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Objectives : There are many theories about the anatomical relationships between the thoracic spinous and transverse processes.
However, these studies were all conducted on cadavers. Thus, there might be differences when applied to living individuals. Therefore,
the aim of this study was to determine whether the theories were similar when measured in living individuals.

Methods : We conducted studies with 10 individuals aged 20-30 using 3D-CT. Four different measurements were taken between the
thoracic spinous and transverse processes. To facilitate the relationship analysis, the spinous process positioned between the traverse
process of the segment and the lower segment was set to 0.5. The spinous process located at the height of the traverse process of the
lower segment was set to 1. The spinous process located between the traverse process of the lower segment and the two segments
below was set to 1.5.

Results : Therefore, based on the aforementioned settings, T1-T4 were 1, T5-T7 were 1.5, T8-T10 were 1, and T11 and T12 were
0.5. This indicated that the spinous processes of T1-T4 and T8-T10 were equal in height to the transverse processes of the lower
segment, and that T5-T7 were at the midpoint of the height of the transverse processes between the lower segment and two
segments below, and T11, T12 corresponded to the midpoint between the traverse process of the segment and the lower segment.

Conclusions : Neither ‘Geelhoed's rule’ nor ‘the rule of three’ was accurate when applied to living individuals. However, this study
had some limitations, so further research is needed.
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Measurement 3 Measurement 4

Fig. 1. Drawings of each measurement(measurement 1 through 4), as described in the text, is used to measure

the anatomical relationships of the thoracic transverse and spinous processes. Each red line above
represents the measured distances
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Table T . Results of Measurement 1 in Millimeters for T1 through T12

Case
1 2 3 4 5 6 7 8 9 10
Sex F* M’ F F F F M M M M Average
Age 27 24 23 29 32 34 24 35 20 20
T1 7057 8107 6856 7249 78.42 73.6 81.22 8346 7412 9258 7761
T2 6414 7184 5984 6545 7403  67.88 70.28 7921 7561 65.14  69.34
T3 59.28  66.68  55.11 574 6342 6113 63.64 7127  69.63 65.14  63.27
T4 60.63  65.29 534 57.64 60.83  60.82 62.18 6754 6525 61.6 61.52
T5 6146 6825 56.26  60.63 61.77 6343 65.08 69.38 68.6 6269  63.76
T6 6224 6775 5656  59.41 6086  64.15 63.49 70.3 68.53 6245 6357
T7 59.6 64.21 57.2 59.04 63.2 6134 6177 6892 6581 6251  62.36
T8 5643  62.63  56.05 574 62.03 615 63.63 66.18 6342 6187 6111
T9 56.15 59.29  56.26 56.8 6248  58.29 60.14 6291  60.86 58.05 59.12
T10 5207 57.08 5511  53.82 6129 5469 5448 62.67 6347 5505  56.97
T11 4535 5441 4962  50.99 5447 5283 5862 62.71  58.76 4989  53.77
T12 4174 4378 4623 4155 4414 4179 5513 4798 7351 5234 4882

*F : Female. "M : Male
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Table T . Results of Measurement 2 in Millimeters

Case
1 2 3 4 5 6 7 8 9 10
Sex F* M’ F F F F M M M M Average
Age 27 24 23 29 32 34 24 35 20 20

T1SP*
TLTP 14.22 11.33 8.19 19.7 2488 1484 10.28 1374 1011 1196  13.93
T2 SP

T27P 18.39 19.54 16.57 25.28 2835 1447 17.45 19.72  16.06 1639  19.22
T3 SP

T3P 19.44 191 18.47 25.09 2895  15.65 231 22 19.15 1572 20.67
T4 SP

T4TP 26.16 30.42 22.48 28.65 3058  27.32 29.47 2313 2537 2525  26.88
T5SP

15 TP 27.68 35.36 25.14 29.56 30.38  32.06 36.88 3469  28.26 3721 3172
T6 SP

T6 TP 29.64 3843 25.53 35.32 3406 3461 39.83 39.78  29.34 38.76  34.53
T7 SP

T77P 28.7 37.56 2247 344 314 2747 37.3 39.8 31901 39.64  33.07
T8 SP

18 TP 27.11 33.32 25.33 32.35 2997 2949 32.47 3563 3171 33.44  31.08
T9 SP

T9TP 214 32.2 22.48 27.14 314 26.01 29.42 2983 2731 26.8 27.40
T10 SP

T10TP 19.44 27.1 16.95 20.09 2691  21.06 25.72 2127  19.87 2303 2214
T11SP

T11 TP 16.1 19.76 16.57 16.56 2243  19.06 22.68 16.88  17.66 2326  19.10
T12SP

T12TP 17.47 20.25 15.43 20.28 1937  16.73 16.34 1646  16.96 1971 17.90

*F : Female. "M : Male, *SP : Spinous Process, ‘TP : Transverse Process
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Table [II. Results of Average of Measurement 4 in Millimeters

