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HE 2SO AASVIE AESIH UEHE SYoIR M, Hoffer Q & SRK/T A AI8atK QIZ32HH =28 Foll, & =4
HALZ A9 O S X| X}0|(expected disparity between the formulas, EDF)Qt =X MM ASQIXIE Tt NS EAMGIRICH o= &
Mol HI=HEME MASIH A =% LAE SYoIRL, UEFZME MAsto] 349 2t &8 x| AZLUXS0
0jxlz ggfs 246U
Zob WX StAtol 17.8%001M EDFOl 27|17t 0.4CI5HE ZIFoHACt EDFE AUSEL A= 51 w2 HHHASE EAt
(R’=0.855, p<0.001). CHE 3|7 A4 240 LA, M0, £HH FAH} & =4ANZAY 28 7 F=o| RS I8
DNXle AOZ LIEHGCH
AR & SA2 oot UZ4TA E4E olSat=t U0 ez 1 46U F Ea AMSAZY] o SX] X0z 485
El A=Y S 1R 52 YHHAE UEIURACH SHEY LAEEE 249 AL HY 0|, E= +FA T2 Z0] Hoffer
Q SA0ILE SRK/T A9 Aldtoll ete|X| b= QIAtel Fetg o WOl = A2 LEHRC
(CHStottet S| x| 2014:55(1):85-92)

WY & T 7hE s A A3 ol tE &% A2 e8] A F8ES 7RI dE] AR EA
FAAZE Uehhs 497t ook Aol Haigis 935 ok
“dA|(intraocular lens, I0L) =4 FAlo] & & 24 A A ol 7189 259 Ao R 34 7hs A,
£ d5sh=tl ol 52 Fes yEhla glow, o] 3AIH 3157 ALEEAlelles i = 91 (effective lens
A M SUS AHgstel 249 A Zole] Al 24 position, ELP)S] Alstel] Hizlole] U=AE A-gatA
AE ATFHA w4 Akl wkgFich 1Ak Fo|A L, AupEEA| o) A SHAREY FAshs WA
A ZRAVE THIEA B BUGIAL Z1E] 233 2 ASSHR ok’ ELPE 2 B EAEA
ZAPAE U3 del AGHT glon, B AR uie o AHE AgI, o)) e &5 Fhe| Sk
FE7E o o fle AReIAW, s MU B S5t HA| 2po] 7} AR . gl mpALt 349 Ao
Fefo] AT Mol AL Holq THEAVIZ ANE o ulmsh] gfste], e 2 dlEAY S F A
o % gl A9t WA o] A9 2T ZAUAL RS 2AAe] XolE ZAsted 1 Adizke] Wzk(mean
of 57]9f, oFAl dlolA THMSA7I7F 250 S-S absolute errors, MAE)& /g4 & H|wdh= WS H]
S| QAT = s Adolth” wekd 7|29 25 WA TRt Ao A AlmEo FEARE, I ofmdt -
ZRUHOR AN £ Uk ATFAA ERAN T4 o &1 B SV B4 ANFAE ofujst A=
7he-dl, 3AI AxkEA o2 BejA]i= SRK/T 9 Hoffer Q 2 Apol7} B HeAlE ot oR BARE =i
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oA 24 5219 guigle Zol7k AYs=AIE ot
B, a2 AeoA meAlibsAEe] JEdS dA
O 2 Hwstal, HASA| e} 2 SA] Apo] Zhol k]l

ABBAE Sobu i shirk

BT AFH ATHAOR of
SAHIDe] o3 3652k tfato] E
o] AlRE|YTh BE

A% ggren, 4 SIS B gelsidslel SUCRD
2012—-09-006—001)= ¥ttt 44 A d2HAAE

NS, T S A S I Re, W
ZH-i S (mean keratometric power, K)-& AEzlalis
Z2247](ARK 9000, Nidek, Fremont, CA, USA)E A}-&3}
of Zgstgom, shaFEsl 100 umel 2 253k 247]

