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Abstract

Background: Children with cancer experience decreased quality of life. The National Institutes of Health has recommended
examination of quality of life factors to promote development of clinical interventions to reduce suffering. Measuring quality of
life in children based on self-report instruments is limited by subjectivity, age, and developmental stage. Assessment of posture is
a pioneering objective physical measure that may augment quality of life preceptions among individuals with cancer. Procedure:
This systematic literature review synthesized published evidence regarding the relationship between posture and quality of life.
A systematic search using PRISMA guidelines identified articles describing studies of human subjects that included the variables
of a) posture measured by the standard thoracic kyphosis angle; and b) quality of life or depression/mood. A total of 14 eligible
studies met inclusion criteria (published 2000-2018). Studies were graded for level of evidence and themes were identified.
Results: No studies were found in children with cancer. The majority of the studies (8 of 14) were rated at the moderate level.
Key review findings include evidence supporting: 1) a consistent bidirectional relationship between posture and quality of life;
2) that when posture improves, quality of life also increases; and when depression decreases, posture improves; and 3) emotion
is expressed through posture. Conclusion: If posture is a sensitive and precise measure of quality of life, it could strengthen
existing measurements and give a more complete picture to in turn identify children who may benefit from supportive care

interventions during cancer treatment.
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Abstract

Background: Children with cancer experience decreased quality of life. The National Institutes of Health
has recommended examination of quality of life factors to promote development of clinical interventions
to reduce suffering. Measuring quality of life in children based on self-report instruments is limited by
subjectivity, age, and developmental stage. Assessment of posture is a pioneering objective physical measure
that may augment quality of life preceptions among individuals with cancer.

Procedure: This systematic literature review synthesized published evidence regarding the relationship
between posture and quality of life. A systematic search using PRISMA guidelines identified articles de-
scribing studies of human subjects that included the variables of a) posture measured by the standard thoracic
kyphosis angle; and b) quality of life or depression/mood. A total of 14 eligible studies met inclusion criteria
(published 2000-2018). Studies were graded for level of evidence and themes were identified.

Results: No studies were found in children with cancer. The majority of the studies (8 of 14) were rated at
the moderate level. Key review findings include evidence supporting: 1) a consistent bidirectional relationship
between posture and quality of life; 2) that when posture improves, quality of life also increases; and when
depression decreases, posture improves; and 3) emotion is expressed through posture.

Conclusion: If posture is a sensitive and precise measure of quality of life, it could strengthen existing
measurements and give a more complete picture to in turn identify children who may benefit from supportive
care interventions during cancer treatment.

One critical aspect of care for children with cancer is assessment of symptoms and quality of life (QOL)
related to both the disease and side effects of aggressive therapies.!"® Historically, QOL research instruments
have been based on self-report responses. An objective physical measure could reduce the time and possible
distress associated with questionnaires, yet changes in conventional circulating (plasma) biomarkers are
confounded by both cancer treatments and disease progression. Therefore, we proposed investigation of
posture as a promising physical sign of QOL in children with cancer, measured as thoracic kyphosis. Posture
has been studied as a neurologic outcome measure in survivors of childhood leukemia and brain tumors,*®
but not as a QOL outcome for children in active treatment for cancer. This systematic review investigates



the concept of physical posture as a supplemental measure of QOL that could be used by pediatric oncology
practitioners.

Darwin theorized that humans and animals express emotions in their body positions (e.g., abnormal spinal
curvatures).” Assessing the presence of a Cobb angle on the spine is recognized as the gold-standard mea-

surement of thoracic kyphosis.®Thoracic kyphosis can also be measured with a manual inclinometer (Figure
1).°

Precedence for a physical sign to augment subjective reports exists with concepts such as a) step counts
and walk tests for physical activity, b) restlessness for pain, and c¢) breathlessness, respiratory rate, or
facial expression for dyspnea. For example, the ability to understand breathing distress through physical
expressions at end of life when the person can no longer communicate has been studied and documented.'%!!
Adding physical posture to QOL measures could give a more complete picture of a person’s state in a similar
manner. Before we proceed with more testing, a broad approach with a systematic review was thought to
be warranted because causality or direction of the variables is not yet known (whether posture impacts QOL
or vice versa).

