 2.8 .67 5.4 � 2.7 .86

Vertebral fractures, n (%)w,k

Any 29 (24.8) 16 (27.8) 13 (22.0) .53 6 (50.0) .07

Thoracic 23 (19.7) 13 (22.4) 10 (17.0) .49 5 (41.7) .06

Lumbar 8 (6.8) 5 (8.6) 3 (5.1) .49 1 (8.3) .59

�P-value from Wilcoxon rank-sum test or Fisher exact test.
wMissing for one control group participant.
zMissing for two control group participants.
§ Physical activity assessed using Postmenopausal Estrogen Progestins Intervention Trial activity scale. Scores range from 1 (low) to 4 (high) and represent average

home and leisure activity. (See Methods for additional detail.)
k Sum of ‘‘any’’ fracture less than thoracic plus lumbar because some participants had fractures of both spinal regions.

SD 5 standard deviation.
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(0.2% between-group difference) treatment benefit was ev-
ident for standing height (P 5.05).

Physical Performance

The yoga group cut 1.4 seconds from its chair stand time (a
10% improvement), and the control group’s chair stand time
decreased by approximately half as much, a between-group

difference of approximately 5%, which did not reach the level
of statistical significance (Table 3). Functional reach and 50-
foot walk time improved slightly in both groups.

HRQOL

Small changes in each of the HRQOL scales were appa-
rent for the yoga and the control groups, ranging from

Table 2. Baseline Measures of Anthropometric, Physical Performance, and Health-Related Quality of Life (HRQOL)
Outcomes

Anthropometric/

Physical Performance

Full Sample

(N 5 118)

Yoga Intervention

Group (n 5 58)

Control

Intervention

Group (n 5 60) P-Value�

Primary outcomes, median (25th %ile–75th %ile)

Debrunner angle, 1 (degrees) 58.0 (51.0–65.0) 56.2 (51.7–63.7) 58.7 (49.0–65.5) .50

Height, cm 159.2 (153.4–166.7) 158.1 (154.2–164.6) 159.6 (151.9–167.4) .56

Chair stand, secondsw 14.7 (12.5–17.6) 14.4 (12.5–17.2) 14.9 (12.1–17.8) .64

Functional reach, cm 33.0 (29.0–38.4) 32.2 (29.1–38.4) 34.1 (28.9–38.2) .81

50-foot walk, m/secz 1.34 (1.17–1.54) 1.35 (1.19–1.58) 1.32 (1.13–1.51) .31

Secondary outcomes, median (25th %ile–75th %ile)

Kyphosis index 0.16 (0.14–0.19) 0.16 (0.14–0.18) 0.16 (0.14–0.19) .69

Rancho Bernardo blocksz,§ 2.67 (2.00–3.33) 2.67 (2.00–3.33) 2.67 (2.00–3.67) .33

Flexicurve angle (degrees) 36.5 (31.6–41.5) 36.1 (31.6–39.8) 36.6 (31.3–41.7) .52

HRQOL outcomes, median (25th %ile–75th %ile)

RAND 36-item Health Survey 1.0z

Physical functioning 85.0 (70.0–95.0) 85.0 (70.0–95.0) 85.0 (60.0–95.0) .51

Role limitationsFphysical 100.0 (50.0–100.0) 100.0 (50.0–100.0) 100.0 (50.0–100.0) .92

Role limitationsFemotional 100.0 (100.0–100.0) 100.0 (100.0–100.0) 100.0 (100.0–100.0) .45

Energy and fatigue 60.0 (50.0–75.0) 65.0 (50.0–75.0) 55.0 (50.0–75.0) .32

Emotional well-being 80.0 (68.0–88.0) 80.0 (68.0–88.0) 80.0 (64.0–92.0) 1.00

Social functioning 100.0 (77.5–100.0) 100.0 (87.5–100.0) 90.0 (67.5–100.0) .07

General health perceptions 75.0 (60.0–85.0) 75.0 (60.0–85.0) 75.0 (60.0–85.0) .56

