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Eqtteurqnfenee uhqwnf be affteuuef tq Yenak Ehen; wenak ehenBzlw0efw0en anf Hek Ehen; hehenBuwute0efw0en 

RFDFJvFE 29 JuOF 2017; RFvJsFE 3 NPvFNUFr 2017; ADDFmtFE 14 NPvFNUFr 2017; 3uUMJsIFE 20 DFDFNUFr 2017 

Ceafeoke Efktqt: Kazko Hwuakn 

Eqr{tkiht © 2456 Yenak Ehen et an0 9ku ku an qren aeeeuu attkene fkuttkbwtef wnfet the Eteatkxe Eqooqnu Ctttkbwtkqn Nkeenue, 
whkeh retoktu wnteuttketef wue, fkuttkbwtkqn, anf tertqfwetkqn kn an{ oefkwo, rtqxkfef the qtkiknan wqtk ku rtqretn{ ektef0 

9ku utwf{ akoef tq qwantkh{ bnqqf rteuuwte (BP) oeauwteoent aeewtae{ anf xatkabknkt{ wkth fk:etent teehnkqweu0 9ktt{ xkfeq enkru 
qh BP teeqtfkniu htqo the BHS ttaknkni fatabaue wete eqnxettef tq Kqtqtkq: uqwnf waxehqtou0 Ven qbuetxetu wkthqwt teeekxkni 
oefkean ttaknkni wete aukef tq fetetokne B u wukni (a) ttafktkqnan oanwan awuewntatqt{ oethqf anf (b) xkuwan awuewntatkqn oethqf 
b{ xkuwankzkni the Kqtqtkq: uqwnf waxehqto, whkeh wau tereatef thtee tkoeu qn fk:etent fa{u0 9e oeauwteoent ettqt wau 
eanewnatef aiaknut the tehetenee anuwetu, anf the oeauwteoent xatkabknkt{ wau eanewnatef htqo the SF qh the thtee tereatu0 Statkutkean 
anan{uku uhqwef that, kn eqoratkuqn wkth the awuewntatqt{ oethqf, xkuwan oethqf ukink;eantn{ tefweef qxetann xatkabknkt{ htqo 202 
tq 505 ooHi hqt SB anf htqo 503 tq 403 ooHi hqt FB (bqth 𝑝 00001 )0 Kt anuq uhqwef that BP oeauwteoent ettqtu wete 
ukink;eant hqt bqth teehnkqweu (ann 𝑝 0001 , ezeert FBP htqo the ttafktkqnan oethqf)0 Cnthqwih ukink;eant, the qxetann oean 
ettqtu wete uoann (−50< anf −502 ooHi hqt SB anf −406 anf 20= ooHi hqt FB , teur0, htqo the ttafktkqnan awuewntatqt{ anf 
xkuwan awuewntatkqn oethqfu)0 Kn eqnenwukqn, the xkuwan awuewntatkqn oethqf haf the abknkt{ tq aehkexe an aeeertabne feitee qh B 
oeauwteoent aeewtae{, wkth uoannet xatkabknkt{ kn eqoratkuqn wkth the ttafktkqnan awuewntatqt{ oethqf0 

1. Introduction 

H{rettenukqn ku the thktf neafkni eawue qh feath wqtnfwkfe 
5]0 Eatfkqxauewnat fkueaue eawueu 56 oknnkqn feathu ret 
annwo inqbann{ wkth eqornkeatkqnu atkukni htqo h{retten/ 
ukqn aeeqwntkni hqt 308 oknnkqn [2]0 Bnqqf rteuuwte (BP) oea/ 
uwteoent ku the ;tut korqttant uter kn eqtteetn{ fkainqukni 
h{rettenukqn anf ku qne qh the oqut eqooqn enknkean ukknnu 
that exet{ oefkean rtqheuukqnan neefu tq oautet 7]0 

9ete ate ewttentn{ twq oakn nqnknxaukxe wa{u qh 
oeauwtkni B u: oanwan awuewntatqt{ teehnkqwe anf awtq/ 
oatke queknnqoettke teehnkqwe [8, <]0 Oanwan awuewntatqt{ 
BP oeauwteoent hau been kn wue hqt qxet 544 {eatu anf 
hau ehanief nkttne qxet thku tkoe, whkeh hau been teiatfef 
au the oqut aeewtate anf the iqnf utanfatf nqnknxaukxe 
enknkean BP oeauwteoent teehnkqwe0 Kt ku anuq wuef au a 
tehetenee teehnkqwe hqt exanwatkni awtqoatef B fexkeeu 

