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Introduction
Background

Hamstring strains are a common athletic injury. Increasing

hamstring flexibility is a common goal for athletes, coaches and
sports medicine clinicians. Appropriate muscle flexibility assistsin
preventing or minimisinginjuries, aswell asenhancing performance.

Thestraight legraise(SLR) testisused to assesshamstring length.

Flexibility isrepresented by the angular measurements of unilateral
hip flexion with the knee in full extension.

Manual techniques developed by Brian Mulligan are used in

clinical settings worldwide. The Mulligan Traction Straight Leg
Raise (MTSLR) technique is a single, painless intervention with
immediate effect. Thistechnique has not been investigated in terms
of itseffectivenessinimproving SL R range of motion (ROM) or the
duration of improvement in a population with short hamstrings.

Objectives

Todetermineif the MTSLR technique canimprove SLRROM in

subjectswith short hamstringsand if any improvement ismaintained
24 hours after the intervention. Secondarily, to determine whether
any improvement isdueto achangein hip flexion or posterior pelvic
rotation.

Materialsand M ethods
Sudy Design

A prospective, randomised, double blind, placebo-controlled 24-

hour follow-up intervention study design was used.

Participants

Forty-sevenvolunteerswererecruited. Participantswererequired

to be 18-40 years old and have afirst onset of a stretching sensation
inthe posterior thigh at <SL R 70°. Participantswereexcluded if they
had ahistory of hamstring strain, low back pain withreferral into the
leg, SLR limited by symptomswithin or distal to the popliteal fossa,
unable to achieve full knee extension or SLR [<40°. Participants
were randomised to either aMTSLR (n = 24) or placebo group (n=
23). The mean age was 23 years (SD 5.7) for intervention and 21.4
years (SD 3.0) for placebo group. The mean SLR ROM was 54.8°
(SD 11.1) for intervention and 54.7° (SD 11.5) for placebo group.
Therewereno significant differencesbetween both groupsfor age (P
=0.249) or SLR ROM (P = 0.968).

A sampleof 23 participantsin each group wasrequired to provide

an 80% power to detect a 12-degree change. This change was
selectedtorepresent aclinically significantincreasein SL R based on
the effect size demonstrated by a study of anormal population.

Three participants from each group were lost to follow-up. An

independent sample t-test showed no significant differencesin the
dependent variablesof thesesix participants(P>0.05). Oneparticipant
was withdrawn from the study after he complained of pins and
needles behind his knee during the intervention.

The participantsindicated which technique they thought they had
received to assessthe effectiveness of the blinding procedure. There
was no significant difference in the number of participants who
perceived they had received MTSLR intheintervention (n = 12) and
placebo (n = 8) groups (X 2 = 1.6; df = 1, 40; P = 0.343).

Equipment

Participants were fitted with an ankle-foot orthosis (AFO) and a
kneeextensionsplint. Two plinthswereplacedtogether, withaboard
in between. The participant lay supinewith oneleg on either side of
the board. A 10-cm bar was fixed to the AFO at the heel. This bar
extended medially and kept in contact with the board to ensure the
limb remains in the sagittal plane during SLR measurements.

SLR ROM was measured using two bubble inclinometers. One
inclinometer was attached to the pelvis to measure posterior pelvic
rotation. The second wasattached to thekneeto measure SLRROM.
Hip flexion range was calculated by subtracting the pelvic rotation
range from the SLR ROM.

The participants were instructed to alow their limb to be raised
passively and toindicatethe point at which they felt thefirst onset of
stretch. The SL R wasperformed four timesto minimiseany increase
attributed to the repetitive stretch of the muscle-tendon unit.
M easurementswererecorded onthefifth, sixthand seventhrepetitions.
Oneinvestigator raised the limb throughout the investigation, while
another recorded all inclinometer readings. Theseinvestigatorswere
blinded to the participants’ group allocation.

A reliability study wasperformed on 7 partici pantsindependent of
thestudy. Theintra-sessionintra-classcorrelation coefficient (ICC, )
was 0.99 (P <0.001) for total SLR range and 0.99 (P <0.001) for
pelvic rotation range. The inter-session ICC, , was 0.99 (P <0.001)
for total SLR range and 0.99 (P <0.001) for pelvic rotation range.

