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Introduction
One of the challenges facing the older 
population is the maintenance of 
physical function, which is an important 
prerequisite for the performance of 
basic (self‑care and walking) and 
instrumental (home management and 
community mobility) activities of daily 
living (ADLs). Physical function and 
ADL performance are important both for 
the participation in social, vocational, 
recreational activities[1] and also to prevent 
limitations in the activities of daily living 
and disability in older adults.[2] Therefore, 
attention to factors contributing to the loss 
of physical function is important when 
developing standards of health care and 
prevention in the older populations.

The aging process alters normal postural 
alignment.[3] Among age‑related postural 
changes, a common clinical finding is 
an excessive thoracic kyphosis curvature 
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Abstract
Identifying factors that impact physical function in older populations is important for the maintenance 
of good health with aging. Age‑related hyperkyphosis, an excessive curvature in the thoracic spine, 
affects up to 40% of the older adults and is more common in older females than males. An association 
of age‑related hyperkyphosis with impaired physical function has been reported in numerous studies, 
however, other studies have reported that a greater magnitude of kyphosis did not associate with 
impaired physical function. Given the inconsistencies regarding the impact of hyperkyphosis on 
physical function, the purpose of our study is to perform a systematic review of the existing studies 
in order to better describe the association between hyperkyphosis and physical function. Prospective 
and retrospective cohort, case‑control, and cross‑sectional studies which measure physical function 
by valid functional tests and questionnaires in older females will be included. We will search Scopus, 
ISI Web of Science, Cochrane Library, PubMed, Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) and PEDro databases. Studies will be searched and then selected by two 
independent reviewers based on quality assessment tools from the National Heart, Lung, and Blood 
Institute (NHLBI). A meta‑analysis will be conducted if data reported for individual studies allow. 
Specifically, if two or more individual studies provide measures of central tendency and variability 
from any of the categories of physical function measures, data will be gathered for meta‑analysis. If 
a meta‑analysis is not possible, data will be synthesized and described in a narrative form by size 
and variability of effect, direction of effect, and association with hyperkyphosis.
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which affects 20–40% of older adults 
above 60 years of age.[4] Aging can lead to 
a decrease in the efficiency of the nervous 
system,[5,6] skeletal mass (osteoporosis),[7] 
muscle mass and function (sarcopenia),[8] 
with a concurrent gradual increase in the 
fragility of the connective tissue.[9] These 
physiological changes are known contributors 
to increasing kyphosis.[9] While there is no 
accepted threshold differentiating normal 
from abnormally increased kyphosis angle, 
a kyphosis angle greater than 40° is often 
used to define hyperkyphosis.[10,11] Females 
may be at higher risk of hyperkyphosis 
due to hormone changes with menopause 
and other sex‑related factors such as poor 
spinal extensor muscle quality,[12] low spinal 
muscle strength[13] and endurance,[14] low 
bone mineral density, vertebral fractures,[15] 
and the weight of hanging breasts.[10] Once 
kyphosis reaches 50°, the risk for falls[16,17] 
and fractures increases,[18] either of which 
can have devastating consequences in 
reducing the physical function. Therefore, 
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the prevention of progression of thoracic kyphosis with aging 
may be a preventive strategy to reduce the adverse health 
outcomes of hyperkyphosis such as falls, bone fractures, and 
declines in ADL.[19]

Numerous cross‑sectional and longitudinal studies have 
associated age‑related hyperkyphosis with impaired physical 
function,[20‑25] but contradictory evidence indicates that 
hyperkyphosis may not be linked to impaired function.[26‑28] 
Physical function limitations associated with hyperkyphosis 
in older adults have included reduced gait speed, decreased 
stair‑climbing speed, reduced functional reach,[20,29] lower 
chair stand test scores,[20,21,24] lower grip strength,[20,24] and poor 
balance.[30] In contrast, using supine computed tomography 
scans to measure thoracic Cobb angle of kyphosis in older 
adults (mean age 61 ± 8 years, range 50–85), Lorberg et al.[26] 
reported that the walking speed, grip strength, chair stand 
time, and frequency of self‑reported physical impairment 
did not differ between individuals in the highest and lowest 
quartile of kyphosis; furthermore, a greater magnitude of 
kyphosis did not predict physical function over a mean of 
3.4 years. Moreover, others also reported[27] no association 
between kyphosis and lower‑extremity physical function, but 
did attribute loss of trunk extensor muscle endurance with 
a decline in the lower‑extremity function over time. The 
link between hyperkyphosis and physical function is further 
questioned by the lack of evidence for improved physical 
function in randomized controlled trials that report improved 
kyphosis.[31‑34]

Given these inconsistencies regarding the association 
between hyperkyphosis and physical function in older 
females, the impact of hyperkyphosis on physical function 
is not clearly known. There is a need for further studies, 
especially in older females who may exhibit a higher 
degree of kyphosis, to investigate whether age‑related 
hyperkyphosis is a risk factor for impaired physical 
function. The primary aim of this study is to systematically 
review the existing studies and describe the association 
between hyperkyphosis and physical function in older 
females. The secondary aim is to assess the physical 
function in older females with hyperkyphosis compared to 
normative data for older females without hyperkyphosis.

