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THE WOLFE SCLERAL TONOMETER: AN EVALUATION 

BY 


JOHN H. CARTER At., O. D. 


IUoon¡in , ton. U. S. A. 


/nuoductioR: 

JI is probable Ihal the seleclion oí ¡he cornea as the popu lar sile of tonolllC· 
tl: r avplicatioll was bas('d upon ils obvious acce~sibility and upon the rdative 
thinness of ils epithclial coal. FUl'lher. jt may have heclL assurned lhal Ihc cornea 
prov idcd more favorable physical characlerislics- Ihan Ihe selenl. 

Thc cornea as a silc for lonometcr appliealion is nOI, howevcr. wilhoul jls dis
advantages. Cerlain patholog jcal slalc~ affecting Ihe anterior refracting surface 
lIJay mnke lension llleaoorCllIcnl difficult, unrcliablc, or hazardous. Minor corneal 
inju ries are' no! infrequrnt. Apprehension may b,-ing about spas", of Ihe pdpebral 
portian of ¡he orbicularis rnuscle caul:1ing prcssurc lo be cxerlcd against Ihe eye· 
hall thereby giving rise lo spurious eslimates as lo Ihe magnilude of Ihe origina l 
pressure. Furlher, ¡he associated use of lopical 31lesthesia may make Ihe corneal 
cpithelium especially susceptible lo damagc. 

Scleral IOllomctry usillg Ihe Wolfe instrument has recelllly aroused considera
ble inleresl in certain circlcs a nd ~\'ernl t'xccllcnl reporle ( l. 2.~) a f the results 
of clinical sl ud y have appeared in Ihe lileralure. 

It has been Ihe purpose oí Ihe prcscnl in vesLigalion lo analyze Ihe physical and 
Illcchanieal characlerislics of Ihe Wolfe inslrument as wefl its perfolllance on 
pre!oSure conlrolled anima1 eyes. 

The Wolíc Sd era l Tonomeler appears lo be a varianL of Ihe Freneh Bailliarl 
Tonomcler (see figure 1). The inslru menl presently IIvailable, Ihe Wolfe Modci 
" C", is mllllufaclured by Ihe Chicago Dial Indicalor Company under Ihe ·auspice5 
of Ihe Deparlamcnl o f Clinical Resca reh of Ihe Illinois College of Optomctry. 

Hirsch e) has reportcd Ihal Ihc average press ure deler mined by Ihe Wolfe ins
¡rumenl is similar to thal ohla ined by Ihe use of the Schiolz IInd further thal 
Ihe ranges of Ihe Iwo inslrUlllcnls appear lo be ver)' nearly idenlical. 
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"il<. 1. 	 The Bailliur¡ Tonomeler 
¡Idl) tOlc¡ hcr ... itl, ¡he 
Wulfe Modd B (t.'cnter ) 
and ¡he Wo lfe Model e 
(rigll! ) . 

In spite of thi " si milari ly, sclcral tonolllclry using Ihe \Volfe i n ~lru mcllt appears 
lO diHcr marke-dly Irolll corneal tonometry in 01 ¡pasl Iwo rcspt!cls. First, il 
has bccn reported thal lhe init ial rca<li ng tahn \Vilh I lw Wolfc inslrUll1ent is fre
quelfy spu rious Ihus lll"l"Cssitat ing Ihat readings be taken in muh iple and Ihe 
fi ret reading be discardcd. Sccolld, ti bimodul ity appea rs lo be cha racleristic of 
Ihe Wolfc d islribution cu rve wilb Ihe seconda ry pf'ak occurring sO nlew here be
twccn ¡wcnty-fivc and tbirly mi llinwlcrE' of Illercur y. 

PIlYSICAL AND MECIlAN ICAI, CIIARACTERISTICS OF TIlE 

WOLFE TONOMET ER : 


Apparcn lly Ihe dia l of Ihe \Valfe Sclcral Tonomctcr has bt'cll taken from Ihe 
Bailliart instrumcn t ( Figure 2). Nole ¡hol 1111" Fr('nch inslrum ent shows a scleral 

Fi l!. 2. 	The faced of lh" Ruil · 
Iia rl 11 11<1 Ihe Wo lf ~ 10110' 
rncttlTl. Note Ih " iden. 
lity. e vc n lo irre~ul"r 
' !,lIei",. he! ween the 
. !"a le or ¡he Wolf" io s_ 

trnmelll und ¡he n"il· 

l iart ~ 'orn"al u·II I". 
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SCLER"L TOi'lOMt:n:n 

and a corneal sealc and il is Ihe cornea l rather than Ihe seleral sea le which has 
been used in lhe Wolfc Sclcral Tonorncter. 'rhe seale is no! fincar and has sorne 
irregularitiesas is shown 1n Figure 3, in which figurc Ihe Wolfe ocaJe reaJing 
in millimelers of tllcrcury is plotttd ugainsl Ihe ntedlt devialion in are degrees. 

