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Preliminary investigation of bar fixation for mini-invasive sternotomy for pectus carinatum based upon
measurements of chest wall pressure
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[ Abstract] Objective To explore the outcomes of three different fixation methods during mini-invasive
sternotomy for pectus carinatum (PC) based upon sternal manometric measurements of pressure value after de-
pressing anterior chest wall to normal in PC patients. Methods Chest wall pressure values were measured pre-
operatively in 144 children undergoing mini-invasive sternotomy from July 2012 to July 2016. The selection cri-
teria for bar fixation were formulated according to pressure values and morphological typing of sternotomy. Ac-
cording to specific fixation methods ,they were divided into three types of A (bilateral wire) ,B (bilateral stabi-
lizer) and C (unilateral wire plus unilateral stabilizer). In symmetric type, fixation was performed when pres-
sure value fell under 10 kg;C fixation when it surpassed 10 kg;in asymmetric type,fixation when pressure value
dropped below 7.5 kg;B fixation when it was >7.5 kg and yet <10 kg;C fixation when it rose above 10 kg.
General profiles, therapeutic outcomes and complications of three groups were summarized. Results All of
them completed operations successfully without intraoperative complications, Postoperative complications includ-
ed pneumothorax (n =4) and wire fracture (n =53). Four cases of minimal pneumothorax were self-absorbed.

There were 53 cases of wire fracture (36.81% ). The rate of wire fracture at 50% was the highest in A fixation
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method. Since the appearance of chest wall was not affected , fractured wire was removed at the same time during

stent removal. The surgical outcomes were evaluated after bar removal. The excellent rate was 100% without re-

currence. Conclusion Formulating preliminary selection criteria for fixation method of mini-invasive sternoto-

my based upon measurements of chest wall pressure may simplify surgical operations, minimize intraoperative

chest wall injury and yield smaller and more aesthetic wounds. Clinical popularization is worthwhile.

[ Key words] Pectus Carinatum; Orthopedic Procedures; Minimally Invasive Surgical Procedures; Or-

thopedic Fixation Devices; Child
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Fig. 1 Diagrams of three different fixation modes of
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(=) B U

BRICAD B T e v A, 7E 12 F- TR 1C U iR
LA B, E O [ 5 DRV B R 2T i U
HHER Z I PR A, W2 B T B D7 VR B AR ok
A AR BE o BT He b1 2 BRARUKF (A



508 - WaBR/N LSS 2023 4 6 A 22 5% 689 J Clin Ped Sur, June 2023, Vol.22, No.6 ||| ERNNRNEGD

RS [ E SR IR , I B 5 R (9 i BE A
W&, TR LA B — 4 1 ~ 1.5 em BT 1)
1o FEL D0 0 i B L DAY , S 400 Al A s [51 7 Ak 1)
B, —IOE S FNE 6 R, Ui 5 1 DX I AR B
ETGEE, Ik 6 S ETE PRI A F & .
QIS (8 FH 1 i, JUDHRE [ 7 #5508 T LA, 4 4
22 A E S AL A o TR 5T A P b
SEALA R BEIE , — U0 101 R TE A B0 5
s R, B — M) AR A 22Fr A i P S i
B O I R A s P 35 | A A M e g AL
A, WO e T PAT 35 | A AR s, B 1630 B e £ g
JE PRSBSOS 1At
SR BT 14 18] 5 2R ] e frs P 55 | 3 )
— i, 51 E A B T A DD A [
280 BTN Rl 2 BEAR AL R XU T AL BT 4
22 o [0 3 9 SO P [ L 3T RN 22, B R4
F IRV, S AT JUL PR T Wi PR e 1 U i i, 5 1 40
22 7y T 2 T

(=) 3AREE T

L AWZZ [ 5E 1 7 K 3 AR AN 22 (56 [ 5 A 4
22,6 5) EFE W SCRM PR & L5, 1 AR
22N GRHIAR/INAT S AR, 53 81 2 AR 22 48 98 4
M/ LSRR B DA 2 (181 3) o

B3 XN e TR A N 22 [ 5 R
Fig.3 Diagram of wire fixation during

mini-invasive sternal sedimentation

2. (B R RE TS A0 4 AR 6 SN2 EAET
I E AR OL B PTAR D B A R E fR T
UL A5 B0 22 AT 5 5 0L 28 1, o SO
JerRe [ 72 25 0 L AL B 22 47 55, F T S 20 = BAE K
- R SRS [ E AR 6 S NZZANZR ([ 4) o

B4 XN DR S E R 1 52 R A
Fig.4 Diagram of stabilizer fixation during

mini-invasive sternal sedimentation

= \GuitAAb

R SPSS 26. 0 #EATGL I 0 M. T K dls
(47 Haller 5% . BMI{H) DL x =5 o, 70 J5H8
(I W) ISR (% ) Rk o X T i ek A
J7 2203 Wik ey =21 18] 22 53 B LU, [ Ap >R Fi] Bon-
ferroni Z2 P2 ROk HEATALIB] A LLARE . )T 20 2R %K
Y, >R Fisher K5 46 56 35 20 AT = 21 18] 22 5 HU#5Co
P <0.05 AZERA G E L.

