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A test of validity and reliability between the three-point marker detection
soft ware method and goniometry

Pimonpan Taweekarn"**, Yodchai Boonprakob®’, Daraporn Sae-lee®’, Teekayu Plangkoon Johns™®,
Supunnee Ungpansattawong®, Somsak Ruammahasab®

Abstract

Craniovertebral angle (CV angle) and forward shoulder angle (FSP angle) assessments are reliable
indicators for determine poor head and neck posture which resulting in chronic myofascial pain problem. There
are many instruments that have been used for assessing head posture. However, several disadvantages existed
from using these instruments e.g., high cost, time consuming, and most do not provide immediate results. We
have developed a novel method using a computerized three-point marker detection to determine the reliability
and validity of the tests. The purposes of this study were to investigate the agreement between Three-point
Marker detection software method and goniometry, and to investigate intra-examiner reliability of a Three-point
Marker detection software method. The standard angles of models were set and recorded by the first investigator.
The second investigator then carried out the blinded measurement of the same angle with the novel method.
Pearson’s correlation coefficient (r) was used for examination of the agreement and intra-class correlation coef-
ficient (ICC) for intra examiner reliability test. The results showed that the degree of agreement between the
novel method and conventional goniometry was high (r = 0.99, P = 0.001) while intra-examiner reliability
showed a very high correlation (ICC = 0.99). The results obtained from the novel method showed a high level
of similarities in comparison with goniometry as well as intra-examiner reliability. Hence, this novel method

may lead to develop for clinical assessment such as head and shoulder posture in the future.

Keywords: Three-point marker detection software, Goniometry, Angle

'Sport and Exercise Science Program, Graduate School,

*School of Physical Therapy, Faculty of Associated Medical Sciences,

*Department of Prosthodontics and ‘Department of oral Biology, Faculty of dentistry,
°Neuroscience Research and Development Group

6Department of Statistics, Faculty of Science, Khon Kean University

* Corresponding author: (e-mail: vina_pin@hotmail.com)

J Med Tech Phy Ther ® Vol 25 No 2 ® May-August 2013 173



UM

ommhaseihilymaumwddninuléml
61uﬂszsnmsﬁﬁmmﬁﬂﬂﬂamqa:uummﬂﬂﬁmLﬁa
Yy aana1nhngnsviaanu Msanadvedqunn
Fawazilymauandug ™ namsfasmuhszdy
ﬂamquuswmmmﬁﬂﬂﬂamﬁzuumz@ﬂﬂﬁmLﬁa
Suitugfuszoznanihau’™ Tagmmszegabs hm
mahauiligndesnamdnmssaans endegiasu
FWRUAUNNINLTIINANTI oA 60 NoI1MIsthaae
FioiAannmstasesh (slump sitting) wazmstuae
ludumth (forward head posture; FHP) ?Jﬂ!:‘ﬁ%’ﬂ‘m@
thefudu namsansmun fuaunmddnlnainau
Tuihitlannniidesas 70 vesnanu® wazegluih
sfnndiesaz 58 Aailluiesaz 45 veanmau®
1/i’l1/11\‘151}\‘1ﬂa"l’3ﬁ’161ﬁl,ﬁﬂLlidﬂixﬁ’l‘ﬁ'ﬁﬂﬂﬂaﬁiﬂﬂizﬂvﬂﬁu
ninaznduiiion3nareiiemndnyazvesnsiituly
sumhdanaliinduilefinendedumsiedsyzia
wifnnntu Tasimmzedds adwiilenduindunas
uazfsye (neck and head extensor muscles) HBAN
fugahlgmafammaduveandunileldpunszinan
Aswz (suboccipital muscles) Ad eI nAIARLAZIN
thaiisdy uazewil¥anumumuvesnémiiions
3aan (deep cervical muscle) anan® ” Usingmsalas
naneiluargnvesnmsthaasldluenan®”

mdanginedinamandifuiimamilly
wanePamhmnmemssednuasmameimamaniiy
21M3120A0 "lummaﬁﬂ?ﬁqﬁw@hsgumﬁé‘uﬂamé’mwﬁw
(craniovertebral angle; CV angle) 311352nauMIn329
Usziiiusamedihe yu CV #90d1989 AvyusznIses