Procedure

TheMTSL R and placebo techniqueswereperformedinaseparate
room by athirdinvestigator. Theleg wasraised intoflexion until the
participant noted theonset of stretch. TheM TSLRinvolved applying
a sustained traction to the limb followed by internal or external
rotation, or abduction or adduction. If the stretch was decreased, the
limb wasraised further into flexion. The placebo techniqueinvolved
SLR until the onset of stretch followed by a calf squeeze.

Data Analysis

The datum was analysed using SPSS version 11.0. One-sample
Kolmogrov-Smirnoff test wasused to establish normality. Two-way
ANOVA test was used to analyse the datum with group and testing
time as the independent variables and SLR ROM as the dependent
variable. One-way repeated measuresANOV Aswere performed for
eachgroupinorder toidentify whether any changein SL R overtesting
time was due to hip flexion or posterior pelvic rotation ROM. The
alphavalue was set at 0.05.
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Results

Therewasasignificantincreasein SLR acrosstesting times. Tests
of within subject contrasts showed a significant increase in SLR
ROM between pre-test and post-test (P <0.001), and between pre-
test and follow-up (P = 0.003). The mean increasein SLR ROM at
post-test was6.3° (SD 5.98°) for theinterventionand 4.7° (SD 4.97°)
for the placebo group. However, thisincrease was not significantly
different between both groups (P = 0.349).

Posterior pelvic rotation was significantly increased at post-test
in both intervention (P = 0.001) and placebo (P = 0.001) groups.
This was maintained at follow-up in both intervention (P = 0.028)
and placebo (P = 0.007) groups. Hip flexion was significantly
increased at post-test in the intervention group (P = 0.014), but not
the placebo group (P = 0.099). Hip flexion was not significantly
different at follow-up in the intervention (P = 0.945) or placebo
(P = 0.455) group.

Discussion

Theincreasein SLR ROM in the intervention group at post-test
was due to an increase in both hip flexion and posterior pelvic
rotation, whereas theincrease in the placebo group was due only to
posterior pelvicrotation. Thissuggeststhat theM TSLR had an effect
onhamstringflexibility; however, themagnitude (hipflexionincrease
~3°) isnot clinically relevant.

The significant increase in SLR ROM in both groupsis unlikely
to be due to measurement error asintra- and inter-session measures
were found to be highly reliable (ICC, , = 0.99).

Thelargenumber of SLRsthat were performed during testing was
designed to eliminate the viscoelastic properties of muscle. It is
unlikely that the increase in range was due to the repeated SLR
application, asall SLRswere limited to the first subjective onset of
stretch and were maintained for only a few seconds for recording
measurements.

The measurements may have been influenced by the participants’
anxiousness about receiving a novel technique. Participants were
informed of the aims of the study through informed consent and,
therefore, expectedanincreasein SLRROM asaresult of intervention.
This may have led to an expectation-conditioning adjustment. A
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Pavlovianresponseisunlikely toexplaintheresultsastheintervention
wasonly applied once. Thisstudy wasunableto demonstratethetrue
magnitude of any placebo effect asthe participants were effectively
blinded to their group allocation.

There was difficulty controlling participants’ athletic activity
prior to recruitment. SLR ROM may have appeared higher duetothe
presenceof post-exercisemusclestiffnessatinitial testing. Recruiting
participants 24 hours before initial testing may have controlled this
confounding effect.

A study on a normal population found a significant increase in
SLRROM (13.3°) followingtheapplication of theM TSL Rtechnique,
which was greater than the 6.3° observed in the current study. The
normal population study may have experimenter expectancy bias
and good subject effect, asit did not have aplacebo or control group.
The investigators also did not perform any warm-up SLRs before
measurements.

Clinical Implications

Even though the improvement in SLR through the application of
MTSLRmay berelatedto aplacebo effect, it may till bean effective
technique. Future research should investigate the MTSLR in
comparison to a no-intervention control group using a single-
blind study design with blind measurersto effectively evaluate the
placebo effect.

The large standard deviation in SLR increase in the intervention
group at post-test and follow-up indicates that MTSLR had alarge
effect on some participants. Research should be directed at further
defining the appropriate population that MTSL R should be applied
to. Additional research could alsoinvestigateM TSLRincomparison
to other stretching techniques, as a multiple intervention, or in a
population with abnormal neurodynamics.

