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Hepidnyn

H xoprticny koot otdon (KKZ) ocvyvd viobeteiton oe xabnuepivég
dpaocTnploTEG Kol Otav mopateiveron £xel mpotadel va emmpedlel T1g ProAoyukéc
WOTNTEG TOV 10TAOV TNG OTOVOLAIKNG OTHANG (XX) kot vo emdpd apvnTikd otV
wodektikoTTo. O 6KOTAG TG TaPovsag LeEAETNG NTav N a&loAdyNnoT ™S KaB1oTNG
OTAONG OYETIKA HE TO KEPAM, T XX Kol TN AEKOvn o€ VYlEl AQtopa, 1
ypovoeLaptopevn emidpacn g KKE oty 1010dektikdtnTo Ko 1 €mppon UG
dwdwaciog g Mnyavikig Aldyvoong kou Ogpaneiag (AMAG®) 610 10100eKTIKO
ENAEYLLLOL

Me 1t ypnomn ovyyxpovikoh CYEOCUOD ETOVOAUUPOVOLEV®OV UETPNOEDV
(N=47) ta dropa alloroyndnkov oyetikd pe tm cvvndn kabiom otdon tovg (ZKX),
™V avtiinyn touvg yia TV ocmwoth otdon (AXY), v wavotnta vo viofeticovy pia
exmodevpévn ocwoty otdon (EXY) ko v okpifeie pe v omoio pmopodv va
enavanpocolopicovv v EXX dueca, petd amd 10 kot 30 Aentd otnv KKX ko petd
and 1 AMAG®. Ot eapnuéveg petafantéc Nrav evvéa yovieg 6to mpocbionicOio
eminedo.

Ta amoteAéopata mopovsiacay 6Tt n KX fTov Mo Kopmtiky and amd v
AYY ka1 v EEX (p<.05) kou n AZXE ftav onuovtikd md kountiky ond v EXX
(p<.05). H a&omotio tov e€etaoct va tomobetei to dtopa otnv EXX tav modd kaAn
(ICCs am6 0.79 émg 0.91). Aev mapOVGLAGTNKOAY GTOTIOTIKO OTUOVTIKEG SO0 PEG
oTOV GUEGO emavanpocsdopicud e EXE, eved onpatikég dwapopéc avayvopiotnKay
otV 0ceLiKn Yovia (OI) petd and 10 Aentd otnv KKX kot oty O, v yovia g
KEPUANG Kol TNV ovyevo-Bwpakikn yovie petd amd 30 Aentd oty KKZ. O

EMOVATPOGOOPICUOG TNG 6TAONG HETA TNV AMA® e£dAenye TO 10100EKTIKO EALELLLOL

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



oV ke@aAn kot ™ XZ. To AdBog emavampocsdlopioro TG 6TAoNS £3E1EE OTATIGTIKA

onuavtikés dtapopég Yo tnv O ko v I'K.

Abstract

Flexed sitting posture is commonly adopted in daily sitting activities and
when sustained has been proposed to affect biological properties of spinal tissues and
act detrimentally on proprioception. The objective of this study by using an optical
motion analysis system was to assess sitting posture regarding the head, spine and
pelvis, in healthy individuals; the time effect of flexed posture (FSP) on
proprioception and the impact of an MDT procedure on proprioceptive deficit.
Using a cross sectional repeated measures design (N=47) subjects were assessed
regarding their habitual sitting posture (HSP), perception of optimal posture (SPOP),
ability to adopt an instructed sitting posture (IOSP) and accuracy to reproduce the
criterion posture immediately, after 10 and 30 minutes in FSP and after the “slouch-
overcorrect” procedure (SOP). Dependent variables were nine sagittal upper body
angles.

Results revealed that HSP was more flexed than SPOP and IOSP (p<.05) and
SPOP was significantly more flexed than IOSP (p<.05) in most measured angles. The
intra-tester reliability of positioning the subjects in IOSP was very good (ICC ranged
from 0.79 to 0.91, SD from 0.98° to 2.2°). There was no significant difference in
immediate repositioning to 10SP, while significant differences were identified in the
lumbar angle (LU) after 10 minutes in FSP and in LU, head (HE) and cervico-thoracic
(CT) angles after 30 minutes in FSP. Repositioning to IOSP after SOP abolished
proprioceptive deficit in head and spine. Postural repositioning error showed

significant differences for LU and HE angles.
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The findings suggest that healthy individuals habitually sit in more flexed
posture than SPOP and I0SP. Postural education can be actualized in a reliable way
and subjects can adopt an educated posture. Furthermore FSP challenged postural

proprioception, but SOP increased proprioceptive accuracy.

Table of contents

TLEPUAMMUIT e 3
ADBSEFACT ... 4
LSt OF TADIES ..o 9
TS 0 i 0 [0 PSSR 10
List Of @aDDIeVIAtIONS. ........ooiiiiii 12
1. INTRODUCTION ...ttt 14
2. LITERATURE REVIEW ...t 17

2.1. The optimal spinal Sitting POSTUIE .......uuuuuieiiiiiiiiiii s 17

2.3. Spinal health, stability and proprioceptive control ..........ccccoceveviiiiiiiiiiiccccecccann 20

2.4. The rational and the objective of the present study ........ccccceeeiiiiiiiiiiiiiiiiciccceccccane 21
S.METHODS ...t 22

0 Y U T Vo 1Ty 7= { o RN 22

YU o] =Y ot £ 22

R T 2 o] o T- ] = ) (U 3N 23

34, PrOCEAUIE ..ottt st s e s aa e s raa e e s e ans 24

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



3.4.1. Subject preparation and markers placement...........ccoovvviiiiiiieeieiriice e, 24
3.4.2. EXperimental ProtoCOL.........uuiiiiiiiiiiiiiiiiiicieiiiiieieeeeeeeeeeeeeeee e eeee e e eeeee e eeeseeeaenee 27
3.4.3. Habitual Sitting poStUre (HSP) .....ccueiviiiiieiieieceeeee e 28
3.4.4. Self-perceived optimal POStUre (SPOP) .....c.coviiiiiiiiiiienieeeeree et 28
3.4.5. Flexed (FSP) and fully-lordotic sitting posture (FLSP) .......cccccovverierieeneenieennen. 28
3.4.6. Instructed optimal sitting posture (IOSP) ........oocveeveieerieee e 30
3.4.7. SIoUCh-0OVErCOrreCt PrOCEAUNE. ......eeeeveeeteeereieeeteeeereestee e e e eee e sereeeseeeeeseseesaees 31
3.4.8. POSUIE rePOSITIONING.....ccveeeeieeiiieeieeeieeeseeesreeeee e et eesereeeraeesereeenneesanes 32
3.5. Spinal curve, head and pelvis position analysis .........ccccceevveeevieeeciee e, 33
3.5.1. POStUIe VariablES ..........cceiiiiiiiiiiiii i 34
3.5.1.1. Head angle (HE).....ooveieeieeee ettt e vre e s e e 35
3.5.1.2. NECK angle (NE).....cccuvieiieeeiie ettt estre st stve s e e e e e save e 36
3.5.1.3. Head tilt angle (HT) ceveeeeieeeeeeeee ettt 36
3.5.1.4. Head protraction angle (HP) .........oovvieiiieiiee e 37
3.5.1.5. Cervico-thoracic angle (CT) ..eecueeeiiieeeeecee et 38
3.5.1.6. ThoraCic angle (TH) ....cooveieiieeciee e 38
3.5.1.7. Thoraco-lumbar angle (TL) ...cooueeeiieecee e 39
3.5.1.8. LUmMbar angle (LU) .....oooveieiie ettt e 40
3.5.1.9. PEIVIC aNgle (PEL) .....oeeieiieeieeectee ettt ettt et e 41
3.5.2. RePOSItIoN €ITOr (RE)....ccuiieiieeeciiie ettt sttt 42
3.6, REIHADIITY ...ccviiiciieece e ettt e et e e eabe e e e be e e saraeereeas 43
3.7. StAtISICAl ANAIYSES .. .eeiiiieeeiee ettt e ete e e st e et e e sabe e et e e eareeas 43

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



. R ESULT S ettt e ettt e e et e e e et e e e anbbe e e e
O T 1= 1 U 44
4.2. Results of eXamined POSLUIES ........cc.uerueerieeriienieeiee sttt 44

4.2.1. HaDItUAL (HSP) .t 46
4.2.2. Habitual (HSP) and self-perceived optimal posture (SPOP).........cccceeveenvernenne. 46
4.2.3. Instructed optimal sitting posture (IOSP).........eeevieeriee e 47
4.2.4. Instructed Optimal Sitting Posture (IOSP) and repositioning trails....................... 55
G T =T o To Y1 o) T = o SR 57

5. DISCUSSION ..ttt e s
5.1. The optimal SIttING POSTUIE......cccviieiieeeiee ettt sre et ere e e sereeeaaee s 63
5.2. Training the SIttiNG POSTUIE ......ccuveieeieeciec ettt e e e e e sere e e 64

5.3. Intra-tester reliability of positioning individuals into a predetermined sitting posture . 64

5.4. Differences among angles and sitting postures (HSP, FSP, FLSP, SPOP, IOSP)........ 65
5.4.1. Habitual Sitting POSTUIE .....cccveeeiieeetie ettt e e e ar e 66
5.4.2. Self perceived optimal POSTUIE .......cc.eeeeiiieciiecee et 68
5.4.3. The instructed optimal Sitting POSTUIE........cccuveeiieerie et 69

5.5. Repositioning trials to the optimal Sitting POSTUrE ........cveeviuveevieieiieecee e, 70
5.5.1. Immediate repositioning to the instructed optimal sitting posture.............cc......... 70

5.5.2. Repositioning to instructed optimal sitting posture after prolonged spinal flexion.

5.5.2.1 The effect of flexed posture on muscles’ proprioceptive reflexive activation .74

5.5.3. Repositioning and “slouch-overcorrect” proCedure ..........ccoeveereerieeerueeneeenveenn. 78

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



5.6. Reposition error among replicated POSTUIES ........c.vevveereerieriieiie e 79

5.7. Clinical and research implications and future directions ..........ccccoeeveeveieenceesncee e, 81

5.8, LIMITATIONS ..ottt ettt st sbe e s b e sbeenaneea 84
6. CONCLUSIONS AND TAKE HOME MESSAGES ........coccoiiiiiiiieee e
T.REFERENGCES ... ..ottt ettt e et e e as
ST Y o] o 1=] 0 [0 | PSP P PP OVRUPRPPPPS

8.1."Evtumo cuvaiveong SOKIUALOUEVOD GE EPEVVITIKN EPYOUGTIOL vuvvrererrurrererrvreeerrvreeeesnans 97

8.2. Table 9. Reposition error between IOSP and REPL ..........ccccoeviiiviieevcieeeee e, 99

8.3, YTIEUBUVN ANAWON . .uviiieeeieeciiiiiee e e e e e eccctree e e e e e e eettbbreeeeeeeeessaabsaeeeeeeeesesntraaeeaaeeanas 100

Institutional Repository - Library & Information Centre - University of Thessaly

16/10/2023 21:50:21 EEST - 167.

114.118.212



List of Tables

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Descriptive characteristics of the participants

Descriptive data of the reliability study

Angles obtained from different sitting postures

Pair-wise comparisons of angles among habitual, self perceived
optimal and instructed optimal sitting posture

Pair-wise comparisons of angles among instructed optimal posture and
repositioned postures

Summary of descriptive data for reposition error of HE, CT and LU
angles

Reposition error results of pair-wise comparisons of HE, CT and LU
angles

Angles in optimal sitting posture and the extremes of sitting posture

Reposition error between IOSP and REP1

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



10

List of figures

Figure 1 Anatomical landmarks location and confirmation with ultrasound
imaging

Figure 2 Markers at the front upper part of the body

Figure 3 rs at the back part of the body

Figure 4 Placement of the subject on the chair

Figure 5 Flexed sitting posture (FSP)

Figure 6 Fully lordotic sitting posture (FLSP)

Figure 7 Instructed optimal sitting posture (IOSP)

Figure 8 The position that subjects remained for the time period of 10 and 30
minutes, before repositioning trials

Figure 9 Representation of the Head angle (HE) as is formed among markers

Figure 10 Representation of the Neck angle (NE) as is formed among markers

Figure 11 Representation of the Head tilt angle (HT) as is formed among markers

Figure 12 Representation of the Cervico-thoracic angle (CT) as is formed among
markers

Figure 13 Representation of the Thoracic angle (TH) as is formed among markers

Figure 14 Representation of the Thoraco-lumbar angle (TL) as is formed among
markers

Figure 15 Representation of the Lumbar angle (LU) as is formed among markers

Figure 16 Representation of the Pelvic angle (PEL) as is formed among markers

Figure 17 Head angle represented in mean and SD (degrees) among different
examined postures

Figure 18 Neck angle (NE) represented in mean and SD (degrees) among

different examined postures

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

Figure 24

Figure 25

Figure 26

11

Head protraction angle (HP) represented in mean and SD (degrees)
among different examined postures

Cervico-thoracic angle (CT) represented in mean and SD (degrees)
among different examined postures\

Thoraco-lumbar angle (TL) represented in mean and SD (degrees)
among different examined postures

Lumbar angle (LU) represented in mean and SD (degrees) among
different examined postures

Pelvic angle (PEL) represented in mean and SD (degrees) among
different examined postures

Box plots showing median values and data dispersion for HE angle
reposition error in each trial

Box plots showing median values and data dispersion for CT angle
reposition error in each trial

Box plots showing median values and data dispersion for LU angle

reposition error in each trial

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



12

List of abbreviations

MDT

HSP

SPOP

I0OSP

FSP

BMI

FLSP

REP1

REP2

REP3

REP4

OcCC

FHEAD

ORBVM

PELVM

SACRVM

RE

HE

NE

HT

Mechanical Diagnosis and Therapy

Habitual sitting posture

Self-perceived optimal posture

Instructed optimal sitting posture

Flexed sitting posture

Body mass index

Fully lordotic sitting posture

Immediate repositioning trial

Repositioned posture after 10 minutes in FSP

Repositioned posture after 30 minutes in FSP

Repositioned posture after the slouch-overcorrect procedure
Occiput marker

Marker in the front of the head

Virtual marker in the midline of the two orbit markers

Virtual marker defined as the vector midpoint between the two anterior
superior iliac spines’ markers

Virtual marker defined as the vector midpoint of the two posterior
superior iliac spines’ markers

Reposition error

Head angle

Neck angle

Head tilt angle

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



HP

CT

TH

TL

LU

PEL

RE1

RE2

RE3

RE4

ICC

cv

Head protraction angle

Cervico-thoracic angle

Thoracic angle

Thoraco-lumbar angle

Lumbar angle

Pelvic angle

Reposition error between IOSP and REP1
Reposition error between IOSP and REP2
Reposition error between |IOSP and REP3
Reposition error between I0SP and REP4
Intra-class correlation coefficient

Coefficient of variation

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212

13



14

1. INTRODUCTION

Due to the demands of life in modern society the amount of time spent in sitting
posture is increasing steadily (Egger, Vogels, & Westerterp, 2001). Slouched, kyphotic or
flexed posture are terms usually used to reflect a non-upright sitting posture including
lumbar, thoracic and lower cervical spine flexion. Such a posture is commonly adopted in
daily sitting activities (P. Dolan, Adams, & Hutton, 1988) and is related to the appearance of
symptoms (cervical, thoracic and lumbar spine) in healthy individuals or aggravation of
symptoms in subjects with spinal pathology (Womersley & May, 2006).

