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Abstract

Background: Office workers spend approximately two-thirds of their daily work time in a sitting position.
Obijective: This scoping review aimed to identify and categorize key themes and knowledge gaps in research on how
sitting time, posture, and behavior affect the risk of low back pain among office workers.

Methods: The authors conducted a comprehensive literature search in electronic databases [MEDLINE [via PubMed],
SCOPUS, CINAHL, PEDro, and CENTRAL] from inception to March 2024, resulting in 22 studies involving 7814 parti-
cipants. The methodological quality of these studies was assessed using the Mixed Methods Appraisal Tool (MMAT).
Results: Seventeen studies [77%] were rated as high quality, four studies [18%] as moderate quality, and one study [5%]
as low quality. Thirteen studies assessed sitting time, ten assessed sitting posture, and thirteen assessed sitting behavior.
Among the studies investigating sitting time, five showed no relationship with low back pain (LBP) prevalence, while eight
demonstrated a relationship with LBP prevalence. For studies exploring sitting posture, seven found a relationship with
LBP. Regarding studies on sitting behavior, only one showed no relationship between LBP prevalence, while twelve indi-
cated a relationship.

Conclusions: Longer sitting time, poor sitting posture, fewer breaks and more static sitting in sitting behavior, were
found to be associated with LBP. The strongest evidence for an association with LBP was found for sitting behavior.
When considering workplace ergonomics and interventions for LBP, it is advisable to consider all factors, including sitting,
posture and behavior.
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Introduction 68% and a chronicization rate of approximately 27% over
a one-year period.>® As LBP is the third leading cause of
disability globally and imposes a significant economic
burden, understanding its risk factors is crucial.>'? Office
workers, due to their prolonged sitting behaviors, represent

In contemporary workplaces, the prevalence of sedentary
occupations has increased significantly due to advances in
technology. This shift, characterized by prolonged sitting
and computer-based tasks, has contributed to a rise in mus-
culoskeletal problems, particularly low back pain (LBP),
among office workers. On average, office workers spend |
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a unique population for examining the links between seden-
tary lifestyles and LBP. Prolonged static sitting, character-
ized by limited movement and awkward postures, has
been identified as a contributing factor to musculoskeletal
pain and discomfort, particularly for office workers.""

Sitting often involves a flexed spinal posture near the end
of the range of motion, placing increased stress on the
tissues surrounding the spinal joints.'*™'> Research high-
lights the biological mechanisms underlying these pain pro-
cesses, including inflammation and cytokine responses
triggered by the stretching of posterior spinal tissues, heigh-
tened pain sensitivity in the presence of inflammation, stress
on the peripheral regions of intervertebral discs due to
spinal flexion, and reduced oxygenation resulting from pro-
longed low-level activation of erector spinae muscles
during sitting.'®"'® Experimental studies have demonstrated
that prolonged sitting increases perceived pain, even in
young and healthy individuals.’*~** Furthermore, sitting
for more than five hours has been associated with a
higher likelihood of back pain recurrence in patients with
LBP.*!

Existing literature demonstrates significant variability in
findings regarding the relationship between sitting charac-
teristics -such as duration, posture, and behavior- and the
development of LBP. For instance, “sitting time” refers to
the total duration spent seated,”> whereas “sitting behavior”
encompasses the frequency and extent of postural changes
and breaks during sitting.** Dynamic sitting behaviors,
involving regular postural shifts, may alleviate spinal pres-
sure and reduce musculoskeletal strain compared to static
sitting. Dynamic sitting refers to incorporating movement
into sitting, such as fidgeting or upper body movements,
which increases energy expenditure (e.g. >1.5 METs). In
contrast, static sitting involves prolonged fixed postures
with minimal movement, potentially causing increased
spinal pressure and pain.** While there is no universal def-
inition of optimal sitting posture, health professionals rec-
ommend avoiding forward head tilt, maintaining slight
thoracic kyphosis, a straight lower thoracic region, and
lumbar lordosis similar to standing posture.”>~® Evidence
on the effects of sitting time, posture, and behavior on
LBP is still inconsistent and limited.?’

Some studies have suggested that sitting for more than
7h per day significantly increases the risk of low back
pain.?®* However, multiple systematic reviews have
pointed out that the evidence is insufficient to establish a
clear causal link between sitting time alone and the onset
of low back pain.** Research on sitting posture has
focused on the concept of “ideal” postures, yet despite
numerous studies,>**=7 there is still no broad consensus
on whether a “perfect” sitting posture exists or if such pos-
tures actually reduce musculoskeletal pain.®® In fact, some
research suggests that sustained efforts to maintain an
“ideal” posture might have negative consequences.’”*
Several studies have suggested that the sitting behavior of

office workers may be more closely related to low back
pain than previously understood. Specifically, it has been
suggested that dynamic sitting -as opposed to static
sitting- could offer more significant benefits in reducing
musculoskeletal strain and preventing discomforts.*'~*

Despite recent studies, there is still insufficient evidence
regarding the specific sitting-related factors, such as sitting
time, posture, and behavior, that may influence the develop-
ment of LBP in office workers. The multifactorial nature of
LBP, coupled with the use of unreliable subjective measure-
ment tools and short follow-up periods in many studies, con-
tributes to the ongoing uncertainty and inconsistencies in the
literature.”’%* Interestingly, despite these methodological
limitations, many studies including systematic review and
meta-analyses investigating the relationship between sitting
and LBP have not specifically targeted office workers, who
are particularly vulnerable to prolonged sitting in recent
years. Most experimental measurements have been con-
ducted on healthy subjects or, in some cases, include office
workers but with a focus on those in physically demanding
jobs or those who stand for long periods.®!!:12:16:19.3033.44
Furthermore, existing meta-analyses generally examined
sedentary sitting behavior in various segments of the popula-
tion (children, students, individuals with sedentary sitting
behavior outside of work, etc.)4547 or evaluated various
methods to reduce sitting time.**>° This highlights the
need for studies specifically focusing on the effects of
sitting characteristics on LBP in office workers, differentiat-
ing them from previous studies. However, due to the vari-
ation in the evaluation methods in the studies on this
subject and the fact that they mostly do not include objective
methods and that the sitting characteristics in our study
include a wide range of research questions, it was not pos-
sible to identify studies suitable for systematic review and
meta-analysis. For these reasons, the authors conducted a
scoping review to systematically examine the research in
this area and identify existing knowledge gaps. The
primary objective of this scoping review was to identify
and categorize the main themes in the existing evidence on
the impact of sitting time, posture, and behavior on the risk
of low back pain in office workers. In addition to the
primary objective, other aims included identifying gaps in
knowledge and providing recommendations for future
research and clinical practice.

Methods

Framework, protocol, and registration

Due to the broad research question and the diversity of evi-
dence, a scoping review methodology was chosen. While
this method is effective in synthesizing a wide range of lit-
erature and providing guidance for future studies, it may not
allow for a structured synthesis of the findings. The 5-step
methodological framework proposed by Arksey and
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O’Malley® and the guidelines for conducting scoping
reviews by Levac et al.>? and the Joanna Briggs Institute’”
were followed. The authors used the recent Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis - Extension for Scoping Reviews (PRISMA-ScR
guidelines),>® a checklist of reporting guidelines. Finally,
for the reporting of this study protocol, the relevant items
of the PRISMA Protocols (PRISMA-P) were followed for
the reporting of this study protocol.>® This study protocol
was not registered in the PROSPERO database, as the data-
base is not open for registration of scoping reviews.®’

Identifying the research question

The formulation of a clear research question serves as the
basis for the design and reporting of a scoping
review.”>%% The authors therefore developed the follow-
ing research questions for the current scoping review:

(i) Is sitting time, posture and behavior associated
with low back pain in office workers? What is
the evidence and conclusions on this issue?

(i) What are the reported barriers or limitations for

studies investigating the association of sitting

with low back pain in office workers?

What literature gaps exist, and what suggested

improvements can strengthen studies investigating

the association between sitting and low back pain
in office workers?

(iif)

Search methods

Electronic databases, specifically MEDLINE (via PubMed),
SCOPUS, CINAHL, PEDro, and CENTRAL (Cochrane
Central Register of Controlled Trials), were used to search
for literature from their inception to March 20, 2024.
Studies were restricted to those written in English and peer-
reviewed literature. The search strategy (e.g. Medical Subject
Headings, keywords) was developed using the
Population-Concept-Context (PCC) framework®® in consult-
ation with a librarian (A.A.M.) and content experts. The PCC
framework, which provides guidance in setting precise and
focused objectives and eligibility criteria for the scoping
review, as well as the keywords and number of articles
found in each search strategy, is provided in Appendix 1.

Study selection

The authors used the Peer Review of Electronic Search
Strategies guidelines®' to construct, review and calibrate
the search strategy in the PubMed/Medline database.®>
Inclusion criteria were original studies with a qualitative,
quantitative or mixed methods approach, regardless of

design. The Rayyan (free web-based tool; https:/www.
rayyan.ai/; Qatar Computing Research Institute, Qatar)
was used to separate duplicate studies and review articles
(Appendix 1).

The criteria for inclusion and exclusion criteria for
studies in the scoping review were as follows:

e The study design is in English and includes peer-
reviewed research (i.e. peer-reviewed publications
and dissertations). Letters, abstracts, volumes, con-
ference proceedings and posters were excluded.

e The study population was office workers, or those
working with computers, visual display units, or
visual display terminals. Home office workers were
excluded.

e Outcome measures included pain intensity, inci-
dence/prevalence of low back pain/discomfort, and
assessing physical functioning scales, such as the
Roland-Morris Disability Questionnaire and the
Oswestry Disability Index (ODI), among others.

e The study assessed low back pain or discomfort as
well as the sitting activity. Studies of LBP caused
by specific underlying pathologies, such as tumors,
fractures, infections, dislocations or osteoporosis,
were excluded.

e Studies that included only office workers with
chronic LBP in all groups and studies with an inter-
vention in all groups were not included in the scope
assessment because they were not included in the
objectives of the present study. However, trials
with a control group and interventions aimed at chan-
ging sitting time, posture and behavior were included
in the scope assessment.

e This review included studies that examined the
sitting behavior of office workers, including the
number of sitting breaks and the frequency and mag-
nitude of postural swings.

Prior to screening, all authors independently screened a
random sample of 120 titles/abstracts to assess the applic-
ability of the inclusion/exclusion criteria for the scoping
review. All reviewers (A.O.A. and S.0.) achieved accept-
able inter-rater agreement [92.5%—-90%, k =0.701-0.709]
with the senior author (N.A.).%® In the screening process,
conflicts were resolved by reaching a consensus first
among the reviewers and then, if necessary, by reaching a
consensus with the senior author. In the case of missing
or unclear information, the corresponding authors were con-
tacted by e-mail for clarification and to request the full text
(n=9), but only one response was received (n=1). The
screening process and reasons for exclusion are shown in
the flowchart (Figure 1).
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Records identified through databese searching:
-MEDLINE , n =339
-SCOPUS, n =453
-PEDro, n =135
-CINAHL , n=217
-CENTRAL, n =297

Total records identified,
n = 1441

Duplicates, n =289

Total records screened by title/abstract,
n=1152

Records excluded, n = 990

-not english, n =2

-no abstract available, n=11
-wrong publication type, n = 62
-not office worker, n = 652

-not related to LBP, n = 89

-not related to sitting, n = 162
-intervention for all groups, n =12

Total full-text articles reviewed,
n=162

Records excluded, n = 140

-full text not available, n =17

-not english, n =5

-wrong publication type, n =9

-not office worker, n =19

-not related to LBP, n =17

-not related to sitting, n= 19
-intervention on all groups, n =9
-chronic low back in all groups, n =7
-no quantitative data for LBP and sitting, n = 38

Total articles meeting eligibility criteria,
n=22

Figure 1. Flowchart in this study.

