+1058- TP 2023 45 11 H55 36 455 11 ] China J Orthop Traumatol , Nov.2023, Vol.36,No.11

- g BRI T -

JUEE S, BB WRET B2 Al TR0 BT S ET 1B FE K]

TAEF é*ﬁ%ﬁl,jﬁifﬁ%z,/\/@fﬁ & ,X%%
(L 3R BE MR DS BE AR WL 560¢ 31400052. 55427 Bt I IS B UM BE MT L 3% 314000)

[HE] BB AAFEN L EEZRBEMBATHRFFE S, BFRAEBAILE R A T, LA F 4T
AN, FHik: #2018 4 12 A £ 2020 4 12 A 475 & CT 1a4g A58 5~16 % 09 )L &5 A B4 3 74+ 83 4, 4
T 37 WY MR EH L, P B 44 ), 4 39 4, S8 (10.66+3.52) % AR B 5 h 4 40 (A 4 5~7 ¥ ;B a8~
10 % ;C 28 11~13 % ;D 40 14~16 %), #3309 a4 CT 44 F A Mimics 3k tb % , Z % T2 T 2T REM FE= %
B A A ABAT R R A M A A KM A BN 6.5 mm S, % F B4, MG/ 3-Matic #4%‘17 5 R M F R K Sk
IR f Ao N SRR T RAT BARAL & A R ARAL AT A AR SR i B AT R AR NRAT R R R AT R
SE R KIE B LB AT R B R BOILE S, B R AT BAT A S 69 2 F A A S £ A R 1R é%o_n% 83 Bl ILFE 3 T
BB 65 mmS, FF AT, B FATASE AWM A, £ F R FEL(P>0.05), 5~7 ¥ ILE B4 8R4 A A
T HE A B (P<0.05) A2 B SR AT R RAE A B B ESFATR R KM A T 5~7 % L& THRFRKR A E A2 £ & KM
ATERRABERMAFHAA 1113 5 BATHB L A EEFHRALF LA ITFELP0.05),5~TF FELERRKA
TR BRAL AR A KR A T o KR A EH R T & (P<0.05);8~10 F e kWA THAEREAEKRT S
F(P<0.05); A BATAEARE LA E £FHRGETFENL(P0.05), BFHEH,BEFRITE RKATEES
BRE NRARE 2 FRERIEK Y EW RS H(P0.05), 5~7 ¥ % 8~10 ¥ k& KB H KT B H(P<0.05), 3
FThE14~16 BT RDTET TRGHE KX E(P<0.05), m5~7F A 11~13 ¥ 4% HKATEEBLTRANES & (P<
005), B S5~16 ¥ ILEFATELELMNAZO65mmS, BEBATEN ,EAGTILEFTETHEMNLETAE ALK
B, B AR LR A AT B A ERBATRE
(ki) IL&; =4F#&; S,BFTR4r; MNP
FE 4K E :R687.3
DOI: 10.12200/].issn.1003-0034.2023.11.010 FER RS (IR AR S ) ARG (OSID) :

Feasibility analysis and nail planning of S, iliac crest screw placement in children

JIANG Chun-yu',LOU Zhen-qi' ,TANG Wen-rui’, HUANG Zhi-hai',LU Hou-wei', JIANG Yi' (1. Department of Orthopaedics ,

Affiliated Hospital of Jiaxing University , Jiaxing 314000, Zhejiang , China;2. Department of Radiology ,Affiliated Hospital of
Jiaxing University , Jiaxing 314000, Zhejiang , China)