Based on clinical observation by our dance/movement therapist of children receiving cancer treatment, we
examined posture as an exploratory QOL outcome measure. Evaluation of the impact of a creative arts
therapy intervention among 100 children with cancer showed evidence of cross-sectional and longitudinal
relationships between posture and QOL questionnaire scores. At baseline, posture was moderately correlated
with QOL (B = 0.33, p < .05).!2 Over time, posture and QOL improved along the same trajectory (p <
.05 for time*group interaction).!® These statistically significant results led us to investigate the literature to
theoretically support this finding.

Examination of the relationship between posture and QOL in children with cancer may provide a novel,
objective, non-invasive, and inexpensive measure of QOL. With further study, posture could be shown to
be a useful measure as a predictive physical sign of QOL, or perhaps for surveillance of QOL during cancer
treatments.'*Establishing proof of concept in adults or other populations is often required prior to exploration
in a high risk pediatric population such as children with cancer. Therefore, the purpose of this systematic
review is to provide an evaluation of existing evidence regarding the relationship between posture and QOL
published in the medical literature in all populations to lay the foundation to support investigation of this
relationship among children with cancer.

Methods

Conceptual Framework

The Shape-Shifter Model is a biobehavioral approach to guide the biopsychosocial research of symptoms.*?

Based on this model, independent and dependent variables (determinants and phenomena, respectively) can
change positions in an association, creating bi-directionality and potentially increased explanatory power in
the study of associations between biologic or psychologic/behavioral factors and a symptom.'® The variables
of study in this review are posture, depression/mood, and QOL.

Data Extraction, Quality Assessment, Search Methods

The review team included a doctoral student and two senior professors with consulting by an experienced
medical librarian. Variables for QOL and depression/mood were measured by established instruments.
Posture was measured by inclinometer, x-ray, chest height, or perceived body postures. As informed by
the Shape-Shifter Model,*®two levels of search strategy (biologic, behavioral) were employed, guided by the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement.'S Inclusion
criteria were: a) posture measured by the standard thoracic kyphosis angle; b) measurement of QOL or
depression/mood; ¢) English language; d) fully published empirical studies with descriptive, cross-sectional,
and randomized clinical trial (RCT) designs. Exclusion criteria were: a) surgical posture intervention studies,
abstracts, case studies, case reports, dissertations, literature reviews, and qualitative studies. No studies were
identified in children with cancer (Figure 2).



First, the existing literature reporting an association between posture and QOL (Biologic Perspective) was
searched using PubMed and Ovid Medline with the indexed term for QOL, and the key words postureand
thoracic kyphosis (MeSH headings Quality of Life orLife Quality or Health Related Quality of Life or HRQOL
). The initial search included the prior ten years from 2008 to 2018, but due to a low number of results, the
time range was increased to the years from 2000 to 2018. The resulting 118 articles were scanned for appro-
priate titles and abstracts, revealing 8 studies (Table 1). Next, existing research literature investigating the
relationship between mood (defined as emotional reactions or depression) and posture (Behavioral Perspec-
tive) was searched using Pubmed and Ovid Medline for the prior ten years from 2008 to 2018 using the key
wordsposture , thoracic kyphosis , mood ,depression , and anziety . This resulted in 307 articles. Resulting
articles were scanned for appropriate titles and abstracts, revealing 6 studies (Table 2). In summary, 14 total
studies met criteria for inclusion in this systematic review.

Evidence Rating

The team then used the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
tool to rate strengths and limitations. Evidence quality with GRADE is evaluated by examining methodolog-
ical flaws, consistency, directness, and effect size.!”'® This tool has been successfully used in other reviews
of studies in the field of pediatric oncology'®2?? and includes four evaluation ratings (high, moderate, low
and very low) (Table 3). One team member initially evaluated and rated each of the 14 selected records.
Matrix tables including GRADE scores were developed and discussed during scheduled on-line conference
calls with all research team members. All team members evaluated each article and the GRADE rating level
of evidence for each article was discussed until 100% consensus was reached.!”

Results

Level of Evidence

Four studies were rated with evidence levels of low;%21-23 seven studies with moderate,?*3% and three stud-

ies with high (Tables 1,2).31"33 In terms of lack of methodologyrigor, institutional review board approval
was not reported in three of the studies.?!26:2% Power calculations for sample size were not reported in 10
of the studies.®21-26:28-30 Randomization procedures were not used in 12 studies.®21-39:32 Six studies had
sample sizes of less than 50 participants.®22:23:27-30 Tywo studies were limited by selection bias (convenience
sampling),213! and two studies used outcome measures without discussion of validity.26-2° Consistency was
evident in seven studies where reproducibility of measures and interventions was reported.®?22:25:27:31-33 D
rectness prompts for an evaluation of similarities between comparison groups and was discussed in comparison
studies of different types of kyphosis?":?22425 and in one study in which there was an unequal population
comparison due to a predominance of females.?® Effect size was most certain in the three studies that rated as
high level of evidence due to power analysis, adequate sample size, narrow confidence intervals, or large effect
size.?1-33 Importantly, all 3 studies with a high level of evidence were identified in the Biologic Perspective
search (Table 1).

