Scand J Rehab Med 31: 197-206, 1999

THE RELATIONSHIPS BETWEEN SPINAL SAGITTAL CONFIGURATION, JOINT
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ABSTRACT. The aim of this study was to investigate
joint mobility, segmental and general spinal mobility
and their interrelationship in 607 women working as
homecare personnel. Joint mobility (mainly periph-
eral) was estimated using the “Beighton” score.
Spinal posture and mobility were measured by
Debrunner’s kyphometer. Passive segmental mobility
and pain provocation were estimated manually.
Reliability tests between two physiotherapists of
segmental mobility and pain provocation 6 =150
subjects) were performed. Positive correlations were
found between joint mobility, sagittal thoraco-lum-
bar mobility and segmental mobility. Hyperlordosis
(>39°) was associated with greater lumbar mobility.
The reliability of manual segmental mobility and
segmental pain provocation was good, especially in
the lowest back segments (kappa 0.7). Joint mobi-
lity, general mobility and segmental spinal mobility
intercorrelated. Segmental mobility manually esti-
mated showed intertester reliability. The good
positive correlation between sagittal lumbar mobility
and manually tested segmental mobility indicates
criterion validity for the latter.

Key words:women; homecare; pain; musculoskeletal; kypho-
metry; segmental mobility; hypermobility; spine; joint mobility. 2

INTRODUCTION

part and spinal mobility a very small one (1 point out of 9
possible) in the test of Beighton et al. (2). Manual
examination ofsegmental mobilityis often made by
physiotherapists (10), chiropractors (21) and osteopaths
(23) as a part of the treatment decision. Riddle (22) found
only a few articles concerning the reliability of signs in
such manual examinations, and these showed either poor
reliability or poor clinical design. The only article found
to indicate method validity was an investigation as to
whether or not manual examination could be used to
identify the role of zygapophyseal joints in the symptoms
of patients with neck and headache pain (inference
criterion: nerve block) (13). Frequently used physical
signs in patients with low back pain have low intertester
reliability (3, 16), although a recent study reported
acceptable intertester reliability for intersegmental
mobility (25).

Themain aimsof the present study of a population of
female homecare personnel in the community of
Nykoping, Sweden were to:

1. Investigate the prevalences of, and interrelationships
between, joint laxity, spinal sagittal mobility, seg-
mental spinal mobility and thoraco-lumbar posture,
and to

. Evaluate the reliability of segmental manual exam-
ination in the low back.

METHODS

Low back pain is most often treated with non-surgical
methods. Body posture and spinal mobility are oftesubjects
regarded as important in choosing a ther""peu“ﬁo take part in the study the subjects had to fulfil the following
approach. Their importance in choice of therapy isriteria: they had to be employed by the local authority of
mainly based on clinical experience. In clinical practicelYkoping (Sweden) and working part-time (at least 50%) as
. . omecare personnel (permanent appointment or employed long-

kyphometry can be used to estimatestureandsagittal ey without permanent position). All female employees
mobility of the thoraco-lumbar spine.Hlen et al. (18) fulfilling these criteria (= 643) were invited to participate in
reviewed the method and found it efficient, with goodhe stgdy,_and of these, 607 (94%) participated in this part of the

- . I . Investigation, 1.3% were on parental leave and 1.5% were on
reproducibility. Joint mobility can be assessed usinGjck jeave. The sample of subjects thus consisted of occupa-
certain tests (2, 4). Peripheral joint mobility plays a larg&onally active homecare personnel.
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Fig. 1. Testing of segmentaimobility. (a) Flexion/extesion.
(b) Rotation.

Procedures

The subjects selected received both written and verbal
information aboutthe study.The differentmobility andposture
testswere partsof an examinatia in which the whole physical
examination(including any training or stretchirg advice) of
each subject took approximately60 minutes, of which the
mobility teststook 30 minutes. The study consistedof the
following steps:

1. Eachsubjecffilled in aquestionnaie concerningage weight,
height, yearsof employment(total, within healthcareand
current), percentag of full-time employmat (40 hours/
week=100%), numberof children and other sociodemo-
graphicvariables.

2. The clinical examinatims were doneby three experieced
physiotherapist according to a predetermmed schedule
consisting of segmental mobility and segmenth pain
provocation, spinal sagittal configuraton and sagittal
thoracicandlumbarmobility andjoint mobility (asdescribed
below).