To check whclher 01" nol Ihe irregu larity of the Wo\fe dial seare was in como 
pensation for a non-li near gear mechanislll (Figure 4), the depth of scleral in
denlalioll recorded in Illillimeters by meuns oI speciully conslrucled microllleter 
( Figure 5), was ploucd againsl lhe angl e of needle rolation (Figure 6). Sevcnty 
millimclcrs. of Illereur y 011 the seale was taken as thc point oí zero indcnlalioll_ 
It is appa rent that lhe Il1cchanism <loes nol deviale by any significal amout from 
linearity excepl for scleral i11de11tations of Icss ¡han approximatery 0.2 mms. ( íour 
Schiotz units). 

•x,, 
o 
z Fig. 3. The Wolfe seale read. 
o ing in millimeters oi
• mercury plollcd al'[uinsl 

•
w " lhe angular va lue oi Ihe

• needte rolation in de. 

•u 

w 

" " 
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•" 
•w " 
"o• ,,, ., 110 200 20(> 250~ 120 

PO' NT fR DEVIATION DFGREE.S 

A caliLratioll curve idcnlical in form lo tha! oí thc Schiolz inslrUlIlcnt would 
scarcely be expeclaled since, in a spring.loaded inslrumenl, Ihe plunger load is 
ti funclion of Ihe irld icalor position. Neverthelcss, il was decided to plot the 
deplh of scleral indenlalion (Schiotz units ) against Ihe pressure (lesignalion of 
the Wolfe instrulllcnl (mms. Hg.) ( Figure 7) . Since Ihe curve is not like the 
Schiolz calibration curve, it is apparenl Ihal the original scale was not taken 
from Ihe Sehiolz. 

The cffccls upon lhe clinica l eslimate oI Ihe inlra·ocular pressure oí an unu
wally high ocular rigidily a rc minimized when a tonometric devicc is used to 
measure in Ira-ocular pressures ahove ils critical pressure. (4\\) The eritical pres
sure o fa Wolfe Model "C" Tonomeler was calculated and found to he in excess 
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Fig. 4. 	The medlHllj~m of Ihe Wolfe Moile! e lonomcl~r. Th e shuft ", ithin Ihe stcm of 
Ihe in"lrumenl is ulI"dled r¡~idly lo Ihe 1.l ullgcr ni one cnd und wi lh one eomponenl 
of Ihe ge"J.r mechani ~m al Ihe olher end. Th" uJl Jler end nf Ihe . hafl de,, ':ribes an 
Ilre as Ih" plungcr is "clivaled. This mOl ion is permined hy a loose ni o{ Ihe 
plunger Ihe IOnomeler {oolph,l e. Ohviou Hly, I'lnn¡¡:er 1II0lion is uol )lurcly ve rli .·,,1 
hui" s lighl roekinp: a ,;lion of the plun ger end is permitled lo occur. A sllring 
wilh in Ihe instrumenl p rovides Ihe plungcr loud ul lh ough Ihe weighl of Ihe plunger 
and shafl mu~ 1 "ontribUle 10 the load whell Ihe in ~lr"menl is used in 11 "erlklll 
position. 

Fi g. 5. 	 A micromcler comlruct ed for Ihe pur. 
pose of d elermining th e mll gnifi~3lion 
dmrneleri slics of Ihe Wolfe Tonome\er . 
T he centra l ~one of Ihe upper porlion 
of Ihe mi"rometer h as" rift ee" mi ll i· 
met er radius of curvalure. A hub dri!led 
in Ihe centcr permils entry of tite tono· 
meler "Innger ",her e il "ontarI S an in· 
terna l sh"f! whieh in I lIrn c.ommun ieates 
wilh Ihe $,;rew medmnism of a modifi· 
ed spheromeler. Plunger m ovem enl ,:all 
he m easllred lO an a""urary of 0.0 1 
millimcler. 