[=]0 Oanwan awuewntatqt{ teehnkqwe eqntaknu thtee oakn 
eneoentu: a ew:, rteuuwte fkurna{, anf utethqueqre [6―3]0 
9e ew: enekteneu the wrret ato tq qeenwfe the btaehkan 
attet{ anf ku fe>atef wkth a eqnttqn, annqwkni the bnqqf tq 
>qw aiakn au the rteuuwte ku teneauef0 9e rteuuwte fkurna{ 
hau ttafktkqnann{ been oetewt{, bwt thete ate wqtnfwkfe 
oqxeu tq ban oetewt{ qn enxktqnoentan itqwnfu, anf the 
oeehankean anetqkf fkurna{ ku an antetnatkxe0 9e utethqueqre 
ku wuef tq nkuten tq the arreatanee anf fkuarreatanee qh 
Kqtqtkq: uqwnfu0 Reiatfkni the oeauwteoent rtknekrne qh 
the oanwan awuewntatqt{ teehnkqwe, u{utqnke bnqqf rteuuwte 
(SBP) ku fe;nef when the Kqtqtkq: uqwnf arreatu hqt the 
;tut tkoe fwtkni ew: rteuuwte fe>atkqn, anf fkautqnke bnqqf 
rteuuwte (FB ) ku nqtef when the Kqtqtkq: uqwnf fkuar/ 
reatu0 

9e oanwan awuewntatqt{ BP oeauwteoent teehnkqwe 
teqwkteu oefkean ttaknkni anf ezretkenee [54, 55]0 Wuetu q?en 
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2 BkqOef Reueateh Kntetnatkqnan 

;nf the kfentk;eatkqn qh u{utqne anf fkautqne b{ a utethqueqre 
fk@ewnt0 9e oeauwteoent aeewtae{ tenkeu heaxkn{ qn the 
ukknnu qh wukni a utethqueqre tq kfentkh{ uqwnfu auuqekatef 
wkth SB anf FB , whkeh eqwnf be a:eetef b{ uwbleetkxe 
haetqtu, knenwfkni the qbuetxetu’ awfktqt{ aewkt{ anf teaetkqn 
ureef0 9etehqte, oanwan awuewntatqt{ BP oeauwteoentu ate 
oaknn{ rethqtoef b{ ttaknef rh{ukekanu anf qthet heanth 
rtqheuukqnanu0 

Hqwexet,  the rteuenee qh aoefkean rtqheuukqnan ean  eawue  
attk;ekann{ hkih BP [52, 57]0 Oeauwtkni B u at a nqnenknkean 
uettkni qt kn the hqoe oqnktqtkni uettkni hau thetehqte been 
teeqooenfef b{ uqoe natkqnan h{rettenukqn uqeketkeu hqt 
oktkiatkni whkte eqat e:eet 58, 5<]0 Cwtqoatef fexkeeu ate 
q?en wuef hqt uenh/oeauwteoent qh B beeawue the{ ate eau{ 
tq qretate0 9e oalqtkt{ qh ewttent awtqoatef BP fexkeeu ate 
bauef qn the queknnqoettke teehnkqwe, whete a rteuuwtkzef  
ew:, au kn the awuewntatqt{ teehnkqwe, ku wtarref atqwnf 
the wrret ato, anf rwnueu knqwn au queknnqoettke rwnueu 
that ate knfweef kn the ew: ate eartwtef anf oatheoatkeann{ 
oqfennef tq fetetokne SB anf FB 5=―5A]0 Wnhqttwnaten{, 
awtqoatef queknnqoettke teehnkqwe qnn{ eutkoateu anf fqeu 
nqt ttwn{ oeauwte B u uknee theue fexkeeu ate t{rkeann{ 
eankbtatef aiaknut the axetaie xanweu htqo a itqwr qh uwbleetu 
wukni ehataetetkutkeu tatkqu, nqt hqt knfkxkfwan uwbleet, teuwnt/ 
kni kn that thekt aeewtae{ ku nqt afeqwate hqt oan{ enknkean 
fkainqutke feekukqnu 53]0 9e ewttent kntetnatkqnan utanfatfu 
uhqw that awtqoatef B fexkeeu ean haxe an knaeewtae{ qh 
+1−5= ooHi (3<% eqn;fenee kntetxan) kn eqoratkuqn wkth 
oanwan awuewntatqt{ oeauwteoent =]0 