(OcuScan, Alcon, Fort Worth, TX, USA)E Alg3dlo] A
vhzlo](anterior chamber depth, ACD), =&A] F7|(lens
thickness, LT), ¢F=#H(axial length, AL)-S ZA3}4ic}.
KALHE= Bt 2 35(K) I EAH(AL) 9] Fog 4

ofstolch. paol FARY SES WP, At §
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A w47t AAES)
o] 5 = B4 210 % 5 27 o329 Aol
(expected disparity between formulas, EDF)& AA5}
t}. EDF ¥4t A olZ4A A =40 tigt Hoffer Q
49 =4 of|EA]of|A SRK/T #4198 =24 o&A]E M
Zre 2 AHolsk9ltt. Akreos adapt AO (Bausch & Lomb,
Rochester, NY, USA) ﬁ%—?’ﬁﬂ]g A3} A= 118.0
2 AgBteTh AunET 5] Ang Jow, 7}
ko] QEAAA w4 BN AMEE §E A= 913
(ELP)E =Fof ZA3}te] Al == 758 (Microsoft Excel;
Microsoft, Redmond, WA, USA)& AR&35lo] AAsE L
o, Hoffer Q 3-4]o|A] A4tEl:= ELPE ACDh=® 49|51,
SRK/T #-A]of| A 74]4&1% ELPE ACDt& A olatgict.*
2 ANEAe] 45 2 dZA0)A 0.4 De] Aol
QUL oR QIBAHA 40 0.5 D Aolo] AgecHe
Weig o), w4 AR BAES] E27E 0.4 D ol
L ATHAAY Eg M)A M2

5 FRoE Bsof 3 E}t A8 juisiez, diel

M55 HMi1E-

A EDF > 0.4 D, B: =04 D < EDF < 0.4 D, C: EDF
< —0.4 D). A7-& Hoffer Q 3219] 24 A7} SRK/T
A0 24 o AFx| R} 0.4 t]8E (Diopter, D) WA Al
Hoz pEoR oZshs Aol APEAoH, BEE
£ megale] # diAe) Aolrt 0.4 D ojsial A4,
C& Hoffer Q ZAl9o] 24 o|Arx]7} SRK/T Z2]9] =4
AR HT 0.4 D YA AR oR ZAROR oAlse
7Aoo siatsc.

e 4 35S S5, eA 2 Ay
2 Zhat pEo] 7MY =2 WEFoA] 2.75 mme] £yt
ut ANE At =& Al 552 0.5% tropicamide

) :
2} 0.5% phenylephrine &3} Aok (Midrin P, Santen,
Osaka, Japan)E& A}&3sto] AMEs}9ow, Proparacaine
hydrochloride 0.5% A otA|(Alcaine®, Alcon labs, TX,
USA)E AMgato] gk n3s Aasieleh 44 5 A
SA D YIAEZE B E Y5t 1.0% sodium hyaluronate
(Healon, LG life science, Seoul, Korea) AEFHEZ-& AL
shaleh 2641012 FAMEER A A AEe v
AP AFENE A= ARE-SFe] 5.5-6.0 mmo| H¥ A
ANE AlgYstsd e, Infiniti A]2A8l(Alcon, Fort Worth,
TX, USA)& A}8-3}o] phaco—chop 4] o2 x2u}l &3}
=& A3 t}&, Akreos adapt AO (Bausch & Lomb,
Rochester, NY) QIF=AAE dHl A5t ol ¢ et

=ds Ao, ARl HRAer 7]aRe 5

32 A e, B3R AlERA] ok Abejoll A AARe]
FE2 e Fshal #&2 SRS

TE T 677 HAdS o sl tiste] A =E A
= Agslgoen, o2 vigog 7k waAAEAle] 24
A5 et &5 ASAE vluste] 2 =4 ALEA Y] @
A48 2GS B4 ARl o= £H 23 of
22004 dA FAAA Ao FAHYSHE W gho
golstalon, exte] AYAE AR ¢52 Bue 8
o] A e HMAE)Z Holstaich Z2te] =4 Ak
2] 7k9] MAEES r—test@ H|w3to] ToARFEAIS 9] g
T Aees Aoz vusklth FARAS SPSS &
A B4 T2 (version 12.0, SPSS Inc., Chicago, IL,
USA)E ARgste] Aldistalon, sAZ ez {23t Afo]
= 0.05 PRks 7]E2o = Sl

2 1

2 A 7A=Y JY Al 123124290, Het
Uol= 70.7414c}. oFEARe 19.18 mmoj|A] 31.47 mm7}t
2| Bxstgon, HH7He 23.40 mmAth(Fig. 1). IS
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Table 1. Characteristics of preoperative biometric data and the power of IOL distribution

Minimum Maximum Mean + SD

Age (years) 40 91 71.09 + 8.99

Axial length (mm) 19.18 31.47 23.44 + 1.55

Spherical equivalent of refractive error (diopter) -24.50 +10.50 -0.37 + 3.85

Cylinder of refractive error (diopter) 0 +3.50 1.17 + 0.73

Corneal curvature (diopter) 40.44 49.56 44.26 + 1.60

Anterior chamber depth (mm) 2.00 4.29 3.14 + 0.45

Power of IOL (diopter) 0.0 38.0 20.17 + 4.44

Table 2. Mean EDF’ and the number of subgroups stratified by axial length

Subgroup A B C:

