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'I'HE PROBLEH R
vxmouuc'rxon LT

Gonlometers ‘:a - used 'clinically by' health care

B S,

4

._profeSSionals "- nurses, phys#cua.ns, phys*a]_ and occupa_v.i':.'.:',-,i

,,_-\tlonal therapist5° to measure jsﬂ.nt range of motion.,__'_IT'L:,_"”’_;.; R

Determlm.ng the range of motion of a jomt can provide ;

'*“the c11n1c1an w1th valuable 1nformation..’ Comparison of

"'---jfactive and pa551ve range when jOint motion is restricted

'.-function ’am treat accordingly Limitation of range in one

®

,"I‘hls comparison prOV1des a ba81s for judgement of the""

9.
g e ]

o :max1mum range to be expected w1th treatment in the joiﬁnt‘

Goniometers, then, ‘ are used for : asses&nent e fo»r
: w2

: essential that this tool so widely used and fox}so many

E ;-and varied purposel, be valid.

'\_Pr°¢e551onals, the research described hereafter was con-"_"'!f"}:-".'-

R

jf\'s.,

-~"-ta11ows the clinic1an to fspeculat‘e on th@ cause of the dys—ff e
- _‘jon.nt can be compared w1th the normal contra‘.[ateral ]bint’”'
,that 1s limited. o Repeated measures | of,‘joints with re- :
‘tricted r‘ge, over time, following treatment is one'j !
Ry "method used to 1llustrate the effectiveness of treatment':

[:.._and to 1nd1cate when the treatment plan should be altered.:'{.”‘..,:

L - ‘assusting the diagnosis of . causative factors, , for prog- o
o o T
"__.v’nosis, and for progression of treatment. 'ft :I.s therefore"{;-.“»

Due to the frequent use of goniometry by health care»'-<_-i’."-.'-37:*‘

iy ducted 1n an attempt to reduce the deficit in our scien-‘_-';'--_,.-.{._’;,"'j




'W’

tlflc knowledge‘ base, to 1mprove cllnlcal care of the S

: A .
1njured hand and to promote research 1n hand management.h_¢g;;¢

B. STATEHENT or THE pRoaL‘!

There 1s a need for valldlty and relxablllty 1n hand';f:f

assessment 1nstruments, 1n part}cular, QOnlometers,i :a;;vw"

. 1mportant dec1sions are made based on} 01nt angle measure—; o

ments ‘obtalned from thelr use (Eess, 1986-' Rothsteln, :?fﬁ

The quallty of the 1nformatlon gathered 1s dlrectly-ﬂﬁiﬁ
"flnfluenced bY the 1nstrument used for evaruatlon._;r A;waCT
fldependable prec1se 'tool measures accurately, dlmlnlSheS‘%”‘
‘”{"subjectlve error and allows concluslons whlch are minlmally*;T

B lskewed byrextraneous factors (Fess, 1935)'x Therefore, the:iti
_‘-equallty.of the dec1slon is contlngent on the quallty of the L

4;1nformatlon gathered.,“ R j;ff~].u,wfﬂg;i‘“’

'\‘—'.’

T f Hand 1njur1es are a 51gn1f1cant part of the rehab111—*.ffﬂ
tatlon caseload.‘ As the hand jijéo 1mportant 1n dally-_iﬁ

_functloning, 1t behooves the health profess1ona1 to ut111ze ihff
:the best and most accurate methog to determlne jOlnt range(.d‘!
._})~:and thus, to a1d ‘in the prognos1sf% and ‘nrogresslonr‘ofilf
Atreatment; ' ?éfffAj‘=‘*".¥r 'r;f.;i;;?iddli.; ”' o
Once the valldlty and rellabllit_y‘. ofe’ varlous tools
'-'used to asselsso finger 301nt range ”1n¢ normals have been-
gf_establlshed._normal co;tralateral 11mb comparlsons can‘he )a

evaluated wlth confldence._ Once ascertalned for normals,7‘




!_ the validity and Q'eliability of thes% insthts can“’be_

-_'j.f'_‘.dysfunctions. _' Comparisons can then be made to the normal:::‘

*-11_,}'values. . If the validity and***reliability coefficients are{ﬂ’:-

executed w1th 1ncreased confidence, and perhaps, a 1ow3r:'-’

_'f _"’_"imprQVed clinical care. f S

L ‘validity

further verified by testing individuals with va::ious | hand

._,’"i..,j.sufficiently high rehabilitation of the hand and clinical'_, ,

research for all of the various hand dysfunctions can be.;*‘- Ly

By first establishing whlch of the tools currently-_:,',.f;fj

uSed are valid time and research money is not WaSted;‘:-._"f-f‘"-..-“-,
ftesting thn' reliabllity of 1nstruments shown not to be

Valld Thls study is th&iinitial step 1n the definition of’i}__';‘-";
o accurate, j» reliable tools for use in the assessment and
treatment of hands.v 'I'his study,' when coupled with relia-ff_..“f
.._‘:":‘blllty studies of the validated tools should facilitate‘f:_},_:':".:,_'ff
llb'research 1n hanq rehabilitation, and broaden the scientific*_{:__.

_i’;base of the profession, _with the u\timate gcal being one o f,

The problem was ‘to’ assess the tools currently used byl":":.t

.."_.-,physica]_ ‘therapists °1i“i°ally to measure metacarpophalan-fv‘_k.f"'.'?-.'. "
- _geal (MCP) and proximal interphalangeal (pIp) joint rangef"-f’f””' ‘

- of the finger in the normal adult: hand, for .";»9-:33:19-“-;




C..OBJECTIVES or THE STUDY ;fa?;f ;*;5J;;;;1wr
| R

'P;fo The prlmary objective of this study was to assess thefft°”

-’fgecrlterion valldlty of four dlfferent methods_ that arefﬂffﬁf

3Epresent1y used to determlne flnger ]Olnt rang .l The fourﬁ <

r}fmethods 1nclude three dev1ces currently used cllnlcally atﬁg T
hhthe Unlver51t§“of Alberta Hospitals plus visual estlmatlon.ﬁ;;?;T
f_WRandomly selected angles thropghout the range of. motlon,;oeig
”_ for both the MCP and PIP jOlnts,uwere measured.ﬁa. | e

The crlterlon used was ]Olnt angles obtalned from onei;].:

o

"?fglateral radlograph of both hands.: Crlterlon valldlty wasf&i"

”fftPIP jOlnt range._ Thls objectlve#was achleved by 'fter-f"

;fﬁ' m1n1ng the standard3error of the mean dlfference scores.;»

\\‘de51gnated a
7-gobtained

5_*re1ationship between measures\\would 1ﬁdicate that thefe‘

‘7n_determ1ned by comparlng the scores of the fOur methods w1th#1‘

W

| lhscores obtalned from the hand radlographs.f_’

The second objectlve was to present a recommendatlon o

N

. 70f the method to use c11n1ca11y,-when determlnlng MCP andyf::

f{'jD. RESEARCH ] POTHESIS a'ﬁ-“f, ;f{yjj?.fw,7i¢ r;ij~f ’

For the PUrPose of thlS study;_an assessment tool wasjft:h
'valld 1f there was a~h1gh aegree of sim11ar-frﬁt,
_ ity,l 1ndlca:ilg a strong ,relatlonshlp, between measures;fﬁf”
'rom the 1nstrument to be valldated ‘eand the”iﬁﬁd:

=femeasure7lobtained from the crlterlon,” a highly p051t1vef

e

| 1nstrument tested was as capable as the crlterion n="id’

'.fobtalning the desired informatlon..gg.fif~f'ffi' L gjffz'"""h"



6
A\rea between 0 90 to 1 00

'. Crlterion valldlty of a method would therefore -

shown if the vall\dlty coefficient calculated for each‘ of -

the four methods ' was equal to or greater than 0 900

OPERATIONAL DEFINITIONS

* The following words_ are defined as they were utiliZed ’

,{I}le study

§ gg_’g S_ indlviduals (male or ._female) between and_inclu

exclusion criteria, participated in.' all aspects o'f"v the-?}




'Eﬁ,ifa hinged base (14 »

'iffidid not displaya ns- of, - comp. b
~5f;ﬁ;pain;'1085 of range of motion,.crepitus,‘ob"ious swelling
zkisfor ligamentOUs instability 1n the hand,v and could be
“idﬁradiologically examined”;,*”’““'i;:_:il: = f' | LT
7m;¥LEIX§EB_£QIHI_BAE§E the.measurement of range, a _stabilized L
_,;;;by a form, of the third Mcp JOlnt of one hand and the third

77ﬂf;§9ﬁigﬁgggg a device used manually to measure jOint range

'°7f30f motion.;},f?f}‘ s

'ﬂ ‘cn movable section of the base accompanied the finger as it

'f the dorsumvof the finger to correspond to the contour of

'if the fingerf

.“‘q .

',fsymptoms of'

',ypIP 301nt, of the alternate hand of the volunteer.fﬁfl7T5}1 ib-’

3 /c L

Sl e

T’-ﬁu,?iffto two -arms NQ* one movable (6 2 cm 'in length) and one
znﬂjj-.fgstationary (1 1 cm in 1ength)._See Plate 1 1.,_.]»5

el

a Small stainless steel dev1ce Wlth

”.Cm in length) attached perpendicuiar to S §5
a protractor (2 6 cm in diameter).- The hinge of the base

is attached to the center base °f the Protractor.¢ The 3 0 'f?(

l'“ moved which allowed a marker to be displaced the corres-afi=*

_v‘, ponding amount on the protractor.; See—Plate 1 2. L

e

a flat 1 5 centimeter wide, 18"

centimeter long, flexible piece of metal alloy, applied to {ﬁ;*

';The subsequent shape~was traced onto paper and

measured with a protractor from the paper. SQe Plate 1 3.:_
S L R T : R SR e e




Universal goniomeber as used in: the
1a15 centimeter ‘ruler for: scale




";7fmeasured_angle from theagonlometers during teséing due to aﬁ£°’”

No medhanical dev1ce was used

__,--i

| visual estimate was made of the jOint range-hy the thera-ff*kﬂ

and mentally determining the measurement The v1sua15fl'

7f estimateg 1s' colloquially ,equivalent to "eyeballing" to

phy51ca1 therapists._i:‘

substance that covered the engraved angles on: the gonio-ﬁ"'ﬂ

"fff meters.. The goniometers as they were blinded for the study

...———‘,-

A

are shown 1n Plate l 4. d

the value obtained 1n degrees f'

J"./

range as clinically assessed by the three goni meters or -

O

1nab111ty of the phy51ca1 therapist to read thei3°%7

iythe 301nt;““

..v“.,supist Viewing'the joint angle of the joint to be measured¥“57r

e

RESET

the Wusual estimate, or radiographically assessed With a:thV

radiograph and protractor. f;;}

MEA_QBEMEHI_EQ§IEIQH the position 1n which the subject wasfs”*ﬁl

placed by the tester, and stabilized by a form, 1n order to?ﬂ

J3 obtain the measurements desired._f'“

1“

l Alberta license to practice phy51ca1 therapy and.»who,;ati

the time of the study was employed at the Univer31ty ofeV'

N Klberta Hospitals.- Ny

.