ABSTRACT Objective To evaluate the feasibility of S, alar iliac screw insertion in Chinese children using computerized
three-dimension reconstruction and simulated screw placement technique,and to optimize the measurement of screw parame-

ters. Methods A total of 83 pelvic CT data of children who underwent pelvic CT scan December 2018 to December 2020 were
retrospectively analyzed , excluding fractures, deformities ,and tumors. There were 44 boys and 39 girls, with an average age of
(10.66+3.52) years,and were divided into 4 groups based on age (group A:5 to 7 years old; group B:8 to 10 years old ; group
C:11-13 years old;group D:14 to 16 years old). The original CT data obtained were imported into Mimics software,and the
bony structure of the pelvis was reconstructed ,and the maximum and minimum cranial angles of the screws were simulated in
the three-dimensional view with the placement of 6.5 mm diameter S, alar iliac screws. Subsequently, the coronal angle ,sagittal
angle , transverse angle, total length of the screw, length of the screw in the sacrum,width of the iliac,and distance of the entry
point from the skin were measured in 3—Matic software at the maximum and minimum head tilt angles, respectively. The differ-

ences among the screw parameters of S, alar iliac screws in children of different ages and the differences between gender and
side were compared and analyzed. Results In all 83 children,6.5 mm diameter S, iliac screws could be placed. There was no

significant difference between the side of each screw placement parameter. The 5 to 7 years old children had a significantly
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smaller screw coronal angle than other age groups,but in the screw sagittal angle,the difference was more mixed. The 5 to 7
years old children could obtain a larger angle at the maximum head tilt angle of the screw,but at the minimum cranial angle,
the larger angle was obtained in the age group of 11 to 13 years old. There were no significant differences among the age groups.
The coronal angle and sagittal angle under maximum cephalic angle and minimum cranial angle of 5 to 7 years old male were
(40.91£2.91)° and (51.85+3.75)° respectively ,which were significantly greater than in female. The coronal angle under mini-
mum cranial angle was significantly greater in girls aged 8-10 years old than in boys. For the remaining screw placement angle
parameters , there were no significant differences between gender. The differences in the minimum iliac width , the screw length,
and the length of the sacral screws showed an increasing trend with age in all age groups. The distance from the screw entry
point to the skin in boys were significantly smaller than that of girls. The minimum width of the iliac in boys at 14 to 16 years of
age were significantly wider than that in girls at the same stage. In contrast,in girls aged 5 to 7 years and 11 to 13 years, the
screw length was significantly longer than that of boys at the same stage. Conclusion The pelvis of children aged 5 to 16 years
can safely accommodate the placement of 6.5 mm diameter S, alar iliac screws, but the bony structures of the pelvis are devel-

oping and growing in children, precise assessment is needed to plan a reasonable screw trajectory and select the appropriate
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screw length.
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Fig.1 The three-dimensional reconstruction of the pelvis and measurement of screw placement parameters in a 14-year-old boy 1a. The three-dimen-

sional reconstruction of the bony pelvic structures and bilateral sacral 2 iliac screws simulated placement 1b. Measurement of the distance from the screw

entry point of the sacral 2 iliac screws to the skin, the intersacral length of the screws,and the minimum iliac width ~ 1c. Measurement of the sacral 2 iliac

screws length
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Fig.2 The 3D reconstruction of the pelvis and measurement of screw placement angle parameters
in a 14-year-old boy 2a. 3D reconstruction of the structure in the software in the median sagittal ,
transverse and coronal planes 2b. The angle between the mid-axis of the screw and the transverse
plane at the maximum and minimum head tilt angles is the screw coronal angle (maximum cranial—

Corl ,minimum cranial —-Cor2) 2c¢. The angle between the mid-axis of the screw and the coronal

plane at the maximum and minimum head tilt angles plane angle that is the screw sagittal angle (maximum cranial-Sagl , minimum cranial-Sag2) 2d. The

angle screw axis and the median sagittal plane the screw transverse angle (Tsv)
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Tab.1 Measurement results of related parameters of sacral 2 alar iliac screw in children of different age groups(x+s)

w1/ w2/ SL1/ SL2/ SD1/ SD2/  Skin D/

mm mm mm mm mm mm mm

4B BIE Corl/® Cor2/°  Sagl/®  Sag2/°  Tsvl/®  Tsv2/°

3971 17.82+ 3577+ 51.67+ 40.77x 4039+ 8.09+ 8.09+ 5891+  56.99+ 1276+ 1256+ 37.13+