Axial length EDF N) EDF (N) EDF N)
<22 mm -0.80 + 0.53 () 0.00 £+ 0.18 41) 0.55 + 0.08 4)
22-25 mm -0.48 + 0.05 (10) 0.00 £+ 0.18 (242) 0.53 + 0.09 (24)
>25 mm -0.41 £ 0.00 1) 0.17 + 0.20 (17) 0.54 + 0.11 (17)

Total -0.62 + 0.39 (20) 0.00 + 0.19 (300) 0.53 + 0.10 (45)

Values are presented as mean + SD.

EDF = expected disparity between formulas.

"EDF > 0.4 D; -0.4 D < EDF < 0.4 D; ‘EDF < -0.4 D.
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Figure 1. Distribution frequency was illustrated in histogram
with normal distribution curve. In histogram, 37 cases (12.1%)
had axial length shorter than 22 mm, and 239 cases (78.3%)
ranged between 22 and 25 mm, and 29 cases (9.5%) were lon-
ger than 25 mm.

o 424 249, AUIEK), AYZOIACD), 454 £
ALT), 7e)3 A8 A5 w40] BHghe Table 1
o foFE it EDFe] Hutgk2 —0.03 + 0.31 D
A2 —0.85 DYy, Hojgk2 1.86 DYt

2 T} HEYO] ABUAS AR vehygle
u](Fig. 2), o}7|A 27K-& EDF glol uket 3749 sh912

Figure 2. For the selected IOL power, the disparity between
the 2 formulas (expected disparity between formulas, EDF)
was calculated by subtracting the expected refraction value ob-
tained using the SRK/T formula from that obtained using the
Hoffer Q formula. The 365 cases were divided into 3 groups
according to their EDF value (A: EDF > 0.4 D,B:-0.4D <
EDF <0.4 D, C: EDF < -0.4 D). The scatterplot of the cor-
neal curvatures and axial lengths showed clear discrimination
among the EDF subgroups. EDF subgroup A (red circle), B
(green circle), C (blue circle).

$(82.2%) A= 5 =
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Figure 3. The EDF values were plotted against the axial length,
and showed an R value of 0.417, by using a linear regression
model (p = 0.000). The EDF values show large amplitude of
variation even in middle axial length range (22-25 mm). 'EDF
(expected disparity between formulas) was calculated by sub-
tracting the expected refraction value obtained using the
SRK/T formula from that obtained using the Hoffer Q formula.
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Figure 4. The EDF " values were plotted against the products
of corneal curvature and axial length, and showed an r* value
of 0.855, by using a quadratic curve estimation (p = 0.000).
"EDF (expected disparity between formulas) was calculated by
subtracting the expected refraction value obtained using the
SRK/T formula from that obtained using the Hoffer Q formula.

ste|X| 20144 X 55 H H 13-

(A E= Cbol| Hok= A=
7ol dojof whef 37to = ?L—E—%P o|& thA| EDFgtof o
2t sk =S o, $4F A (22 25 mm) oA
A EX CFof| B3l Aor) 12.2090L, B-o ok=ar
(<22 mm) AL 24.1% 9}1 71 OP AH(>25 mm)

A= 51.8%% Z7lsk= 9kARS e QITH Table 2).

EDFE sk AASAIAETHY] HadS goti
2} o|HEk AL S X359 w), EDF= AL (r=0.417,
p=0.000)2}t= K (r=0.594, p=0.000)9} o] =& At
IAE Jehy9ch(Fig. 3). EDF= Ko ALY #o2 A9
H W4 KALY o) 2318 28 4434 B4 (quadratic
curve estimation)g A3} o wj$ =& AMHAE
HIH(r’=0.855, p=0.000) (Fig. 4).

Hoffer Q&412] & #@l= 2]%|(ELP)°l ACDhe} SRK/T
a219] ELPol ACDto] H#7ke 72t 5.05 + 0.44¢} 5.10
+ 0.612 w9 AR X5 Yehglon, AAA S
AEate] olfwF AEAS At uf, ACDhe= K
(r=—0.048, p=0.360) Er}= AL (r=0.914, p=0.000)
2 KAL (r=0.898, p=0.000)9} G-2j3t AitAE ek

913, ACDtE= K (r=0.276, p=0.000), AL (r=0.777,
£=0.000), 12]3 KAL (r=0.950, p=0.000) 252} 3-0J5}
S vepgle &4 S4" ACDE K (r=-0.037,
p=0.482) Hr}= AL (r=0.506, p=0.000)%} 5-oJ5F Akt
s UrEMWE}(Table 3).

