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Thoracoscopic minimally invasive surgery for the treatment of flail chest with multiple rib fractures
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ABSTRACT Objective To investigate the clinical efficacy of thoracoscopic minimally invasive surgery with nickel-titanium
shape memory alloy wrap bone plate versus rib periosteal internal fixation in patients with multiple rib fractures (MRF) and
flail chest. Methods A retrospective analysis was performed on 100 patients with MRF and flail chest treated with thoracoscopic
minimally invasive surgery and internal fixation with rib fracture preservation between January 2019 and December 2022 ,in-
cluding 54 males and 46 females,aged from 20 to 65 years old,with an average age of (38.0x£18.0)years old. The duration of
the disease ranged from 8 to 21 days. According to the different surgical methods, the patients were divided into control group
and study group,with 50 patients in each group. The control group consisted of 23 males and 27 females, with an average age of

(38.35+18.05) years old,who underwent rib preservation periosteal internal fixation. In the study group,there were 31 males
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and 19 females, with an average age of (38.15+£17.99) years old, treated with thoracoscopic nickel-titanium shape memory alloy
circumferential bone plate. The pulmonary function indices, electrocardiographic monitoring indices, pain severity, levels of in-
flammatory factors, complications , rehabilitation indices, and therapeutic efficacy were compared between the two groups before
and after treatment. Results All patients were followed up for 6 months. After 3 days of treatment, the heart rate of both groups
was (102.43+13.74) beats per minute vs (86.26+8.06) beats per minute ,respiratory rate (28.45+3.40) breaths per minute vs
(22.05+2.85) breaths per minute, blood oxygen saturation (89.68+3.66)% vs (98.46+4.84)% ,rest pain (3.5+0.5) points vs
(2.6£0.6) points, movement pain (3.6+0.5) points vs (2.5£0.5) points,and these differences were statistically significant (P<
0.05). The levels of Interleukin-6 (IL-6) (102.30+17.00) pg-ml™ vs (85.68+21.20) pg-ml™ and tumor necrosis factor-alpha
(TNF-a) (33.44+4.85) pg-ml™ vs (18.14£4.28) pg-ml™ in both groups exhibited an increase post-treatment , while the C-re-
active protein (CRP) (75.51£10.54) mg-L™" vs (60.75+9.84) mg L demonstrated a decrease compared to pre-treatment lev-
els. Furthermore , the study group displayed significantly lower levels than the control group (P<0.05). After 10 days of treat-
ment , the peak expiratory flow rate (3.31£0.52) L-s™ vs (5.69£0.74) L-s™,forced expiratory volume (1.46+0.29) Luvs (2.06+
0.38) L,and forced vital capacity (2.68+0.95) Lwvs (4.26+1.05) L of both groups exhibited significant improvements com-
pared to pre-treatment levels. Moreover, the study group demonstrated significantly higher values than the control group (P<
0.05). The incidence of postoperative complications in the study group was significantly lower compared to the control group (6
cases vs 14 cases, P<0.05). Additionally, the duration of bone callus formation (9.50+1.40) days and fracture healing (72.20+
8.32) days in the study group was significantly shorter compared to the control group (11.35£2.15) days, (93.70£9.90) days
(P<0.001). Conclusion Compared with traditional rib-preserving internal fixation,patients with MRF and flail chest treated
with minimally invasive internal fixation with thoracoscopic nickel-titanium shape memory alloy surround bone plate have bet-

ter therapeutic effect, because of less surgical trauma,less pain and inflammatory reaction ,fewer postoperative pulmonary com-

plications, faster and better recovery of lung function , and thus promote the recovery of patients.
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Tab.1 Comparison of general data between two groups of patients with multiple rib fractures and flail chest
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Fig.1 A 32-year-old male patient,injured in a traffic accident,was diagnosed with multiple left rib fractures
and flail chest with hemopneumothorax 1a. Preoperative three-dimensional CT reconstruction of ribs showed
multiple left rib fractures with significant dislocation of fracture ends 1b. Preoperative three-dimensional CT
1c. In-

traoperative thoracoscopic exploration revealed left lung tissue incarceration and rib fracture fracture ,resulting

scan of the ribs showed traumatic hemopneumothorax on the left side and severe pulmonary contusion

in lung tissue laceration 1d. Thoracoscopic release of incarcerated lung tissue and thread repair of lacerated

lung tissue  1e. Nickel-titanium shape memory alloy hugging bone plate , intraoprative thoracoscopic assisted

external and internal fixation

1f. Nickel-titanium shape memory alloy hugging cavity mirror bone plate,intraoperative thoracoscopic internal fixation

1g. At 3 months postoprative 3D CT scan of the ribs showed that the rib bone plate was fixed in place with good shape and the fracture line was blurred
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Tab.2 Comparison of pulmonary function indexes before operation and 10 days after operation between two groups of
patients with multiple rib fractures and flail chest

] PEF(x+s)/(L-s™) FEV (x+s)/L FVC(x+s)/L
el BiEL — — — — — -
AHI AJ510d ATl A5 10d A Hi ARJg 10d
Xif M 50 2.51+0.48 3.31x0.52" 1.12+0.15 1.46+0.29" 1.17+0.22 2.68+0.95°
kil 50 2.45+0.39 5.69+0.74 1.15+0.12 2.06+0.38* 1.21+0.21 4.26+1.05°
i 1.258 18.610 1.104 8.876 0.930 7.890
P 0.212 0.001 0.272 0.001 0.355 0.001

