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Abstract Objective: This study aimed to assess the effects of different concentrations of gaseous ozone and
ozonated water injection around gasserian ganglion on the patient with trigeminal neuralgia. Methods: Collected
the data of patients who suffered from trigeminal neuralgia from November 2016 to November 2021 in the Aviation
General Hospital and the Affiliated Hospital of Shandong Second Medical University, then divided into 3 groups
23 pg/ml ozonated water injection group (23 patients), 30 pg/ml gaseous ozone injection group (31 patients),
40 pg/ml gaseous ozone injection group (17 patients). The therapeutic efficacy was evaluated via visual analogue
scale (VAS), Barrow neurological institute (BNI) pain score and tactile sensation at pre-treatment and 1 week, 6
months, 1 year, post-treatment. Results: The VAS and BNI scores in the three groups at different time points were

significantly lower than pre-treatment. Compared with 23 ng/ml ozonated water injection and 40 pg/ml gaseous
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ozone injection groups, the VAS, and BNI scores of the 30 pg/ml gaseous ozone injection group were lower

1 week after treatment. Similarly, the tactile sensation was significantly decreased at post-treatment compared

to pre-treatment (P < 0.05). However, there was no statistical difference among the three groups, and no

significant complications were observed after 23 ng/ml ozonated water injection. Conclusion: 23 pg/ml ozonated

water injection, 30 pg/ml gaseous ozone injection and 40 pg/ml gaseous ozone injection are effective therapies

for treating TN. 23 pg/ml ozonated water injection has a lower risk of potential complications and is safer in

clinical applications.

Keywords trigeminal neuralgia; gaseous ozone; ozonated water; gasserian ganglion; ozone therapy
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information system, HIS), X 2016 4F 11 H % 2021
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S =AES A RIE SRR EE 73 23 pg/ml ES =
FH 23 ), 30 pg/ml A=A 31 611, 40 pg/ml K
A=A 1T B 8ITRTTE R AR E i R
WCEE =20 NIRRT R M. =
FURYT B FERIR R LA, HTE R U VPl R
BITIE 1A 6 ML 1R EHITE /3 (visual
analogue scale, VAS) 1747 L2 #0142 220 57 Bt (Barrow
neurological institute, BNI) 732 .
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BRI €07 AL €107 4, 0 R, 10
FoRMELL B AZ R EIE G . 1~3 4r: HRMEH,
R RZ; 4~6 47 RPN, MAEEZ;
7~10 4r: AWTRZIIIE, PImAME R H Ak
FNHEAR

(2) BNLVFS: 14 o0, ANmeE2iagr:
I % fRREH, ATRELGYNRIT: % ALK
i, (B2 U TV 20 HUPOR, DRZY
TR Ve TCEER, AYTILER.

(3) fb eV : EILALHERT von Frey 474k 22
Tt AL . 4% 0.008 g/mm’ ~2 g/mm” von Frey £
Y 22 3 EHRIBOR AR R IR IX, 995 N2 B ALk R
WAE N, MHESE von Frey W . ZIRIGLEIRIT BT
PAKEE | AT ARG e 3 58

(4) BARE: BEIT MRARIEZIE VAS V55
IINE AR . AR VAS W5 <35 LR
VAS W5 = 3. BAHME (%) = ARz X100%.

4. Gt AT

K FH SPSS 25.0 G iAo B s i A7 Gt 7 v o
IE A3 45 % ) Shapiro-Wilk K56 . 1+ & %0k 1
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Table 1 General data of the three groups of patients
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Friedman #6556, 2118 Lb K F Kruskal-Wallis 4656 o
N OG22 55K 27 /5. P<0.05 NERHS

EI-E
& R

1 =4 N— R L

AHFFALIN 71 BR N, R =BT RS
TR AR5 23 pg/ml A =440 23 1], 30 pg/ml
A 31 BIFD 40 pg/ml SA=EL 17 Bl &
KRN 20 M =41 AN EERS . PR R
PR A =R kA, FabRm S s R
BTG EEL (AR D .

2. =R NIBYT AT JE 980 VAS PFo) s

SR ANRITRICAAGRIT R L. 6 M AL 1
ERRETERER, Z4HRANBITE 1A, 6 MH
S 1IN VAS P73 BB 97 RT3 2235 FRAIK (P < 0.05),
30 pg/ml A =FAAIRITE 1 VAS 1 5HARM
YHAH B B 2 PR AR (P < 0.05). {H 6 > F A 1 4E 417
VAS P bR ZER TSR (WE2) .

3. =B NIRYTHT G BNL 3o LA

SHRANRITRICARIT R L 6 M AL 1
FERREISERE R, ZHRWABITIE 1A, 6 A
Jo 1 AER) BNI PR B06 YT BT 2 Z B K (P < 0.05),
30 pg/ml LA =ZEMHBITE 1 BNLIWE S S HAW
ZHAH R 2 PR AR (P < 0.05). 1H 6 4> A F1 1 44117
BNI P4 b R B4t m L (WK 3) .