Conclusion

This study demonstrated that the MTSLR technique does not
improve SLR ROM more than a placebo technique in a population
with short hamstrings. Both groupshad asignificantincreasein SLR
ROM at post-test and follow-up measures; however, itisquestionable
whether the small increases are clinically significant.
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Introduction

The prevalence of hypertension in the elderly has been quoted to
range from 43% to 65% in Asia? and some parts of Europe.®# Inthe
National Health Survey 1998,° prevalence of hypertension in
Singapore was 27.3% in the 30-69 years' age group, but avery high
64.3% in the 60-69 years' age group. Amongst thishigh prevalence
isanother issue of awareness: up to 53% of thesehypertensiveswere
not previously known.®

Recognising the epidemiological transition from infectious to
chronic non-communicable diseases, the Singapore government
adopted a countrywide approach® and since the 1990s, initiated
various national health promotion’ and screening programmes.®

Whiletreating hypertension may beoneof thecommonest clinical
responsibilities of physicians, only 1 in 4 patients have their blood
pressure adequately controlled.® With Singapore slated to be one of
thefastest ageing society, itisimportant toknow thelocal prevalence
of thiscardiovascular risk factor and the current situation in termsof
hypertensionincommunity-dwelling elderly morethan 65 yearsold
and to explore some related issues.

Materialsand Methods

Thestudy wasconducted over aperiod of 1 monthfromNovember
to December 2002 in a suburban housing estate of Toa Payoh
Central. Toa Payoh Central was chosen as the elderly population
there was 11%,% which is close to the current estimate of elderly
population in Singapore. Furthermore, the ethnic distribution was
81% Chinese, 11% Malay and 7% Indian, closely resembling the
current national ethnic distribution.

QOut of an estimated 9000 househol ds, 2300 households, stratified
by housing type, were randomly selected by the Department of
Statistics, Singapore. Of these, 346 households were excluded as
these were either shophouses, from a private estate where the
management declined participation or blocks designated to be
demolished. Of the remaining 1954 households, there were no
elderly in 1092 households (55.9%) and aone step replacement was
donefor these. During replacement, the same unit two floors below
were chosen. When the unit happenned to be on the second floor, the
unit on the top floor was replaced. If the unit two floors below was
aready selected, another unit 4 floors below was chosen.

Of the 1954 households, 227 were not occupied and another 309
were not contactabl e despite making 3 visitsat different times of the
day. Some 151 households refused participation and 4 were not
available, either onvacation, stayingwithanother child or hospitalised
during the period of study. A total of 171 households participatedin
the study.

A total of 921 households were replaced and, eventualy, 60
households participated in the study. The overall household
participation rate, considering households with elderly only, was

50.2%. The 231 (171 + 60) households which participated in the
study yielded 270 questionnaires, but 5 were excluded due to
inaccurateor incompletedata. Finally, 265 el derly participatedinthe
study.

A team of medical studentswererecruited, trained and sent to the
homes of these elderly. A questionnaire was administered and it
covered themedical and social history, such asahistory of diabetes,
stroke, ischaemic heart disease, smoking, alcohol consumption and
living arrangements. The question on hypertension invited 4
responses. “hypertension on medication”, “hypertension not on
medication”, “no history of hypertension” or “don’t know”. Where
possible, the medications were recorded and correlated with the
history given and the primary physician noted.

Blood pressure was taken twice after an ora interview, in the
sitting position and using Omron T5 sphygmomanometer, and the
average of both readings recorded.

The statistical package used was SPSSversion 11.5.0. Chi-sgquare
test was used to evaluate significance of proportion.

Results

The prevalence of hypertension was 55.5% (n = 147) (Table ).
The majority (63.3%) of those who had a history of hypertension
were female. There was no dominance of any particular racein the
hypertensive or non-hypertensive group. A history of hypertension
wasal so positively associated with ahistory of diabetesandischaemic
heart disease. The mean age (+standard deviation) for both groups
wassimilar: thehypertensivegroupwas72.6 + 6.1 comparedto 72.7
* 6.1 in the non-hypertensive group.

Close to half (47.6%, n = 70) of those with hypertension were
followed up at a polyclinic, 31.3% (n = 46) were followed up by
private general practitionersand 17.0% (n = 25) followed by private
or public hospitals.