An extensive literature review (Pynt, Higgs, & Mackey, 2001) comparing the effect of
lordosed and kyphosed seated postures concludes that kyphosed postures, when sustained, are
more harmful to the health of the lumbar spine. Furthermore, evidence supports that sustained
flexed neck and thoracic posture is capable of producing symptoms in asymptomatic
individuals (Harms-Ringdahl & Ekholm, 1986). Given that sustained flexed or slouched
posture challenge the spine in terms of health and symptoms’ production is of significant,
clinical and scientific, importance to evaluate the effect of such a sustained posture regarding
the whole spine. Despite that sitting posture predominates in modern lifestyle and workplace
the definition of the optimal or ideal sitting posture diverge in the literature (P. O'Sullivan,
2005; Pynt, et al., 2001). The argument is related not only to the quantitative description of
the posture, but the designation of the curves among spinal segments, with qualitative
descriptions lacking in consensus about the specification of ideal spinal curves (A. P. Claus,
Hides, Moseley, & Hodges, 2009b). The upright sitting posture is regarded as a base for the
correct posture and most of the descriptions include normal lumbar lordosis as a substance of
correct posture (A. P. Claus, et al., 2009b; K. O'Sullivan, et al., 2010) since the lordotic curve
is a physiological resting position of the lumbar spine. Education of subjects to sit in upright

posture with lumbar lordosis is evaluated in several studies, providing evidence that trained
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subjects can sit in a predefined posture for an adequate period of time (Falla, Jull, Russell,
Vicenzino, & Hodges, 2007; Scannell & McGill, 2003).

Position sense as part of proprioception is used in studies investigating joint position
error as a measure of proprioceptive ability in healthy and symptomatic individuals
(Brumagne, Lysens, & Spaepen, 1999a, 1999b; K. J. Dolan & Green, 2006; Edmondston, et
al., 2007; Newcomer, Laskowski, Yu, Johnson, & An, 2000; P. B. O'Sullivan, et al., 2003).
Proprioceptive input and reflex control of spinal movements, in specific, derive from
mechanoreceptor afferents that are found in a variety of spinal tissues including muscles,
joints, fascia and skin (Gandevia, McCloskey, & Burke, 1992; Yahia, Rhalmi, Newman, &
Isler, 1992; Yamashita, Minaki, Oota, Yokogushi, & Ishii, 1993).

Taking the former into account, flexed posture challenges the neutral zone and the
spinal stability, as well as the reflexive activation of the muscles that is dependent on the
creep developed in the viscoelastic tissues during static load (Youssef, et al., 2008).
Increasing neuromuscular neutral zones after a given protocol is applied, in this case flexed
posture, indicate deteriorating stability since the muscle forces are not available at the
required timing and manner (Solomonow, 2011). Recent evidence supports that flexed
posture is potentially exposing the spine to injury as reflex lumbar and thoracic muscles
activation is delayed in response to a sudden perturbation because of the creep in viscoelastic
tissues (Sanchez-Zuriaga, Adams, & Dolan, 2010). One hour in flexed posture increases the
peak lumbar flexion by 4.1% and the muscle activation latency in both lumbar and thoracic
regions (Sanchez-Zuriaga, et al., 2010). Furthermore, prolonged flexion moment in sitting
posture for 20 minutes results in viscoelastic tissues creep that cannot fully recover the
following 30 minutes of rest (McGill & Brown, 1992). In point of cervical spine, symptoms
are usually associated with sustained static loading in non-neutral spinal postures (Coté, et al.,

2008) with increased muscle activation resulting in higher levels of cervical spine loading
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(Falla, Jull, et al., 2007; Szeto, Straker, & O'Sullivan, 2005). Slouched sitting posture in
terms of lumbar flexion is found to be related with increased thoracic flexion and head/neck
flexion (Black, McClure, & Polansky, 1996; Caneiro, et al., 2010) with a greater anterior
translation of the head and also higher levels of compressive loading in the cervico-thoracic
region (Caneiro, et al., 2010). In addition, loss of proprioceptive control has been associated
with subgroups with cervical, thoracic and lumbar pathology (Edmondston, et al., 2007;
Falla, O'Leary, Fagan, & Jull, 2007; P. B. O'Sullivan, et al., 2003). On the one hand,
assessing the proprioception of the spine in terms of reposition sense after prolonged flexed
posture is of clinical significance since evidence link sustained flexion load with reduced
neuromuscular proprioceptive reflexes. On the other hand, loss of proprioceptive control or,
more specifically, impaired sensorimotor control mechanisms reduce muscle protection of the
underlying spine and support a potential link between flexed posture and spinal pathology
and pain.

Taking into consideration all the evidence, flexed spinal sitting posture challenge the
spinal proprioceptive structures and viscoelastic properties of spinal tissues in a time
dependent manner. To our knowledge, regarding the effect of flexed sitting posture on
proprioception to the whole spine in asymptomatic subjects research has never been
conducted for a prolonged period of time (over thirty minutes). The assessment of the spine,
head and pelvis as a unit is reinforced by evidence linking different sitting postures with
changes in cervical spine and head position driven from the pelvis and lumbar spine (Black,
et al., 1996; Caneiro, et al., 2010; A. P. Claus, et al., 2009b). Nevertheless, studies have
investigated the reposition accuracy of healthy individuals’ lumbar spine (K. J. Dolan &
Green, 2006) or in comparison with a symptomatic subgroup of Low Back Pain (P. B.
O'Sullivan, et al., 2003) and neck pain (Edmondston, et al., 2007). Results from a previous

study in a similar setting (K. J. Dolan & Green, 2006) support the present research project, as
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lumbar spine reposition sense of healthy individuals is significantly reduced following five
minutes in a slouched posture as compared to three seconds in the same sitting posture.

The Mechanical Diagnosis and Therapy (MDT) approach describes the “postural
syndrome” as a clinical entity mainly affecting sedentary individuals that subject the spinal
tissues to prolonged static loading and furthermore, propose procedures to facilitate the
correct sitting posture (R. McKenzie, & May, S, 2003). A specific procedure is utilized by
MDT, termed as “slouch-overcorrect”, in order to educate, facilitate and encourage
individuals to achieve and attain the correct posture. This procedure is argued to increase the
spinal proprioception by determining the limits of its available movement and facilitating the
muscular proprioceptive function.

The hypotheses of the present study are: a) the habitual sitting posture (HSP) will be
the same as the perceived correct posture (SPOP); b) the perceived correct posture will be the
same as the instructed upright optimal sitting posture; c) the subjects will be able to
reposition their spine to the instructed upright sitting posture (I0OSP) from a flexed sitting
posture (FSP) immediately d) the prolonged flexed posture (10 and 30 minutes) will not
reduce the repositioning accuracy of the subjects and e) the “slouch-overcorrect” MDT

procedure will not affect spinal proprioception.

2. LITERATURE REVIEW

2.1. The optimal spinal sitting posture

Correct and “bad” sitting postures are two terms usually used in clinical practice and
supported with generally accepted clinical concepts, while postural education is a basic scope
in clinical setting and ergonomic advice (Pope, Goh, & Magnusson, 2002). Recent evidence
based and clinical textbooks on musculoskeletal assessment and treatment (Jull, 2008; Lee,

2007; R. McKenzie, & May, S, 2003; R. McKenzie, & May, S., 2006; Richardson, 2008)
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define the upright sitting posture based on the optimal standing posture. More specifically, a
“good posture” is considered to be a position in which the lumbar spine is positioned in a
moderate degree of lordosis; the thoracic spine is in slight kyphosis, while the head and
shoulders are evenly and neutrally aligned over the pelvis. With reference to the cervical
spine, several studies have found the average sagittal cervical configuration to be a lordosis
(Harrison, Janik, Troyanovich, & Holland, 1996). Although, the ideal posture has been
described in the literature for more than a century, the sagittal alignment of the spine cannot
be specified from posture.

At this point, a plausible debate was raised taking into account the results of a recent
review (Kuntz lv, Levin, Ondra, Shaffrey, & Morgan, 2007) regarding the neutral upright
sagittal spinal alignment and the wide variation of the regional undulating lordotic and
kyphotic spinal curves in standing. The authors concluded that despite the wide variation in
asymptomatic adults, sagittal balance was maintained in a narrower range for alignment of
the spine over the pelvis and femoral heads (Kuntz lv, et al., 2007). Notwithstanding these
results, a diversity of spinal curves from the occiput to the pelvis met the criteria for neutral
upright spinal alignment and made inexplicit, in research and clinical reality, not only the
quantitative definition of neutral posture but the aims of postural education and evaluation.

Exercise programs and education have been used in several studies so that individuals
can sit in a posture, during which the lumbar spine mimics the positioning described for
standing. In a study, a 12-week exercise program was used to improve neuromuscular control
and assess the training effect on the lordosis of the lumbar spine (Scannell & McGill, 2003).
The exercise program managed to change the lumbar posture of the subgroups included,
towards the mean of the distribution of lordosis among a screened population. However,
despite that these effects and the intervention, all the subjects sat in a more flexed lumbar

position than they had adopted during standing (Scannell & McGill, 2003).
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Several studies have been conducted comparing quantitatively the spinal curves in
both sitting (supported or not) and standing (Andersson, Murphy, Ortengren, & Nachemson,
1979; Dunk, Kedgley, Jenkyn, & Callaghan, 2009; Harrison, Harrison, Croft, Harrison, &
Troyanovich, 1999). Recently, a study has demonstrated that the upright unsupported sitting
posture involved more flexion in the lumbar spine than in standing (Dunk, et al., 2009). The
findings of a study were variable regarding the segmental flexion that compared supported
sitting and standing, but in accordance with the general agreement of increased lumbar
kyphosis during sitting. These differences could be attributed to the lumbar support in sitting.

Given the idea that the lumbar kyphosis is driven by rotation of the pelvis (Dunk, et
al., 2009) several considerations give possible explanations and link the differences in spinal
flexion between sitting and standing. It was observed in side-lying that hip flexion similar to
that in sitting caused the subjects to adopt a kyphotic lumbar curve, whereas the opposite was
caused by hip extension. It was argued by Claus et al., (2009) that “the difference in hip
positions between standing and sitting could be a reason for lordosis to be commonly
achieved in standing but not in sitting.” Moreover, the authors reasoned that the assumed
natural lumbar lordosis could be the reflection of hip extension effect to the pelvis. From
another perspective, lower limb muscles flexibility has been shown to affect lumbo-pelvic
posture due to their direct attachments to the pelvis. The posterior trunk-thigh muscles were
held to play a major role in the flattening of the lumbar spine in sitting and the anterior trunk-
thigh muscles in accentuating the lumbar curve in standing (A. P. Claus, et al., 2009b).

Consequently, defining the optimal sitting posture based on the standing posture is
partially achievable but rather vague. Taking the optimal standing posture as reference
standard only qualitative characteristics could be used and transferred in sitting posture.
Evidence has established the differences between sitting and standing and elucidated the

deviation in quantitative designation of the spinal curves in seated posture.
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2.3. Spinal health, stability and proprioceptive control

According to the model of spinal stability (Panjabi, 1992a, 1992b), muscles in terms
of proprioceptive neuromuscular reflexes control the spinal “neutral zone”, the few degrees
of spinal movement that the passive subsystem is not engaged in stability. Moreover, the
neuromuscular neutral zones (Solomonow, Eversull, He Zhou, Baratta, & Zhu, 2001), that
have been defined as the elongation or tension range above which the neuromuscular system
is proprioceptively activated and starts to apply stabilizing function, are extending the
stability model and stressing the major role of muscles in spinal health.

The upright spinal postures have been proposed to approach a mid-range position for
the spinal segments and are prone to bent, twist and shear (Panjabi, 1992b). In flexed posture
where the neutral position is lost, the spine is potentially exposed to injury (Panjabi, 19923,
1992b).

Several studies have proved that upright neutral spinal postures are activating key trunk
muscles in both lumbar and cervical spine (A. P. Claus, Hides, Moseley, & Hodges, 2009a;
Falla, Jull, et al., 2007; P. B. O'Sullivan, et al., 2006). The deep and superficial fibers of
lumbar multifidus, the transversus abdominis and obliquus internus have been found to be
more active in the “short lordosis” posture (A. P. Claus, et al., 2009a; P. B. O'Sullivan, et al.,
2006; P. B. O'Sullivan, et al., 2002). These muscles have been proposed to provide spine
segmental stability (Bergmark, 1989) and further have a particularly high density of muscle
spindles compared with the long multi-segmental muscles, which are suggested to play an
important role in control of the spinal posture and movement. In cervical spine, upright
posture with lumbar lordosis have been found to facilitate the activity of deep neck muscles
(Caneiro, et al., 2010; Falla, Jull, et al., 2007), that have been proposed to be important for

the control and support of the cervical lordosis, the maintenance of cervical spine postural
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form and the control of cervical posture due to their muscle fiber composition and muscle
spindles density (Boyd-Clark, Briggs, & Galea, 2001, 2002).

In conclusion, the stability and health of the spine are dependent on neuromuscular
proprioceptive control and related to the activation of key trunk muscles. Different spinal
postures have a significant effect on the activation of these muscles, while upright spinal

posture facilitate and enhance their functional and proprioceptive role.

2.4. The rational and the objective of the present study

The rationale of the present study is clinically and ergonomically relevant. The
prolonged period of time in sustained unsupported sitting posture is able to reflect the effect
on proprioception of commonly adopted “bad” postures during daily activities, such as
unsupported writing on a desk, reading a book or a magazine or even working on a notebook.
The results have implications in clinical practice not only in the patient’s education, but also
in ergonomic consultation and postural advice in healthy individuals. Moreover, the outcome
will shed light on research linking sustained postures with spinal pathology and pain.

The objectives of the present study are the evaluation, in asymptomatic subjects, of: a)
the unsupported habitual sitting posture; b) the self perception of optimal / upright / correct
sitting posture; c) the effect of clinical postural education in unaware subjects and the
efficiency of the subjects to achieve an educated upright optimal sitting posture; d) the ability
of repositioning the spine to a predetermined posture, €) the effect of sustained flexed posture
on proprioception of the spine and f) the effect of MDT “slouch-overcorrect” procedure on

spinal proprioception.
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3. METHODS

3.1. Study design

This study used a single session, cross-sectional, repeated measures design. The
design was used to allow comparison of the habitual unsupported sitting posture (HSP), self
perceived “optimal” posture (SPOP), instructed “optimal” posture (IOSP) and repositioning
ability in the IOSP of healthy individuals. The posture repositioning ability of individuals in
the IOSP was used to designate the effect of flexed unsupported sitting on reposition sense
immediately after spinal flexion and after prolonged spinal postural flexion (10 and 30
minutes). The dependent variable, outcome measure and measure of proprioception were
sagittal angles in degrees derived among markers and between segments.