# X

144 ] FBILIIIF 58 S F AR, FAREF ] (75. 55
+27.13)min(30 ~ 120 min) , & 2 ~5 mL, A
B.C ZAAEAF IS 7 IAFAEAL 0] 22 5%, A LA/ T
C 21,1 B 4180 A 2} C HEIBAFEEZES . A B,
C =411 Haller $8%0F1 BMI Y RAFETEZE S, =41
PN L 25 S e B L (F 1)

144 B L T —B kAR I AE. KRG

R XKL E TR A B ILAFEE Haller $550% BMI FEAL

Table 1 Comparison of measurement data( age,Haller index & BMI) among groups during mini-invasive sternal sedimentation

A ) " e % N @:sB,T;/mZ)
A 80 13.07 £1.63 72(90.0) 8(10.0) 2.11 £0. 18 17.15 +1.87
B 41 22 14.03 +1.94 20(90.9) 2(9.1) 2.09 +0. 14 17.25+1.78
(o’ 42 13.86 +1.79 37(88.1) 5(11.9) 2.03+0.19 17.67 +2.15
S F=4.402 x> =0.242 F=2.351 F=1.014
Pl 0.014 0.930 0.099 0.368

i BML B R AL



B 5 UshRigE 2023 4 6 B 22 %5 68 J Clin Ped Sur, June 2023, Vol.22, No.6 £500 -

ARG TR 22 K 5L, b RS 4 41, 1
S e 1) 52 4 B R R B, R T A B B AT I
22 WL 53 ), RS 6 S H TS S A g Fr s
AR, 5 36.81% (53/144) JLrf A 41 (2218 &
4) KA IR ik 50.00% (40/80) ,B 4} C 204y
W 13.64% (3/22) F123. 81% (10/42) , fiy T fq B
HINLEE A2 S0, Vi 588 22 A B S B8 T AR g 1) 93
th, E— 0 22 5% B o SO S PRA TR RCR,
PPAG TR B G 45 1 B S WO, 1B B R T
HETS X2 S A R G ) T R A SR A
SPE . PPOTARIE 4 BAF S N, 3 WIAF SO R L2 T
FEE o AR A B TG N2 . SAREM
R R LR 100% , THRESCRFARIE 6 N1 AR,
3 AR E A A BT 6 ~ 10 4R, IR K

it i

RO 2 A R UL B B BE W RN, 2005 4E,
Abramson"* $3#E T —Fft 7 T U 3 I Nuss A 5 B
SHESR IE XS M B B TR 7 3, B A A B T
T BE B T s ULPY R B B A 3 5 R O
SR R I X A B 7 2 8 PR 7 5 B
LR k. S Nuss FAR—H IZARATCTH
B AR M g 25 R, H M T TR B0 15, F AR )
B, I S ARG O B A L, BAT R Y
Pes, TR T XS e BF e e .

T E A O 2 B b 5L 3 BE I M P A e
F 2008 4R ] Nuss FARIATT |- Mg 1) S BL0E 1 79
Wi T A o R I e 2% & B 2Z A, 3o AT 38
FE T4 A e A 2 AR KT R S e R
() Fsf AR A1 o s s g B A3 SR A 7 T AR A . A I IR
SEE P IRAT R B, TR LAE IR BMI L% X0 i ™
FRRE R[], J B ) s g o S AR ) g o s g
f16 2 WA FHSE T, 45 ok PR 263 ik s o i A5 L
PRIE S, XA B PR R e 7 . B
KT RS BiB) FAR SBR[ R E A £, 3C
BikH Yuksel 2517 1 Abramson ! 4% 8 i FF [# & F [
5E , Cohee " 4% 18 F 48 [ 2 , Lee 251 438 i
WLE [ E . ARBEAETT A T AR, e S 42
577205 Abramson ' BB AL, Fo A TR 1 52 A2
LR g RN e S N g k1 P el by
RSB, 5 BB BRI, ol TR
SAE PR3 1 PN R B R S S AR AN 22, A5 1
KA 2 ~3 emy N T H00 0 14 T 9 S 2818