T T Akt 74 meAsbgA el 9 akel & AAAA
5 QA RIATBAE Yotiy] flste] tha3| A
(multiple regression analyses)& Al3)sF A1}+= Table 4
of g.oFsiqict Hoffer Q 3419 o F @ 24= 2} WA
(p=0.000), ZH}ZI0](p=0.000), 1&]31 $=HA] FA|(p=0.005)
o o] Qlqick SRK/T 5419 & & O A= Zdf WA
(p=0.000), Zz10](p=0.000), =HA FA(p=0.004),
7183 EDF (p=0.014)¢} o] Q13ich

+& 5 Aot HAgH(MAE)S Hoffer Q 24]9
A 0.45 + 0.31 D (A3, 0.29 + 0.23 D (Bw2), 183
0.41 + 0.33 D (Ci1)o]9aL, SRK/T 3412] A9 0.42 +
0.38 D (At), 0.27 + 0.23 D (Bi#), 18] 0.42 + 0.38
D (Cib)elqlth & F412] MAEE paired (—test= 173}

17.8% %t} kS ok

Table 3. The composition of Hoffer Q and SRK/T formula and Pearson correlation with biometric factors

Composition Mean + SD Correlation (sig) K AL KAL?

ACDh’ 5.05 +£ 0.44 -0.048 (0.360) 0.914 (0.000) 0.898 (0.000)
ACDt' 5.10 £+ 0.61 0.276 (0.000) 0.777 (0.000) 0.950 (0.000)
ACD 3.13 £ 0.45 -0.037 (0.482) 0.506 (0.000) 0.491 (0.000)

SD = standard deviation.

*Effective lens position of Hoffer Q formula; "Effective lens position of SRK/T formula; *Defined as the product of mean corneal power (K)

and axial length (AL).
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Table 4. The results of multiple regression analyses of Hoffer Q and SRK/T formula error against the preoperative biometric meas-

urements with EDF

Error of Hoffer Q formula

Error of SRK/T formula

. 2
Adjusted R 0.272 0.225
Significance
Mean keratometry 0.379 0.332
Astigmatism 0.000° 0.000"
Axial length 0.485 0.494
Anterior chamber depth 0.000° 0.000"
Lens thickness 0.005" 0.004"
EPL difference 0.066 0.072
Emmetropic power difference 0.215 0.160
EDF 0.278 0.014"

“Statistically significant.

Table 5. Comparison of IOL formula accuracy using MAE amount

1) Mean absolute error (MAE) comparison between both formulae stratified by EDF" subgroup using paired #-test

Group MAE of Hoffer Q MAE of SRK-T N Sig. (2-tailed)
A 045+ 031D 042 +0.38D 20 0.534
B 029 +£0.23D 0.27 £ 0.23D 300 0.149
ct 0.41 +£0.33D 042 +£0.38D 45 0.784

2) Mean absolute error (MAE) comparison between both formulae stratified by axial length using paired z-test

Axial length MAE of Hoffer Q MAE of SRK-T N Sig. (2-tailed)
<22 mm 0.33 £0.26 D 0.35+0.31D 54 0.866
22-25 mm 0.29 £ 0.23D 0.27 £ 0.23D 276 0.155
>25 mm 0.50 + 0.36 D 0.44 + 041 D 35 0.447

3) Percentage of eyes within 0.50 D, within 1.00 D or over 1.00 D of mean absolute errors (MAE) was calculated to compare the accuracy of

formula
MAE of formula <0.50 D <1.00 D >1.00 D
Hoffer Q formula 295 (80.8%) 358 (98.1%) 7(1.9%)
SRK/T formula 294 (80.5%) 359 (98.4%) 6 (1.6%)

Values are presented as mean + SD.
EDF = expected disparity between formulas.
"EDF > 0.4 D; 0.4 D <EDF < 0.4 D; ‘EDF < -0.4 D.