'*1 designated bylthe f?diology Department ‘of the Univer51ty of:f

Alberta Hospitals,:

produced one lateraloradiograph of both hands, per subject.?? s
: S s : R

R N
T

‘a qualified and experienced technicianvA

v'1i"EﬁXSiggﬁééiﬂﬁBéglﬁlgflan individual who held a currentw~'”‘

';fb followed an established protocol andiﬁffh



~ PLATE 1.3 ' Flexible gonliome




'ﬁT.:the study. g);' E

o fg, If a homogenous study population had been used vone,3m§;

L sex was necessary to produce a heterogenous Sample.

i r.., DELnum'rIons or THE s'mmt

ij“_Univer51ty of}hAlberta and zhe Un1vers1ty of Alb%;ta;;

:.Hospitals populations 1n the Fall of 1987 were subjects for7

"*ffiﬁ1976) Therefore, stratification of the sample for age and

.‘”ﬁ¥samp1e of thirty may not be suff1c1ently large to qualify

Thirty 1ndividuals with normal healthy hands from the's

>

N

V'7fiassumpt1°n of validity would have been Vlolated (Crocker

’qfas a’ fully heterogenous group.”, However, 1n -order to

.7f};m1n1mlze_the number of subjects’exposed to radiation,.the”" J

':fﬂﬁffalternative, that -of' a’ larger sample,.fcould not be\\__ff

'7Just1f1ed.:eﬂfliifq_jeflfﬁffsziﬁf@fﬁ:{

'f}on a regular basist; As the intent of the study was to

',fone measure only was chosen..[.:;f - ,_fjﬁjh“'»,Fy{Q"g;‘y5,¢?97

. ‘);'

= Q?,_‘T. T

One measure only was obtained with each of the four

methods by one therapist.: Although us1ng only one measure, ﬁZf;f

”1.; rather than repeated,‘measures, may have ‘1ncreased the ‘

. el

‘":”-fdchance of error and therefore decreased the validity

: »

"{_dcoefficient doxng repeated measures is not used clinica11y57‘”7

'ﬁ“jdefine assessment tools that are valid 1n the clinical

12 R4

>:*57?setting, rather than 1n a 1aboratory setting, the use of

‘) tan . ,' 1‘ v‘




LIMrTATIONS OF THE STUDY

3ray teChni°1anlproducing the;radioérthé”“;i: 2 |
533:177the radl_logist andiinVe“tiga-o;:tof“orfectly determine'

flfilphy51ca1 therapist determining the joint angle. th"fability¥

}:3iﬁfof the investigator anf"the assistant physicalltherapist?to

ﬂ'feicorrectly and rel ably: _read and:jrebordu theﬁ‘blinded

o j}? measured angle,, and fhe abi:,ty °f thef;goniom'ter; to

e malntain the selectéd posit"on.

fThe physica”'therapists,may have been more ‘careful ‘and

:ffiff] thus:may have obtained*higherireliabilitfverefficients

stabilization formwt: perform__ts‘ ob ‘adequatel



: ._;contours measured with :'f ,protractor, to determine flnger

Rosen (1922) elaborated upon Nutter ? de51gn‘a

el A S
“cg;and produced a ;ﬂa@form on which the fingers rested";
L uorder to standardize the measuremeﬁt p051tionaj

1f¥f301n£ gange.;

e v

e Tifﬁgf, Pollock and Brooks (1942) d9§19ned an. elab°rate sPrlng

””f;;balange to measure finger joint/range. Although effective, _Qafh

S,

t placement precision and mstrumentation _'jknowledge

*“hneeded to obtain reliable results, made the"deV1°e

- N

.runsuitable for clinical use._,vgwjf‘_'ﬁnleff“

Hurt (1947) descrihed a dorsal goni meter which flt '

1””7ﬁ,over the dorsum of the finger and all" d flex1on range'to ;'775

hv"“fbe measured.; Noer and Pratt (1958) alter”dlﬂurt's dorsal"“:'
jigoniometer to allow finqar exxension to be - measured A:f?d;
'T_Livariation of these two goniometers 1s usedutodayrdiiﬁ;i;f}]rjﬁilﬁ
| o GlanVllle s (1964) technique for' determiﬂing finger S
vv?iﬁ301nt rang//utilized a rubber covered solder wirepf Theféﬁrf

- wire was placed ober the dorsum of the jo;nt and shaped to
)
the joint cbntour.' The shape of the configured w1re was e
ffthen transferred onto paper without disto;ting the aﬁgles.z_fgif

Q“fooThe traced angle could then be measured w1th a protractor.;_fflf

“:ffdslanVille“s method was similar to Nutter' (1922) paper {':fi



.‘f '§pa1mar1y for extension movements'p”f<7’f*

-

Hasselkus and Plautz (1981) reported.zon_ a etwo-nxisj

7f£of motion (flexion).; Their mainﬁintent wasfto measure'MCpr

e"57jﬂ;_j01nt laxity.- As 70 - 90 degreeslof flexion;was neaded'a'




' universal gonlometer that was approprlate for assessment of
fmger 301nt range.-‘ : p _::‘: »f' )

* Brand (19\85) descrlbed the “rabblt ears" gonlometer

It con51sted of two w1res and a protractor and utlllzed the._j_"»"

do;sal technlque. It was based on an electronlc gonlo-"“-"\- o

meter orlglnally deve__oped by Cantre_i

- c11n1ca1 use'm"~ have been llmlted °as 1t'-A as unw1eldy

Numerous de. 'llces des:Lgned to evaluate flnger jo:mt- t: .

J

| range have been dlscl"osed over the past seventy years._ As

-y Y

these dev1ces have contlnued to evolve, the susp1c1on arose_f oL

2

tl‘t none thus far de"veloped have met all of the necessary."_ |

LT

crlterla of 'sg}entlflc form and functrqa. Evaluatlng thel-,

\
LN

1nnate qua11t1es of the dev1ces currently in use could lead,:""

t

X

_or to the productlon of a dev1ce that is SCLentlflcally-'.-‘;

acceptable and 1s functlonally practlcal. R

» RELIABILITY . | | B

Fess (1986) statech that rellabllaty deflnes anilnstruh.

._ .ment's ablllty to measure con51stently and predlctably, and
Qmat an. 1nstrument that has a: hlgh d’egree of rellablllty.
has:_ been statlstlcally proven to measure . con51stent1y -
» between se551ons,‘exam1ners a.nd 1nstruments. o 3 | '.

The flrst' major study on the rell&hllty of gonlometry‘lvll"

was done by Hellebrandt Duvall and Moore J,n 1949.. They’

P

lﬁached two conclusmns.; The f1rst was that the average§

‘ : I RPN
. . oy

d:_ Flsher (1982)\ff“g

to an acknowledgment that those avallable are‘ approprlate,” v



'* phy‘lcal ;heraplst was very rellable when measurlng joints
£ respons1Ve to 'rellable measurement u51ng a rellable

. 1nstrument.;. Secondly, they determlned that the un1versa1

|..

gonlometer was more dependable than special devices.g'ﬁuff“

Unfortunately, the 301nts of the flngers and toes were not
e .{ A

*.1tested.{ All other perlpheral 301nts wene. F7f5?' B' | )
RaE In 1969 Hamllton and Lachenbruch did ‘the first and';
'y_only study on goniometrlc rellabillty for the MCP PIP and

-l:DIP 301nts. In a laboratory settlng,‘seven testers, using

'y*fthree gonlometers (unlversal dorsal and pendulum), mea-'ﬁfsf

B qtmeasured was placed on a model for stahdardlzation of thedt;f

1[53}relevant to the study

e ‘(1928) suggested that one measurement*"was ‘as good as;yij¥‘

o several for reliability.; Low and Boone et al. both testedrtfﬁ7

T ‘ B TR R R v

(1983),;utllized a clinical populatlon and protoc01fyﬁ

:sured one normal 1ndex and mlddle flnger. The hand to be

,,,,—_.

'};between the three goniometers could not be discerned

- “test p051tlon.,i Intra-tester and 1nter-tester reliabilitygrfwz
'.1coeff1c1ents were not provided. The variancexwas used toff:fﬁ
."":shOW/that 1ntra-tester rellabillty was signlficantly beiterfft

fﬁrmthan 1nter-tester rellabillty. ; A signlficant variancefm'ﬁr

Rellablllty studies dn other j01nts addressed is-ig

Low ‘ (1976) stated that the use of aVerage measure-,'_';:f"i?

b.ments 1mproved goniometric reliability.; Boone et ,al.f,?V'

healthy subjects.j Boone et al.‘used a. standardized‘tests;

;yprotgcol but Low did not. Rothstein, Miller and Roett'yr{;f?:



o

e

w1th repeated measurements. L Cllnlcally, the number of;'_lh L

/ . ~

:'1s st111 undetermlned and requ:.res further study.

.»1nformatlon obta:m.‘ed from the tool. : Valldlty can also be“u |

t»'

-

-.“1976)

'_- Crocker' -(1976)' 1dent1f1ed flve factors that mlghtv’

"-v'affect the results of a valldatlon study. The factors.-

(A the vsample, 4) approprlateness of the crlterlon,: and- ,_5)'v

‘ crlterlon contamlnatlon.

To obta;n a hlgh valldlty coeff1c1ent ' the 1nstru-""

ment(s) be1ng valldated and the crlterion measure, : must[,

"""each demonstrate hJ.gh reliablllty. As the amount of

variance ~due - to error 1ncreases, rellablllty decreases. : 'A-- R

R found that averaglng measurements d1d not 1mprove rella-f

.measurements needed to fea51bly obtaln max1mum rellablllty:"?‘_

"1lsted by Crocker, were. 1) rellrablllty of the 1nstrument -

'f___b111ty Theoretlcally, the sxze of the error decreasesff_‘_"i,_','_-'. -

.'f ,.an assessment tool and that @/ﬁstrument that"- L
| -has va11d1ty has been statlstu:a’lly proven to measure that-_ : L
'v _f . whlch 'it purports to measure.,. Rothsteln (1985) stated that.»v_f‘_::

';a valld tool allows one to make 1nferences based on the o

deflned as "the extent to whlch measu{ements are useful for

"-_'_‘-_'maklng ~deca.slons relevant to a gi&ren 'purpose" (Crocker* S

‘2) rellablllty of the crlterlon measure, 3) homogenelty of



s

y ":mstrument. o

~‘-“'::.”’-"validity such that validitY is 1983 than or equal t° the

'follows-, therefore,” when reliability decreases, validity

i ,'{l,does as well._ _

W1mm validity depends also on the use Of a hetero~

;‘estimate of the instrument's validity A heterogenous
. -‘-group, therefore, . would provide a better estimate of the
-. 1nstrument's validity as well as allow for generalization

- -,to a larger group

'mathematical relationship exists between reliability and

o 7_-_'square root of the reliability (Crocker, 1976) It

" genous sample, w1th respect to the trait being measured

. (Crocker, 1976) v A homogenous group leads to an under--' -

By choosing an appropriate criterion, . it is ensured

instrument's intended purpose and ability.._._.,

' .'that the validity coeff1c1ent 1s representative of the

Criterion contamination can occur if the individual

, 'provs.ding the scores on the criterion has knowledge of the

v-_'f-lvinstruments' observed scores._ This ty*pe of congamination

can lead to ‘an overestimation of the validity of the :