Results from the Biologic Perspective

A total of eight studies were reviewed related to biologic criteria (i.e., posture as independent variable, and
QOL as dependent variable; Table 1). Five of these studies included adults aged older than 50 years31-33 and
diagnosed with osteoporosis.??> Three of these studies included children/adolescents (aged 8 to 21 years)
diagnosed with scoliosis.®?1:24 Two of the eight studies included a RCT with randomization of subjects to
either an exercise intervention and/or a control group.?:33 One of the eight studies used a quasi-experimental
study design with investigator assignment of subjects to either a spinal exercise versus a control exercise.?
Two of the eight studies used a cross-sectional comparative study design to examine the relationship of
posture measurements and QOL.2225 Three of the eight studies used a comparative retrospective chart
review design involving a review of indicators of posture and QOL among subjects®2%24, A total of 821
participants were mostly female, and aged from 4 to 90 years. Five of the eight studies included relatively
large sample sizes (> 50 participants).?1:2425:31:32 Three of the eight studies reported performing an apriori
power analysis.?1-33 Six of the eight studies provided evidence of a statistically significant association between



posture and QOL.
Kyphosis is Related to QOL across Underlying Diagnoses

Evidence from two cross-sectional studies of osteoporosis supported a statistically significant moderate effect
size between kyphosis and QOL.???° In a non-randomized double-blind, placebo-controlled repeated mea-
sures intervention study, Jang, Hughes, Oh, Kim 32 focused on evaluating a corrective exercise intervention.
The results showed significant improvement in the participants’ kyphosis angle and QOL in the intervention
group only. The QOL measures for these studies were the Rand 36 and the SF 36, both of which were
reported to have adequate validity and reliability.

Two comparative studies focused on the evaluation of scoliosis in adolescents provided evidence that sug-
gested small to moderate inverse associations between kyphosis QOL: r = -0.2462* and r = -0.601.2! Inves-
tigators in the first of these studies compared adolescents’ spine measurements according to three groups
(severe kyphosis, idiopathic scoliosis, normal controls) and their results showed the poorest level of QOL in
the adolescent group with severe scoliosis and the highest level of QOL in the control group of adolescents,
suggesting a dose-response association.?* The QOL measure for the studies of scoliosis were varying iterations
of the validated scoliosis outcome measure (SRS) which has also shown adequate reliability.

In another study, the investigators® conducted a retrospective comparative analysis study design that pro-
vided evidence of superior improvement in posture angle resulting from a spinal exercise corrective interven-
tion that was accompanied by improved QOL in adolescents with scoliosis. However, these differences were
not shown in the conventional exercise-control condition. Despite the differing etiologies of kyphosis, there
was a consistent negative association between posture/kyphosis and QOL in these two diverse populations.

Kyphosis is Modifiable

Evidence from four studies demonstrated that kyphosis may improve after receiving an exercise intervention.
Less consistent evidence suggested a parallel improvement in QOL with the improvement of kyphosis. In two
clinical trials of older adults with osteoporosis, an exercise intervention improved kyphosis but showed no
impact on the adults’ QOL.31:33 In two RCT designed studies that evaluated an exercise intervention among
adolescents® and older adults,?? the results showed an improvement in the kyphosis angle and QOL measures
among participants receiving the intervention compared to no changes among the control group. Although
it has been well documented that exercise improves QOL, our results suggest that the improvement in QOL
may not be limited to the exercise itself, but also the improvement in posture. For example, the double-blind
controlled (but not randomized) study of Jang, Hughes, Oh, Kim?®? showed a time*group interaction that
supported an association between kyphosis and QOL in spite of exercise in both groups. Moreover, in the
study by Noh et al.,8improved QOL was not demonstrated in the control group exercise condition. Thus,
kyphosis may be modifiable following an intervention and may be a sensitive indicator of QOL.