Htqo the oeauwteoent rtknekrne rqknt qh xkew, the 
ttafktkqnan oanwan awuewntatqt{ oethqf wukni utethqueqre 
ean oeauwte aetwan BP u hqt knfkxkfwan uwbleet0 Knuteaf qh 
nkutenkni hqt the Kqtqtkq: uqwnfu, xkuwankzkni the fkiktann{ 
teeqtfef Kqtqtkq: uqwnf waxehqto fwtkni ew: fe>atkqn hqt 
BP fetetoknatkqn rtqxkfeu an antetnatkxe tq the ttafktkqnan 
oanwan oethqf 24, 25]0 Hqwexet, the B oeauwteoent 
aeewtae{ anf xatkabknkt{ htqo xkuwankzkni Kqtqtkq: uqwnf 
waxehqto haxe nqt hwnn{ qwantk;ef0 9ku utwf{ akoef tq 
rtqxkfe uekentk;e exkfenee qn theue fata, wkth a hqewu qn 
the qbuetxetu wkthqwt teeekxkni oefkean ttaknkni, annqw/ 
kni the eqoretenee qh rethqtokni xkuwan awuewntatkqn B 
oeauwteoent b{ the ienetan rwbnke at hqoe tq be au/ 
ueuuef0 

2. Methods 

2.1. Database of Korotkoff Recordings. 9e qnnkne efweatkqnan 
BP oeauwteoent ttaknkni fatabaue htqo the Btktkuh H{/ 
rettenukqn Sqeket{ (BHS, httr://bhuqe0qti/teuqwteeu/bhu/ 
fxf/) wau wuef kn thku utwf{ 22]0 Cnn the BP oeauwteoentu 
kn the fatabaue uttketn{ hqnnqwef the oanwan awuewntatqt{ 
BP oeauwteoent iwkfenkneu wkth the uwbleetu at the ukttkni 
rquktkqn anf thekt atou uwrrqttef at the nexen qh the heatt 
[6]0 9e fatabaue ku eqooqnn{ wuef hqt oautetkni oanwan 
awuewntatqt{ BP oeauwteoent ukknnu anf auueuukni oeauwte/ 
oent eqoretenee0 Kt knenwfeu 72 xkfeq enkru qh Kqtqtkq: 
uqwnf teeqtfkniu, eaeh qh whkeh uhqwu a oetewt{ eqnwon 
whknut a oanwan awuewntatqt{ B oeauwteoent ku bekni 

taken0 Vwq qh theo ate fwrnkeatef (V= tereatu V5, anf 
V75 tereatu V26)0 C tqtan qh 74 teeqtfkniu wete thetehqte 
wuef kn thku utwf{, whkeh eqxet a wkfe tanie qh enknkean 
uktwatkqnu, knenwfkni teeqtfkniu htqo heanth uwbleetu, ratkentu 
wkth fk:etent kknfu qh atth{thoka, anf eqnfktkqnu that we 
hteqwentn{ oeet kn qwt fakn{ enknkean wqtk0 9e oanwan 
awuewntatqt{ B tehetenee anuwetu ate rtqxkfef hqt eaeh 
teeqtfkni b{ the BHS, whkeh wete qbtaknef b{ 28 ezre/ 
tkeneef ezrettu (uee httr://bhuqe0qti/;neu/7357/8844/<6=8/ 
Vwtqtkan anuwetu Ettatwo Sert 430rfh)0 Wukni the fatabaue 
qh Kqtqtkq: teeqtfkniu wkth tehetenee anuwetu annqwef the 
BP fetetoknatkqnu htqo fk:etent teehnkqweu anf qbuetxetu 
tq be eqoratef0 

2.2. Blood ressure Measurement Observers. Ven B oea/ 
uwteoent qbuetxetu wkthqwt an{ rtqheuukqnan oefkean baek/ 
itqwnf wete knxktef tq fetetokne BP u htqo the ttaknkni 
fatabaue kn a qwket auueuuoent tqqo0 9e qbuetxetu wkthqwt 
teeekxkni oefkean ttaknkni wete ureek;eann{ ehquen au the 
ueeqnfat{ ako qh the utwf{ wau tq auueuu the eqoretenee qh 
the ienetan rwbnke tq rethqto awuewntatqt{ B oeauwteoent 
wkth uqoe ukorne knuttwetkqnu0 9e qbuetxetu haf nqtoan 
heatkni abknkt{ anf haf nq heatkni nquu rtqbneou0 9ku utwf{ 
hau been texkewef anf arrtqxef b{ the Hwoan Reueateh 
Ethkeu Eqookttee qh Sqwthetn Wnkxetukt{ qh Sekenee anf 
Veehnqnqi{0 9e knxeutkiatkqn eqnhqtoef wkth the Feenata/ 
tkqn qh Henuknkk, anf ann qbuetxetu iaxe thekt wtktten knhqtoef 
eqnuent tq rattkekrate kn the utwf{0 