104 



•• 

• • ., 

SC.l. ElI A1. T01';"OMF.H.1l 

of siXly nine milfimelers of mercury due lO Ihe extreme amounl of pressure 
with which th is instrumcnl is applied lo Ihe eyc. 

Evcn Ihough Ihe range of Ihc dial of Ihe Wolfe impries Ihc grealesl range of 
reading;; found in any lonomet ric device, being calib rated from 5 lo 130 mm. 
Hg., seventy millimelers of mercury musl be consideTl,d lo be Ihe upper func lional 
limit oí thc instrulllcl because the plunger end is flush with the footplate al Ihis 
leve! a nd hencc no longer inden!s the scTcra. 

The Wolfc is- designed lo permil meassuremcn t oí Ihe intra-ocular pressure 
with Ihc patient either seated or reclining. Increased lension on Ihc spring with 
in Ihe han die paflially compensates for Ihe lack of gravit, when Ihe illslrument is 
used in Ihe horizontal position. 

I , 
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Fig. 6. The d islance in milli_i= 
;'! melers IIr which Ih" 
z •• plunger eud eXlend. 
~ Iloronglo Ihe foolplaleo •• I' lolled pgp inSI Ihe cor

reBponding a n g U 1a r 
movemenl of Ihe indi

z 
•• .. C~I"r eXI.r"~~ed in de· 
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~ 

grees of arco 
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POI NTER OEV1AT ION - OE GREES 

Un like Ihe case of Ihe Sch iotr. instrumenl in which the plunger load assumes
rssclllially a constan! value irrespective of the indicalo r pOJ::'ilion, the plunger load 
of Ihe Wolfe and Bailliart ins!rumcnts varíes as a function of the Scale reading. 
The Bailliart diaT has beell provided with tbree check-points which may be used 
to periudieally lest the precisioll of tht' plull ger spri ng lell Sion . A knurlcd nut 
within the in slrumen t stcm perm its alteration o f Ihe spring lenúoll should this 
be rcquired. 

Although ¡he Wolfe Model "B" is provided wi lf¡ a mechanism for spring lell_ 
~ion adjuslment similar lo thal found ill Ihe Baill iafl, no seale check puints are 
provided. In the Wolíe Model "C" no provision uf adjuslment of spring lension 
llor check poinls on the dial are found. 
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Fig. 7. The WoHe 8c~le re~ Jill g• in milJimelers of mero 
cury pluued agp;nsl the 
¡Iltm¡(er e"lells;on in 

• 	 Sch;Olz unils H~ mca~ur· 
ed by micromeler. One 
Schiol7. ullit io e(juiva. •• ... . .. ICnI 	 10 0.05 llIillimeter. 

o ~""!'"l""!""t"t'1-:-:-::~~~-r.'T O 1 2 3 4 5 , 1 e 1» 10 11 12 1314 111 16 17 11 l. 20 
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Fig. 8. The Wolfe ~cu l~ readio ;;: 

in millimeters of mero 
cury pluned againsl Ihe 

t 
, 

tIl unomet ri c rea,lin l( in ~ ' o 
ccnt;llI elerS of satine, ~ 
Dula wa~ obt~in usin, '" 
¡.ig eye~ und an open 
~topcock ledmiljue. •" o." • 

•
'!.-~C,~.-¡""~;.,..:"".~ ~"'"'l:-~~,T. , .. , ::-,..-~,.. :-..~t:-"~.. 

Table I ilustra Les >lpve ral diffcrencl'S bel wecll thc Wolfe ami Bailliarl inslru

tllcnls. 

TALlLE I 
Severut DifferclU"e., lJelweell Ihe JV~lfe mul ¡he n"illi"rl T"",m.elers 

¡¡"illiarl W o/fe"lI" Woffe "C" 

C,,/ilm¡/iOI' 
Poilll .1 

Check 
YES NO NO 

NOII-Adjusl"b/e Huir 
SVri'lg ill He",/ NO VES VES 

A<ljllslable Com"re....¡"" 
S"ring ,. SIr" ft YES VES NO 

Sderu / Tells ioll Sea/e 
Come/ti Tellsion Sea/e 

YES 
VES 

YES* 
NO 

YES· 
NO 

• Idenlkul lo Ihe ('orneal . ,'ale of Ihe Builliarl InstrullIe llt, 
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SCL~;R"L TO NO M l:1·t: R 