Bodily pain (single item) 85.0 (70.0–100.0) 90.0 (75.0–100.0) 85.0 (65.0–100.0) .16

RAND bodily pain survey, n (%)

Any pain in previous 4 weeksz 75.2 (88) 70.7 (41) 79.7 (47) .29

Pain severityk .44

Mild 37.5 (33) 31.7 (13) 42.55 (20)

Moderate 51.1 (45) 58.5 (24) 44.7 (21)

Severe 11.4 (10) 9.8 (4) 12.8 (6)

Pain frequencyk .75

Rare 37.5 (33) 39.0 (16) 36.2 (17)

Fairly or very often 44.3 (39) 46.3 (19) 42.6 (20)

Daily or almost daily 18.2 (16) 14.6 (6) 21.3 (10)

Number of days that pain interfered with daily activity§,# 0.0 (0.0–7.0) 0.0 (0.0–6.5) 0.0 (0.0–7.0) .86

Pain interference with HRQOL§,k 1.8 (1.4–2.4) 1.8 (1.4–2.2) 2.0 (1.2–2.8) .36

Visual analog pain severityk 4.0 (3.0–8.5) 4.0 (3.0–9.0) 5.0 (3.0–8.0) .93

Visual analog worst paink 8.0 (4.0–12.0) 8.0 (4.0–12.0) 8.0 (4.0–12.0) .62

ABCz

Full ABC scale 88.0 (75.6–93.8) 87.5 (78.8–93.8) 88.1 (67.5–94.0) .47

ABC-6 75.0 (60.0–86.7) 78.3 (63.3–86.7) 75.0 (56.7–86.0) .47

�Comparison of treatment arms using Wilcoxon two-sample rank sum test for continuous outcomes and Fisher exact test for categorical outcomes.
wMissing data from three yoga participants.
zMissing data from one control participant.
§ Missing data from one yoga participant.
kSubset who reported any pain in previous 4 weeks.
# Missing data from two control participants.

ABC 5 Activities-specific Balance Confidence Scale.
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approximately � 2 to 8 points, but there were no statisti-
cally significant effects of treatment (data not shown;
P4.06 for all comparisons).

Side Effects

Table 4 summarizes the percentage of participants endors-
ing each of eight plausible side-effect symptoms and each of
eight distractor symptoms at the first and final month of the
RCT, as well as the mean number of months that each
symptom was reported. Upper back pain was reported half
as often in the yoga group (average of 0.9 months) as in the
control group (average of 1.8 months) (P 5.01). In contrast
to the expectation that the distractor symptoms would be
reported with equal frequency in the two groups, the yoga
group reported fewer months during which they experi-
enced early awakening (P 5.007) or insomnia (P 5.03).

Secondary Analyses

Five prespecified secondary analyses were performed: ad-
justment of all models for age, sex, and presence of any

vertebral fracture; examination of results according to ad-
herence; testing for an interaction between treatment and
prevalent vertebral fracture; testing for an interaction be-
tween treatment and baseline Debrunner kyphosis angle
(above or below the sample median); and testing for an
interaction between treatment arm and dose (the number of
yoga classes or luncheon seminars attended) in the full
sample and separately for each treatment arm. Results of
prespecified secondary analyses were not different from the
intention-to-treat analyses (data not shown).