All study measurements took place in one occasion to secure the placement of the
reflective markers and to reduce potential error. The researcher was blind to the data since the

data need further processing in order to be available.

3.2. Subjects
Forty-seven subjects were recruited through poster advertising at the campus of the
University of Thessaly and the city of Trikala. The physical characteristics of the subjects are

summarized in Table 1.

TABLE 1. Descriptive characteristics of the participants

Men (No=29) Women (No=18) Total (N=47)
Age (years) 25.7 (5.3) 22.4 (3.4) 24.4 (4.9)
Height (cm) 179.1 (5.0) 163.1 (8.6) 173.0 (10.2)
Weight (kgs) 76.2 (9.0) 55.6 (7.0) 68.3 (13.0)
BMI (kg/m?) 23.2 (2.4) 20.4 (3.3) 22.2 (3.1)

Note. Characteristics of the participants are presented as mean and (SD).
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The inclusion criteria were men and women aged between 18 and 45 years, full and
asymptomatic range of motion of the spine (cervical, thoracic and lumbar) and the pelvis (K.
J. Dolan & Green, 2006; Edmondston, et al., 2007).

Participants were excluded if they had diagnosed spinal pathology or history of back,
thoracic or neck pain that required treatment or rest from normal activities for more than two
days within the last two years, had scoliosis, history of respiratory conditions, were pregnant;
had neurological conditions, were currently experienced dizziness and/or fainting., had ear or
visual disturbances, had body mass index greater than 28 or body type that could affect the
placement of the markers, were experienced spinal, hip or shoulder pain in the test procedures
and had undertaken postural control training or received formal postural education (A. P.
Claus, et al., 2009b; K. J. Dolan & Green, 2006; Edmondston, et al., 2007).

Ethical approval was granted by the Human Research Ethics Committee of the
University of Thessaly. Participants received information sheets, gave informed consent
prior to testing and also were informed that were free to withdraw from the study at any time

(APPENDIX 1).

3.3. Apparatus

Measures of spinal posture, head and pelvis position and repositioning accuracy
(dependent variables) were collected and determined via a ten-camera three-dimensional
optoelectronic motion analysis system (Vicon T-series, Oxford, UK), sampling at 100Hz and
using Nexus software (Vicon, Oxford, UK).

Prior to data collection, the motion analysis system (Vicon) was calibrated to a
maximum of 0.1 mm error range. Reflective markers adhered to the skin surface were used to

record position data.
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3.4. Procedure

3.4.1. Subject preparation and markers placement

Each subject was suitably disrobed to allow skin marking with ink over the
anatomical landmarks that the reflective markers were placed. Manual palpation and
ultrasound imaging were used to identify anatomical landmarks (FIGURE 1). All landmarks
were located by an experienced physiotherapist, verified by a second investigator
(Edmondston, et al., 2007; Edmondston, Sharp, Symes, Alhabib, & Allison, 2011; P. B.
O'Sullivan, et al., 2003) and all but the head landmarks were confirmed by a portable
computer based ultrasound scanner (A. P. Claus, et al., 2009b) (Echo Blaster 128 EXT-1Z kit

and linear transducer HL9.0/60/128Z, Telemed Ltd, Lithuania).

FIGURE 1.Anatomical landmarks location and confirmation with ultrasound imaging.
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Fifteen reflective markers (14mm diameter) were placed over the marked anatomical
landmarks and firmly secured using double-sided adhesive tape. For attachment of the back
body-part markers subjects were placed in prone lying so that the skin surface and the
designation of the spinal curves were closer to the neutral spinal position. For the attachment
of the front body-part markers subjects were standing erect and for the head markers subjects
were comfortably seated.

Markers were applied to the pelvis, bilaterally over the anterior and posterior superior
iliac spines, to the posterior upper part of the body over the C7, T5, T10, L3, S2 spinous
processes and to the front upper part of the body over the sternal notch and xiphoid process
(A. P. Claus, et al., 2009a, 2009b; Edmondston, et al., 2007). The boundary between lumbar
and thoracic curves was defined as being located at the T10 spinal segment as previously has
been reported and justified (A. P. Claus, et al., 2009a, 2009b).

Furthermore, markers were adhered to the head bilaterally over the lateral margin of
the orbit (Edmondston, et al., 2007; Edmondston, et al., 2011), over the base of the occiput by
using an elastic band and on the main protuberance of the forehead between the eyebrows

(Caneiro, et al., 2010; Szeto, Straker, & Raine, 2002) (FIGURES 2 AND 3).
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FIGURE 2. Markers at the front upper part of the body

FIGURE 3. Markers at the back part of the body
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3.4.2. Experimental Protocol

During testing participants were seated unsupported on a stool adjusted to
accommodate 900 of knees, hips and ankles flexion with feet stable on the ground, knees and
ankles shoulder width apart and arms placed relaxed on the thighs. The positioning on the
stool was conducted by one of the researchers and was identical for all the participants
regarding the joint angles of the lower limbs (FIGURE 4). The participants wore only
undergarments to the upper part of the body if they were women and nothing if they were
men, in order to reduce sensory cues from clothing and to secure the fixity of the reflective
markers.

During all trials of the session the subjects were requested to fix their gaze on a wall
marker ahead about 5 meters away, advised to breath naturally and avoid talking and

instructed not to adjust their contact with the seat.

FIGURE 4. Placement of the subject on the chair
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Prior to the commencement of testing the subjects were asked and assisted in moving
through their available spinal, pelvic and head range of motion, in order to accustom with the
limitations of the specific posture and the sensation of the adhered markers and to ensure the
fixity of the reflective markers.

Each posture during the experimental procedure was held by the participants and
captured for 10 seconds. Investigators and participants were blinded to the data of the

measured postures since further processing was required in order to be available.

3.4.3. Habitual sitting posture (HSP)

Subjects were asked to sit as they usually do and engaged in conversation by one of
the investigators that was standing ahead in a distance to distract their attention from their
posture (Edmondston, et al., 2011). Covertly their HSP was recorded (Edmondston, et al.,
2007; Edmondston, et al., 2011; K. O'Sullivan, et al., 2010) and data was captured over a 10

seconds period during subjects were relatively stable.

3.4.4. Self-perceived optimal posture (SPOP)

Subjects were asked to sit in a posture which they think is the optimal seated posture
(SPOP) (K. O'Sullivan, et al., 2010). They had an adequate period of time to accomplish the
request of the investigator and they did not receive any manual facilitation, feedback or
further instructions regarding their posture. They remained stable and the SPOP was

captured.

3.4.5. Flexed (FSP) and fully-lordotic sitting posture (FLSP)
Subjects were facilitated into FSP and FLSP by one of the investigators using manual
and verbal facilitation. FSP was defined as active available end-range posterior rotation of the

pelvis, active available end-range flexion of the lumbar, thoracic and lower and upper
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cervical spine (FIGURE 5). The FSP was the only captured posture that the participants were

not instructed to fix their gaze on the wall-marker ahead.

FIGURE 5.Flexed sitting posture (FSP).

Fully lordotic sitting posture was defined as the active available end-range anterior
rotation of the pelvis, the active available end-range lordosis of the lumbar spine, the active
available end-range extension of the thoracic spine, shoulder blades retracted, cervical spine
and head in end-range available retraction (FIGURE 6). These two postures were selected in
order to designate the limits of each subject’s achievable sitting posture (A. P. Claus, et al.,
2009a; K. O'Sullivan, et al., 2010). Data from these postures helped to distinguish lordotic

and kyphotic angles and posture limits among different postures and repositioning trails.
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FIGURE 6.Fully lordotic sitting posture (FLSP).

3.4.6. Instructed optimal sitting posture (I0OSP)

Subjects were then facilitated by an experienced physiotherapist to the IOSP
(FIGURE 7). This posture was defined as a position in which the lumbar spine was
positioned in a moderate degree of lordosis, the thoracic spine was in slight kyphosis, while
the head and shoulders were evenly and neutrally aligned over the pelvis with the chin over
the chest, moderately retracted rather than protruded (Jull, 2008; Lee, 2007; R. McKenzie, &
May, S, 2003; R. McKenzie, & May, S., 2006; Richardson, 2008). Subjects were shown
pictures of the IOSP, were verbally instructed regarding the spinal and head curve features
and the posture was demonstrated. In addition, manual facilitation and guidance were
provided (A. P. Claus, et al., 2009b), while subjects were instructed to tilt their pelvis
anteriorly, neutrally align their head over the pelvis and moderately retract their chin (R.
McKenzie, & May, S., 2006). All subjects were informed to remember the procedure and the

position because they would be asked to find it as accurately as possible during the test trials.
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Furthermore, the investigator stressed the importance of their attention. Immediately
prior to the positioning of the subjects to the criterion position and the repositioning trials all

the participants were asked to practice the previous procedure.

FIGURE 7.Instructed optimal sitting posture (IOSP).
An experienced physiotherapist then guided and positioned the subjects to the IOSP
that was defined as the criterion position. The subjects remained stable and the IOSP was

captured for 10 seconds.

3.4.7. Slouch-overcorrect procedure

The MDT approach (R. McKenzie, & May, S, 2003; R. McKenzie, & May, S., 2006)
utilizes a specific procedure (slouch-overcorrect) in order to educate, facilitate and encourage
the individuals to achieve and attain the correct posture. The individual from a relaxed
slouched posture with the lumbar and thoracic spine flexed and the head and neck protruded

smoothly moved into the extreme of the erect sitting. Clinician guidance using manual
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facilitation on the subject’s lumbar, thoracic spine and chin assisted in the learning process.
The individual then was instructed to relax back into the FSP. This cycle should be repeated
ten times, in order the individual to move from the extreme of FSP to the extreme of upright
extended and retracted posture.

This specific procedure is used to educate patients to attain correct posture, to retrain
postural habit, to strengthen trunk muscles and to help recognize poor posture (R. McKenzie,

& May, S, 2003; R. McKenzie, & May, S., 2006).

3.4.8. Posture repositioning

The subjects then were instructed to relax into the FSP for a while (less than 60
seconds) before asked to reproduce the criterion position without any feedback and guidance
by the investigator (Edmondston, et al., 2007; P. B. O'Sullivan, et al., 2003). They reproduced
the criterion position and remained stable as the posture was captured for 10 seconds and
defined as the immediate repositioned posture (REP1).

The same protocol was followed two more times, after 10 minutes in FSP and after 30
minutes in FSP. The repositioning session after prolonged flexed posture was started
immediately after the first reposition trial. The second repositioned posture trial (REP2) to the
criterion position was captured after 10 minutes of FSP. During the FSP subjects were
allowed to read a magazine and place their arms on their thighs in a relaxed manner rather
than supporting their body weight and were not allowed to move their head and spine towards
extension (FIGURE 8). After the recording of the REP2 the subjects returned immediately to
the FSP, in order to remain in that posture for 20 more minutes. After a total of 30 minutes in
FSP with a small interval for the REP2, the subjects were asked to reproduce for one more
time the criterion posture and the third repositioned posture trail (REP3) was captured for 10

seconds.
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o5

Finally, the individuals were requested to accomplish the “slouch-overcorrect
procedure for ten repeated times and to reposition for the last time their spines to IOSP. This
was the REP4 trial and captured as previously.

The participants were given no feedback as to their repositioning performance and

accuracy during testing.

FIGURE 8. The position that subjects remained for the time period of 10 and 30 minutes,

before repositioning trials.

3.5. Spinal curve, head and pelvis position analysis

Data collection, processing and reconstruction of the sagittal trajectories of the
reflective markers were conducted by using Nexus 1.7.1 software (Vicon Motion Systems,
Oxford, UK). All skin markers were manually identified and automatically digitized. Postures

were captured for 10 seconds and analysis of the first available second of data capture of each

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



34

posture was performed and the mean (95%CI) was used in further processing. Recording of
each posture was conducted once the subjects were ready and relatively stable in order to
reduce the risk of data contamination because of the beginning of movement (A. P. Claus, et
al., 2009b; Edmondston, et al., 2007; K. O'Sullivan, et al., 2010).

Segment parameter information was based on the Plug-In Gait modeler (Vicon,
Oxford Metrics, Oxford, UK).

Three segments were created and defined regarding the markers used. The occiput
marker (OCC) was set as origin marker on the head segment, the line connecting OCC and
the marker in the front of the head (FHEAD) defined as primary axis and the line connecting
the two orbit markers defined as secondary axis. An extra virtual marker (ORBVM) was
created and defined as the vector mid-point of the two orbit markers and was used in data
analysis. The thoracic segment was designated by the markers on T5 and C7 spinous
processes and the clavicle marker on the sternal notch. The T5 marker was set as origin
marker, the line connecting T5 and C7 markers was set as primary axis and the line
connecting T5 and sternal notch markers was set as secondary axis. The pelvic segment was
set according to “PlugInGait” model routinely used in gait analysis. Two extra virtual
markers were created using the four markers on the pelvis. The first virtual marker was
defined as the vector midpoint between the two anterior superior iliac spines’ markers (PEL
VM) and the second virtual marker defined as the vector midpoint of the two posterior

superior iliac spines’ markers (SACR VM).

3.5.1. Posture variables
Sagittal angles were derived among markers and between segments, calculated and
extracted. These angles were used as posture variables representing the dependent variables

in the present study. The position of the head and pelvis and the spinal curve configuration,
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in terms of angles, were obtained mostly based on methodology previously used and
published (A. P. Claus, et al., 2009a, 2009b; Edmondston, et al., 2007; Szeto, et al., 2002).
The sagittal angles processed, calculated and exported for the designation of HSP, SPOP,

FFSP, FLSP, I0SP and the posture repositioning error (RE) and were as follows.

3.5.1.1. Head angle (HE)
An angle based on Euler theorem and defined as the angle between the segments of

the head and thorax in regard the z axis in their embedded 3-axis co-ordinate system. The Z

was set vertical (FIGURE 9).

Head Angle (HE)
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FIGURE 9.Representation of the Head angle (HE) as is formed among markers.

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



36

3.5.1.2. Neck angle (NE)
The NE is defined as the angle formed between the vector connecting the C7 marker
and the virtual marker derived from the two orbit markers (ORB VM) and the z global axis

set on a right hand Cartesian co-ordinate system embedded on C7 marker (FIGURE 10).

Neck Angle (NE)
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FIGURE 10.Representation of the Neck angle (NE) as is formed among markers.

3.5.1.3. Head tilt angle (HT)
This is defined as the angle formed between the vector connecting the virtual marker

created by the two orbit markers (ORB VM) and the marker in the front of the head
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(FHEAD) and the z global axis set on a right hand Cartesian co-ordinate system embedded on

the orbits virtual marker (FIGURE 11).

Head Tilt Angle (HT)

FHEAD4

I
““‘\~J ORBIT VM
|

FIGURE 11.Representation of the Head tilt angle (HT) as is formed among markers.