Quality assessment independently rated by all authors using a customized

The methodological quality of the articles was assessed version. The MMAT quality assessment was also used to
using the Mixed Methods Appraisal Tool (MMAT)®* and identify consistent methodological weaknesses in the
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existing evidence base and to generate recommendations
for improving future studies. The MMAT quality summar-
ies of the studies are shown in Appendix 2. The MMAT
ratings were categorized as high (4-5 points), moderate (3
points) and low (1-2 points) quality, as in the study by
Holt et al.®?

Data characteristics

The data abstracted from the included studies (study year,
location, study design, population, which of sitting time/
sitting posture/sitting behavior was investigated, method
of data collection and main findings) are shown in
Table 1. Data characteristic were collected by the lead
author using a specially designed form developed and
piloted by the study team. Any discrepancies in data collec-
tion were the subject of group discussion and resolution.

Results

Screening process

The search identified in 1441 articles. After removing dupli-
cates [n=289], a total of 1152 articles were screened
(Appendix 1). The screening process was carried out in
three stages. The first stage involved a title search, which
reduced the pool to 830 records. In the second stage, the
abstracts of the remaining 830 papers were read. Papers
that did not relate to office workers, low back pain and
sitting were removed. Corresponding authors were con-
tacted by email for clarification and, if necessary, to
request a full review (n =9). In the third stage of the remain-
ing 162 studies, 145 with available full texts were read
[A.O.A. and S.0.]. A total of 123 articles were excluded,
resulting in a final database of 22 articles. Figure 1 shows
the screening and elimination process to select relevant arti-
cles based on the eligibility criteria set by all authors.

Quality appraisal

Appendix 2 shows the MMAT ratings of the studies
included in this analysis.®*®* Of the total number of
studies, seventeen (77%) were rated as high quality
ratings (score 4-5), four (18%) received moderate
quality ratings (score 3) and one (5%) was rated as low
quality (score 1).

Study characteristics

Characteristics of included studies and relationship of
LBP with sitting time/posture/behavior were shown
Table 1. Of the 22 studies,27’28’37’60’65*82 13 were cross-
sectional,28-07767:69.70.72-76.7881 e ctydy was longitudinal
study,77 three were randomized controlled trials®*®%®° two

were pilot experimental studies,’” and the remaining three
were observational experimental studies.”””*%% The total
number of office workers included in the studies was
7814, with participants from 15 countries.

Sitting time. Five studies found no correlation between
sitting time and LBP,°%67:%%7072 while eight reported an
association.?®%7377>7781 The two studies that found an
association were based on objective assessments of sitting
time®*”® whereas the other studies relied on patients’ self-
reports.®®67-6%7072 Additionally, the questions in the self-
report questionnaires regarding sitting time varied. Some
asked for the total sitting time in hours, while others
focused on how many hours per day the patient spent
using a computer. In one study® (n=2395), where no rela-
tionship was observed, groups above and below three hours
of sitting time were compared, while in another study®® (n =
648) groups above and below six hours of sitting time were
compared. In Rehman et al.’s study,®’ sitting times were
categorized into <5 h/day (n=54), 5-7 h/day (n=175),
and >8 h/day (n=177). Studies indicating that sitting is
associated with low back pain reported sitting times of
over seven hours per day (OR=1.89, n:254),28 over
four hours per day (n=51),"* over 6h per day (n=
625),” an average 6.69 h per day and 30.82 h per week
(n=362),” and over 50 h per week (daily average over
8h).81 In Mehta and Maru’s study77 (n=200), sitting
time over five hours a day was not associated with LBP
visual analog scale scores, but it was associated with func-
tional status.

Only Mehta and Maru’’ and Brakenridge et al.** used more
objective assessment methods, such as the visual analog scale,
to evaluate low back pain. All other studies relied on questions
regarding the presence or absence of LBP, which were either
developed by the researchers themselves or included in specia-
lized questionnaires such as the Cornell Musculoskeletal
Discomfort Questionnaire,>’-3-37:65-76.78-82

Sitting posture. Regarding sitting posture, three studies
found no association with LBP prevalence,”>’*”> while
seven indicated an association.®®%*~71-737¢.78 T¢ evaluate
LBP, two studies used the Oswestry Disability Index,73’76
and one study’' used the Body Perceived Discomfort
scale for quantitative assessment. Other studies only
assessed the presence of LBP as either “present” or
“absent”,66’69’70’78 similar to the studies that assessed
sitting time. In the studies by Kristensen and Jensen®
(n=2376) and Celik et al.”* (n=528) ergonomic office
assessment was performed, while in the study of Basake1
Calik et al.”> (n=362), poor sitting posture in the thoracol-
umbar region was scored. In the studies that found a rela-
tionship, ergonomic office evaluation,*® poor posture and
ergonomics awareness,””"”” sitting posture’%’*’® and asym-
metrical/symmetrical sitting80 were evaluated (Table 1).


https://journals.sagepub.com/doi/suppl/10.1177/10538127251320320
https://journals.sagepub.com/doi/suppl/10.1177/10538127251320320
https://journals.sagepub.com/doi/suppl/10.1177/10538127251320320

Journal of Back and Musculoskeletal Rehabilitation 38(5)

924

(penunuod)

‘(@duajeAaud swnay|
dg1 ‘@ouajeaaud
Jeak oma

dg1 @ouajeaaud ueak
auo 4g1 2ousjeasud
403 §0'0>d ‘w> 00|

2ouaeadud (4g7)
ured >deq Jomo|

uo saiqey Supjowss
pUE 3s1243X3 Jo
10edwi sy aulwexs
pue ‘u3isap |euondas
-SS0JD JO suoneIWI|
a3 ssaJppeE ‘spoyiaw
Suijdwres sAneusae
aJo|dxa ‘suadjdom
9o1j0 1eAlid spnpoul

- SaA

S]4OM

9o1jo Surnp 3umis

pue Suipuels usamiaq

Suneuusaje Jo 1d9ye

an.3 aY3 suIW.IRIRP

01 papaau s| Yd.aessau

Jayaany Apms

SIYy3 Ul selq uond3as

S| 343y Jayreym

- oN -

ERICNETITT]

[esned sy

Jey3 udisap |euondas
-SSOUD B JO 3s)
uondses a|dwes uo
sJaliieq deJIdNEING
JO dduUaNjU|
*SID|IOM

Jo323s ajeAld o)

UIe143duUnN SI 31 AdUIS  Selq UOIIDI|3S [BIUIOY —

—0§ Pue w> 05>)
ua3.43s J4andwod

wo.y aduesip
Apoq “(61070=d
‘9ouafeAs d awney|
dg1 Ajuo) Sumis
ur uonisod Apog

(500 < d) ured >peq

MOJ Jo ddudfeAs.d
YIM pajeldosse
Apuedyiudis J,usJe
9o®}INns 3uneas
s|qeasnipe 2Joddns
Peq ‘(Y 9< pue

Yy 95) awn Sumis
‘AjpAndadsad 4g1 jo
9ouajeAa.d awnay|
pue Yeak-omi Ueak
-auo quiod Yyam
pajuasaud %919

ON  PINOYs YoJeasaJ aining Ad|Iqezi[etauss paywi] — PUB ‘%8 |4 ‘%8'/E ‘%EE

(s00
< d) sousesud
dg1 pue aumsod
8unis jo sanuadoud
U99MI3q UOISSaISaI
uedudis oN
x€00=d
pue (9£°1-801)
8¢ | = swoidwiAs
598q MO J0}
10328} disouso.d

B SEM paads JUOAA

*(@duseAsud-awnay|
dg1 ‘@ousjeasud
-1eak om1 g1
‘9ouajeAadd-ueal
auo ¢g ‘@dusjeasud
2uiod 4g7)
dg1 Jo aousfesud
Y3 YaIm pajeIdosse
pue payhusp!
SU9M SDNIsIIIRIRYD
Jeuosaad
pue ‘saJniesy
[e1osoyd4sd
‘sojwouo3ud
oM *(dg7)
uted >oeq Jamo|
Jo 1uswdojeasp aya
0] pajejaJ sJo1dey
3S dY3 JusWINdop
o1 padojpasp
sem adreuuonsanb
140dau

-J|os pazipJepuels

(s4reuuonsanb

pazipJepuels

paiiodad

-Jj9s &) sonJadoud

palejad oM

pue sdlwouodud

‘e3ep olydeaSowsq

aJreuuonsanb

[e39[¥|so[nasnwi
dIpJIoN —

dd1
Jo uswdojeasp

ay3 03 AINqLIIUOD
PINoD 1Y) 510138}
Jsld Jo sisAfeue
UB PUE SID|IOM
aouy0 d1gnd
39949 Suowe
(dg7) ured >peq

MO JO IDUI[ASIY

“jdom Jaandwod
snouojouow
pue aAnnadau
Ay3iy waoysad
OUM SJ)JOM

jo dnou3qgns e ul
Ajleuonippe pue
‘SIDIOM D10
u swoldwiAs
[e39|{sO[NSNW
10} s10108}
snsoudoud
S1wouogus

pue anbiuyoa

>dom Ajauspl o]

Apmas

[eUONd9s-s50.4D)

929319

£00C

wm ‘e 39
so|nodo.Adg

Apnas
[eUOND9s-s50.1D)
Sewuag

‘500C

‘o UBSUR[

pue uasualsia

sdeny
sJme1sa] paiiodey

JOlAeYeg 94nisod swlj

Sumis
yam dg jo diysuonepy

sJalireg Jo/pue
suonelwI] paioday

s3uipuiy Jolepy

uons’|0D
el J0j poyIs|y

o/k 9%
I %k €€ Ok Sh
S %819 P8y
24msod Slewdy
Sumis %8'GL +I9pUSD)
pwiy SID}IOM
Bunmig 140 849
a3e pue uspuad
uo ejep oN
[(%sz-0
‘%0S ‘%SL)
Jaandwod
jo awn
10m jo %]
sdnou3 >dom
Jndwod
aAnnaday
24msod SID}IOM
3umig Y0 9/9T
JolAeyag uonejndog
/ @4msod
WL
Bunug

Apmg jo wiy urely

udiseq Apms
Anuno)
Ueap

goyiny

*S9IPNIs PapN|aUl JO SONSLISIdBIRYD *| 9|qeL



925

Alaca et al.

