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more, an individual's blood pressure va¡ies from mìn-
ute to minute, is affected by respiration and heart rate,

15 and is under the influeuce of the autonomic nervous
system. During the course of the da¡ blood pressure
shanges according to the degree of meutal and physical
activity.

Additionally, an overall diurnal variability in blood
20 'pressure has been observed. Blood pressure typically

falls by approxinrately 15% during the night in people
who a¡e active during the day, although a lesser noc-
tu¡nal decrease in blood pressure has been uoted in
some hypertensive subjects. During the early morning

25 hours, some individuals exhibit an abrupt rise in blood
pressuré, which has been associated with cardiovascu-
lar complications (Kaplan, 1998).

Although not an acceptable practice, a single blood
pressure measurement often is the basis for clinical

30 decisions such as adjustrnent of a person's antihlper-
tensive dmg dosage. Thus, it is crucial to eliminate all
possible sources of e¡ror in measuring a person's blood
pressure (Hill & Grim, l99l).

Some guidelines for accurately measuring blood
35 pressure speciff that the patient should keep feet flat on

the floor. However,'resea¡ch is lacking on the effect of
crossiag the leg at the k¡ee during blood pressrue
measurement. The cu¡rent study was initiated to deter-
mine if blood pressure measurement is affected by the

40 leg crossed at the lsree as compared with feet flat on
the floor.

Relevant Literature

Cooper (1992), Rudy (1986), and Hill and Grim
(1991) recommended that the patient keep both feet
resting on the flocÍ during blood pressure measure-

45 ment. However, others do not add¡ess leg position
(Anderson & lvfaloney, 1994; Joint National Commit-
tee on Prevention, Detection, Evaluation, a¡d Treat-
ment of High Blood Pressure [INC], i997). Blood
pressure research typically does not control for leg po-
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ABSTRACT.

Background: It is clear that numerous factors influence
an individual's blood pressure measurement. However,
guidelines for accurately measuring blood pressure in-
consistently specify that the patient should keep feet flat
on the floor.

Objectìve: To determine if the crossing of a leg at the
knee during blood pressure measurement has an effect
on the patient's blood pressure reading.

Mahods: A convenience sample.of 100 hypertensive
male subjects was selected from va¡ious ouçatient clin-
ics in an inner-city acute-cåre veterans' hospital. The
fint 50 subjects positioned theír feet flat on the floor
while their blood pressure was measured. Afte¡ 3 min-
utes, the blood pressure was measured again with the
subject's leg crossed at the knee. The procedure was
reversed for the second 50 subjecs.

Ræults: The results indicated that both systolic and
diastolic blood pressure increased significantly (p <
.0001) with the crossed leg position.

Conclusion: S;iren blood pressure is measured, patients
should be instnrcted to have feet flat on the floor to
eliminate a potenlial source of enor.

From ffursing Research,48, l0)-10E. Copyright O 1999 by
LÍppincott \lilliarns & Wilkins, Inc. Reprinted with permission.

Blood pressure monitoring is one of the most com-

monly used techniques in the diagnosis and heaEnent

of various health care problems. Accurate measurement

of blood presstue is especially crucial in the assessment
of hypertension. Consequently, all efforts should be

made to eliminate errors in measuring blood pressure.

Numerous factors influence an individual's blood

pressure measurernent including medications, arm and

body position, noise, extreme temPeratures, constic-

tive clothing, faulty equipment, white-coat effect, atti-

tude of the person taking the measurement, aociety,

improper cuff length or widtt¡ and talking. Further-
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Article I I The Effects of crossed Leg on Blood pressure Measuremenr

50 sitiou as a measurement va¡iable (Heilmann & Grimm,
198.1; Jamieson et al., I 990).

The physiologic mechanism for the rise in blood
pressure with leg crossing is a translocation of blood
volume from the dependent yascular beds to the tho_

55 racic comparùnent. Case reports have documented the
useful¡ess of leg crossing as a physical maneuver to
maintain blood pressure in sympiomatic orthostatic
hypotension (Takishita, touma, Kaw azoe, Marateni, &.
Fukiyama, l99l; van Lieshou! ten Harkei, ¿ WiJtg,

60 1992; }V'ieliug, van LieshouÇ & van Leeuwen, 1993).
In the Takishira er al. (1991) and van Lieshout ei al.

(1992) srudies, orthostatic h¡poteusive subjects dis-
played increased blood pressure when blood pressure
l¡/as measured v¡ith the leg crossed at the heå. These

65 patients experienced au alleviation of many of their
symptoms, such as di'zi¡ess aud lighthead.ão.rr, ., 

"result of this increased blood pr.rã*.. Howevei, the
resea¡ch findings were inconsistent in the nom¡al com_
l-ul^r9.o study group. Specificalt¡ Takishira et al.