A o, Z7ke] EDF el q = 542 ot Zol5 1t
e 2] ekgttH(Table 5). 5 oflAl MAEZ} 1.0 D oJWj 2
Uehts 49X Hoffer Q 3404 98.1%%1, SRK/T
oA 98.4% St

rh
e

& 4 ANk TollAl UeRd

Hie} o] S7b b=} | A= 12.2% (2782 7He-d| 34

3P of|xl+= Hoffer Q &4]7} SRK/T54]9] &£%]7} 0.4 D

ol zfo|7} U= Aol W Hth =4 A4kl &5

=4 dEA A 0.4 DO Aol= YrH o R QFg4HA

T429] 0.5 D zjojof| A-ggtth= A 13 o], == A
Al 2]

’

= 7
SRR B4 Aol d HAT £ £F ol
stk A ojulgieh Qkgo] 25 mm Kt 71 =
EDF9] Adjzko] 04Xt & AL} 51.8%= uf$ =2 1]
2 Hojrolon, ekl 22 mmuth L ZolA AZ
o] 451z 7% W EDFgte] —0.803 D2 5 gAlzke] o

flo
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23)9] Hol7} v VoM AFL Uehglon], 94E%

o] 19.18 mmo| 11 - Zu}EHo] 42,94 DI A9 A
Hoffer Q A7+ SRK/T 4]} EDF7} o] 1.86 D7HX
Z715He 20 Uehgrh Lee et al'’o] Bagh ule} o]
SRK/T FAJolA] QHgo] B8 u) 48t Aol AXE %
APS BRI 4 Ik Y Zold S8 T A o
27k A2 o]t b W S7skAR, o2 2ol 4
A 27 Z7FHA gk W, Qo] Boblas B
Z19) el52) Zol7t wh$- Z7HsHe 21 BlskickFig. 3).

SENZSIA(ELP)O] AXRE AFHAA m4AAe] 7}

A a7k HHZE sjo|chM SRK/T FA412 4% At
Zlo) o] AAto]| glo] Fedorov Ztal o] HFAAlS A}8-5}7)
1k Hoffer Q 220 A= Hoffer’o] A}x| 2oz 7jutal 7+
o} 25| ehlEZS o] 85k HHE ARSItE” B ]
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AR 7 EALs Aol A AlAkE ELPZES] Bt 4k
okl ELPo}F ZHag, Qb T12)ar KALARO| Ak
£ AKXkt e, 1 A3 Hoffer Q 3-4]9] ELP+= ¢H&54a
71 = AR (r=0.904) & YERYGl o, SRK/T Z4]
o BLP KALZ} 714 2O Abghahs|(r=0.937) Hol,
T AlARsA oA AlAtE= ELPoF A AIS A S o
e Apol7t war AAREA] 1ke] o F2] ApolE
Zo g Heltt Table 304 & wf, A S &
lol= ZtrEate Fogh S HolA] ¢,
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=ABSTRACT=

Theoretical and Clinical Comparison of the Hoffer Q
and SRK/T Formulas

Jin Ho Jeong, MD, PhD, Sung Gon Kim, MD, Hye Jin Lee, MD, Sun Ho Lee, MD, Dong Min Cha, MD

Department of Ophthalmology, Jeju National University School of Medicine, Jeju, Korea

Purpose: To evaluate the biometric conditions causing increased disparity in the calculation of intraocular lens (IOL) power
between the Hoffer Q and SRK/T formulas.

Methods: A prospective comparative study was conducted on 365 uneventful, cataract surgeries performed at a tertiary
care center by one surgeon. The IOL power was calculated using both the Hoffer Q and SRK/T formulas with A-scan
biometry. For a selected IOL power, the expected disparity between the 2 formulas (EDF) was measured and the EDF val-
ue was used to categorize the cases. The resultant error associated with each formula was determined at postoperative 6
weeks. KAL was defined as the product of mean corneal power (K) and axial length (AL). Postoperative errors of both for-
mulas were calculated and their association with preoperative biometry measurements analyzed.

Results: In 17.8% of the cases, the EDF was larger than 0.4 D, possibly leading to different IOL diopter recommendations.
The EDF value and the product of corneal curvature and axial length were significantly correlated (R* = 0.855, p < 0.001).
Multiple regression analysis of causative preoperative biometric factors on the postoperative formula errors showed that
astigmatism, anterior chamber depth (ACD), and lens thickness (LT) were significantly associated with Hoffer Q error and
SRK/T error.

Conclusions: Overall, both formulas performed very well when recommending the correct IOL power. The cause of dis-
parity between the predicted refraction for the 2 formulas was more associated with KAL than K or AL alone. Astigmatism,
ACD, and LT were the causative factors for the postoperative errors in both formulas.

J Korean Ophthalmol Soc 2014;55(1):85-92

Key Words: Effective lens position, Hoffer Q formula, IOL formula comparison, SRK/T formula
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