(panunuod)

saJnsesaw aAnuaAs.d payLdA Apuspuadapul Jo uone.anp ays ‘pakojdws sem ‘o/k GG—7T @8y “opuag ‘o8e
y3noays Ajsejnon.ed 10U SJ9M 03 uoneaJ JuedyIudis BpRURD) ‘OLIEIUQ Sew o1 diysuonejpu Apmas
‘A1oyes pue yijeay Y2IyM ‘SUOIEISHIOM ou pamoys dg1 4oqeT jo Ansiuly %5°GS :Jopus Jreys Suluiwexs [eUOn29s-550.1D
Jasja0om aroadwi sauedpnaed je JO 9dUBIINd20 3Y] Y Jo 1Y A19fes pue sJeak ‘s4asn uandwod [euoneAIasqO
1Y) 5.010B) 9ARDDYD SUORIPUOD JIWOUOSID syuedpnaed  yajesH [euonednao Jolaeyeg 3Al Jo wnwiuiw  Suowe ured >deq -
-150D ‘3|qeyipow jo suondidsep  Jo %47 Aq pardodau WwoJj paziwoisnd Sumig  euJoysseIndwiod MO JO sBWONNO epEURD)
Suiknuspi uo snaoy pa1todau-jjes SEM BYdByjdRq sJreuuonssnb pue Suisn pUE 95U3.4N220 ‘€10T
sap - ON  PInoys saipms aimng uo paijaJ Apms ay | Pa3e|a. IOAA — paytodau-jos v awi] Sunus sjuedppaed 9|y — syl Ajnusp| ¢, e 39 UBWIYRY
‘s3uipuly
aAneuasaidaaun
uone|ndod o1 3uipes)
aAnEIUSSDIda. Buow Ajqissod ‘speop|iom
® 490 ABW YdIym ydiy Ajpwa.nxs
‘syjaed |erasnpul yaim sauedipnaed
92UBIDS S,UEMIE] WwioJj BIep JO e
ur sajuedwod 'saselq adnpo.iul Aew (611
wouy syueddnaed ya1ym 4aAdns auijuo =uyy/)
2NJ23.4 pue pa1iodau-jpes € jo asn peopydom
SMaIAIUI [euos.ad ‘swolrdwiAs J9ndwod y3iH
asn p|noys yo.aeasad [e3s[>jso[nasnw (Aepyy) F8g=u‘yz>)
24mny A|[eu PV Sunewnsausno 3upjaom 3urinp PEOPIOM
‘swajqoid Ajenusiod ‘suasn a3esn Jsandwo) J2indwod mon (Y <
|e39|jsonasnw peopjiom J4aandwod (Aepyy) o/l 9'¢ ‘y />) peopjIom
aonpaJ 01 Y31y uo sndoq pua@am Sulinp F /LT drWaS J2andwod
sanss| [edi3ojoydAsd ‘sauedidnued s|qidijaul (68°1 a3esn Jsandwo) ‘o 1'€F YSiy yaum Apnas
pue [ea1sAyd Jo uoisnpxs 03 “4O) swrejdwod aJreuuonsand 18T OeW @8y SJ9YJOM 3D1Jj0 [eUONd9s-s50.4D)
y30q sassaJppe anp azis a|dwes |jewg dJeq Jamo| wordwiAg Sew Suowe swoldwiAs -
B3 UOIIUSAIIUI 'selq Jspuodsa.l M pajeldosse [e39|{sO[N2sN %1°LS JopusD [e39|{sONIsnwW uemie]
ue dojaasp [enusiod o3 Suipes| Apueoyudis aJreuuonsand SID|IOM Jo adusesud ‘2102
- - s\ PInoys saipms aunng SeJ asuodsed mo—  sem peopliom ysiy v YajesH ssaulyD — awi] 3unis 92140 €07 sy1 =ednsoAu| ‘gz T8I 0UD
‘ured >oeq
MOJ Jo ddusjeAs.d
M pajeldosse
Apuedyiudis
aJe ‘(aduajeaaud
Jeak oMl 491
9ouaeAa.d Yeak auo
dg @2useAsud Joy
500 > d) 240ddns
>oeq 9|qeasn(pe
JolAeysg 9J4misod Swi| sdeny sJallJeg Jo/pue s3uipuly Jofepy uon’|iod JolAeyag uoneindod  Apmig jo wiy urepy udissq Apmg
a4nje3931] paiodey suonelwI] paioday el J0) PoYIs|y / @amsod -
/Wi Anuno)
Sunug Sunig Yea)
Yam dg Jo diysuonejay Joypny

‘panupuo)) °| djqeL



Journal of Back and Musculoskeletal Rehabilitation 38(5)

926

(psnunuod)

JUSWUOUIAUD [BI120S
‘UgISOp UONEISHIOM
1] S401J®} SS3.IppE
pue suoneziued.o Joy
S1J2Uaq JIWOU0ID
ay aJojdxa pjnoys
ydJeasad A|[euonippy
“yajesy dljoqezsw
pUE Jg|ndSeAolp.ed
ul syuswdAoadwil
Jaylany
pue 3unyis ade|dyJom
ul suondnpaJ
pauleasns o1 spes|
SUONEISHIOM pUBIS
-1Is JO asn W.3-3uo)
Jayreym aednsaaul
p|noys saipnis a4ning

sak - -

“(sQSW) s1apIosip
[e33[¥|sojnasnwi
Supnpad

pUE suopnipuod
Supjiom 3uiroadwi

_Oqumw_Osu

|e303 ul asea.d9p

e pue ‘{2000

‘ssaURANEIUSSDIda =d:(9pTl ‘TIT
dnpal =D %56) Aep>iom

y-g/uiw ¢72)]
swn Suipuels ul
aseauoul ue ‘{7000

Aew yo1ym ‘uonesnpa
J9Y31Y yam uswom
ysnlag sUYAA Ajewid

‘9)dwes snous3owoy =d(1e-'0671—
AjeoydesSownq =1D %S56) Aep>iom
'SUOIBISHIOM puels y-g/uiw 7°08—1
-1IS JO $109)49 WIN-3U0| awn Sunus

ul uondNpaJ aAnisod
& pasualiadxa
dnou8 uonuaazlul
ay) ‘dnoud joauod
ay3 03 uosiuedwod

a3y our sayBisul sy

uoneanp Apnis 14oys

'$.J919WO0.3[9308

01 paJedwod eep

Aianoe payiodad-yas
Jo Adeanddeul [enuslod —

(60=4d)
souedyylusis [ednsnels
S$)[2€] UOIBAJISSQO SIY)

“Jaramoy fuaandwod
SY3 uo swn sJow
Suipuads sjenpialpul
ul Jaysly aq o1
pa30U SI 1I0JWOdSIp
pue ured >deq

JO 95Ua.INDJ0 By
(1000

> d) 21ojwodsip

Jo ured yoeq

JO 9duUa.1INd20 ay)
JIM POIBIDOSSE D4oM
S)ea4q 3doys Aue

ul ‘H[99M g1y  puels-)

Ajpwa.nxa)

01 03 (30jwodsip
ou) o wouy

S[eds 1497 & uo
(s4ap|noys pue >dau
“joeq Jaddn 9peq
J9MOY) s91Is 933 B
ured .o 110§wodsIp
JO [9A9]) sawoINo

,uoneisyiom
ay jo Ajiqisesy
pue Ajjiqeadssoe
ays aJojdxe ‘os|y
'SJdJoM o0

[eln pajjoauod

[e399¥sO|N2snw u| sswomno pazjwopue.

pue dljogelswolp.ed [e39[¥|sonasnwi Ajlenpiaiput
‘[eJoiARYDq ‘Dwn pue ‘Oljoqelsw ‘dno.3-po||eed
Sumis aoe|d oA UB|NDSEA SE [[oM ‘WIB-OM]
PwomNnO S6F se ‘swn 3unmis -

Jreyd ad1yo 9'8€ uea|, P8y UO UONEISHIOM wop3ury|
pJepuels :josauoD EILITET pueis pajun
UOREISHIOAA Joineyag %6/ 19puUID) -1s & jo 1oedw ‘510T

ay1 =1ednsoAu|

SJXJOM 31O /4§ ‘go T8 39 S9ARID

‘:uonusAJ3lUu|

(<10

YUY€ ye-1)
U 9AND3SUOD
siseq ay3 uo
sdnoug sauay )
(<ioygyz
=S ‘Y §>) Aep
/asn jo yadua)
JO siseq ay1 uo
sdnoug aauy |
(<a0 "sik

01 pue 'suf )
asn Jayndwod

Joj sai3are.ns noyaim Jaandwod Jo uoneJnp
aJojdxa o1 papaau s 3Y3 UO >uoMm JO siseq ay1
yoJeasad A|[euonippy JO sunoy aARNd9suO) uo sdnou3d om| "asn Jsandwod
'SSOUDIEME *3]qel24un (50 108 Jo uoneJnp ays
solwouo3Ja | 9q aJopuayy Aew pue  =d) a3esn usandwod FI8¥E uedw pue ‘uonednado
JolARYSg 94nISO4 Wi sdey sJaliieg Jo/pue s3uipulq Jolejy uonas|io) JojAeyag uonendod  Apmg jo wiy urepy udissq Apnms
a4nje391 paiodey suonelwi pariodey ©l1E(] 40} POy} / @Imsod -
Jowi| Anuno)
Sung Sumig UBI\
yam dg Jo diysuonejay Jopny

‘panunuo) °| ajqeL



927

Alaca et al.

(panunuod)

JO sl pasea.dul
y 7 AJ1aAd deauq
e Supjea sou g0

quir] Jaddn pidey
aJreuuonsand
[e120soYdAsy

%S T
o/k 00§

Suowe suo1oey
[er>osoyoAsd
pue Olwouodis

>0 Pue (59°'1-€0'1) uageyuado) pue ‘%1°6T O/ 6 ‘enpIAIpUI
0¢’1] 21035 Ny aJreuuonssnd) —0F ‘%/°L1 ok M suoneosse Apnas
JayBly pue',[50 [e33[){so[nasnjy Jolreyag 6€-0€ ‘%L0l SJ pue a130j01wapida
>0 Pue (8TV—+T'1) JIpJoN Sunug/  o/f g7—£7 P8y Sea.e [ed|Woleue [euoNI3s-s504>)
0511 NE\MV_ qT< ‘sanJadoud 2.n3sod Slewsay JuaJayIp ui ured -
10 g © SuineH pa1E[aJ YoM Sunug £'¥6% 19pusD [e39so[nasnw BlUBNYII
9oudes.d puE solwouosud puwi] SId[JOM D10 Jo 9oudeAs.d ‘9102
sap 3\ ON - - dd1 S8Y %1°9S ‘e3ep d1ydeaSowsq Sumig ad1ags dignd €16 aya aren[eA3 ¢ °|e 39 dudlulE)|
(s00
<d) dg7 uo ysu SMBIAJIDIUI BDBY
9SNED 1,Up|NOd YEaUq -01-38} BIA P3123)|0d
Aue Supfer anoyum aJam a3pajmouy|
sJnoy 9a.y3 oy dlwouodia *$10108) YISl
J9ndwod e 3uisn ‘dureuuonssnd pareje.-Jsandwod
pue uopne.np agesn Jiojwodsiq pue [euos.ad
Jaindwod Ajreg [e39oso[nasn|y yum Suofe
497 uo syjsia asned |]pUd0D) o/k 9§ ‘9oe|dydom aya
pino> .[100°0> pue (Aep/y y €< JolAeyag 2%L 6Y ‘O/A 9% ui asn usandwod Apms
‘POpPNPXa a4am  pue (7Z6'0-9€°0)9°0] ‘fep/y £>) uoneanp Sumig/ >9%€°0S P8y 01 parejal [eUON3s-55047D)
SJXJOM 3D140 3 Jo 23pajmoun| a8esn uaandwod aJmsog aew S1IOJWOdSIp -
Swios pue uoneziued.io s1wouodis AjuQ Bunsau-uou ‘(y 8< 8unyg %L €9 :I9pusD) [e3s[e¥sonasnw Adpan|
3[3uis & 38 pa1dNpUOd ‘9duafeAsld ‘y />)uoneinp pwi LNENNICINN Jo aduajeAa.d ‘910T ‘(o SIS
oN 9\ ON - sem Apnmis ay] — dad1seY 4'65%  98esn usandwod Ajreq Sunaig 221J0 G6€ ay) paulwexy pue ueyep.y
(so0
< d) paatasqo auom
aJnssaud poojq
dl|0aseIp pue Uone|p
PalBIpaW-MOY}
u| sauswaAoadwii
pue ‘sjo.auod
01 paJedwod
POAJIISqO UM
uredjpojwiodsip
[e39|{so[nasnwW
Buiuasduod
"9SN UONEISHIOM $109)J9 ISUIAPE ON|
aduanyul ev0'0=4d €000~
Aew yeyp suqey ‘6L0—=1D %56) "(499m g pue
pUE ‘sy[se3 Iom J/1loww op0—] #'0) (°|9e3405wodUN
JOIABYSg 9UMISO4 dWI]| sdeny sJallieg Jo/pue s3uipuly Jole} uona’|ieD Joiaeyag uoneindod  Apmig jo wiy urepy udissq Apmg
aJmels parioday suonelwI] paxioday el1E(] 40} POy} / @amsod -
AWl Anuno)
3ung Bumig e\
yam 4q1 jo diysuonejey Joyny