Methods and Analysis
The Preferred Reporting Items for Systematic reviews 
and Meta‑Analyses for Protocols 2015 (PRISMA‑P 2015) 
guides the preparation and reporting of this protocol for 
the systematic review.[35] The PRISMA Flow Diagram will 
be used to describe the flow of information through the 
different phases of this systematic review.[36]

Eligibility criteria

Study designs

We will include prospective and retrospective cohort 
studies, case‑control studies, and cross‑sectional studies. 

We will exclude qualitative studies, case reports, case 
series, ecological studies, and reviews.

Participants

Studies involving females aged 60 years and older will be 
included.[37] We will consider studies addressing both older 
females and older males if data provided for older females 
are reported separately. We will exclude studies that include 
males only.

Exposure

We will include studies involving females with thoracic 
hyperkyphosis. It will be defined as an angle of thoracic 
curvature greater than 40° using radiographic image 
or devices such as the Spinal Mouse, Kyphometer, 
Goniometer, Inclinometer, or Flexi Curve Ruler. If the 
mean baseline angle of kyphosis is not given, inclusion 
will be on the basis of having a flexed posture, a flexible 
ruler kyphosis index >13°,[38] occiput to the wall >5 cm[39,40] 
and a block method result of ≥3 blocks[41] at the baseline. 
We will consider both manuscripts with two group 
comparisons (hyperkyphosis, normal kyphosis) and 
those with one group describing the association between 
hyperkyphosis and physical function.

Outcomes

The outcomes of interest are physical function measures 
used in older females with hyperkyphosis. Physical function 
should be measured and reported by valid functional tests 
and questionnaires. Studies that do not use valid functional 
tests and questionnaires will be excluded.

Timing

For cohort studies, follow‑up time should be at least 1 year.

Setting

There will be no restrictions by the type of setting.

Language

We will include articles reported in the English language. 
Studies in non‑English language will be excluded.

Access to the full text

The full text of the article should be provided. If the full 
text of any article is unavailable, authors will correspond 
with the author/authors of the article or the editor of the 
publishing journal at least three times.

Information sources

A comprehensive search strategy will be elaborated 
with the help of an experienced librarian according to 
the Medical Subject Headings (MESHs) and text words 
related to the concepts of kyphosis, function, and females 
aged ≥60 years. Scopus, ISI Web of Science, Cochrane 
Library, PubMed, Cumulative Index to Nursing and Allied 
Health Literature (CINAHL), and PEDro databases will be 
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searched by two reviewers. All available data will be used 
through the time of the last search.

To ensure literature saturation, we will scan the reference 
lists of included studies or relevant reviews identified 
through the search. When the full version of the article is 
not found, the researcher will communicate a maximum 
of three times with the corresponding author/authors or 
editor of the journal in an attempt to access the article. 
To find Gray literature, specialized resources and other 
resources will be investigated, e.g., http://www.gateway.
com/worldwide/,،http://www.proquest.com/.

Search strategy

No study design, date, or language limits will be imposed 
on the search. A comprehensive search strategy will be 
created by an experienced librarian, then this strategy 
will be developed with input from the project team. 
Finally, the strategy will be reviewed by one of the 
authors (with expertise in systematic review searching). 
The key terms will be updated during the research 
process, and the search will be repeated with the related 
articles’ key terms. The reference lists of relevant 
articles will be examined for additional eligible studies 
(Hand or Recursive Search).

MESH terms and keywords associated with older female 
adults, hyperkyphosis, and physical function were used to 
design the search strategy [Table 1].

Selection process

Two independent reviewers will be involved in the study 
selection. The study selection process is summarized in the 
PRISMA flow diagram [Figure 1].

Data management

Related articles will be extracted from each database. 
The iInitial search results from all databases will be 
screened for duplicates using EndNote (X5 (Bld 5478), 
Thomson Reuters). Two authors will independently screen 
titles and/or abstracts of all identified studies that potentially 
meet the inclusion criteria and those from the additional 
sources will be screened independently. Unrelated studies 
will be eliminated. Review studies will not be included 
in the final analysis. However, their references will be 
considered by the method of Cross Reference. The key 
terms will be updated during the research process: they 
will be repeated with the related articles’ key terms and the 
search will be repeated.

The total number of articles will be determined, articles 
from each database will be reported, and the process will 
be described in the PRISMA diagram.

Data collection process

The full text of each article identified for inclusion in the 
systematic review will be read and the relevant data will 
be extracted using a standardized data extraction form. 
Following the PRISMA guidelines, two authors will extract 
data independently and in duplicate from each eligible study. 
Reviewers will resolve disagreements by discussion and a 
third researcher will adjudicate unresolved disagreements. 
Information not currently available within the studies will 
be requested directly from the authors via email.