Crit%rion contamination can also occur 'if the 1ngtru.-'.'i '-

"tion prooess to make decisions affecting the valieation

. ‘estimate of the instrumentts Validity, L SRR

' "»."ment being validated was actually used within the valida--'.

o

.. ;process. This type Of contamination can lead to ‘an undgr-‘ o




' "_'reported the folloWing results. '. ;_

with these factors in mind the validation studie

that have been published and are reported below, haVe‘__

';. tend"'a to violate at least one of the above five factors. -

Literature reporting the validity of goniometers is

"‘iscarce.;* In fact to the knowle?ge of the investigato'r, f'j‘
L ;__;_',there have not been any studies published to date, on the
i ',_'validity of goniometers speCifically used to measure finger ;;Z

AR e e
jo:.nt range.- Studies conducted on other JOints have ¢

Robson ( 1966) used trigonometry to show that misplace-:‘ »

» ,ment of the goniometric axis could be reduced if gonio-:’f? o

X

meters Wlth long arms were used thus increaSing the '_ Q'ftv .

| ‘accuracy of the instrument. *' o

BaldWin and Cunningham (1974) utilized an experienced

'_."phys1cal therapist as their "gold standard"' when- they
‘__~v.assessed the accuracy of physical therapists' ability to
.measure elbow JOlnt range. | Unfortunately, the validity and
reliability of the "gold standard" was not first establish- '
L ed and thus their conclusion that the universalﬁgoni,ometer

i :'was not valid may not be legitimate. i s

In a- recent publication, -Miller (1985) defended the

'}-"vuse of radiographs, and stated that it remains the most‘
-“'.accurate method of deﬂermining joint range. - Only three
: studies to date, have utilized x-rays to determine the

B validity of their instruments...',_u

P - .
P



‘.:_’ments obtained from"x-rays. : Statistical_

: comparison wlth radiographs. : Enwemeka (1986) found thaﬂ

tained with a'_‘ hip-joint speCiflc,.,goniometeu 3 :with .measurﬂl

est’s . were not "

performed on the' 1 data. However, it was noted- that the:_

measurements were in close agreement. 'I‘heir findings aref
, 1rreievant however, as the .i"instrument they tested-"“is no

_‘<.: j. 1onger used clinically to measure hip joint g_ovement. ; Thef

universal goniometer is most frequently used.‘:

In two recent studies, Enwemeka (1986), : and Gogia et

(1987) . determined f‘t ? validity of the large univ"""sai'

goniometer for evaluation of knee joint range, through'

the two methods were B comparable except for the initial-'v

flfteen degrees of flexion._,"v He failed,_however, to note’-

the reliabilit}r of the joint | _measures obtained by the-

goniometer ..f high correlat ion.,

_.Gogia et al*\ g’(i%?) , _
(& 98) for the two methods% throughout the j‘-oi oy ange of o_

to 120 degrees. : Intra-teste '“":reliability coeff-icients were.
- available for the goniometric measureme:"ts, but _not for the'f
radiographic measurements" ‘ e

-,.

It is suggested by these two re ent studj.es that the

.....



Uﬁ.jfmotion measurem,ents.j Somnﬂresearchers (Hellebrandt Duvall

"*:i& Moore,h

’[fhdardizations werefessentiai for max1mum reliabilit:hf

if;,ﬁresearchers (BaldW1n & Cunningham,,1974: MltChell Miller &‘

1949~'Hamilton &,Lachenbruch, 1969, Boone.et al.,-v~-ﬁ

used standardized pOSi-;;”r5

‘-%1978,_Hasse1kus & Plautz,‘1931)rl

Ltions and instructions. TheYZmdintained that these stan-

7hSturrock 1975), dld not standardize their test pOSltlonS.g ;ﬂ?

CA

-f'fThey allowed their testers to use familiar test p051tions,j}ilii

/“

B

:gthat were normally used in order to replicate the clinical'35”

| Ideally"Standﬁfaized p081tions 1mpr0ve the rellabil-'ie;ff
iity of the tool._ In reality, clinical c1rcumstances do not;,fff
‘i?always allow for their use.. A compromise suggests that al&?fi

r

;fj;standardized position should be used whenever.pQSSible.haf?ff,‘h

- ~f}D. SUMHARY '“jF_dvj;;av:fif$i:f*“ﬁ'~[~7ffff;}f Hﬁﬂﬂ.f?,rr S

When the need for tools to evaluate j01nt range was5j?TJ

” Do

'531first recognized . numerous joint-spec1f1c devices werejgihfi

'uf:developed in a short period of time._ The majority of theseg_Qﬁ:

'iﬁdevices became obsolete, not as a result of scientificﬂf"

{7ViEj>ting, but due to inefficient operation, handling diffi-f_fff

‘,culties and 1ack of durability.- The few devices that didgf""*
-survive have been sporadically tested over the years onft<7”

gvarious joints, bUt the question of whether these deViCES'j‘:é

'V;fkdisplay qualities of validity and reliability has not beengni‘L

"“giﬂadequately answered.‘ This issue appears to be of littlefﬂff”




: 7§{7f}concern to the majority'of health dareﬁprOfessi°nalsf"h°;
use these tOOIS, with perhaps false" confidence,';'

"-Vf'bas1s.l..-*ﬁnfv”“,

Instruments used foy;eyaluation should exhibit certain‘

'3ftelements.~ These elements

are - reliability, v ’_;,_"j’

’iff1986) y;Of these factors, reliab'“ity anﬂ validity are theﬁﬁ

. .mos‘.; 1mportant. ‘ Fess (1986) stated that the reliability of}

o Gogla et al., 1987) establishing validity ofth

“'7flgoniometer on the knee,.bothbwfﬁﬁ'miggfﬁféhltéf

“L"viously descfibed), so ther”

Jrevem L

demonstratad.;need-bfor;;

.yﬁ.validity s;udies on other jointsa g];ﬁ=;.:;~

The one study that assesseq'the reliability of finger[f“‘m

i l~i- Joint range measurement with goniometers (Hamilton




";;:meters are required forhv

r“,f’related movements from,tendons of two-joint muscles,”"

”ﬁible., The 1ong axes of

v

In addition fx'mders 'teﬂ‘i'to ,be hypersenSJ.tiveq whén

n

Ar[*injured and are.- thus difficult to assess.; cOmplex 1nter-”“

: C e :
'ﬂscarring,_enlarged and malformed j01nts, JDlnt dev1ation,_i_ﬁg

'f'multiax1al moVements, dlfficﬁlty of stabilization and force h';l

“f'on bony segments and 1mmature‘§bunds are all ﬂactors 1istedf“‘N

,f'by Hamilton and Lachenbruch (1969) which could affect .

:eresults when obtained by goniometry._‘~

: Q Age, callbration, handling, maintenance and envxron-'f'

e

fmental conditions may also 1nf1uence the measuring abllity
ef_og assessment instruments even after they have been proven i'
‘T’valid and reliable (Currler,‘1984~ Fess, 1986) i _' 2 &
g Ultimately!‘what is required c11n1cally, is for each
:5’health care professional who utilizes goniometry to assess
iiqfinger 301nt range, to be able to demonstrate high 1ntra-;ﬁ
rater and inter-rater reliability on validated 1nstruments{f
appropriate for their user As well they must be able to
'ifaccurately record their. measurements and measurement
.tfpositions so that other health care profe551onals can

'fjreplicate these measurementsfi When these conditions have







HLTERIALS AND HETHODS

";j‘A INTRODUCTION 4*,“ﬂ_f}w4xr fhﬂfﬂgfﬁf{?gpy 3

T

o Prior to the commencement of the validation stpdy,_'_ﬁﬁ,g
*ﬁ;fftheraplst'reliability study was conducted to determine thefiffi
”Tgfidentity and reliability of the therapist that performedfﬁféf

'sIfthe-measurements for the validation study. A pilot study to;f’i33

"&confirm the appropriateness of the methodology and.;to”jtfi?
:fwjdetermine the reliabiliq|pof methods and materials used infﬁ.**
”thfthe study was performed.- The results of these studies weref4}33

‘_7tabu1ated and con51dered acceptable prior to the commence-7

"’k_j-fment of the data collection for the validation study

s The materlals and methods for the thef@blst rellabll;*gfgi
i’ity Study and the p11°t StudY:Q‘are presented prior to thesé};j
:iﬁpresentation of the materials and methods for the valldafiéfWi
"J*'jtlon study. 'I!he order of appearance is Tas follows'- 1)

| thherapist reliability study, 2) pt&ot study, ;) valldatioanf;t
H:';;;study. .:},,;.,,,u”,. L » » : Ll

THERAPIST RELIABILITY STUDY _ v ‘ ‘
| The purpose of the therapist reliability Study was toT:,
”select the therapist who would measure ‘the joint angles fqrf"“
Jthe validation stuay.,,”'f& | ': e a
v Five therapists and five subjects participated in {hel _
:fijstfreliability study The experience of the therapists, bothi afﬁ

" .

. ;,.‘ 24 :



in : general practice, : and with regard to '."the ir xperi.en

d nine on tne PI2 Jolnt) on each of the £

five subjects. j ?he visual es\timate was perfonned first /

‘~._'.:{_.f__'.'£and only once, ‘on ea°h~j°i“t‘..{

. :done with the otl:xer three tqols' On both_ f-’jOints..;_.,.
: \. i : "; .
universal goniometer was used to producev E

-,.':measures on each joint. : 'l‘his goniometer was used to test-f

R ﬁ;-, f



o ‘PLA'TE.’ 31 : FingerPosition Upper Hand (nght)‘a':e Together
. R 1n one plane, Lower Hand (Left)-ff--Separated

Yoo e
IR

PLA’I‘E3.2 F‘inger ép’lih’ﬁ"h : adap"ed for "-'use and bent to a
D et specific angle R - .




- wag used/ in: the calcul@t‘ions.‘ :I'hese coeffic:len""“
: 4'»resem‘ted 1n Table 4 3. ‘€ : L d

3

From the results of the «th,:,f’apisareliability study,\

fone theraplst was chosen who subsequendly particip‘ited ins
e the pilot study.u,_.. S R ,

' 80 that medsurements could be takan from them




- ,' technlcian

A «
".h .

nfd}l. The form deV1sed to .stablllze the testing' p051tlon
| .fwould perform its jOb without hlnderlng the actlon ofw'h'w
»the theraplst or the x-ray beam._'. | | | i |
‘4.,.lAdaptat10ns made to the gonlometers for bllndlng pur--"'s

| poses would not alter the measurements 51gn1flcahtly

'?8;]:*

e 5.'r;The measured angle on the goniometer would n@t dlffer:-f

h_flf v1ewed 1n place, or removed'from the,f;nger-to.be

v1ewed.

.6; idThe theraplst recordlng the measured 301nt anglesQ

Zwould read the same angles on the gonlometers as the:lf

: - S I
?RVbllndéd theraplst measurlng them. ‘

7;_‘ Alterlng the pos1t10n of the forearm and hand used in

"the theraplst rellablllty study, to the p051tlon to be ngnl

”“7.used in the valldatlon study, would not 51gn1flcantlyﬁy;.