23 pg/ml WA = A4

30 pg/ml 57 =541

40 pg/ml KA =HAAH

23 pg/ml ozonated water 30 pg/ml gaseous ozone 40 pg/ml gaseous ozone FI2? P
injection group (72 = 23) injection group (72 =31) injection group (72 =17)
WS (%) Age (Years) 63.0+15.0 62.11+9.2 61.4+13.3 0.086 0.918
73] Gender 3.847 0.146
% Male 5 14 8
% Female 18 17 9
L
Ef:dilit:on (Months) 36 (71) 12 (31) 12 (105) 1.315 0.518
YIRS Pain Side (72) 1.976 0.372
7. Left 15 15 11
17 Right 8 16 6
et S Y
I?lf‘nﬁiéine treatments 70) 8G3) 8 2973 0.058
LRI
History of underlying disease
=1L Hypertension 8 3 1.439 0.487
PEIRIF Type 2 diabetes 1 4 3 1.876 0.391
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F2 ZHIRJTHIE VAS 1o LEER
Table 2 The changes in VAS scores before and after treatment
B ] 23 pg/ml WA = H 30 ug/ml A& =5HA 40 pg/ml TAE=5A
Tim;\ 23 pg/ml ozonated water 30 pg/ml gaseous ozone 40 pg/ml gaseous ozone F P
injection group (72 = 23) injection group (72 =31) injection group (72 =17)
HRJT I Pre-treatment 6.41+1.8 72+1.7 72+1.1 1.643 0.201
WBITIE 1 ] After 1 week 3.4+1.8% 25+1.2% 3.4+1.5% 3.418 0.038
1RIT 5 6 7 After 6 months 33+1.7% 29+1.6% 3.0+ 1.4% 0.536 0.588
IGITJE 1 4E After 1 year 3.4£2.2% 2.5%£1.3*% 3.0%£1.8% 1.740 0.183
*P<0.05, SiHITRIMIEL: "P<0.05, 530 pg/ml SE=AAHAML
*#P < 0.05, compared with the pre-treatment; “P < 0.05, compared with 30 pg/ml gaseous ozone injection group.
x3 ZHIBITHIE BNI I LEAL
Table 3 The changes in BNI scores before and after treatment
- 23 pg/ml WA = 5H 41 30 pg/ml S35 =541 40 pg/ml S = A4
Timg\ 23 pg/ml ozonated water 30 pg/ml gaseous ozone 40 pg/ml gaseous ozone F P
injection group (72 = 23) injection group (72 =31) injection group (72 =17)
HRJT I Pre-treatment 42%0.8 43+04 43404 0.397 0.674
WRITE 1 After 1 week 2.6+0.7% 2.0+0.7* 2.441.0% 3.704 0.030
167 )5 6 H After 6 months 2.140.9% 2.440.8* 2.14+0.7* 1.085 0.344
YGITJE 1 4E After 1 year 2.1%£0.8*% 2.340.9*% 2.0+0.7* 1.177 0.315
*P<0.05, SiHITRIMILL; "P<0.05, 5 30 pg/ml K& =ALM L
*P < 0.05, compared with the pre-treatment; “P < 0.05, compared with 30 pg/ml gaseous ozone injection group.
4. Eéﬂﬁk/ﬁﬁﬁﬁ}ﬁ von Frey Hﬁiﬁ 0.8+ [0 Pre-treatment M Post-treatment
TBIT T =45 A von Frey MINA4E R %2 7 L4
RS BT R =4 N von Frey 45 REURTT ~ 067
R S N N IS
A XA BH 2 PR (P < 0.05), {HIG YT I 2L TR) Itk 4 SR 2 £
rhgihE L (WED . 3 04
=4 N 25 -
5. =4I NIRIT R HLEE 5
> \J N N N =
TEARBEF A, ¥ VAS 15> <3 & X NIRITH 0.2 . T
N e e L *
. 23 pg/ml WA =E 4. 30 pg/ml KA = A AL
40 pg/ml A& =HABITE 1A BSA B0 0
23 pg/ml 30 pg/ml 40 pg/ml

30%- 39%- 35%;: 6 1~ H B 73 il N 39%. 42%-
41%; 1 FEB3 5108 48%. 48%. 47% (WE 4) .

6. =41 NIBIT o I K R A1

23 pg/ml VA = A LH BRI AP R L
IR RAE; 30 pg/ml A& =R 40 pg/ml K485 =
ARG H I RAEMEER 737N 6.5% F1 5.9%.
AR BN SR PP i DA R A 4 454
FRIERED (WEKS) .

it

AR BA 88 2R 5 4 F R3S = A M a i gha
J7 TN, BJG 2R A S =4 A a1 B & AC
ST NTES, TR IR R RO Y. AT
435K 23 pg/ml A =% 30 pg/ml A1 40 pg/ml S
AZEHTEAMEE BTN, 418 xR, 14

ozonated water gaseous ozonated gaseous ozonated

B =HR7T S bl AR A i AL
*P <0.05, SRJTHIAHLEL

Fig. 1 Changes in von Frey before and after treatment
*P < 0.05, compared with the pre-treatment.