ASLILRIRE A TR AR, AT P U 21 9 Nuss TR
S BR 22 I S I e T g BE e i
25, 300 B R g #0040 < 7.5 kg 1)
X5 16 FH 0 220 S 28 55 B = A T, BV 45 R R
ARG RH R BB 22 W7 24 AR RS 1 O, I 1
Bt 7 R SR S IR 22 W 240 D0, H G BE T T R0
BT M B g g i i R 0 > 10 kg 1L,
5 1N 22 W 5L AN AR RS AL, AT SR SR UM [ 5
[ S et
REA: SCHR iz 18 4 M 3 B TR J5 i DL I 2 o £
FEW LW 5L | B R R DT I A H R &R
A A RSP AR S T ) Mg AR 4
BIA G IF & AE 1 & A RARAK, Jo— 11 Bz ik 8 = 3T
L ARG | G JE S R R SRR K )
B D PR T BB 55 0 22 (1] o S 2R 4 18V 0k Tl BE LAY |
B B R AR R R RN e 4
A B D 1 SN RTRE 5 R [ S 4R AN 22 B
LRI B I 0 A B R L L TR & SR I A o
5o AL AE B R LR 22 T 2, Lee 25
REXT 15 5% il s )L SEA T O i B DURE A , S 2834 5R
N2 [ 5E , BT RIS 9 A~ H LY H 3
22T A BE S A 32 52 0, 3 A I R AT RE S S
5 ey () R AL REAE B 1E SO IR B RS 61 A %
AL BILR A 22 24 155 205 S 15y 173,
For A 41 (22 [ e 41) & s, ik 50. 00% , B
K% C 41435k 13, 64% F1 23. 81% , 5 Lee 251% 4
TEIEOUAR ] o 25 214N 22 W 28 58 LS R 340 AT B
WAL, AN M RE R O 18 B, R, 3R ATTIE
WA RN 9 22 W 24006 53 4 s E 4T B ET
Ul BT AN 22 T O BR TR I R o ARZH AR
S To— 15 W b O =F B ek % A3 A D R S AR 4 AR LS
IR 2 7 2B 3 Ry A 22 [ 5 A %, BT Ry 3k o [ 7
5 2O g JE A B o 2 [0 e [ /0N, i L AR
S I S R AR T K, BN 22 T g
SRATR B GE W R AN 2T il R 5 T
BIRAIE 5 v T I B R (R [ T 2k
PR 8 W A 11 DR = U 119 428 365 ) 2, R = 08 JIE 4K
I AFAE— B b, AHIZ 5 1 AT AR AL T AR B ,
UK B RE RV EPE A0 7, O ELAE RS B s B AR 1
TN MRS, TR IR HE S o B A A=W 12 ot
FENIHEJE 78 Ja SL i o8 v, AT 3 3 3 i A BR T
R RGN, S 128 50 BT, 3 — 20 0 B % 01 2 Bl
P IRAE R B



510 WaBR/N LSS 2023 4 6 A 22 5% 689 J Clin Ped Sur, June 2023, Vol.22, No.6 ||| ERNNRNEGD

MEMER  FIrA1EE T AR R o [8] Lee SY,Song IH,Lee SJ. Minimal invasive extrathoracic prester-
HEkE v pa 5 G R e nal compression using a metal bar for correction of pectus carina-

EEREAER Tl 8 PRIEE K0 1 52 IF 58 19 53t St A p g p

Eﬁiﬁ;’t??‘) % f]ﬁﬁ]%ﬁ(}}?{;ﬂﬁl%&%ﬁ ?,Hﬁz! }:Eﬂ%j\——ﬁ{ﬁ j_!r_ lum[]].Pedialr Surg Int,2014,30(1) :25-30. DOI . 10. 1007/

s00383 —013—3419—0
(9] WG9, BT &, ke, 5. KA 2 M A B Nuss T A
(J]. EP‘FE@/L‘[DI”¢57F$4,J\,U\,2OO7 23(3):193-195. DOI:
s % X ™ 10.3760/cma. j. issn. 1001 -4497.2007.03.019.
Zeng Q,Duan XL, Zhang N, et al. Nuss procedure for correcting

X SCEE I Y 25 6 7 7 )

[1] Robicsek F,Watts LT. Pectus carinatum|[ J ]. Thorac Surg Clin, pectus excavatumin in elder group[ J|. Chin J Thorac Cardiovasc
2010,20(4) ;563 -574. DOI; 10. 1016/]. thorsurg. 2010. 07. Surg,2007,23(3) :193-195. DOI:10. 3760/ c¢ma. j. issn. 1001 -
007. 4497.2007.03.019.