Segmentalmobility and segmentalpain provocation The
manualsegmentaimobility andpainprovocationtestsregarded
as the most subjectivepart of the examinaion, were always
donefirst. With thesubjectlying on hersidewith hipsandknees
flexed and the examinerstanding,the mobility of eachof the
eight segmerg from the lumbosacal segmentup to T10-T11
was testedby five passivemovemerst extensionand flexion,
right and left rotation and translatoic joint play (in the
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following text labelled “gliding”), (Figs. 1a, b) (for detailed
descriptionsseel0, 14). Thelumbosacal segmentvasdefined
assegment.5-S1.Segmentamobility wasestimatedfrom the
neutral position, by stepwise interspinal palpation. Any
tendernesgain (labelled“provocation pain”) during eachpart
of the testingwasrecorded From the five passivemovemets
the examinerrated the segmentaimobility using a five-poirt
scale: +2 = extreme hypermolility, +1=moderatehypermo-
bility, 0=normal mobility, —1 =moderatehypomobiity and
—2 = extremehypomobiity. No predeternmed criteria for the
segmentamobility with respecto the five passivemovemats
wereused.Segmentapain provocaton wasratedas+1 = pain
and0 = no pain.

Thereliability study

A pilot studyof 20 subjectgook placein whichthetestschedule
andexaminatiorresultsfrom eachof two physiotherapist(with
the Swedishexaminatim in manualmedicine)were discussed.
Thena randomsample(n = 156) of all subjects(n=607) was
examineddy theexaminerswhowerenotawareof eachothers’
examinatio results.Six of the 156 subjectscould not complete
the reliability study (2 dueto obesityand4 dueto pain). The
time interval betweenthe examinationswas less than 15
minutes,and the order betweenthe examinerswas varied at
random.

Spinal sagittal configuratiom and sagittal thoracic and
lumbarmobility. Debrunrer's kyphomeer wasusedto measure
spinal sagittal configuraion and spinal (thoracic and lumbar)
sagittalmobility (19) in the standingposition. The kyphometer
hasa protractorwith a 1° scale(80° to 0° to —70°) attheendof
two double, parallel arms, connectedo two blocks (19). The
blocksarelargeenoughto spantwo spinousprocessedn total,
606 subjectsparticipatedin this part of the study. Data were
incompletefor one subject. The neutralzero starting position
was definedas the configurationin the erectstandingrelaxed
position,armshangingdownby sidesandbarefoof heels10cm
apart.

Spinalsagittal configuraton

Kyphosis was measurd from a point betweenthe spinous
processesf T2 and T3 andfrom a secondpoint betweenT11
andT12. LordosiswasmeasuredetweenT11-T12and S1-S2.
Thedegree®f kyphosisandlordosiswerereaddirectly from the
kyphometeiscale A schedulevasusedfor the classifcationof
body posture(20).

Sagittalthoracic and lumbar mobility

The sagittalrangeof motionwasdeterminedn the lumbarand
thoracic spine separately. Maximd flexion and extension
bending from a neutral position was recordedand the total
sagittalrangeof movementwascalculated.

Joint mobility. Joint mobility (mainly peripheral) was
assessedising the modified Beighton score (0-9 points) (2):
(i) passivedorsiflexion of MCP 5 beyond 90°, (ii) passive
appositionof thethumbto theflexoraspecof theforearms(iii)
hyperextengin of the elbowbeyondl10°, (iv) hyperextensionf
thekneesbeyond1(°® and(v) forwardflexion of the trunk, with
kneesstraight,sothatthe palmsof thehandsestedeasilyonthe
floor. Mild generalizedjoint hypermobiliy was definedas a
scoreof 3—4,andpronouncedjeneralizechypermoliity as>5
(i.e. trichotomizedscore).
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Table l. Mean+ 1 SD, minimumand maximumvaluesfor anthropometricand lifestyle variablesin homecare

personneln = 607)