‘panupuo) °| 3jqeL



Journal of Back and Musculoskeletal Rehabilitation 38(5)

928

(panunuod)

saipnis pue ‘sdulpuly

US.1UND Y3 S1epI[EA

01 papaau si udisap

Apms aAnoadsoud

V 'sdnoy 8uoj Joy

1S OYM SID|IOM Ul

dg1 jo wswdojaasp

ay3 uo ‘aunisod

pue dsea Suipnjaul

‘sonsiuLdeeyd 3umis

JO 9JoJ 3y dUIWEXd

- sap - p|noys yoJessad Jayring
'SIOIABYSq
pue suonisod
Sumis Jo ssauaueme
aseaJdul 01
A3ojouyd3s 1vD-1IS
ol WRsAs Xoeqpasy
® Jo uoneisanul
sy sJo|dxs pue
‘su1owreaed Jolaeyaq
Sunais saduanpyul
ured >eq jo uoneso|
12EXd 3y3 Moy
aujwexa ‘sjaAd) ured
J9ygiy yum s1dalgns
UnIdaJ Aj[ednyidads

p|noys saipmas a4ning

-es. aanaded Jou seop
Apms aya ui aumsod
8unuis pajjo.nuo)
'sy|nsau

Jo adods sy 3w Aew
sased opewoldwiAs
pue Ayajesy Joy
suoniuyap uedpnaey
‘ugisap

|euondas-ssoJd ayy o3

aNp UMEJP 3q J0UUEd

sdiysuonea. [esned —

'S[oA9)
Aususaul ured >peq
MOJ jo d3ueJ paywii|
pue azis ajdwes mo] —

‘porsad y-| & Bunp
3unyis Jo ulw og
J91)e saumysod Sumis
padwns 1dope

01 POpud) SIDJIOM
IV "sitedusyunod
Ayjesy

Ji9ys 03 paJedwod
Sunuis [eolnaWWAse
aJow Apuedyiudis
P321q1yxs 4917

IUOIYD YIIM SIJOAA

(500> d) Joireyaq
Sunuis onels suow
& 3undope spiemol
pus.3 9|qeadnou e
pa1B.ISUOWAP Y
5B| 9y UIYIM ured

>oeq mo| Supuatiadxy

‘ured

>2eq MO SuiAey

JO >jsla pasea.dul

ue yum (500

< d) pajedosse Jou
aJ4om (saeak 9g—9|
‘suedA G|—9 ‘sueaf
G—1) @doualadxa
>lom Jaandwod pue
(Kep/y 9< “4epy 9—
‘Aep/y $>) uoneanp

3[eds 1Jojwodsiq
PEYNCRYCN
Apog ‘uonnquusip
aunssaud
Je3s 9jeN[EeAd
01 JeW JOSuag

“jdom J4aandwod y-|
JeW Josuas aunssaud
3|xa) & padojoAsp
asnoy-ul Jno jo
sueaw Aq pazA[eue
SEM JolAeyaq 3umis
(ured
>2Bq INOYIIM pue
yam) sdnou3 omy
01 ul s193[gns ayy
SPIAIp 03 J3pJo Ul
ured »oeq wJs3-3uo|
pue 110ys S1en[eAs
01 pasn aJam
(4o3usAu| ureq Ja1ig
‘Asusu| ured Ja0)))
saJreuuonsanb

pazip.Jepuels om|

Qd :umOn_
8umis

Joineyag

I's+

9'67 UeaW 93y

Slewdy

T'8L% ~9pUSD

|oJ3uod €7

£€9F

9'67 UeaW 93y

Slewdy

T'8L% ~9pUSD

dgd1uoayd €7
J2)JOM D10 94

o/A G ueaw
‘LS—LT P8y

9Slewsy

m.oan “._wﬁcmo

Sumig  sudjom 140 07

dg7 2uoayd
NOLIM pue yiim
asoy 3urredwod
‘SID[JOM dd1j0
Buowre polad
Sumis unoy
-ouo e 3ulnp
sonsLIIdeIRYD
uonnqLisip
aJnssaud

7835 9Y) Sulwexy

JUSWIUOUIAUD
o0

33 Ul JOIABYSq
Sunais saduanjjul
ured >peq

Moy 21e311S9AU|

Aprus 301,

puejrey|

‘£10C

‘,, Imfeusauesmue(

pue
Moydmbeiepy

Apras 10jid
pUBIDZIIMG

‘910¢C
P A dwaz

asn uaandwod Ajreq p=139)j02

(s00>4d) asom ([wv1ny] s 1oMm

ured >peq Mo SulAey JUBWISSISSY Joandwod
JolARyeg @.msod dwil] sdeoy sJallieg Jo/pue s3uipul4 Jolepy uon’||o0) Jolaeyag uonendod  Apmg jo wiy urepy udissq Apnmg
a4nme19 pariodey suonelwI] paioday vl1E(] 40} POy} / @4n1sod -
/owi| Anuno)
Sung Sunmig B9\
yam 4q1 jo diysuonejey Joyiny

‘panunuoy) °| djqeL



929

Alaca et al.

(panunuod)

pale[a. Ydom
pue sJlwouodud

u29aM3Iaq uone|dosse

uedIudis suoi8au
ou sem aJ4ap Apoq ul 110jwodsIp
‘SI9XJOM D10 JO |9A9] ayd U Joy
9eW Jo Jjewa4 pue (sJreuuonsanb o/k Suosea. a3 pue
(16:0-5¥0 21D %56 pazip.jepuels 6L'6FSS8E SID|IOM 32YYj0 Apras
$9°0=Y0) >2eq paliodau ueaw 23y Suowre wasAs [eUORI3s-SS04D)
J9MO] 10} SUD)JOM -J|9s &) sanJadoud 2.4n3sod Slewsay [ea99¥sonasnw -
201J0 Sjewsy paIe|a. oM Sumig %1°1§ Jopusn ayp ul Aoan).
Suowre syureidwod pUE SJIWouosJd SID|IOM ured Jo 9ouLIsIXd ‘810C
- ON ©N ured jo aeu By ‘e3ep d1ydeaSowsq 9140 87§ ay1 SululwaReq ‘20 [BRNRD
‘wrey
Sunuasud sjiym
S1JSUSq WNWIXeW
aJnsus pue ugisap
uonuaAJIul drodwi
01 ‘s3uipJoda.
OBPIA SB UINS ‘BIep
JUSWSAOW pajieIsp ‘uonen[eAs wJal-3uo|
Spnjoul osje pjnoys pa1usAaud Juasuod (50°0<d) “MOM 7B sIN0q
YoJeasad auning -a4 quedpnaed paywi JuedyIuSis-uou pue ulw og ur 3upais
‘ured [e39}>so[nIsnw saJnsesw |[eWs SJoMm 10949 pa8uojoud pue Sumis ‘UONUSAISIUI
pue uononpaJ ured .oy Ajigere. Jayio 4g1 paanpad paJnseaw (jodoioud uononpaJ
awn-3uniis pue ApijeA jo yoeT YIIM pajeldosse Aepyy T ‘skep -8umis ‘paJanljp Apms
U99MI9q Uil 3y ‘Aijesned sem ,[050°0= 1) €TvdARde 3y | -ooe|dyom pazjwopued
puelsJapun Jayaq o3 SJ9A34 Sudnpouiul d pue (000 ‘6£°0—) (s)q1ssod 1suom o)A gF ® JO syauow BEN i)
Ppopa3u a.Je uo(I3||0d Aq Jesppun Ayfesned 6£°0—] uononpau —suou ‘g—0) Asusiul 6'8€ ueow 93y 99.y3 J2A0 -
e1ep Juanbauy Supfew ‘uononpau Sumis paduojoud ured passasse  JolAeyeg Sfew SJ9)JoM paseq el[eIsNy
pue suone.np Sumis 3wl pjno> ured pue .[5000 aJreuuonsand Sumig %TYS HopusD -jsop uowe ured ‘810T
J33uo| yum saipmis dnou8  =d pue (570 ‘v¥'l) [e39|dso[nasnyy SID}IOM [e39|so[nasnw ‘9 T3
SaA - soL 9SJSAIp 2Jow Ya3Je]  |OJIUOD B JO XO'| dY] — $80] uononpad Sumig dIpJON| PaYIPOLy — 2o1jo €G| ul sadueyd sauojdxgy a3pLuaelg
(500> d) Buns
paduojoud Surinp
"10JWodsIp dg 21uoayd yum
Apoq paaleouad ‘APPAIsuayaadwod 950y ueys sylys
pue uonnqLisip aJow Jeamsod juanba.y
a4nssa.d 3eas s1o9ye 540108} 9say3 a.dojdxe sJow Apuedyiudis
aJamsod 3umis moy p|noys yo.aeasaJ a4mny paje.Jisuowap
aJo|dxs os|e pjnoys PUE ‘SUORELIRA )| s dom AyajesH
JoiARYSg 94nISO4 Wi sdey sJallieg Jo/pue s3uipulq Jolejy uonas|io) Joireysg uonendod  Apmg jo wiy urepy udissq Apnms
a4nje3931 paioday suonelwI] paioday el J0j poyIs|y / @4msod -

Sung
yam dg Jo diysuonejay

Anuno)
Jdesy
Joyiny

‘panupuo)) °| djqeL



Journal of Back and Musculoskeletal Rehabilitation 38(5)

930

(panunuod)

pue [(€61—H+1)
8091] Aep uad y 9
uey) aJow oy 3upals
Teys—z8) vel
Aep>juom sy ulnp
s)ea.q 1594 Supjer

10u ‘[(STO1+€)