3.5.1.4. Head protraction angle (HP)

An angle defined as the aggregation of HT and NE angles.
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3.5.1.5. Cervico-thoracic angle (CT)
The sagittal angle obtained between segments connecting the virtual marker of two
orbits (ORB VM) and C7 spinous process marker and the C7 - T5 spinous process markers

(FIGURE 12).

Cervico-thoracic Angle (CT)

ORB VM
C7

TS5

FIGURE 12.Representation of the Cervico-thoracic angle (CT) as is formed among markers.

3.5.1.6. Thoracic angle (TH)
The sagittal angle obtained from C7 - T5 spinous process markers segment and the T5
- T10 spinous process markers segment. This angle represented the thoracic kyphosis

(FIGURE 13).
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Thoracic Angle (TH)
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FIGURE 13.Representation of the Thoracic angle (TH) as is formed among markers.

3.5.1.7. Thoraco-lumbar angle (TL)
The sagittal angle obtained from T5 - T10 spinous process markers segment and the

T10 - L3 spinous process markers segment (FIGURE 14).
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Thoraco-lumbar Angle (TL)

TS5
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FIGURE 14.Representation of the Thoraco-lumbar angle (TL) as is formed among markers.

3.5.1.8. Lumbar angle (LU)
The sagittal angle obtained from T10 — L3 spinous process markers segment and the
L3 — S2 spinous process markers segment. This angle represented the lumbar lordosis

(FIGURE 15).
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Lumbar Angle
(LU)
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FIGURE 15.Representation of the Lumbar angle (LU) as is formed among markers.

3.5.1.9. Pelvic angle (PEL)

This is defined as the angle obtained from the global x axis and the line connecting
two virtual markers representing the mid-point of the two anterior superior iliac spines
PELVM) and the two posterior superior iliac spines (SACRVM). This angle represented the

sagittal pelvic tilt and had negative values for posterior tilt beyond the x axis (FIGURE 16).
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Pelvic Angle (PEL)

PEL VM

SACR VM

FIGURE 16.Representation of the Pelvic angle (PEL) as is formed among markers.

3.5.2. Reposition error (RE)

Reposition error was calculated for all the angles that revealed statistically significant
differences between different postures and measures. In the present study constant error was
calculated as it describes whether the predetermined position has been overestimated or
underestimated (Armstrong, McNair, & Taylor, 2008; Strimpakos, 2011). Reposition error
(RE) was represented as the difference of angles of reposition trails from angles from IOSP.
In this way, reposition error 1 (RE1) was defined as the difference of angles of IOSP form

reposition 1 (IOSP-REP1) and so on for reposition errors 2, 3, 4 (RE2, RE3 and RE4).
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3.6. Reliability

The intra-rater reliability study was conducted in order to determine the extent that the
investigator was reliable to place the participants to the IOSP (Shrout & Fleiss, 1979). All the
markers were adhered to the participants and remained in position through the procedure; the
stool that was used was adjusted for each participant and all the participants were placed in
position by the same investigator. A single investigator was manually placed 10 participants
(N=10) to the IOSP 10 repeated times with intervals of 3 minutes. During the rest periods the

subjects were allowed to move loosely around the laboratory.

3.7. Statistical Analyses

The nine spinal, head and pelvis angles were compared between the seven procedure
conditions (seven levels — HSP, SPOP, I0OSP and four repositioning trials) with a repeated
measures analysis of variance using one repeated measure (posture). All statistical analyses
were performed using SPSS statistical analysis software, version 17.0 (SPSS, Chicago, IL).
Descriptive statistic analysis was performed to summarize the postural measurements
(angles) and reposition error (RE) for all the participants in all the procedure postures. Data
were analyzed for normality and parametric analysis was performed. Pair-wise comparisons
of the angles between postures were undertaken with Bonferroni adjustment for multiple
comparisons. The alpha level for statistical significance was set at p<.05. Furthermore,
repeated measures analysis of variance was used to determine whether the reposition error
varied significantly among the repositioning trails.

Reliability was determined by using a two-way mixed Intra-class Correlation
Coefficient (ICC 31)) and additionally Coefficient of Variation (CV %) was calculated

(SD/MEAN %).
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4. RESULTS

4.1. Reliability
Intra-tester reliability for positioning subjects into IOSP was very good and the results

are presented in Table 2.

TABLE 2. Descriptive data of the reliability study

Angles ICC Cronbach’s a CV% SD (degrees)
HE 0.90 0,99 9.71 2.20
NE 0.79 0.98 3.50 1.60
HT 0.92 0.99 1.77 1.91
CT 0.91 0.99 1.00 1.45
TH 0.89 0.99 0.60 0.98
TL 0.89 0.99 0.57 1.00
LU 0.92 0.99 1.35 2.15
PEL 0.90 0.99 -20.05 1.28

Note.ICC=Intra-class Correlation Coefficient, CV= Coefficient of Variation, SD= Standard
deviation in degrees, HE= Head Angle, NE= Neck Angle, HP= Head protraction, HT= Head
tilt, CT= Cervico-thoracic angle, TH= Thoracic angle, TL= Thoraco-lumbar angle, LU=

Lumbar angle, PEL= Pelvic angle

4.2. Results of examined postures

Data obtained for each angle in each sitting posture are presented in Table 3.
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TABLE 3. Angles obtained from different sitting postures.

HE
NE
HP
HT
CT
TH
TL
LU
PEL

HSP SPOP I0SP REP1 REP2 REP3 REP4
447 (12.8) 383 (10.0) 265 (7.2) 27.7 (8.3) 303 (8.9) 317 (9.4)  29.5 (8.6)
56.6 (7.4) 510 (29) 486 (41) 485 (46) 494 (58) 49.1 (4.6) 488 (5.2)
1625 (10.8) 159.9 (6.8) 155.3 (6.6) 1555 (6.7) 156.8 (6.6) 157.2 (6.6) 155.1 (9.1)
105.9 (13.7) 108.7 (6.8) 106.6 (7.9) 107.0 (7.8) 107.4 (8.8) 108.0 (7.7) 107.4 (7.8)
158.1 (8.9) 1546 (6.7) 147.4 (5.3) 148.2 (55) 149.4 (6.1) 150.3 (6.5) 149.0 (6.3)
1584 (5.1) 159.6 (4.6) 158.8 (4.9) 159.7 (5.1) 159.0 (5.3) 159.3 (4.8) 159.6 (5.0)
164.3 (7.8) 1703 (6.4) 174.4 (3.6) 1743 (3.9) 173.3 (4.1) 173.1 (43) 173.7 (4.3)
1708 (5.9) 170.3 (7.3) 1629 (9.2) 164.8 (8.4) 167.6 (8.5) 1683 (8.3) 166.2 (9.2)
133 (72) -104 (80) -21 (52) -2.4 (56) -39 (6.7) -41(7.1)  -2.9 (6.3)

Note. Values are presented in degrees, mean (SD). HE= head angle, NE=neck angle, HP=
head protraction angle, HT=head tilt angle, CT= cervico-thoracic angle, TH= thoracic
angle, TL= thoraco-lumbar angle, LU= lumbar angle, PEL= pelvis angle. HSP= habitual
sitting posture, SPOP= self perceived optimal posture, IOSP= ideal posture, REP1=
immediately repositioned posture, REP2= repositioned posture after 10 minutes, REP3=
repositioned posture after 30 minutes, REP4= repositioned posture after slouch-overcorrect

procedure.

A repeated measures ANOVA with a Greenhouse-Geisser correction determined that
there was a statistically significant interaction between angles and postures examined

(p<.001). The mean angle differed significantly between postures for HE angle (Fz.s03, 167.323)

= 43,931, p< 001), NE angle (F(z.sgzy 115.748) = 22,829, p< 001), HP angle (F(2.643, 116.292)

12.381, p <001), CT angle (F(3.761,165.470) = 36.068, p <001), TL angle (F(z.ggzv 124.599)

37.981, p <001), LU angle (F(3.225, 141.893) = 9.794, p <001) and PEL angle (F(3.523, 155.026) =
65.349, p <.001). No statistically significant interaction was shown between the mean angle
and postures for HT angle (F(2.363, 103.957) = 1.034, P =0.369) and TH angle (F.g69, 170.224) =

2.60, p = 0.04). Post hoc tests using the Bonferroni correction revealed the individual
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differences as presented in Tables 4 and 5. The difference in angle between postures was
described separately for each of the angles examined in two different sessions of the
procedure. One session was referred to HSP, SPOP and IOSP and the other was referred to
repositioning trails.

In Figures 17-23 are presented the angles in each posture with means, SD and the

statistically significant differences.

4.2.1. Habitual (HSP)

Post hoc analysis with Bonferroni correction revealed that HSP was statistically
significant different in all angles examined in relation to the FFSP (p<.05) except the PEL
angle. The PEL angle (mean +SD in degrees, HSP -13.3+7.2, FFSP -13.74+7.5) was not
significantly different between HSP and FFSP (p=1.00).

In point of HSP and FLSP analysis showed statistically significant differences (P<.05)
between all angles examined except HT (mean +SD in degrees, HSP 105.9+13.7° and FLSP
109.9+8.59) and TH angle (mean +SD in degrees, HSP 158.4+5.1° and FLSP 159.7+6.20)

(p=1.00).

4.2.2. Habitual (HSP) and self-perceived optimal posture (SPOP)

Post-hoc analysis showed that between HSP and SPOP, HE angle, NE angle, TL
angle and PEL angle were revealed statistically significant differences (p<.05), but other
angles comparisons were not statistically different. The HE angle between head and thoracic
segment showed less relative flexion between the segments in SPOP than in HSP (38.3°,
SD10.0 and 44.7°, SD12.8 respectively). The NE angle showed less flexion in regard the

thoracic segment in SPOP than in HSP (51.0°, SD2.9 and 56.6°, SD7.4, respectively). The TL
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angle revealed less thoraco-lumbar kyphosis in SPOP than in HSP (170.3° SD6.4 and 164.3°
SD7.8, respectively). The PEL angle revealed increased posterior pelvic tilt in HSP than in
SPOP (-13.3° SD7.2 and -10.4° SD8.0, respectively). In regard the other obtained angles no
statistically significant differences were shown for HP (p=.774), HT (p=1.000), TH (p=.106)

and LU (p=1.000), but a trend towards greater cervico-thoracic flexion in HSP (p=.061).

4.2.3. Instructed optimal sitting posture (I0SP)

Comparisons between I0SP and HSP, and IOSP and SPOP showed significant
differences (p<.05) for HE, NE, HP, CT, TL, LU and PEL angles, but comparisons for HT
(I0SP-HSP p=1.000 and 10SP-SPOP p=.31) and TH (IOSP-HSP p=1.000 and 10SP-SPOP
p=.41) angles were not different. HE angle was associated with significantly greater relative
head/thoracic segment flexion in HSP and SPOP than in I0SP (44.7° SD12.8, 38.3° SD10.0
and 26.5° SD7.2, respectively). NE angle in IOSP when compared with HSP and SPOP
showed significantly less flexion (48.6° SD4.1, 56.6° SD7.4 and 51.0° SD2.9). HP angle
demonstrated significantly greater neck and head flexion in HSP and SPOP than in 10OSP
(162.5° SD10.8, 159.9°¢ SD6.8 and 155.3° SD6.6, respectively). The cervico-thoracic
kyphosis was revealed significantly greater in HSP and SPOP than in IOSP (158.1° SD8.9,
154.6° SD6.7 and 147.4° SD5.3, respectively). The TL angle showed to differ significantly
between HSP, SPOP and I0SP, with increasing trend toward extension from HSP to SPOP
and IOSP (164.3° SD7.8, 170.3° SD6.4 and 174.4° SD3.6, respectively). In regard the LU
angle I0SP was associated with significantly greater lumbar lordosis than the HSP and the
SPOP (162.99 SD9.2, 170.8° SD5.9 and 170.3° SD7.3, respectively). The PEL angle was
associated with significantly decreased posterior pelvic tilt in IOSP than in HSP and SPOP (-

2.10 SD5.2, -13.3° SD7.2 and -10.4° SD8.0, respectively).
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TABLE 4. Pair-wise comparisons of angles among habitual, self perceived optimal and

instructed optimal sitting posture

HSP-SPOP HSP-10SP SPOP-IOSP

HE * * *

NE * * *

HP p=.774 * *

HT p=1.00 p=1.00 p=.31
CT p=.061 * *

TH P=.106 p=1.00 p=.41
TL * * *

LU p=1.00 *

PEL * *

Note. HSP= Habitual Sitting Posture, SPOP=Self Perceived Optimal Posture and

IOSP=Instructed Optimal Sitting Posture. HE= Head Angle, NE= Neck Angle, HP= Head

protraction, HT= Head tilt, CT= Cervico-thoracic angle, TH= Thoracic angle, TL=

Thoraco-lumbar angle, LU= Lumbar angle, PEL= Pelvic angle.

* Indicates statistically significant differences (p<.05).
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Head Angle (HE)
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FIGURE 17. Head angle represented in mean and SD (degrees) among different examined
postures.

€ ®®N Indicate statistical significant differences (p<.05)
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FIGURE 18. Neck angle (NE) represented in mean and SD (degrees) among different

examined postures.

€ @ Indicate statistical significant differences (p<.05).
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Head protraction angle (HP)
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FIGURE 19. Head protraction angle (HP) represented in mean and SD (degrees) among

different examined postures.

©® @ Indicate statistical significant differences (p<.05).
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Cervico-thoracic angle (CT)
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FIGURE 20. Cervico-thoracic angle (CT) represented in mean and SD (degrees) among
different examined postures.

W@ ¢ Indicate statistical significant differences (p<.05).
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Thoraco-lunbar angle (TL)
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FIGURE 21. Thoraco-lumbar angle (TL) represented in mean and SD (degrees) among

different examined postures.

€ me |ndicate statistical significant differences (p<.05).

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



54

Lumbar angle (L)
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FIGURE 22. Lumbar angle (LU) represented in mean and SD (degrees) among different

examined postures.

He ¢ ®© < Indicate statistical significant differences (p<.05).
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Pelvic angle (PEL)
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FIGURE 23. Pelvic angle (PEL) represented in mean and SD (degrees) among different
examined postures.

W@ ¢ Indicate statistical significant differences (p<.05).

4.2.4. Instructed Optimal Sitting Posture (IOSP) and repositioning trails
Comparisons between I0SP and repositioning trails showed significant differences
(p<.05) for HE, CT and LU angles, but comparisons for all the other angles were not different

(Table 5).
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TABLE 5. Pair-wise comparisons of angles among instructed optimal posture and

repositioned postures.

IOSP-REP1 IOSP-REP2 IOSP-REP3 IOSP-REP4
HE p=1.00 p=.113 * p=.188
NE p=1.00 p=1.00 p=1.00 p=1.00
HP p=1.00 p=.832 p=.334 p=1.00
HT p=1.00 p=1.00 p=1.00 p=1.00
CT p=1.00 p=.364 * p=.689
TH p=.293 p=1.00 p=1.00 p=1.00
TL p=1.00 p=.745 p=.84 p=1.00
LU p=.892 * * p=.91
PEL p=1.00 p=.149 p=.271 p=1.00

Note. IOSP= Instructed Optimal Sitting Posture, REP1= Immediately Repositioned posture,

REP2= Repositioned posture after 10 minutes in FFSP (Fully flexed spinal posture), REP3=

Repositioned posture after 30 minutes in FFSP and REP4= Repositioned posture after

slouch-overcorrect procedure. HE= Head Angle, NE= Neck Angle, HP= Head protraction,

HT= Head tilt, CT= Cervico-thoracic angle, TH= Thoracic angle, TL= Thoraco-lumbar

angle, LU= Lumbar angle, PEL= Pelvic angle.