2.3. Blood ressure Measurement Determinations. Hkiwte 5 
uhqwu the ezretkoent feukin anf rtqeefwte0 Eaeh qbuetxet 
wau aukef tq fetetokne SB anf FB wukni twq oea/ 
uwteoent teehnkqweu: (a) ttafktkqnan oanwan awuewntatqt{ 
oethqf qh nkutenkni hqt Kqtqtkq: uqwnfu anf (b) xkuwan 
awuewntatkqn oethqf b{ xkuwankzkni the Kqtqtkq: uqwnf 
waxehqto0 9e{  ate tehettef tq benqw  ukorn{  au the “ttafk/  
tkqnan oanwan oethqf” anf “xkuwan awuewntatkqn oethqf,” 
teureetkxen{0 Eaeh qbuetxet wau bnknfef tq the tehetenee 
anuwetu0 9e qbuetxetu wete ukorn{ knuttwetef tq fetetokne 
SB anf FB b{ nkutenkni hqt qt xkuwankzkni the arreat/ 
anee anf fkuarreatanee qh Kqtqtkq: uqwnfu, teureetkxen{0 
Behqte the hqtoan B fetetoknatkqn, the{ wete ikxen the 
qrrqttwnkt{ wkth uqoe ttkanu tq be haoknkat wkth the rtqee/ 
fwte0 

Hqt the ttafktkqnan oanwan oethqf, the qbuetxetu wete 
aukef tq wateh the oetewt{ eqnwon htqo eaeh qh the 
74 xkfeq enkru, nkuten tq the Kqtqtkq: uqwnfu fwtkni ew: 
rteuuwte  fe>atkqn, anf oake a nqte  qh the SB  anf FB  
the{ wqwnf fetetokne0 Cnn the Kqtqtkq: uqwnfu htqo the 
74 xkfeq enkru wete tanfqon{ rna{ef tq eaeh qbuetxet wukni 
Yknfqwu Oefka na{et htqo the Oketquq? Yknfqwu A (2457 
Oketquq? Eqtrqtatkqn) anf xka an eatrhqne (Nenqxq kn/eat 
heafuet P  5=<)0 9e uaoe eqorwtet anf eatrhqne  wete wuef  
thtqwihqwt the utwf{0 9e eqorwtet xqnwoe wau rteaflwutef 
anf ;zef tq eaeh qbuetxet0 Vq okoke the BP oeauwteoent kn 
enknkean rtaetkee, eaeh xkfeq enkr wau qnn{ annqwef tq terna{ 
qnee tq eaeh qbuetxet fwtkni the ezretkoent0 9ku uaoe 
ezretkoent rtqeefwte wau tereatef thtee tkoeu qn fk:etent 
fa{u wkth fk:etent tanfqokuef qtfetu0 

http://bhsoc.org/resources/bhs-dvd/
http://bhsoc.org/resources/bhs-dvd/
http://bhsoc.org/files/3913/4400/5764/Tutorial_answers_Erratum_Sept_09.pdf
http://bhsoc.org/files/3913/4400/5764/Tutorial_answers_Erratum_Sept_09.pdf
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1uv DP reafipi 

2pf DP reafipi 

3rf DP reafipi 

Eqmpare 

vhip
qbuer er 
var ab ini vy 
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vra ipipi favabaue 

N uvep vq Kqrqvmqff uqupf 

SD DD 
(104ＧＧ（Ａ (86ＧＧ（Ａ 

Reherepee apuw eru 

uuanize Kqrqvmqff
wa ehqrm 

15.0 20.0 25.0 

SD DD 

10 qbuer eru 

1uv DP reafipi 

2pf DP reafipi 

3rf DP reafipi 

10 qbuer eru 

Eqmpare 

Eqmpare 

vhip
qbuer er 
var ab ini vy 

HBCDEF 5: Bnqqf rteuuwte fetetoknatkqn rtqeefwte b{ 54 qbuetxetu wukni twq oeauwteoent oethqfu: ttafktkqnan oanwan awuewntatqt{ oethqf 
qh nkutenkni hqt Kqtqtkq: uqwnfu anf xkuwan awuewntatkqn oethqf b{ xkuwankzkni the Kqtqtkq: uqwnf waxehqto0 9e fata anan{uku rtqeefwte 
ku anuq ikxen0 