PRECISJON OF ST ANt)ARt)/ZAl'ION OF 1'HE WO/1E 1'ONOME1'ER: 

[1 is adva ntageous fOf al[ tonollll'lers of one type to be slnndardized so that tbe 
rl'u dillg takcn upon un eyr of g iven tCllsion witlt orle inslrument win be idenlicul 
lo Ilw reu<ling which would havc been obtuined had a di'fferent instru llIe nt been 
used . Kronfel rl hus rlemostraled Ihal one sltisfactor y Illod!' of tOl1 omeler standar· 
dized eonsisl!'t of estaLlishing fixed va lues for each of the esscntial variables of 
a tonolllelric insl rumenl. (,110) An instrument wiJl give Tt'adings consistant with 
olhcr tOllometric inslrullwnls of like Iypc only if lhe physica l characleristics are 
identíca l. 

As only one Woffe "8" was al hand fo r sludy 3nd as m811y variat ions betweclI 
Ihe " 8" un "C" inslrumcnts wcre apparent, it was fel! Ihal there would he liu re lo 
ga in by reporling the ph y!,ical characteristics of ¡he soli lary "8" modeL 

'rhe physical characleristics of tluce Wolfe " C" instrulllc/lts, ulr in apparenl
Iy good co ndition, wcre IIlcasure<1. AH of Ihese in~trulllent s had heen in active use 
in Ihe Indiana Unh'er~.il y Opt ollletry Clinic. None hacl bccn claimed by the ma
Ilu faclurcr lo be a standard instrulllent. 

Tablc [ 1 shows lhe IllcasurL-d "alues ror each of lh\' three Worfe instruments 
under tt.'S1. Manufaclurer's specificaliolls were incl uded whcn available. 

TABLE JI 
l>h.,.. icII¡ (.'I",ru('/erislin· - WolJe "e" Tono",el er 

Ch¡l rupteri ~ tic : Mode of M~a~urem ent: Findin g: 

1. 	Overllll weighl 
( lI,uul/e i",;:l",led ) 

2. 	 /¡<.Ilmme'" !Veigl., 
{en ¡¡llmger u;eiglol 
1,IIu .I/Jring len"¡')Jl 
Il·hen hll /lff/e iJ de
Ilre1..<ed lO re.1 line 

3. 	 In.l/fllmenl !Veiglo, 
le..., ,,[unge. weiglll 
¡11!u .I¡"i,,/{ 'ensio" 
u:/u;m h!",dle i .• de. 
I"e~sed lo blilCk 
tine 

l\I~aoured ",ilh u triple be~m bu· 
lun" e ",illo u .e n~iti v ily of 0.0 1 Rrum. 

PJuU ~tl r removed from instrumcnt. 
In$trumenl 8up¡>orted b y mean~ of 
a laboratory j ack a!laehed to ilS 
h. "dle. I"Sl rument lowered fool 
fi n t onto tbe lla" of a tr iple bea m 
balllnce. He·i5hl o f ¡aboratory jack 
..mI )IO!l ilion of ba lance weigh ts 
uh ere,¡ until eml pointer 0 1 bao 
lance read ze ro al lhe Bame lime 
lhal Ihe inslrumenl handle ""as tI ~. 
w c¡¡¡¡cd lo lhe red Hne on Ihe 
sleeve. 
Mcu~ uremenl madtl us in 2 ..hove 
e"cepl ¡huI Ihe hlH"k rlllher \Iu,n 
Ihe red 51eeve indi~alion was mi. 
Jizetl . 

\Vol!" N9 1: 53.15 gm . 
N9 2: 52.'JI IUn. 
N9 3: 52 .81 ¡:m. 

··Slund,,~d: 42.5 gOl. 
Wolfe 	NQ 1; &1.5 ~m . 

NQ 2:· 63.1 ¡;m. 
NQ 3: 62 ..~ ¡;n •. 

WQtfe 	NQ 1: 70.7 ¡¡m. 
N9 2: 69.8 gm. 
NQ 3 : 70.6 ¡r;m. 

