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Radiographic measurement for orientation relationships and changing regulations of pedicle screw entry point

and posterior bony landmarks in middle-upper thoracic vertebrae of adults
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[Abstract] Objective To explore the orientation relationships and changing rules of pedicle screw entry point
(PSEP) on the posterior bony landmarks in middle-upper thoracic vertebrae in adults by measuring parameters of 3-D
reconstruction CT images. Methods CT images of the middle-upper thoracic vertebrae from 30 healthy adults were used
for 3-D reconstruction to observe the anatomical characteristics of posterior bony landmarks, including transverse
process-lamina concave, superior ridge of transverse process and outer edge of the lamina. The following basic
parameters, including PSEP-to-midline distance (PMD), transverse process-lamina concave-to-midline distance (CMD)

and half lamina width (HLW), and target parameters, including PSEP-to-transverse process-lamina concave distance (PCD) ,
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entry point location ratio (EPLR) and PSEP-to-superior ridge of transverse process distance (PRD) were determined on
reconstructed CT images from T, to Tj,. The differences of bilateral measurements of all parameters and the differences
of basic parameters were analyzed, and the changing rules of target parameters measurements from T; to Ty, were
summarized. Results The transverse process-lamina concave, superior ridge of transverse process and outer edge of the
lamina of middle-upper thoracic vertebral characterized by obvious and constant anatomical marks with less proliferative.
The left and right PMD, CMD, HLW, PCD, EPLR, and PRD were (14. 14=+2. 63) mm and (14. 59 £+ 2. 58) mm,
(10. 4542.12) mm and (10. 51+2. 02) mm, (16. 304 1. 48) mm and (16. 39+ 1. 61) mm, (4. 56+ 1. 03) mm and
(4.4740.94) mm, 0.3530. 26 and 0. 33+0. 30, and (—1. 624+ 1. 90) mm and (—1. 63+ 1. 44) mm, respectively.
There was no significant difference in the measured values between the two sides of the above parameters (P>>0. 05).
Except that the difference between PMD and HLW in T; was not significant (P>>0. 05), the differences between basic
parameters in the other segments were statistically significant (P<C0. 05). PCD of T, to Ty, showed a trend of decrease
first and then significant increases in Ty, Tz, Ty, and Ty compared with in Ts-Ts (P<<0. 05). EPLR of T,-Ti, showed
a trend of increase first and then decrease, in which EPLR in T;, T, and Ts were significantly lower than in the following
any segments (P<C0.01), and in the T,-Ts and Ty, were significantly lower than in T;-Ts (P<C0. 01). PRD of T,-T,
showed a trend of increase first and then decrease, in which the PRD in T;, T, and T; were significantly lower than in
the following any segments, and in the T,-Ts; were lower than T;-T), (P<C0. 01). Conclusion There is constant
orientation relationship and changing rules of PSEP in the middle-upper thoracic vertebrae on the posterior bony
landmarks, such as transverse process-lamina concave, superior ridge of transverse process and outer edge of the lamina,
and it can serve as a new clinical choice.
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Fig 1 Methods of obtaining CT images for measurement ( taking T, for example)
A Reconstruction on the sagittal sectional image (SSI) of passing through and parallel to bilateral pedicle axis; B: The transverse sectional
image (TSD) of the maximal transverse diameter of pedicle obtained by the method shown in A; C: The TSI of passing through lamina and

located under the pedicle obtained by the method shown in A; D: Reconstruction on the TSI of passing through the unilateral axis of pedicle (left

side); E: The oblique SSI of the maximal sagittal diameter of pedicle obtained by the method was shown in D
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Fig 2 Diagram of parameters measured on the CT image (taking T, for example)
A: The TSI of the maximal transverse diameter of pedicle (1, the vertebral midline; 2 and 3, pedicle axis; 4 and 5, PSEP; 6 and 7, the lowest
point of transverse process-lamina concave; 8 and 9, PMD; 10 and 11, CMD); B: The TSI of passing through lamina and located under the
pedicle (1, the vertebral midline; 2 and 3, outer edge of the lamina; 4 and 5, HLW); C: The oblique SSI of the maximal longitudinal diameter
of pedicle (1, pedicle axis; 2, PSEP; 3, superior ridge of transverse process [ left side ). TSI: Transverse sectional image; PSEP: Pedicle screw
entry point; PMD; PSEP-to-midline distance; CMD: Transverse process-lamina concave-to-midline distance; HLLW; Half lamina width; SSI;

