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[HEE] B LBAFSLHBEE RS (head immobilization systems, HIS ) 7R g iy WP AOHLARAS & M SR 22 F 15K
H, NIRRT EROTFIREMENE . 558 AUA 2022 4 1| H ZE 2024 48 12 A R ERR LS — R BE B v RHE 32 I e o7 (0
80 il , ¥ HIS BUARIE], B ATERFE 4 NPV B RS (thermoplastic mask system, TMS ) 2H . &K R4 ( vacuum cushion
system, VCS ) HFISTARE MHEZE RS0 ( stereotactic frame system, SFS ) A RS RTINS ( computed tomography,
CT) Bl IR s A+ TIREEZ R CT ( kilovoltage cone—beam computed tomography, kV-CBCT ) ARG SAIE, 03
YRR RO IRE, IR RGIRE (2), MEPLIRZE (o), BEEIRZ (total vector error, TVE) KZ&2HF (M{H), it
TR R Zoee b AT . S5R —d VR S DR 22 1 IR R e VGl N o SFS ZHAEF-#% | Jighe . 2 5 o T &K
FHABFL (35 P<0.05), VCS 4R, TMS AR K. 4 Van Herk 220 % 4 FIR AR R 3% Y657 BT i
TMS IR ZEFHARIG N R, VCS AIARE, SFS 4JLFIAE L, ZongRik RIS R AR, B RG2RA U7 o
KB MIRZ ) EEHE (¥ P<0.05). 4518 R[FE HIS 7R8I AT R e AR5 . SFS MR R, EH
TR/ NEXRST s VCS FBEFIEVE SRUETE; TMS fEZ 7007 I 4 &2 1805 | IR IE R 22 . & R S HLE A [
SE ZRGE N 3 BTN RT Y (ROR R e A
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Analysis of mechanical stability and error control in different head
immobilization systems in brain tumor radiotherapy

ZHU Yu
(Department of Radiation Oncology, The First Affiliated Hospital of Bengbu Medical University, Bengbu 233000, Anhui, China)

[ Abstract] Objective To compare the mechanical stability and setup accuracy of different head immobilization systems(HIS)
in brain tumor radiotherapy and provide evidence for precise treatment planning. Methods A total of 80 patients underwentg
radiotherapy for brain tumors at the Department of Radiation Oncology, The First Affiliated Hospital of Bengbu Medical University
from January 2022 to December 2024 were enrolled. Based on the type of head immobilization system used, patients were divided into
three groups: the thermoplastic mask system (TMS) group, the vacuum cushion system (VCS) group, and the stereotactic frame system
(SFS) group. All patients underwent computed tomography (CT) simulation positioning before treatment and image-guided correction
was performed using the kilovoltage cone-beam computed tomography (kV-CBCT) system built into the accelerator. Translational and
rotational errors were recorded to calculate systematic error (), random error (o), total vector error (TVE), and margin (M). Univariate
and multivariate linear regression analyses were performed to identify major influencing factors. Results The translational and
rotational errors across all three groups were within acceptable clinical limits. The SFS group was significantly lower than the other
two groups in translation, rotation, 2 and o (all P<<0.05), followed by the VCS group and TMS group. The calculated safety margins
showed the same trend. Over treatment fractions, setup deviation slightly increased in the TMS group, remained stable in the VCS
group, and was minimal in the SFS group. Regression analysis identified immobilization type and fraction number as the main factors
affecting setup error (all P<<0.05). Conclusion Mechanical stability varies among HIS in brain tumor radiotherapy. The SFS
provides the best positioning precision and reproducibility, the VCS balances comfort and stability, while the TMS requires frequent
image guidance during multi-fraction treatments. The rational selection and standardized use of immobilization systems can
significantly enhance the precision and safety of brain tumor radiotherapy.
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IR e 2 Pl 2 R e h B i L LU 25 5% Y
— 2, AR LA T ARYIER | iR Ay
R AL b, ORI VE R SR BRTT
AR R L R ), FERR R TARMELL S8 R DIRRpkE
A7 SRR s % 7 T A A AR