• All MeMsurem""I$ mMde MI a lemlle raluT:: Olf Iwent r . even d el! r ee~ renl il!rade . 
•• It hu heen o.sumed Ihlll Ihe man"fsrlurer'6 ' lI,efifi"!ll ion f()f "overall wei511l~ 

indudl:l lhe wei5ht of the in~t rumelll handle. Ir i\ doe. nol. the nI.,nitud" of the di ~ r.re. 
IlllllCr belwcen ~pedfied wellhl ind meuuTed wei.hl mar be fo nsiderablr reduced. The 
wriltlr WIU ulluble to remove the in ~ lrulU enl hundle IInd hellce IlIlIIdle "'eidu i. 1101 kllowlI. 
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Chararteristi,, : Mode of Measurement: Finding : 

,1. 	 A""iú,ble 5[.ring h em N9 3 aho,'C les" item NQ 2 Wolfe NQ 1: 6.2 gm . 
tensio" lO compensa/e. aho" e. N92: 6.1 gm. 
for effeclive 10s.<I 01 N93 : 8.2 gm. 
ills/rume nt weight 
when inslrument i .• 
l/ sed wilh ¡mlienl in 
<1 .,cIIlcd [wsi/ion 

!). 1'luIIge.r weighl 	 Plunger removed from lonomeler Wolfe N9 J: 1.90 11 m. 
and weighed on Iriple beam bu. N92: 1.81 gm . 
lanre ... ilhin an aerura.:y of 0.01 gOl. N93: 1.89 gm. 

6. 	l'I'lIIger load 
By ""plunger load" i. meanl Ihe spring I~n sion ading againot Ihe "Iunger al a given 
indiealor POsilio". Nmurally, Ihe plUnger loa d itwreases a~ Ihe plun ger i~ pnshed imo 
Ihe ill slrum~nl ' Iem. 
A 5mall wood~n hlod. wilh ~ minute throngh jto ("enter projCI:linll upward was Illa r.cd 
upon Ihe Iray of Ih~ grllvity balance and weig.hed. This weighl was recorded a lld sub· 

Iracled from e" "h gro~. weight y iddillg th .., n~ 1 values labulaled helow. 

The lonomeler was rarefu lly ('a librated so as lo read 10 mm. H g. wh~1l Illaeed upon 

ils own leSI block. 

The comple te tonomelcr was SUPllorletl by a laboralOry ja('k by means of a clamp 

'lII"ched 10 its hundle. The lonomeler was lowHed l"<lrefully so Ihal ilS plun~cr resled 

upon Ihe head 01 the nai!. 

The hei glll oI Ihe bboratory jack WaS a]¡ered a S were Ihe pod tions oi the balallce 

weighl . until tlle b"lance indi"alur r es led '11 7.UO a l tl,e ~Dme lime th"t Ihe lonometer 

o""dle re~led al Ihe indicated va lue. 

1lhes" measuremenB were very difficuh to make beclluse oI instrumental fri<:tioll and 

in muny "uses u m~thud of IimiH lI,ul to be used lo determine the I>oinl uf halance. 

Readio [\". ..."r" m"de in muhiple and avera!!:"d. 


IndkalOr Value I'll/"ger Lo<ul ¡' [uIIger 1,,,,,,1 I'/ungu L()(Id J'/unger Lo<u[ 
( mm. Hg.) Tm¡ometer N9 I Tonomeler N9 2 1"onomeler 1\"9 :1 "SIIl"d",d 

(gTllm .) (grnm. ) (g""II. ) I,..trumenl" 
(gr¡¡m .) 

5 12 .8 12.11 12.9 
15 15.6 14..7 16.0 
:10 11.'1 l1.0 19.4 
60 1'1.8 19.1J 22.1 
10 21.8 19.4 22.1 12.$ 

1. IJ;lImeler of ¡'oolpIule - DüwlCle, "1 l'/!",ger 
Mellsurem ents ...er e malle ... ithin HIl U<" ,:uruI·y of 0 . 1 mm. by m eans oI a vernier ealiper. 
!)1l1 11 for tht) ""standard" in ~tram ont WlI S ohlained by ('ollvertinll Ihe manufacturer's 
sllecifica lions from inrh mensure lO llletric. 