SD DDP 

Kqrqvmqff 
uqupf 

feq hrameu 

me (u) 

wa ehqrm 

15.0 20.0 30.025.0 

HBCDEF 2: Knnwuttatkqn qh eqnxettef Kqtqtkq: uqwnf waxehqto wkth uqoe ezaorneu qh xkfeq htaoeu, anf feoqnuttatkqn qh SB anf FB 
fetetoknatkqn b{ xkuwankzkni the arreatanee anf fkuarreatanee qh Kqtqtkq: uqwnfu, teureetkxen{0 

Vq korneoent the xkuwan awuewntatkqn oethqf, the awfkq 
ukinanu htqo the 74 xkfeq enkru wete eqnxettef anf fkiktankzef 
tq Kqtqtkq: uqwnf waxehqtou wukni uq?wate fexenqref 
qn OCVNCB R 2452b (Oathwqtku, WSC)0 Sreekann{, the 
xkfeq0OwntkoefkaHkneReafet qbleet kn OCVNCB Koaie tq/ 
eeuukni anf Vkfeq Vqqnbqz wau eornq{ef tq ezttaet the awfkq 
ukinanu htqo eaeh qh the xkfeq enkru0 9e uaornkni tate qh the  
ezttaetef awfkq ukinan wau the uaoe au that qh the qtkiknan 
xkfeq enkr0 C uetkeu qh eqtteurqnfkni oetewt{ eqnwon htaoeu 
wkth a htaoe tate qh 2< HPS wete anuq rtqfweef htqo the 
beiknnkni tq the enf qh the xkfeq0 Cu uhqwn kn Hkiwte 2, 
the 54 qbuetxetu wete aukef tq oatk the twq tkokni rqkntu 
qn the eqnxettef waxehqtou b{ xkuwankzkni the arreatanee 

anf fkuarreatanee qh Kqtqtkq: uqwnfu, htqo whkeh the 
SB anf FB wete fetetoknef, teureetkxen{, htqo the twq 
eqtteurqnfkni xkfeq htaoeu wkth oetewt{ eqnwon0 Ciakn, ann 
the 74 Kqtqtkq: uqwnf waxehqtou wete tanfqon{ rteuentef 
tq eaeh qbuetxet, anf thtee tereatef teafkniu wete rethqtoef 
qn fk:etent fa{u b{ eaeh qbuetxet0 

2.4. Data and Statistical Analysis. Cu uhqwn kn Hkiwte 5, thete 
wete 5A44 BP xanweu qbtaknef kn tqtan, uerataten{ hqt SBP 
anf FBP (htqo 74 teeqtfkniu, 54 qbuetxetu, 2 oeauwteoent 
teehnkqweu, anf 7 tereatef fetetoknatkqnu)0 9e qxetann oean 
anf utanfatf fexkatkqn (SF) qh the oeauwteoent ettqtu 
(fk:etenee between B u fetetoknef b{ eaeh qbuetxet anf 
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HBCDEF 7: Ykthkn/qbuetxet oeauwteoent xatkabknktkeu (SF qh thtee tereatef oeauwteoentu qn eaeh Kqtqtkq: teeqtfkni) qh SB (a) anf FBP 
(b) htqo the twq oeauwteoent teehnkqweu: ttafktkqnan oanwan awuewntatqt{ oethqf qh nkutenkni hqt Kqtqtkq: uqwnfu anf xkuwan awuewntatkqn 
oethqf b{ xkuwankzkni the Kqtqtkq: uqwnf waxehqto0 9e axetaie oeauwteoent xatkabknkt{ aetquu the 74 Kqtqtkq: teeqtfkniu ku rnqttef 
knfkxkfwann{ hqt eaeh qbuetxet0 

tehetenee B u) wete eanewnatef hqt ann the Kqtqtkq: teeqtf/ 
kniu, uerataten{ hqt the twq oeauwteoent teehnkqweu anf hqt 
eaeh qbuetxet0 9e hkutqitao qh BP oeauwteoent ettqt wau 
rnqttef, uerataten{ hqt the twq oeauwteoent teehnkqweu0 

Nezt, wkthkn/uwbleet B oeauwteoent xatkabknkt{ wau 
eanewnatef htqo  the SF qh the thtee tereatef oeauwteoentu,  
teureetkxen{, hqt the B u oeauwtef htqo the twq teehnkqweu0 
C raktef  𝑞/teut wau then rethqtoef tq eqorate the oeauwte/ 
oent xatkabknkt{ rataoetetu between the twq teehnkqweu0 C 
xanwe qh 𝑝 0005 wau eqnukfetef a utatkutkeann{ ukink;eant 
fk:etenee0 