Two non-prespecified secondary analyses were con-
ducted. The first was a test for interaction between treat-
ment and high spinal flexibility (defined as the median
value, �5.331), hypothesizing that persons with more-pli-
able spines would benefit more. Participants randomized to
the yoga intervention with high spinal flexibility achieved a
� 3.51 (6%) median improvement in Debrunner kyphosis
angle; in those with low spinal flexibility, yoga produced a
� 2.01 (3%) median improvement. Control group partic-
ipants with high spinal flexibility realized a �3.01 (4.6%)
median improvement in Debrunner kyphosis angle; control

Table 3. Unadjusted Treatment Arm Differences in Mean Within-Subject Change in Anthropometrics and Measured
Physical PerformanceFIntent-to-Treat Analyses (N 5 105)�

Anthropometric and Physical

Performance Outcomes

Median Within-Subject Change (25th–75th Percentile)

P-Valuew
Yoga Intervention

Group (n 5 55)

Control Intervention

Group (n 5 50)

Primary outcomes

Debrunner kyphometer angle

Absolute change, 1 (degrees) � 3.00 (� 4.67, 0.67) � 1.33 (� 6.67, 2.00) .44

% change � 5.17 (� 8.38, 0.93) � 2.10 (� 11.24, 2.67) .44

Height

Absolute change, cm 0.30 (� 0.17, 0.80) 0.03 (� 0.50, 0.43) .06

% change 0.19 (� 0.11, 0.48) 0.02 (� 0.30, 0.26) .05

Chair standz

Absolute change, seconds � 1.41 (� 3.19, � 0.27) � 0.80 (� 2.80, 0.70) .25

% change � 10.11 (� 20.63, � 1.85) � 5.66 (� 16.33, 6.19) .14

Functional reach

Absolute change, cm � 0.66 (� 3.88, 2.71) � 1.48 (� 4.81, 2.04) .48

% change � 2.23 (� 12.44, 9.31) � 3.75 (� 11.92, 5.24) .47

50-foot walk§

Absolute change, m/s � 0.02 (� 0.09, 0.08) � 0.01 (� 0.09, 0.07) .76

% change � 1.65 (� 6.44, 5.91) � 0.83 (� 5.37, 5.38) .90

Secondary outcomes

Kyphosis index

Absolute change � 0.006 (� 0.015, 0.002) 0.003 (� 0.006, 0.008) .004

% change � 3.64 (� 8.98, 1.34) 1.71 (� 3.41, 4.65) .004

Flexicurve angle

Absolute change, 1 (degrees) � 0.93 (� 3.30, 1.04) 0.82 (� 1.03, 2.06) .005

% change � 2.25 (� 8.09, 3.25) 2.16 (� 3.04, 6.08) .006

Rancho Bernardo blocks§k

Absolute change, number 0.00 (� 0.33, 0.33) 0.00 (� 0.83, 0.33) .41

% change 0.00 (� 13.33, 12.50) 0.00 (� 25.00, 11.11) .16

�N 5 105 because 13 participants did not have follow-up visit.
wComparison of treatment arms using Wilcoxon rank-sum test.
zMissing for three yoga group participants.
§ Missing for one control group participant.
kMissing for one yoga group participant.
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participants with low spinal flexibility had a 0.331 (0.55%)
median change (P 5.3 for interaction).

Finally, 28 participants’ kyphosis measures were identi-
fied during the study visits as difficult, because the Debrunner
kyphometer was not stable on the vertebral spines
(‘‘wobbled’’) or because the thoracic and lumbar regions
were both kyphotic (C-shaped spine). Of those who were
free from measurement difficulties, yoga-assigned partici-
pants experienced a � 5.40% decrease in Debrunner ky-
phosis angle and control group participants posted a
� 0.72% change (P 5.1 for interaction).

DISCUSSION

This 6-month yoga intervention resulted in statistically sig-
nificant improvements in two hyperkyphosis outcomes:
participants randomized to yoga experienced a 4.4%
greater improvement in flexicurve kyphosis angle and a
5% greater improvement in kyphosis index than control
participants. The intervention did not result in any statis-
tically significant gains in measured physical performance
or in self-assessed HRQOL. No negative side effects of yoga
occurred, and yoga participants reported less upper back
pain, early-morning awakening, and insomnia.