6'G] ssaaas qof 68F SJDJIOM D10
S|qeliea swomno  upusiedxs [(ogy /¥ 6€ ueaw ‘o $40329S dDIAISS
ay1 pue sainsodxa aya -19'1) 9] @4msod MBIAIRNUI Jolreyag /K 09—0T 28y 1A1D 3uowre Apnas
usamiaqg diysuonepd  3unlis JO SSSUSIEME 9oe) 01 98} y3noayy 8unyg Sew ured >oeq Mmo| [eUORDIS-SS0ID)
[esned uedpp  Jood ‘[(Z801-£5T) AnsamsQ payipow /34n3sod %€°G9 1IopusD UM pajeldosse -
eysiqeIss oa Ajiqesayy  7'g] A1oasiy Supjows pue saareuuonsand 3unyig SID|IoM 10328} eidoiyag
109yye Aew udisop Apms e Suiney ‘[(60°6 [2ETEX TR IN] JRWIL 9D1JO $.10309$ pue asusjeAs.d ‘070T
SaA SOA  SeA - ay Jo aumeu ay] — —6T) £'9] 9seqo Suiag dIpJoN pazipJepuels Sumis  9dI1AJBS |IAD G79 a3 ssassy ‘¢, TE 30 BaURY
'sJapJosip
[e39|»{so[nasnw
10y st
Jay81y e aue sakojdwa
J31US-|[BD SE ‘SIDJIOM
22140 ||e 01 A|dde (s00>4d)
J0u Aew s3uipuly ay | Ajjigesip [euonouny
iqesip ‘Aisusaul  uojpue ured Inoyam
pue ured wnipaw ured pue sJo1de} sauedusaunod Jisyy
01 MO| 3IM 3soY) Suipunojuod ssauppe 03 paJsedwod Sumis
Joy A|e1dadsa ‘ured jo p|noys yo.Jeasa. auning 3|qeas jo spoliad
uonEdYISSE|d Pa|IEISp *$S9.1S PUE ‘ssoully J93uo| pue Unoy
aJow & apnpul ‘2unua) qol Yoiaeysq  Jad sadueyd uonisod
puUE 3[eds Japeo.q Sumis Aq pasusnjjul Jamay Apysys unoy Y 00¥
' uo Asuaaul s| sakojdwia J23uad-||ed Jad syuswerow JO €101 & J9AO
ured ssosse os|e ul ured >peq JomoT Jamay pue JoiAeyaq Sumis
p|noys Asy] ‘ssa.as *$3|NSa. 199)4. p|nod spowad juaisuesy JO3UBAU| szisswe.ed pue Apnas
[ed18ojoya4sd pue uonelod ade|dyom Jamay pasiqiyxe uied joug ay| 91BN|RAS O3 pasn [eauswiriadxo
‘suopoea. Jawoisnd 01 anp sjusunsnipe A|iqesip [euonduny sJreuuonssnd Sem Jew aJnssaud pue
‘ssoualy ‘sanoy J|WwouodJd Jo e 3y  Jojpue ured duoJyd apeJo) uled dluoiyd o/kg|F 9nxa3 y “8unais [euoneAsasqO
Supjiom ‘aunuan qol “JolAeyaq 3uniis Buppusiiadxs Jolaeyaq 3uniis €f ueaw 23y Jeuonednodo -
91A1s941| Areauspas JIn} 2amded j0u Aew syuedidnuey 9z|4919wWeJed pue Slewsay pue ured PUBISZIIMS
|1] S403I28) JSPISUOD YoIym ‘yiys auo Ajuo Y G| FT9 sem 91EN[BAS 01 Pasn Sem Joineyag %579 1apusD >Jeq USIMIDQ ‘610T
SaA - - p|noys saipnas aJ4ning pazAfeue Apnas 8y| —  SWN JOM UBdW dY] Jew dJnssaid ajnxa 3umiIg  sudjJoM D10 {9 diysuonejey PR LT dn.uog
(50'0<d)
sure|dwod 4g pue
(s4msod pue swn
3unuis) sanJtadoud
JolAeyag aJmisod dwil| sdey sJallieg Jo/pue s3uipuly Jole} uonsjjo) Joireyag uoneindod  Apmg jo wiy urepy udissq Apmgs
24mean] parioday suoneliwi palioday eIe(] 40} POYIdLy / @4n31sod -
pwi | Anuno)
Sunug Sumig eI\
yam 4q1 jo diysuonejey Joyiny

‘panunuod °| ojqer



931

Alaca et al.

(panunuod)

Se Yons ‘spoylawl
2And3[qo auow 3uisn

Jlews pey awn a8esn
Joandwod Ajrep

(§z1'0=d) dg7 uo

JO senIARdE JB Y
pagJnasip ured
‘(saeak) aoe|drom

P12NPUOD 10U SEM  1D9)y9 OU DAY SwWn S Ul Swn ddom s1av
JUBWISSASSE BUNISOd oM Surinp suoiSau [2301 “(>}9oMm/y) awn '8 pue uoneunp Apnas
"a4msod pue Jequinjodeaoyy o3esn Jsandwod FGe/€ P8y ured s1o9ye [eUORDIS-SS0ID)
ured |e3s[ayjsojnasnw pUE [EDIAIRD BY) Apjoam ‘(Aepyy) swn aJn3sod Sewsy slya Moy pue -
3unenjeas Joj  jo aumsod uadoadw a3esn Jsandwod 8unyig %8°0§ :19pusD) SdoM usamIag Aadjanp
spoyraw 1uodau-yes 9ouajeAaud Ajrep ‘(Aepyy) i) SUDIOM diysuonejpu ‘070T
- ON  SsaA uo paipJ Apmis ay | — ad1 s'Y %1 %9 awn 3upjiom Ajreq Sumig 22140 79¢ ay1 a1ednsaAu| ‘o, TR 3RONED
“(keppy <
SlIom
'syynsau J9andwod)
ays jo Aujiqeip. Y3 dnou3
aAoudwi pnod salpnas aunsodxa-y3iH
a4mny uj s|dwes (Aepyy > S}uom
Ja3.e| & pue Yamod J9andwod)
[eonsnels ayl suwi| dnou3
szis s|dwes |[ews sy aJnsodxs-moT Jjeas pue
BIEP 9)BJINDOE dJOW %L Aynoey AusaaAiun
's3umas aoe|djiom papiaoad aAey pjnom  “syeauq jo Aousnbauy USAIZ J0U ‘%49 Suowe swoydwiAs
ul SS|A SsaJppe sasoudelp uepisAyd u| 9seaJdul /K €9—1¥ ‘%6T [easjoysonasnw
01 SIUBWISSISSE pue ‘pariodau ue yum (£0= o/k 0p—9¢ P8y pue saunsodxa
Slwouod.s [enuue <I9S I9M SSI YO) Pases.dsp ured S[ewsy Jjwouodis
pue ‘syea.q jusnbauy swoidwAs  >oeq MO| JO dsid 3y | %9/ :4opusn) usaMInq
‘syusawaAoaduwi [e3spjsonasnw  *(g40" =d) ured >pdeq -20e|dyJom diysuonejpu
aumsod 129)4& p|nod MOJ Jo ddudjeAd.d BICIV: oy azA[eue
)1 SUOnRUBAIU] UDIYM S]IOM JO SPISINO 33 YIIM UONEIDOSSE e YooMm & sAep pue ‘swoidwAs
JO SS9USANDDYD sa21A9p 3unndwod uedyIudis { 3se9] 38 UO [e39|{sO[NIsNW Apnas
ay1 aJojdxa 01 pasodxa uaaq aAey ® paje.isuowsp aJreuuonsand) Aep/y ¢ 1s€9)| 18 Jo aouseaasd [eUOND9s-sS0.1D)
pue ace|d>juom ayy Aew syuedipnaed ang dnou3 [e39[so[nasn}y Jolaeyag Joy suaandwod ay) 21BWINS -
apIsino suandwod ‘9oe|d>Jom ay3 ul adesn aunsodxa y3iy ay JIpJON pPayipow ayy Sunug asn oym ‘saunsodxe VSN
01 aunsodxa apnjpul J9andwod passasse '8°09 uo paseq padojaasp pwil  yels pue Ljnoey palejaJ-asn ‘610T
SaA - sap p|noys saipnas aJ4ning Ajuo Apnmas ay| — 9 sem adusjeaaud 4g1 aJreuuonsanb vy Sumig swn-[|n} |§ J9Indwod ssassy ‘. Te 3 weueig
‘ured >oeq
MOJ jo aduasaud
31 YaM paieldosse
Apuedyiudis
aue [(£y'S
—60'7) €] asn
J9andwod jusnbauy
JoIARYSg 94nISO4 Wi sdey sJallieg Jo/pue s3uipulq Jolejy uonas|io) Joireysg uonendod  Apmig jo wiy urepy udissq Apnms
a4nje3931] paioday suonelwI] paioday el J0} POYIs|y / @4msod -
Wiy Anuno)
Sunug Sunmig Yea)
yaum dg Jo diysuonejay Jopny

‘panupuo)) °| djqeL



Journal of Back and Musculoskeletal Rehabilitation 38(5)

932

(penunuod)

soA

- sop -

's@LD quij-4addn uo
sundwod pue asn
S2IASp p|3ypuey jo

1oedwi pauiquiod ayy
BunednsaAul se |om

se ‘(sq1D) JopJosip

BLWINE.II DAB[BWIND

01 5J0INQLIIUOD

se u3ISap UoNEISHIOM

Jaandwod pue

540108} [e1DOSOYdAsd

SuizAjeue uo snooj
PINoys yoJessad Jayaing

‘uoneAJasqo
Qg paseq-ospiA

(86€°0

=d 5800~ =

1) 610T PUE (€440
=d8L00=1)

6007 Y3oq ui (sa40ds

SVA) Ausuaaul ured
pue uone.anp asn
Jaandwod usamiaq
pa3sixe uonea.1od
JuedYIUBIS ON|
(166'0=d ‘1000
=) Apas 6007

ay) yum 3unsennuod
‘9ourWIOpMad
[euonouny

pue uone.anp asn
Jandwod usamiag
punoy sem (z€0'0
=d'5170=4)
uonea..10d aAnisod
uedYIusIs ® ‘6| 0T Y|
aouseasud

dd1 494 61% ‘610
9ousjeAdud

dd1 404 ¥1% :600T
‘safojdws
9o1j0-dkq UO
saureldwod 4g7 yum
(6000 =d) sumsod
om (1000 >
d ‘Y g <OAA) ddom
J0 yidua| 3y (1000
> d) a3 usamiag
diysuoneja.
[eJNSEIS B SEM 949y |
‘a4msod >dom Jieyd
aaoadwi o1 papasu

syuedidnaed Jo %606

(100> 9d) SVA dg1
UM uoe[94I0d
aAnisod 1nq

“AoAdns

Suljuo BIA P2123]|0d
SJom 9asn Jsandwod
J9yye/3urinp

ured pue uonouny
Possasse SYA

PUE 9[2S JUSWISSaSSE
|euonouny ‘suspJosip
BLWNEJ] 9ANENWND
Joj aureuuonsanb
woydwAs

S[eDS JUSWISSISSE
[euonouny ‘sJopJosip
BLWINEI] 9ANEINWND
Joj aureuuonsanb
woydwAs

‘asn Jsandwod

JO UONEJNP “JJOM e
540108} [e1D0sOYdAsd
pue spuewsp

>ldom Buipnppul
AJ01s1y [euonednado
‘91fasayl| [euos.ad

‘e3ep oydeaowsg swi) Sumig

"a4leuuonsand
Aqesig

ured >oeg Mo
Aa1samsQ payIpoly
ay1 Buisn paJnsesaw
aJe syureidwod

dg1 pue poysw
(SYMO) waishs
JUSWISSASSY 34N1sod

SUDIOAA OXBAQ

Po3123(|0d auMm
(s1av) 3uiAy Ajrep

°2.4n1s0d
Sung

"y G uBLl duow

;1 dnoug
Y §—¢ ueys
aJow :|| dnoug
Yy g—| ;| dnoug

asn Jeandwod
Jo uoneunp jo
siseq ay3 uo
sdnou3 sauy
ok F

€€ uesw 93y
S[ewsy

%65 I9pUSH
610T

o/ y'SF

| € ueaw 28y
S[ew

%99 9pusH
*600C
(0o1:6107

001:6007)
sJasn

Jandwod
Uelpu] 00T

o/k

SE<ST% O/

SE> %L P8y

ejep

ON :Jopuan)
SUIOM IDIYO Pt

‘asn

J9andwod Aep
Jad sunoy o3 anp
ps129ye s|doad
Jo Jaquinu 3y
Jo aouedyiudis aya
pulj 01 pue spua.a
SJ9pJOSIp BwNe.)
SAE|NWND
puelsIapun o3
JuOp sem sAdAINS

610T SNsJ49A 600C
Jo uosisedwod

sakojdwia
921j0->dq
Suowe 4g1 jo
syurejdwiod Yyam
aunysod >dom
PUE >JoMm Jo
y18ua| usamiaq
uone|a.410d

ay sulwRIpg

(Apnas
[euipnaiduoy)
Sel-own,, & yum
Apnis [euonoas
-ssoJd pajeaday
elpy|
‘020t
¢, MR

pue Bys|y

Apnas

[BUOND3S-5S0ID)

BISOUOPU|

‘020t

! oy B3
neMeWINSEY|

JOlABYSg aJn3isod ouwlj

Bunug
yam dg jo diysuonepy

sdeny
24me3an] parioday

sJallieg Jo/pue
suoneliwi] palioday

s3uipuiy Jolepy

uon’jiod
el 10} POYId|y

JolAeyag
/ ®4n3sod
iy
8uns

uonejndoy

Apmg jo wiy urely

udisesq Apnmag

Anuno>)
Ueap
uoyiny

‘panunuo)) °| ajqeL



933

Alaca et al.