Variables Mean SD Minimum Maximum n
Age (years) 40.5 11.9 21 64 607
Weight (kg) 67.2 12.0 41 115 543
Height (cm) 165.5 5.5 148 183 577
Durationof employment (years) 18.0 104 1 48 607
Employmentin healthcae (years) 12.1 7.7 1 40 607
Durationof actualemployrent (years) 7.5 6.5 1 36 607
Percentagéull-time employmet (%) 78.8 154 25 100 585
No. of children 1.8 1.2 0 7 605
Statistics RESULTS

All statistics were performed using the statistical packages
STATISTICA for Windows (version 5.1) and SIMCA-S
(version6.01). Meanvaluest onestandad deviation(+1 SD)
aregenerallyreportedLinearregressia analyseseremadeto
determinethe influerce of age upon the different variables.
Regressioranalysesof the rating of segmerdl mobility were
madeusingthe PLS techniqee (using SIMCA-S). To evaluate
differences between groups, one-way analysis of variance
(ANOVA), t-testand Kruskal-Wdlis ANOVA by rankswere
usedAll statisti@l testsmentionedabovewereperformedatthe
5% significane level (p < 0.05; two-tailed)

In thereliability studyfor thebinaryterms(no pain/pain) the
degreeof agreemenbetweerthe two examinersvascalculated
using the kappacoefficient (4), and for the mobility test(5°),
usingthe weightedkappacoefficient (6). The kappacoefficient
hasarangebetween-1and1, wherel correspodsto complete
agreement;-1 to completedisagreemerand0 to noagreement.
Kappavalueswereinterpretedasfollows: < 0.40= poor,>0.40
to < 0.75=fair to good, and >0.75=excellent (7,15). The
kappa coefficient dependson the prevalenceof deviations
betweerfindingsandis severelyattenuatedowardslow values
when their prevalere is either especiallylow or high. The
kappacoefficientwasnot calculatedwvhenthe meanof the two
examiners’prevalenceof deviating findings was below 10%
(27).

Anthropometricand sociodemographidata

Meanagewas40.5+ 11.9yearsandmeanemployment
in healthcarewas 12.1+ 7.7 years. Anthropometric
and sociodemographicvariables are summarizedin
Tablel.

Spinalsagittal configurationand thoracic and lumbar
sagittal mobility

Resultsof the kyphometermeasurementare given in

Table Il. A significant correlation existed between
lumbar lordosis and thoracic kyphosis (r =0.30,
p=0.0001).According to the schemeof body posture
classification(19), 83.2% of the subjectswere within

normal limits (Fig. 2). The prevalenceof bi-hyper-
curvatureposturewas4.6%andbi-hypo-curvature3.6%
(Tablelll). Generallyno major (i.e. low explainedR?)

clinical differencesn spinalsagittalconfiguratiorby age
were found, although significant relationshipsexisted

Table Il. Sagittal configurationand sagittal mobility in the thoracic and lumbar spinein homecarepersonnel
(n= 606).Mean+ 1 SD, minimumand maximumvaluesare givenfor measurementwith Debrunner’'skyphometer

Variable Mean SD Minimum Maximum
Thoracickyphoss 34.0 7.6 10 64
Thoracicbackwardbending(ROM) 14.1 7.1 2 53
Thoracicmax backwardbendingangle 20.2 10.7 -10 55
Thoracicforward bending(ROM) 21.6 6.6 4 42
Thoracicmax forward bendingangle 55.5 7.1 18 76
Total thoracicsagittalmovement{ROM) 35.7 10.1 8 73
Lumbarlordosis 329 6.5 55 10
Lumbarbackwardbending(ROM) 16.3 7.8 3 42
Lumbarmax backwardbendingangle 49.1 10.1 15 70
Lumbarforward bending(ROM) 54.8 9.7 10 88
Lumbarmax forward bendingangle 21.9 9.3 -21 55
Total lumbarsagittalmovemeni{ROM) 71.1 13.2 20 110
Total thoracolumbarsagittalmovemat (ROM) 106.9 18.7 50 169
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LUMBAR LORDOSIS

(Table 1V). No significant age differences existed
betweenthe different posturegroups.

The sagittal movementsdecreasedignificantly with
increasingage (Table V). The most pronouncedage
effectswere found for total lumbar sagittal movement
and total thoraco-lumbarsagittal movement,although
the age effects were not extensive(i.e. the explained
variances (R were relatively low (0.22 and 0.17,
respectively))TablelV).