-9

'vjalter the rellablllty of the theraplst performlng the '
,measurements.- ' T

',Qé' - The hands of three subjects were x-rayed 1n the pllot,_"

study The x—rays were examlned by thé radiologlst andff'

radlology technlclan to determxne 1f 1) a true lateral x-'

ray of th hands could ﬁ%ﬂ%mhleved, and 2) that the bones;fa'm

23

of thé thlrd flnger cou d Ee dellneated qp the x-ray w1th'

1

confldence.- :'7ﬁ ' fﬁdf'jf -

o

, determlned whether ~the .~

T

Dlscu551ons b_'ween the 1nvest1gat°r’ fthe‘ x-rayhv”‘v‘



The fourth assumption tested was that the goniometers? S

blinded would measure the same angle unblinded.¢ Only'thedfigyz

.universal and dorsal gonlometers,; when blinded were’

* altered from the state they would normally be used in}fi.'r

'h: clinically, so only these two goniometers were tested."

The dorsal goniometer was blinded u51ng a!felt hood toV“”"f

) cover the protractor portion of the goniometer (see Plate;”'

1;4X. ThlS hood was taped 1n place when in use.: Sevenﬂ*'E]'

. angles were tested w1th the dorsal goniometer blinded thenw,i,;rf

- unblinded "on both the MCP and PIP ]01nts.._ Interclassizb”

,':correlation coeff1c1ents Were calculated for the MCP andf‘

PIP jOlntS combined

The un1versal goniometer was 1n1t1a11y blinded_with a}i7};ﬁ

foam hood. Six angles WeLd tested with the universal-;:fg}'

goniometer blinded then unblinded on both the MCP and PIPfifmi

jOlntS._ The reliability coefficient (ICC) calcuuated usingg%af‘f

thls method was unacceptable and non-signifid&nt so AE

second method of blinding for the universal goniometer wasff'

tested.v The universal goniometer was then taped on one:ft'““

o 51de. This method of blinding is shown in Plate 1 1 and_."_l"':"_'__:_«"i

Plate 1. 4-, Eight angles were tested (four on the MCP andf; i

four on the PIP joint), using the second method of blind-fifwfﬂ

1ng.v Interclass correlation coefficients were calculatedﬁlp;

on the MCP and PIP joints combined. ;,n!j:’fff[f**ﬂh”

The fifth assumption tested was whetherx

measured on the goniometer would be equivalent,_f'




place (alongside the joint),'or removed from the flnger and

'3 read. The universal and dorsal goniometers were tested

;F-" Three angles for the MCP jOlnt and three angles for

fthe PIP 301nt were measured for both the universal and
dorsal goniometers.w Interclass correlation coeff1c1ents

were’ calculated on the MCP and PIP JOlntS combined. te'

-4 _.{‘

The therapist (PT2) fresponsxble) for measuring the

:'.]_angles in the 'Validation study' was blinded so another

v\were allowed to measure the JOlntS 1n whatever po"

[

therapist (PT3) read the angles from the bllnded gonio-

’meters.. To determine lf PT2 and PT3 would read the same

angles from the universal and dorsal goniometers, eleven ."

jangles were read on each of the two goniometers by PT! and

fhPT3. Interclass correlation coeff1c1ents were calculated

The five therapists tested in the reliabillty study

\

gthe olecranon process resting on\the table, and the forearm

perpendicular to the table..-. Thls pos1tion was not

3
:acceptable for the validation study however, as it would

therapist measured 51x angles on the MCP and five ang'es

3they wanted to.a They all chose to*measure the iBin s w1th -

N

_m

"1 on the PIP ]Olnt for both the universal and dorsal go 0=

- meters,‘in two positions. One positiqn was as descrlbed"

'"7fother position had the forearm resting on, and parallel to,}_"

_above, with the forearm perpendicular’to the table.u”The

’

A
.rv B .. ) R . -

v
M

' have necessitated a: change ‘of - han pos1tlon between the;”'

'goniometric measurements and the x-ray, so .the chosen Rt:ff,



o = :
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f the table top. The two positlons tested are shown in Plate

i 3 3. Interclass correlatioﬂ coeff1c1ents were calculated
':‘:"{? for the MCP and PIP Joints separately.~ S CT '-":4.
}3 : - { ) ) o




.'}ﬂhlstory

D. ' VALIDATION STUDY. ~ = ' ... .

i ) ‘H

The subjecis.wereﬁquestioned to determine 1f they had anyf--‘”

yensure that they did not display slgns of nor complain of d

*symptoms of pain, loss of jOlnt range, crepitus, swelling,yj

: musculo-skeletal congenital or: neurolog1ca1d~

né;‘lnsult to elther hand The subjects were assessed to}f isl“

'"‘or ligamentous»instability in their hands.~ All subjectsff”

ywere .given an 1nformation sheet and 51gned an 1nformed3‘

-'consent (Appendix A)

Volunteers were excluded from the study if they were*ﬁf;ff

‘pregnant dld not fully COmprehend the purpose ?éndfavff

Ki

f-associated risks iof the study,. or were famlllar with"p"

‘goniometry. .wwi,"n.lz«;x,;~--"~-~'

The thirty subjects were evenly distributed into threefjﬂ

v"male subjects in each group.r The subjects in one groupm )
'jwere aged from 20 to 29 years,rln the second group, from 30{I:. |
fito 39 years, and 1n the third group, from 40 to 50 years.‘ B

:i;iThe purpose of the distribution of subjects 1nto groups,ﬁ;ijﬂ

"Tiwas to ensure that the sample was heterogenous and repre-'

”;*sentative for age and sex of a healthy adult population.ff*,fvﬁfi

L ‘7groups by age and sex.; There were f1ve female and flve“vﬁ"

-

A 1arge heterogenous sample would support a recommenf‘f,ffﬁ

i dation of val "nstrumentation more readily than a smalldr-



..f'instruments,i ethically, , the fewer subjects exposed to

L ':i'for the above reasons.

ample would (Crocker, 1976) However, as measurements‘-

ebfrom x-rays were used to determine the validity of the‘;

| "_radiation the better. : Thei two recent studies that des--'-_’f:__,

R 4

'cribed the validation of the large universal goniometer for_fi_;':-_?r"': ;
the lgnee j

Jé,uz-s"df}i:en (Enwemeka, 1986) and thirty (Gogia-f'_.‘;

W

et al,,, 1987);',sub3e$ts. _ A sample size of th;lrty was testedl

Three' thera s_~ were needed to obtain the measure-\l_?';?“'

-»";-‘ments._.' One therai:ist (P'.l'l) fixed the testing forms (one'-‘_"f‘«,
o ffor the MCP and one for the PIP) to the randomly pickedj ;

"angles and secured the subject's fingers in the forms. 'I'he."

v ...sécond therapist (PTZ) determined the fixed joint ranges of‘j:‘:'

g ""-‘each subject using the designated tools and methods. 3 The

5 third therapist (PT3) recorded the angles from the blin de d:.!'

" v:goniometers and the visual estimate. R i
The sélection of P‘rz was based on the composite intra-i_-l,}”‘
'lj'jrater reliabi]:ity c0efficients (see Teble '4}“4) IIGChievedfv';_‘ :_,.
7,_during the therapist reliability study, the results of the'_

-,_j:.;:(_'l-pllot study, and interviews by the investigutor.

One x-ray technician, as operationally defined, was

responsible for produc.i,.lg | a].. by



EERC I

"informed consent and arranged the appo1ntments.‘f"'

One radiologist from the Radiology and Diagnostic

Imaging Department of the Univer81ty of Alberta Hospitals,

. was responsible for ensuring the joint angles on the radio-ljﬁﬁfl

graphs were determined correctly.ih'}a’f;}ffﬁﬁf?‘fﬁéel;ng*T'*ﬁ'"‘
-?TE The 1nvestigator performed the duties of PTl and

ff{discussed the study with each of the subjects, obtalned the Mﬂff”

4

‘..

S

| The three goniometers used 1n the study were new and

hpf;were tested for reliability in their blinded and unblinded .-.;,

i:state _ The goniometers were not used for general clinical

bfﬂpractice until the completion of the study.; The axes of
”tﬁithe dorsal and universal gonio eters were‘ suffic1ent1y _
}'ﬁtight to ensure that a selected position of the arms were_ijy‘d
i maintained against graVity without manual assistance.~~"ﬂ
A standard engineer s protractdrl as shown 1n”P1ate‘ﬁ:”d?

“~l3 4 'was used to measure the angles on the x-rays,»and on

!

‘:}'the tracings obtained from the flexible goniOmeter.ja?:Wf"L7

The goniometers and protractor were validated against
t

angles of known accuracy.f Computer-generated angIes were

:Zf produced for every five degrees between 0 and 110 degrees,kat‘"
:Q-and ten othe: randomly chosen angles.‘ The accuracy of the

”lugoniometers 'and the protractor were 'then Verified with

u" \)

'-ffthese known angles.azplate 3 5 shows the protractor placed

A gEor

&4
4§heet of 30 degrees.




PLATE ":3;‘.;'4» Protractor used in thefstudy, with a ‘IfiA ‘teen
‘ centimeter ruler for scale’ = - RERRUEET




f'f5were adapted from aluminum finger splints by remov1ng the;fi“7

: ?foam{ These splints were then bent to randomly a551gnedfagf'u

S 1atera1 x-rays of the subjects' hanFs.

ray room for the entire procedure...‘

The forms used to maintain the desired jOint p051tlon"gf”it

'“angles by PTl, and checked w1th the un1versa1 goniometer to;’
biensure the desired angles were achieved . Plate 3. 2 showsmfh’"

*kthe flnger splint adapted and bent for use 1n the studY fififi

)

TEssentlally,_ the forms malntained the position of the

: j01nts to be tested : but dld. not 1nterfere W1th the4_5i.“

measurements nor the x-rays. "

Each subject had two spllnts ohe for the thirdff‘

:vfinger on each hand The spllnts were not re-used on other.ﬁf
;;subjects._x Adhesive tape was used to maintaln the formsp‘.'""
gisecurely in place on the subjects' ﬁingers‘ ﬁ_-;"f“ ,.

: A three phase General Electric x-ray apparatus w1th a.] us,

“set focal film distance of 44 inches was used to obtain thei'f"

\\ '. | / ., .

