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Analysis of the preoperative risk factors of intraspinal rib head dislocation in children with dystrophic
scoliosis secondary to type 1 neurofibromatosis and the related factors that affecting the passive
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[Abstract] Objectives: To explore the preoperative risks and the factors affecting the rib head passive
reduction of rib head dislocation into spinal canal in children with dystrophic scoliosis secondary to type 1
neurofibromatosis(NF1-DS). Methods: From September 2006 to May 2020, 130 patients with NF1-DS were
included in this study, and 34 patients were found with intraspinal dislocation of rib head. 20 patients

received growing rods treatment and 14 patients received posterior spinal fusion. 7 patients underwent rib
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head resection and 27 patients underwent surgery directly without rib head resection. The factors that related
to preoperative intraspinal rib proportion(IRP) included age, body mass index (BMI), apical vertebral rotation
(AVR), apical vertebral translation(AVT), the angle of intraspinal rib, proportion of rib width, the main tho-
racic Cobb angle, trunk shift(TS), thoracic kyphosis(TK), lumbar lordosis(LL) and sagittal balance. Pearson cor-
relation analysis was used to screen out the relevant factors and preformed multivariable linear regression to
determine the independent risk factors of the IRP. Pearson correlation analysis was used to screen out the
factors that related to the correction rate of IRP, included the correction rate of AVR, AVT, the main tho-
racic Cobb angle, TS, TK, LL and sagittal balance. Results: The incidence of intraspinal rib in NF1-DS pa-
tients was 26.2% (34/130). The preoperative IRP was (32.9£17.2)% (5.5%—68.5%). Preoperative IRP was cor-
related with BMI, AVR, AVT, the main thoracic Cobb angle and TK (P<0.05), but it had no correlation with
age, the angle of intraspinal rib, proportion of rib width, TS, LL and sagittal balance(P>0.05). Multiple linear
regression analysis indicated that BMI and main thoracic Cobb angle were independent risk factors of the pre-
operative IRP(B=-4.733, P=0.040; B=0.470, P<0.001). AVR, AVT and TK were non-independent risk factors
of the preoperative IRP(P>0.05). In the 27 patients without rib head resection, the IRP decreased from preop-
erative (32.6+£16.3)% to postoperative (18.9+11.6)%(P<0.05) and the correction rate of IRP was(46.6+19.9)%.
The correction rate of IRP was correlated with the correction rate of the main thoracic Cobb angle (r=0.443,
P<0.009). The correction rate of IRP was not correlated with the correction rate AVR, AVT, TS, TK, LL and
sagittal balance(P>0.05). Conclusions: The patients with worse preoperative nutritional status and severe spinal

deformity were more serious in the degree of IRP. The correction rate of the main thoracic Cobb angle should
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be corrected as much as possible, so as to increase the passive reduction of the intraspinal rib head.

[Key words] Neurofibromatosis; Dystrophic scoliosis; Rib head; Spinal canal; Risk factors
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Figure 1 Radiographic measurements a Apical vertebral translation (AVT, line B): the horizontal distance between the
center of apical vertebra(A) and center sacral vertical line b Intraspinal rib proportion(IRP): IRP=(D-C)/2D or (D+C)/2D
(when line "C, D" was at different side of the line longitudinally bisecting the vertebral body, using "D-C"; when line
"C, D" was at the same side, using "D+C") ¢ Apical vertebral rotation(AVR): the angle formed between the line longitu-
dinally bisecting the vertebral body and the line connecting midpoint of the sternum and midpoint of the posterior edge
of the spinal canal d The angle of intraspinal rib: A vertebral tangent was made along the lateral side of the convex
vertebral body, and between the midpoint of the rib junction segment and the midpoint of the end of the rib head was
the line "E". The Angle between the line longitudinally bisecting the vertebral body and line "E" was the angle of in-
traspinal rib e The proportion of rib width: the proportion of the widest rib head in the spinal canal to the widest rib
head on the opposite side on axial CT scans at the most serious slice f Distance between the spinal cord and in-

traspinal rib head(line F): the length was measured from the rib head tip to the convex edge of the spinal cord
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Table 1 Preoperative radiographic data of 34 patients

