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Final Follow-up of Epiphysiodesis at Skeletal Maturity in Residual Poliomyelitis

Duk Yong Lee, M.D., Soo Yong Lee, M.D., Suk Ki Tae, M.D. and Phil Hyun Chung, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University, Seoul, Korea

During the twenty two years, Aug. 1963 through Aug. 1985, we performed 83 cases of epiphysiodesis on patients

with leg length discrepancy due to poliomyelitis. In an attempt to determine the accuracy of predicted correction, we

analyzed predicted final discrepancy at the time of operation and actual final discrepancy at or near skeletal maturity.

Of the 83 cases, 30 cases were available for final evaluation.
Among four methods of prediction that have been employed, those of White and Stubbins, and Anderson, Green and

Messner were statistically reliable.

The method of Gill and Abbott was statistically not reliable in our series, presumably because it utilizes percentile

distribution of stature based on Caucasian population in the United States.

Mosley’s prediction was also made on 8 of the cases. However, we were unable to reach statistically significant con-

clusion, obviously because of short period of preoperative assessment on limited number of cases at this time.

Prediction of correction on 5 cases in which both lower extremities were affected, was statistically not reliable in all

methods employed.

Key Words: Leg length equalization, Growth calculation, Epiphysiodesis, Residual poliomyelitis.
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Table 1. Expected growth calculation by Gill and Abbott (1942).

Name of Patient Sex

Date of Birth

1. Chronologic Age
2. Present Stature (Height with Pelvis Level)

Bone Age (from Greulich & Pyle Atlas)

cm inches

3. Bone Lengths (by Orthoroentgenography)

Right Left Amount of Shortening
a. Femur cm cm cm
b. Tibia cm cm cm
c. Total cm cm cm inches

Gill and Abbott

4. Expected Final Stature (Adult Height of Patient from Percentile Chart)

5. Percentage of Normal Bone Length to Present Stature

a. Femoral 3a/2x100

inches

cm

%

b. Tibial  3b/2x 100

%

6. Corrected Probable Final Percentage of Adult Stature (from Tables)

a. Femoral 5a+Age Factor

%o

b. Tibial 5b+Age Factor

%o

7. Expected Final Length of Each Normal Bone
a. Femur 4x6a

cm

b. Tibia  4x6b

cm

8. Expected Growth of Normal Bone
a. Femur 7a-3a

cm

b. Tibia  7b-3b

cm

9. Expected Growth from Distal Femur 8ax70%

cm

Proximal Tibia 8bx55%
Distal Tibia 8bx45%

cm

cm
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Fig. 1. Percentile distribution of stature by Goff (1951).

Table 2. Expected growth calculation by White & Stubbins (1944)

White and Stubbins
1. a. Distal Femur

3/8 inches pér year until 15 in girls

b. Froximal Tibia 1/4 inches per year until 16 in boys

2. Number of Years of Growth Remaining

3. Expected Growth from Distal Femur

3/8x2 inches

Proximal Tibia 1/4x2 inches
Dol 2]3ked A<lols|o] FA o] B £2| HF Ak 2 Zrkake] A abE8 Fetd 2 el
AE abSsta A4S dEFa AFe] HAl4l o] ol &b 22| 7F edoi 2| AL o] Fro] T Fuiiirs
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Bl Aol Aol gk ol gl gsk 3 ol 4ol B. White 2 Stubbins i(Table 2
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Table 3. Anderson, Green and Messner (1963)

Growth in distal end of normal femur and proximal end of normal tibia observed in longitudinal series
following given skeletal ages
(Growth recorded in centimeters; skeletal ages assessed from Greulich-Pyle Atlas)