* Indicates statistically significant differences (p<.05).

No statistically significant differences were revealed in all angles examined between

IOSP and REPI1 (immediate repositioning of IOSP) posture. Reposition error (mean + SD)

was for HE (-1.2045.6), NE (0.49+3.6), HP (-0.10+3.2), HT (-0.50+4.8), CT (-0.89+3.8), TH (-

0.9942.3), TL (0.2043.3), LU (-1.99+5.9) and PEL (0.4°+2.7).
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Comparison of IOSP and REP2 (repositioning to 10SP after 10 minutes in FFSP)
showed significant difference (p<.05) for LU angle (162.9° SD9.2 and 167.6° SD8.5,
respectively). Comparison of IOSP and REP3 (repositioning to 10SP after 30 minutes in
FFSP) showed significant differences (p<.05) for HE (26.5° SD7.2 and 31.7° SD9.4,
respectively), CT (147.4° SD5.3 and 150.3° SD6.5, respectively) and LU (162.9° SD9.2 and
168.3° SD8.3, respectively) angles.

No statistically significant differences (p>.05 in all angles) were revealed in all angles
examined between IOSP and REP4 (repositioning of IOSP after slouch overcorrect

procedure) posture.

4.3. Reposition Error

A repeated measures analysis of variance revealed statistically significant differences
between HE (F(3135=5.516, p<.001) and LU (F3135=6.852, p<.001) reposition errors, but the
means of CT reposition errors were not significantly different (F135=3.482, p=.018). The
descriptive characteristics of reposition errors for HE, CT and LU angles are presented in
Table 6.

Post hoc tests using Bonferroni correction showed that statistically significant
differences were evident between RE1 and RE2 for LU angle and between RE1 and RE3 for
HE and LU angles (p<.05). In contrast, for CT angle only a trend was revealed between RE1
and RE3 (p=.064) (TABLE 7).

The subjects generally overestimated HE, CT and LU angles in their reposition trail
after 30 minutes in FFSP, and also, the participants overestimated the LU angle in their
reposition trail after 10 in FFSP.

The difference in reposition errors are presented by box plots in FIGURES 24, 25

and 26.
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TABLE 6.Summary of descriptive data for reposition error of HE, CT and LU angles

Outcome @-0? Mean (deg) Standard Standard error of
for RE deviation mean (deg)
HE RE1 IOSP-REP1 -1.18 5.62 0.83
HE RE2 IOSP-REP2 -3.90 8.62 1.27
HE RE3 IOSP-REP3 -5.34* 8.86 1.31
HE RE4 IOSP-REP4 -3.04 7.30 1.08
CT RE1 IOSP-REP1 -0.76 3.87 0.57
CT RE2 IOSP-REP2 -2.06 5.34 0.79
CT RE3 IOSP-REP3 -2.88** 5.49 0.81
CT RE4 IOSP-REP4 -156 4.64 0.68
LU RE1 IOSP-REP1 -1.89 5.95 0.88
LU RE2 IOSP-REP2 -4.78* 7.45 1.10
LU RE3 IOSP-REP3 -5.49* 8.47 1.25
LU RE4 IOSP-REP4 -3.24 7.16 1.06

Note. HE= head angle, CT= cervico-thoracic angle, LU= lumbar angle and RE= reposition
error. All data are presented as degrees.
*Indicates statistically significant differences p<.05

** |ndicates a trend to significant differences p=.064

TABLE 7. Reposition error results of pair-wise comparisons of HE, CT and LU angles

(1)-©2) Mean Difference Lower Bound|Upper Bound
(1-2) Std. Error|  Sig. 95% Confidence Interval
HE | RE1-RE3
4.17 1.20 0.007 0.87 7.47
CT | RE1-RE3
2.11 0.79 0.064* -0.076 4.3
LU | REL1-RE2
2.88 0.75 0.002 0.81 4.95
LU | RE1-RE3
3.60 0.88 0.001 1.16 6.04

The mean difference is significant at the .05 level.

*Indicate a trend towards significant difference.
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Box plots for HE angle reposition error

207
* * T
101 L -
#
&
o0
g o
£
5]
=
£
=-107]
=
=¥
2 1
&
-207] 1
-307
| | | |
REl RE2 RE3 REA

FIGURE 24: Box plots showing median values and data dispersion for HE angle reposition
error in each trial.

RE1= error in immediate reposition trial to IOSP, RE2= error in reposition to IOSP after 10
minutes in FSP, RE3= error in reposition to IOSP after 30 minutes in FSP, RE4= error in
reposition to IOSP after slouch overcorrect procedure.

* Indicates statistical significant differences p<.05.
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Box plots for CT angle reposition error
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FIGURE 25: Box plots showing median values and data dispersion for CT angle reposition
error in each trial.
RE1= error in immediate reposition trial to IOSP, RE2= error in reposition to IOSP after 10
minutes in FSP, RE3= error in reposition to IOSP after 30 minutes in FSP, RE4= error in

reposition to IOSP after slouch overcorrect procedure.

* Does not indicate statistical significant differences but a trend as p=.064
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Box plots for LU angle reposition error
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FIGURE 26: Box plots showing median values and data dispersion for LU angle reposition
error in each trial.

RE1= error in immediate reposition trial to IOSP, RE2= error in reposition to IOSP after 10
minutes in FSP, RE3= error in reposition to I0SP after 30 minutes in FSP, RE4= error in
reposition to I0SP after slouch overcorrect procedure.

& Bindicate statistical significant differences p<.05.
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TABLE 8. Angles in optimal sitting posture and the extremes of sitting posture

ANGLE |OSP FSP FLSP
HE 265 (7.2) 28.8 (22.5) 205 (10.1)
NE 48.6 (4.1) 75.8 (10.8) 43.3 (5.4)
ap 155.3 (6.6) 145.6 (30.2) 153.0 (7.6)
aT 106.6 (7.9) 69.7 (26.8) 110.0 (8.5)
cT 147.4 (5.3) 145.9 (14.1) 143.4 (7.2)
™H 158.8 (4.9) 152.2 (5.6) 159.7 (6.2)
TL 174.4 (3.6) 155.1 (4.9) 172.1 (5.5)
LU 162.9 (9.2) 167.6 (6.3) 154.6 (11.1)
PEL 21 (5.2) -13.7 (7.5) 0.6 (6.8)

Values are presented as mean and SD.

IOSP= instructed optimal sitting posture, FSP= flexed spinal posture, FLSP= fully lordotic
spinal posture. HE= Head Angle, NE= Neck Angle, HP= Head protraction, HT= Head tilt,
CT= Cervico-thoracic angle, TH= Thoracic angle, TL= Thoraco-lumbar angle, LU=

Lumbar angle, PEL= Pelvic angle.

5. DISCUSSION

Given the complex nature of human posture, this study provides the most specific
measurement to date of surface spinal curves, head and pelvis position, with reference to
different seated unsupported postures. In addition, this is the first study that examines the
time effect of a flexed predetermined sustained posture on head, spinal and pelvic
proprioception contemporaneously.

The sample of N=47 participants in the present study was adequate in order the results
to be generalized, since it was bigger than previous studies examining posture (Caneiro, et al.,

2010; A. Claus, Hides, Moseley, & Hodges, 2008; A. P. Claus, et al., 2009a, 2009b; K. J.
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Dolan & Green, 2006; Edmondston, et al., 2007; K. O'Sullivan, et al., 2010; P. B. O'Sullivan,

et al., 2003; P. B. O'Sullivan, et al., 2006; P. B. O'Sullivan, et al., 2002).

5.1. The optimal sitting posture

Several considerations were taken into account in the present study in regard the
“optimal sitting posture” that the participants were instructed in. We acknowledge that the
IOSP used in this study is not superior from other postures that described as optimal or
correct in the literature and were used in other clinical trials.

For several years the concept of ideal sitting posture lacked consensus in the
literature. The direction of the curve of the lumbar spine has been bisectional for the
researchers in point of the spinal health. A review of the literature revealed that proponents of
both the lordosed and kyphosed lumbar seated position have used similar arguments with
contradictory conclusions (Pynt, et al., 2001). Nevertheless, based on general agreement
among published studies after the mid 90s, extensive reviews have concluded that the optimal
sitting posture is comprised of lumbar lordosis (Harrison, et al., 1999; Pynt, et al., 2001).
Regarding the cervical spine, minimizing forward head posture and cervical flexion was
associated with higher comfort ratings (Harrison, et al., 1999).

Several postures meet the criteria for the optimal sitting posture when qualitative
characteristics guide the description. A diversity of spinal curves from the occiput to the
pelvis met the criteria for neutral upright spinal alignment and made inexplicit, in research
and clinical reality, not only the quantitative definition of neutral posture but the aims of
postural education and evaluation.

In the present study we took into account all the evidence and decided to use a mid
range posture as IOSP. We defined IOSP as the posture in which the lumbar spine was

positioned in a moderate degree of lordosis, the thoracic spine was in slight kyphosis, while
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the head and shoulders were evenly and neutrally aligned over the pelvis with the chin over
the chest, moderately retracted rather than protruded (Jull, 2008; Lee, 2007; R. McKenzie, &

May, S, 2003; R. McKenzie, & May, S., 2006; Richardson, 2008).

5.2. Training the sitting posture

In a number of studies researchers placed or trained subjects in a predetermined
posture with reported or not reliability (A. P. Claus, et al., 2009b; Falla, Jull, et al., 2007; P.
B. O'Sullivan, et al., 2006; P. B. O'Sullivan, et al., 2002). Furthermore, lumbar lordosis could
be attained during sitting posture in trained subjects (A. P. Claus, et al., 2009b; P. B.
O'Sullivan, et al., 2006; Scannell & McGill, 2003). Educating individuals in terms of spinal
posture was proved to be a specific and demanding procedure when lumbar lordosis was
related to thoracic kyphosis as prescribed in the literature and used in this study the optimal
“short lordosis” sitting posture (A. P. Claus, et al., 2009b). The demands of such a procedure
were reinforced by evidence showing that most of the subjects needed facilitation and
feedback to achieve a lumbar angle more lordotic than the flat/upright posture (A. P. Claus, et
al., 2009b) and specific rotation of the pelvis in order to accomplish lordotic posture (Dunk,
et al., 2009).

Moreover, positioning of the head in a retracted rather than protruded position found
to be technically and educationally demanding in the majority of the participants. The former
procedure was used in this study in order the instructed posture to be easily achievable and

repeatable by the participants.

5.3. Intra-tester reliability of positioning individuals into a predetermined sitting
posture
The reliability study was conducted in order to assess the ability of the instructor to

place reliably individuals into the IOSP. Ten individuals were manually placed in 1OSP ten

Institutional Repository - Library & Information Centre - University of Thessaly
16/10/2023 21:50:21 EEST - 167.114.118.212



65

repeated times by the same investigator with intervals of 3 minutes. The IOSP was defined as
the criterion posture in this study, a fact accentuating the importance of this assessment. The

obtained ICC (3 1) values for all the angles were bigger than .89.

Also, coefficients of variation (CV) with standard deviation (SD) were calculated for
all angles examined in the study with accepted (%) percentages. In the case of PEL angle that
the CV has a high value, the SD revealed that the difference of 1.28° was not significant in a

small measured angle.

5.4. Differences among angles and sitting postures (HSP, FSP, FLSP, SPOP, 10SP)

Several statistically significant differences were revealed among postures and angles
obtained in the present study, but a considerable observation was related to HT and TH
angles. Both angles showed no significant differences (p>.05) between all postures measured,
but only for FSP.

Head tilt angle in FSP was expected to differ (p<.05) from all the other postures, as in
FSP the participant’s head and gaze were turned in different direction. The lack of significant
differences of HT angle between all other postures could be attributed to the instruction of the
participants to fix their gaze on a wall-marker ahead. We acknowledge that the specification
of the point in the wall ahead at eye level was an error in procedure, despite we placed the
participants in 5-meter distance from the wall-marker in order to avoid their head posture to
be directed by that mark.

In all postures measured the TH angle was kyphotic. In FSP, that was close to slouch
or slump sitting in regard the thoracic, the lumbar spine and the pelvis, TH angle was
significantly more kyphotic than all the other postures, as previously established in the

literature (Caneiro, et al., 2010; A. P. Claus, et al., 2009b). Moreover, the 26° that could
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approximately be estimated (from figure 3) for the TH angle from Claus et al., (2009b) was
comparable with the 27.89+6 (mean +SD) obtained in the present study. The reason for
absence of significant differences for this angle could be explained from the small
distribution of degrees among postures. Thoracic angles in end-range postures ranged from
(mean £SD) 152.246° in FSP to 159.7+6° in FLSP. Additionally, in all the other postures
examined ranged from (mean £SD) 158.4+5.19 in HSP to 159.7+5.1° in REP1. A difference
less than 2° in the thoracic spine that generally exhibits greater available range of motion in
flexion than in extension, probably could not demonstrate statistically significant differences

in our sample of N=47 subjects.

5.4.1. Habitual sitting posture

Sitting posture in general agreement has shown to involve more flexion than standing
(Dunk, et al., 2009; Harrison, et al., 1999). The widely accepted generalization that the
physiologic position of the spine is kyphotic between T1 and T12 and lordotic between L1
and L5 has been characterized as overly simplistic, since the sagittal alignment of the human
spine and pelvis in standing position was highly variable among individuals (Roussouly,
Gollogly, Berthonnaud, & Dimnet, 2005).

Habitual sitting posture has been described as a mid-range position, despite that was
more flexed than other postures (Dankaerts, O'Sullivan, Burnett, & Straker, 2006; K.
O'Sullivan, et al., 2010). In the present study HSP was significantly different than the FSP in
all angles except PEL angle. Results that were partly in agreement with other studies (Dunk,
et al., 2009; K. O'Sullivan, et al., 2010) argued that pain free individuals do not habitually sit
in end range postures in point of angles measured. We found that the PEL angle revealed no
statistically significant differences between HSP and FSP, a fact that placed the pelvis at an

end range posture, as could be evident from the means of PEL angles (mean £SD in degrees,
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HSP -13.3°+7.2, FSP -13.7°+7.5). Furthermore, when subjects adopting slouched sitting has
been revealed that their lower three intervertebral joints approached their total flexion as
measured in flexion from standing, by using X-ray images (Dunk, et al., 2009). The end
range pelvic posture in the present study that carried along some of the lumbar intervertebral
joints to their relative end range flexion was in contrast with previous findings (Dankaerts, et
al., 2006; K. O'Sullivan, et al., 2010). It is debatable whether this difference could be
attributed to methodology used, as in this study we used markers on the pelvic segment to
derive sagittal angles for the pelvis. Upright or slouched sitting posture was demonstrated that
occurred mainly by rotation of the pelvis and the three lower lumbar intervertebral joints
(Dunk, et al., 2009), while few to no angular changes were found between L1/2 and L2/3
intervertebral segments, findings supported from previous studies (Andersson, et al., 1979;
Lin, et al., 2006; Makhsous, Lin, Hendrix, Hepler, & Zhang, 2003). Habitual sitting posture
involved end-range posture at the pelvis as estimated by our results, a finding that might
explain the reason for more flexion presented in HSP than in other postures evaluated.
Moreover, this should be taken into account when postural spinal pain is considered, as end
range postures increase the load on supporting structures and may develop pain symptoms
(R. McKenzie, & May, S, 2003; R. McKenzie, & May, S., 2006).