Al

Value
TOUHE JiE 4% 171 JE2 () 35.6x12.5(21~81)
Apical vertebral rotation
TROHE Gt % B 25 (mm) ~
Apical verlel[)rJaI translation 33:5£15.6(4~70)
b S e AHEAS 1 B2 () 72.6=13.0(45~94)
Angle of intraspinal rib
08 3k 98 (e

Proportion of rib width 0.80+0.15(0.46~1.16)

F M7 25 Cobb £ (°)
Main thoracic curve Cobb angle

IR I B (mm)
Trunk shift

71.6+24.7(35~150)

15.0£13.5(0~64)

M A5 () ~
Thoracic kyphosis 53.7+22.5(18~90)
JEHERT Y (°) ) 47.4£12.5(31~69)
Lumbar lordosis

JARTHT - (mm )

27.0£16.4(0~73)

Sagittal balance
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Table 2 Correlation factor analysis of preoperative IRP

rfE Pft

r value P value

/I-Aﬁgﬂf 0.269 0.124

Bodgxriﬁ %‘Zdex -0.750 <0.001
Apicarfﬁ itr}ﬁﬁf Jr%:tation 0.443 0.009
Apicalmizﬁﬁﬁﬂiilmon 0.370 0.031
The sngde o iyl b 0247 0.159
ngﬁi %f%l&t E«ﬁidth -0.073 0.681
Main thoii?cﬂ%—;flg(;z})égbb angle 0.700 <0.001
Thunke 0.139 0432
'l‘hofa:mif )Eylglhosis 0.434 0.010
Luﬁf ﬁizgosis -0.094 0.596

RN R 0.138 0.436

Sagittal balance

®3 ABIRP HXEZEMZTEASHT
Table 3 Multiple linear regression analysis of

preoperative IRP

JEb e Al %L Pl

Unstandardized
S P value
coefficients
R -4.733 0.040
Body mass index
TOUHE BE % £A B2
Apical vertebral rotation —0.347 0.233
TOUAE R 5 #E 25 (mm)
Apical vertebral translation 0.032 0853
F M2 Cobb ffi
Main thoracic curve Cobb angle 0.470 <0.001
W e JE () 0.094 0.420

Thoracic kyphosis
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Figure 2 A 11.4 years old male with right thoracic scoliosis, and the apical vertebra was T6. He was ASIA grade E
before operation a, b Preoperative anteroposterior and lateral radiographs of the spinal column showing right thoracic
curve ¢, d Preoperative MRI showing the ribs protruding into the spinal canal from the right intervertebral foramen in
the T6 plane without crossing the center line of spinal canal. The distance between the spinal cord and the intraspinal
rib head(IRH) is 5mm, IRP is 31.1% e, f Postoperative anteroposterior and lateral radiographs of the spinal column. The
rib head(T6) is not removed intraoperatively g IRH is passively reduced after operation and postoperative IRP is 20.6%,
and the correction rate is 33.8% h, i Postoperative 50-months follow—up anteroposterior and lateral radiographs of the

spinal column showing the thoracic curve corrected
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Table 4 The data of 27 patients without rib head
resection and their correction rates

A HI AJe i IEH (%)

Pre—operation  Post—operation Correction rate

TOUMETie &% £ B (°)
Apical vertebral 36.2+11.7 27.3+10.2 23.3+24.0
rotation
TOUHE f B2 BE 25 (mm)
Apical vertebral 35.2+14.3 16.5+11.1 48.1+32.9
translation
T 975 Cobb £ (°)
Main thoracic 72.5+23.4 37.2+19.5 48.6+9.4
curve Cobb angle
X+ I % (mm)
Trunk shift 16.0+12.8 10.3+8.2 24.1+62.8
BRI () s33i010 3562197 31.7436.0
Thoracic kyphosis
BEHEG () 4645133 408149 13.9+21.9
Lumbar lordosis
JORACEMI (mm) 0750156 227:136 1586369

Sagittal balance

®5 IRPHEXRMBEXEZRSN

Table 5 Correlation factor analysis of the correction

rate of IRP
riE PlE
r value P value
TOUHE i &% £ B2 5 1E
Correction rate of apical vertebral 0.195 0.247
rotation
TUUHE A A% HE 25 45 1E R
Correction rate of apical vertebral -0.077 0.650
translation
F 925 Cobb £ IE 3%
Correction rate of main thoracic 0.422 0.009
curve Cobb angle
IR T B 5 1
Correction rate of trunk shift -0.162 0.338
kg e S 9 O
Correction rate of thoracic kyphosis 0.035 0.838
JEEAFE 7 o™ 8 1 R
Correction rate of lumbar lordosis 0.032 0851
NI T 0.020 0.908