SR R RO RS e S T E A, S
[# %€ 224t ( head immobilization system, HIS) AYZEH:
AN PG HE S I PR B0 Sk A il e e e
FALFEHIAH BB R SL ( thermoplastic mask system,
TMS ) FA ALK 2245 ( vacuum cushion system, VCS ),
o3 T ab SR R R AL AR E I HE R R 4

('stereotactic frame system, SFS) U Uk, HEE

251 ST (image—guided radiotherapy, IGRT )
FORBIE K, AT T E SLRZEAF LS I e
TES BRI, [ R GE H B LR M S8
AR ZE W E SRR 2 — o WM AR O B A o T i
TRl BRI AR A E RGETaE tE S R,
S I PR G 7 B T A% o TR 2 —

BT LT R, AU BN HIS 72K
AT IR YT i R b i LR ZE R SRR E 22 57
PR HE SR B il b i BN E,
e PR A 5 AT 1 7 SR e B 4
1 HREAR
L1 —RREER

AHIEFE R B R 8T, BIFFERT SR 2022
AF 1 H % 2024 4F 12 A ZESEIR BRI AE — B R < B
W7 A2 KR TR T 80 Bl . T B E Y
LB KRB RIS N B R A . BT A
PR THHDHEZ 2 1 RS
PREILST, PORSERalEY] . ARYE HIS AR,
FeF =4 TMS 4 (n=28), RAIEA B
FHAERC A KFEE LR YE; VES A (n=27), Rl
FE R RIS S e L s SFS 21 (n=25), fdiH]

Ao R AEAE S e S, AR 1 mm

DA =B TEIR 2R | ki . o7 &
G375 45 )T 22 S e g L (4 P>0.05 ),
BTy B R R ARy A 2 g Rl g 45, e
VIS BE A4 AR BOR S E R AT R 04

WABRE: OZLIHANLBIZE I ( computed

tomography, CT ) mfEIHRMAZ ( magnetic resonance
imaging, MRIL) 52485 ROm3afiz i ol g 8 2 5
QAT ILBOT B E 10 A YT (stereotactic
radiotherapy, SRT), JAYTHISERL CT BHE N ; 0]
32V RMAL , Y6y 7 A TEH] Sk s 3h s s @ik
SRR EN B IC SRR, TR 22 0T o HEBRARIUE :
(O3 T F - i 2 8™ e K M, ek il ] e
Hs QB I EM L UIRERE T BOR B RRY, AN RENC
BT E s IR AR R 17 A2 A v ke 7 s o
el E RGeE ; @EAARBTEIEA 2
12 MTRESEMRE
1201 T BE SRR R M s S Bk
( Elekta ) 23 R4 P24 Infinity B E 2R3 %S &% IGRT
KRGS RGE . SAREN S RER A s F
TIREEFE R CT ( kilovoltage cone—beam computed
tomography, kV-CBCT ) 5Ei, CBCT L3 HEFN
1.0 mmX 1.0 mmX 1.0 mm, EMZRGEREM 6 HH
(6 degrees of freedom, 6DoF ) MBI, =
RS (X Wl Y B, Z ) 5 =4EER (Pich,
Roll, Yaw), EMAE<1mm, JEFEHE<1® .
1.2.2  HIS KHSHIERFE (1) TMS: R Klarity
(EHE ) Ar AR RIEE . FER B
BNTRENIR b, SR ERUR I, FrER RO R
2. 2 T0°CIHIRPUKBACH I R 55 T 8
PR, e IRV A i R b R R AL
RGP IE i & BE T 52, 158 T BT 4
JEA. (2) VCS: SR Klarity ( 3EE ) 2AFAZRY
HAsER, hINZERE GRS NERE LM
PR, BEBUPEM, SLBURFRE T &M,
o4 R HE 2 RUE I A R A S A A
(3) SFS: >RH] BrainLAB A ) 3244 E ] B2 42,
BREFYERESR | TR SCHEAT SR ETRI . 22 SRy
JRR TR B BB A LAET BT [, TN S 45
123 CT BPEM SBIRERE A RET
TRYTRIIAERT 22 CFIEAY Brilliance BigBore BHLIE
AEAL b SR . SR A U R A A T 2%,
JZIE 2.5 mm, M 512X512, @E0ise)s, A
CT e i 25545 2 Eclipse TPS 24, TG4k
B X ) R
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1.3 HEharitkigit