TABLEI: SELECTED CHARACTERISTICS OF ELDERLY WITH AND

WITHOUT HY PERTENSION
Hypertension Nohypertension P
(n=147) (n=104)

Varigble n (%) n (%)
Male 54 (36.7) 55 (52.9) 0.011
Race

Chinese 128 (87.1) 85 (8L7) 0.603

Maay 9 (6.1) 11 (10.6)

Indian 8 (54) 6 (58)

Others 2 (14 2 (19
Alchohol drinker 13 (8.8) 15 (14.9) 0.158
Smoker 27 (184) 45 (433)  <0.001
History of stroke 15 (10.2) 7 (6.7) 0.330
History of diabetes 45 (30.6) 17 (16.3) 0.010
History of ischaemic heart disease 39 (26.5) 10 (9.6) 0.001
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The blood pressure readings of 246 out of 265 elderly, based on
their history of hypertension, ispresented in Table I1. Using 140/90
mm Hg as a cut-off, 26.6% of elderly with hypertension had good
control. The corresponding figure, using 160/90 mm Hg asacut-off,
was 54.0%.

TABLEII: BLOOD PRESSURE READING OF COMMUNITY-DWELLING

ELDERLY
Blood pressure control level
<140/90mmHg  >140/90 to >160/90 Tota
Variable 160/90 mmHg mmHg
Hypertension/onmedication 35 32 52 119
Hypertension/noton 2 6 12 20
medication
Nohypertension 33 26 34 93
Do not know 5 5 4 14
Total 75 69 102 246

There was no correlation between the level of control and the
principal physician (Pearson’s coefficient = 0.351). Neither was
thereacorrelation between thelevel of control and race (P = 0.409),
gender (P = 0.090), history of stroke (P = 0.694), ischaemic heart
disease (P = 0.068) or diabetes (P = 0.702).

Thepotential rate of undiagnosed hypertension, using 160/90 mm
Hgand 140/90 mmHgascut-offs, was15.4%and 28.0%, respectively.
There were dlightly more males (51.7%) who had potentially
undiagnosed hypertension but this was not statistically significant
(P=0.584). Therewasnorel ationship betweenthosewith potentially
undiagnosed hypertension and race (P = 0.42).

Discussion

Thefinding that morethan oneintwo of our community-dwelling
elderly has hypertension highlights not just how common this
cardiovascular risk factor is, but how seriously we should view the
management of this condition. With arapidly ageing society and a
more sedentary and stressful lifestyle in the 40- to 64-year-old age
group, thisfigure, bothintermsof percentage and absol ute numbers,
can only be expected to increase. When hypertension is poorly
managed, the resulting mortality and morbidity can be a huge
medical and economic burden on our ageing society.

Our study showed that race and gender had little to do with
hypertension or its level of control. This simplifies the picture, but
complicatesthe strategy as no one particular group can be targetted
for morefocused action. Thiscould al so suggest amorefundamental
underlying factor cutting across gender and race: our lifestyle in
modern Singapore.

The lower rate (28%) of undiagnosed hypertension compared to
the 53% recorded in 1998 by the National Health Survey, can
probably beattributedto aggressive public education and community
health screening undertaken by the relevant authorities. The next
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challengein hypertension management would appear to be showing
the same reversal of proportions of those whose blood pressure is
within target range. Close to 80% (47.6% + 31.3%) of those with
hypertensionwerefollowed up by primary carephysiciansfromboth
the public and private sectors and the emphasis should be on this
group of doctors. The primary care physician often faces difficulties
like compliance (often confounded by patients attributing unrelated
symptoms to hypertensive medications), mindset and the delicate
balance between cost and medications. Thisis particularly true as
better control of hypertension often entailsthe use of more than one
antihypertensive medication.® While the practical difficulties of
controlling hypertension should be acknowledged, a change in
mindset on the part of the doctor that the elderly can be“allowed” to
have higher blood pressure should be discouraged. Blood pressure
monitoring at home should be encouraged to rule out white coat
hypertension and postural fall in blood pressure actively looked for.
Clinical judgement on acase-by-case basisisemphasised but, asfar
as possible, treatment of hypertension in the elderly can be more
proactive and the patient encouraged to take ownership of hisor her
own health.

In conclusion, while national screening programmes and public
education seem to be showing results with the apparent fall in the
number of cases of undiagnosed hypertension, more proactive
management and education aretill necessary toimprovethelevel of
control and to bring about true disease prevention of this very
important cardiovascular risk factor.
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