9 gy CV A

Y nIzgnAeden 7 uaziduuszuny’
=2 A A v 9/ =2

anamnedsdsusiuludmmiunn wagmamsanyiny

TMsanavesn CV duiusiuenmslinasuazmsi

aptulUdumi (forward head posture; FSP)™* ™

wennnimgmuifiheiiiernsaneiin
wusmAuanuaglraiuandumii (forward shoulders
posture; FSP) ﬂsz@ﬂﬁsﬁ’mﬂéaumﬁmw% (scapular
protraction) ¥IN3ANAUUIMYUITIMIAUIY (humeral
internal rotation) 3INAUNdIMIAIYEINTZYATUNAY
U3naen (kyphosis) 1AUTA

Toyiulumeadininmsszifugumsiuae
nazyuvaduvmansds 1wy nslduunduaina (plumb
line)™® Mm3Yannammeneed’® mslfiasesiiodianey
mstadoulin (motion analysis) M3l¥gUnIain1sia
MItuYDaATYE (T-shape)"” mslglntilefiines"™ nag
m3lfiaseatieTnesmuuuiinea (Head Posture Spi-
nal Curvature Instrument; HSPT)"” UAaITHYENNA
fuanshaiuligy F3mmadevduden anuuing
LR ﬂ'gmﬂawmﬂﬁaﬁluﬂwﬁﬂqq wseadienmumalal
manganAuMsIhinaIssiiumeadin™ 1 gy
mguatinandudunndavesdideldiannisnsia
yu lasmstszgndlslisunsu 3-point marker detec-
tion NAvidnMIUIZINananwaInna (Digital Image
Processing; DIP) l#lumsdnmnaumuny real time Tu
MsdsziiumyNIsnINMasieudaya el (markers)
fidamugadedaiidaau nizmaummnlizananaves
Tusunsu 3-point marker detection Lﬁ'am@hmmmaq

v
3 ~

yuitialdazGudmnmamnyasdiedehegassumida
iethfifavesgaddeilidnnamszesiassniuga
$18a Nt lsunTREA NAMANMITEINIYeY
e Fusilnadia (trigonometric function) ’hil.ﬂﬁsﬁﬁd
udazgaineilugluuuvessumasuadefiomm o
fuvndstiug whla Snsazideamasuduiialds
gﬂﬁ 1

174 MIssmaiansunnduaznmaenininte ¢ U9 25 allufl 2 © woseN-Riniay 2556



Camera Distance

B =x1.Y1(248. 180)

C=x2.Y2(214. 266)

Object distance |[| cm
Minimum radius (0] | : | I »]
M aximum radius [50) | : | ] »] Codedinate Radus
Accumulator (100) [«] [ ] {248,180) =34 AngeAB-D 716
(214,266) =5 Angle C-B-0 B84
High (100] ] | v (222.102) =11 Angle A-B-C 1400

3N 1 uaaamsranmafaasnuealisunsu 3-point marker detection lagordendnmsvesilantsuaslnaiia

152A0UAIY 2 IUADU AD 1. MIMANNYNIMNU a, b, ¢ MU a = FTELHINTLHIN B 1 C

a =

V (x2x3)2 + (y2-y3)% b = V (x1-x3)* + (y1-y3)? uaz c = V (x1-x2)% + (y1-y2)°
2. MIMAYNMNAHYY Cosine 13U MIMYN C
C? =22 +b2 - 2abcos O O =cos - 1 (a2 + b2 - ¢2) / 2 ab

= S Xaow ¢ A = '

msfAnmaNiliingUszasdmednminl)sunsy
3-point marker detection @313ANIZBUAYNIAATY
Auyuvedlnilefinesnioli (AuAsies; concur-
rent validity) waganusedeldameludisziiueedds
3-point marker detection Ing1FoT0Av0IITNMI1AD
= o/ d‘ = 1 ﬂ' =) v o
Nanuasadsguiiesnnliimsldiasesiioihflug
Y9N ENAT (non-invasive technique) gUnsalilsznou
msldnundsuaznagn 3smsldnuasanlidodou
magumyumlsziiiuldiuiuazenahmgmsiannms
o/ d‘ a aa 1
Fayguielglumsnsinlszidiunadiindelilueman
mswanlsunsummadeviindudeandianunsg
Wod (concurrent validity) wazANNIBeRD e (reli-

oqs A I3 ad Aa v X 1 1aad

ability) iesnnihuasmsnaaduiumnln 1y
wmaspulumsia JeuiludesthllnSoueuiisms
A3 (gold standard) Balumansiaszidiuguiillunma
memuwintatonls 1ndfiledimes (goniometer)