[2] WG BUAEAR , 2. /N LS M o3 B R SN RHEYF L] o [10] Del Frari B, Sigl S, Schwabegger AH. Complications related to
AN A AR A, 1999 ,15 (4) 1225 -227. DOI: 10. 3760/ pectus carinatum correction : lessons learned from 15 years’ expe-
cma. j. issn. 1001 -4497.1999.04.011. rience. Management and literature review [ J]. Plast Reconstr
Zeng Q,He YR, Li SH. Types and surgical corrections of pectus Surg,2016,138(2) :317e-329¢. DOI; 10. 1097/PRS. 00000000
carinatum in children[ J]. Chin J Thorac Cardiovasc Surg,1999, 00002414.

15(4) :225-227. DOI:10. 3760/ cma. j. issn. 1001 -4497. 1999. [11] M‘UJJLZ{ FAE R, SRk, 25 X0 N ik R A PR GRS R S 5 5
04.011. TELT]. A 45 SR 22 7 ,2018 .34 (3) 1129 -135. DOI

[3] Abramson H. A minimally invasive technique to repair pectus 10. 3760/ cma. j. issn. 1001 -4497.2018.03. 001.
carinatum. Preliminary report[ J |. Arch Bronconeumol 2005 ,41 Chen CH,Wang JC, Zhang N, et al. Establishment and verifica-
(6) :349-351. DOI:10. 1016/S1579-2129 (06 ) 60235 -8. tion of pectus carinatum model by finite element methods|[ J ].

[4] XI55, S e, XM pya r dE e ()], Im R /N LA B 22 i, Chin J Thorac Cardiovasc Surg,2018,34(3) :129-135. DOI. 10.
2013,12 (1) :64 -66,75. DOI: 10. 3969/j. issn. 1671 - 6353. 3760/ cma. j. issn. 1001 -4497.2018.03.001.

2013.01.020. (A% B H5.2023-03-01)
Liu Q, Wu YM. Therapeutic advances of chicken breasts[ J]. J

Clin Ped Sur,2013,12( 1) :64-66,75. DOI 10. 3969/j. issn. ASCE| AR T, WU, RIS, 45 JE T I BE g R A g
1671-6353.2013.01..020. BRI BT A SR AT BI RV D ). Wik I LR

[5] Chen CH,Zeng Q,Li ZZ et al. Force required for correcting the 2,2023,22 (6): 506 - 510. DOI: 10. 3760/cma. j. cnl01785 -
deformity of pectus carinatum and related multivariate analysis 202303001 -002.

[J].) Pediatr Surg,2018,53(9) :1855-1857. DOI:10. 1016/]. Citing this article as: Yu J,Zeng Q,Chen CH,et al. Preliminary in-

jpedsurg. 2017.12.013.

[6] Yuksel M,Lacin T,Ermerak NO,et al. Minimally invasive repair
of pectus carinatum[ J]. Ann Thorac Surg,2018,105(3) :915 -
923. DOI:10. 1016/j. athoracsur. 2017. 10. 003.

[7] Cohee AS,Lin JR,Franiz FW et al. Staged management of pec-
tus carinatum| J]. J Pediatr Surg,2013,48(2) :315-320. DOI;
10.1016/]. jpedsurg. 2012. 11.008.

vestigation of bar fixation for mini-invasive sternotomy for pectus cari-
natum based upon measurements of chest wall pressure[ J]. J Clin
Ped Sur,2023,22(6) :506 -510. DOI; 10. 3760/ cma. j. ¢cn101785 -
202303001 -002.

- i ke
ATl i85

x§ /N LSRR J’fi%‘ FER T B R T kR AL, o AN LA R A S R AR B AT
Hy ﬁ% RYA KRR I, NIRRT 488 & X 3R A E s,
LA FH ﬁ%f?&% FAREA FAREZHA LKA X a5 IE KR RRFE
3. AR EREAFERENBZEAFRNIERMLA, & EFER FBER T EFHAXANAE
Hito
NSRRI RATRFEE PN AP UARREL R, AR REFNRO . L¥ /2D
Vg B F 5 AR,
5. BN 5 LR T EXERRSBR S FIAITR N FE R 53338, 4 3 2 A SUH o B
AR T EEEFEFANEE GFMN, DR E LR RS TRAEE