Cnan{uku qh xatkanee (CN VC) wau rethqtoef wukni 
the S PSS Statkutkeu 5304 uq?wate raekaie (S PSS Kne0, WSC) 
tq knxeutkiate the oeauwteoent tereatabknkt{ qh the thtee 
tereatef BP fetetoknatkqnu anf the wkthkn/qbuetxet oea/ 
uwteoent xatkabknkt{ between the twq teehnkqweu0 9e kntta/ 
enauu eqttenatkqn eqe@ekent (KEE) wau anuq qbtaknef tq utwf{ 
the between/qbuetxet e:eet0 9e utatkutkean ukink;eanee qh 
oeauwteoent ettqt kn eqoratkuqn wkth the tehetenee anuwetu 
wau anuq fetetoknef, uerataten{ hqt the twq oeauwteoent 
teehnkqweu, anf hqt eaeh qbuetxet0 

3. Results 

3.1. Measurement Repeatability and Within-Observer Variabil- 
ity. Statkutkean anan{uku uhqwef that thete wau nq ukink;eant 
BP fk:etenee (hqt bqth SBP anf FBP) between the thtee 
tereatef fetetoknatkqnu (𝑝 = 0006 anf 407 hqt SB , anf 
𝑝 = 0042 anf 4024 hqt FB , teur0, hqt the ttafktkqnan 
oanwan oethqf anf the xkuwan awuewntatkqn oethqf)0 Sreekh/ 
keann{, Hkiwte 7 uhqwu the eqoratkuqn qh wkthkn/qbuetxet 
oeauwteoent xatkabknkt{ (SF qh tereatu kn ooHi) hqt SBP 

anf FB between the twq oeauwteoent teehnkqweu0 Kt ku 
uhqwn that the xkuwan awuewntatkqn oethqf ukink;eantn{ 
tefweef SF qh tereatu (𝑝 00001 hqt bqth SBP anf FBP), 
wkth an qxetann feeteaue aetquu the 54 qbuetxetu htqo 202 tq 
505 ooHi hqt SB anf htqo 503 tq 403 ooHi hqt FB 0 9e 
feeteaue qh wkthkn/qbuetxet xatkabknkt{ wau qbuetxef htqo 
eaeh knfkxkfwan qbuetxet, ezeert qne SB oeauwteoent htqo 
qne qbuetxet0 

3.2. Measurement rrors from the Two Measurement Tech- 
niques. Hkiwte  8 uhqwu the oeauwtef SB  anf FB  P b{  eaeh  
knfkxkfwan qbuetxet wukni the ttafktkqnan oanwan anf the 
xkuwan awuewntatkqn oethqfu0 Hkiwte < uhqwu the hkutqitaou 
qh SB anf FB oeauwteoent ettqtu, uerataten{ hqt the 
twq oeauwteoent teehnkqweu0 Kt ku uhqwn that A7% qh SB 
oeauwteoentu anf 34% qh FB oeauwteoentu aehkexef a 
oeauwteoent ettqt qh neuu than qt eqwan tq 8 ooHi htqo 
the ttafktkqnan oanwan oethqf0 9ekt eqtteurqnfkni xanweu 
wete A=% anf 6=% htqo the xkuwan awuewntatkqn oethqf, 
eqn;tokni that the xkuwan awuewntatkqn oethqf haf the abknkt{ 
tq aehkexe an aeeertabne feitee qh B oeauwteoent aeewtae{0 

Hqt bqth oeauwteoent teehnkqweu, utatkutkean anan{uku 
htqo CNO VC anf KEE uhqwef that thete wau ukink;eant 
fk:etenee between qbuetxetu kn oeauwtef SBP anf FBP (ann 
𝑝 0001 )0 Hkiwte = uhqwu the oeauwteoent ettqt hqt eaeh 
knfkxkfwan qbuetxet kn fetakn, uerataten{ hqt the twq oea/ 
uwteoent teehnkqweu0 xetann, the beut rethqtoanee wau 
qbuetxef htqo FB oeauwteoent wukni the ttafktkqnan oan/ 
wan oethqf, whete 6 qwt qh 54 qbuetxetu aehkexef nqnukinkh/ 
keant oeauwteoent ettqt kn eqoratkuqn wkth the tehetenee 
anuwetu0 Statkutkean anan{uku anuq uhqwef that the axetaie FBP 
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HBCDEF 8: Oean anf SF qh SBP anf FBP oeauwtef b{ eaeh knfkxkfwan qbuetxet wukni the twq oeauwteoent oethqfu: ttafktkqnan oanwan 
oethqf (a) anf xkuwan awuewntatkqn oethqf (b)0 9e tehetenee anuwetu qh SB anf FB rtqxkfef b{ the Btktkuh H{rettenukqn Sqeket{ ate anuq 
ikxen0 

aetquu the 54 qbuetxetu oeauwtef htqo the ttafktkqnan oan/ 
wan oethqf wau utatkutkeann{ eqoratabne wkth the tehetenee 
anuwetu (𝑝 = 0006 ), bwt thete wau ukink;eant fk:etenee kn 
SB hqt bqth oeauwteoent teehnkqweu anf kn FB htqo the 
xkuwan awuewntatkqn oethqf (ann 𝑝 0001 )0 

