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Analysis of Permanent Radiation Myelopathies
—Time-dose Relationship of the Spinal Cord Tolerance—
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By using the linear-quadratic survival model, “Sr=e ~@*#%” the relationship between the isoeffect
total dose for late effects and the dose per fraction can be expressed as D=D../(1+d/a/#), where D is the
total dose, d is the dose per fraction, and D., is the extrapolated total dose for an infinite number of very

small fractions,

The time-dose relationship for the spinal cord tolerance was analyzed in one hundred and sixteen
cases of permanent radiation myelopathy (107 cases in the literature and 9 of our cases).

The value of «/g for the spinal cord was 1.9 Gy.

The value of D.. for the tolerance was 99 Gy for small field (<10cm in length), and 92 Gy for large

field (=210cm in length).

Therefore, the tolerance dose of the spinal cord was expressed as D=99/(1+d/1.9) for small field and
D=92/(1+d/1.9) for large field. Distributions of the latent periods were apparently biphasic with the
two peaks at 10—12 months and 18—26 months after completion of therapy. The median latent period

was about 20 months.

No correlation was found between the latent periods and the equivalent dose (D..).
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Table 1 Permanent radiation myelopathy — our cases

Cord

Treament Latent

level Field Age. Sex Cord dose(Gy) Fractions time(days) (&eg:gﬁ:) symptom NSD  Doo
L C S 48 F 39.08 12 16 12 B-5 1586 106
2. © S 49 F 47.65 14 20 27 B-S 1819 132
3. C S 52 F 38.66 12 23 30 B-S 1508 104
4, C S 37 F 47.63 14 24 18 Paresis 1782 133
5 C S 51 F 41.80 12 16 46 B-S 1697 118
6. C S 42 F 38.31 11 15 26 B-S 1600 108
7. T S 47 M 51.79 19 21 22 B-S 1827 126
8 C I 45 F 73.53 43 106 6 B-S 1785 140
9, T L 50 M 48.40 22 36 21 Paresis 1561 104

C :cervical cord S :small field(<10cm) B-S: Brown-Séquard syndrome

T : thoracic cord L : large field(=10cm)
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Fig. 1 Distribution of latent periods of radiation myelopathy cases.
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Table 2 Permanent radiation myelopathy — Literature
; Laten
Ref. Author ﬁt:gil Field Age. Sex 4 o(s:é)(r(‘}jy) b}:}?&?ﬁ; ngf Eg%%bn;;gg (%;ril%gt:) Symptom NSD Deo
5) Atkins (& S 52.00 26 32 7 Paraplegia 1625 107
T S 19.00 2 7 10 1299 114
T S 19.00 2 7 29 Paraplegia 1299 114
T S 19.00 2 7 19 Paraplegia 1299 114
T S 19.00 2 15 Paraplegia 1299 114
T S 34.80 10 21 ] Paraplegia 1433 99
T S 38.00 12 26 21 Paresthesia 1463 101
T S 40.00 12 25 12 1546 110
T L 29.60 3 14 15 1701 133
T I’ 50 M 45.50 15 35 ] Pare & hypesth 1607 118
6) Abbatucci (8 ] 59.40 18 46 1948 163
[ S 54.00 18 42 1789 139
C S 54.00 18 42 ‘1789 139
C S 54.00 18 48 1763 139
C S 51.10 18 42 1693 126
C S 60.00 8 44 1977 165
il L 54.00 18 42 1789 139
il 15 54.00 18 46 1771 139
iy L 54.00 18 44 1779 139
il L 54.00 18 42 1789 139
7) Dynes & S 60.00 35 51 1659 114
8) BE C S 32 M 60.00 30 40 14 Paraplegia 1768 132
C S 51 M 41.00 15 29 14 B-S 1478 100
C S 58 M 74.00 37 50 26 B-S 2023 152
C S 74 F 82.00 41 58 50 Paraplegia 2152 168
C S 21 M 76.00 27 37 19 B-S 2316 188
C S 61 M 92.00 44 62 22 Paresis 2356 193
C S 5 F 56.00 39 64 € B-S 1471 98
C S 40 F 62.00 35 46 & Paresis 1733 120
C S 3% F  90.00 47 69 38 Pare & hypesth 2242 180
& S 46 F 70.00 46 68 2 Hypesthesia 1756 126
T S 54 F 60.00 24 44 4 B-5 1846 139
T S 69 M 50.00 26 40 29 B-S 1525 101
T S 43 M 94.00 61 74 36 Hypesthesia 2183 170
C L 43 M 56.50 24 56 24 Paraplegia 1692 126
& L 51 M 60.00 20 45 20 Paraplegia 1923 154
(% L 29 M 40.00 20 45 26 Tetraplegia 1282 82
c S 51 M 65.00 34 46 29 Paresis 1830 130
C L 531 M 85.00 49 68 27 Paresis 2100 162
(& L 5 M 82.00 54 65 15 Hyrpesthesia 1989 148
C L 51 M 67.50 28 65 33 Paraplegia 1916 153
C L 60 M 39.00 20 28 4 Pare & hypesth 1317 79
G L 51 M  30.60 7 29 38 Hypesthesia 1070 60
C L 28 M 76.00 40 50 12 Tetraplegia 2039 152
(& L M F 50.00 23 32 8 Paraplegia 1609 107
C I 67 M 66.50 34 64 2 Lhermitte’s 1805 135
i: 15 60 F 58.00 28 32 10 B-Ss 1796 123
T 15 50 M 52.00 27 39 36 B-S 1576 105
T L 67 M 110.00 57 71 18 B-S 2608 222
T L 65 F 56.00 32 50 33 B-S 1535 108
T L 7 32 F 95.00 30 75 11 B-S 2616 254
T Ik 18 F 51.00 18 43 15 B-S 16385 127
T I 53 F 66.50 35 44 10 Paraplegia 1868 133
T 15 31 M 66.00 23 69 6 Paraplegia 1952 166
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38
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63.54
57.82
£68.84
65.15
62.82
£9.12
61.74
53.42
61.86
£1.61
67.27
69.53
56.09
64.53
65.62
66.33
68.95
70.91
73.94
41.70
55.10
30.40
40.90
42.50
37.40
42.00
50.00
38.70
38.90
48.50
39.50
40.70
43.70
49.77
34.52
33.73
33.75
35.26
34.27
34.53
34.50
34.26
33.00
43.50
70.00
50.00
45.00
60.00
61.50