70 (1991) showed no increase in blood pressure. taken
with the leg crossed at the knee in normaì subjects. The
study by va¡ Lieshout et al. (lgg2) demonstated a
significant increase in blood pi"rrurl in norrnal sub_jects with the leg crossed at the knee.

Methods
Subjects were recruited from the ouþatient med.ical

clinics of . a midwestern Veterans, idministation
medical center. A convenience sample of 100 male
g1!ços, ages 3 I ro 8l years, participåted in rhis study.
All subjects had a medical dìagnosìs of hypertension
and 

.were taking_antihypertensivi uredicatiáns. Hlper-
tension was dehned as a blood pressure rea,lirg of
l-40/90 or higher sustained for mòre than I year and
diaglosed by a physician. patients were excluáed from
this study if they had a hisrory of peripheral vascular
disease, lower exüemify surqery, a*put"tion of any
Iower extremiries, or any condltion tt¡aiwoulditerfere
with lower exnemiry positioning.
B Io od P res s u re Ìv[e as ur ement

blood pressure monitor was used by the ntuse re_
searchers throughout the data collectio¡ period.

Procedure
105 Potential subjects were identified and verbal coa_

sent ivas obtained. The subjecs were placed in a room
rlith a temperahue of T3oFaway nom tne uoise of the
clinic to control environmental stess. Each subject was
instructed to remove coustricting clothing ç".g., 

"o"S,ll0 sweaters, shirts). The subject wãs seated and-"oro*_
aged to rel¿r for a minimum of 5 minutes. After the
¡elaxation period, th_e subject was instructed to place
his feet flat on the floor. The subject,s right .r. *.,
pglirioned comforrably on a rabl; at the-heart level

I t5 with the palrn of the hand upward. The brachial a¡terv
was palpated, and tbe appiopriately ,¿"¿ 

"uff 
*r,

placed on the subject's rigUt'a.m øt¡ tf" anow di_rectly over the br¿chial illery- fn" ,uUft"i*r, t_stmcted to reft,¿;l from talËng or movini during th1120 procedure. The brood pr"sr*J *", measu¡ed and. re-corded. After a minimum of 3 rninutes, the subject was
instr¡cted to cross one leg (the leg of comfort) äver the
knee. Then the blood pr"isur" *i. -.**"d agaiu and
recorded_

125 I¡ the fi¡st 50 zubjects, the initial blood pressure
w¡¡s measured u/ith the subject's feet positioueã fl"t oothe floor. Iu the second 5ó subjects, the initial bloodpressure was measu¡ed with the leg c¡.lssed over the, knee. For the second blood pressure-measuremenÇ thet30 leg positiou was the reverse óf th" initiul leg position.
Statistical Analysis

The model for ttris desigu ,¡/as repeated measures
analysis of varia¡ce ¡aUóVa¡. Tire ¡vo q¡ithin-
subjects' factors ç.ere blood pr.rr*" type (systolic and
diastolic). and leg position (ciossed anáLcrossed leg).135 Starisrical significance *ui defioed as p <.05 for allth¡ee effects in the model (rwo within_s'ub¡ecb, factorsand thei¡ interaction).

80
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Blood pressure measurements were monitored a¡d
recorded by two clinic nu¡ses, who followed a written
protocol to ensure idenrical technique. To exclude ob_
:.y.1 bias, the blood pressures were measured with the
iVAC Vital.Check.Ð Vital Signs ñfeasurement Systerr¡
ñfodel -f200 (iVAC Corporation, l9g9). This model is
a microprocessor-based elecûonic instrument specifi_
cally designed ro measu¡e and display systolic and dia_
stolic blood pressurc. The blooô pi.rir. ,noiiior-i,
equipped with a normal adult size (Zl x 42 cm) cuff
and large adult size cuff (33 x 56 cm).The cuff inJla-
tio-n_ pressure range is ZO-Z7S mmHg. 

'The 
monitor was

calibrated according to úe IVAC Coryoration Seníce
fuÍønual procedure for verification oi 

"..u." 
cy by a

biomedical technician before the srudy began. This

Because au suu¡ectli:lT *r"-ed to be taking
medication for th_e Eeatment of hypertension, 16 suÈ140 jecrs w.ere excluded because they iailed to take their
medication on the day of blood pi.rrrr" measurement.
The blood pressr¡re values of these subjects showed
gl.1,rt variability than for the remainde, óf tn. sample(Table l). After excluding these cases, g4 subjecS ie_145 mained.