13.1 ARG SHRSE HRIRGRM Elekia
Monaco #K{4, FEiTBE B E%FH Monte Carlo
algorithm, DIZKSFRULAZUNBME, TR NS RS R
2.5 mm, FHRIVEACR ISR ESHATY (intensity—
modulated radiation therapy, IMRT ) =525 FUiEs% J#580
7 (volumetric modulated arc therapy, VMAT ) 4%
A, B OREE DR o A 2 5] EAT A AR T 20K . i
wr B S —0 6 MV I3, FIHER 5 600 MU/min,
T B IR T A 2k ST R B e S R iR i
WAE, v ATl E 3R =95% (3 mm/3%45iE ), Bk
R AR B HERRAE o

132 HEXA)m SR AT X ) T
CT 1%, JF456 MRI RS 4 R5E N Hioy BEITE
Eclipse TPS g X LA X3k : B X (gross tumor
volume, GTV ): kbl WLEYSE MR AR IR

A1 X ( clinical target volume,CTV ): GTV #MJ” 3~5 mm,

A B AL I AR EYE L 5 TTRIHE X ( planning target
volume, PTV): 7E CTV Al EAM™ 3 mm PIAMEE
friR e SRR 2

F i b T AR BRI Y Sl R Betff e - AL
FRYT BEA TR 50~60 Gy/25~30 IK; SRT

BB AETTFRIE 18~25 Gy/1~5 R RIPL A bR -

95%M1) PTV IRFHEZ B4 )5 79 F2( D95 = Ib 575 ),
[FIEHESIE XA E (organs at risk, OARs) FITE7EMT
ZBELLT o 322 OARs WFEMARLE A T
T Kt oy, YR B 20 IAHZE Dmax<<54 Gy,
5T Dmax<<54 Gy, X5 Dmax<30 Gy.

133 JHRIRIES S AT RIZERY TR
ZEHT AT ) AR ek . Y TR R e
(MapCHECK 2 ) & =4t %k ( ArcCHECK ) 1
il 534 5 TPS AR —3k . BIEAH)E,
RITTHRI LAEE Mosiq IRITEBLARSE, H5 Elekta
5 CBCT ER51 R RGHNLFE . o7 InE H
TEIRITRIPAT AR TR R E R
AR, BB R SR Bk . Ry it AR
H, 5 CBCT BriiF &IPS 1R 25 >2 mm sl iR 22
>20, IR IF ER R A AR AR — R i
22 3 W BUT P m AL a I iR I 5 B i

(A2 A% [ R rfese v A B . BUIRTT
JE WG R 228 4 A Al T i 2,
TIRERZEG T
14 FEMREHERE
141 BREVHEYEEE S Pt

(1) PRz X8, Y&, Z 3 =J5rmm0;
FiE (mm), CRBRRALIERT RGNS R E ;

(2) ie%i%2%: Pitch, Roll, Yaw —ffiEFiR2%E
(° ), 6D BCHELS R A SR

(3) B 1R 2 (total vector error, TVE ): TVE
=X 1Y+ 70 T RS RS KN,
Ab, AR ESART thrtRE MR Mk, Tl sk R
FIRITOI L i R = B R ER S, AT
ARl Fr B 2s a5 R GRS L .
1.5 HIHEHEE