Differing Posture Measurements

Measurement precision is critical to the study of posture as an objective physical marker. Many studies
used radiographic analysis (the gold standard Cobb angle) to measure the angle of kyphosis compared to
QOL.821,24:25.33 Tpclinometers were employed in 2 studies in this review to evaluate posture after an ex-
ercise intervention and found statistically significant improvement in kyphosis over time.3132 In one study
using a cross-sectional design, a statistically significant relationship between posture (based on inclinometer
measurements) and QOL was shown in 34 adult women with osteoporosis (r=-0.48, p<0.005).22 The incli-
nometer had reported adequate measurement precision with high interrater reliability (intraclass correlation
coefficients [ICCs] ranging from 0.89 to 0.96).31:32:34

Results from the Behavioral Perspective

Investigators examined potential relationships in: (a) depression and posture in three studies 23:272% and
(b) mood and emotions and posture in three studies.?6:2930 Study designs included (a) case-control;?® (b)

control group condition;??:3% (c) cross-sectional;?3:2"2? and (d) repeated-measures.26:2%:3% There were a total



of 345 participants across all six studies and most were women, with one including children.® In all of the six
reviewed studies, a relationship between mood and posture was reported. Five studies provided a moderate
level of evidence and one provided a low level of evidence (Table 2). The measures used to evaluate body
posture were consistent, such as using a digital camera system to measure upper body height.?3:26-28,30

Depression Is Linked to Poor Posture

In one study,?® the investigators found a significant presence of kyphosis during a depressive episode (vs.
control) (mean 140°, SD 5° and mean 145°, SD 5°; p<.001) among 34 adults diagnosed with a major de-
pressive disorder. After this group of adults received 8-10 weeks of treatment, the investigators reported an
improvement of “5° in the kyphosis angle was observed in parallel with reduced self-reported depression. In
a second study,?” investigators evaluated spine measurements among 72 female adults with recurrent major
depressive disorder (MDD), and found worse posture measurements (angle measured measured by digital
camera) compared to those with a single episode (139.38°, SD=1.19 and 147.13°, SD=1.35; p<0.001). In a
third study with 12 adults,?® the investigators’ results provided evidence of: a) medium and large correla-
tions between depression and kyphotic posture (r = 0.36-0.51; p=0.01-0.05) and b) a significant correlation
between “usual depression” (defined as a chronic feeling and measured by an analogue scale) and shoulder
inclination (r = 0.822; p=0.02).

Emotion May Be Revealed by Posture

Overall mood and emotional state were also associated with posture. Three studies used innovative methods
to measure the connection between emotions and body stature. Investigators found a positive association
between positive emotion and chest height in young children (r = 0.37, p=0.03).3° Negative emotions were
related to a reduced height posture by introducing an emotional concept (disappointment) and measuring
chest height (£(56)=0.2.76, p<0.004).25 Observers rated emotions more accurately when looking at body
posture in addition to facial expression compared to using facial expressions only (F(1,14)=96.9, p<0.001),
suggesting that it was the interaction of body posture with facial expression that resulted in an improved
prediction of an emotion.?*

Discussion
Shape Shifting Lens

The existing evidence suggests that a shape-shifting bi-directional association exits between posture and
QOL in youth with scoliosis (aged 8 to 21 years) and adults with osteoporosis (over age 50 years).! If this
remains true in children with cancer, a child’s QOL could be evaluated with a simple, non-invasive clinical
measurement tool. The inclinometer may avoid otherwise unnecessary spinal radiographs, and may be more
feasible to collect in children with cancer evidenced by the completion rate in our study for the inclinometer
measure (68%) was higher than the child report on the PedsQL questionnaire (60%).'2

While four studies demonstrated consistently that kyphosis is modifiable with exercise,33!-33 two of the
studies supported that the improvement in kyphosis was in fact accompanied by improved QOL,%32 a finding
not explained by the known improvement in QOL with exercise. Perhaps this concept could be generalized
to children with temporary kyphosis due to the effects of cancer and its treatment, whereby measurement of
kyphosis over time could be a simpler measure of QOL to more easily tailor supportive care. Furthermore, the
scoliosis studies showed that measurement of kyphosis is feasible in the pediatric population, and perhaps
the more malleable spines in children without orthopedic disorders could show improvement in kyphosis
with improved QOL with cancer treatment. This concept was supported by a recent RCT in children with
cystic fibrosis. Although the investigators did not include QOL as an outcome, rendering it ineligible for
inclusion here, they demonstrated improved posture with a physical exercise intervention.?® If kyphosis is
modifiable, even in elderly adults and patients with orthopedic disorders, and tracks with QOL, it could be
an appropriate surrogate measure showing the impact of QOL interventions.