A4 19 ! . v : , . o ! '
3.67Y  386%  3.03%  351* 3.82 417 0.64%Y  0.66%Y  3.76% 437 1.68%Y  1.85% 430"
B 4 ” 45.15+ 2252+ 3243+ 5035+ 40.83+ 39.84+ 10.23+ 1023+ 70.75+ 6847+ 1577+ 1593+ 38.43%
B 3.33¢ 3.32 322" 423 4.08 3.38 1.56*%  1.52™  3.04™ 261" 135" 136" 3277
cul 19 4624+ 2242+ 3515+ 54.82x 4083+ 39.64x 1244+ 1247+ 89.66x 8843+  20.76x 21.01x 4121+
: 3.82 3.10 3.22 4.18" 3.93 3.80 248" 248" 4.61" 4.24" 2.57" 2.44Y 3.60
D 4 23 48.57+ 21.22+ 33.68+ 5251+ 41.68+ 40.16+ 13.86x 13.78+ 101.87+ 100.62+ 2429+ 2695+ 41.96+
: 4.66 3.19 3.40 3.88 3.46 3.24 2.47 2.40 3.70 3.76 2.59 3.14 3.28
FAE 36.926 16.575 8.244 9.086  0.571 0.327 68.717 69.616 1069.762 1130.854 252.572 406963 16.512
P1A <0.05 <0.05  <0.05 <0.05 0.635 0.806 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

HE A 41,5~7 % 5B 41 8~10 % 5C 41 11~13 % 5D 41 14~16 % . 15 B 41HLEL, P<0.05; 5 C AL, "P<0.05; 15 D 4LHLAL 'P<0.05 . f e e il
Corl, e /INSk {6 fi Cor2, f5 K Sk i F Sagl, St /INSk 101t Sag , WA STBE 1 £ 1 T , Sl K Sk 00 R 86 5 e /NS B2 TWL, S/ Sk A % 8 B/
J IW2, 55 K AT A T 5T 38 5 K 8 B SLL, B/ S A 1 5T 38 5 K 8 B SL2, e K Sk A 1 T BIC I U8 SDL, S/ Sk M6 f 1 T 38 G P I 2
SD2, YEET 5 R0 Bz Bk ] 5 25 Skin D, R [A]

*2 BERAILESLEINEBETRAESHNELE R (v5)

Tab.2 Measurement results of screw angle parameters in different age groups between genders(x+s)

Hp;°
A 41 (n=19 fii]) B 4 (n=22 fii]) C 4 (n=19 i) D 4 (n=23 i)
HET
" % I % u % © % I
24 i PMH i PMH (i PE i PH
116 8% 12 4 10 9 10 f 126 114
4091+ 38.06+ 4490+ 45.46= 46.20+ 46.28+ 49.79+ 4724+
Corl 2.528 <0.05 -0.552 0.584 -0.070  0.945 1.908 0.063
291 4.05 3.10 3.65 4.60 3.09 4.78 4.23
18.01+ 17.56x 20.81+ 24.56+ 22.05+ 22.77+ 21.78+ 20.61+
Cor2 0.343  0.733 -4.478 <0.05 -0.709 0.483 1.257 0.215
3.94 3.86 2.67 2.88 2.95 3.27 3.09 3.24
36.10+ 38.02+ 33.26+ 36.24+ 35.20+ 35.10+ 33.15+ 34.27+
Sag -1.413 0.166 -2.018 0.059 0.089  0.929 -1.126  0.266
3.12 5.25 4.14 5.95 3.45 3.08 3.97 2.63
51.85+ 46.27+ 51.02+ 49.54+ 54.67+ 54.98+ 52.59+ 5241+
Sag2 3.178 <0.05 1.163  0.251 -0.225 0.823 0.157 0.876
3.75 6.98 4.70 3.52 4.87 3.58 4.18 3.62
40.89+ 40.60+ 40.56+ 41.15+ 40.96+ 40.71+ 4144+ 41.93+
Tsvl 0.235 0.815 -0.473 0.639 0.195 0.846 -0.476  0.636
3.57 4.25 4.45 3.68 4.27 3.70 3.38 3.62
40.42+ 40.35+ 39.87+ 39.80+ 39.35+ 3991+ 40.33+ 39.98+
Tsv2 0.053 0.958 0.062 0951 -0.443  0.660 0.367 0.715