J Med Tech Phy Ther ® Vol 25 No 2 ® May-August 2013

1ASONND VY

1. Tsunsumseansm (software) fiaenn
WANNIYDI image processing Lﬁﬂﬁ’uﬁﬂumzmngﬂﬁa
dzvioudnyanal (marker) 19g8198901AUMITZNDY LD
senuiiegn calibrated ifipufuszdniIduFndn
Ny lunnsznuvselu

2. Infilefiines (Amzmoawinvauasy
‘iwmmam%msméaﬁlmﬂizqﬂﬁ NINAYNTIA)

ag =
ADMIANE
Tasam st ldMIUMTRNITANVDIAULATINMT
usINMNTeuNyed (HE 542371) danuiinldinms
AnEn Ao AnZRIUALNMIMENT NN I AUVOULAUTY
=1 z % gj =y = 1
AOUVDINIANEHUTENOUMY 2 TUADY AD AR
£ ad . .
AUATINBIVBY ID 3-point marker detection 1Ty
a o A A ¢ = ' A & o
WeunulnfiledinesuasAnuaanusenelanely

175



fflszifiulagldmyiaaynaieds 3-point marker
detection
1. 35m1snadeuA1A1uASINBIY99T5
3-point marker detection whisungunvlnillodimes
1. flszifiueud 1 hilndlefimesiignda
muuasiiuagiufindaignaael3laliehwls
2. éﬂmﬁuﬂu‘ﬁ 2 faddzioudyanauu
Tnilefimesiigniaasiiudrnndiszifiuauil 1 nntiu
filszifiuaud 2 thifinmyufisuldannllsunsu 3-point
marker detection ﬁﬂﬁﬂgagjuuwﬁwaﬂauﬁama% Ty
ndesinledremmunaidniidauuendaiiansalsy

seduangaldrznehenamiuiuszes 1 was wazd
nadevanIaUiusEFUANIgIveINFIndedldaunt
amiiflunnmheeneuinnesesdamuniedydnval
nagnSuduasezlnngiuiigasededindesannsaiy
mudananldogetanuud

3. mnszhdain 2 defindranddule
whs 10 a3 Beluusiazads Humyufiuansafso
10 3y iteaTNdeUMATNAN NI dBATEY
Nemsiahansasuayuaananldladidesiunols
aeals (gﬂﬁ 2)

T Marker Detection

Carmaes Distanca

Obgect distance

Minimum radius (0] |

M aoderwam 1acuas (50 o |
Accumulsioe [100)
High (100)

Ande 480 TE
Ange CE0 B84
Ange A8C 1400

(2481800 =34
[214,266] =5

|
- Cocudnate Radus
i

| [222.102)»11

U 2 waasmasziivesmmstuaeuaslvain lae 1 Ae lnllefimeinaemymnaspuuazinlinai 2 de

Y ad ' 2 Aa Y A [ o =) v 3y a
ﬂaﬂQ’JﬂTBQWEJﬂ"IW?JuNﬂLﬁﬂ‘VlG]ﬂUu%ﬂﬂﬂﬂfﬂNTﬁﬂﬂiUigﬂ‘Uﬂﬂuq\ﬂmﬂ‘EJNi%ﬂ‘]J‘LlTE)NENLLu’JiZ‘m‘]J IﬂEJTN

1 O A a s s 2 ' A
anariaduszes 1 was 3 Ao aeniumesiuaainannllsunsusennd 4 Ae  AesmnuanIuy

YINI0AONNIINDS

176

MNsmanadanmsunnduaznaniwiinga o U1 25 atuf 2 © wgeAAU-RIRIAN 2556



2. msnadevaInusenalanieludigdilsiiy

lngls3s 3-point marker detection
d’ I i ¥ a
mMsnadouaNNiedelameluglsziiiu

(intra-examiner reliability) Eiﬂﬂmiﬂimﬁuﬂuﬁ 1 9%
:j ! :i A a ¥ :j Y a d'
gacsmasnvedlniilefiwes]d ninudlsziiiuaun 2 o
Usgiiiuguniianaandanandielisunsn 3-point marker
detection MAUAYszIHuALN 2 TuiinAnewldnnnh
0ABNTNNDT NANUUTIHNAN 2 imsiaayuy
AINANAIUABNUINYBINIMAdOVADMIAARIdION
dyanauazammynumlsziiuldnamihasaeniomes
M WUIANYHaE 3 A3 MmydaynIzaazaduiuly
(Luugn) MNvNe 10 3N

= g Y
mMINANTHYIYA
MIeuINeUARaYINgUAIDENERINGH
niludasznnii uazmnageutivmdgynaanves