Ld

4

One measure from each of the four methods was obtalned‘

ff‘.on the MCP j01nt of the &ong finger in one hand._3 Onefr:ft
f;:q'measure from each of the four methods was obtained on the dl'

;fPIP joint of the long finger 4n the alternate hand.f PTZVfﬁ«f?

l

Lobtained these measurements and PT3 recorded them.m Bothiitgif

.hands were then x-rayed. : The subject remained 1n the xe,ij3j:

'),‘

Ty

T



N The four methods used were 1) the universal goniometer =
, 7

'tc one degree accuracy, 2) the dorsal goruometer to one f-‘

~-‘fdegree accuracy, 3) the flexrble goniometer to pne degree

1 "_Al_accuracy and 4) a v1sua1. estimate to th? degree oﬁ accuracy
CoLTh - SRS

g P’I‘2 felt comfortable using.~ The degree of accuracy was not

standardlzed over the four methods o as in effect» it was the
w ;u

_"method as . well as the instrumeﬁt that A was being

p

"‘-.-.:.-‘valldated U51ng each method as it 1s used clinically g
_prov:.ded a more approprlate representation of its accuracy
' The universal gom.ometer ﬁas placed on the lateral
ot

" " aspect of the rad:.al s:Lde of the third digit to obtain the

| :measurement of the PIP Joint._ and on. the lateral aspect of

e -.-_-the radlal s:.de of the second: dlgit to obtain the measure-'

:ment of the MCP j’oint

‘I‘he dorsal goniometer was placed on the dorsum of the

thlrd dlgit when measuring flexion ranges of the MCP and
PIP Joints,‘. and was placed on the palmar aspect of the

?thlrd digit when measuring extension ranges of the MCP

\»".

| ';"-"j01nt.~_ R

The flex1b1e goﬂometer was molded to the dorsal

'._aspect of the »third digit when measuring flex:l.on ranges of .

i the MCP and PIP jQSnts* and was molded onto the palmar 3

s

'v'”_f-vfaspect of the thirci digit When m] suring extension ranges

“ of ‘the MCP jOint- !

When flexion ranges were measured_ th, otabilization

/




_;7?'measurement of extension ranges, the stabillsation form was ﬂ”k;i
'fﬁ, applied to the palmar aspect ofrthe digit _“‘.' vp‘.
o In order to minimize systematic error 1n the s’tudy
results, the follow1ng measuref were taken.zl) The order of :VK '
the joints tested (MCP, PIP), the order of the method used‘f.':A
(UG, DG, FG), the hand used the jOlnt angle measured andgf'M
'} the subject to the procedure,_were all randomly a551gned.'gsf'd

: ) RN
2) The v1sua1 estimateowas always the flrst method used of NN

' 5_'the four to: prevent biased measuré@ Thgrrandomized order L

b-_of testlnq, and the randomlzed angles flxed on the forms, ‘"fsf
‘-'are presented 1n Appendix | R

The finger tested was the middle or. 1ong finger. Itfﬂ:U”U

vi.;was chosen to represent thev"worst—Case" scenario,- This‘ff-*

ﬁm:representatlon was /due to the lack of acces51b111ty of thef

3 Qfmiddle finger.,. It was assumed that 1f the valldity was:ip"“

”ihigh for nmasurements on the MCP and PIP 301nts of the,g
”E:mlddle finger, measurements on the, jOints of the other;-;:'f

;;fingers would also have a high Valldity, ST

= Du to the large temperature ‘dufference fbetween'r?kj?
P } .

o outs1de temperatures of‘an Edmonton autumn and temperatures BE

o ffifteen minutes immediately prior to testing

‘ftffdesignated for testing During this time, the,forms we e

”_1n51de buildings[ the temperature of the hand was all‘wed@i_fg

1
Q

ﬁpositioned onto the fingers.; A reVIeW Of _the literature

R SN



shows that waitin"'f""& period of 15 minutes prior to testing

— ;f:"has been used frequentlyl ":'hut 3ustification for doing so

'Joints tested was standardized fwithin limits for all

o measurement’a

R ,":.proximately'- thirty degrees of flexion to allow the neutral

U sl ightl '

- /.
forearm té rest on the surface of the x-ray table. _4 The

',L“—

: comforéé_ and to facilitate positioning of the forearm in , ', .'

neutral as the x-ray table was high. g A neutral forearm

R "’?s required for a lateral x-ray. The wrist jOint was also

;"emaintained in neutral. ; This position allowed baIanced

tenodesis action for all finger joint ranges ‘tested, by

_ : :_‘:_fwas to replicate the

preventing’ a resting-length insufficiency :rom '-‘eccurring
'. f.(Cambridge, 198?,).-‘; The position used by the subjects in
.'the study is shown in Plate 3 6._._; - :

The complex, inter-rézlated movements of the joints and

AT

muscles prevent achievement of maximun . range unless the

"fingers move togeth‘

}As an important goal 'oi’_ the study

\clixiical _situation 'Aaﬂ"closelyu : a |

The elbow joint was positioned in ap-

A flexed ’Position '@of the elbow was chosen for .




the x-ray, and due tb P'I‘z's results in’ the reliabllity' v."

‘fstudy (see Table 4 2)

v,

:'.\.is desired - o " (RN e o

- gl

“ the fingers not being tested was not as much 'an'--f:.ssue for-"_"'f

- {the study, Aas for cllnical s:.tuatlons where maxmum ranget'f_

ﬁ Although the preferred method was for alll flngers to L

.Separated to allow clearer definitlon of tﬁe th&;:d ray on":’: SRR

/ .

[

s : X . P . T R T A RN . . N
. ) R ) e . e . o
. .
vy " \
. - —

,PLA'ij-'_S_;.‘;"G subjects! position for: the.,study L Ce

'."‘move as: a unit the method chosen ‘was. . with the flngers-f'_',

<\.S-.'.“



LI . R B

Usmg both hands rather than just one, allowed ,the

”"""--lfinger jOints not being tested to assume the maxy__'_',:_ ‘oose

packed p051tion.’. ‘ The MCP joint was tested with the PIP'

':‘ .and DIP jo:.nts 1n the max1mum 1oose—packed or resting

1 ‘:‘,pos.ttion..; The PIP joint was 1ested with the MCP and "DIP

301nts 1n the resting pos:.tion. b The resting positi};n for

;,all j01nts of the fingers is slight flexion (Kaltenborn, :

Clinically, the position ot the joints of the finger, y

other than the one being tested are varied depending on B

the subject the reason for testing, _ and the condition of

';\;”"those joints. The resting position, for the nonhtestedj:“:_ e

'ﬁ*\finger joints was chosen so as to allow this procedure to;_;-l:.;

s ~

"_be used with various dysfunctions ' .where muscle tightness.;‘-

,._;may be present allowing direct comparisons between thisjf:.'

lly.;_,,_. an. range of motion for th-
"'fsiderably variable,

joint cou f ke a5 m [

o important e



(/‘ .

P

'motlon seiected for the PIP jOlnt was 0 109 degrees of

-y

’ f'flex1on (Camﬁrldge, 1984) J;f- ,_~yw;a3; 'gff;@
The total range of motlon selected was sub-d1v1ded B

‘v;‘-"‘,mto groups to ensure that the an%_fs tested Were dls—"-"z SN

S =

@“Etr;buted evenly throughout the range.,i The actual jolnt

aj;-ranges flxed on the p051tlon forms was . determlned;through

'f.iexten51on through neuﬁral and up to 89 degrees of flex1on':ni?

P

‘ﬁT;_stratlfled random sampllng, and varled from 13 degrees of

S for the MCP jOlnt _and from 0 degrees of flex1on uﬁ%to 108-”
'degrees Qf flex1on for the PIP 301nt. The angles chosen by

”’*'thls method are presented 1n Appendlx B.".'

"".'
vl

hiRellablllty .f";.;f_ifj‘

i Intra-rater and 1nter-rater rellablllty coeff1c1ents..,

N

"_(IC%L of 301nt angle :measurements from the flex1b1e

'ygonlometer trac1ngs were ca}culated ertten 1nstructlons

»1,-'

~@tplus a-. demonstratlon of how to obtaln MCP and PIP jOlnt

" measurements from the trac1ngs were prov1ded to the

F"

‘”tﬁgraplsts performlng the measurements. ' The theraplsts

t{were 1nstructed to<draw two llpes on each tracing (one for
hat.hthe prox1mal bony segment and one for the dlstal bony
‘-segment of the 301nt artlculatlon) that would be represen--“
ltatlve of the long axes of the bonesqformlng the jolnt.pgnftlf'f

| One repeated measure from twenty tra01ngs were used to;l;.h‘

sﬁ’determlne che Lntra-rater rellablllty of PTl.hf"'f




{',}}coeff1c1entsft‘d

dfffgraphs for the rellablllty stud a

fFour 1nter-rater reliabillty coefficientszﬁ
i(ICC) were calculated —'PTl wlgg PT3,'and PT1 with PT8; for;ji_
.both the MCP and PIP JOlntS. <§j}‘;jt°jﬁgb;§ng”'f.rf:@dh?1j7"
‘ Intra:rater_ re11ab111ty coeff1c1ents (ICC) 'd£ﬁkh
,tiimeasurement ofixhe angles on the radlographs were calcu;?

’fllated for PT1., Measurements of the joint angle on fifteenlfl7ﬂﬂ

’”'MCP and flfteen PIP jolnts were repeatedlon fifteen radio-;f}jf;f

; radiographic jointjffg;i;

h“jilangles were determlﬁéd by flrst deflnlng the outer marglngg!dafil

:'”ffof the shaft ot the phalange or metacarpal in two locaﬁﬂi“'T

;vfftlons., The mld—p01nt between these outer margins was then?_ﬁx_g

';i'lcalculated.H A llne drawn through these two mid-points was:ﬂ“‘.:

3fﬂextended beyond the bony marglns.- The protractor was used?ﬁ7'
¢_.'.v 7 ; B ’
“to measure the angle at which the lines for the two bonyg%

\._v

B

oy

153f: ETHICAL CONSIDERATIONS _.Lfff}“;;*fﬁffﬁ &Z{&”w7 R




'fgfﬁi)iSuperflcial injurles.,fji" Dot e '
- 2). General: effects onh the body, partlcularly the

- t}on of anaemla and léukemlas.“

obesity, impaired fertlllty, and reductlon 1n
yl;fespan..'w. R o
Genetlc effects ".:,ggfggs-‘

+

‘blood -and ‘blood-forming. organs, e. g.!Produc-'*3ijafﬁm:h

i-9",‘.*'1‘his list still remains a reasonable representation of'{dﬁtgf

C the harmful effects of 1on121ng radlatlon w1th the excep—jhffz”'

c tlon of obesity a.nd a non—spec1f1c reduction in 11fespan'_"v.’,v"f:_';jf;

ﬁ'V'(Thorne, 1987)

In 1977, the IRCP further cla551f1ed the effects of;" |

-

??j?f';i5:effects.; Upton (1937) deflned stochastlc_ effects s;g"

”?"probaballstlc phenomgga whxch have no threshold and whlch“

.l” a4

E ~0‘} : r"'z

. A

5-*yy'$;?sever1ty wr;h the dose."-ff“tf_tf,ij,if; | ‘-J

o J}’P”

""“_1onlz;ng radlatlon 1nto/ "stochastlc" and non-stochastlc"lrf*"

.f;grjﬂfﬂivary 1h frequency but not in severlty, w1th the dose." Hejf}ff?
tﬂiﬁf;fi,deflned nonjitoéyast&c effects as "determlnlstlc phenomenaitif“ﬁ'

?“Wthh have th§QSholds and vary both in’ frequency and 1njftggf

Stodqﬁstlc effects,_ then, ‘1nclude, cancer and theffi S

f»if; 1nduc§f@n of heredltary 'effects (mutatlons,: chromosome5f;5;tj

_ab ratlons, teratogenic effects) 1n the descendents of theraﬂw

,Iiiradiated Ind1v1dual (Thorne,,1987 Upton/ 1987) L

;'~g”' when radlation is used to make health care decislons,;ly-'