In shape-shifting contrast, the behavioral studies consistently demonstrated an inverse association between
QOL (as depression or mood) and posture. Three of the studies used behavioral techniques to evoke posi-



tive and negative emotions to demonstrate the association.?6:2930 Additionally, these three studies further
supported that by measuring thoracic kyphosis, the assessment of a child’s mood (as an aspect of QOL)
could be measured with an inclinometer.3¢ Similarly, we found correlation between mood measured by the
Faces scale and the posture measure in our study in children with cancer (B = 0.26).12 The finding of a
statistically significant correlation with a strong effect size between depression and shoulder inclination may
also be highly clinically useful.?? If mood is related to posture in older women with osteoporosis, perhaps
this finding can be replicated in children with cancer. Indeed, our prospective study did confirm this concept
without a significant difference between males and females, specifically in children with cancer.!?

The bi-directional relationship between QOL and posture are bi-directionally could be explained physiolog-
ically by established connections between the limbic system, shown to govern emotional response, and the
postural response seen in major depression. This was recently supported in a study of electroconvulsive
therapy for depression and the effects on the neuroplasticity of the limbic system in the brain where brain
volumes increased significantly related to symptom improvement (p < .01).3” Similarly, the field of rehabili-
tation medicine has used the Bobath practice model based in neuroscience to integrate posture by evaluating
critical client cues such as postural alignment on the outcomes of pain and function (but not QOL) in the
recovery from stroke and spinal cord injury.3®

Origins with Darwin

Our findings support Darwin’s original concept that QOL is often expressed by physical body positions
(e.g., spine curvatures) with an overall moderate level of evidence. Further study using rigorous methods
could validate this correlation, specifically in children with cancer. Not only should the measures of QOL
and posture be explored together in this population, but future studies could examine relevant covariates
depicted in Figure 3, such as sex differences, changes over time, disease status, treatment effects, and the
relationship of the central venous catheter to QOL. Related to Darwin’s study of biologic evolution, the
factors of sex and age differences in the relationship of posture and emotion may also prove to be important
clinical assessments by clinicians. Interestingly, in our study of 100 children with cancer, although we did not

find a significant difference in posture by sex, we did find that older age was correlated with worse posture
(B =041).12

Limitations

Only three of the reviewed studies were rated with a high level of evidence based on rigorous experimental
prospective RCT designs that included power analysis. Although kyphosis and QOL may track along the
same direction (correlation), a causal inference cannot be made without a true experimental controlled study.
The reviewed studies did not include equal representation of the sex demographic variable (i.e., recruited
participants were primarily female) or pediatric oncology patients. Perhaps the underlying pathophysiology
of osteoporosis or scoliosis affected the kyphosis in a different way than cancer would. Furthermore, char-
acteristics of the study populations including previous life experiences were not well defined, which could
impact their baseline QOL and/or posture status. Inconsistency in utilized posture and QOL measures make
the findings less generalizable. Finally, we did not find evidence that posture is a more sensitive and precise
measure of QOL than existing self-report or proxy-report questionnaires, so it fits better as a physical sign
to augment QOL measurement than a surrogate biomarker.'*

Conclusions

Supportive care for children with cancer may be augmented by our findings, but further exploration of
relationships between posture and QOL in a large RCT is warranted. Although many questions remain
about posture as a potential physical sign of QOL in children, evidence supports the suggestion traced
back to Darwin that this biobehavioral pathway may provide a novel method to measure QOL in pediatric
oncology. An accurate objective measure of QOL could provide an efficient tool to augment the outcome
measurements of interventions to reduce distress in children receiving treatment for cancer.

Figure Legend:



FIGURE 1 Application of manual inclinometers for thoracic kyphosis measurement (photo used with written
permission from author who obtained informed consent).3?

FIGURE 2 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram
of the systematic review article-screening procedure '

FIGURE 3 The posture angle, mood, depression, and quality of life are inter-related in a bidirectional manner
and affected by cofounders and covariates. Adapted from Corwin.!?
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TABLE 1 Posture as Independent Variable, Quality of Life (QOL) as Dependent Variable

Source and Independent

GRADE Design and Variable or Dependent

Evidence Level Purpose Sample Intervention Variable Findings
Petcharaporn, To evaluate the Retrospective Posture (X-ray) QOL (SRS-24) Significant
Pawelek, association comparative negative
Bastrom, between thoracic  study 50 children correlation
Lonner, Newton  hyperkyphosis with scoliosis, between

2l GRADE and patient QOL thoracic kyphotic curve
Level: Low measures. kyphosis > 45° and all domains

and 50 children

of QOL scores

without scoliosis; (r=-0.601,
ages 14 + 4 p<0.001).
(8-18) years, Self-image
50% female showed the
strongest
association
(r=-0.66,
p<0.001).