Significantdifferencesetweerthedifferentgroupsof
the body postureclassificationschemgFig. 2) andtheir
total lumbar sagittal and total thoraco-lumbarsagittal
mobility werefound. The groupwith hyperkyphosisiad
less total lumbar sagittal mobility (59.5 vs 72.3
p < 0.0001) and less total sagittal mobility (88.4 vs
109.0 p< 0.0001). A significant correlation existed
between lumbar lordosis and total thoracic lumbar
sagittal mobility (r =0.30, p=0.0000).When only the
degreeof lordosis(usingalimit of 40°) wasanalysed60
subjects had hyperlordosis (>39°). This group had
significantly higher lumbartotal sagittalmobility when
comparedvith thenormals(i.e. <40° lordosis)(76.C° vs
70.6 p=0.0032). Significantly lower total lumbar
sagittal mobility was found for the bi-hypo-curvature
group (60.1° vs 72.3 p=0.0006). Significantly lower
total thoraco-lumbasagittalmobility wasalsofoundin
the bi-hypo-curvature (95.9 p=0.020 vs normal:
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markedwith bold lines.

109.0) andthe bi-hyper-curvaturg93.6° p=0.0005vs
normal: 109.C) groups.

Joint hypermobility

The prevalenceof mild hypermobilitywas16% (n = 98)

andpronouncechypermobility 8% (n=46). A negative
correlation existed betweenage and score (r = —0.19,

p <0.05). Those with normal joint mobility were
approximately4—5 yearsolder than both hypermobility
groups.

Segmentamobility tests

Segmentamobility. The prevalence®f abnormal(used
in this discussiononly in the context of extreme

Tablelll. Absoluteandrelative prevalence$%) of body
posture classification groups in homecare personnel
(n=606)

Body postureclassification

Normal 505 83.2
Hypercurvatires 28 4.6
Hypocurvaures 22 3.6
Hyperkyphoss 36 5.9
Hyperlordoss 15 25
Missing 1 0.2
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TablelV. Resultsof thelinear regressioranalysedetweerageand spinalsagittal configuration(kyphosis/lordosis)
andageandsagittal motionin homecarepersonne{n = 606).Correlationcoefficient{R), R® andp-valueare given

for eachanalysis

Variablevs age R R? p-value
Thoracickyphoss 0.190 0.036 0.000
Thoracicmax extensionangle 0.220 0.048 0.000
Thoracicmax flexion angle 0.124 0.015 0.002
Total thoracicsagittalmovement -0.151 0.023 0.000
Lumbarlordosis —0.196 0.038 0.000
Lumbarmax extensim angle —0.339 0.115 0.000
Lumbarmax flexion angle —0.275 0.076 0.000
Total lumbarsagittalmovement —0.462 0.213 0.000
Total thoracolumbarsagittalmovement —0.409 0.167 0.000

mobility, not asa synonymfor pathology)mobility (i.e.
—2, -1, 1 or 2) from Th10-11downto L3-4 werelow
(approximatelyl10-13%)(Table V). In the two lowest
segmentsthe prevalencesof abnormalmobility were
higher, 26—35%, almost equally distributed between
hyper- and hypomobility. The prevalenceof subjects
with at leastone hypomobilesegmentwas 41.0% and
with at leastone hypermobilesegmentvas40.4%.The
majority had one (hypomobile 18.8%; hypermobile
24.6%)or two abnormalsegmentghypomobile13.2%;
hypermobile 13.0%). The prevalence of subjects
with >2 hypomobilesegmentsvas9.1%and>2 hyper-
mobile segmentsvas2.8%.

Whenthe 5-gradedscalewastrichotomized(i.e. into
hypermobility (2 and 1), normal (0) and hypomaobility
(-1, —2)), the hypomobility group was found to be
significantly older thanthe normal group (L4-L5: 45.8
yearsvs 40.2 years(p =0.0001);L5-S1: 46.0 yearsvs
39.8years(p=0.0000)).No significantagedifferences
betweenthe hypermobility groupandthe normal group
werefoundfor thesesegments.

