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The Effect of Division of the Periosteum on Enchondral Growth and
Angular Deformity of Long Bones
—An Experimental Study on Rabbits’ Femora—

Duk Yong Lee, M.D., In Ho Choi, M.D. and Won Sik Choy, M.D*

Department of Orthopedic Surgery, College of Medicine, Seoul National University, Seoul, Korea
* Department of Orthopedic Surgery, Dae Jon Eul Ji General Hospital, Dae Jon, Korea

The purpose of this experiment was to determine the effect of dividing the periosteum circumferen-
tially on the growth of long bones and the effect of partial division of the periosteum on the forma-
tion of angular deformity of growing bones and to investigate the tethering effect of the periosteum on
the epiphyseal plate as its possible mechanism.

One hundred twenty rabbits, one-month old with average weight of 570g, were divided into four
groups. In the first group, the periosteum of the right distal femur was completely divided circumfer-
entially; in the control group, the medial aspect of the right distal femur was surgically approached but
the periosteum was not divided, in the third group, the medial half of the peristeum of the right distal
femur was divided transversely; in the fourth group, the medial half of the periosteum was divided
and resutured. Following the operation, X-rays were taken every two weeks until twelfth week and
then at twentieth week and the length of the femur and the physis-shaft angle were measured.

1. After complete circumferential division of the periosteum, the ratios of right over left femoral
length before operation, and two, four, six, eight, ten, twelve, and twenty weeks postoperatively,
were 100.0+0.0%, 102.1+0.1%, 102.9+0.0%, 102.94+0.0%, 103.5+0.0%, 103.6+0.0%, 103.5
%+0.0%, and 103.51+0.0%, respectively. The overgrowth was most conspicuous during the first
two weeks. On the other hand, in the control group there was slight overgrowth, but this was
not statistically significant.

2. After partial division of the periosteum, the physis-shaft angles before operation, and two, four,
six, eight, ten, twelve, and twenty weeks postoperatively, were 91.0+1.2°, 87.8+2.5°, 84.4+2.4°,
83.113.2°, 84.2+3.5°, 86.4+2.3", 86.2+2.3°, and 86.8+1.9°, respectively. The valgus deformity
was induced most conspicuously during the first four weeks, whereas partial correction of the de-
formity took place between the eighth and tenth week postoperatively. After repair of the
partially divided periosteum, only 0.9° of angular deformity was observed at sixth week, but this
became statistically insignificant at tenth week as were in the complete division and control groups.

3. Histologically, no difference was observed in the cartiage cells of the epiphyseal plate and the
bony trabeculae of the metaphysis between the control group and other groups. The divided peri-

*E EEE 1986WE Addstagd ik dAd T 22 ojRex AY.
* 2 =70 axE 1986 A303 FAISE Bl A L ER 8} 9L,

- 789-




osteum regenerated at the ninth week, this being same also in the repaired group. There was no

statistical difference in the thickness of the epiphyseal plate between the operated femur and the

opposite normal femur in the completely divided group, this being same in the control group. There

was also no statistical difference in the thickness of the epiphyseal plate between the medical and

lateral halves in the partially divided group, this being same in the repaired group.

Based on these results, the investigator was able to draw following conclusions.

1. In the growing long bone, complete circumferential division of the periosteum near the epiphy-

seal plate results in stimulation of growth and lengthening of bone.

2. Partial transverse division of the periosteum results in asymmetrical overgrowth, inducing an an-

gular deformity.

3. It is suggested that the mechanism of overgrowth following division of the periosteum lies in the

removal of the tethering effect of the periosteum.

These findings may bear clinical implications on leg length inequality and angular deformities fol-

lowing certain fractures and epiphyseal injuries during growth period.

Key Words: Periosteal tethering, Angular deformity, Bone lengthening.
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Fig. 1. The relationship of periosteal division to the distal femur in each group of rabbits.

Fig. 2. An antero-posterior radiograph of rabbit’s femora is being taken with the patellae facing forward.
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Fig. 3. Measurement of the femoral length and
the physis-shaft angle.
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Fig. 4. Measurement of the thickness of the
epiphyseal plate at five reference points of the
distal femur.
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Fig. 5. Sequential radiographic measurements of the femoral length. An example of group I.
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Table 1. Comparison of femoral lengths between the complete periosteal division group(Group I) and the
controup({Group 1)

Circumferential periosteal divison({Group I}

Control(Group II)

Weeks —oh*mm)  Left**(mm) _ Right/Left(%) _ Right(mm) Left(mm)  Right/Left(%)

0 52.7+3.8 52.7+ 3.8 100.0+£0.0 52.5t3.3 52.5+3.3 100.0+0.0
L2

2 59.9+3.6 58.7+3.8 102.14£0.0 60.41t 4.1 60.0+3.8 100.6+0.0
4 67.0+4.3 65.1+4.3 102.9+0.0 65.8+4.4 65.81+4.5 100.0£0.0
6 72.6+4.6 70.51+4.2 102.9+0.0 69.8+4.9 69.7+4.9 100.010.0
8 79.3+3.6 76.6+3.7 103.5+ 0.0 76.3t4.6 76.2+4.6 100.0+0.0
10 83.91+4.0 81.0+4.1 103.6+0.0 79.3+4.5 79.3+4.5 100.040.0
12 90.1+3.9 87.01+3.8 103.5+ 0.0 84.2+4.3 84.1+4.4 100.0+0.0
20 93.2+4.1 90.0t 4.1 103.5+0.0 90.1+0.3 90.0+0.3 100.0+0.0