Source and Independent

GRADE Design and Variable or Dependent

Evidence Level Purpose Sample Intervention Variable Findings

Greendale, To assess RCT 118 people, Intervention: Posture Yoga group had

Huang, whether a ages 75.5 years yoga class (Debrunner 0.93° decrease

Karlamangla, specific yoga (range 59.8-90),  1l-hour, 3 kyphometer), (improvement)

Seeger, Crawford intervention can  81% women, days/week for 6 QOL (Rand in kyphosis angle

31 GRADE reduce 88% caucasian months 36-item) while those in

Level: High hyperkyphosis. Attention control had an
Control: increase of 0.82°
monthly (4.4% difference)

Lonner, Yoo,
Terran,
Sponseller,
Samdani, Betz,
Shuffelbarger,
Shah, Newton 24
GRADE
Level:
Moderate

To compare
QOL and
kyphosis in 3
groups
(Scheuermann
kyphosis (SK),
adolescent
idiopathic
scoliosis (AIS),
normal
population).

Prospective
comparative
study 86 patients
with SK (40%
female, mean age
16.1 years (4-22
years)) 184
patients with
AIS (78%
female, mean age
14.9 (10-21)) 31
normal controls
(72% female,
mean age 14.2
(11-17))

luncheon and
seminar and
mailings

Posture (xray)

QOL (Visual
Analog Scale
and SRS-22)

(p = .005) Yoga
group had
decrease
(improvement)
in kyphosis index
of 0.006 while
those in control
had an increase
(worsened) of
0.003 (5%
difference)(p =
.004).
Intervention did
not result in
significant
difference in
QOL between
groups.

Patients with SK
had significantly
lower scores on
SRS-22 (mean
3.61, SE 0.05)
than patients
with AIS (mean
3.94, SE 0.02),
or the control
(mean 4.31, SE
0.08, p<0.001).
Negative
correlation
between
kyphosis and
SRS-22 scores in
the male subset
(r=-0.246,
p=0.001).



Source and Independent
GRADE Design and Variable or Dependent
Evidence Level Purpose Sample Intervention Variable Findings
Noh, You, Koh, To compare Retrospective Intervention: Posture Greater
Kim, Kim, Ko, therapeutic comparative CST Control: (X-ray), QOL improvement in
Shin 8 GRADE effects of a study 32 CE Each group: (SRS-22) posture angle in
Level: Low corrective spinal ~ patients with 60 min/day, 2-3 CST (8.1° + 45
exercise AIS, CST (13.8  times/wk. Mean [SD] in CST)
technique (CST)  + 2.8 years, 75% 30 sessions. compared to CE
and a female) versus (43°+21in
conventional CE (149 + 2.3 CE, 95% CI -6.4
exercise (CE) years, 88% to -1.2,
program on female) p=0.003). The
altered spine intervention
curvature and group had
QOL in patients improved
with AIS. pre-post QOL
(pre: 3.84+-1.8
vs. post:
4.5+-0.4,
p=0.012) while
the control
group did not.
Sangtarash, To investigate Descriptive Posture (dual QOL (SF36) Significant
Manshadi, the relationship cross-sectional digital negative
Sadeghi 22 between study 34 women  inclinometer) correlation
GRADE magnitude of with between
Level: Low kyphosis and osteoporosis, kyphosis and
quality of life ages 50-68 years QOL (r=-0.48,
(QOL) and gait  (60.8 £ 4.40). p<0.005).
performance.
Jang, Hughes, To identify Double-blind, Intervention: Posture (dual Intervention
Oh, Kim 32 effects of controlled, thoracic digital group showed
GRADE corrective repeated corrective inclinometer, significant
Level: High exercise for measures program, 1-hour, Flexicurve), improvements in
thoracic intervention twice weekly for  well-being percent change
kyphosis on study 8 weeks Control:  (Geriatric of kyphosis angle
posture, balance, Convenience education on Depression Scale  over time
and well-being in  assignment, 50 exercise and Short Form, (-3.8+£2.2%) vs.
Korean older wolen, ages booklet SF-36) control

woimen.