The intervention’s main goal was to reduce hype-
rkyphosis, which it accomplished based on the flexicurve
assessments but not on the Debrunner kyphometer. The
most likely explanation for these divergent results is that,

for long-term repeated measures, the flexicurve is more ac-
curate and more precise than the Debrunner instrument.
The flexicurve traces the curvature of the entire spine, de-
termining thoracic kyphosis based on the inflection point
between the thoracic kyphosis and lumbar lordosis. In con-
trast, the position of the instrument on external landmarks
that attempt to locate the C-7 and T-12 vertebrae defines the
Debrunner kyphosis angle.9 Despite careful protocols, the
inferior landmark can be difficult to discern, especially
when lumbar lordosis has reversed and the entire thoraco-
lumbar region is kyphotic (C shaped).20,24 In addition, ac-
curacy and precision can be poor, because the kyphometer
sometimes wobbles on the T-7 or T-12 spinous processes.
(This instability may be lessened by using a protocol of that
places the kyphometer across two superior and two inferior
spinous processes.43) Although the same-day reliabilities of
the Debrunner kyphometer were similar to those of the
flexicurve, the technical challenges of the Debrunner mea-
sure may have made its 6-month precision lower than that
of the flexicurve. The secondary analysis of technically
difficult measurements supported this hypothesis.

To the authors’ knowledge, there are no published
randomized, controlled, physical activity–based inter-
ventions to correct hyperkyphosis that are directly compa-
rable with this RCT, although a few nonrandomized or
noncontrolled studies of physical activity interventions
have suggested that kyphosis improvements are possible.
One study randomized 60 postmenopausal women to a

Table 4. Percentage of Time Each Symptom Was Reported in Months 1 and 6 and Numbers of Months (Out of 6) That
Each Symptom Was Reported, According to Treatment Assignment�

Symptoms

Yoga (n 5 56) Control (n 5 59) Yoga (n 5 56) Control (n 5 59)

P-Valuew
% Symptoms

Month 1

% Symptoms

Month 6

% Symptoms

Month 1

% Symptoms

Month 6

Mean Number

Symptomatic Months

Target symptomsz

Low back pain 48.6 38.9 42.4 38.6 2.4 2.3 .88

Leg cramps 39.3 31.4 41.4 38.0 2.1 2.3 .55

Neck aches 37.5 27.1 25.4 29.2 1.7 1.9 .63

Muscle stiffness 31.8 26.4 33.2 39.0 1.9 2.0 .70

Upper back pain 17.9 14.3 22.0 32.2 0.9 1.8 .01

Weight loss 14.3 17.9 6.8 11.9 0.7 0.4 .17

Stress incontinence 12.5 10.7 14.9 15.9 0.6 0.9 .29

Dizziness 7.1 5.4 13.9 7.8 0.5 0.5 .82

Distractor symptoms§

Forgetfulness 27.9 30.4 50.5 40.3 1.7 2.6 .06

Early awakening 23.2 32.5 45.4 49.8 1.6 2.7 .007

Take naps 20.4 23.2 36.3 29.8 1.3 2.0 .07

Difficult to concentrate 19.6 22.5 28.8 24.4 1.3 1.6 .37

Insomnia 12.5 13.2 33.9 25.8 0.8 1.6 .03

Constipation 12.5 16.4 15.3 17.6 0.9 1.1 .56

Cold or virus 11.4 14.6 21.0 10.2 0.7 0.7 .84

Tinnitus 11.1 12.5 20.3 18.6 0.7 1.0 .36

�Based on results using multiple imputation; see Methods for details.
wP-value for Wilcoxon two-sample comparing number of months with symptoms in the yoga and control interventions.
zTarget symptoms are those symptoms that were hypothesized to occur because of yoga intervention.
§ Distractor symptoms were symptoms that were hypothesized to be unrelated to the yoga intervention. There were an additional 17 distractors each of which