FOGfpú,te Di" m eler P¡""ger Di<lmeler 
( mill;meter~1 (millimeters) 

Wolfe N9 1: 9.8 3.2 
Wolfe N9 2: 9.8 3.2 
Wolfe NQ 3 : !l.9 3.1 
SllIlltlard: 10.1 09 to 3.1 75 ::¡:; 0.0254 

10.160 

8. Rrulius of curVMure of rooffllme - RIIf/i,,~ 01 curva/ur" uf !'hmger "1If1 
Measuremenls were m"de lo II n al· ..ura"y of one haU millimeler by ulilizing u series 
uf lemplal~ s gradual ed in hnlf millimeler s tellS. 

Rmfius· roo/pi",,, 	 Rflflills , Plullger 
Wolfe N9 1: I .~ 15 
Wolfe N9 2: !!) 15 
Wolfe N9 3: 15 15 
9tulldurd: 15 15 

http:Illar.cd


SCU:HAI. 1 'ONOMEn~ 11 

COMPAR/SON OF 7'HE THREE WOU'E INSTRUMEN7'S lJy MEA NS 

OF A TAMBOUR: 

A lambour has al limes been uscd fUf Ihe PUfJ.lOSC of comparing rt!ading~ oblli· 
ncd undef idenlical ph )'sieal condili ons b)' 5evera l differcnl tunOlllclric devices 
("") . Idenlity of readings. on Ihe tambour tends to suggest in strumental similsril y. 
Identily of readings 011 Ihe lalllbour tends lo suggest instrumental silllilaril)'. lt 
does 1101, howcyer, ¡nsure lhat idenl il)' o f n :adi ngs would be obtained if the to· 
nomet l'rs wcre compared upon fiving human eyes wilh fixed teus ion. But, as hu· 
Illan eres with fiXt:d tensiOIl are not n·adily available andas the use of Ihe lamo 
bour yield! result s more salisfactor)' lhan Ihose whieh woul(1 be obtained usi ng 
human e)'es with normal outflo w characle risliefo, a lambou r study was made. The 
bulb of sph)'gmomanomcter was connected lo a ehambcr covered by a thin 
plasties membrane, allcl lo a pressure ga uge reading in poun&~ pet square ineh. 
Thc rt'ad ing oí the pressure gauge did 1101 hold an)' ubsolule relationship lo Ihe 
tonOllleter seale reaJin!; bul Illercly indicaled a pressure levcl at which the tono. 
melric <levices were being compared . Thc syslem was filled with air and tesling 
\'las dOllc ti! ascenJing prcssurc levels. 

The tonomeler undcr lest was misee! and lowcred upon Ihe lumbour by mean! 
of a laborator)' jack whieh climinalcd Ihe diff icu[t y associalcd with rt'pealcJ place
ment of a hand·held inslrumenl upon a fixed arca of Ihe lamoour. 

T ,\BLE III 

TO/wme/er lletifU" s., Obt,,;uet/ I11 V"';OIU r"mlJOu, 1..11",;"" I.cuel .• 

I(·;th t;"ch 01 T/rrcc 1r/ "lle "C" 7·0IIOmeler.• : 


T"m60llr 1/lllfll;O/l TO/lometer {\'9 J T ..",,,,, e/u N92 1"o/lome/er N93 , 
A 
n 
e 
D 
E 

11.7 mm. H g. 
21.8 mm. H ¡¡. 
31.8 mlll. H¡:: . 
37.9 mlll. H~. 
".1 mm. H I!. 

11.7 
19.3 
:11.2 
37.8 
46.3 

mm. Hg. 
mm. H g. 
nuu . HI!. 
mm. H g. 
mm. Hg. 

10.2 
19.7 
3 1.5 
311,6 
47.3 

mm. H ~. 
mm. H g. 
mm. H g. 
mm. Hit. 
mm. H ,. 

Table 111 shows. the rcadi"g obtaincd al various pressufe levels with eaeh 01 
Ihc tl1T('c Modcl " C" instrumcnts. Measuremenls wrrc mad e at cuch of five Icvcls 
of tall1bour inflation labelcJ A, B, e, D, and E. Eaeh readin g was maJ e in tripri. 
cate and averagcd. Onl}' the mean reading al eaeh prpssu re I t~ Vcl for eneh instru· 
ment is indiealed in Ihe table. 