The five passivemovementsAll five passivemove-
mentsatthe Th11-L2andL4-S1levelsandextensiorat

segmentL2-L3 showeddeviations of >10% outside
normalrange.The prevalenceof segmentapain during
provocationwas >10%in the two lowestsegment®nly.
Prediction of segmentalmobility rating. The seg-
mental mobility rating was determinedfor the two
lowestsegmentsisingthe five passivanovementasX-
variables. At both L4-L5 and L5-S1 levels, sagittal
movementwasthe strongesipredictor,followed by left
and right rotation for the rating of segmentaimobility
(R*=0.85-0.88; n=606). Since it is difficult to
standardize the starting neutral position, modified
regressiondor L4-L5 and L5-S1 were madebasedon
(i) the sumof flexion-extension(ii) the sumof rotation
to left andto right and(iii) translatorigoint play. These
analysisalsoresultedin significantmodels(R*=0.89—
0.91; n=606) and the same principal relationships
betweenthe passivemovementsWhenthe sumsof the
passivemovementswvere calculatedfor L4-L5 and L5-
S1, respectively,it was found that high significant
correlationsexistedwith the judgementof the examiner
(L4-L5: R?=0.86andL5-S1: R? = 0.90).
Intertesterreliability of segmentamobility and pain
provocation The degreeof agreemengweightedkappa)

TableV. The prevalence(%) of segmentamobility accordingto the 5-point scalefor eachsegmenbf homecare

personneln = 606)

Segment Extremehypo(—2)  Moderatehypo(—1) Normal(0) Moderatehyper(+1) Extremehyper(+2)
Th10-11 0.0 9.6 88.6 1.7 0.0
Th11-12 0.0 8.2 86.8 4.6 0.2
Th12-L1 0.0 9.1 85.3 5.3 0.2
L1-L2 0.0 6.6 86.2 7.1 0.0
L2-L3 0.2 5.3 88.8 54 0.2
L3-L4 0.0 5.4 86.8 7.4 0.2
L4-L5 0.0 12.4 73.2 13.8 0.5
L5-S1 0.0 19.1 64.8 16.0 0.0
L4-L5-S1 0.0 5.8 54.6 5.9 0.0
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Table VI. The reliability study of the segmentalmobility testson levels Th10-S1.Weightedkappa valuesare
presentedor eachof the five passivemovementandfor therating of segmentamobility (n = 150). Theresultsare

not shownwhenthe prevalenceout of normalis <10%

Variable/levé Th10-Th1ll Th11-Thl2 Thi2-L1 L1-L2 L2-L3 L3-L4 L4-L5 L5-S1
Flexion 0.71 0.57 0.59 0.49 0.50
Extension 0.75 0.54 0.66 0.51 0.62 0.68
Rotationleft 0.62 0.50 0.46 0.58 0.62
Rotationright 0.62 0.50 0.46 0.58 0.62
Gliding 0.63 0.48 0.54 0.65 0.42
Segmentamobility 0.73 0.59 0.68 0.61 0.75 0.70

betweenthe two physiotherapistsloing the segmental
mobility testsvaried between0.59and0.75 (TableVI).
The degreeof agreementvasrelatively highin the two
segmentswith the highestprevalencesof non-normal
clinical findings: L4-L5: 0.75 and L5-S1: 0.70 (Table
VII). Intertesterreliability for the five passivemove-
mentswas generally lower than that for the rating of
segmentamobility (TableVI). Thedegreeof agreement
(kappa)wasalsohighfor thesegmentapainprovocation
testsof thetwo lowestsegmentst4-L5: 0.71andL5-S1:
0.67 (Table V).

Relationshipshetweerkyphometryand joint
hypermobilitytest

The pronouncednobility grouphadsignificantlygreater

total thoracic and lumbar sagittal mobility than the
normalgroup (Table IX).

Relationshipshetweerkyphometryand segmental
mobility

In most segmentsa positive relationship between
segmentalmobility (trichotomized) and lumbar total
sagittal mobility was found (Table X). The relation-
ship was especiallystrongin the two lowestsegments.
The groupwith segmentahypermobilityat level L5-S1
had a 14° greatertotal lumbar sagittal mobility than
the group with segmentalhypomobility. If both the
two lowest segmentswvere takentogether(i.e. L4-L5-
S1), a strong positive correlationwas found (both L4-
S1lhypomobile:56.8 (p < 0.0001);bothnormal:74.7;