Sagittal sectional image
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B3 #HTREMERETERETEE (T G0N A%)
Fig 3 Schematic diagram of the calculation principle
of EPLR (taking T; right side for example)
A: The image overlapping outer surface of transverse process and the
outer edge of the lamina (1, the vertebral midline; 2, pedicle axis;
3, the lowest point of transverse process-lamina concave; 4, PSEP;
5, the intersection of the outer edge of the lamina on outer surface of
transverse process. The distance from 3, 4, and 5 to 1 represent
CMD, PMD and HLLW, respectively); B: Diagram of the calculation
principle of EPLR (1/2, EPLR; 3, 4 and 5. the same meaning of Aj;
6. difference between HLW and PMD; 7, difference between HLW
and CMD. The schematic diagram shows “1/2=6/7"). EPLR:
Entry point location ratio; PSEP: Pedicle screw entry point; CMD:
Transverse process-lamina concave-to-midline distance; PMD:

PSEP-to-midline distance; HLW . Half lamina width

1.5 %itsxar R SPSS 19. 0 B4 AT 5
ST R L 2 Es FoR. TR SRR TR
M LR FBC XS ¢ AGr 56 - Bl 2 B — 19 B[l 2y
BB H AR 220 BEIa] HU SR A 005 BB
Ji 22000 . KR K E G 2 0. 05,

2 7% R

2.1 JaMEAEe AR ER S CT =4
WEEEAT W, o 20 A 0 B MR 2 52 T Aol ) i S0
TEFEAXFR, L2 T H ez, L E5 S
R R E AL B LR I R R R L
FRZ N “BEZE RS 22 A7 WM B AEMEAR 22 ~ " TE 15
HER I SR IE UHE 55 A ZESMI_E T 5 4 9 A 7 2 T
HF I AMGHEEA G447 (B 4A) . TERE S SHE
MR B Ab S B 1 IR M B AR AE R 10020,
TORRZ R R G MEAR M1, 85 1T 48 FLTE A5 24 P AR
M B 2 A TR A X S T M ME B ] 8 HL
R AB) . AR | 8 3 R 2 AN () o615 2
B A R AR 33, 3%6(10/30) . 1 ik 25 HTE 25
[, Todg A

2.2 AMARMFLER DWEEHE A S EEZ AT
AR5 BN 500, TR 2N U B AR 21 0 2 A
NG

Transverse process- lamina
concave

| ofr Wt
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Fig 4 3-D reconstruction model of thoracic vertebrae
A Postero-anterior position of the back of thoracic vertebrae (1, the
transverse process; 2, superior ridge of transverse process; 3, the
outer edge of the lamina); B: Tangential position of the back of

thoracic vertebrae
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0.05); T, ~ Ts 4y PRD ¥ {5 F T, ~ Ty 4
(P<<0.01),



557 1. A A O T L R S AR BT HERT R

SIS

B PR R RE 37 5 2 VR AL AL R 052 1 D0

+ 901 -

Tab 1

F1 P LEAERMSBHNESER

Metric results of basic parameters in middle-upper thoracic vertebrae

d/mm, n=30, ¥+

Segment PMD CMD HLW
Right side Left side Right side Left side Right side Left side