was reported a lower frequency than the eight distractors shown and that did not differ in frequency according to treatment assignment.
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2-year progressive back-strengthening exercise and no in-
tervention, but hyperkyphosis was not an entry criterion.
The intention-to-treat analysis found no between-group
change in radiologically measured kyphosis angles, but a
post hoc, nonrandomized analysis that divided the study
sample according to whether participants had achieved
greater than or less than the median increase in back
strength reported a 2.81 improvement in radiological ky-
phosis angle in participants in the high-strength-gain cat-
egory,44 similar to the yoga group’s decrease of 31 according
to the kyphometer measure. Another study reported statis-
tically significant pre–post improvements in kyphosis in a
single-arm, nonblinded exercise intervention in 21 women
aged 65 and older who had Debrunner-measured hype-
rkyphosis of at least 501 and high spinal flexibility (at least
� 51).45 The investigators recorded a 61 reduction in usual-
stance kyphosis, twice the size of our yoga arm’s within-
group reduction. In part, selection based on spinal flexibil-
ity may have caused this larger effect size. The secondary
analysis of the current study demonstrated a kyphometer
improvement of 41 in the high-spinal-flexibility subgroup.

Other proposed interventions for hyperkyphosis in-
clude spinal orthoses, vertebroplasty, and kyphoplasty. One
RCT randomized women aged 60 and older with at least
one vertebral fracture and hyperkyphosis of 601 or greater
to wear a spinal orthosis for 6 months or to a wait list
(n 5 31, each arm).46 Although the authors did not report
whether assessors were masked, the orthosis arm posted a
7.91 improvement in kyphosis angle, compared with a 1.91
improvement in the control arm. A review of 69 clinical
studies of vertebroplasty and kyphoplasty (none of which
were RCTs) calculated a mean kyphotic angle restoration of
6.61 for each of these techniques.47 The kyphotic angle is
the wedge angle of the fractured vertebrae only, which
should not be confused with the kyphosis angle of the entire
thoracic spine.

Changes in chair stand time, functional reach, and
walking speed did not differ according to study arm, but
there was a trend toward improvement of chair stand time:
10% in the yoga arm and 5% in the control arm (P 5.13). It
was expected that chair stand time in the control condition
would decline or remain stable during the 6-month study.48

Improved physical performance in the control participants
could have resulted from augmented physical activity over
time, but self-reported home and leisure physical activity
did not rise (data not shown). More likely, a practice effect
influenced the measurement, which has been reported for
the chair stand and walk tests.49

Participants began with almost no role or emotional
limitations due to health; thus these domains could not im-
prove. Substantial general body pain was reported, but the
intervention did not affect pain. Inquiring about bodily pain
may have been too nonspecific to capture the effect of yoga,
because on the monthly symptom checklist, the yoga group
reported statistically significantly less upper back pain
(50% fewer months). The symptom checklist also chron-
icled less early awaking (40% fewer months) and insomnia
(50% fewer months) in the yoga group. Only half of the
yoga-assigned participants met the 80% adherence bench-
mark, possibly lowering the effectiveness of the interven-
tion, although a stronger effect was not observed in
adherent participants.

In summary, the principal limitations of the study are
its small size and that it enrolled high-functioning seniors,
limiting generalizability to older adults with functional
limitations. However, this study must be considered devel-
opmental, not definitive. The improvement in flexicurve
kyphosis angle supports the hypothesis that hyperkyphosis
is remediable, which is an important, and novel, proof of
concept. Larger, more-definitive studies of yoga for hyper-
kyphosis should be considered. Using self-reported function
scales that were not limited by a ceiling effect, making two
baseline measures of physical performance on separate days
to account for the learning effect, targeting individuals with
more-malleable spines, using longitudinally precise mea-
sures of kyphosis, and enhancing adherence could strength-
en the observed effects of yoga.
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Appendix S1. Overview of the Yoga for Kyphosis inter-
vention.
Appendix S2. Illustrations of kyphosis measurement in-
struments and explanations of how measurements are cal-
culated.
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