TableVIl. Intertesterreliability study.PhysiotherajstsA andB (Pt A andPtB) ratedspinalsegmentammobility in the2
lowestsegmentén 150 randomlyselectechomecargpersonnel Segmentamobility wasgradedon a 5-pointscale

L4—-L5 PtB

PtA -2 -1 0 +1 +2 Totals

-2 0 0 0 0 0 0 Weightedkappa 0.75

-1 0 8 2 0 0 10 s.e. 0.14
0 0 1 117 3 0 121 —95% confidence 0.47

+1 0 0 6 13 0 19 +95% confidence 1.02

+2 0 0 0 0 0 0

All groups 0 9 125 16 0 150

L5-S1 PtB

PtA -2 -1 0 +1 +2 Totals

-2 0 0 0 0 0 0 Weightedkappa 0.70

-1 0 8 5 1 0 14 s.e. 0.13
0 0 6 102 4 0 112 —95% confidence 0.44

+1 0 0 3 21 0 24 +95% confidence 0.95

+2 0 0 0 0 0 0

All groups 0 14 110 26 0 150
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TableVIll. Intertestereliability study.Physiotherapisté andB (Pt A andPt B) ratedsegmentapain provocation(0 =
no tendernessl = tendernessin 150 randomlyselectechomecarepersonnelKappavaluesare givenfor eachlevel

L4-L5 PtB
PtA 0 1 Totals

Kappa 0.71
0 125 6 131 s.e. 0.09
1 4 15 19 —95% confidence 0.54
All groups 129 21 150 +95% confidence 0.88
L5-S1 PtB
PtA 0 1 Totals

Kappa 0.67
0 115 9 124 s.e. 0.08
1 6 20 26 —95% confidence 0.51
All groups 121 29 150 +95% confidence 0.83

both hypermobile: 79.2 (p < 0.0001)). Sagittal
mobility was predicted (using PLS regression)using
the five passivemovementsandthe rating of segmental
mobility (trichotomized) as X-variables. It was not

possibleto predict total thoracic mobility. A signifi-

cantmodel could predicttotal lumbar sagittalmobility,

but the degreeof explained variance found for this

modelwaslow (R? = 0.16). The variablesof levelsL5-

SlandL4-L5 weresignificant,unlike thoseof the other
levels (Th12-L1, L1-L2, L2-L3). A significant model
could also be establishedfor total thoraco-lumbar
mobility (R*=0.17), in which the variablesof levels
L5-S1, L4-L5 and Th11-Th12were significant. When
the ratings of segmentalmobility for the different
segmentsvereusedalonein themodel,the significantly
important levels were L5-S1, Th11-Thl2 and L4-L5,

(R?=0.16).

Relationshipshetweerjoint hypermobilitytestand
segmentamobility

A high degree of correlation was found between
segmentalmobility (trichotomized)in the two lowest
segments(i.e. L4-L5-S1) and the modified Beighton
score(TableXl). Thestrongestelationshipvasfoundat
the L5-S1level in the hypomobility groupaccordingto
the segmentamobility test. This group hada Beighton
medianvalue scoreof 0. Correspondingnedianvalues
for the normaland hypermobility groupswere 1 and 2,
respectively.

DISCUSSION
Postureandits relation to mobility

We found positive significant correlations between

TablelX. Totalthoracicsagittalmobility andtotal lumbarsagittal mobility vsjoint mobility (trichotomizedmodified
Beightonscore;seetext)in homecaregpersonneln = 606). p-valuesfor the statisticalcomparisondetweerthe two

hypermobilitygroupsand the normal group are shown

Jointmobility
Sagittalmobility Normal (0-2) Moderate(3-4) p* Pronounced5-9) p8§
Total thoracicsagittalmovement 35.0 37.0 n.s. 40.2 0.004
Total lumbarsagittalmovement 69.8 74.6 0.004 77.5 0.001

* Denotesnormalvs moderate.
§ Denotesnormalvs prominent.
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Table X. Segmentamobility (i.e. trichotomized(—1, 0, +1)) in different segmentws total thoracic and lumbar
sagittal mobility in homecarepersonnel(n = 606). p-valuesfor the statistical comparisondetweerthe segmental
mobility groupsare also givenif significant; n.s.= not significant

