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[Abstract] Objective To explore the histological and ultrastructural changes in lung tissues of piglets with
the early onset scoliosis (EOS) with the combination of thoracic insufficiency syndrome (TIS) before and after the
treatment with the growth—friendly techniques. Methods  Six—week—old piglets were selected and randomly divided
into the control group (n=3), the model group (n=5) and the treatment group (n=5). An EOS+TIS piglet model was
constructed at 6 weeks of age. At 14 weeks of age, orthodontic treatment was performed at the same time as the

tethering was released. The piglets were euthanized at 18 weeks of age, and the lung tissues were taken for HE
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staining and Masson staining. Pathological observations were conducted on lung parenchyma and pulmonary vascular
development in the three groups. Bronchopulmonary dysplasia and pulmonary fibrosis were evaluated quantitatively
with the use of following indicators: radial alveolar count (RAC), alveolar wall thickness (AWT), alveolar septal
density ratio ( ASDR), respiratory film thickness ( RFT), average collagen fiber volume ( ACFV), pulmonary
capillary density (PCD), pulmonary artery wall thickness ratio (WT%), and pulmonary artery wall cross—sectional
area ratio (WA%). At the same time, the ultrastructural changes in the lung tissue of piglets model were observed
under the transmission electron microscope. Results  Compared with the control group, pathological observation of
the three piglet groups showed that the model group exhibited the bronchopulmonary dysplasia and pulmonary fibrosis,
while the treatment group showed the alleviation of these manifestations.The differences in these groups of young pigs
RAC, AWT, ASDR, RFT, ACFV and PCD were statistically significant (P <0.05). The differences between the
WT% and WA% groups were not statistically significant( P > 0.05) . Under the transmission electron microscopy,
the cell structure of the model group was damaged and had the poor integrity, while the cell structure of the
treatment group was improved. Conclusion The lung tissue of EOS+TIS piglets shows the characteristics of
bronchopulmonary dysplasia and pulmonary fibrosis; using growth—{riendly technology to treat EOS+TIS piglets, its

bronchopulmonary dysplasia and pulmonary fibrosis have been improved to a certain extent.

[ Key words] Early—onset scoliosis; Thoracic insufficiency syndrome; Bronchopulmonary dysplasia; Lung

histopathology; Transmission electron microscopy
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Tab.1 Measurement results of HE and Masson staining of left lung tissue of three groups of piglets( X + 5)
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Fig.2 Comparison of HE and Masson staining results of lung tissue of three groups of piglets ( collagen fibers are blue,

muscle fibers, cellulose and red blood cells are red) (scale bar: 100 ;um)

A XTHRAING HE 34t B: ARBUAINT HE 4ot C: JRYT4LMT HE Jeff; D: X IRZIT Masson Jeff; E: BIRIZfifi Masson

Bt F: JRI7 4L Masson Jefa.



5 5 1

PRa, . RPN G T K B A R A RS L 4 4 SR A 27

S B &

Xof HE 2

AL

4 000x
100 kV

& 5
T

B3 3ELGEMBARBHRENREER
Fig. 3 Transmission electron microscope observation results of lung tissue of three groups of piglets