)

fuilsz@ndandnius (Pearson correlation coefficient;
1) 15318 eaNNUANFA I BATANNATINBITLHINNMT

Ysziiuyn ¥8335 3-point marker detection Aulniile
fimes daumsmemanuiedeldmeludilszifivand
5}Nﬂi$’3ﬂ%{ﬂwﬁuﬁuﬁmﬂiuﬂdu (intraclass correlation
coefficient, ICC) MyuATEAUTBEIAYNNGRA (a) tod
AN 0.05

=
NaNSANE
HANSANEINIT09999LATIZHANNUANAY
ad . . o ) a d 1
Y9935 3-point marker detection Aulafilefines wun
AMRayNYeNTMIUTZuNIaedliiaNNuan1aiY
(P = 0.97) nasfianuasaiiosoglunausingann @
dulszansaviduiusianinny 1 (r = 0.99) AIuaag
Tu ansen 1
1 1 d' ) 14 v a as
duwamgedelameludisziineeis 3-
. . a A 1 o a A‘
point marker detection Tumsiszifiuguiiandulszans
anuduiusmelungu (ICC) Ay 0.99 uaashia
A'A =) 4 v a 1 d 1 =
anuisedeldmeludisziivegluinasigunnediai
veddgnuada (P=0.001) dwudaslu asen 2

MINN 1 LENANNEDAARDITEHINMINAGOUMETD 3-point marker detectionnazlniilofinos

ad 4
I5N133A

MyudssazddsawwnasH - mdulseing  seautsdiag

(mean £ SD)

andunus (r)

v YV

A5 3-point marker detection

o v as a) a d
Yamedsiniilodinos

105 * 30.28
104.42 £ 30.45

0.99 0.001

0.99 0.001

mruaszauichagmadaa P < 0.05

< o4 1A o & Y v as . .
AITNN 2 HAMNARAYLASTIUIVIILVUNINTFIUIDNNITIANNIN 3 ANMIYIT3-point marker detection

g J
AYUAIN  (9961)

60 70 80 90 100 110 120 130 140 150

5}ﬂﬂ%’jﬂﬁ 1 59.40 69.50 78.60 88.10 99.80 109.90 120.80 129.70 139.50 148.9
"’J}ﬂﬂ%ﬂﬁ 2 58.90 69.20 79.00 89.00 100.50 110.30 120.50 129.70 139.00 149.56
’Jﬂﬂ%\iﬁ 3 5840 69.00 78.50 88.10 100.20 109.20 119.80 130.20 140.20 150.2
mean £ SD  58.9 69.23 78.7 88.4 100.17  109.8 120.37 129.87 139.567 149.53
056 £0256 £026 =x£052 =x£035 x£056 =051 X029 =*x06 =£0.65

J Med Tech Phy Ther ® Vol 25 No 2 ® May-August 2013

177



=\ d =
ANTUNANITANH
Tisunsu 3 -point marker detection WA
NAndnmMsmIlszaiananmnadianiasaduizaisma
Jnssu lumsanmasaiinlysunsuaenanuseidiu
A I =S A = o & v
Wy weanadlumsdnuusnisnaeiniiudesnanuns
4 4' A 4 as 4' 0’4? 1 o 4
Woauazanuzens laverismnlszgndvuneuin s
I lumeadinnidinyesmNuIRsLazMIRAMNNE
MM sammamammnga Iagmllanunsaies
d’ =} A ad 1Y = v ad A
YOATBINDMIBITMI KA B suNeuALITMSHIe
1309 DIATTIV MAMINUMIUITTURTINNU I U
aaindeliiiiasesdiomnaspulumemeaudandnn §
e snHenlslumeadinigu msdunnesmmssuae
TaglFunadudina (plumb line)"® msinssmmstuae
Nnnmnane’® 1asesiinNianzyimsiadaoulnl (motion
analysis) M3IABeMMIBUABNAMNENINNSIE (Wan
nf138) " msliginsaliamstuvesdsus (T-shape)"”
mslflntilefiineiiayndswzuazind"® tazmslfiaiea
NoineemuuuaInea (Head Posture Spinal Curvature
Instrument; HSPD"” natliasesdioudazadaiyaiay
14 1 o/ \L = a v Qg-jl 491 =)
nazfesuanaNAueenll udlumsanyNeassiliaen
151nilefneInadeumMANNEDNARDIUNUAIANINATS
v v ) I ad d‘ ] =
Wiod emgrade HhiaTmmazan nanliuwnazi
= 1 1 d’ ) 4 an d 1 d
msAnwmunemanuiseds ldvedlniifineseglunam
1hunanadaga®™
= 1 A .
NANAMSANEINUINIG 3-point marker detec-
tion Hanuasuiesrvlniiledimesogluinaunngann
uanIATRNN eI aRHadInTalsnaunuilalums
o a 1 ‘é =) 4 v a
Fasmuaznnmalsziiiumanuwenelameludisziiiv
NAngadneney
1 1 4 as . .
MIDUMNNAIYID 3-point marker detection
=} 1 o d’ % d d
Hanuuiudrguiiesnn Tlsunsnaiennsenduns
Mlsziiummumisdagieudyananngednds M3
ﬂizlﬁuuﬂﬂﬂi%ﬁ:ﬁ 3-point marker detection IA@
anuaaaadeutiogilesnnlullsunsuinmseiua
yuideanslaedadaanniduunissnue g dalui
mdemnsagmayuninldegnauiugr amnsagiua
I 1 Yo A K v A
yu lumhgesmldviun Saazanlunisléau 1a3eq
Neligudon Nagn