- S

7‘?(1n order to attain a level of minlmal rlsk w1th maximumf9f

A N

e

.kaeneflt the IRCP recommended a system of limltatlon of the'f}ffiﬁ



-'i‘-__fsusceptible to radiation damage. The extremities are

generally less susceptible than azz[e the,_ m’ore oeritra

radiagion-.,{"dose, | This syste,n

w‘orkers, ,'_ As well suscebtiblllty t° these':v' stPChaStici,! ; :
- effects vary with age and ar.‘e typically higher in chi}.dren'f-_-f.’_.

th&"" in’ adults (Upton, 1987)“‘ Certain tissues are more':""

T b

\" ‘4(.,.2 e

tissues and organs (Thbrne, 1987. UPtOn' 1987) ey

;and medical exposure to radiation.,_ The ef fective dose_jf
"{Edmonton v:.cinity, aq e%timated by the Radiation Protection"w

: :_,,._;;'.;;1.1987 was approximately 1 5 millisiever‘tﬁ (l‘ﬂSV) per year-"'

hi;i?;fﬂi&{zst7e

- The majority of. the total annual exposure to radiation"

Per 1ndiv1dua1 oocurs due to natural backgrmmd '_radiationf_f_fjf L

W T

S in the .
‘"-._«'VOfficer fromfthe 'University of Alberta Hospitals in July of..‘

..‘

(Trask personal communication, July 22, 1987)

i "rh '
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'1,1984)

;Jﬁ}}result of partlclpatlon 1n thls study was so small as to be i

Sf.rlncalculable._@f;fgﬁfi;yn_5jn”j]‘:f_iigf~f”;ﬂ:i;{f;ﬁff'fuf 1*
Two of the exclusxon crlterla dealt speclflcally w1thf:€f B
:;the 1ssue of radlatlon exposure so that 1nd1v1duals notrf?;gt

”aﬂ'comfortable w1th beinq radlated were not ,accepted asiﬁéﬁfﬁf

-

Unfortunately, the x-ray remalns the only true methodt

e*ér of determlnlng the valldlty of jolnt measurements taken byff;ihiﬁ
”fagonlometry : The pauc1ty of 11terature 1n the area and the;
;u;w1despread use of gonlometry cllnlcally, Justlfled the usef o

o s of radlatlon on human subjects._ﬁj»

e
(38

-

| "fF}w DATA ANALYSIS AND PRESENTATION fag’;qij‘*ﬂj7-:vj_ f;{t‘-'"

Criterlon-related va11d1ty, for the purposes of thls“-

}vstudy,,was deflned as “the degree to whlch scores ‘on oneef;;'r

‘allnstrument are related to those 'on another" (Currier,;fgfhr

,.-0 .

——e

Vcorrelatlon coeffic1ents have been calculated to show the{hffﬁfﬁ

L3

- ‘-,.'relatlonshlps that are present between each of the four
t;methods 1ndiv1dually and the x—ray measurements, for both”dffihi
5'the MCP and PIP joints. hﬂa _' . : = |

Two single factor analyses of varlance have beethf’

.

7k77ca1culated to determlne if there were anY 51gnif1cantff}fff~

differences between groups._ff-7

Pearson r correlatlon .coeff1c1ents :and interclass*,ﬂ],7f



g

f1Y meaningful results._
r:fffdegrees that 51gnif1ed the amount of error that was likeiyﬁqi

vvffffto occur with each method ,f“““ “”'N
{_v-_-:based prrmarily on the Icc validity coefficient and the.'-:_ij.-‘;_.
jiffstandard error of the mean difference scores was made“"
if%fbility coeff1c1ents. f
”jcoefficient and the standard error of the mean difterenceﬁt

‘1'5dscores were those found in standard elementary statistic,'r

Th{sftechnique provided’a,value in

A recommendation of the method to use clinically,

The interclass correlation coefficient was also;used,f@ e

#

‘r‘,ﬂto compute the required intra-rater and inter-rater relia—jf}ﬁf

':“‘ N

*f”“hThe' equations used for the Pearson correlationf]f:

’Equations 1 4 from Bartko and Carpenter (1976 ) wer

:“5Q*gju8ed.toﬂcalcu1ate the interclass correlation coefficient.: i

: v;;'s1gnificance.3; Where ;tﬁe siqnificance was greater thanj?

3?f11ﬂ0 05 this level cf significance was reported., f:;:*'l%~f'

“xtmeans, standard deviation and standard error or the meanf

The data was examined at the alpha level of o 05 forii

: ﬁ Tables of correlation coefficients'ﬁf” 4’ ‘table

-*.l‘difference scores,":Mﬁw'”““' L

'-ﬂg?joints. s ;e?"“"”":* T'“"“ th



Five therapists and five subjects partmlpated in the j:»f-;.;.j;

theraplst reliability study. The experlence of these fivel,:fiv

R Table 4 1. = 'a

- _..._.- S ¥ J

theraplsts, hoth 1n general practice, and w1th regard tQ

, thelr experlence measurlng fxnger joz.nt range, - 15-,.110_..ted1 1‘?" R
) O Cl EIND IR

TABLE 4 1

Experlence of Theraplsts 1n Rellablllty study

o Rater L 1 S Expet@ence g
LT e (Years)-

ST vf-ff}ijINGER JOINT -
GENERAL -+ RANGE MEASUREMENT

The five subjects used 1n the reliabllity study' rai' 2N
in age from 22 - 50 years of age (mean age 30 4) Threef"_‘f;"."‘-'»f-v'-":f :

"'."'.,females and two males were ’tested. - : L é
The ICC intra—rater re'liabillty coefficn,ents calcru-".; e

'_',;..I:’.vlated for the fiVe therapists,, for the three methods,i On"_‘.‘.; »_ '._.

. both jo:.nts, are presented 1n Table 4 2. SRR

""1348

-“ : .




_7The Icc 1nter-rater reliability coefficients callft

’“Q lated for the five theraPiStSr f°r the f°ur methodS,

i:fboth 301nts,.are presented in Table‘4 3.;w

The compos1te reliability ra 'ngs calculated for e 'h‘

ffof*the five therapists ar@ shown 1n T_ 'e 4 4., Rater 5, asr

i'4}2 and 4 4 performed theﬁ tasks

"f.f?noted in, Tables 4 1

'“r*a551gned to PT2 1n this studf

TABLE 4 2

ter Reliability Coefficients

Interclass Intra-
R _ in Reliability StudY

Of’Therap-

“o 987};_.;0 921 m.,f~o 980gy_ o
0.918 . " .7 0.902 " 0.960° .. 0.9
0:893. - °0.794%*% 0, 944 - 709
0,941 - . 0,658% ?go 980 0.
o eszfgf~bo;957;‘v ‘go 988; 0w

‘0. 9450f:~§o 611* L0, 972&%:~;g;v__ R
0.948 " 0,943" -f.g:o 947 . 0.884
J0:751%% 0.922 . 0.852 0

| 0.947 . o0 828** 0.925 . 0,969 .
“'_ 0.939u.u 0.927.. ﬁf?95° 852 . 0.909

B2 B

.xuiela&{e“:ajj“g_,_H_ggy[‘fﬁjﬁ {

fvg»All values are statisticallyisignificant at p < 0 01 except J
’ *k significantuat p < 0. 05).;53,

AR 1 : ~+/go 'ju fiﬂqers'“
_Q"?,together,'” ;quniversal goniometarg-yfingers part,ﬁDG
'-f'dorsai goniometer,:PG ~. fle 5




‘"TAll values 81gn1f1cant at p < o Ol.t,.f-'“

,Coefflilents iﬁl"

*5;~ﬁ¢P’;?} o 606 'F p 799ﬁ*'=ﬁb;784ffﬁ;”¢;gg4f§' 0:933

f5ﬂ__Pin?rr' o 480 s o 838 Tb}ééoff*ﬂ{o;ggg7.j'ro;950f5;fg

jl]AbbreV1atl°n3'; MCP . F metacarPOPhalangeal PIP prox1ma1f_,jfff
,interphalangeal VE < visual ~estimate, UGT - universal =

'5ffgoniometer - fingers together, UGA '~ unhiversal goniometer_gﬁyf :

. fingers apart DG = -dorsal gonlometer,.FG - flexlble g°n1°_lt;;1'

S meter.* Tl

"f' TABLE 4 4"

COmposite Rellabllity Ratlng of Theraplsts

© % ein Rellablllty Study V"-*.n—«-“‘:ﬂif;ftlﬁf;

p .'g E 'A3

 Rater . - . 0 R,évl'i,-abf_il;‘ii:‘y{v-Rgii_ﬁg o

_~'§ T e T




- B_,__.-' PII.O‘I‘ s'rm)y

”*ﬁtiigreater than 0 éb”

. v‘: v ray Wlth Confldence..- PSSP ,‘v L

T?’{}beam ‘in anyﬂgmanner,l and dld not allow' movement of theffl:fgj

"°F*fthe dorsal goniometer, ii blinded and unblinded states, forff
1 “f:ithe MCP and PIP j01nts combined was ‘0. 982.;,.'w IR

'"3”n'?meth9d of blinding was devisedf
'%“{ff{the universalff'

“ﬂh[;ﬁcombined.vv

| The results of the assumptions tested"_" in the pilat
dfi3study a%e presented below.u‘A;validity coefficient equalfdr

¢was the minimum value accepted.ﬂ_;ﬁﬁffff; o
The radiologist and radiology technic1an examined the;fffﬁ?
”fo-rays and determined that a true lateral x-ray of thef_'“

f*thands could be achieved. and that the fingers would need tofﬂ'

_}”be separated 1n order to delineate the third ray on the x—i?h¢;;

.l"

The ‘form did not hinder the measurements or the x—rayhj[f%{

tﬂ;5joints measured when taped on securely, and so the formqfif'

. '._L

ffwas deemed acceptable.i[f"

The interclass correlation coefficient calculated forgﬂmg,?

o I IR ARAE SRR
The 1nterc1ass correlation coefficient calculated for&ﬂff

*]oints combined The reliability coefficient of o 604 w!i

iffboth unacceptable and non-significant and so a seccni_

f The 1nterc1ass correlation coefficient ézlculated for

N . .



when 'angles measured on the unxversal and dorsal

:?jii:jgoniometers were either read 1n prace (alonq51der the

e T .
'*:[.jjoint), or removed from the flnger and read a comblned

a(both the joints and goniometers) reliablllty coeff1c1eny’

xlfi(ICC) of 0 999 was obtalned.;;““;{f

When PT2 and PT3 read the same angles from the blinded
r

'unlversal and dorsal goniometers, the interclass/&ellabll_ffet_rﬁ

'”fllty coefflcient for both tools was 0 999

The 1nterclass correlatlon coeff1c1ents calculated for
.} S

“tfhthe two p081tions used 1) by the flve theraplsts durlng

Qlthe rellabllity study, and 2) by PTZ durlng the validatlon

S

-

'{;mstudy,, are presented separately for the‘ unlversal and

g e
';dorsal gonlometers,.ln the followlng pafagraph.;b_»*_ 2

The rellability coeff1c1ent athe;ed by PTz for the:¢t~

‘e

.,

7two p051tlons w1th the uanersal gonlometer was o 976 onﬁin-‘w

'ffAthe MCP _and. o 991 on the PIP 301nt For' the. dorsal-f17~*

‘gonlometer, the rellabllity achieved by PT2 fo *the two‘_:-i'f‘."