Total thoracicsagittalmobility -1 Statistics 0 Statistics +1
Segment —-1vsO Ovs+1
Th10-11 32.6 0.0432 36.0 n.s. 38.2
Thll-12 32.8 n.s. 35.9 n.s. 38.5
Thi2-L1 34.6 n.s. 35.7 n.s. 38.4

Total lumbarsagittalmobility -1 Statistics 0 Statistics +1
Segment —1vsO Ovs+1
Th10-11 64.1 0.0002 71.8 n.s. 77.3
Thl1l-12 62.1 0.0000 715 0.0019 80.2
Thi2-L1 67.0 n.s. 711 0.0138 78.1
L1-L2 67.2 n.s. 71.0 0.0192 76.9
L2-L3 67.3 n.s. 71.0 0.0105 78.0
L3-L4 71.6 n.s. 70.9 n.s. 74.1
L4-L5 63.7 0.0000 71.6 0.0220 75.6
L5-S1 63.1 0.0000 72.0 0.0006 77.3
L4-L5-S1 56.8 0.0000 74.7 0.0001 79.2

thoracickyphosisandlumbarlordosis.The findingsare
in agreementvith otherstudieg19,20). Theimportance
of postural deviations in the sagittal plane for the
generationand maintenanceof musculoskeletaktom-
plaintsis not clear at present(17). Hyperkyphosisvas
associateavith low spinalsagittalmobility, while hyper-
lordosis(>39°) correlatedpositively with sagittalspinal
mobility. Thelatterfindingsarein contrasto thefindings
of Ohlenetal. (19), who reportedanegativecorrelationin

youngfemalegymnastsWhendefiningpostureasin Fig.

2 (20), we found less total sagittal mobility in the
hyperkyphosisand bi-hypo-curvaturegroups. Thus, at
group level it is reasonableto conclude that posture
appeardo indicatewhat mobility may be expected.

Therelationshipsbetweerdifferentkinds of mobility

Posture and mobility are often estimatedby visual
inspection of the subject standing and bending in

differentdirections A moreobjectivemethodmeasuring
general spinal posture and mobility is Debrunner's
kyphometry. Using this we found an averagelumbar
flexion angleof 29.9 which, split into agegroups,was
very similarto therangeof motionpresentedby Sullivan
et al. (26). However,in this study the averagesf the
lumbar extensionangleswere 6—1C lower. This may
partly be dueto methodologicalifferences Sullivan et
al. usedinclinometersandmeasuredhe extensiorangle
with the “having the subjectlie proneon a couchwith
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palmspressingdown on the couchat shoulderevel and
completelyextendingthe elbowsto lift the upperbody
off thecouch”(26,p.683).In ourstudytheextensiorangle
wasmeasuredn the standingposition.Furthermorethe
kyphometersve usedcould not exceed—70°. Twenty-
onesubjectseached-70°, andsomeof themwereable
to exceedthe extensionangle. Hence,in the present
studywe tendedto underestimatéhe relationships.

In the presenttudyjoint mobility, generalspinaland
local segmentamobility (especiallyin the two lowest
lumbarsegmentsyverefound to beintercorrelatedWe
havenot beenableto locateany otherstudiesanalysing
the relations between joint mobility, general spinal
mobility and manually testedsegmentaimobility. One
possibleinterpretatiorof our findingsis thatthe positive
intercorrelationbetweerthedifferentmobility variables
reflect constitutional factors. Mobility of the spine,
neurologicalstatusandpain analysisareusedin clinical
practiceto evaluatea patientwith low backpain. Often
the aim of both physicaltherapyand medical care s,
besidegainrelief, to increasespinalmobility (12) or to
improve coordination.A probableexampleis trying to
improve decreasedknee mobility after a knee injury.
Decreasednobility in the spine can be dueto several
anomalies, disc hernia with rhizopathy and pain,
lumbago with muscular spasm,rheumatic diseaseor
age-relatedlegeneratiorfor example(28).1n agreement
with other studieswe found that spinalaswell asjoint
mobility decreasedwith increasing age (1,2,26).
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TableXl. Median(bold type)and meanfor joint mobility (modifiedBeightonscore)in the three segmentaimobility
groups(trichotomized:—1, 0, +1) at the L4-S1levelin homecarepersonneln = 606). Theresultsof the statistical
evaluation(ANOVADby ranks)are shownin the two far right columns

Segmentamobility

Segment —1 mediarymean 0 mediarymean +1 medianymean H p

L4-L5 0/1.32 11.42 2/2.14 13.25 0.0013
L5-S1 0/0.78 11.47 2/2.57 48.26 < 0.0000
L4-S1 (both) 0/0.66 1/1.48 3/2.93 25.05 < 0.0000

Decreasedangeof motionof thespineis acommonsign
in individuals with acutelow back pain. However,an
aetiologicalrole of the generaimobility of the spinewith
respecto low backpainhasnotbeenclearly established
(2).