AW T A BRI R SPSS 26.0 k{4 (1BM,

EE ) TG, KR HEH GraphPad Prism
9.0, s i AT RHEIM A SR ATFES = R
¥, VUBAERECE I HERPE S — 80tk . rf T vekl
ST BT IE SRS, A5G IE S50 5k
DIBERERE (xts ) Fom, AEEIESMN
B LA B iU o E i [ M( P, Prs) 133080
TR (% ) Fom. =40 P2 (X! Y,
7). JER% (Pitch, Roll, Yaw) LUK 2, o fI M
=07 SR TR (=X AN TN A R 2 RS € i PR S v
PEAANL s UBHRAT & IE A5 By 2255 PRk
FHARZ 725381 ( One—way ANOVA ), Z Al 2 [
REAENR ] Kruskal-Wallis REFIKG B ; 0B HEAT
PG LA TR H] Bonferroni 3 Dunn’s /5 IE LIS
HlSE— DR, X TRl A TEROT I . i
LAY E DR 22 RS T, SR A  & 5
25T Friedman BRAKGES: , DAPEM IR 22 FEYR Y7 2F
RN BHAARHE . A, RDEN R E S B E
— TR CANAFERS | kbR . BT RIS )
Z AR M , >R Pearson 1Y, Spearman #1547,
BBt S iBUIE Ay ves el B | TRV fivpviv LI SVA A ] Sl
45 95% BAZ X [A] ( 95% confidence interval , 95%CI ),
A GE TR 45 24 R AU A 56, I 3 VK e
a=0.05, P<0.05 F2EREAGIFE L
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2 #R
21 —REER
T EE RN AR L IRIZEAY | kA

BT o3I B AR T3 70 B L 2E S e gt it i L (3
P>0.05), BAATEHME (K1),

F1 ZABFE-RABLLE

WiH TMS 4 (n=28) VCS 4 (n=27) SFS 4 (n=25) x*/F P
M (B, #l) 15/13 14/13 13/12 0.031 0.985
R (Txs, X)) 52.10410.60 51.8049.90 53.50410.20 0.213 0.808
JiesRg S (%) |
JidbigEd 13 (46.43) 12 (44.44) 9 (36.00)
i HECR 6 (21.43) 5(18.52) 7 (28.00) 0742 0.692
R IR 7 (25.00) 8 (29.63) 6 (24.00)
T 2(7.14) 2(741) 3 (12.00)
JoakiOr CRAS I/ N A, 61 9/7/5/4/13 8/6/5/5/3 717141413 0.521 0.875
PR (x+s, W) 22.90+5.30 22.10+5.00 23.00+4.90 0.183 0.834
W (x+s, Gy) 57.8046.10 58.3045.80 57.60+6.30 0.092 0.912

TE: TMS HPIAT L RSE; VOS HAIBIKERSE; SFS A e mHER RS .

22 FEBIRESH

=P RGP RZE P GIFE 2 mm DAY,
SFS 4 7E4J7 M B4R 22 5/, VES 4k, TMS
Hig K, A gEFHEAGIFEL (3 P<
0.05) (%£2),

x2 ZAFBRELEK (X£s, mm)

A7 _ERPERARZEI AL, VCS ik, TMS 4
s, b R E SRR g4 X( ) P<0.05)
(%3),

R3 ZHRBRERE (x+s, ° )

A5 Pitch (JFF{1) Roll ( %% ) Yaw (e ) FRheikins

251 X (Zf) YK z(FifR) =407

TMS 4 (n=28) 1.42+0.63 1.56+0.72 1.38+0.57 1.45+0.51
VCS 4 (n=27) 1.08+0.51 1.11+048 1.03+046 1.07+0.44
SFS#4] (n=25) 0.784£0.39 0.85+0.41 0.794035 0.81+0.36
F 6.218 7.026 6.741 8.164
P 0.003 0.002 0.002 <0.001