Cnthqwih ukink;eant, the qxetann oeanu qh SB oeauwte/ 
oent ettqt wete uoann, whkeh wete −50< ooHi (between −40< 
anf −705 ooHi aetquu ann the qbuetxetu) anf −502 ooHi 
(between −402 anf −206 ooHi aetquu ann the qbuetxetu), 
teureetkxen{, hqt the ttafktkqnan oanwan awuewntatqt{ anf 
xkuwan awuewntatkqn oethqfu0 9ekt eqtteurqnfkni xanweu hqt 
FB oeauwteoent ettqtu wete −406 ooHi (between −405 
anf −506 ooHi aetquu ann the qbuetxetu) anf 20= ooHi 
(between 408 anf 804 ooHi aetquu ann the qbuetxetu), teuree/ 
tkxen{, hqt the ttafktkqnan oanwan awuewntatqt{ anf xkuwan 
awuewntatkqn oethqfu0 

4. Discussion and Conclusion 

9ku utwf{ hau qwantk;ef BP oeauwteoent ettqtu htqo 
the ttafktkqnan oanwan awuewntatqt{ oethqf qh nkutenkni hqt 

Kqtqtkq: uqwnfu anf htqo the xkuwan awuewntatkqn oethqf 
b{ xkuwankzkni the Kqtqtkq: uqwnf waxehqto b{ qbuetxetu 
wkthqwt teeekxkni rtqheuukqnan oefkean ttaknkni0 Kt hau been 
wkfen{ aeeertef that thete ate wneettakntkeu hqt SB anf FB 
fetetoknatkqnu wukni oanwan awuewntatqt{ oethqf, anf thete 
ate fk:eteneeu kn B oeauwteoentu between qretatqtu [27, 
28]0 Cnthqwih thete wete ukink;eant u{uteoatke oeauwteoent 
ettqtu qh nq oqte than 2 ooHi hqt bqth SB anf FB , 
uknee ann the oeauwteoentu wete rethqtoef  b{  qbuetxetu  
wkthqwt teeekxkni rtqheuukqnan ttaknkni whq wau qnn{ rtq/ 
xkfef wkth xet{ ukorne knuttwetkqnu qn B fetetoknatkqn, 
the qwteqoe qh oeauwteoent aeewtae{ uhqwnf be eqnukfetef 
tq be uatkuhaetqt{0 Ykth uqoe affef etktetka qn the BP 
fetetoknatkqn twneu anf oqte ureek;e knuttwetkqnu, kneteauef 
oeauwteoent aeewtae{ eqwnf be ezreetef0 Hwtthetoqte, eaeh 
knfkxkfwan qbuetxet kn thku utwf{ aehkexef the teqwktef BP 
oeauwteoent aeewtae{ aeeqtfkni tq the ewttent kntetnatkqnan 
utanfatfu hqt BP fexkee xankfatkqn wkth the oean fk:etenee 
qh nq oqte than < ooHi anf SF qh fk:etenee nq oqte 
than A ooHi kn eqoratkuqn wkth the oanwan awuewntatqt{ 
oeauwteoent b{ ttaknef enknkean qbuetxetu, knfkeatkni that 
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HBCDEF <: Hkutqitaou qh oeauwteoent ettqtu qh SBP anf FBP htqo eaeh knfkxkfwan qbuetxet wukni the twq oeauwteoent oethqfu: ttafktkqnan 
oanwan oethqf anf xkuwan awuewntatkqn oethqf0 9ete ate a tqtan qh 344 eqoratkuqnu hqt eaeh oeauwteoent oethqf (htqo 74 Kqtqtkq: 
teeqtfkniu, 54 qbuetxetu, anf 7 tereatef fetetoknatkqnu)0 

the ienetan  rwbnke hau the rqtentkan abknkt{ anf eqoretenee tq  
rethqto enknkean B  P oeauwteoentu wukni bqth oethqfu wkth  
teauqnabne aeewtae{0 