373 4385 ’ ’ 387 279 344 416 3.04 351
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Tab.3 Measurement results of screw angle parameters in different age groups between the left and right sidessides (x+s )
LA
T A 4 (n=19 f]) B #H (n=22 f4i]) C #H (n=19 fi) D 41 (n=23 )
SR =M AW ol PR M AW f PAE M HM ef P &AM A ofi PHE
39.63+ 39.79+ 4545+ 44.85+ 46.19+ 46.30+ 48.53+ 48.60+
Corl -0.528  0.604 0.995 0.331 -0.300 0.767 -0.297  0.769
3.99 3.44 3.60 3.10 3.98 3.76 4.74 4.68
17.70+ 17.94+ 22.55+ 2248+ 2245+ 22.39+ 21.26x 21.18+
Cor2 -0.762  0.456 0.308 0.761 0.154  0.879 0.394  0.698
3.86 3.96 3.39 3.33 3.21 3.08 3.23 3.19
35.74x 35.79+ 32.17+ 32.69% 3525+ 35.05% 33.71x 33.66+
Sagl -0.132  0.897 -1.509 0.146 0.433  0.670 0.149 0.883
2.90 3.24 3.88 347 3.11 3.40 3.65 3.22
5140+ 51.94+ 50.12+ 50.57+ 54.98+ 54.68+ 52.52+ 52.49+
Sag2 -1.540 0.141 -0.795 0435 0.636  0.532 0.073  0.943
3.48 3.61 4.19 4.35 4.40 4.07 4.15 3.68
41.13+ 40.40+ 41.11+ 40.55+ 41.05+ 40.61x 41.50+ 41.85+
Tsvl 1.081 0.294 0.722 0479 0.459 0.651 -0.380 0.708
4.63 2.88 4.24 4.00 3.71 4.22 3.81 3.16
41.11+ 39.67+ 40.14+ 39.54+ 39.67+ 39.62+ 40.28+ 40.05+
Tsv2 1.760  0.096 1.002  0.328 0.045  0.965 0.279  0.783
4.30 4.03 3.34 3.48 4.01 3.68 3.77 2.70
x4 ZERAIEZSLEINEABETKEMESZSHNEL R (1)
Tab.4 Measurement results of screw length and distance parameters in different age groups between genders (x+s)
CER TSI
A 28 (n=19 f4]) B £ (n=22 i) C 4 (n=19 fi]) D 2 (n=23 #])
BT
" % e U kS Uil z 5 kS
24 i PME t P P ! P
114 8f f f 12 45 10 i fi fi 9 10 & 124 11 4 fi fi
8.18+ 7.97+ 10.34+ 10.09+ 12.30+ 12.56+ 1537+ 12.22+
W1 1.019 0.315 0.525 0.602 -0.325  0.747 5.582 <0.05
0.64 0.65 1.56 1.59 2.52 2.50 2.03 1.78
820+ 7.96x 1041+ 10.03+ 12.35+ 12.59+ 15.27+ 1217+
w2 1.099  0.279 0.813  0.421 -0.294 0.711 5.731 <0.05
0.68 0.64 1.59 1.03 2.49 2.53 1.96 1.68
57.02+ 61.60+ 70.22+ 71.38+ 87.21+ 91.87+ 102.44 101.24
SL1 -4.456 <0.05 -1.277  0.209 -3.566 <0.05 1.107  0.274
2.65 3.55 2.67 3.39 443 3.61 +3.81 +3.57
54.51+ 60.41+ 68.00+ 69.03+ 86.29+ 90.35+ 102.56 98.51+
SL.2 -5.488 <0.05 -1.319 0.194 -3.325 <0.05 4.303 <0.05
2.84 3.78 2.26 2.94 4.36 3.13 +3.58  2.69
1230+ 13.40+ 16.51+ 14.77+ 20.90+ 20.63+ 24.62+ 23.94+
SD1 -2.085 <0.05 6.124 <0.05 0.321  0.750 0.910 0.368
1.64 1.55 1.00 1.01 2.45 2.72 2.40 2.63
12.06+ 13.24+ 16.74+ 1497+ 21.72+ 20.36+ 27.27+ 26.60+
SD2 -2.027 <0.05 5.568 <0.05 1.769  0.085 0.988 0.328
1.74 1.82 0.92 1.18 2.08 2.61 1.82 2.76
34.61+ 40.60x 36.69+ 40.51+ 40.48+ 41.86+ 42.60+ 41.27+
Skin D -5.851 <0.05 -4.715 <0.05 -1.185 0.244 1.392  0.171
3.18 3.03 2.87 242 4.25 2.85 3.62 2.77
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Tab.5 Measurement results of screw length and distance parameters in different age groups between sides (x+s)