In point of head and cervical spine, HSP has been argued to vary notably between
healthy individuals (Edmondston, et al., 2011; Grimmer-Somers, Milanese, & Louw, 2008;
Johnson, 1998; Raine & Twomey, 1997). We found HSP’s angles to be associated with
increased flexion/anterior translation in contrast with other postures evaluated except FSP.
Evidence suggested that flexed sitting when compared with upright, thoracic or lumbar
sitting, showed significant greater head/neck flexion and anterior translation (Caneiro, et al.,
2010). The results of our study were in accordance with evidence supporting that HSP

involves increased head/neck flexion, which in turn could be attributed to increased pelvis
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posterior tilt and lumbar relative kyphosis (Caneiro, et al., 2010; Grimmer, 1996; L. M.
Straker, O'Sullivan, Smith, & Perry, 2007; L. M. Straker, Smitha, Bear, O'Sullivan, & de

Klerk, 2011; Szeto, et al., 2002).

5.4.2. Self perceived optimal posture

Self perceived optimal posture was generally less kyphotic / flexed than HSP. Head
angle, NE, TL and PEL angle have been moved towards extension. Only the CT angle
demonstrated a trend for less flexion. The LU interestingly did not showed significant
differences between SPOP and HSP. The significant difference in pelvic rotation, towards
increased anterior tilt in SPOP, might give a possible explanation for this observation. The
effect of pelvic rotation on lumbar position particularly and spinal posture generally (Dunk, et
al., 2009) could has been differentiated in subjects perception the two postures and despite
that lumbar segments moved to a relatively more lordotic posture this shift could not be
evident and demonstrate significant differences.

Generally the statistically significant differences between SPOP and HSP
demonstrated that all individuals do not habitually use more neutral or less kyphotic sitting
postures, despite their apprehension that the optimal sitting posture is different than their
HSP. In accordance with the present study were results from other studies showing that HSP
is more flexed than SPOP (Edmondston, et al., 2007; K. O'Sullivan, et al., 2010). Adopting a
more upright sitting posture requires increased muscle activity than a kyphosed one, both in
cervico-thoracic and lumbar spine (P. O'Sullivan, et al., 2006). Slump sitting when compared
to a more neutral posture was associated with significantly greater muscle activity in thoracic
and lumbar region (Caneiro, et al., 2010; A. P. Claus, et al., 2009a) and this might explain the
difference between, which subjects consider as optimal posture and which they use in their

daily sitting.
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Research is limited in SPOP and pain populations, but in a study with postural pain
subjects and healthy controls, SPOP differed significantly between groups (Edmondston, et
al., 2007). It remains to be evaluated whether this difference in perception is constant among

patient population and the clinical implications of such an observation.

5.4.3. The instructed optimal sitting posture

The 10SP that was the criterion posture in the study found to differ significantly from
HSP and SPOP in all angles. From HSP to SPOP and IOSP the relative flexion of the head
and thorax and the posterior tilt of the pelvis were decreased gradually, while the relative
lordosis of the thoraco-lumbar and lumbar regions was increased respectively.

In accordance, a study, quantified muscle activation in cervico-thoracic spine, found
that the SPOP was in contrast with the researchers’ perception of optimal sitting posture
(Falla, O'Leary, et al., 2007). Contrary to these results were the findings of a study (K.
O'Sullivan, et al., 2010) reporting no differences between participants’ and researcher’s
perception of neutral sitting posture in regard the lumbar spine. Nonetheless, the authors
argued that SPOP was slightly more lordotic than the tester’s perceived neutral posture. In the
present study the IOSP was more lordotic than SPOP, but comparisons could not be made
due to different postural definitions.

The “short lordosis” as defined in the literature (A. P. Claus, et al., 2009b) has many
commonalities with the 10SP in this study. For the former reason, comparisons could be
made between angles that were defined identically, such as TH, TL and LU angles. For TH
angle the values obtained revealed a kyphotic configuration and the means were 22.0° (95%
Cl, 17.1-26.9) from Claus et al., 2009 and 21.2° (95% ClI, 19.7-22.6 as calculated) in the
present study. Also, for TL and LU angles the configuration was lordotic for both, means

were for TL 3.8° (95% CI, 0.3-7.3) and 5.6° (95%Cl, 4.5-6.7) respectively and for LU 15.0°
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(95% CI, 11.7-18.3) and 17.1° (95% CI, 14.3-19.9) respectively. The presented results from
both studies showed values closely related, confirming the reliability of the methodology that
was used and the relative congruency of postures that were used and facilitated.

The exported angular values, as presented in Table 8, for IOSP and the limits of
sitting posture (FSP and FLSP) were elucidated that IOSP was generally a mid-range posture
for most of the angles that were measured. Mid-range postures are controlled by
proprioceptive neuromuscular reflexes (Panjabi, 1992a, 1992b), a fact that stresses the
importance and the necessity of the neuromuscular proprioceptive system in application of
stabilizing function to the spine in IOSP. The stabilizing and controlling role of the muscles
in IOSP supports the methodology that was used in the present study, regarding the effect of

flexed posture on neuromuscular proprioceptive function.

5.5. Repositioning trials to the optimal sitting posture

The four different repositioning trials in this study were used in order to assess the
proprioceptive ability of the spine and head. Each of these was used, in one hand to expose
proprioceptive deficits and in the other hand to evaluate the effect of specific procedures on
spinal proprioception. More specifically, the immediate repositioning to IOSP after postural
education and the “slouch-overcorrect” procedure after prolonged spinal flexion, were
evaluated in regard their effect on proprioception. What is more, the two repositioning trials
to IOSP after 10 and 30 minutes in spinal flexion were used to assess any possible

proprioceptive deficit.

5.5.1. Immediate repositioning to the instructed optimal sitting posture
During the REP1 trial was assessed the ability of the individuals to replicate the
criterion reference posture. This procedure evaluated the effect of postural instruction on

healthy individuals that did not have any former postural education by a clinician or an
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expert. On top of that, we examined the head and spine position sense as a substance of
proprioception.

In the present study, comparison between IOSP and REP1 revealed no statistically
significant differences (p>.05) for all angles that were measured. The participants could
accurately replicate the IOSP immediately after less than 60 seconds in postural flexion (the
means and SD are presented in Table 3). This result confirmed the statistical hypothesis that
IOSP and REP1 would reveal no differences. Moreover, studies supported this finding with
measurements for position sense in lumbar spine (K. J. Dolan & Green, 2006; P. B.
O'Sullivan, et al., 2003) and cervico-thoracic spine and head (Edmondston, et al., 2007). On
the one hand, the accurate repositioning in 10SP established that clinically the postural
education is achievable in healthy individuals, as previously reported (A. P. Claus, et al.,
2009b; Falla, Jull, et al., 2007; P. B. O'Sullivan, et al., 2006; P. B. O'Sullivan, et al., 2002;
Scannell & McGill, 2003). The manual, optical and verbal facilitation as proposed in postural
education (A. P. Claus, et al., 2009b)found to be essential in this procedure and lasted about 5
to 10 minutes. The time frame of 5 to 10 minutes is more suggestive than restrictive for
clinical practice, while we cannot rule out the fact that some individuals might need further
facilitation and guidance. On the other hand, the repositioning revealed and confirmed the
accurate postural kinesthetic sense of the head and spine in immediate repositioning in
healthy individuals (K. J. Dolan & Green, 2006; Edmondston, et al., 2007).

The range of reposition error in healthy individuals generally has been measured
below 5° in head and neck (Armstrong, et al., 2008; Edmondston, et al., 2007), while in the
lumbar spine the range has been reported below 3° in most of the studies (K. J. Dolan &
Green, 2006; Newcomer, et al., 2000; P. B. O'Sullivan, et al., 2003). In this study immediate
reposition error for all angles was less than 29, ranging from 1.9° in LU to 0.1° in HP angle.

The means revealed that the subjects slightly overestimated the NE, HP, HT, CT, TH angles
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and the pelvic tilt, while slightly underestimated the HE and TL angles and the lumbar
lordosis, but not in a statistically significant way.

Proprioceptive input and specifically reflex control of spinal movements derive from
mechanoreceptor afferents that are found in a variety of spinal tissues including muscles,
joints, fascia and skin (Gandevia, et al., 1992; Strimpakos, 2011). Several studies have
proposed that the muscle spindles were the primary responsible receptors for joint position
sense (Armstrong, et al., 2008; Gandevia, et al., 1992; Sanchez-Zuriaga, et al., 2010). Joint
articular receptors are suggested to play a complementary role to muscle receptors in the
mediation of position sense (Armstrong, et al., 2008) and proposed to be activated near the
end of the range, in contrast with the muscle spindles that have been assumed to be activated
throughout the physiologic range . High concentrations of muscle spindles arranged in highly
structured arrays have been noted within deep spinal muscles (Boyd-Clark, et al., 2002) and
sensory receptors have been found in spinal ligaments (Yahia, et al., 1992).

In the present study, the accurate reposition ability of the subjects could be attributed
to both muscle spindles and reflexive muscle activity. It has been proposed that the spinal
ligaments are appropriately situated in key locations sensitive to relative motion of the
vertebrae in various planes, such that the receptors within them can monitor the movement
and reflexively activate the musculature via spinal neurons, providing proprioceptive input
and maintain or restore stability (Solomonow, Zhou, Harris, Lu, & Baratta, 1998). The
proprioceptive function of the muscles in order to relocate the IOSP in this study could have
been reinforced by the reflexive function of the spinal ligaments, as the subjects were
instructed to adopt a FSP before the repositioning trial. From another perspective, muscular
reflexive activity was found to be reduced in cat spines by 50% when flexion — extension
cycle was increased from 1 second to 10 seconds (Solomonow, et al., 2001). Conclusively,

increased time frame to reposition in a posture could have decreased the potency and the
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impact of reflexive muscular activation. In agreement with our assumption was the argument
in another study (K. J. Dolan & Green, 2006), stated that the immediate repositioning
accuracy in REPL, if this could be regarded as a flexion-extension cycle, may be therefore
due to reflexive muscle activity.

The present study was in accordance with most of the studies examining spinal
kinaesthesia, as subjects were required to replicate a posture selected and defined by the
investigator. Edmondston et al., (2007) while examining cervical spine, used a self-selected
posture to be replicated by the individuals and argued that this option would be relatively
easier for the individuals to reproduce. While we used an unfamiliar posture selected by the
investigator the posture reposition error revealed no significant differences from IOSP. These
results were in congruency with previous studies (Armstrong, et al., 2008), showing that the

reference posture has no effect on immediate proprioceptive ability in healthy individuals.

5.5.2. Repositioning to instructed optimal sitting posture after prolonged spinal flexion.

The repositioning trials (REP2, REP3) after prolonged flexed sitting showed
significant differences only for HE, CT and LU angles and not for all the examined test
occasions. The ten minutes of spinal and head flexion found to affect only the lumbar spine,
while the 30 minutes affected the head, the cervico-thoracic and the lumbar spine. These
results ruled out, but partially, our statistical hypotheses, that FSP will not affect the
reposition accuracy of the subjects.

The subjects were found to underestimate the lumbar lordosis after 10 minutes spent
in flexed posture, since the LU angle was estimated bigger in REP2, findings supported by a
previous study in the same setting (K. J. Dolan & Green, 2006).

Regarding prolonged sustained flexion for 30 minutes, was proved by the results that

the effect on spinal proprioception was more extensive than in the REP2 trial. The HE angle
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that represented the relative position of the thoracic and head segments, was disclosed to be
significantly underestimated by the participants (Table 6). Furthermore, the cervico-thoracic
angle found significantly bigger in REP3, a fact indicated that the individuals overshot the
CT angle in their attempt to replicate the IOSP (Table 6). Finally, the lumbar lordosis was
further underestimated when compared with the REP2 trial, as the LU angle in REP3 was
measured greater than in the repositioning trial after 10 minutes in FSP (Table 6).

The results showed that while 10 minutes in flexed posture were not enough to reveal
significant differences, but only for LU angle, the 30 minutes in FSP established that the
proprioceptive ability of the spine was affected in a time dependent manner and the effect
was spread in more spinal regions. These results could be attributed to the effect of flexed

posture on proprioception.

5.5.2.1 The effect of flexed posture on muscles’ proprioceptive reflexive activation

5.5.2.1.1. Lumbar and thoraco-lumbar spine

Flexed posture has been proposed to compromise the neutral zone and the spinal
stability, as well as the reflexive activation of the muscles that were dependent on the creep
developed in the viscoelastic tissues during static load (Youssef, et al., 2008).

Soft tissue creep occurred in human spines after only a short period of sustained
flexion and produced impaired reflex activation of back muscles (McGill & Brown, 1992). In
the present study, 10 and 30 minutes that the subjects remained in FSP were judged as
capable of producing soft tissue creep. The first study examining the effect of sustained
posture on soft tissues has revealed that prolonged flexion moment in sitting posture for 20
minutes resulted in viscoelastic tissues creep that did not fully recover the following 30
minutes of rest (McGill & Brown, 1992). The time spent in FSP in the present study can be
compared and can be assumed that the creep developed didn’t fully recover until the end of

the testing
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A recent, in vivo study gave direct evidence that physiologic levels of creep in human
spines can impair reflex activation of the back muscles (Sanchez-Zuriaga, et al., 2010). In this
study reflex activation of the back muscles was delayed significantly after one hour in flexed
sitting. More specifically, muscle activation after creep was delayed by 36 milliseconds on
average, which represented a 60% increase in onset latency (Sanchez-Zuriaga, et al., 2010).
These results suggested that sustained flexed posture have a direct effect on neuromuscular
control of the human spine and furthermore on spinal proprioception.

Conclusively, most of the flexed/kyphotic posture effects on the spine are long
lasting, and contrary to clinical beliefs and advice, are not reduced by rest (Pynt, et al., 2001).
On the contrary, in the regions that the compensating strategies were more effective and
potent the proprioceptive deficit was not evident.