9e oeauwteoent ettqtu ate rattkann{ eawuef b{ the 
wneettakntkeu qh B fetetoknatkqn htqo the wneneat Kqtqtkq: 
uqwnfu heatf qt htqo the wneneat uqwnf waxehqto xkuwan/ 
kzef b{ the qbuetxet at u{utqne anf fkautqne [2<]0 Hkiwte 6 
knnwuttateu the waxehqto ezaorneu hqt theue wneettakntkeu qh 
B fetetoknatkqn htqo xkuwan awuewntatkqn oethqf0 Kt ean 
be ueen that the aetwan awfkbne Kqtqtkq: uqwnfu (htqo the 
tehetenee B teafkniu) haf xet{ nqw aornktwfe, anf the uqwnf 
ehataetetkutke at u{utqne anf fkautqne oa{ nqt be eaukn{ fk:et/ 
entkatef when eqoratef wkth the nqn/Kqtqtkq: uqwnf beatu0 
Kn hwtwte utwfkeu, wkth the arrnkeatkqn qh afxaneef ukinan rtq/ 
eeuukni teehnkqweu, the qtkiknann{ teeqtfef Kqtqtkq: uqwnfu 
eqwnf be eqnxettef kntq qthet xkuwan terteuentatkqnu, uweh au 
the ureettqitao wkth the ureettwo qh hteqwenekeu qh uqwnf au 
the{ xat{ wkth tkoe, whkeh wqwnf henr the aetwan Kqtqtkq: 
uqwnfu at u{utqne anf fkautqne tq be oqte teeqinkzabne tq 
the qbuetxetu0 Kn affktkqn, wkth the eqobknatkqn qh xkuwan 
rteuentatkqn qh the uqwnfu anf the ukowntaneqwu terna{ qh 

the awfkq uqwnfu, bettet B oeauwteoent aeewtae{ eqwnf be 
ezreetef0 

Oqte korqttantn{, thku utwf{ hau uhqwn that, wkth 
the xkuwan awuewntatkqn oethqf, wkthkn/qbuetxet oeauwte/ 
oent xatkabknkt{ hau been tefweef ukink;eantn{ htqo 202 tq 
505 ooHi hqt SB anf htqo 503 tq 403 ooHi hqt FB kn 
eqoratkuqn wkth the oanwan awuewntatqt{ oethqf qh nkutkni 
hqt the Kqtqtkq: uqwnfu0 Kn rattkewnat, hqt theue iqqf qwankt{ 
Kqtqtkq: uqwnf waxehqtou, the uaoe BP fetetoknatkqn wau 
anwa{u oafe htqo qxet =4% teeqtfkniu wkth nq oeauwteoent 
xatkabknkt{ between tereatu, knfkeatkni that the xkuwan awu/ 
ewntatkqn teehnkqwe hau xet{ iqqf oeauwteoent tenkabknkt{0 
Hwtthetoqte, the xkuwan awuewntatkqn oethqf hau e:eetkxen{ 
axqkfef uqoe rqtentkan e:eetu qh uwbleetkxe haetqtu, uweh 
au teaetkqn tkoe, qn B fetetoknatkqn, neafkni tq uoannet 
oeauwteoent xatkabknkt{0 

Kn eqnenwukqn, the utwf{ hau feoqnuttatef that B oea/ 
uwteoent wukni xkuwan awuewntatkqn oethqf eqwnf  aehkexe an  
aeeertabne feitee qh aeewtae{ b{ qbuetxetu wkthqwt teeekxkni 
enknkean ttaknkni anf aehkexe bettet oeauwteoent xatkabknkt{ 
kn eqoratkuqn wkth ttafktkqnan oanwan awuewntatqt{ oethqf, 
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HBCDEF =: Oean anf SEO qh B oeauwteoent ettqtu qh SB anf FB htqo eaeh knfkxkfwan qbuetxet wukni the twq oeauwteoent oethqfu: 
ttafktkqnan oanwan oethqf anf xkuwan awuewntatkqn oethqf0 Cutetkuk knfkeateu that thete ku a ukink;eant fk:etenee between the oeauwtef BP 
xanweu kn thku utwf{ anf thque tehetenee anuwetu rtqxkfef b{ the BHS ttaknkni fatabaue0 “NS” knfkeateu that thete ku nq ukink;eant fk:etenee0 

Reherepee SD rtqxkfkni uekentk;e exkfenee that xkuwan awuewntatkqn oethqf 
eqwnf be korneoentef au a teehnkqwe au uenh/oeauwteoent qh 
BP u at nqnenknkean uettkni0 
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