A7 mm
BET A 4 (n=19 i) B 41 (n=22 f4i]) C 4 (n=19 i) D 41 (n=23 f4i])
S8 A 4Am off PfE A Am off PE e A o PME A A e fH P1H
8.09+ 8.09+ 10.25+ 10.21+ 1243+ 12.44+ 13.84+ 13.88+
W1 -0.089 0.930 1.111  0.279 -0.226 0.824 -1.330 0.197
0.64 0.67 1.57 1.59 2.58 2.45 2.52 2.48
8.07+ 8.12+ 10.26+ 10.21+ 12.49+ 12.46+ 13.78+ 13.79+
w2 -0.841 0.412 1.230 0.232 0.755 0.460 -0.318 0.753
0.66 0.69 1.55 1.54 2.53 2.50 242 242
58.81+ 59.00+ 70.71+ 70.79+ 89.77+ 89.56+ 101.88 101.85
SL1 -0.973 0.343 -0.545  0.592 0.705 0.489 0.083 0.935
3.93 3.68 3.09 3.06 4.97 4.36 +3.71 £3.79
56.92+ 57.07+ 68.48+ 68.46+ 88.25+ 88.61+ 100.49 100.76
SL2 -0.634 0.534 0.079 0.938 -1.185 0.251 -0.809 0.427
4.45 4.41 2.67 2.62 4.08 4.49 +3.29 +4.24
12.78+ 12.75+ 15.83+ 15.72+ 20.71+ 20.82+ 2418+ 24.40+
SD1 0.394 0.698 1.396 0.177 -0.612 0.548 -0913 0.371
1.67 1.74 1.37 1.35 2.47 2.72 2.67 2.38
12.61+ 12.50+ 15.95+ 1591+ 20.90+ 21.12+ 26.76+ 27.15+
SD2 0.455 0.654 0474 0.640 -1.073 0.297 -1.320 0.200
1.77 1.97 1.35 1.41 243 2.51 2.29 2.37
. 3691+ 37.35+ 38.48+ 38.38+ 41.14+ 41.28+ 41.94+ 41.98+
Skin D -2.012 0.059 0.684 0.520 -1.006 0.328 -0.216  0.831
4.33 4.36 3.43 3.19 3.77 3.53 3.38 3.24
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