. "p051tlons was 0 941 on ‘the MCP and 0 994 on thexpfp jolnt"';

=9

All 1nterclass correlation rellablllty coefflclentsft;fﬁff

“presented above were statlstlcally 81gniflcant at the p <i,* :

0. 01 1evel except for one, as noted.

S
] “

"ijc; VALIDATION STUDY "{;;j‘ llinlf-




SR . graph

S als‘o calculated, both for the ent"”re sampl/e and for _auba.

jgf_;.':'groups dlvided on the ba(sis_of age and. sex. _ 'rable 4 5:_

B "shows these correlations.

| 'rable46'




. MeP 30

Pearson cOrrelv.ion caefficients'Between Radiograph
o Measuremexls and’ Measuremagiis
For Both Joints, and for s__:_ay

Crlterion Meqsure
X-Ray '

'nqzo-so,g;ﬂo 921;~:~o 915,_, 0.955 "0,

15 L F. g
' 20-50:!ffO 944, - O. 959& :;0 974

e 5
??520 29| o 935;3§fo 918 - 0. 9635§if7'° :
. 30-39' ~0.889 0,879 0.920¢ 0
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Loie
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'ﬁ'?°‘5°i-’l°-9443'1a0 959 -0. 974;-;[0.97§'j4L,-*un

’,30e39=;5,o 93647'_0 ‘959 ':-o 975ff5 0;981['F:;;,
40-50 | 0. 931,f%ro 954 0 0.976. - 0.996

o T
- S

20-29 ... 0. 905**~~o 981 ,510,966.;,50;989};“*
1 20=29}.-70.974 " 0.947" - 0.978 - ."0.988 "
730=39 | -0.951 - 0.972 ' 0.976 - .0 ;
7 30=39. |+ 0.971 . 10,966 “f-o 976 =
‘30=50. | 0.884%*  0.855%% 0,949  0)
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All values aré stgt;#stically significant at p < 0 01 ex ‘ept-l_.,,__.v S
.as noted . (% not. sfﬁhificant 13 Significant at p<.0. os) i

' -}Ahbrevia ’:-boné. J'r - joi@t N -:number of subjects used m
calculgt oné‘ VE' = vis\fal“ estimate, UG» ~‘univergal gonio- =~ .

R meter

X

DG dprsal gohiometer,. FG': - flexible ‘goniometer, -
© MCP - metacarpophalanqeal. IP - proximal interphalangeal C
fjgaB -'bothvmale‘and female:- ' male, F;- female.__lw' R




o ; ,ients Betw en Radiograph
v'.iMeasurements and Measureinents On Each of the Four Kethods

Crlterlon Measure
' x-Ray T

, fo‘9o7 ,
0- L_o 9483,.;'1‘:"'

.:": o 873 . ._‘v.
~1:0.937°
4 0u536% 0.
9 |.0.9427 . 0.933
10 973‘_‘xv-

MCP - 'metécarpophaiﬁngeai ) PIP




”h”hpresented 1n Table 4 7.""

=
;= :'uﬁ.vi 3

"\Vlate two s*ngle factor analyses of varlance w1th repeatedﬂp

r";"measures., Th1s statlstlc was calculated for each JOlntig[ff

:"1.hseparate1y to determlne. 1f there were 'any 31gn1f1cantfpf9
;f_dlfferences between the four methodst' The tool\used had a[ﬂ‘*

u”f,751gnif1cant effect on the joint angle measured for‘bothi?'.

The absolute dlfference scores were used to calcu-;*w}

fhthe MCP (p < 0 003) and PIP (p < 0 0000) 301nts.v Because axf:g

’f,51gn1fICant effect was shown,wthe Tukey Honestly Slgnlfl‘:v.h

'dcant leferent (HSD) test was applled to the mean values of?:n

’l;the elght groups. _ The results of the Tukey HSD test are

Tukey Pa1r-W1se Comparlsons for thq}Four Methods 'f
e for the MCR.and PIP J01nts RSB

ul?T?“ fpl;.f:VLf TABLE 4 7

— ‘ ”.
oﬁiss BRI

'MCP JOINT niﬁ3"[‘ffj;;g' L .,upIP.UoiNTf:V-r

Critlcal leference (0 05)
Critlcal leference (0. 01)

.i“fgl,;pgy-luc7~,VEf’g 1 7 ~Fe pe ve VE'
D e e b T e ey

— 8

e

'lj** Slgnlfgﬁhnt at the p < 0 01 level, * Significantiat-thefﬁ*u

'{f]”p <.0, 05;1eve1.1,a ' o

-IAAbbrev1atlons.. MCP et metacarpophalangeal PIP -s prox1ma1
- interphalangeal, ‘FG. flexible goniometer, DG dorsal

4‘5,-gonlometer,.UG unlveq'al gonlometer, VE'—‘v1sua1 estl-'-‘

jmate, ‘NS = not s1gn1f1cant Lo - R



f?fjAbbrev1atlonsr' MCP - metacarpophalangeal,

MEAN ABSOLUTE DIFFERENCE SCQRE AND STANDARD ERROR
FOR T'HE FOUR METHODS FOR THE MCP AND PIP JOINTS

o - R ‘

N .

K -
e
hd N

i
—t—
—t—t

‘VE UG DG F‘G VE UG nc” FG
ncp mm PIP JOINT

}PIP'--proximal

. -.interphalangeals VE - ‘visual - estimate, UG- universal -

gonlometer,jpc_ dorsal goniometer, FG‘-*flexlble gonio- {OE

/



T

‘:h‘* oo

The mean, standard ;onjand standard error of

methods on both jolnts are presented 1n Table 4 3'[34

L ) *\7 ‘ TABLE 4 8 |
Mean, Standard Dev1atlon and Standard Errorfh'

-of the Mean Difference Scores for Each Method-"u"'
D and Both J01nts o '

Measure .| 9'f{”~:’:stahdérdl:qgf:ffstaﬁdafd*v

© |7 ‘Mean: - ‘Deviation . . . -Error-

cmep 0 =2l2 0 .7.0630 0 w0 1.290
CpIP | =803 7110130 0 - T2.032 00
S e TR T e e e e B TR R

rjﬂcp;':,gffsz;z]*-ﬁf-'s 925 . 1.264
CPIP. | -40 e 187‘r=.~2g, .1.130

CPIP L =220 40376 00 L 0.799
_Z,MQP'tr;r,,570;8>f,‘4'-4 521;; 0 7 0.825
JPEP AL =004 2 944‘; .. 0.538 .o

I

S z"“_

Abbreviatlons. VE - visual estlmate, UG‘- unlversal gonlo-‘ﬂh}
meter, ‘DG =‘dorsal. gonlometer, FG: flexlble gonlometer, S
MCP --metacarpophalangeal PIP - prox1ma1 1nterphalangeal.vtﬂa



""ﬁ expected for both the PIP and MCP :\01nts~~...

' f".-‘jstartlng 1n extens:.on,.'

"':the MCP jonﬂ: dlva.ded"" ,~into f1fteen" degree 1ncrements,-;

'gf‘_fmto flex1on, are shOwn




UENCY DISTRIBUTION OF MCP JOINT ANGLES MEASURED

WM M R W W T W T W W W W

RN » o o o o & o > > v ar > N

D LMD A B AT . W

Y T

' TEETEEXY
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universal

”fig*iblefgonipe§sfj

UYG

“visual - estimate, -

- dorsal’ goniometer,

(. meter, MCP - metacarpophalangeal.

RN

- Abbreviations:

FG ‘=

ter,

. ' goniome
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‘_'fAbbreviatmns_ CLYE .‘.'visual. estimate v
 ‘goniometer,; DG -~ dorsal goniometer £
.meter, MCPs




Valldation Study FIex;onfRahgé Testéd%
' (]Olnt angles 1n degregs) g

/

e
- LOWEST 5:i*7?fjf334~f“*

R szbbreviations;fvﬁ‘- visual estimate, Ué;- un;yepsal gonlo-‘
R »eter,.DG_@- ‘dorsal’ ‘goniometer,: FG- - flexible - ‘goniomeéter,
CP = metacarpophalangeal PIRI- prox1mal 1nterpha;angear '~“3f

. e e . B B
C '.‘p'- - ) L A e L e s REC . L . . ‘r:‘ N _“~
S . e - : S . . R - .
v . .

_34g{{;'kfj~ﬂ'1f.a:f?ﬂjﬁ1¥;;21 TABLE 4 1o

: Valldatlon Study Extenslon Range Tested
~_(“3_a: (joint angles in: deqrees)

—

. :.0' e

=MC? HTGHEST ‘;fwﬁflio]ﬁ;_"135j5 NSRS EEE
L LOWEST o 8B 3 3 e T

,aAbbreviations':VEt- visual estimate, UG - unlversal gonlo-f'xé
.i'meterv-DG dorsal goniometer;:- FG - flex1b1e gonlometer,.t
,-MCP - metaCarpophalangeal.a:‘-A LT -




“'fi’values are $1gn1ficant at the alphiplevel of 0. 01.

The intra-rater reliability 'coefficients (ICC)

.;

'”*Vf?calculated‘on PTl for determination of the joint angles on;;ﬁf

.‘“Hf:the tracings from the flex1ble goniometdr were ‘0. 980 for?;ff

'i,f;the MCP trac1ngs, and 0 978 for the PIP tracings.;_Theseff;f

"ngf;ﬁ The inter-rater reliability coefficientsb (ICC)

’-fthree therapists = PTl, PT3, and a therapist not connected;fYP

a»wffh the study (PT8). calculated for determination of the%j}f

:i.angles on tfécings from the flexible goniometer, aref.;r

: 7iﬁpresented in Table 4 11..4 Four xnter-rater reliabilityfil*

f“aécoeffic1ents (ICC) were calculated - PT1 with PT3 and PTl,Qz*

; o L
a flexlble goniometer é;acing of the MCP joint that has{ﬁ*f
fbeen measured.;;.f“@aQ“sz{fft?hl--~ ' B '

’”-Intra-rater ,reliability °°°ffi°ie"ts' (ICC)

"““v._ measureme?t of the éngles on the radiographs calculated forji{i

'}Lpfl”were 0. 985 for the MCP joint and o 994 for the pzpfjﬁ.

’w1th PT8, for both the MCP and PIP jointe.. Plate 4 1 shows:ﬂhf



Flexible GoniometerfTrac1ngs Interclass Ipter-gater g-f j¢:f
: Reliablllty Coeff1c1ents T

“"’»*Abbrg"latl°ns~ PT -physacal theraplsh, MCP - metacarpo- .
@phalangeal PIP = prox1ma1'1nterpha1angeal. : T TR

?‘, ﬁ ) : /v } '-,‘, k;. L.