This table ",ourd Sl'ClH to J cltlonstr:lle that the thtee Wolfe inslrulJlenls under 
test yicld reaclings which arc in reawnable agn."Clll('n t when app[ied in sllcccssion 
lo a tll lllhour llIailllaincd al a fi):('d leve! of pressure. 
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MANOllfETRIC INVESTIGATION Of' TIIE WOLf'E CALlBRATION CURVE: 

Closea stopeock ¡;alibration sludies (4d ) of:l tonomelric d evice are nol entire. 
Iy satif.lactory beca use of th e excessive seatter obt:lÍncd whcn Ihe lonomeltic 
reaai ngs arc prott¡~d againsl Ihc mallolllclric rcadings. Thc sea tter is rclatc(] lo 
varialions in Ihe degree of ocular rigidi ty of tl\(' eres undcr ¡es!. 11 is unlortunate 
thal closed ~topeo¡;k dala are nol weH :ldapled lo simple SUf\'¡' fitting beeause the 
closed stopeock siluation more elosely paralels Ihe clínica! eondition than does 
the open stopcoek situation. 

Open slopcock aala, (4,,) on ¡he olher hand, are cxtrcmdy usefu! in that sea!· 
ter is rcauecd by Ihe exel usion of rigidity effectE·. Open and elosed slopeoek CUf· 

ves have becn assulIlcd lo be identical in contour but a vertkal translalion of the 

open stopcock curve UpOIl its axes must be accomplished before it becornc represen· 
lative oI ¡he clinicaT siluat ion o. 

A burelte clllploye(1 as a waler reservo ir \Vas aUached by 1l1eans of pressure tubo 
ing lo a manomeler and lo a twenly gauge nc¡;dle inserted inlo ¡hc antcrior cham. 
bel' of a pig eye al Ihe limbus. The systern was filled wilh physiologica! sa1inc and 
ait was excluded. By Ihe opcralion of a sphygomanollleter b ulb and bureLtc valv!; 
lhe lllanomclrie prrssu re eo uld be brought lo an)' desi red level. A Wolfe 10nOllle· 
ter was elamped to a lab jack an lowcrcd o nlo Ihe bulbar eonjuncti va of the pig 
eye so that Ihe edge of Ihe lonomeler {oot fell one hllf lo one millimeter from 

the lilllLus. No ey¡~ was nscd in which Ihe scleral radius cxeeeded fourteen Illilli· 
meters as measured by means of a lemplate. An arel! of sclera was utili7.ed that 
was j udged Ly inspeclion to Le quite regular. [nserl ions o{ the extra·ocular mnsc· 
les were avoided. 

Figur!~ 8 is a scatterploL in which the lonometer reading in miHimeterf' of mero 
cur)' (Wo lfe ) is plotted againsl Ihe manorndrie d¡;lcrrninalion of lhe actual inler: 
na[ prt'ssure of the eye under open slopcock eonditions. lf Ihe cal ibration curve 
of lhe eye \Volfe instrument wcrc cnlircly accuralc, a li near rerationship shoul(! 
llave been {ound helween Ihe tonometric pressure in miHimelers of mereury and 
Ihe manomctric pn'ssure in een limeters of wa!¡;r . ., ., 

• Idenlily of ronlonT hel "'een ¡he 0l'cn ¡(nd c:losed slop"o"k "urvcs Was ",~umc,1 Io y 
Sd¡iotz in his {'~Iibration sllldies. Su{'h as assumplioll lead" only lo ~ v~ry ~lighl ina"curaey 
in Ihe interl'relUlion of c:linicul dala. In more recen! c"lihral;on "ludies, Fricdenwald 
modified his curve by ¡h" utili7.<llion of a fa"'or ","irh takcs inlo "OIlSiaCTalion Ihe 
"normal" coefficienl of ocnlar rigidily and Ihe votume of fluid disptar.ed by Ihe lonome!er 
plulI ger. T"e tUller vu lue ¡s, of eourse. u fundion of tite indi"ator 1'08itiou . 

•• Tu "lollin !; open "tolH'o,'k m,,,,omctric \'alucs ,lirel'¡ty "I(,dm,1 Ihe eorrcspondinl( Wolfc 
,,,a le valu"s, l.he usu¡.mtion was made thal lhe 0l'en and dose.1 , tol ,eo"k ctlrvp.S d"vialcd 
from eadl otIler hy ~ "on~lanl vatue throughout t"e ir enlire eXlent. This is an 3s,umptio" 
",lIíeh ¡md heen mude by 5,'hiol7. in his l';I¡¡br~liot1 , ludies 'JUI i, nol cnlircly Iruc. lt i8 
suffieienlly prcrise for our prescnl I>urpose, howc~cr. 
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SC U :RA L. TO /'iOMUE R 