TMS 2 (n=28) 1.3240.48 1.214+045 1.184£042 1244038
VCS#H (n=27) 097+039 0.88+0.37 0.86+0.34 0.90+0.35
SFS#l (n=25) 0.694+0.32 0.63£0.29 0.60+0.26 0.644-0.29
F 8.173 9.024 10.273 9.562
P <0.001 <0.001 <0.001 <0.001

e TMS AP E RS, VOS HEMK RS ; SFS NI MAE MAELL R
23 EERIRES
— I R ZE I HIAE 2° LA SFS H7E —

e TMS AP E RS, VOS HEMK RS ; SFS NI MAE MAELL R

24 L 56ttE
=“HN I 5 o WHESE 1| mm LI, {H SFS 4
HIR2ZEH B E/NT VCS 45 TMS 4 (¥ P<0.05)
(%4),

x4 ZHISokB (x+s, mm)

i X (£47) Y (kM) YAGIED
21531
2 o P o P o

TMS 41 (n=28) 0.764+0.25 0.714+0.24 0.8940.27 0.834+0.26 0.814+0.26 0.764+0.23
VCS 4 (n=27) 0.5840.20 0.55+0.19 0.61+£0.22 0.58+0.20 0.60+0.21 0.5640.19
SFS 4 (n=25) 0.394+0.17 0.3640.15 0.434+0.18 0.3940.17 0.4240.16 0.38+0.15

F 8.472 7.951 10.264 9.837 9.125 8.673

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

. TMS WIS RS0 VOS AEMIK RS ; SFS WAr e miESR RS,

25 TVE5S5M{E

SFS 41/ TVE /)N, VCS ik, TMS 4l
K, R EAG % X(P<0.05 ) M4 Van Herk
NRAE S, TMS 44 M {Efm, VCS Hikz,
SFS Ak, dMEREE (P<0.05) (F 5.
E1),

K5 ZHBRETVEEMELK ( x+s, mm)

215 TVE M A
TMS 4 (n=28) 1.7840.47 2.72+0.61
VCS 4 (n=27) 1.434+0.41 2.08+0.49
SFS 41 (n=25) 1.09+0.34 1.68+0.43
F 11.236 12.084
P <0.001 <0.001

: TVE SR iR 2 s TMS HPIBHEIEE RS ; VCS AN RS ; SFS
KSEASE HESL R S
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1.0{ — ™S gxRT
vCs
m— At il TVE (mm) F P
0.8 <20k (n=26) 1.34+0.43
ROk (IR 4231 0.043
BTAR (%) >20¥K (n=54) 1.544045
= 06 TMS 4 (n=28)  1.78+0.47
Eﬂ\é BERGHEM  VCSH (n=27) 1434041 18324 <0.001
B% 04 SFS# (n=25)  1.09+0.34
H: TVE SR iR s TMS HHIBHE R RS ; VCS AN RS ; SFS
02 KSEASE HESR R B
® 8 RUTEAIREMN S TLMERIFNT
0.0
0.0 0.5 1.0 15 2.0 25 3.0 Y= - o
BHERRE (TVE, mm) L B St ! P 95%CI
| R HIS TH TVE 2R HH 0.524 0.159 3296 0.002  0.207~0.841
] SEi > HY 23 e N
. SR R % ﬁmg\nz‘i‘ C S HO R [ RGHKA 0.609 0.095 6428 0.001  0.420~0.798
t: HIS ASHEERS; TVE MRAAGE; TMS HRBERRL; WO MRS 0.236 0.103 2287 0025 0.030~0442

VCS WRMIE RS s SFS W A [IHES R4
2.6 JATTMERIRESE SR

TMS 40 iR ZERETRTT IR A3 ( P>0.05),
VCS PR RZEEATRE (P>0.05); SFS 4 =B
BRiR AR B E (P>0.05), FEMmRid. B
R, —2RiR2E b a3 as 7 W25 ( ¥ P<0.05)
(%6),

®o6 ZHEARRTHERHTEHEBRELK (x5, mm)
k] i A (20 %

! F P
: (1~5%) (10~15%k) KAL)

TMS 24 (n=28) 1.374£042 1524046 1.66+0.49 4226 0.018
VCS4 (n=27) 1.10£0.38 1.14+041 1214044 2566 0.087

SFS4 (n=25) 0.8340.33 0.854+0.35 0.87+0.36 1.302 0.276

28] g — — — 7.593 <0.001
VE: TNMS AIEEE RS VS AR RS SFS N e IR R
27 REFWEZRSH

[i] 2 FR G I KT T 53 UR U BON AV 1R 2 52 M)