J7 R JG =41 VAS $F45. BNI &K IE 1P 2 2 2 BE 1K,
6 ™H K 1 FEBE VI IR VE R R PR . RIS
AAZS =5 A M TR Y RS R A B L
R, W DWAE T BEA B AR Y. T =
FMATESBURALE, AN =0T LUE
BRA R JORE R 1, SGE IRAE3R, oeasE | AE 7
VIR AER, MR U7 MR R I =4
AT G OGS AT IR R GO A HE P e BRSO
FEURIER BV shah, WFR R B = S0 A5 AL
Sanpuis s, a7 LT 28 N EE FEON R R,
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Table 4 Comparison of the effective rates of the three groups before and after treatment

23 pg/ml WE =HA

30 pg/ml A& =HAH 40 pg/ml AE=5HA

S 1) A 23 pg/ml ozonated water 30 pg/ml gaseous ozone 40 pg/ml gaseous ozone
Time injection group (72 = 23) injection group (72 =31) Injection group (72 = 17)
HROVAS 1Py <3 HBE  HRUVASIFN <3 HRE ARUVAS I <3 HECE
MBITIE 1 JH After 1 week 7 30% 12 39% 6 35%
18YTJE 6 H After 6 months 9 39% 13 42% 7 41%
YBITJE 14 After 1 year 11 48% 15 48% 8 47%
x5 ZHIBIT ISR R A F
Table 5 Comparison of postoperative complication rate among the three groups after treatment
415 A FL A R TN I A
Group Pneumocephalus  Intracranial infection Intracranial hematoma  Neurological injury
23 pg/ml A =44 0 0 0 0
23 ng/ml ozonated water injection group (72 = 23)
KEZHYL
30 pg/ml A=A o B 6.5% 0 0 0
30 pg/ml gaseous ozone injection group (72 =31)
REZHL
40 pg/ml A =HA 5.9% 0 0 0

40 pg/ml gaseous ozone injection group (72 =17)

I ) S5t 00 7 A — i PR O SRR 5, X Rl R
ERemIR il e = VR AW 0 5 SN TE 1l
PRI RS A 22 200 PR S A 1) S A, R IE DL
RIMEEIER P,

AWFTERKI, —FRITIE 1 JH 30 pg/ml A&
=AU NN VAS 5 BN P2 & 3 T H A w4,
{EFEE BE DI TR D 2B, =295 N\ VAS P74 A1 BNI
ERIE D B LR EEZESR, $R 30 pg/ml A& =
ATESEIT G 1 R B AR A AT BA R %
F = A T 2 H M B e PR E 7T b & i
30~40 pg/ml B =, JTTAEE, HEESR
BZERITREY R, AT REAFLE LA S A
SN RRE TR RS B, 3 M TS =R
I PR BV E A 10~ 30 pg/ml HBES =200 T A
A BHEIG T, AHEFCRTEAIG PR AL S 23 pg/ml ¥
B AR TIARNEIT IR AR RN, (K
WS BT = SR AT R R o e 7,
A 30 pg/ml A =FIESHERIT G 1R B
o S R ORI RE S RS SRR
P B NS S8 SRR A 5 B (BRE BE Ui
B RE, —HBER MR TR E E R, RATHEN T
AE & TR =S EH TS A LU 218, HH
A AR — B0 ¢, EMYIER A fF
RN F

AW TR F von Frey I 2955 N 95 A48 3 A7 1) Jek
BeIhEE, RIURFRIE SRR E = RESRT E =4
von Frey IR T I, RIS SWAE =H S
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AHIE S 2 PR SRR RO IR R ALA A A2, =
S N IR I P SR G PP I B A 2 44
AR BFI IR RAE, AR TS AN AT Rk
AL SRR, DA S = 2 = R B I BT RO
R, RERAS AR N A,

AW FAFAE LT R R AE Dy [l B )t 72,
FEARBAN BN, RRBIIF R RFEA ., ZHd . #
MEVERTIT: R, ARBE AU ZFhAS [k BEATE &S
SR TR, FERRWMIES A 2R
FEF W7 RO R B ARBEAT 1 4E DL B sz ST
RBEYs -

i BRTIR, AREEFE RS AR ERES =R
e F p 2T B AT TN BT ROEAT L, K
23 pg/ml A =% 30 pg/ml 140 pg/ml 5=
o APPSR T S5 AT 3 Rl = XA
23 pg/ml A =GRS TN B2 4,
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