Pagiuimathllsunsumsisgnananwadva
inldmeadiininning 15u faving neediaiion®”
Tusanervazimainismsiaaananlwmuiisda
yumsuae ldumihuazynlnadnluau mmadeuda

1 I~ I3 ax c!' o A'A 1 ad c!' 1
aannhazilismsnlasadvilesnnnidluismsnlu
fosldinsasiialaqinlylusemeveseranadas (non-
invasive techniques) Mi#lanulasanslumsnadeou
Apudnagy mAvemMslIsiumyunsauas i
aunihuaglvainlueraaiasmumisgadiadaneg
deunmsfndmazieudyaranidinlunszgaiidaon
1Y AYNMTTUABNIUINIZAANAYNNDYIENIN
WU nszgnaeden 7 uazresy diuyuluain
AMNUNNYNTOYITHININIZNY N3zgnABTeN 7 nag
AInaNYelvia J9eRzIAnANNAIIAIATBUTIRY

AdulsanTanduiusn ldannmnaaauany

v 1 as . . o =)
ATINDNTLHINIT 3-point marker detection Aulniile
a d 1 U v |l d
fimes wuhmanuasiioseglunamgs (- = 0.99)
HAAIIIMIMAFEUTIABNITANIaNAdaUNN [N uANES
fuusismmagausglniilelinasianumunnmnan
1i999nMIIzyuazMINRasdliediunnszmld
gndanaliiinanuAaaIAdoy

= 1 d' -~ 4 %4 a

HamIAane Aanurens laaeludisziiiu

as . . [ o v X
YBIID 3-point marker detection ’t]qiummqui UIFN
IHOMINATDUATLIMNEMABATT HamInadayluiuan
1 o P2l = gj é’ I d' ] 1 =y
gnaty uiMwamsanwiasatlidunimels uailuiiea
mathiaueMsiaITmMiayuvisnamensillg
mavannudeliineinssmmstuaouazlvainluau
Tupmaadimaihismaiansnan liannlsinsadm
m3tuaemuniuazinain envvzdesimsnadeu
A94na T uANIHINDIVRANNUANAIINUTZHIING
mnaadavluauntazmmagdevluiaIeaie Fadenian
wuAe lsunsntlesnuuuinli)szdivymadudaves
1 1 gj -d' = % gj 1
sumMenhiuitosnnMsweullsunsn daruge iyl

=S % 4 a 9/5
amanAIsiMsnannllsuasulaansalsyinulana 2
MuYeIsT My dnilszlesisnvedlisunsuilandsain
Tumslsau nealiuna arsimsaneiudnlueman

4’ Y] as ) v d' A aAaa o -
ienmuITmMsuazernh 1 iduiesesiiodiadevie
Psziinesmmstuasuazlvainldlueman

178 MIssmaiansunnduaznmaenininte ¢ U9 25 allufl 2 © woseN-Riniay 2556



=
dagUuansAnsn

7% 3-point marker detection 1¥lunsis mﬁmgu
I ad A [ [ v v ) a s =)
ithidsmsnianuesaiieaiumsiadielniilesinesuazi
d‘ =) v o Y a e 4' 4
anuweneldameludmflssiivluszdugunn uaziyeh
aazhngmaianIsmyiagumeihli1glimeadin

sl luewan

aaAnssulsTMA
mM3dnudldsunuaiuayuannnguive
waziauRmIznIaulszamIingrmans amey
TUAUNNEA AT NMINYITIVBUUAY UAZVDYDY
wazAal 3703, quasdl dedlyaydned dwmsudeuush
meduada uazaaandnd umvming dmiuany
aaneiaTesiiomaiive

1ONEA1TOND

1. Diaz-Caballero AJ, Gomez-Palencia IP, Diaz-
Cardenas S. Ergonomic factors that cause the
presence of pain muscle in students of dentistry.
Med Oral Patol Oral Bucal 2010; 15: 906-11.