3 (# P<0.05), TR 2ERRRITFE L (B
P>0.05 ). #[HE RGELRA G YT IR Z
TR AR AT, G5 SRR E RGN 3
BOMST R R 2R, T IR Bk Z (¥ P<0.05 ).
HRPIA B (R? =0453, F=16.372, P<<0.05)
(F£7. %8)

R BITEBMARENEERIN

Ap Vil TVE (mm ) F P

B (n=42) 1.434+0.46

T 0273 0.602
PR 4 (n=38) 1.4940.44
<50 % (n=28) 1.4440.41

i - 0.195  0.660
i =50% (n=52) 1.48+0.47
At (n=23) 1.4640.45

SRR Wit (n=21) 1514044 0517 0.672
HAl (n=36) 1.4740.46

H: 95%CI Jy 95%E15 X il ,
3 Wit

i e 8 TP PR T B R PR 4 o) R 5 IE
HHB R . TN ZS A ECE , FEIX 5 OARs
PR HAT , ARG MEAIR 222 7] BE S BG4 A
e, myFRCs e Hik, i AR
1) HIS SCISAR R . ATE ey, T e
P EIAT . AR MR IR 2E | TiéftiRzs . =
5 o REp GBS ARES 2R LR T 3 Fves B HIS
AIAILARR E PR S IR SRR AL, IR R G EHR4R
MR

AR LR BN, AR R 2= 5 e
2mm DAY, BEFERZER/NT 20, FREEBRIYTR
FEEOR (REEFYHR IS TAEA 142 S4is .
KRR Y7 SR 272425 2008 $57F )o Hirpr, SFS
W =L PP PR AR 2E &AL, 5 o 57
SAERAE 0.5 mm DA, TVE & (1.0940.34) mm,
DT VCS 415 TMS 41, 33 2 B Wi : [ 5 44 mf
i RSBl e H BUARGHERS , AU e
P ) R N X O TSR RS B R B . TMS ZH7E S
FESUE SRR R, Fa AT R P SFS
W, BEZTYT I ATERS , Al Re 5 S Wi
IR RN ALK 1A AT 5 . TMS 41 L i 3 7 3
v, (MRS i A B, 5%
A HHTE IR R (K 2 R 0.89 mm),
Tl H 5 FBIE. © KBRS EEAEIT
JEI R EE w2, o R H RIS, AR
IR EBL, SFS AR 2 h R RAE, &M
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HAEMUES S e M E M A 2. T™MS 4
) X AEIRYT R IR B, SR ISR K
BE K S 5 VOS HIRER ARAE, H
TEK T T AP AE RS B RN o AR Van Herk 248
TR M OSSR, 41K 2.72 mm, 2.08 mm,
1.68 mm, /RTEFHTEIROT H, JENIE R TS
BTN PTV AN JE R IAMEAE TR R 22, MiHEZE R
SR/ T OER R RS, SEUA X R A
15 OARs fRYFAT . 202tk MIA e Hrah ik
B, [ R G R R 22 A E B R R
T IRE R Z o Bl Sy R EE i, JENIME R
Gt E BN A i R AW e A A 2R 2, T
HTMS 5 52 13856 B AR Ak 55 Rz Rk 235 i 3 35U 3
W, b, BAEMRMNE . WP R ALK
BIRTREX IR 22 P2 A KB . SR S i oE R
TMS £ FGUR 73 FE 7 PR 1R 22 5 A 1.5 mm /2
i, SABISTEE M. SFS P ERITE R,
AR H R EE MR 2, (HHAR ARG
ZRBEBRE TR A IGIRSEER T, HIS AR
LEAIRIT B . TR R R T A2 1

ZE LR, RIF) HIS 7GR T oh RS e P
235 . SFS TR kG B S B B AL, VCS

HeEF GV SR E, TMS 20 U0RT h a4 &
ARD | FIERIR2E . & B L E RGOSR e
SABAAE RS By SR i e R T 8 S B

S
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