50 Girls 50 Boys
8* 9 100 11° 122 13 14 15 100 110 12 13* 14* 15 16* 17
Distal End of the Femur (Total Growth Femur x 71%)
Mean 6.54 5.30 4.15 2.82 1.66 0.75 0.27 0.05 7.21 6.01 4.65 3.09 1.48 0.45 0.15 0.04
o 1.14 0.92 0.78 0.53 0.40 0.30 0.18 0.08 1.28 1.14 0.91 0.78 0.50 0.23 0.12 0.06
Extreme 98 86 72 47 28 15 0.7 04 9.7 84 7.2 57 30 10 06 0.2
w 90th 84 67 50 34 21 11 06 0.1 89 78 5.7 42 22 08 03 01
(:3 75th 7.2 58 46 32 19 10 04 0.1 83 6.7 5.2 35 18 06 0.2 0.1
a 50th 65 52 4.1 28 17 07 03 0.0 7.2 6.1 4.8 29 14 04 01 0.0
= 25th 58 48 37 24 14 06 01 00 6.3 52 4.1 26 1.2 03 01 0.0
“ 10th 50 43 33 22 11 04 00 00 53 44 34 23 1.0 02 00 00
Extreme 4.1 31 22 16 07 01 00 0.0 48 38 28 1.6 04 01 00 0.0
Proximal End of the Tibia (Total Growth Tibiax57%)
Mean 4.25 3.39 2.58 1.65 0.86 0.32 0.09 0.02 4.65 3.83 2.92 1.80 0.74 0.16 0.04 0.01
o 0.74 0.58 0.50 0.32 0.26 0.17 0.06 0.03 0.83 0.75 0.62 0.53 0.35 0.12 0.06 0.02
Extreme 6.0 51 43 28 15 08 03 0.1 6.7 56 4.7 34 22 07 03 0.1
- 90th 55 42 32 19 12 06 02 0.1 58 4.8 36 25 1.1 03 0.1 0.0
% 75th 46 37 27 18 106 04 01 0.1 53 4.3 33 20 08 02 00 0.0
@ 50th 41 33 26 16 08 03 00 0.0 46 38 3.0 1.8 0.7 02 0.0 0.0
'(':'-_f- 25th 38 30 23 15 07 02 0.0 0.0 4.0 32 26 1.4 05 00 00 0.0
® 10th 33 28 20 12 06 01 0.0 0.0 34 27 20 11 03 0.0 00 0.0
Extreme 25 19 1.1 09 03 00 00 0.0 30 23 16 1.0 0.1 00 00 00
* Figure indicate skeletal ages in years and months. Thus, 8° is eight years and three months.
GROWTH REMAINING IN NORMAL DISTAL FEMUR AND PROXIMAL TIBIA
FOLLOWING CONSECUTIVE SKELETAL AGE LEVELS
MEANS AND STANDARD DEVIATIONS DERWVED FROM
LONGITUDINAL SERIES 50 GIRLS AND 50 BOYS
GIRLS . .x:v;“ \ BOYS cg
N 11 T == E s N T T T
N/ i | ! pH R R ALY A | | i lg
NAN ‘ L SN ' |
N I . N ! : 7
NI - 1= NN : |
N : T L L " | AY | e
< N \ i 1 N N RN
TN I A N NN ]
e \"\\ T eP NN T TEP
NN (e ]y L] NN \ I ! T
by | | \\'\\\ — AN, -
L e\ T e cM ! AN T o
R NS w R L § NI e P
5 N SN T TS NN ‘
EJANN RN TR - ‘k E,k\l —1-
ALNCANN AN\ i BT N NSNS .
TERNERENS EANOL S AN N \\\D\:‘ J
| 2 NN ST PN 1Y TN S=
33 \\‘ NERNuE =1llo _';7' BN \:l—-—o
2l 5 LI INCN TN dx T T NN !
2 NG N N e RNESEIAN [
e SN NN a1 TRNT N
1 ANSG ‘\:L\_[\ |‘} : | l NN i
ol Qi ] ! NN
8 9 10 Il ®’ B W B
SKELETAL AGE IN YEARS ' 0 s“KELgrALBAGé‘m 1355:165 r®

W57 THE GHILOREN'S MEDICAL CENTER, BOSTON, MASSACHUSETTS

Fig. 2, Growth remaining chart by Anderson, Green and Messner(1963).
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Fig. 3. Mosley’s graph for calculation of past grow-
th, timing of surgery, effect of surgery, and post sur-

gical follow-up. (1977).

Table 4. Chronologic Ages
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at time of operation

Male Female Total
Unilat. Bilat. Unilat. Bilat. Unilat. Bilat.
No. of patients 14 3 11 2 25 5
Average age (year) 14.6 14.1 13.8 144 13.7 14.2
(youngest-oldest) (12.9—18) (13.7—14.5) (11.3—15.8) (13—15.8) (11.3—18) (13—15.8)
Total 14.5 13.9 14.2
(12.9—~18) (11.3—15.8) (11.3—18)

Table 5. Bone Age at time of operation

Male Female Total
Unilat. Bilat. Unilat. Bilat. Unilat. Bilat.
No. of patients 14 3 11 2 25 5
Average age (year) 14.4 13.3 13.2 13.5 13.9 134

(youngest-oldest)

(13—16) (13—14)

(11.3—14.6) (12.3—14.6) (11.3—16) (12.3—14.6)

Total

14.2
(13—-16)