74.6 + 4.6
(experimental
group) and 76.4
+ 4.9 (control

group)

10

(+1.44+3.8%) (p
< .01). Time by
group interaction
showed
significantly
better QOL on
both measures
for the
intervention
group
(p<0.01-0.05).



Source and Independent

GRADE Design and Variable or Dependent

Evidence Level Purpose Sample Intervention Variable Findings
Katzman, To determine if RCT 60 women, Intervention: Posture (xray), Kyphosis angle
Parimi, Gladin, specific exercise 41 men, 70.0 kyphosis exercise = QOL (SRS-30, degree improved
Poltavskiy, improves years (SD = 5.7)  program, 1 hour  Global health more in the

Schafer, Long,
Fan, Wong, Lane
33 GRADE
Level: High

Miyakoshi,
Kudo, Hongo,
Kasukawa,
Ishikawa,
Shimada 2°
GRADE
Level:
Moderate

kyphosis, if it
differs between
men and women,
and if physical
function and
QOL are
affected.

To compare
spinal alignment,
muscular
strength, and
QOL between
women with
post-menopausal
osteoporosis and
healthy
volunteers.

Cross-sectional
comparative
study 236
women patients
(ages 69-75 years
(SD 6)) at
osteoporosis
clinic to 93
healthy
volunteers

twice weekly for
3 months
Control: waitlist
for 3 months

Posture (X-ray,
SpinalMouse
surface
curvature)

index)

QOL (SF-36)

intervention
group (-3.8°,
95%CI -5.3 to
-2.3) than the
control (+1°,
95%CI -0.05 to
2.4; p<0.0001).
Between group
changes in QOL
scores were not
significantly
different,
although both
groups had high
QOL at baseline.
Women with
osteoporosis
were younger
but had worse
QOL scores
across SF-36
scales compared
to controls (all
p<0.05;
difference
remained when
adjusted for age)
Physical scale
QOL
significantly
lower in the
osteoporosis
group (39.4, 95%
CI 37.0 to 41.9
and 47.5, 95% CI
44.7 to 50.2, p<
0.001); Kyphosis
was correlated
with physical
QOL (r=0.253,
p<0.05).

Legend: QOL=Quality of Life; RCT=Randomized Controlled Trial; SD=Standard Deviation; SRS=Scoliosis

Research Society outcomes measure; SF=Short Form; SE=Standard Error; CI=Confidence Interval
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TABLE 2 Mood or Depression as Independent Variable, Posture as Dependent Variable. Smaller angles
indicate worse kyphosis.

Source and Independent

GRADE Design and Variable or Dependent

Evidence Level Purpose Sample Intervention Variable Findings

Oosterwijk, To examine Double blind, Intervention: Posture (digital Main effect for

Rotteveel, whether the repeated Emotional camera software)  concept (pride,

Fischer, Hess 26 activation of measures study reactions (to disappointment)

GRADE emotions pride 57 (52 women) +/- emotional F(1,56)=>5.07,

Level: and undergraduate photo) Control: p=.028

Moderate disappointment psychology reaction to supporting with
are accompanied  students, non-emotional disappointment,
by changes in primarily women photo (Wellbeing posture height
posture. Scale by Hess & decreased

Blairy) significantly
more than

12

during the pride
task. Post-hoc
independent
t-test showed
increased
posture height
with positive
emotion
(t(56)=.2.76,p<.004)
Negative
emotion words
decreased
posture height
more than
positive emotion
words with
concept*time
interaction:
F(3,164)=2.82,
p=.042.



Source and Independent

GRADE Design and Variable or Dependent

Evidence Level Purpose Sample Intervention Variable Findings
Canales, Cordas, To quantify 10-week, Treatment of Posture (digital Kyphosis
Fiquer, posture and non-randomized, Depression (in  camera software) significantly
Cavalcante, body image in observational, a mood disorders Depression worse in patients
Moreno 28 patients with case-control clinic) (Hamilton with depression
GRADE major depressive  study 34 people Rating Scale for ~ compared to
Level: disorder (during  diagnosed with Depression) controls at
Moderate episodes and major depression baseline, (mean

Aviezer, Trope,
Todorov 2°
GRADE
Level:
Moderate

after medication
treatment)
compared to
healthy
volunteers.