T PEF, FFSUEE R FEV, HIFARGEVC, S &
16.147,P=0.000;"1=10.950, P=0.000;*%=20.141, P=0.000

5R AT #,1=7.994,P=0.000;t=27.389 , P=0.000; “t=7.364 , P=0.000 ; “¢=
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Tab.3 Comparison of ECG monitoring between two groups of patients with multiple rib fractures and flail chest before
operation and 3 d after operation

a5 _— LR (s )/ (W 57) WA (ws )/ (UC/90) L A AN (s ) /%o

A AJa 3d AT AJa 3d A HT AJE 3d
X I 4H 50 125.23+12.69 102.43+13.74" 31.26+4.56 28.45+3.40" 85.16+3.28 89.68+3.66"
WFIE 50 122.26+13.58 86.26+8.06" 28.84+4.25 22.05+2.85" 84.24+3.38 98.46+4.84"
il 0.700 7.920 0.480 10.010 1.615 11.505
Py 0.486 0.001 0.640 0.001 0.110 0.001

5 AR 4, "=8.620, P=0.000;"=16.120,P=0.000;"t=3.493 , P=0.001 ;"4=9.383, P=0.000;"4=6.503 , P=0.000 ;*4=17.033 , P=0.000
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x4 WASEMBERFEMEBZRTIETEMEEBEEENLLE

Tab.4 Comparison of pain degree between two groups of patients with multiple rib fractures and flail chest at different times
w15 K A LR (s )/ 53 B (v£s )/ 53

(x+s)/ ) 6h 24 h 48 h 72h 6h 24 h 48 h 72h
papicEil 50 7.5+2.0 5.1+1.5¢ 4.4+0.6° 4.0+0.6° 3.5+0.57 5.3+0.6" 4.5+0.7" 4.1£0.6® 3.6+0.5"
WF5E 2L 50 7.6+2.1 3.2+0.82 3.0+0.6* 2.9+0.8 2.6+0.6® 3.5+0.7°° 3.1+0.7°" 3.0+0.6° 2.5+0.5
1 0.272 11.350 9.810 10.210 10.010 12.160 10.111 12.620 10.221
Pl 0.780 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

W 5 R AT A L, '=6.788 ,P=0.000;“¢=13.845,P=0.00;“¢=10.498 ,P=0.000 ;"¢ =14.893,P=0.000 ;"% =11.853,P=0.000 ;% =14.789 , P=0.000; "t =
13.720,P=0.000;*=16.188 ,P=0.000;“+=7.450,P=0.000;"%=13.097, P=0.000;"¢t=10.011, P=0.000 ;*"*t=14.375,P=0.000 ;¢ =11.514 , P=0.000 ;"¢ =
14.893,P=0.000;"=13.377,P=0.000;"=16.706 , P=0.000

x5 MAZKMHBERHEMKNEZEF ARG E R EREREFXELR
Tab.5 Comparison of levels of inflammatory factors between two groups of patients with multiple rib fractures and flail chest
at different times

IL-6(x+s)/ (pg-ml™) TNF-a(x+s )/ (pg-ml™) CRP(x+s)/(mg-L™")

4151 %%

AHr AF1d RKF2d RE3d RET AFE1d RE2d RE3d RET RE1d RE2d RJF3d
e 50 50.70+ 9536+ 13892+ 10230+ 20.50+  37.84x 4533+ 3344+ 8756+ 121.51x 141.52+x 75.51+

4.96 5.80" 44.31%  17.00® 1.03 8.307 1220%  4.85™ 9.70 10.54"  15.23"  10.54"7
- 50 49.60+  79.39+ 108.89+ 85.68+x  19.55+ 22.80+ 2580+ 18.14x 8584+ 103.75x 12521+ 60.75+

4.90 13.51%  22.53%  21.20% 1.05 10.70%  9.84"° 4.28" 8.70 9.84™  10.30™  9.84"%
t{H 1.123 16.580 26320  23.750 1.490 7.60 13.120  16.725 1.190 16.40 18.500  15.700
P1iA 0.264 0.001 0.001 0.001 0.185 0.001 0.001 0.000 0.285 0.001 0.001 0.001

L IL-6, 41 K s TNF—o, R SR P8 [ T —a s CRP,C W . 5 ARATHIEL ,"1=41.380,P=0.000;%=14.658 , P=0.000; ®1=13.991,P=0.000 ; *1=
18.183,P=0.000; " =20.604 , P=0.000; “¢ =11.725 ,P=0.000; "t =14.660 , P=0.000 ;% =2.138 , P=0.035 ;1 =14.340, P=0.000 ; ", =4.466 , P=0.000 ; "'t =
18.454,P=0.000;"%=2.262,P=0.026 ;"*t=16.759,P=0.000;"%=9.642,P=0.000;"¢=21.131, P= ;"% =20.648 , P=0.000; "t =5.948 , P= ;"% =13.507 , P=

0.000
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Tab.6 Comparison of postoperative complications between
two groups of patients with multiple rib fractures and flail
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Wscdl 50 1 4 1 6 AR S R, Freeat Rl Rt 3 4 A st ik
Vi 0.842 0.121 1.596 5.120 S M8 RS, T R K AR A R A B A 3 T
P 0.039 0.728 0.027 0.021 M, HATHR BIL 2 AR TFAR TR,
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