A MIRRGE FIAIZ; B BT BT N ATZHZ; C: iR T A B T,

AIRGT . Campbell 55127130 75 5 T A 25 A
B Rl A Y L bR A IR AT YR AR A Bk B B
(vertical expandable prosthetic titanium rib, VEP-
TR)VAYT o K LAY 00 25 R0 it 2 B 75 31 4 3% o
ARSI I FEL SR P BRI S A B R B B A SRR
EOS & FF TIS (2 B AR, 4570 2 7tk 1 - 35
FEMIYS Cobb £4(23.00 +3.16)° , [A]i H BLAIR
T AR A M S T G, AR S B 1 B A
HIN (3220 £ 4.32)° . JRYTF 4@ A AT AR K
RS E, B HERAL Cobb £ (840 1.14)° |
JRAE Cobb 1 (~10.00 + 1.58)° 75523 .
TERRERIRMET, BB —Fshds
(8 £E ) 1 2 S5 R AE W oA 5 i ] A 141
4 a5 37 ) e R AU RE IR, X RSB 12
K HEARAR AT e 1E H 1 P A ) &
Abman U7 2 T SCREIT R EAR R A RE— “ I
B RE BEAHEUL” , X — B4 AT BE VR il i
BERENSE, FEIMENIER KT 230,
SRIMT, AT A LR B B, 5838 X6 il i 8 & 75 HIL
il ELAR T AR A R, X AT B2 P B 2
YA PR T B A5 U (A AR . BPD 9l
SEFI RIS 2 AR EARAE . S B KL (R
v A L o R R AR s e T A A AR Ak )
DA R i BE G TR | 2R 2R 200 R LR fb R 1 Fh
2N S TR R ) Bt e, AR AR R
20 L A/ Ao T RRURT il S SR R 21 . P R A i
P T AR IR (%) A5 17T 25 8 A 45 FhOAS [ 248 B2 (R AL
Jyeb, iy BRSPS HLEK T TR
PG T AT2 Y TGF-B (553, MK sh
Jifi 27 A 1 15 J2 23, Mehta 2500 [R)RETE STV 2% f
LR YR M BB, SR E il o) REAS 2
LV VEM b s Il I G 2, il 5 Al v 8
FEWA W, ARSI R T AM 6 ~ 10 A B
I A R, RESE R, R
SR AR & EZ B m, mA A i 7E
fili & B 2k AR P AR L AF AE LIR30, AT R 3 il

PN R E R R A, AR S50 20 fii 4 21
B BT R B e D I s e R > . R
20 126 K 0 D R i o R A UL i £ 4 b AR A
E LR EMEBT AR KA R, 2697
Jo LR F G RNeE, (FBh BkosE SR | R T
U R G #2257, B R R R 4 A
TR 25 £ B 50 /N B A R st i) e, 4S80 4 il
) < o M s 2 A A A, 5 80 A i 52 1 1)
N A3 S A e s, DA AR fi i 2T A AL AT B, i
LB 20 A K A 28 S O A RS R AR
[FI BT I BR A& B J5 08 Il 2 A0 A 21 1
e, 7RSSR T BT T AL i T A b
2520, A AR P K SR, Sl K
U G R M 1129 b fe 0 45 R 15 2 i s,
HEL T T AL b R A, B P AR T R Y
HAU

Zr LT, ARSI & T EOS & If TIS
SEU KT A B L 4 A I S ot R
it BT U AE KR 2 ER YT EOS BT TIS 4f A
T H R B AN B I 2T 4 A 1 15 015 3 ik
HH A 5 Bl S S R AN R & A ELAR ST AIL
T I — I . B AR K A A B S
R T, SR SR I T I R IR 9T EOS & 9t
TIS 3% AYIE % L e — 2. W EOS &
I TIS FEU K& & A B St e L i 21 21 227254k
BRNGEI RS, NN — S HE R HIBIT AT &
it % B A B il 2 Ak A i 45 4 Ak 2Lk & A= BL
HEEXREENER.

[Z& 30K ]

(1] Campbell R M, Smith M D, Mayes T C, et al. The charac—
teristics of thoracic insufficiency syndrome associated with

fused ribs and congenital scoliosis[J]. J Bone Joint Surg

Am, 2003, 85(3): 399-408.


https://doi.org/10.2106/00004623-200303000-00001
https://doi.org/10.2106/00004623-200303000-00001

28 EUIN RSN S 545 %

[2] Yang S, Andras L M , Redding G J, et al. Early—onset thoracostomy. Surgical technique[J]. J Bone Joint Surg
scoliosis: A review of history, current treatment, and fu- Am, 2004, 86(A Suppl 1): 51-64.
ture directions [J]. Pediatrics, 2016, 137(1): e20150709. [13] Campbell R M, Smith M D, Mayes T C, et al. The effect of

[3] Mayer O H. Management of thoracic insufficiency syn— opening wedge thoracostomy on thoracic insufficiency syn—
drome[J]. Curr Opin Pediatr, 2009, 21(3): 333-343 drome associated with fused ribs and congenital

[4] Cunin V. Early—onset scoliosis: Current treatment [J].Or— scoliosis[J7. J Bone Joint Surg Am, 2004, 86(8): 1659—
thop Traumatol Surg Res, 2015, 101(1 Suppl): S109-118. 1674.

[5] Zhang Y, Shi Z, Li W , et al. A porcine model of early—on— [14] Tepper R S, Morgan W J, Cota K, et al. Physiologic growth
set scoliosis combined with thoracic insufficiency syn— and development of the lung during the first year of life [J].
drome: Construction and transcriptome analysis[J].Gene, Am Rev Respir Dis, 1986, 134(3): 513-519.