Data items:

The following data will be extracted from each included 
study:

Table 1: Draft PubMed search
Population Exposure Outcome
Female
Woman
Women
“Older Adult”
“Older Women”
“Older People”
“Frail Older Adults”
Aging
Aged
Elderly
Seniors
“In Old Age”
Older
Senile
(1 OR 2 OR 3) AND (8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14)
1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 
12 OR 13 OR 14 OR 15

Kyphosis
Kyphoses
Hyperkyphosis
Kyphotic
“Flexed posture”
“kyphotic posture”
Posture
Flexed
Trunk
Spinal
(23 OR 25 OR 26) AND (17 
OR 18 OR 19 OR 20 OR 24)
17 OR 18 OR 19 OR 20 OR 
21 OR 22 OR 23 OR 24 OR 
25 OR 26 OR 27

“Physical function”
“Physical Functional Performance”
“Functional Performance”
“Physical Performance”
mobility
“mobility limitation”
Ambulation
Walking
Gait
“Lower Extremity”
“Physical Functional Impairment”
29 OR 30 OR 31 OR 32 OR
33 OR 34 OR 35 OR 36 OR
37 OR 38 OR 39

Final search (#41): 16 AND 28 AND 40
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1. Overall study characteristics (including first author, year 
of publication, language)

2. Characteristics of participants (age and gender)
3. Information on study design (type of study, number of 

participants)
4. Exposure details (method of measuring kyphosis, 

kyphosis angle, and control group)
5. Outcome measures (method of measuring physical 

function, objective tests, and subjective questionnaires)
6. Main findings.

Primary outcome

The primary outcomes of interest will include objective 
measurements (with different parameters including 
time, distance, speed, and strength), subjective 
questionnaire (i.e., NEADLI, LLFDI (Nottingham Extended 
Activities of Daily Living Index, Late‑Life Function 
and Disability Instrument)) or self‑reported functional 
status (i.e., using the 1984 Health Interview Survey 
Supplement on Aging instrument).

Quality of (risk of bias in) individual studies

We will use quality assessment tools from the National 
Heart, Lung, and Blood Institute (NHLBI). Selection of the 

checklist will be based on the study design. We will use one 
tool for observational cohort and cross‑sectional studies, and 
another tool for case‑control studies.[42] These tools focus on 
key concepts for critical appraisal of the internal validity of 
a study. The tools do not provide a list of factors comprising 
a numeric score. The items of the tools evaluate potential 
flaws in study methods or implementation including sources 
of bias, confounding, study power, and other factors.[43]

Two authors will apply and evaluate the items of the 
tools first separately, and then, together. They will select 
“yes,” “no” or “cannot determine (CD)/not reported (NR)/
not applicable (NA) ” in response to each item in 
the tool, and judge each study as “good, ” “fair” or 
“poor.”[43] Disagreements will be resolved based on the 
third researcher’s opinion who supervises the results.

Quality score is the number of items from the checklist 
addressed as a percentage of the total number of items 
applicable. Studies with a quality assessment below 50% 
will be excluded.

Confidence in cumulative evidence

After reviewing all the evidence and assessing the risk 
of bias according to the NHLBI checklists, we will grade 

Figure 1: Flow diagram of the study selection process based on the PRISMA guideline

[Downloaded free from http://www.ijpvmjournal.net on Tuesday, March 15, 2022, IP: 176.102.242.36]



Mehrabi, et al.: Hyperkyphosis and physical function

International Journal of Preventive Medicine 2022, 13: 41 5

confidence in the cumulative evidence using the levels 
of evidence on the A, B, C scale recommended by the 
American Heart Association.[44]

Data synthesis

A meta‑analysis will be conducted if data reported for 
individual studies allow. Specifically, if two or more 
individual studies provide measures of central tendency 
and variability (for aggregation using Cohen’s d 
standardized response mean) or frequency of association 
with kyphosis (for aggregation using odds ratios: 
OR) from any of the categories of physical function 
measures—objective measures, subjective questionnaires, 
or self‑reported functional status—data will be gathered 
for meta‑analysis. Data will be collected for those with 
and without hyperkyphosis. Individual article effect sizes 
(d or OR) will be calculated with 95% confidence intervals 
comparing physical functioning between those with and 
without hyperkyphosis. Individual article effect sizes will 
be weighted by inverse variance and averaged using a fixed 
effect or random effects model depending on the size of the 
heterogeneity Q statistic. If the P value for the Q statistic 
is less than 0.05, then a random effects model will be used. 
The meta‑analysis for each category of physical function 
measure is expected to support or refute the hypothesis 
that hyperkyphosis is related to physical function in older 
women.

If a meta‑analysis is not possible, data will be synthesized 
and described in a narrative form by size and variability 
of the effect, direction of effect, and relationship with 
hyperkyphosis.
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