Examination of the appropriate diagnostic statistics
(for distibutions and 

"quãtiry 
of coral"nce matices)

revealed no violarions of model assumptions. The main
effect for leg crossing indicated that systolic and dia_150 stolic_blood pressure, considered togrtl,.a increased
significanrly rvhen the leg was 

"rorr.ã 
(Table 2). -Ih;

ínteraction orves much-of its stength to the change in
systolic over diasro.lic blood pr.rrL. across leg_ðross
conditions. Diastolic pr.rrur" changed by abo-ut 3.7155 mmHg, from 80.24 ro g3.95 mmHgl whereas sysrolic

72 ::
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No (n = l6)

Yes (n = 8+)

Total

M 150.62
sD 25.67
t { 145.80
sD 17.02
Ìvt 146.47
sD 18.60

Article I I The Effects of Crossed Leg on Blood Pressure Measu¡ement

pressrue changed at more than double tbat rate, 145.80
to 155.25 mmHg (Table 3).

Table I
S;,stolic dnd Diastolic Blood Pressure lvíeasurement by
Medicatíon Status

ùfedication
Takcn on
Day of
Mcasurcment

Systolic Systolic Diastolic Diastolic
LcE Lcg Leg' Lcg

Uncrosscd Crosscd Uncrosþd Crosscd

sur¡cted to keep their legs uncrossed during office and
l_75 home measu¡emeuts.'Finally, the cr¡rrent authors ¡ec-

ommend thãt this snrdy be replicated on a larger s¿rm-
ple that includes female hypertensives because the
samplo of all-male hyperteusive vererir.ns limits the
geneniizabiliry of this study.
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Tablc 2
Repeated Measwes,lnalysis of Yariance (/4.NOVA)

Source rMSdfss
Blood prcsstrrc

ryPc
Error
Leg cmsscd ver-

sus uncrosscd
Eçror
Interaction @P

typc x lcg
crosscd)

Error

393327.43 1,759.85 < .ooot
223.50

3,640.58 66.78 <.0001
54.52

691.14  2 t .19  < .0001
32-6f

393327.43
18J50_57

3,640.58
4,525.42

I
83

I
83

69t.44 I
2,708.56 E3

Tablc 3
Cell Statl¡tícs

Itt

95%
Confidence

Interval
p Lowa Uppcr

Systolic, leg
uncrossed l-15.80 1.86

Systolic, leg
crossed I 5i.25 1.99

Diastolic, leg
uncrossed 80.24 l . l6

Diastolic, lcg
crosscd 83.95 l .Z2

78-51 <.0001 142.10 119.49

78.17 <.0001 151.30 159.20

69.32 <.000i 7'1.94 82.5-1

69. t2  < .0001 81 .54  36 .37
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Discussion

Many patient variables affect accu¡ate measu¡emeut
ofblood pressure. Procedure guidelines for blood pres-
sure measurement inconsistently address feet position
(Anderson .& lvlaloney, 1994; Cooper, 1992; Hill &
Grim, l99l; INC, 1997; Rudy, 1986). Accordirg to the
results of this study, crossing the leg during blood pres-
sure measurement in 84 male hypertensive subjects
significantly increased both the systolic and diastolic
blood pressure readings ( p < .000 l).

Clinical guidelines state that blood pressure should
be measu¡ed while patients are seated in a cbair with

back supported and arms ba¡ed and supported at the
heart level (JNC, 1997). According to the findings of
this srudy, blood pressure readings may be artificially
high if measured while an individual has a leg crossed
at the knee. Therefore. Datients also should be in-

1 7 0
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Quality Ratings

Directions: Indicate your level of agreement with each
ofrhe following statements by circling a uumber f¡om
l^PI r_Toogly agree (SA) ro I for sroDgly d.isagree
(SD). If you believe an item is not applicabte to this
resea¡ch article, leave it blank Be prepa¡ed to explain
your ratings.

A. The introduction establishes the importance of the
study. '

s A 5 4 3 2 1 S D

B. The literat¡¡¡e review establishes the context for the
srudy.

S A 5 4 3 2 1 S D

C. T. research purpose, question, or hypothesis is
clearly stated.

S A 5 4 3 2 1 S D

D. The method of sarnpting is sou¡d-
s A 5 4 3 2 l s D

E. Relevaat demographics (for exemple, age, gead.eç
a¡rd etËniciÐ a¡e descnted

s A . 5 4 3 2 l s D
F. lvleasurement procedures are adeguate

S A 5 4 3 2 I S D
G. All procedr¡¡es have been descnbed in sufücient

detail to permit a rçlicatioa of the study.
s A 5 4 3 2 l s D

H. Fr parricipants have been adequately protected
from potential harm

S A 5 4 3 2 I S D

[. The results are clearly described.
S A 5 4 3 2 I S D

J. The discussion/conclusion is appropriate.
S A 5 4 3 2 1 S D

K. Despite any flaws, the report is worthy of publica_
tion-

s A 5 4 3 2 t s D
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