T 20.50+1.25* 20.40+1.20*~ 15.44+1.19 15.50+1. 24 19. 2240. 92* * &L 19. 461, 06> * A4
Ty 17.0240. 87" * 16. 8840.92* * 12.2941. 04 12. 2740. 98 17.1440.93* * 17.1640. 98" *
Ts 14, 3740.81* * 14, 1540. 74 % * 10. 4240, 84 10. 4440. 74 16.21+0. 91 *AA 16. 3240, 75 *&4
Ty 13.38+0. 98* * 13.2140.99* * 9.7040. 70 9.7240. 59 15. 6240, 97* =44 15. 7140. 84 * * &L
Ts 12.7740.79* * 12.6540. 80* * 9.5640. 69 9.58+0.73 15. 0440, 70 * A4 15. 110, 64 * A48
Ts 12.6140. 85" * 12.5340.90* * 9.52+0. 74 9.5940. 83 14, 934£0., 98* * L4 14, 85+0. 87 * A4
T 12.1240.81* 12.0140.86* * 9.1740.58 9.1140. 63 15. 4040, 89 *AA 15.7340. 93" * AL
Ts 12.3940.94* * 12.3741.07%* 9.32+0.78 9.3440. 82 15. 9440, 79* * A4 16. 1540, 82* * A4
Ty 13.0640. 84 * * 13.0940. 76 * * 9.61+0. 60 9.52+0.73 17.1240. 70" * &4 17.0140. 64* * A48
T 14.18£1.02** 14.084£0. 84 * 9.96=0. 48 9. 8840.57 17.2640. 64* * A4 17. 4040, 58* *AA

14.5942.58* * 14. 1442, 63* > 10. 5142. 02 10. 4542, 12 16.3941.61* L4 16. 3041, 48* * L4

PMD: Pedicle screw entry point-to-midline distance; CMD; Transverse process-lamina concave-to-midline distance; HLW. Half lamina

width. ** P<Z0. 01 vs CMD; &4 P<<0. 01 vs PMD
&2 L PSEP BRSBTS R
Tab 2 Metric results of target parameters of PSEP in middle-upper thoracic vertebrae
n=30, rts
PCD d/mm EPLR
Segment - - - - - -
Right side Left side Right side Left side
T 5.23+1.36 5.36+1. 41 —0.3640. 27 —0.3240. 30
T 4.98+0. 81 5.0140. 88 0.0140.16** 0.0240.25%*
T 4,1740.49*4 4,29740.54*4 0.3340.57* *AA 0.3340.72* *AA
T, 4,2740.52*4 4,2640.58*4 0.3740.12% *LLAA 0.3640. 10 *LLAA
Ts 4.2840. 424 4.2240.72%4 0.4140. 11* *LLAA 0.4040. 14 * *LLAA
Ts 4.0440.52*4 4.0340.63*4 0.4540.09* *ALAA 0.46+0.10* *ALAA
T7 3.9740.51*4 4,00740. 62*4 0.52+0.10* *ALAAVY 0.5240.07* *ALAAVY
Ts 4.02+0.68* 4 4,1840. 674 0.54740.09* *ALAAVY 0. 5540, 12* *ALAAVY
Ty 4.7940. 70AVY 4.90=+1. 05AVY 0.52740.08* *LLAAVVYY 0.5140.09* *LLAAVVYY
Tho 5.28+1.07AVY 5. 34740, 99AVY 0.4240.12* *ALAAY VLI 0.43+0.11* *AAAAY VLI
4,4740.94 4.56+1.03 0.33740. 30 0.35%+0. 26
PRD d/mm
Segment - - -
Right side Left side

Th —3.6940.59 —3.75+0. 38

T —3.1140. 45" * —3.0540.37**

Ts —2.50+0. 38" *AL —2.434+0.43* *AL

Ty —2.07%0. 38* *ALAA —2.0840. 32% *ALAA

Ts —1.8240. 33 *ALAA —1.85%0. 33 *ALAA

Ts —1.78+0. 34" *LLAA —1.8440. 43* *LLAA

T7 —0.4540. 84* *LLAAVY —0.4040. 60* *LLAAVY

Ts —0.11+1.00* *ALAAVY —0.07%0. 96 *ALAAVY

Ty —0.47+1. 14 *ALAAVY —0.46+1.19* *ALAAVY

T —0.7041.49* *ALAAVY —0.74+1.53* *ALAAVY

—1.63+1. 44 —1.624+1.90

PSEP: Pedicle screw entry point;

transverse process distance.

* P<C0.05, ** P<C0.01 vs Ty; £P<0. 05,

PCD: PSEP-to-Concave distance; EPLR: Entry point location ratio; PRD: PSEP-to-superior ridge of

ALP<C0. 01 vs Ty; AP<C0.05, AAP<C0, 01 vs Ts; ¥V P<C0. 05,

VV P<0.01 vs Ty-Ts; Y P<<0.05, YYP<C0.01 vs T;-Tg; B P<C0.01 vs Ty
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