Note: *; mean plus or minus one standard deviation for experimental side

**. mean plus or minus one standard deviation for normal side
All differences between two successive periods are not significant except where indicated

(***P (t) < 0.0001).
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Fig. 6. Sequential radiographic measurements of the femoral length. An example of group II.
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= 102.04 ® Circumferential periosteal
é division(Group 1)

-Ea ® Control(Group M)
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0 1 2 3 4 5 6 7 8 9 10 11 12 20
Weeks
Fig. 7. The ratio of right/left femoral length in the complete periosteal division group and in the con-

trol group.
*P(t) <0.04 at second week and P(t) < 0.0001 thereafter

. 8. Sequential radiographic measurements of the phsisshaft angle. An example of group L
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Table 2. Changes in the physis-shaft angle in each group

Circumferential Hemicircumferential Hemicircumferential
Periosteal division Control(Group II) Periosteal division Periosteal suture
Weeks {(Group 1) (Group I) (Group IV)
No. of Mean+S.D* No. of Mean+S.D. No. of Mean+SD. No. of Mean+S.D.
rabbits (degrees) rabbits  (degrees) rabbits  (degrees) rabbits  (degrees)
0 30 91.2+1.4 30 90.9+1.1 30 91.0+1.2 30 90.6+0.6
-8
2 26 91.6t1.6 25 90.9+0.9 30 87.8+2.5 29 90.410.8
(1]
4 26 91.3t1.6 21 91.0+1.2 30 84.41+2.4 29 90.0+1.1
6 22 90.9+1.3 21 91.1+1.1 26 83.1+3.2 25 89.7+1.2
8 10 91.4+1.6 20 91.0+1.3 21 84.2+3.5 19 89.8+0.9
e
10 17 91.1+1.3 18 90.8+1.2 17 86.4+2.3 16 90.3+0.9
12 11 91.3+1.5 13 91.0+1.0 11 86.2+2.3 -9 90.2+1.0
20 7 91.0+1.3 6 90.8+0.7 7 86.8+1.9 9 90.71£0.8

Note: *; standard deviation
All differences between two successive periods are not significant except where indicated
(**P(t) <0.0001, ***P(t]) <0.03).
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Fig. 10. Sequential radiographic measurements of the physis-shaft angle. An example of group II. Deve-
lopment of genu valgum is evident.

Fig. 11. Sequential radiographic measurements of the physis-shaft angle. An example of group IV.
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Table 3. Duncan’s multiple range test for the phy-
sis-shaft angle

Weeks Grop 101 Mean Dunears’
1 30 91.2 A
0 I 30 9.9 A
v 30 9.6 A
m 30 91.0 A
| 26 91.6 A
9 I 25 90.9 A B
v 29 90.4 B
I 30 87.8 C
I 26 91.3 A
I 21 91.0 A
‘ v 29 9.0 B
m 30 8.4 C
1 22 9.9 A
I 21 91.1 A
6 v 25 89.7 B
m 26 83.1 C
1 19 91.4 A
I 20 91.0 A B
8 v 19 89.8 B
m 21 84.2 C
1 17 9.1 A
II 18 9.8 A
10 \ 16 8.3 A
! 17 8.4 B
1 11 91.3 A
I 13 91.0 A
12 v 9 9.2 A
m 11 86.2 B
1 7 91.0 A
I 6 9.8 A
20 v 9 9.7 A
I 7 8.8 B

*Same letters mean no statistically significant dif-
ferences between groups.

1.2 87.8+2.5°, 84.4+2.4°, 83.143.2°, 84.2+
3.5°, 86.4+ 2.3, 86.2+2.3°, 86.8+1.9°0) 3 tHTa-
ble 2).
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7tE= 9kl gnt. £F 4A)71W PS#(Fig. 11)-2
=A, €% 2, 4, 6, 8, 10, 12, 203 Z~] 90.6
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Fig. 12. Microphotograph of the divided peri-
osteum in group I at the first postoperative week
(H-E, x100).

Fig. 13. Microphotograph of the divided perios-~
teum in group I at the sixth postoperative week.
Repair process is in progress but the periosteum
is still thin(H-E, x100).

Fig. 14. Microphotograph of the divided perios-~
teum in group I at the ninth postoperative week.
Complete repair of the periosteum is evident(H-E,
X 100).

+0.6°, 90.4+0.8°, 90.0+1.1°, 89.7+1.2°, 89.8+
0.9°, 90.34+0.9°, 90.2:+1.0°, 90.7+0.8°0])g)c}(Ta-
ble 2).
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Fig. 15-A, B. Microphotograph of the lateral A) and medial B) epiphyseal plate of group Il at the

sixth postoperative week(H -E, X100).
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Fig. 16. Sequential radiographic measurements of the physis-shaft angle after lateral hemi-circumferen-
tial division of the periosteum. Development of genu varum is evident.

+F 1259 7tE 8etelY £33 239 Fodw
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(Fig. 15).
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