Case
1 2 3 4 5 6 7 8 9 10
Sex F! M? F F F F M M M M Average
Age 27 24 23 29 32 34 24 35 20 20
T1 TP
T27P 20.63 16.81 13.52 17.22 17.84 18.32 17.89 21.78 19.95 16.71 18.07
T2TP
T3TP 22.1 23.08 19.05 22.3 24.43 21.79 24.42 26.37 24.3 24.95 23.28
T3TP
T4 7P 22.31 22.58 19.04 21.85 24 19.23 21.57 2451 22.01 21.16 21.83
T4 TP
5P 21.68 23.83 20.38 20.75 24.64 21.79 24.2 26.13 28.88 21.16 23.34
T5TP
T6TP 25.47 28.09 24.38 19.87 24.64 20.33 25.14 26.59 23.15 24.72 24.24
T6 TP
77 7P 27.15 27.09 219 24.06 28.68 23.81 28.63 24.97 27.96 26.95 26.12
T7TP
T8TP 26.52 27.59 22.66 25.39 26.34 21.24 27.08 30.06 28.42 28.73 26.40
T8 TP
T9TP 23.86 26.34 22.85 26.05 25.49 23.81 27.25 28.91 27.51 29.18 26.13
TOTP
T10 TP 25.88 25.84 21.14 23.84 22.94 23.08 25.93 27.98 27.74 23.83 24.82
T1I0 TP
T11TP 27.68 28.34 23.42 26.05 26.13 26.93 22.88 24.97 28.88 24.72 26
T11TP
T12TP 34.89 28.35 28 26.71 30.92 30.22 30.73 32.03 32.32 32.52 30.67
T12 TP
LLTP 35.12 40.14 29.33 35.33 34.62 38.09 30.29 32.61 35.07 34.3 34.49
'F: Female, M : Male, **TP : Transverse Process
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Table IV. Numerical Difference between Measurement 4 and Measurement 2 in Millimeters

Case
1 2 3 4 5 6 7 8 9 10
F'f M F F F F M M M M Average
27 24 23 29 32 34 24 35 20 20
6.41 5.48 5.33 -2.48 -1.04 348 7.61 8.04 9.84 4.75 414
371 3.54 248 -2.98 -3.92 7.32 6.97 6.65 8.24 8.56 4.06
2.87 3.48 0.57 -3.24 -4.95 3.58 -1.53 251 2.86 5.44 1.16
-4.48 -6.59 2.1 -1.9 -5.94 -5.53 -5.27 3 351 -4.09 -3.54
-2.21 -1.27 -0.76 -9.69 -5.74 -11.73 -11.74 -8.1 -5.11 -12.49 -7.48
-2.49 -11.34 -3.63 -11.26 -5.38 -10.8 -11.2 -14.81 -1.38 -11.81 -8.41
-2.18 -9.97 0.19 9.01 -5.06 -6.23 -10.22 9.74 -3.49 -10.91 -6.66
-3.25 -6.98 -2.48 -6.3 -4.48 -5.68 -5.22 -6.72 -4.2 -4.26 -4.96
448 -6.36 -1.34 -3.3 -8.46 -2.93 -3.49 -1.85 0.43 -2.97 -2.58
8.24 1.24 6.47 5.96 -0.78 5.87 -2.84 3.7 9.01 1.69 3.85

18.79 8.59 11.43 10.15 8.49 11.16 8.05 15.15 14.66 9.26 11.57
17.65 19.89 13.9 15.05 15.25 21.36 13.95 16.15 18.11 14.59 16.59