(penunuod)

sap - s9L

- S\ -

‘sanoy
8uoj 4o} 21s oym
SUD[JOM Ul SISpJIOSIp
[e3s[¥|sojnasnwi
Jo auawdojansp
ay) uo syiys [edmsod
jo Aduanbauy ayp
pue sonslIeIdeIRYD
1J0JWOodSIp
paAlRd.ad jo 10edwi
3Y) SUIWEX3 p|noys
salpnis ‘Ajjeuony|
‘Al|IqeIA anssn
pue A31AndE 3)Psnw
3unJa uo spjoysaayn
49410 pue 90¢
ay1 e sylys |edmsod
Jo 109y9 ays aJojdxa
0} papusawWodal
SI UydJeasaJ Jayiang
‘s3uipuly ayy
aJedwod Jo 3eplfeA
03 BIpu| Y3IoN
ul sjeuolssajoud ]|
Suowe paonpuod aq
pInod Apnis Jejiwis
‘sisAjeue
uopow g pue
SJ919WolUo30.1239
Sl
$|00) 31BJINDJE oW
Buisn Aq suonenjeas
uoneIHIoM
pUE SIUSWISSISSE
aamsod aroadwiy
PINOS ydJeasad auning

-0} Ployse.ays %0t °YL

's3|nsa. JuedYIUBIS
3ulp|aIA eaep wopued
Jo Apgissod sy

3uisied ‘SUONER.I0D i

pajuasaud Apms ay |
‘8unJodau
Ul sa|oeInddeUl
o) pes| pjnod
YoIym ‘9And3|gns sem
11OJWODSIP PAAIRIISY
'SaWodIN0
pue aunsodxa
usamiaq diysuonejad
[esned & 3uiysijqelsa
syuaAaud ugisap
[euondas-ss0Jd Y|
'suonejndod
J3)[JOM 330
01 Aljiqezifesauad
Bunwi ‘g
[ew.ou € pey |e pue
Suidwes a5uajuaAuod
IIM paainadau

aJom sjuedpnaed —

's1010e)
sl [erosoydAsd
Joj unodde
J0U pIp Apnas ay ]
Jeak ased
ay3 wouy sureidwiod
[e3s|{so[nasnw
3unJaodau ul
se|q 9q os[e Aew 43y |
“Aya8us|
003 ASAINS WNI-84,
ay3 punoy syuedidnJed —

(500 > d) aseaudul
01 panunuod
(Ploysaays %07 ©
M) syiys [eamsod
Ja34e| Jo Junod
sy Ajuo ‘poriad sip
3uimo||o4 "pasea.dul
‘98| pue |lews Y10q
‘sylys [edmsod jo
Jaquinu ayy ‘Suniis
Jo Yy g Isay ay u|
(500> d) “Bunis
paduojoud y-f
3upnp Ajsnonunuod
pasea.oul
suoidau Apoq

|[e SSOJ2® JIojwodsiq

(s00
<d) syusunsnipe
UonEISIOM
139.4400U} JaY10
Y3IM UORE[R.IOD
JuedIuis ou sem
24311 3nq (50°0 >
d) 4g1 Jo @dusjeasud
J9y3iy & 01 pavjuy|
aJom 3uswade|d
JojjuUOW UUII-YO
pue aumsod 13a.4400u)

%0CF Pue 901+ e
19s sem Ylys [edmsod
B 10} ploysaayl 3y
“e3ep aJnssad jeas
wo.y sanisosaqn
[e1yast ypoq
Jo xapui uoisuadsip
aya Jo sisAjeue
Aq pauiwua1op
9J9M SHYIYS [e4n1sod
‘3umis Sulnp eyep
aunssaud ess Joyred
01 Pasn Sem 3IA3p
1eW aJ4nssaJd ess v
“Joeq Jamo) ‘Ul
aeds 0-yD s.840g
Suisn 11ojwodsip
Apoq paAlsauad
paled s129lgng

IPPIYd
uonensiuIWpY
yIesH pue A1ajeg
JeuopednadQ ayy
pue auareuuonsand
Awe.axg
Jaddn ayornseeyy
‘s|euolssajo.d ||
Joj sojwouodis uo
paseq aJdreuuonsand) v

6EF

67 Ueaw 23y

aewdy

JolAeyag %S°TL JopuaD)
SunNS  SUIOM 10 (O

sylys [eamsod

Jo Jaquinu

pue 1.10jWwodsIp

paAldaad

usamIaq

UONEIDOSSE Y3

pue poliad Sumis

Y- & Sunp

sopmiudew

RUUCNCIIT)

e sylys [edmsod

pue 110jwodsIp

paAldaad

JO sonsLSdeIRYD
oY) paulwexy

SI|IOM 3d1j0
Suowe Apoq aya
ul yeaf e Joy ured
Jo aouaesud
33 UO SsoUIEME
Jlwouod.ua pue
aumsod ‘ugisop
UoNEISIOM

Jo s109y9 3y

Apnas
[eauswiiadxo
pue
[euoneAsasqO
puejiey
‘020t
¢ o B
wreduuaduorpp

Apnas
|euond9s-ssou)
'IpU|
‘020t

,ﬁ ‘[e 39 nyeg

JolARyeg @4mIsod dwil]

Sung
Yam dg Jo diysuonejay

sdeny
aJme1sn] parioday

sJaliieqg Jo/pue
suoneliwi paioday

s3uipuly Jolepy

uonas|io)
el J0) POYIs|y

o/k
609F€L°6T
ueaw ‘o/A
85—17 8y
oew
%09 49pus
°94n1sod SJ23J0M
Bumig Yo 0] |
Jolaeyag uone|ndog
/ @4nisod
WL
Bumig

Apmg jo wiy urely

udissg Apmg

Anuno)
Jesy
Joyany

‘panunuoy) °| djqeL



Journal of Back and Musculoskeletal Rehabilitation 38(5)

934

(penunuod)

'sdnoug [euonednodo
J9Y10 pUE sJoJom
9d1j0 [ew.iou

Ul SUORUSAIRIUI
asay) ssosse

pue ‘suqey Sumis
Jood yum s[enplalpul
ut AjenonJed ‘ured
>28q MO| pue 28U
JO 9dUaIINdaJ pue
AJ4aA0d34 UO SYIys
[edmsod pue syesuq
aAnoe jo Adeduye

Sy 23epl[RA p|noys
YoJeasad A|leuonippy
‘Aoeandoe sroadwiy

03 ®IEp UONEUIWEXD
[ed1sAyd aAnoalqo
ajed0d.odul

pUE 43puUnojuod

© se s9doualsadxa
ured snoias.d spnpoul
‘spoyiaw payie.ls
1O UONEZIWOPpUE
payew-ired asn

sa) - - p|noys salpms aimny

ay3 ui syuedppJaed

Jo aoueldwod

QY3 pue ‘paJoliuow Jou
sem JolAeyaq Sumis

s, dnoJ3 |o.nuod sy
'sa1e. A4aA0da.

JO uoneWwNSS Sy
1096 ABW UYDIYM ‘sown
dn-mojjo} [enbaun

pey sjuedipdnuey

‘selq [enualod

3up|slI ‘sauSWISSISSE
aAndalgns uo paseq
aJ9m ured >eq MO|
pue >au dypadsuou jo
sosouSelp pue s.012e)
[e1>osoydAsdoig
'sawodINo

ay1 pasuanyul

QAeY AeW Ydiym
‘sadualtadxs ured
snoiaaud siuedipnaed
uo uonew.Ioul
pajielsp Jayed

j0u pIp Apnas ay ]
'saduE[ERqUII

asned pjnod

YdIyMm ‘uonezjwopue.
J21sn)p o1 anp sdnous
Apnis sso.ude paJayip
$JIS1491DBIBYD dUIjaseq
pue dnousg juedipnaed
a[ewsy Apueuiwopaud
' pey Apmis ay ]
‘AI[1qelA anssn

pue AlAndeE 3)dsnw

10} spjoysa.y3 Jay3o
yum padojdxa Jayainy
aq p|noys pue AJeJnq.e
sem sylys [edmsod

‘uied yoeq Mo Jo
9)®J 95USJINJAI BY)
ul uondNpal %g/ ©
01 P3| SUORUSAISIUI
(100=4) s
leamsod pue (£0°0
=d) sHeauq aAnde
yrog “(syauow

7) dnoug joauod ayy
03 paJedwod (100°0
=d ‘yauow |) swn
AJ4sA034 uelpaW
Js110ys Apuedyiudis
& paduaLiadxa
SUOIUSAJIUI YIYs
[eamsod o ses.q

9ANE Jo syueddnueqd  PUE >P3U JO DUIPIDU| —

uonedydde
auoydiuews

01 Jossadoud

9y3 wouyj Juss
2J9M S)[E3Uq DANDE
Inoge suondn.asu|
‘lenplAlput

Yo®a Joj SYIYs
[ean3sod pue syea.q
SAIOB POpUSWIWIODA
pae|noed
Jossasoud y
aJreuuonsand
Aingesig
SLLIOJ\-pUE|OY

SVA

dg1 Jo a3eu Jua.INdal
pue swn AJaA0dau
9J9M SaUnseaw
Swonno urel
‘A|yauow papJodad
Sem [9A3] Auljiqesip
pue Aysuaiul ured
yaim ured doeq moj

ok €S F
|"p€ ueaw P23y
EILITET
%6/ J9pUID)
(001 =u) ped
Je3s ogqade|d =
dnoug [o.auo
Ok L'LF
0'S¢€ ueaw 23y
EILITETE
%S¥L 49pUSH
(9p=uv)
sylys [eamsod
=7 dnoug
ok 1'9F
9’| £ ueaw 23y
EILITET
%C 0L 43pUSH
(p=v)
S)[ealq dARdE
=| dnoug
SUOIUBAIRIUL
JaAIp
01 pakojdwis
sem snjesedde
pausisap
-wo3snd
SIDJJOM

Yo €61

JolAeyag
8umis

JDJIOM

921)J0 dys-y3iy
Suowre ured oeq
MO| pUE 323U

JO @duaLINdal
pue uoneunp
AJ4oA0d34 Uo
JJojwodsip Suniis
9onpaJ 01 pawre
SUORUBAJIIUI
Yiys [eamsod
pue >ea.q

aAnde jo Adediye

oY1 21e31sAU|

dn-moj|oy
puow-z| yum
[el) p3)|0JIU0d
paziwopued
-12snpd

wue-¢

UEN_._UNH_BW

‘120T

‘o 183
oydmpRIBPY

sdeoy
sJme1sa] pariodey

JOlAeYyeg o94nisod swlj

Sumis
yam dg jo diysuonepy

sJalireg Jo/pue
suonelwi] paioday

s3uipuiy Jolepy

uond’|0D
el J0j poyIs|y

JolAeyag uone|ndoy
/ ®4n1sog

pwil

Sunuig

Apmg jo wiy urely

udisesq Apms
Anuno)
“eay

goyany

‘panunuo)) °| ajqeL



935

Alaca et al.