SUMMARY AND CONCLUSJON: 

Scleral lonomelry using tll(' Wolfe instrUlllenl has recen lly 3rouscd considerable 
inlt'rest. II has been shown Ihal Ihe WolCc Scleral Totlolllelcr const ilules a varian! 
of Ihe Bail1iarl cornea)' sclcrll l inetrumenl. The sclcral t'scalc of Ihe Wolfe was 
found lo be idcnlical lo Ihc cortlt'al E<ca le of Ihe Bailliarl and lo be quite irregular. 
The irregufarit y oC Ihe dia l scalc cannol be explain ed 011 Ihe baeie of Ihe mecha
nical cha racleristics oí Ihe gt'ar mech:mism as Ihis was e3tablished as being eesen
lial1y linear Ol'{'" r Ihe maj or porlion of ils rangc. Furlhcr, il was delllonslraled 
Ihal the dia l scale was 1101 laken from Ihe Schiolz ealibratiOIl curve. 

Thc dfccls of ocular rigidilr UpOII the c1inieaf estimale of Ihe inlra-ocula r 
¡¡ reSSUTe a Te Ihe crilical preseure minimized when of Ihe Tonomder is lOVier Ihan 
Ihe intra-ocular pressurc. Tlle cr itica! preesure oI a WoHe Model "e" Tonomeler 
1I'8S ca lculaled ano founo lo be in excess of eixly nine rnilJilllf'tcrs of mercury. 

Althou gh Ihe diar of 1111: Wolfe inslrumenl irnplies a rangt' from five lo one 
hundred thirty millirnelers of mercu ry, sevcnly mil1imelcrs of mercur}' constitu
les Ihe up¡}l'r fUllclional limil of Ihe instrumenl. 

While Ihe Wolfe TonOlllelu ie conslrucled in such a manner as lo be usablc 
with Ihe palient eilher erttl or recfin ing, it has been eslablishe Ihal Ihe inslru 
men l t>xe rls a grcalcr force upon the c)'e when held verlical rather Ihan horizontal. 

Whe rcal! Ihe plullger luad II l!S UIlle5 n constan! value in a gravi l}' Iype inslrumcnl, 
is "a ries as a function of inoicalor posili on in a sp ring loaded device such as the 
Bllill iarl or Ihe Wolfe Tono rneter. Allhough mea n!; are provided in the Bailli art 
TonOl11ctcr for adjusting plunger load, no mean!! fOf in~urin g ruad are available 
in Ihe case uC Ihe \'\Iolfe instrumcnt. 

The 1)llVsica l charactcrislics of Ihree available Wolfe inslrunll'nts were measured 
and found nol lo be iden lica1. 

When Ihe rcadings of three Wolfe inslrumenls we l"c eompared 011 a tambour 
lua inta ineo al "arious pressur~ l c,, ~ls, re3sonable consislaney was nolcd_ Although 
this is suggcslive of instrumenlar si mila rilY, il does 1101 ¡usure Ihat consistancy 
of read ine:s would have been obta ined had Ihe\' becll laken usilll!; human cvcs 
with fi x(' rl tf~Jl~inn_ 

I\n opcn slopcock manomcl rie cal ibraliuIl study was undt!r lnken using the Wolfc 
Tonometer lo make pre~sure me:lsurcmcnls 011 pig: eye!; mainlaincd al kllOWII le
"cJ~ of prcssurc. Whcn Ihe IUllomelric findings were prottel (I¡;!;a in st manomclrics 
findings, Ihe relalioll sh il) appeared no! lo be linear. 

The lIulhor i! grelOll )' indebled lO Dr. M. J. Allen 01 .be Oi v;, ion 01 OI,lornelry, Jn.Jiana 
Un i"euily, lor hi . ;n"aluablc 1I~~ i ,;h"''-e in Ihe cxerUl;nn of Ihi , &Iod". He i~ al ... , indehled 
lo Or. Henr}' Hohlcller, !)ire" lo r, Uivis io ll of Ú •• lomelry, Indiana Un i"euily, for readin l!l 
Ihe mllnu~cril>l and .-onlrih"I;", lIl;t"y heJ l. lul ;¡ Ul',/l:Ciilion$. 

BloOlllinllon, IndianA 
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