"'F: Female, "M : Male

S FFY VA0l e Bk Al TR Me FFolMY SE7Iek "E7] 7] BA O dis)
e 375, d2es Adse o We Ae2 Y A6-8F59 587l 22 28 FE7|e & &
Ehton, shit §59] 7le A2 Al 53l Wl A ok AE7] Aol 1/2 A, 2 9f9 F5ollA
oF 59 Al E HAATIE d/lel 2 = Al ol o S57I= o 24 ofelle] FE7] woldll A
oF o FFol o] H 4 oy, ERE T wWep ohar AFofstal i, gHE of2Rt 5571, ¥E7)
B E, BF 5T, AT A4S, CRPS 5 & Aolo] Ao dish Al=]et AR sl = Ti-
Aol A FE AR W apF Atk of  T49F T9-T12004 = 22+ f=7171 & &4 919
# =eeol Tagol wt o]t S s st =579k ok ZAl T4-TIN A= BFE717F ==
i o ol F5o FAIE wefstal Hdshs  7IEG 13 1288 w& 3ol AXE kA
2 ER Aol JlojA TR Folt & 4 vk skl Sl 5 shhe] WERt A §lol o7 HhE 9
w0t Fuostor g0 FAE AN&Eske Al TAYHY. of § dE:Hor A o)lE>
PHeRe IHEWY, 5 A7,

s71%0] et oledt 7IMES AHEY 5+ Rules of three’ ¢, o] WA F55 3714 4
oF Haaol = e =557, FEVlE F2 A Y I522 yiro] 449 IFHEE TI-T37HA]
3y, 2y 59 FETle FH EEERE Y B OE 12 8 §Y AR S5 22 B
sto] A Ao ZA 570l ofZo] ol F2 5 9 FE7IS 2 ol AT AosiiaL,

4 .

Lol AL o]g3dlo] AE7|9 HE  T4-T67HAE 1§ 2= 310 dF 239 F&57]+
s |

[¢]
98 SIS Agolu] A4 Fupelsh wate] e BHe| PE7IeH T BA ool Y5




MEFLIOISEX| M4 M2&E

Table V. Results of Average of Measurement 3 in Millimeters

Case
1 2 3 4 5 6 7 8 9 10
Sex F M F F F F M M M M Average
Age 27 24 23 29 32 34 24 35 20 20
T1SP'"
3.6 6.22 454 2.61 5.42 3.6 7.42 5.57 9.06 3.82 5.19
-T2 TP
T2 SP
4.08 311 2.46 343 33 5.88 5.45 5.78 6.47 8.19 4.82
-T37TP
T3 SP
1.68 2 114 4.85 4.71 4.17 131 254 4.14 4.65 3.12
-T4ATP
T4 SP
3.76 4.89 151 7.67 4.48 4.92 4.6 1.62 2.85 3.99 4.03
-T5 TP
T5 SP
3.14 7.99 2.85 8.68 5.19 10.6 11.15 7.63 2.49 11.07 7.08
-T6 TP
T6 SP
177P 251 11.12 2.08 10.1 5.89 11.35 13.12 14.11 211 11.09 8.35
T7 SP
T8 7P 1.88 9.77 1.33 9.49 4.24 4.92 11.55 10.87 401 12.18 7.02
T8 SP
2.09 8.44 2.46 6.86 4.95 5.68 5.45 6.01 4.39 4.65 5.10
-T9TP
T9 SP
3.34 6.88 1.33 2.22 8.72 2.93 3.05 1.39 1.72 3.1 3.47
-T1I0TP
T10 SP
8.36 2.22 6.44 5.45 141 4.95 2.18 4.39 9.37 2.66 474
-T11 TP
T11SP
19.64 9.11 10.42 9.89 731 101 8.07 12.77 13.07 9.08 10.95
-T12TP
T12 SP
L1 TP 17.97 18.65 13.63 15.37 16.74 18.79 14.17 1757 18.11 13.73 16.47

“F: Female, ' 'M : Male, *"SP : Spinous Process, **TP : Transverse Process
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Table VI. Analysis of Measurements
Case

1 2 3 4 5 6 7 8 9 10
Sex Frot VARN Frit F F F M M M
Age 27 24 23 29 32 34 24 35 20 20
T1 % 05! 1 1 1 1 0.5 1 0.5 1
T2 1 1 1 1 1 1 1 05 0.5
T3 1 1 1 1 1 1 1 1 1
T4 1 1 1 1 1 1 1 1 1
T5 1 1571 1 15 1 15 15 15 1 15
T6 1 15 1 15 1 15 15 15 1 15
T7 1 15 1 15 1 1 15 15 1 15
T8 1 15 1 15 1 1 15 1
T9 1 15 1 1 15 1 1 1
T10 0.5 1 0.5 1 1 0.5
T11 0.5 0.5 05 0.5 05 0.5 05 05 05 0.5
T12 0.5 0.5 05 0.5 0.5 0.5 0.5 0.5 0.5 0.5

"TTF: Female, M : Male,
¥1 1 If Measurement 3 < 6,

11105 : If Measurement 3 >6 and Measurement 2 < Measurement 4
11915 : If Measurement 3 >6 and Measurement 2 > Measurement 4
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