(penunuod)

‘sjeuoissajoud aujjuo
Jo uonejndod Jspeouq
a3 03 s3ynsad Y3
az[esauas o3 Auljiqe sy
SHUWI| Y2IYM ‘pasn sem
3udwes asusiusauo)
‘s3uipuly aya jo
Ajiqeipa pue Adeandoe
31 pa1daye dAey

Aew yoiym ‘sjqissod
10U SEM UO[23||0d
eaep [edisAyd ‘olwspued
61-dIANOD 343 @ 3ng
'S|00) JUSWIINSESW
9AnRd3[qo

noyum ApAndaiqns
Pa103)|0 aJam
‘9oualiadxa ddom pue
‘sanoy Suniis ‘spPAd|
ured se yons ‘e3ep swog
‘saJreuuonsanb
pajepl[eA

Suisn siya aziwuiw

O) SpEW .UM SLIoYD
y3noye ‘seiq |[eda.

se yons saselq [enuaiod
9onpo.nul sasuodsal
paluodau-jjas
's3|qelieA

juspuadspul pue
SSWO2IN0 33 USSIMIS]

dg7 pim (617 03
SOl ‘1D %56 *19°1
“4OV) uonisod
pa1ess & ul Apjeam
Y 0§ ueys auow
3uipuads .o} punoy

swn Sumig

[9A3] A31AnDE [edIsAyd
puow

| 58] 93 Ul [9A9)
dg suspuodsau

o/k 0g
<%TET ‘0/k 0
S %L9L P8V

SID}IOM
Jaandwod
1ysape|3ueg ul
dg1 Yum s.o1oey

Apnas
[eUOnI3s-5S04D)

diysuoneja. [esned 9J9M SUONBIDOSSE  9NSBaW 01 Pash Sem Sjew [euonednado -
e Suiysi|qeass sauaaaud sAnisod juesyiudig syurejdwod yajeay %1°G6 :19pusD) pUE [enpIAIpUl ysape|Sueg
u3isap |euondas %9°G9 SEM yauow sAn3lqns Jo sjeds SID|IOM Jo sdiysuoneou ‘170T
- - soL - -sso.d s Apnis sy — SB[ 942 UIYyIM dg [e39dsonasnwi 3y awi] 3unig 221J0 894 ay Anusp| ¢ ’[e 33 ueIssoH
"Apnas ay3 jo Auipifea
[eudaaul ay3 Sundeduwi
A|[enuszod ‘passosse
J0U sem poltad
dn-mojjo} aya Sutunp
sdnoug uonuaAJaIUl
JolAeyag aJmisod dwil| sdey sJallieg Jo/pue s3uipuiy Jole} uon’jio) Joiaeyag uoneindod  Apmg jo wiy urepy udissq Apms
a4nje391] paiodey suonelwI] patoday vl1E(] 40} POy} / @Imsog -
oW Anuno>
Sunug Sumig UBI\
yam 4q1 jo diysuonejoy Joyiny

‘panunuo) °| ajqeL



Journal of Back and Musculoskeletal Rehabilitation 38(5)

936

"PIO s4eak ‘OfA txapul ssew Apog INgG ‘[1D%S6] YOV ‘TeAsa3ul 23UdpyUOd ‘|3 ‘ol sPpo passnipe YOV :soned sppo YO ‘[d pue ((1D%56) YOI«

Ajrep spoluad
popuRIX® J0} S

01 pa.inbau aue oym
S[ENpIAIpUL Ul j3eq
J3MO| PUE 23U 3 Ul
A||e1>adsa ‘suapJosip
[e3s|¥solnasnw

Jo 1uswdojsasp aya
03 S3INQLIIUOD SIYYS
Jeanisod jo Aouanbauy
Sy moy 21e3nSsaAul
p|noys saipns

94n3n} USA03JOL
‘uoneJo|dxs Jayruny
saJinbaa yoiym
‘SOWO02IN0 JUIBYIP
01 pes| Aew sylys
jeanisod Sunejnoped

S9A - - 01 saydeoudde Juauayiq

'S1|NSa. JUSIBYIP PPRIA
p|no> syiys [eamsod
Sunenoes jo spoyaw
JUDJISYIP pue Ylys
Jeamisod jo uonuyep
SY3 UO SNSUSSUOD
[euoneu.alUl
ou s| auay |
‘saunseaw
9An3[qo auow
woJj 3jausq pjnod
pue sJo12e) SupuaNjul
Jle @amded 30u Aew
ya1ym ‘oeds 3uodau
-J|9s & Suisn passasse
SEM 110JWOodSIp
paAled.Iad-Apog
*SJUSWIUOIAUS 321jJ0
pl{om-[eaJ o1 s3ulpuly
ay jo Ajgezifessuad
aya Suniwi| ‘Sumes
AJoreloqe| pajjosauod
® Ul p332npuod
SeM d.easal 8y
‘ured >deq Jomo| Jo
529U YaIM S[ENPIAIpUI
o3 Alddejou Aew yoiym
‘saipuanbauy unjiys
[eamisod uaiayip yum
1JojwodsIp paAivdJad
-Apoq pa1ednsaaul
PUE SJ3HJ0M 3d1j0
Ayaesy ‘Bunof uo

Ajuo pasndoy Apnis ay] —

"(50°0>d) unoy

Jad syys feamsod

01 jo Aouanbauy

e 03 paJedwod

usym >deq

Jamo| pue uaddn

a1 Ul 2I0jWodsIp

paAI92.4ad pases.udap

Ajlenueasgns

Jnoy Jad syys

[eamisod o o1 O

Jo Aduanbauy y >pdau

PUE “|JBQ J9MO|

pue Jaddn Yapjnoys

Sy ul ssaalsIp

Jo uondeduad

sy paJae

Apueoyiudis anoy

Jad Aaiya 01 umy

woJy sylys [eamsod

Jo Adouanbauy

ay) ‘porsad Sunuis
Jnoy-auo e 3ulng

‘[ENPIAIPUI UE JO
auswnsn(pe [eamsod
a3 AJlIsA 01 paziin
Sem Jew aJnssaad
7835/ "3[eds 0 ]-4D
s 31og Aq paunseaw
se ‘(y/sewn Qg pue
‘0T ‘01) sausunsnipe
[eanasod sauys
Jo s109)3 SuIAalRd
-110JwodsIp ay3

paJedwod suoyine ay |

ok g€ F IL0€E
ueaw 93y
Slewsy

JoiAeyag %E €9 IopuUsD

8umig  suaxdom ad1yo 09

‘potad

pa1ess Jnoy

-auo e 3ulnp

SIDJIOM 3d1j0

Ayajesy Suowre
140JWOodSIp Apms
[e39[so[nasnw [eauswiiadxy
Jo uondaouad ayy -

uo sylys [edmsod puejrey |
Jo Aduanbauy ‘€T0T ‘g B3
oy jo wedwiay]  joydmbRIBPY

sdeoy
sJme1sa] pariodsy

JolAeyag aJmisod dwil|

Bunug
yam dg jo diysuonepy

sJallieg Jo/pue
suonenwI] paxioday

s3uipul4 Jofepy

uons’|0)
eI J0j poyIs|y

JoIAeYSg
/ ®4msod
JELUNR
8uns

uonejndog

Apmg jo wiy ureyy udiseq Apnag

Anuno)
Ueap
goyany

‘panunuo) °| ajqeL



Alaca et al.

937

Sitting behavior. Only one study®® did not find a relation-
ship between working without a break for more than
three hours and LBP, whereas eleven studies demon-
strated a link between sitting behavior and LBP*’~":
60.67.68.71.73.74.76.78.82 (Taple 1). In the review, some studies
evaluated sitting behavior using self-report questionnaires
that asked whether short breaks were ta1<en,67’69’70’73’74
while others used objective assessments such as pressure
mats®’7798982 and activity monitoring devices.*>’* One
study also assessed sitting behavior using devices that
encouraged individuals to take breaks, such as a sit-stand
workstation.®® While most studies evaluated the presence
or absence of low back p.'f,lin,67’69’70’73’74 some measured
pain intensity>°**® or discomfort levels using a Likert
type scale.5%7-82

Barriers and/or limitations for studies and literature gaps.

Table 1 summarizes the barriers, limitations, and identified
literature gaps reported in the included studies. Of the 22
articles reviewed, 19 identified reported specific barriers
or limitations, while 3 did not (Table 1). Regarding litera-
ture gaps, 15 studies highlighted areas for future research
and provided recommendations, while 7 did not (Table 1).

Discussion

This scoping review assessed the current evidence on the
effect of sitting time, posture, and behavior on the risk of
low back pain (LBP) in office workers. It found that pro-
longed sitting, poor posture, fewer breaks, and more static
sitting were associated with LBP. Among these factors,
sitting behavior (fewer breaks and more static sitting)
showed the strongest association with LBP. Since most
studies on sitting duration are cross-sectional, further object-
ive, evidence-based research is needed. Sitting posture was
the second most commonly associated factor with LBP.

Relationship between sitting time and LBP

Literature consistently shows that prolonged sitting can lead
to adverse biomechanical changes in the lumbar spine,
including a reduced lumbar lordosis, increased muscle
activity, intradiscal pressure, and ischial compression.®!”?
Evidence also suggests that prolonged flexion during
sitting may result in redistribution of the nucleus pulposus
within the annulus.®> These findings suggest a plausible
biological relationship between sitting time and LBP.
Despite this, some systematic reviews have reported
mixed results regarding the association between sitting
time and LBP3!733:4484.85 However, it is important to
note that these systematic reviews were conducted before
the widespread use of computers, which has significantly
increased sitting time in modern society. In addition,
these reviews did not focus exclusively only on office

workers, a population particularly susceptible to the
effects of prolonged sitting.

To address these limitations, the current scoping review
focused exclusively on office workers and identified thir-
teen studies examining the relationship between sitting
time and LBP. Of these studies, five found no association
between sitting time and LBP.%%¢7%7972 However, it
should be noted that the first study categorized daily
sitting time as above and below three hours, which may
be too low a threshold to detect an association.®’
Additionally, in the study by Celik et al. most office
workers (82.6%) worked for six hours or less, with a
mean sitting time of 4.64 +2.21 h, which may have led to
an underestimation of the results’> The remaining three
studies examined sitting time above six hours and
found no association.’®®”7° In contrast, eight studies
reported a positive association between sitting time and
LBP.28:00-7375.77.7981 Thege studies found that sitting for
at least four hours’ and six to eight hours per
day?® 737381 was associated with an increased risk of
LBP. Additionally, functional impairment was observed
for sitting more than five hours.”” Further supporting the
role of sitting time in LBP, the only non-cross-sectional ran-
domized controlled trial by Brakenridge et al.*® showed that
areduction in sitting time was associated with a decrease in
LBP. However, it is important to note that all studies, except
Brakenridge et al. were cross-sectional, which limits the
ability to determine causality. It is important to note that,
with the exception of the studies by Mehta and Maru’’
and Brakenridge et al.,60 other research did not take into
account the severity of LBP in their assessments. Instead,
these studies classified LBP simply as present or
absent,72837:65-76.7882 Thic approach may have led
individuals with low pain intensity (e.g. visual analog
scale <3) to overlook their low back pain, resulting in an
inaccurate classification as part of the pain-free group.