PLATE 4 1 Measured MCP tracing of the flexible goniometer

..,.‘ N : P ) v o 4._
B A I '\ I PN







- caerER FIvE e
_ i stcussxon
A ', 'I'HERAPIST RELIABILITY s'rm)y S

Jreliability’ study, the two therapi“

of the five therapists' that

u»‘

'ffresults,; However,‘the other therapist was a new. graduate

ufexperienced therapists use to obtain j01nt range measure-;;f'

,,a'measure was obtained 'so this p0851ble explanation can notfhlt

\_:be substantiated

*irelative ability of PT2 with respect to four of hisy

'ments may rely on observationa

Lk

kR ~!

Comparing the intra-rater reliability coefficients of L

‘ticipated 1n. the&wi?
: W:Lth the hlghest‘
"reliability coeff1c1ents were the therapists With the leastff*j
-.amount of exper}.ence. 2 One of these two therapists had\

jclinical experience measuring hands, wh1ch may explain her gz-

R with minimal clinical experience.;v Perhaps therapistsiﬂ“
;become complacent when measuring j01nt range as they gainf;

'ffexperience, thereby becoming l@bs reliable._i The methodffj

skllls rather than on-“
.",:mechanical devices., Intra-rater reliability coeff1c1entsfif{

"‘T”fcould not he calculated for the visual estimate as’ only onefg;”

,PT2 with four therapists that. have different levels .of'-”5
'fd,experience enhanced the ability to generalize the results'g»f

'to the majority of physical therapists. Determining theit

'v:colleagues provided an indication of his proficiency.f This7

“5J,iicomparison will allow speculation of the value of the

”-validity coeff1c1ent 1f other therapists were used.‘;f ﬂfhl



\

L goniometer lateral«ly was less reliable when the fingerse;f-f‘f--t_

- : -"_'were together (so that the index finger was alongside the

o ‘_'middle finger) v than when they were separated. 'I‘his; ]

"-f;-:'.v.decreased reliability held true for the PIP joint but notv"j._"-'_.{'?f:.'

."."f'for the MCP Joz.nt.;,, Separating thelfinger

".-;_.{"-_v'theraplsts to clearly define the long; axes of the bones and-

) :the jomt @xis when measuring the PIP joint';'"

yr

: __:-‘-_'-This visual i- i

e sarion. enhanced the reliabilitY °f the therapists. Because..‘.::__'.-'“

therap,lsts, when the MCP joix}t was measured. SR

| vcoefficients, a11 four methf)ds/instrumentp are valid tools:"

the four methods was achievement of a. validity coefficient'__?;;',

jl"‘“_the proximal phalanx of the index and middle f:mqers could.-";
f“f}ifbe allqned parallel to each other, having the index finger"-"f"{ff
‘ alohgs:.de the middle finger enhanced the reliability't,_of the

VALIDATION STUDY S

The a priori criterion for establishing validity of

"';.of O 900 or greater. j Based on the interclass correlation

PIP joint, a11 methods/instruments are valid toole for"




ﬂ_fcoefficients calculated using the Pearson product momentfﬂff

7

ﬁffjresults suggests that the variance element is an important7”¢r

S
’-rbfactor<when determining validity.gu_;,{fg:?

only the Visual method applied to the PIP ]Olnt demon-:?

-'..'V.jﬂstrated a’ statistically 81gnificant coefficient that was""

'.4 3);~improv1ng the reliability of the Visual estiméte mayp’ﬁf

‘-fthe PIP jOlnt.~ As the Visual estimate for the MCP was?f f

iu:ffmethod tended to produce higher values than did the inter'ﬂﬂf;
'iiiclass correlation‘- This relationship'was particularly true;}}}

'57'5for”those coefficients approaching 0 9oor, The lower ICC[fi'

'Ziifinottfvalid As validity anq Spliabillty are dlrectIYflff
"1-w;re1atedk as discussed in Chapter 2 and as the inter-raterie

:ﬁv,reliability of the Visual estimate was very poor (see Table:”vf

"fi-produce a. valid method.-’ The reliability of the visual;}i?

"f'riestimete for the MCP joint was poor, but not as low as fortvgh

"ishown to be a valid tool this improved reliability mayf*35

"»have been the cause/3 HOWever, as the reliability of the'fff

¢ e

i;Visual estimate for both the MCPQand PIP are unacceptablyfzt

‘ﬂﬁlow, another factor may be involved, such as the anthrosf"v

el

i A

"pometric characteristics of the subjects.i. }e”

The proximal and middle phalanges of the third ray aref[v;

f:,relatively shortri As long axes are required for accurate;ﬂf<

'_forning the PIP joint may be a factor in the reduction ofﬂ;ia

'7;}resu1ts, as discussed by Robson (1966), the short phalanges:ivf

:~nfaccuracy of the visual estimate at the PIP joint.,,mhefﬁﬁf



' flonger metacarpal on.the proximal aspect of the Mc Jjoin

"ﬁ,;fimay a1d in the visualuestlmate of the MCP jointQ

gﬁlthough statlstlcally significant the results ob

_isceres, of approximately tWO degreekp.!h
‘iese, are'cllnlcally acceﬁtable Values.; With thﬂ exception:’ﬁ
L of the visual estimate, th_”standard errorfvaluflwaa tihh
for the PIP joint than for the MCP jeint.@ The tﬁ‘*' .




The r1sk 1nvolved w1th this protocol is very small.g;;
'uThis protdcol has ‘beeén. rgviewed Sy ‘'several’ pommittees,;gndaiiﬁ

v]ﬁi in:  particular, ‘has. received approval .. from. ‘a- committee.j"y,dt
. composed of" knowledgeable scientists" and physicians who are .. i

'fjinvestlgator. .-No: records or property- which“would pe.

;:eyour advocates regarding the 1eve1 'of the 'proposedjt
- radiation.g~}f,:;_‘ , .‘l, _,':gq: S

N ‘:4, .

All records .w111 be the property qg
. 'your. identification ‘will ‘be made public withdut .y

p«nwritten consent: ' -Access to all: pertinent ‘records will. be:37'q

. ..or question the ‘princépal investigator, -Donna Davies ‘at’ 432
~-.2068, or the: physician. responSLble for: autho;ization of .

B restrrcted to those 1nd1V1dua1s directly associated Withfﬁf:{j
g@_thls study S IR BT Ax

If concerns or: questions aris? regarding th’e study,
"prior to or during: ‘the- study, please feel free ‘to: contact:;w“

| .“the x-rays, Dr. DC Reid: at 432 - 6233._-_; L I e

3 Lo
. Please retain this explanation of the reasons for and.“
,.procedures for. the study for your own’, records.,,_grgq,,




Asszssm'r or m VALIDITY{ OF., Gonxousmc msunmmu'r_orf *
Lo rmszn JOINT ‘RANGE 'IN. NORMAL ADULT HANDS' E

,(retalned byﬁlnvestlgator) AP
'-L~]’;:T ‘fr x“, do hereby agree to "i
: et (please print. name) : w T
partlcipate in\ the. - study - entltled -“ASSessment of the ’
Valldity of Gonionetrlc Measurement ot . Finger Joint . Range

in Normal “Adult “Mands"  ‘to  be " conducted - by phy51ca1
therapist ‘Donna -, Dav1es “and her . colleagues -ancther
phys;cal theraplst a’ x-ray techn1c1an, and a radlologlst

under the supervis1on of Dr..DC Reld

. ; I acknowledge that the nature of the stud vf1ts-purpose»
b its: pOSSIble effects and. the resgearch proce res, of .which . ;= s
I ‘have’ ‘a. c0py, ‘have * ‘been:.’ explalned ‘to. ~mé,—and that any P
questlons ~I° have- asked hav ~—been -‘answered- “to.my
. ‘satisfaction. .. I understand the lack of direct beneflt andf[jﬁj
V‘the implicatlons of being subJect i this study. I know
"that - I’ may  ask now, or: 1n\the future any questlons about -
‘the study or the research- procedures., 1 have been . assured-
that personal records '’ -relating -‘to “‘these  :experimental ’ .
rotocols wilY be’ kdpt conf1dent1a1 and’ that no information .
L 11 ‘be released or printed that" would dlsclose persona1~ o
entlty w1thout my permxssion..-;f- L

K I understand that the performance of the study is not

intended as a’ form of. remedial treatment. I have also been
,.‘aQVlSEd that T may . ‘withdraw. from part1c1patlon in the. study
ﬁ=at any tlme w1thout prov1d1ng a reason for d01ng so..'v _

R L LA

* -/ giBject!s signature | . - O pdte

I was w1tness during the explanatlon referred to above
and to the signature.,.m: . o

'},".'

gjkéigﬁéture?offWitness'faf7*f7i'.’bhf-i;*f” -Date .

[
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'1;'Abbreviatlons used above-’fﬂ- DI R TN A A DL
. SUBJ. - 'subject: . ']\,g;‘E -'extens;on ‘
3§ JTI -vfirst joxnt measured et L=l leftr r‘*a
©JT2 ~'second- joint measured'”;ﬂ,“'R = rlght
- MY -:first method used ' -* ‘. . YE - visual estimate SRR
/M2 = second method used - “u-UG = universal" goniometer S
“ . M3 - third method used L ,vi-DG .~ 'dorsal .goniometer .. ..
' "M4 - fourth method: used : FG - flexible goniometer RN
'HAND-M - -hand MCP joint tested on _ Lo
_HAND~P - hand -PIP.joint tested oh : ‘? ?’.ﬁWe” n”%
ANG-M = angle MCV ‘splint set at T

.- MCP = metacarpophalangeal ' ML->‘{33”°;“
- PIP - proximal interphalangeal
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.x friiAbbrev :tion used abover
- 'ID = identifieat;on ,3~~

uhiversal qonidmetqr .
dorsal goniometer ﬁff




‘ "
\ meInnmlon smuox RAW“DATA AND SUBJECT
~'_*;+.;_,,: '(‘cnnnacmznrsrxcs

PIP JOINT ff,”ﬁjff?f:3:ﬁff“ﬁgﬁ,’f??fff

" /CASEID' \SEX Aén;«.;;x XRAY VE 4xuéf"ncﬁ1;FG#f}f§)

u,”?GT-)PIpT::“;gg; 60 5:‘;:50.]747¥gﬁ;¢;.;~
21 pIp-,T;f4s‘z,45 52 51 L 48F
.22 PIP -- .13 18 13u1-15;;_‘ -
028 ;:pIP,;j;}43,pq35 238 :'39
.27 PIP .. 39 44 'g40 -
©..30  PIP.T . 7320 % ,yaza,“g
~.32° - PIP.. ‘56 - 5955
7. 35 PIP. . 09 0 15 10 et
- °37  RIP '@ 49 + 56 <50, "
37 . PIP. " 59 '8 59 89
© .43 0 PIP .60 .7 59 ean
44 'PIP... 29 ‘2 32 2
44 PIP' ~ . 69 . - 61 170
~49: "PIP .- 577250 -53.-.52 . 57, 7
50 "PIP . ° 43 .60 62 50 44
.22 CPIP O 03°.04 09 10 . 06.
o 27 PIP. . 7100 057 07 .uX3 . 110. o et
29 PIP: 7 36 . 25 .34 .37 35
29 PIP - 10 05 007 11 | 09 -
.29 NPIP.. . 38 15 21 . 24 .21 -
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