Comparisons in regard the proprioceptive deficit after flexed sitting could be made
with two previous studies (Brumagne, Lysens, Swinnen, & Verschueren, 1999; K. J. Dolan &
Green, 2006). Both studies reported that following prolonged slouch the majority of the
subjects undershot the target position. Dolan & Green, (2006) reported an underestimation of
the target position by a mean of -4.12° (SD 4.2), after 5 minutes in slouched posture, similar
to results of the study of Brumagne et al., (1999). In the present study the underestimation of
lumbar lordosis was estimated -4.78° (SD 7.5) after 10 minutes in FSP and -5.49° (SD 8.5)
after 30 minutes in FSP. It was evident that the proprioceptive deficit in regard the LU angle
was time dependent as the degrees of underestimation were increased over time. According to
Dolan & Green, (2006) the increased variability in reposition sense with prolonged flexed
posture may reflect the variation on stress on proprioceptive structures displayed by the wide

range of flexed postures adopted by the subjects, 13.71° (SD 11.30). That assumption could

be applicable for the interpretation of the results in the present study, as 12.4° (SD6.3) was
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the range adopted by our participants. The divergence of degrees measured could be

attributed to differences in methodology used in point of markers to export angles in degrees.

5.5.2.1.2. Head and Cervico-thoracic spine

Flexed neck and head posture research in terms of muscles’ reflective activity has
been absent. However, extreme positions of cervical spine have been shown to occur in
sitting postures and the levels of muscular activity in such positions were low. In addition,
experimental maintained relaxed flexed position causing extreme position at the cervico-
thoracic junction (C7/T1) has been pain provocative in healthy subjects (Harms-Ringdahl &
Ekholm, 1986).

Upright posture in comparison with flexed posture, found to be associated with
increased thoracic flexion and head/neck flexion with a greater anterior translation of the
head (Caneiro, et al., 2010), a posture commonly adopted during note-book computer use and
office work (L. Straker, Jones, & Miller, 1997; Szeto, et al., 2002). Same findings were
revealed by the present study, since both FSP and HSP when compared to IOSP presented
increased flexion in head, neck and thoracic spine. Evidence supported that as the neck and
head were in flexed position the load moments were increased at the base of cervical spine
with concomitant increase in cervical extensor muscle strain (L. Straker, Skoss, Burnett, &
Burgess-Limerick, 2009). What’s more, in contrast to neutral posture, slouched posture
increased the cervical extensor activity by 40% and neck protraction (upper cervical spine in
extension and lower cervical spine in flexion) has developed increased load moment around
the low cervical spine similar as neck and head flexed posture in a pain-free cohort
(Edmondston, et al., 2011).

In cervical spine, stretching of the muscles does not seem to be the case. In the flexed
neck and protracted head position, the activation of the thoracic extensors has been associated

with a significant increase in cervical extensor activity (Edmondston, et al., 2011). The
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increased activation of cervical extensors may lead to muscle fatigue, as these muscles were
found to have smaller cross-sectional area compared to the extensors with a thoracic origin.
The cervico-thoracic load moment in slouched posture increased by 57.2% compared with
the habitual posture (Edmondston, et al., 2011).

The activation observed may result in decreased oxygenation and decreased force
output in the low threshold motor units of these muscles (Flodgren, Crenshaw, Gref, &
Fahlstrom, 2009). The deep dorsal and occipital muscles show a high density of muscle
spindles that are providing the main contribution to neck proprioception (Rix & Bagust,
2001). On top of that, fatigue in these muscles imply that the proprioception of this spinal
region might be disrupted due to stimulation of tonic gamma motor neurons (the system by
which the central nervous system controls and modifies muscle spindle sensitivity) secondary
to accumulation of muscle contraction metabolites (Djupsjobacka, Johansson, Bergenheim, &
Wenngren, 1995).

In addition to these assumptions a recent study (Pinsault & Vuillerme, 2010) revealed
a connection between muscle fatigue and cervical proprioception. This study shed light on the
effect of muscle fatigue in cervical joint position sense and showed that cervical
proprioception was degraded by muscular fatigue. However, this was the only study
examining this association and therefore, the results should be interpreted with caution.

In the present study the HE and CT angles showed to differ significantly in REP3
trial. The experimental design used in this study has never been used in cervical and thoracic
spine as a result data for comparisons were not available. In contrast with the LU angle
differences for these two angles were not revealed in the 10 minutes reposition trial. Given
the assumption that muscle fatigue induced the head and cervico-thoracic proprioception the
time effect found to play a major role. Only prolonged flexed unsupported sitting posture that

has affected muscle performance and environment was efficient to reveal proprioceptive
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deficiencies. However, the small means and the bigger distribution of standard deviation as
presented in Table 6 impoverishes the power and the generalizabilty of these results.
Furthermore, a possible explanation for these results could be attributed to the position of the
pelvis that did not present significant differences in REP3 and we formerly argued that

governs the whole spine.

5.5.3. Repositioning and “slouch-overcorrect” procedure

This MDT procedure used in the end of prolonged flexed sitting in order to evaluate
its effect on reposition accuracy and proprioceptive deficits. The results of the study showed
that the “slouch-overcorrect” procedure increased reposition accuracy in all angles that were
found to present significant differences. In other words, after the repetition of the procedure
for 10 times all angles showed no significant differences between IOSP posture and REP4
posture. However, the effect of this process changed the position sense for HE, CT and LU
angles, since these were the angles showed reposition deficiency.

Evidence is strong that activation of muscles spindles is influenced by their recent
load history (Sanchez-Zuriaga, et al., 2010). Shortening of muscle before proprioceptive
performance increased spindle sensitivity resulting in increased firing in response to a
subsequent stretch (Sanchez-Zuriaga, et al., 2010). According to the procedure that was used
most of the postural muscles were activated during the movement of the body and
subsequently stretched from one extreme of posture to the other. In the present study,
prolonged FSP stretched and/or load postural muscles, a fact that may have caused
desensitization on the spindles located within them. In this perspective the “slouch-
overcorrect” procedure increased the proprioceptive performance and accuracy.

Moreover, cutaneous receptors when activated found to influence joint position sense
(Strimpakos, 2011). The contribution of clothes can be excluded, since the female

participants wore only undergarments and males nothing at the upper part of the body. The
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effect of cutaneous receptors on proprioception after the “slouch-overcorrect” procedure can
be regarded significant as during the repetitions towards the extremes of posture the skin was
stretched and relaxed several times. Stretching of the skin or a combination of stretch with
relaxation has been proposed to increase cutaneous influence on proprioception (Strimpakos,

2011).

5.6. Reposition error among replicated postures

Reposition error reflects in a more distinct way the joint position sense in terms of
proprioception (Armstrong, et al., 2008). In the present study reposition error was calculated
for all the angles that revealed significant differences among postures. Evident differences
were displayed with further testing using pair-wise comparisons for HE and LU angles
regarding RE1 and RE3 and for LU angle regarding RE1 and RE2 (IOSP-REP2). In contrast,
CT angle showed only a trend RE1to be significantly smaller than RE3.

The relative accuracy of immediate repositioning in REP1 for all these angles, mean
for HE 1.18¢, CT 0.76°, LU 1.899, was decreased in REP3 after 30 minutes of prolonged FSP,
mean for HE 5.34°, CT 2.88° and LU 5.49¢ (Table 6). These data suggested that the majority
of the participants underestimated the relative position of head and thoracic segments,
overestimated the cervico-thoracic angle and undershot the lumbar lordosis.

The distribution of these differences among three levels (head, cervico-thoracic and
lumbar spine) of the upper part of the body indicated a widespread than a segmental deficit in
proprioception after prolonged FSP. However, the intrinsic characteristics and the size of the
sample or the angles used could not reveal congruent results for other sub-parts that were
examined.

The mean difference of reposition error (HE 4.17°, CT 2.11% and LU 3.6°) and the

range of angles measured (95% CI, HE 0.87-7.47, CT -0.076-4.3 and LU 1.16-6.04) after 30
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minutes in FSP challenged the stability and control of neutral zone of the spine. It has been
proposed that the lack of position sense and control of neutral zone may result in increased
passive system end-range loading of the spine during static or dynamic postures and activity
(P. B. O'Sullivan, et al., 2003). In addition, the study by Dolan & Green, (2006) also argued
that proprioceptive accuracy was reduced in lumbar spine and therefore the neutral zone is
challenged. Comparison of the reposition error in 10 and 30 minutes with the results of Dolan
& Green, (2006) indicated divergence in values obtained. The 10 minutes reposition trial
could be compared with the 5 minutes repositioning of Dolan & Green, (2006). They found a
mean difference of 3.92° in contrast with the present study that evaluated this difference as
2.880 (standard error 0.75). Despite the fact that the two studies have similar settings the
contrasts could be attributed to the following observations; differences in sample
characteristics, angles definition, equipment used or finally the clinical education of the
participants in the present study regarding the IOSP.

We expected to discover bigger proprioceptive deficiencies over time in prolonged
FSP. The mean difference of reposition errors between RE1 and RE3 was calculated 3.60°
(standard error 0.88), increased when compared to RE2 but still smaller than the one reported
in Dolan & Green, (2006) study. Overall, the compromised spinal stability concept was
supported by the results as reposition error was increased from immediate repositioning to
REP3 (mean LU RE1 1.89°, RE2 4.78° and RE3 5.499).

Another point that we have to discuss is related to the difference in immediate
reposition error between the studies. We ascribed the contrast to the time frame that was
determined as “immediate repositioning” between the studies, since we used a time frame
less than 60 seconds instead of 5 seconds previously used. It has been reported that less than a
12-second delay between tests significantly increases position sense accuracy (Strimpakos,

2011).
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The present study in contrast with other studies was evaluated the effect of FSP on
proprioception. While in other studies examining healthy individuals, impairments of
kinaesthetic function were not evident, we found that prolonged FSP had a significant effect
on head and thoracic segments position sense. The RE calculated for HE angle was 5.34°
(standard error 1.2°) bigger than previously reported reposition errors. Interestingly, data
from the literature demonstrated no significant impairment of kinaesthesia in patients with
neck pain and whiplash associated disorder with small and mild disability, but in patients
with traumatic onset neck pain and patients with higher levels of pain and disability
(Armstrong, et al., 2008; Treleaven, Jull, & Sterling, 2003). The results of the present study
indicated that proprioception of healthy individuals was compromised because of prolonged
FSP and placed these subjects in the same sub-group among patients with severe pathology.

Undoubtedly, the proprioceptive deficit in our sample was impermanent and
reversible, since the “slouch-overcorrect” procedure increased the proprioceptive accuracy by
decreasing the reposition error in all angles that were measured. The previous observations
have several clinical, ergonomic and research implications. It remains to be elucidated
whether the deficit revealed in the present population is a general characteristic of healthy
individuals since this was according to our knowledge the only study implemented such a

methodology in the experimental procedure.

5.7. Clinical and research implications and future directions

The present study, according to our knowledge, was the first that examined at the
same time the kinaesthesia in seated posture of head, spine and pelvis with skin surface
tracking. The clinical significance of this experimental protocol is reinforced by the fact that

postural assessment is conducted by surface evaluation and observation. The global analysis
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of sitting posture extends further the implications as pelvis and lower spine govern the

sagittal posture and balance of the upper body.

The general clinical observation that subjects adopt relatively flexed habitual sitting
postures was confirmed, while from the results was revealed that the habitual postures
attained differ significantly from the self perception of optimal sitting posture. The
interpretation of this finding is raising the question whether the patients are compliant when
instructed to adopt a predetermined sitting posture. On top of that stands the assumption that
there is no optimal or ideal sitting posture. Consistent evidence stressed the recommendation
for interruption from sustained posture, as any posture due to stress concentration, lordosed

or kyphosed, when maintained could lead to discomfort and symptoms.

In point of optimal sitting posture results established that clinically, education,
facilitation and instruction of posture is achievable. All the participants with the verbal and
manual facilitation by the researcher could adopt and replicate accurately the instructed
posture. Future research should focus on the ability of subjects to replicate the instructed

predetermined posture in different occasions and days, as a measure of educational effect.

Despite that several studies have investigated the proprioception of the head and spine
none have focused on the upper part of the body globally. Moreover, the experimental design
of this study in terms of sustained flexed posture notwithstanding has previously used, was

narrowed in one region of the spine.

Impairments of kinaesthetic function were established in this study in healthy
individuals because of sustained FSP. Proprioceptive deficiency primarily is a characteristic
of symptomatic populations. It remains to be elucidated whether these findings can be
generalized with other studies replicate the same experimental model, and furthermore to be

evaluated the effect on proprioception of FSP in patient population.
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An outstanding finding of the present study was the fact that healthy individuals when
attaining a relaxed flexed posture for 30 minutes developed kinaesthetic and proprioceptive
deficit. The significance of this finding is reinforced when we take into account that flexed
sitting postures are commonly adopted in daily sitting activities (P. Dolan, et al., 1988). The
clinical and ergonomic implications of such a subsequence may lead us to reconsider the

value and the necessity of postural re-education in healthy individuals.

Findings in the literature are conflicting in terms of proprioceptive ability among
healthy individuals and patients (Edmondston, et al., 2007; Newcomer, et al., 2000; P. B.
O'Sullivan, et al., 2003). Relevant in research perspective could be the assessment of HSP,
SPIP and reposition accuracy after FSP in patients with low back and neck pain or other

spinal pathology.

A general observation in the present study has to do pain symptoms in healthy
individuals. Given that the aims of the study were not related with symptomatic individuals
and production of symptoms, it was remarkable that all the participants were complained for
pain and/or discomfort on their spine during the FSP after the 20 minutes spent in this

sustained posture.

Establishing a link among FSP, proprioceptive deficiency and spinal pathology would
provide clinical indications for ergonomic advice and postural re-education. Loss of
proprioception, or proprioceptive deficit, is capable of producing delayed neuromuscular
protective reflexes and coordination, thus loss of control of spinal movements. This deficit
leads to loss of prevention of excessive loading and loss of protection of the spinal underlying
tissues from injury (Sanchez-Zuriaga, et al., 2010).

Life in modern society increases the tendency for a sedentary lifestyle (Egger, et al.,

2001). However, systematic reviews did not show strong evidence linking sitting postures
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(sustained or not) as a risk factor for spinal (lumbar generally) pain and pathology (Lis,
Black, Korn, & Nordin, 2007). In contrast, regarding the cervical spine, the majority of
evidence linked prolonged sedentary position in workplace with increased risk of neck pain
(Coté, et al., 2008). Research relating to the thoracic spine remains limited, while a recent
systematic review revealed no studies reporting risk factors associated with thoracic spinal
pain in adults (Briggs, Smith, Straker, & Bragge, 2009). The -cross-sectional and
observational design of most of the studies made impossible the strong revealment of a cause
and effect relation between spinal pathology and prorpioception. Longitudinal studies with
big sample sizes are required in order to establish cause and effect relations and further bring
out the role of postural reeducation against spinal pathology.

Finally, the effect of MDT “slouch-overcorrect” procedure has several clinical
implications. Proprioception is reinforced by stimulation of various receptors in various body
structures such as joints, muscles, tendons, capsules and skin, with muscle spindles
displaying the major role in joint position sense (Strimpakos, 2011). On top of that, muscle
spindle receptors’ contribution to joint position and movement sense may be augmented
during even light muscle contractions (Strimpakos, 2011). The later procedure although has
been described for postural education and re-education was found to play an effective
proprioceptive role. A possible explanation for this effect could be attributed to the
stimulation of these receptors. This is the first study to date evaluating this procedure in both
postural reeducation and proprioceptive enhancement. The results established its value and
effectiveness but further studies are required in order to clarify these effects and investigate

the impact on other clinical populations.