2. Puriene A, Aleksejuniene A, Petrauskiene J, Bal-
ciuniene I, Janulyte V. Self-report occupational
health issues among Lithuanian dentists. Industrial
Health 2008; 46: 369-74.

3. Valachi K, Valachi B. Mechanisms leading to
musculoskeletal disorders in dentist. JADA 2003;
10: 1344-50.

4. Kierklo A. Kobus A, Jaworska M, Botuliski B.
Work- related Musculoskeletal disorders among
dentists—A questionnaire survey. Ann Agric En-
viron Med 2011; 18: 79-84.

5. Marklin RW, Cherney K. Working postures of
dentist and dental hygienists. Calif Dent Assoc
J 2005; 33: 133-6.

6. Davidoff R. Trigger points and myofacial pain:
toward understanding how they affect headaches.
Cephalagia 1998; 18: 436-48.

7. Sue A, Hellstenius W. Recurrent neck pain

and headache in preadolescents associated with

J Med Tech Phy Ther ® Vol 25 No 2 ® May-August 2013

10.

11.

12.

13.

14.

15.

16.

17.

mechanical dysfunction of the cervical spine: a
cross-sectional observational study with students.
J Manipulative Physiol Ther 2009; 32: 625-34.
Black KM, Philip M, Marcia P. The influence of
different sitting positions on cervical and lumbar
posture. Spine 1996; 21: 65-70.

Caneiro JP, O’Sullivan P, Burnett A, Barach A,
O’Neil D, Tveit O, et al. The influence of different
sitting postures on head/neck posture and muscle
activity. Man Ther 2010; 15: 54-60.

Schuldt K, Ekholm J, Harms-Ringdahl K, Nemeth
G, Arborelius UP. Effects of changes in sitting
work posture on static neck and shoulder muscle
activity. Ergonomics 1986; 29: 1525-37.

Silva AG, Punt TD, Sharples P, Vilas-Boas
JP, Johnson MI. Head posture and neck pain of
chronic nontrumatic origin: a comparison between
patients and pain- free persons. Arch Phys Med
Rehabil 2009; 90: 669-74.

Raines S, Twomey T. Head and shoulder posture
variation 160 asymptomatic women and men.
Arch Phys Med Rehabil 1977; 78: 1215-23.
Johnson GM. The correlation between surface
measurement of head and neck posture and
anatomic position of the upper cervical vertebrae.
Spine 1998; 23: 921-7.

Yip CH, Chiu TT, Poon AT. The relationship
between head posture and severity and disability
of patients with neck pain. Man Ther 2008; 13:
148-54.

Watson DH, Trott PH. Cervical headache: An
investigation of natural head posture and upper
cervical flexor muscles performance. Cephalagia
1993; 13: 272-84.

Wilmarth MA, Hilliard TS. Measuring head pos-
ture via the craniovertebral angle. OPTP 2002;
14: 13-5.

Willfod CH, Kisner C, Glenn TM, Sachs L. The

interaction of wearing multifocal lenses with head

179



18.

19.

180

posture and pain. J Orthop Sports Phys Ther
1996; 23: 198-9.

Harrison AL, Barry-Greb T, Wojtowicz G. Clini-
cal measurement of head and shoulder posture
variables. J Orthop Sports Phys Ther 1996; 23:
353-61.

Cheung Lau HM, Wing Chiu TT, Lam TH.
Clinical measurement of craniovertebral angle by
electric head posture instrument: A test of reli-
ability and validity. Man Ther 2009; 14: 363-8.

20.

21.

Joe B, Elizabeth B, Aoife NM. Reliability of
measuring natural head posture using the cranio-
vertebral angle. Irish Ergonomics Review 2003:
37-41.

Boonkong K, Karnjanadacha M, Aiyarak P. Im-
pact angle analysis of blood strain using a simple
image processing technique. Songklanakarin J Sci
Technol 2010; 32: 169-73.

MNsmanadanmsunnduaznaniwiinga o U1 25 atuf 2 © wgeAAU-RIRIAN 2556