Correction rate of sagittal balance

BM I A i 81 T G 2 £8 5 i B o™ e I e 5%
M) il ) i, 22 7 38 fin S b ARG % 5 SCBRUS 1B 5
M A 0 Y 5 BMIL A PR AR A . R, FRATTIA
Sk BMI S5 (i B A% nT BE Wk 4 A8 B AT ME AR
JiE 2 S ) W ™ T TRIP b gl sk g R
LM SEE . T A Cobb f R, 2 HH B AfE 1)
™ IRP A2 B RN, X 5 NF1-DS (%)
FARALEARAT e T 32 M A R R | TOUME O £%
2 TOUME JiE 7 7 W b | 8 2 o0 R Sk 0 AR A7
FEH, BRTEARSE T, AVR AVT A2 357 16 16

M AR5 IRP 2 IEAHE, 5 K 0% # 10
B0 ORREGE  BR G TR A5 R R
3k 98 B FLAA S TRP JC W S AR 5GPk (AL L
oA Sk B T35 0.80+0.15, 2
7 6 AHE S A 0 B0 B 3k 9 B 8 DR 3 /N T T
XA A NF1-DS & e 5k R,

AL B AT 7 R VIR T AHE S Y
il S Hor 1) 8 R TR RO 58 4 M
BRI ASIA 7390k C 9%, RPLEiifT g F
ARyt f i AT HEE R A Sk DB RS gk
SR AR EIRYT PR B SRR 2K,
ASIA 73R E 9, Hax 6 BT B A W W p 28
SiE R B U B &8 (ORAT ASIA 439 3F
fl S BI0 E 9.1 5 D 9, VIBR I kA N it
AMER R LB R DB, DL IE i R o
B 1) oY 57 % s ] M B A b 8 0 K REIS 16,

ALLAT 27 1) 583 AE R B Sk 0 TR B
T IEF AR, ARG IRP BRI 98 2> | i A i
1 (32.6£16.3)% 0% TR ARG (18.9+11.6)%
(P<0.05) , %7 1E R 3k (46.6+19.9) %, 1% 5 LIFE (I BF
AL Mao ZFBI% B 9 il 153k 4R A TV A A
1) 14.8% ,TEFIE ARG REAIRE 3.7% ., Cai FFOiE
JI A A B B Sk AE R S HE AR 7 L B
28.6% A K FEARZE 23.1% , 31X 26 B AR ™ 487 T2 AR
J HERE B I B Sk ) ME AR A0 AR T R X B
g Bk g sh B0, BeAkh , ARFIE R & B IRP 11
B IE 2R 5 E 25 Cobb £ I I R AFFEAH AL (r=
0.443,P=0.009), Ui W8 & F AR5 o2 i i sk
SMEE R 2 B g5A, vl DR BER B3k B 3 DHESS
W A3, RTE 258 R VR A G 0 S AT g
22 W3 I = M R K, DA n e sk ) B R R
VD A AE B A T B R AR £ B
S WAL NF1-DS H 5 M ME & 5T/49 B 3% K Cobb
£ TE 3 AT 3G AL Sk B AT AL IR A A
B BN R BBE , AR AR 9 45 SR 5 0% SCHR B AR 7

AW IR BRELE T . (1) B ARIEHH MRI
TORE, AN BEE 0 AR S5 W Sk 5 A R B AR Ak
(2) AU HIHA 20 GR FHAERKBE ARG, K
A 4 I T TARME TR, B EH#H17iE
WIBE T o (3) AW 5% & B Sk VIR 5 #4947 26 A )
FREE P, AT RE 55 R IR B A G X R AR
o o W B Sk PR A HESS B R RE

ZE b ek RHTE FRRGL 2 B AR ™ Y
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NF1-DS F 3 W B Sk o AHE /0 75 5 0 5 39
BE AR 2R AR T LV, R B Sk i R
A AT BRI IE JE M S Cobb £ LIS T i A HE
BRI AR E AL, W HHERS B4R b7 S R
3 1) XU o
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