To examine
whether facial
expressions of
opposite
emotions would
overlap, and
whether the
body context
(posture) would
aid in
interpreting the
emotion.

disorder (42.4 +
9.1 years), (7T7%
female) 37 age
and gender (78%
female) matched
controls

Comparative 45
participants
rated emotional
reactions in
photos in various
settings—add
details Gender
not reported

13

Intervention:
Emotional
reactions
(viewing photos
of face and
body)

Posture (body
affective valence
by participant
rating on 1-10
scale)

7140 £ 5° vs
"145+6°). With
treatment, those
with depression
showed improved
kyphosis by 5°
and ressembled
controls
(p<0.001).
Correct rating
when body
included
F(2,42)=74.05,
p<.0001, but not
face alone p>0.3.
Changed rating
of emotion based
on the
mismatched
body (not the
face)
F(1,14)=118,
p<.0001.
Positive and
negative faces
rated incorrectly
F(1,14)=29.6,
p<.0001, but
when the body
was added,
emotions were
rated correctly
F(1,14)=96.9,
p<.0001.



Source and Independent

GRADE Design and Variable or Dependent

Evidence Level Purpose Sample Intervention Variable Findings
Rosario, To investigate Cross-sectional Depression Posture (digital Depression and
Didgenes, the existence of descriptive study  (analogue scale camera software) sadness were
Mattei, Leite 23 a relationship 40 volunteer 0-10, altered associated with
GRADE between sadness, women ages Beck Depression medium and

Level: Low

Hepach, Vaish,
Tomasello 3°
GRADE
Level:
Moderate

depression and
posture.

To measure
changes in
upper-body
posture related
to positive and
negative internal
states.

20-30 yo, normal
BMI an no
comorbidities

Single blinded,
repeated
measures study
12 volunteer
students, ages
14-37 (median
26 years), 50%
female 48
children, 52%
female, 29-31
months old
(median 30
months)

14

Inventory)

Intervention:
Emotional
reactions
(adults:
imagining
positive or
negative;
children:
self-assessment-
manikin rating
scale) Rating
scale for how
pleasant an
emotion
experienced (9 =
very pleasant,
1= very
unpleasant)

Posture (digital
camera software)

large effect sizes
of kyphotic
postures (r =
.36-.51;
p=.01-.05).
Strong
correlation
between “usual
depression” and
shoulder
inclination (r =
0.822; p=0.02)
Adults’ had
more chest
height with
positive
emotions than
negative
(approx. 2°,
p=0.012)
Childrens’
emotions were
rated more
pleasant after
intervention (M
= 6.45, SD =
1.66) compared
to the baseline
(M =5.83,SD =
1.73) trial, ¢(41)
= 2.24, p=.031).
Children with
ratings of high
positive affect
showed greater
increase in
upper-body
posture (r=0.37;
p=.03).



Source and Independent

GRADE Design and Variable or Dependent

Evidence Level Purpose Sample Intervention Variable Findings
Canales, Fiquer,  To investigate Prospective Depression Posture (digital ~Group with
Campos, associations comparative (Hamilton camera software) recurrent
Soeiro-de-Souza,  between poor cross-sectional Depression depression had

Moreno 27

GRADE
Level:
Moderate

spinal posture
and recurrence of
major depressive
disorder.

study 72 people
with depression,
41 with recurrent
depression (58%
female, age 39
years, SD 9.5),
31 with single
episode
depression (47%
female, age 37
years, SD 9.4)

Rating Scale)

worse posture
than the group
with a single
episode (139.38,
SD 1.19, p <
0.001).
Multivariate
analysis of
covariance
showed
interaction
between severity
of depression
and degree of
kyphosis (test
statistic not
reported, p =
0.002).

Legend: M=Mean; SD=Standard Deviation
TABLE 3 GRADE Rating Criteria Guidelines

Evidence Quality Definition

High
Moderate
Low
Very Low

Further research very unlikely to change confidence in the estimate of effect

Further research likely to have important impact on confidence in estimate of effect and may change the
Further research is very likely to have important impact on confidence in estimate of effect and is likely

We have very little confidence in the effect estimate.

FIGURE 1 Application of manual inclinometers for thoracic kyphosis measurement (photo used with written
permission from author).3?
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FIGURE 2 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram
of the systematic review article-screening procedure '6
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FIGURE 3 Conceptual Model of the Shape-Shifting Relationship between Posture and Quality of Life (QOL)
Hosted file
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between-posture-and-quality-of-life-implications-for-children-with-cancer
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