13.3 13.8
(11.3—14.6) (11.3—16)
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Table 6. Sites of operation
Male Female Total
Unilat. Bilat. Unilat. Bilat. Unilat. Bilat.
No. of patients 14 3 }1 2 25
Distal Femur 7 2 6 1 13
Distal femur and poximal 5 4 1 9
tibia and fibula
All American* 2 1 3
* distal femur, proximal and distal tibia and fibula.
Predicted . "
Discrepancy Gil! and Abbott Sri:g:z;?:\cy White and Stubbing
{em) , {cm) //
6 ,/
I,,
51 . (1)

m

Final
Discrepancy

{cm)

\¥
N
(&)
rS 3

-1 4

Fig. 4. Slope (1) : 25 unilateral cases

y=—0.82+0.66x r=0.73
Slope (2) : 5 bilateral cases
y=—1.49+0.72x r=0.68

o . unilateral case, x : bilateral case

, , Final
0 2 7 4 5 6 Discrepancy
/ fem)
-1 K .
Fig. 5. Slope (1) : 25 unilateral cases
y=—0.89+0.78x r=0.72
Slope (2) : 5 bilateral cases
y=0.32+0,39x r=0.70

¢  unilateral case, x : bilateral case
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Fig. 6. Slope (1) : 25 unilateral cases

y=—0.34+0.88x r=0.79
Slope (2): 5 bilateral cases
y=0.37x r=0.29

o : unilateral case, x : bilateral case

apu] 8] A9 25 FAIAH ot gl AL
WP <0.05) o] & whdo] ol &5 4§ 7ka
/- oloh—,]_

ol ALR-F2 9} H FHF27E Pz|FE o)Akl
ol Zulby o] 3wt <le] y=x24 7zt o Zuid 2
3 HulA A (y=a+bx)oll 4 71&7] (b7} 175t
A%t A3 Gillsh AbbottMuld] & EAHogl 1
ozt &  allen (P <0.05), o F wh
< lolzin & + dv A2 vebgteh(P<0.05)
y&2| A sd(a)o] 0°.17P edl el v A
S24 A 7bA whdle] BF a=02tL 4 5 U+
22 vepstoh(P <0.05). ’

rb, gl ad g FAAH AL S B o
White¢} Stubbins®™ uldl 3} Andersong-*2] ¥ !,—?_—*01-
APJAE st 717N b2l yE2o A F
o] oAbl ol &4 y=xof FAlHog Hlo]st
S Aos el

White2} Stubbins™u}y 3} Anderson$”2] F 8 H,j

£ Aolol al &5l glo] $edel Aolst
g ) Slaked ol 2w o] A1 gs7el ZM%
tAREch. 2 A% 5 oy Aolole A AL

2 #97 fol7t (P >0.05). o] White
¢} Stubbins™¢] w}wl 3zl Anderson, Greeny Mess

Predicted
Discrepancy
{cm)

6 | <

5

0 L I L L . . Final

1 2 3 4 5 g Discrepancy
1 {cm)

Fig. 7. Slopes in 25 unilateral cases
(1) by Anderson, Green and y=—0.34+0
0.88x r=0.79 Messner
(2) by White and Stubbins y=—0.89+0.79x
r=0.72
(3) by Gill and Abbout y=—0.82+0.66x
r=0.73
This nomogram shows the prediction of final discre-
pancy by Anderson, Green and Messner’'s method
is apparent]y most accurate.
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Table 7. Final results compared with the predicted effect (unilateral cases)

Gill & Abbott

(No. of cases)

Anderson Green

White & Stubbins ’ Mosley

(No. of cases) and Messner (No. of cases)
(No. of cases)

Result within 1.3cm
of predicted amount

Result 1.3cm
or more above predicted amount
Result 1.3cm

or more below predicted amount

56% (14/25)

44% (11/25)

68% (17/25) 80% (20/25) 43% (3/7)
28% ( 7/25) 16% ( 4/25) 29% (2/7).
2% ( 1/25) 2% ( 1/25) 29% (2/7)

Table 8. Final results compared with the predicted effect (bilateral cases)

Gill & Abbott
(No. of cases)

Anderson Green

White & Stubbins ’ Mosley

(No. of cases) and Messner (No. of cases)
(No. of cases)

Result within 1.3cm
of predicted amount

Result 1.3cm
or more above predicted amount
Result 1.3cm

or more below predicted amount

100% (5/5),

40% (2/5) 40% (2/5) . 0
60% (3/5) 60% (3/5) 100% (1/1)
0 0
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