In the meta-analysis by Mahdavi et al.,45 which aimed to
investigate the relationship between sedentary behavior and
its indicators with LBP among adults and children, it was
shown that sedentary behavior is a risk factor for LBP in
office workers, identified as a subgroup (OR=1.23).
However, this meta-analysis also demonstrated an associ-
ation between excess weight and smoking with LBP.
Unfortunately, in the current scoping review, we did not
specifically address the confounding effects of these
factors. In a meta-analysis evaluating whether sit-stand
workstations can reduce LBP by decreasing sitting time,**
it was found that these workstations may indeed help to
reduce low back pain. Similarly, a 2019 Cochrane review
reported that workplace interventions aimed at increasing
standing or walking time might reduce musculoskeletal
pain among sedentary workers, although these effects
were not statistically significant.®® In a cross-sectional
study examining the relationship between objectively mea-
sured sitting time (total daily, occupational, and leisure
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periods) and low back pain among blue-collar workers, a
positive association was found between sitting duration
and LBP intensity, even among blue-collar workers.®’
These findings support the results of our current scoping
review, where we observed an association between longer
sitting time and LBP in office workers.

Relationship between sitting posture and LBP

The relationship between sitting posture and LBP is a
complex and multifaceted issue. While it is often assumed
that maintaining a specific ‘correct’ posture is key to pre-
venting LBP, the evidence to support this notion is
limited. In fact, awkward sitting positions, such as both
upright and slumped sitting positions, have been shown to
provoke LBP in some individuals.®® Slumped sitting
induces a ‘flexion relaxation’ response in the paraspinal
muscles, potentially increasing the load on passive spinal
structures.®” Conversely, upright and more lordotic sitting
postures are associated with increased trunk muscle activ-
ity, potentially leading to trunk muscle fatigue.’*®
Despite prevailing beliefs among both physiotherapists
and the general public about the importance of correct
posture, there is limited strong evidence to support the
idea that avoiding incorrect posture effectively prevents
low back pain, or that any particular spinal curvature is
strongly correlated with pain.?¢-%9°!

In this scoping review, three studies investigating the
relationship between sitting posture and LBP found no
association.®>’>”> These studies relied on self-reported
questionnaires to assess sitting posture and postural risk,
which may have introduced bias and contributed to the
lack of association. In contrast, seven studies found a
positive  association between sitting posture and
LBP.00-0977L7376.78 Of these, only two used self-reported
questionnaires to assess sitting posture,®®’® while the
others found associations through ergonomic office train-
ing,®"® ergonomic assessment by a health profes-
sional,’”>7® or an experimental study evaluating
asymmetrical sitting posture using a specially designed
pillow containing a force plate.”*

The relationship between awkward postures and LBP
remains contentious, with varying findings across studies.
For example, a meta-analysis by Griffith et al.’? found
that awkward or non-neutral postures were associated
with increased LBP risk, with odds ratios (OR) ranging
from 1.14 (95% CI: 1.08-1.21) to 2.03 (95% CI: 1.26—
2.49). Supporting this, systematic reviews by da Costa
and Vieira,30 Lis et al.,84 and Nelson and Hughes93 sug-
gested that awkward postures, particularly when combined
with prolonged sitting or lifting, increase the risk of LBP.
However, Roffey et al.*® found no strong evidence for a
causal relationship. An umbrella review by Swain assessing
various physical exposures including prolonged sitting,

awkward postures, bending, and twisting found limited
consensus regarding their association with LBP and high-
lighted the need for higher quality studies.”* Overall, the
evidence from this scoping review suggests that maintain-
ing an ergonomic office environment and optimal posture
may be associated with a reduced risk of LBP, consistent
with the literature.

Relationship between sitting behavior and LBP

Reducing static sitting, increasing breaks, making sitting
more mobile sitting and encouraging in-office exercises to
increase physical activity have emerged as a promising
strategy to reduce the LBP prevalence. With the exception
of one cross-sectional study that found no association
between LBP and sitting behavior,®” the remaining twelve
studies consistently demonstrated an association between
sitting behavior and LBP?"-37-00-6768.71.73.74.76.78.82 4y he
present scoping review.

Womersley and May®® found that individuals with LBP
tend to sit for long, uninterrupted periods in a relaxed
posture, suggesting that sitting habits may play a role in
LBP risk. Other studies show that individuals with LBP typ-
ically exhibit fewer micromovements, leading to a more
static sitting behavior.’”*® Despite efforts to define an
“optimal” posture, even “ideal” positions may lead to
fatigue if maintained for too long,” highlighting the benefits
of regular, small postural changes.*' Dynamic sitting, involv-
ing periodic postural shifts, has shown physiological benefits
such as reducing spinal load*' and preventing spinal shrink-
age,” and may also help prevent posterior disc damage
through low-intensity movements.*> Consistent with these
findings, the present scoping review also supports the associ-
ation between static sitting behavior and LBP.

Limitations and or barriers for studies included in the
scoping review

Studies investigating the relationship between sitting and
LBP among office workers, as evaluated in this scoping
review, face several common barriers and limitations. A fre-
quent issue is the reliance on self-reported data from online
survey.280%77 7881 1 4w response rates in online surveys
can lead to response bias, limiting the generalizability of
the findings. Furthermore, office workers with high work-
loads often lack sufficient time to complete these surveys,
which may result in the underrepresentation of this
group.?® Self-reported surveys are also prone to recall
bias, as participants may not accurately remember or
report their sitting habits and associated discomfort.?®¢3~
67.70.73=7577.78.81 (rogs-sectional studies, prevalent in this
field, can only identify correlations, not causality, limiting
our understanding of how specific sitting parameters
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contribute to LBP,28:05-6769.70.73-7881 A qditionally, many
studies focus on narrow populations, such as office
workers from specific companies or institutions, reducing
the applicability of the results to other office worker
groups, 27-28:66:68.69.71.74.80

Furthermore, most studies rely on subjective reports of
ergonomic conditions rather than objective assess-
ments®>’>"> weakening the reliability of the findings.
Additionally, many studies fail to consider important psy-
chosocial factors®”*""*%9 or conduct thorough computer
workstation amalysis.m’78 Additionally, non-office-related
activities, such as use of devices outside the workplace,
are often not accounted for, though they may contribute
to musculoskeletal pain.”* Lastly, the self-reported diagno-
sis of low back pain, without confirmation by healthcare
professionals, may effect the accuracy of the data.’*

Literature gaps and suggested improvements for
studies included in the scoping review

To advance research in this field, addressing several meth-
odological and conceptual gaps is crucial. Validated and
reliable questionnaires should be prioritized to ensure the
accuracy of self-reported data, as discrepancies in data col-
lection methods can significantly impact findings.
Increasing sample sizes and recruiting participants from
diverse populations will improve the generalizability of
the results. Integrating personal interviews with participants
can provide more context deeper insights than online
surveys, which often lack depth.”® Moreover, longitudinal
studies and regression analyses are necessary to establish
causal relationships between workplace factors and muscu-
loskeletal issues. Given the reliance on self-reported sitting
durations in hourly intervals,28’65*67’70’72*74’77’78’81 future
research should incorporate randomized controlled trials
with objective, long-term follow-up assessments.

Future studies should also focus on objectively evaluat-
ing ergonomic workplace standards, using advanced data
collection methods such as video recordings to accurately
monitor postural changes and movement patterns.®® These
methods can offer a comprehensive understanding of how
dynamic sitting behaviors influence musculoskeletal
health. Additionally, other potential contributors, including
body weight, smoking, and psychosocial factors, should be
systematically analyzed to identify modifiable risk factors
for LBP.?737607L78 mportantly, many studies fail to
account for pain severity when assessing LBP. Future
research should address this by stratifying participants
based on pain severity and ensuring LBP diagnoses are veri-
fied by healthcare professionals.”” Such approaches will
enhance the precision of findings and the development of
targeted interventions to reduce LBP in workplace settings.

These recommendations highlight the need for a multi-
disciplinary approach to research in this field, combining
ergonomic assessments, psychosocial evaluations, and

robust methodologies to ensure reliable, actionable out-
comes. By addressing these gaps, future studies can
provide a stronger foundation for developing interventions
that reduce LBP prevalence and enhance workplace
health standards worldwide.

Barriers and limitations in the scoping review

Several confounding variables exist between the aims of
this scoping review and the assessed relationships. One sig-
nificant factor is that the assessments regarding the presence
of low back pain and sitting time/posture are based on self-
reports indicating either presence or absence. In such ques-
tions, participants may have a tendency to provide socially
desirable answers. This may result in a tendency to under-
report or misreport the severity of low back pain and
sitting times in comparison to those measured by an object-
ive method, thus introducing a potential risk of bias.”®
Additionally, variations in office working conditions
across countries and sectors, along with individual biopsy-
chosocial factors such as stress and job satisfaction, limit
the generalizability of the findings. The lack of detailed ana-
lysis of demographic (e.g. age, gender, body mass index)
and clinical factors (e.g. comorbidities, injuries) further
risks introducing bias by failing to account for these as con-
founders. Even with adjusted variables, unmeasured or
unknown factors may still influence the observed associa-
tions, making it challenging to discern whether findings
reflect true relationships or are artifacts of these confound-
ing variables.

Although a systematic search strategy was employed,
some relevant studies may have been missed, including
those excluded due to publication types (e.g. editorials,
blogs). Many included studies lacked objective assessments
of sitting behavior and back pain, potentially limiting the com-
prehensiveness of their findings. The authors did not exclude
studies based on quality ratings that would affect the validity
of the reported findings. The generalizability of our findings
may be somewhat limited because the scoping review did
not include all possible working conditions. Additionally,
the reliance on cross-sectional data poses a significant limita-
tion, as these studies cannot establish causality between sitting
behaviors and LBP. While this review included a range of set-
tings, interventions, and age groups, unexplored working con-
ditions may produce different results.

In addition, LBP is multifactorial in nature in the general
population, making it difficult to draw firm conclusions.
The inconsistency and lack of evidence in the literature
linking sitting and LBP are largely attributed to this com-
plexity, compounded by the use of unreliable subjective
measurement tools, short follow-up durations, and other
methodological weaknesses.”’***>  Unfortunately, this
scoping review was unable to exclude studies with such
flaws, as there is a scarcity of objective, randomized
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controlled trials with long-term follow-up specifically
focusing on office workers. which constitute the main limi-
tation of this review.

Studies on sedentary behavior in the general population
suggest that adults spend an average of 5 to 8 h per day
sitting, while more objective measures estimates that this
duration may be higher, ranging from 7.7 to 11.5 h; for
example, accelerometer-based studies report that adults sit
for an average of 8.2h per day (range: 4.9-
11.9 ). *884859293 Gjtting in an office setting is often
more static and limited by breaks compared to leisure-time
sitting, and may thus contribute to musculoskeletal disor-
ders. Notably, 60% of office workers report physical dis-
comfort, which is believed to be associated with sedentary
time. Furthermore, prolonged static sitting has adverse
effects not only on the musculoskeletal system but also
on cardiovascular and metabolic health.**>°® In contrast,
leisure-time sitting allows for more flexibility, enabling
individuals to incorporate physical activity and breaks as
needed. This distinction highlights the importance of con-
sidering the temporal and physical structure of sitting in
both work and leisure environments when evaluating its
health impacts.*®* Addressing this gap, future research
should explore these contextual differences and underlying
mechanisms.

Conclusion

The current scoping review found that longer sitting time,
poor sitting posture, fewer breaks during sitting and more
static sitting were associated with LBP. The strongest evi-
dence for an association with LBP was found for sitting
behavior (fewer breaks and more static sitting). The
second strongest evidence was found for sitting posture as
it showed more objective assessment and evidence than
sitting duration. Studies on sitting duration are mostly
cross-sectional. However, there is a need for future rando-
mized controlled trials of all sitting characteristics, with
objective assessment methods, biopsychosocial assessment
of the complex nature of low back pain and long-term
follow-up.
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