2023, 858(23): 147202. [15] Harding C O, Green C G, Perloff W H, et al. Respiratory

[6] Cooney T P, Thurlbeck W M. The radial alveolar count complications in children with spondyloepiphyseal dys—
method of emery and mithal: A reappraisal 2——intrauter— plasia congenita [J]. Pediatr Pulmonol, 1990, 9( 1): 49—
ine and early postnatal lung growth[J] . Thorax, 1982, 54
37(8): 580-583.

®) [16] Dimeglio A. Growth of the spine before age 5 years[J].
[7] Olson] C, Kurek K C, Mehta HP , et al. Expansion thora— .
Pediatr Orthop, 1993, 1(2): 102-107.
coplasty affects lung growth and morphology in a rabbit )
[17] Abman S H. Bronchopulmonary dysplasia: "A vascular hy—
model: A pilot study[J]. Clin Orthop Relat Res, 2011,
pothesis" [J]1. AmJ Respir Crit Care Med, 2001, 164(10
469(5): 1375-1382.
Pt 1): 1755-1756.
[8] Olson J C, Glotzbecker M P, Takahashi A, et al. Expan-
[18] Gaengel K, Genov é G, Armulik A, et al. Endothelial—
sion thoracoplasty in rabbit model: Effect of timing on pre—
mural cell signaling in vascular development and an-
serving pulmonary growth and correcting spine
deformity [J]. Spine (Phila Pa 1976), 2018, 43(15): E&77- giogenesis[J]. Arterioscler Thromb Vasc Biol, 2009,
29(5): 630-638.
E884.

[9] Olson J C. Takahashi A, Glotzbecker M P. et al. Extent of [19] Morrisey E E, Hogan B L. Preparing for the first breath:
spine deformity predicts lung growth and function in rabbit Genetic and cellular mechanisms in lung development [J].
model of early onset scoliosis [J]. PLoS One, 2015, 10(8): Dev Cell, 2010, 18(1): 8-23.

0136941 [20] Nardiello C, Mizikova I, Silva D M, et al. Standardisation

[10] Mehta H P, Snyder B D, Callender N N, et al. The recip- of oxygen exposure in the development of mouse models for
rocal relationship between thoracic and spinal deformity bronchopulmonary dysplasialJ]. Dis Model Mech, 2017,
and its effect on pulmonary function in a rabbit model: A 10(2): 185-196.
pilot study[J]. Spine ( Phila Pa 1976), 2006, 31(23) : [21] Lederer D J, Martinez F J. Idiopathic pulmonary
2654-2664. fibrosis[J]. N Engl J Med, 2018, 378(19): 1811-1823.

[11] Mehta H P, Snyder B D, Baldassarri S R, et al. Expansion [22] Wu D, Birukov K, Endothelial cell mechano—metabolomic
thoracoplasty improves respiratory function in a rabbit coupling to disease states in the lung microvasculature[J].
model of postnatal pulmonary hypoplasia: A pilot study[J]. Front Bioeng Biotechnol, 2019, 7(5): 172.

Spine (Phila Pa 1976), 2010, 35(2): 153-161. [23] Wu H, Yu Y, Huang H, et al. Progressive pulmonary

[12] Campbell R M, Smith M D, Hell-Vocke A K. Expansion fibrosis is caused by elevated mechanical tension on alve—

thoracoplasty: The surgical technique of opening—wedge

olar stem cells[J]. Cell, 2020, 180(1): 107-121.


https://doi.org/10.1097/MOP.0b013e328329a500
https://doi.org/10.1371/journal.pone.0136941
https://doi.org/10.2106/00004623-200408000-00009
https://doi.org/10.1002/ppul.1950090112
https://doi.org/10.1161/ATVBAHA.107.161521
https://doi.org/10.1016/j.devcel.2009.12.010
https://doi.org/10.1056/NEJMra1705751
https://doi.org/10.1016/j.cell.2019.11.027

	1 材料与方法
	1.1 实验动物及分组
	1.2 外科手术
	1.3 肺组织形态学观察
	1.4 统计学处理

	2 结果
	2.1 冠、矢状位Cobb角与左肺容积
	2.2 HE和Masson染色
	2.3 透射电镜

	3 讨论
	参考文献