We foundmild andpronouncedoint hypermobilityin
16% and 8% of the presentsubjects.Generaljoint and
spinal hypermobility has beendescribedas a possible
factor in lumbar insufficiency/pain, or even as an
aetiological factor of generalizedpain problemssuch
as fibromyalgia (9). Increasedsegmentalor general
spinalmobility maybedue,for exampleto constitution,
hereditaryanomalies spondylosiswith olisthesis,focal
segmentahypermobility/instabilityafterinjuries, multi-
ple microtraumagymnasticspr early discdegeneration
(11,29,30).

Segmentamobility

Segmentamobility testedby manualproceduresn the
lumbar spine, such as segmentalpalpation of passive
movementin different directions,is claimedby practi-
tionersof manualmedicineto estimateactual mobility
andto give additionalinformationrelevantto the choice
of therapeuti@approachFewstudieshaveconsideredhe
reliability of manual segmentalmobility (22,25) and
pain provocationprocedurestheir validity comparedo
othermeasurementroceduregndto X-rays(8) or their
clinical relevance in the assessmentof pain and
functionaldisturbancesThe intertesterreliability study
of segmentaimobility and segmentajpain provocation
showedrelatively good reliability for the two lowest
segmentd.4-L5 andL5-S1.It could be arguedthat the
examinerswvere speciallytrained,that the pilot study of
20 patientshad beendonewith the expresspurposeof
achievingconsensuandthat, indeed,the situationwas,
from a traditional clinical point of view, unrealistic.
However, Strenderet al. have also shown acceptable
interexaminerreliability for intersegmentamovement

andpaintests(25) providedsufficienttime is allowedfor
examinationandconformity of performancedefinitions
andevaluationgy working togetherLow interexaminer
reliability of clinical signsandtestscouldthusbe dueto
insufficienttime allowed for standardizatiorof techni-
ques(25). Thefive passivemovementsverelessreliable
than the rating of segmental mobility. Regression
analysisshowedthat the rating of segmentalmobility
of the physiotherapistavas based significantly upon
threeof the five movementgi.e. sagittalmovementjeft
andright rotation). It is reasonabléo concludethatthe
combinationof informationfrom the three passivetests
resultedin higherreliability for the rating of segmental
mobility.

Although the presentstudy showsacceptablerelia-
bility for the segmentatestsin thetwo lowestsegments,
the questionarisesasto whatis registered(i.e. validity).
The questionof validity is complexandthe terminology
used is difficult (24). Criterion validity reflects the
correlationbetweena new scaleor method,ideally with
a“gold standard” which hasbeenusedandacceptedn
thefield (24). An ideal“gold standard’for theaspect®f
segmentamobility couldbedifferentkindsof functional
radiography but suchstudiesare difficult and ethically
controversialto design.In the presentstudy we found
correlationsbetweenjoint mobility and multisegmental
sagittalthoraco-lumbasspinalmobility, which indicates
validity in relationto a more “objective” mobility test
suchaskyphometry However kyphometryis obviously
notidealasa“gold standard’sinceit is amultisegmental
method and in this study the same physiotherapists
performedboth the segmentalmobility tests and the
general spinal mobility test. In clinical practice—
accordingto our experience—segmentahobility tests
areregardedasrelatively subjective while kyphometry
is a more objective method. However, in the present
studythe segmentaimobility testwasalwaysperformed
(and registered)prior to the kyphometry in order to
eliminateor reducetherisk thatthe kyphometrydirectly
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influencedthe rating of segmentamobility. Optimally,
the segmentamobility testand the kyphometrywould
be doneby differentexaminersHowever,sucha design
wasnot possiblefor practicalreasons.
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