62.40-

£3.50
56.00
53.00

HE TH

13
19
29
30
29
23
27
26
25
24
23
22
20
18
30
31
30
30
29
16
44
14
10
32
15
15
19
16

26
23
20
24
36
37
31
27
30

42
48
43
43
m
42
37
37
35
33
64
56
26
40
40
43
47
46
41
29
59
10
51
30
26
29
50
21
18
27
21
21
23
29
18
18
18
20
22
18
22
22
23
24
61
33
37
32
51
42
35
59
43

B-S

Pare & hypesth
Paresthesia
Paraplegia
Pare & hypesth
Paraplegia

B-S
B-S
B-S
Paraplegia
B-S
B-S
B-S

Incomplete T.
Paraplegia
Paraplegia
Paresis
Paresis

B-5
Paraplegia
Paresthesia
Incomplete T.
Paraparesis
Paraparesis

2106
1863
2031
1904
1846
2059
1882
1643
1932
1956
2005
2127
1910
2151
1930
1923
1999
2055
2188
1480
1419
1433
1611
1552
1504
1757
1415
1455
1478
1665
1453
1497
1672
1674
1634
1597
1597
1650
1587
1634
1597
1586
1520
1995
2037
1604
1474
1911
1688
1739
1587
1621
1549

609

182
150
155
140
134
159
136
111
142
145
171
185
139
186
141
141
152
159
173

99

91

91
151
1m
111
158

91

91

92
113

91

95
121
115
139
133
134
144
137
139
139
137
129
209
169
107

98
139
117
118
102
117
102

C :cervical cord S :small field(<10cm) B-S: Brown-Séquard Syndrome

T : thoracic cord L : large field(=10cm) Pare & hypesth: Paresis & hypesthesia
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Fig. 2 Distribution and cumulative
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incidence of latent periods of radiation

myelopathy cases who survived at least 24 months after completion of therapy.
The median latent period was about 20 months.
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Fig. 4 Log-log plot of total dose against number

of treatment fractions. O cervical, small field, &
thoracic, small field, ® cervical, large field, a
thoracic, large field, * without myelopathy
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Table 3 Incidence of radiation myelopathy at various schedules

Ref. Author schedule Deo incidence
190 Seruggs 20Gy /5fr, 2W rest 108 2/20010%)
20Gy /8fr =2 1yr follow up
21) Fitzgerald 20Gy /5fr, 3W rest 124 6/45(13.3%)
20Gy/5fr =11 mos follow up
200 Hatlevoll 18Gy/3fr, 3W rest 121—138 30%/(life table method)
16-20Gy/4fr 20% (Schultheiss’s method)®*
14) Dische 34-36Gy/6fr 140 47% (Schultheiss’s method )

< 5 BB &pD.=19(1+5°0) =57ic e 5.
Fo%, —EHER1.IGy I T5E, (99-57)/
a +%) =21Gy (11[@) T full tolerance =7z %,

BL, —EH#EH2Gy LT T, Zhlll, —E#
B/ S LCHEMMBEIBM LI &5 5
vy PEHETOERER DD Y, —EHREI2GY
LFco@BcRERLETS,

Scruggs TR LT, —EFE4Gy &
5@ (20Gy), 28Ok IR Ic—E#R#E2.5Gy
% 80 (20Gy), #Bffik & L T40Gy @ L, 1
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b, WEHEXEZ T3,
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