5.8. Limitations
We acknowledge that there were some limitations in the study we should take under

consideration for the interpretation of the results. First, the sample size might was large
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enough in comparison with other studies assessing posture and proprioception, but the
subjects were mainly young (mean £SD= 24.4+4.9 years) and sitting posture may vary across
age. Also, we recruited subjects with similar body composition, for that reason we recognize
that the findings of the study cannot be generalized in people with higher levels of BMI or
obese individuals. Future studies are required with different measurement apparatus to
determine whether the results of the present study can be extrapolated to these individuals.

Second, we acknowledge that the FSP varied significantly among individuals and did
not represent the available end range of motion in upper cervical spine and head. The
assessment of real end range postures was beyond the scope of this study and the only reason
that extreme postures were examined was only for comparisons with mid range postures.
Furthermore, in regard angles that were examined, the HT angle data were contaminated by
the instruction to the participants to fix their gaze on a wall-marker ahead. This erroneous
aspect of our protocol has to be stressed in order to be avoided in other studies since even a
big distance from the wall marker was proved to affect head position.

Third, we acknowledge that it is common in measurement studies to take a mean from
3 measurements and use it as a representative measure (Caneiro, et al., 2010; A. P. Claus, et
al., 2009a, 2009b; K. O'Sullivan, et al., 2010). It is possible to conduct 3 measurements and
use the mean during the same session or in three different occasions. However, there are
significant considerations in both options regarding the rational and the aims of the present
study.

In the one hand, the first option was to take 3 measurements in each posture within
the same session. However, one of the main interests of the present study was the evaluation
of prolonged flexed unsupported sitting in the proprioception of spinal tissues. Given that one
half of creep elongation have been regained within 2 minutes after the termination of

prolonged flexion (McGill & Brown, 1992), three repeated measurements could affect the
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basic aim of this study in terms of tissue recovery during the extra two measurement
occasions over our methodology perspective. Furthermore, taking into account the
consideration of Dolan & Green (2006) each reposition trail could be a flexion extension
cycle. The results of a study (Solomonow, et al., 2001) have shown that if the flexion
extension cycle of cat spines was increased from 1 to 10 seconds, the reflexive multifidus
muscle activity was reduced by 50%. A recent study has given direct evidence that
physiologic levels of creep can impair spinal muscles activation in human (Sanchez-Zuriaga,
et al., 2010). Dolan and Green (2006) argued that the accurate immediate repositioning of
their test could be attributed to reflexive muscles activity. These data indicate that every extra
reposition attempt can affect reflective muscle activity and have a direct impact in our
measurements. In other posture measurement studies (A. P. Claus, et al., 2009a, 2009b;
Edmondston, et al., 2007) that have used the mean from 3 measurements, the reposition
accuracy hasn’t been evaluated in regard with the time effect in a flexed posture, but
independently.

In the other hand, we could take three measurements in different occasions (days or
hours). Taking into account the objectives and the sequence of the procedure conducting
three measurements was not possible. The first reason has to do with the fact that the
clinically optimal posture was facilitated and educated during the procedure. The learning
effect could contaminate our data and results in each additional measurement. The second
reason was related with the education of correct posture. The instruction of optimal sitting
posture could affect both the habitual and perceived correct posture, as in one hand the
subjects did not know that their habitual posture was recorded and on the other hand their
perception of good posture might change in each additional measurement as a result of the

clinical education. Nevertheless, three measurements could have been conducted during the
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four reposition trials, but this could have contaminated the results, due to the difference in
measurement procedures of habitual, perceived correct and repositioned postures.

Lastly, only sagittal unsupported sitting postures in healthy young individuals were
investigated in this study. It has to be evaluated whether the same results would be revealed
in elderly subjects and symptomatic individuals, in other postures functional, supported or

unsupported and moreover in other planes (frontal or transverse).

6. CONCLUSIONS AND TAKE HOME MESSAGES

e This is the first study examining spinal posture and proprioceptive accuracy,
regarding the head, spine and pelvis, in a predetermined sitting posture after
prolonged flexed spinal posture.

e In the present study in healthy individuals HPS was significantly more flexed than
SPOP and 10SP.

e Although individuals do not usually attain end-range postures, in HSP the pelvic
angle was near at the end range.

e All the participants were able to achieve a more upright lordotic sitting posture after
postural education from an expert with manual and verbal facilitation.

e Individuals can be reliably positioned in a predetermined optimal sitting posture.

e Healthy individuals can reliably and accurately replicate the IOSP immediately

e Flexed spinal sitting posture affected spinal proprioception.

e Proprioceptive deficits point out a loss of position sense in the “neutral zone” of

healthy individuals.
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e The distribution of these differences among three levels (head, cervico-thoracic and
lumbar spine) of the upper part of the body indicated a widespread than a segmental
deficit in proprioception after prolonged FSP.

e The proprioceptive deficit was increased with a time dependent manner in the lumbar
spine.

e The MDT “slouch-overcorrect” procedure reinforced spinal proprioception.
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8. Appendix

8.1."Evtumo cvuvaiveong 0oKipalOpevoy 6g EPEVVITIKN EpYyacio

1. Xkomog NG EPELVNTIKIG EPYOoiag
YKkomog avthg g epyaciog eivor va a&loloynoetl v Kabiot] 61601 OCULUTTOUATIKOV

atopwv. Tapdinia, caeeic evdeitelg vapyovy kot oyetilovv TG «Kakég» kabioTéc Béoelg
HE O1EpYOGiEC TOV TPOKAAOVV TIG 10100EKTIKEG OOUES TNG GTOVOVAMKNG GTNANG KOl TO HLIKO
oVOTNUO TTOV €ivar LITEVLOVVO YO TNV SWTHPNON TNG GTAGNS TOL COUATOG. XTOYOG oG vt
Vo SlEPEVVNGOLUE av 1 KOUTTTIKY 0éomn [Kabiotq otdom £xoviag Tn 6ToVOLAIKY] GTHAN CE Un
evButevn Béom (yorapn / oKLET / KApTovplooTn) Kol xopic vmootpiEn otV TAdtn| o€
oLUVAPTNON HE TO XPOVO EXEL EMIOPOCN GTOV EMOVOTPOGOIOPIGUO MG TPOKOOOPIoUEVIG

kaf16tNg oTdOoNG.

2. Awokaoio pETPNGEQV
Oa yperootel va £pbelg 610 epyactnplo povo pio opd. o cov {ntdei va Kabnoelg ywpic

vrootNPEn oe Ui KOPEKAN/ECKOUT® £YOVTAG KATOOVS OVOKANGTIPES KOANUEVOVLS GE
Kémow KaBopiopéva onpEll TOL GOUOTOS COV.XTH CLVEXEl o eKTAdELTEIC Yoo pia
npokadopiopévn Kabiom otdon. Ot dadikaciec mov Ba akorovOncovv sivan tpeic. Katd v
TpOTN odkacio Oa Kabicelg o TANPOC KoOUmTik) otdorn (kabiothy otdon €yovtag T
OTOVOVAIKY] GTHAN o€ pun gvButevn Béom (yorapn / oKvET) / KOUTOLPLOOTH) Kot Y®pig
VROGTHPIEN otV TAQTY) Kot B cov {ntnbel dpesca va kabicelg kavovikd. Xt cvvéyeto Oa
Tapapeivels oe AP Kapmtikn koot 0éon yw 10 Aemtd kor B cov {nnbet va
Eavampoacdlopicels v mponyovuevn otdon. Evad petd and 30 Aentd Bo emavardfelg v
nponyovpevn dladkocic. Me avTég Tig SOKIAGIES TEAEIDVEL KOt O10OIKOGI0 TOV UETPTCEMV.
Katd v dwdwdoio yperaletal va eopdg payld 1 kovid movieAdvt Kot afintikd @overlakt

LE PAVTEG.
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3. Kivouvor km evoyiijceig
Katd v dudpked tov S0d1kacidV Kol TOV UETPHCEMV TNG OTACNG TOV GAOUATOS OEV

vrdpyel Kavévag kivouvog, yur o A0Yo 0Tt OAeg ot Kabiotég B€oelg mov Ba {ntnhovv va
vwoBetnoelg amotelobv KaOnuepVEG 6TACELS OTIC 0Toieg TomoOETEIC TO GO GOV. AKOMOL KOl
N mapopovn Yo 30 AeTTA 6€ KOUTTIKN/KOKT 0TACT O&V OmEYEL TOAD 0o QLTHY TOL LIoBETELG

KOTA TNV LEAETN 1] TNV EVOGYOANGN LE TOV NAEKTPOVIKO VITOAOYIGTY).

4. TIpocOOKMUEVES MPELELES
Ta gvprpato and v gpyacia Ba Gov dOGOVY TNV dvvaTOTNTA VO, AVTIANEOEiC To1d elvon N

oMOoTN 6TACT TOL GOUOTOG 6TV KaboT BE0n Ko To1d etvan 1 enintwon TV vioBeToVUEVE®V
KOUTTIKOV 0Tdoemv (Kabiot) otdorn £xovtog tn omovOovMkn otAn oe un evbutevi) Béon
(xadopr| / oKLETH / KOUITOUPLaoTH) Kot Y0pig vmootipién oty mAATN) 6TV GTOVIVAIKT GOV

OTHAN.

5. AnNpocicvct) 0£00pivVOV — ATOTELECHATOV
H ovppetoym cov oty €pguva cuverdyeTol OTL GUUPMOVEIC LLE TN ONUOGIEVLST TOV 0800 LEVOV

KOl TOV OTOTEAEGUATOV TNG, LE TNV TpoimdOeon OTL o1 TANpoeopieg Ba etvar avdVLRES KOt
o¢ Ba amokaAveOovv Ta ovopaTa TV cuppeTeYOVT®VY. Ta dedopéva mov Ba cuykevipmBovv

Ba kwdKomomBovv pe apBud, ®ote 10 dvopa cov o€ Ba paivetor Tovdevda.

6. ITAnpo@opiscg
Mn O10tdoglg va KAVeES EpOTNCELS YOP® amd TO GKOTO, TOV TPOTO TPAYLATOTOINGNS TNG

gpyaciag 1 v afoAdynon g otdong Tov oOUATtoOs. Av €xelg Kamoteg apgiBoidec 1

EPMTNOELS, {NNGE Hag Vo 6oV dMGoLUE TPdGOeTeg eENYNoELS.

7. ElevOgpio ovvaiveong
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H dde1d cov va ocvppetdoyeig omv gpyacio eivar eBeloviikn. Eioar elebBepog va unv
OLVOVEGELG 1) VO OLOKOWELG TN GUULETOYT GOV OTOTE EMBVUELS.
AwPaca to €vtomo ovTO Kol KOTOVO® TIG Stdkacieg mov o EKTEAEG®. Xvvovd Vo

CUUUETEY® OTNV EPYOCiaL.

Hpepopunvia:  / /

Ovopoten®voo Kot Ymoypaopn epguvnti

VIOYPOPY] GUUUETEYOVTOG

Ovopaten®vopo Kol

VTOYPAPY| TOPOTNPNTH

8.2. Table 9. Reposition error between IOSP and REP1

TABLE 9. Reposition error between IOSP and REP1

HERE1 NERE1 HP RE1 HT RE1 CTRE1 THRE1 TLRE1 LURE1 PE

L RE1

Mean -1.2 0.4 -0.1 -0.5 -0.8 -0.9 0.2 -1.9 0.4

SD 5.6 3.6 3.2 4.8 3.8 2.3 3.3 5.9
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8.3. YmevOuvn AfjAwon

O kT vroyeypappévog Kopakakng Baciteiog 01/09 , petantoyiokdc portnmg tov [Ipoypdppotog
Metamtoylokov Xmovdmv «Acknon kot Yyeio» tov Tunuatog Emotiung dvowng Ayoyng kot
ABMmticpod tov [avemomuiov Osocoliog

IMA@VO VIELOLVE OTL ATOSEYOLL TOVG TUPUKATD OPOVE TOL BPOPOVY

(0) oo Tvevpatikd dkoumpoto g Metamtoylakng Amiopotikig Epyaciog (MAE)uov pe titho
«Koin kot kokn kedotq otdon. [log n mapatetopévn “kokn” otdon ennpedletl v 10100EKTIKOTNTA
NG GOVOLAIKNG GTAANG.»

(B) ot dwayeipion tv epeuvnTIKAOV dedopévav Tov Ba GVAAEE® TNV TTopeia EKTOVNONG TNG:

1. To TveupaTIKE SIKOIDUOTO TOV TOLOL TNG HETOTTUYLOKNG OTpiPng mov Ba mpokvyel Ba
OVAKOLV G€ HEVO. Ba aKoAoVONG® TIG 0dNYieg cLYYPAPNS, EKTOTMONG Kol KATABESNG aVTITOTWV NG
dtatpng ot avaroya amofetipia (o€ EVTLTN 1)/Kal GE NAEKTPOVIKT LLOPPN).

2. H dwyeipion tov dedopévov g datpPrg avikel amd kKowod ce gUEVA KOl GTOV TPADTO
emPAémovta Koyt

3. OnowdNmote €MOTNUOVIKY] ONUocievon 1 oavokoivoon (avaptnuévr M TPOPOoPIKn), 1
avapopd mov Tpoépyetat amd To VAKO/dedopéva g epyaciog avtig Ba yivetar pe cuyypaeeic epéva
Tov 1010, tov KVpo emPAémovio 1 Kot GAAOLG epevvnTES (OmmG Ty HEAOLG —MV NG TPUEAODS
GUUPOVAEVTIKNG EMTPOTMNG), OvAAOYD LE TN GLUPOAN TOLG GTINV £PELVA 1 OTI CLYYPUPY| TOV
EPELVNTIKAOV EPYOCLDV.

4. H oceipd tov ovopdtov oTig eMOTNUOVIKEG ONUOGIEVGELS 1) EMGTNUOVIKEG AVAKOIVMOGELS Oa
aropaciferor amd Kooy omd guéva Kol Tov KOplo emPrémovta tng epyaciag, mpwv apyicet m
eknovnon mge. H andpaon avt Oa miotonomBel eyypdowg petald epod Kot Tov K. emPAETOVTOL.
Téhog, ONAOVO OTL YvOPilomd TOVS KAVOVES TTEPT LOYOKAOMNG KO TVEVHATIKIG 1O10KTNGI0G KAl OTL
0a Tovg TNP® amapéyKAtTa Ko’ 6An TN JLEPKELD TS POITI OGS KOL KAADWYNGS TOV EKTALOEVTIKMV
VITOYPEDGEMV TOV TPOKVTTTOUY antd 10 IIME/Tpnjpo, 0Ard Kol TOV S100IKAGLOV ONNOGIEVOTS

7oV 00 TPOKVYOLV PHETA TNV OLOKAPMOGT] TOV GTOVOIDV HoV.
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