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phugng thifc thd may khong xam nhap cho ca
nhém tang CO2> mau va giam Oz mau, vi vay két
qua nghién cltu cd thé bi anh hudng. Dic biét,
khi dai dich COVID-19 xay ra, mil trum dau dugc
st dung rong rai va dudc chirng minh cai thién
ro rét tinh trang khé thg, phan ap oxy mau dong
mach, giam ty Ié phai dat 6ng ndi khi quan, bénh
nhan dung nap t6t vGi hé thdng... va giam lay
nhiém cho nhan vién y té [4].

V. KET LUAN

Céc chi s& PaCO;, di€ém khé thé Borg va bang
diém HACOR c6 thé du doan kha ndng thanh
cong trong phuong thic thd may khong xam
nhap qua mi trum dau & bénh nhan suy ho hap
cap. Thong khi nhan tao khéng xam nhap qua
mi trum dau co gia tri trong diéu tri bénh ly phu
phdi cdp, con vdi nhdm viém phdi va dot cap
COPD con chua r6 rang.
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CHE TAO NEP CO BAN CHAN BANG CONG NGHE IN 3D
Lé& Phan Hoang Chié¢u!, L& thi Ha Quyén?, Nguyén Hoai Nam?

TOM TAT

Pat van dé: Dung cu chinh hinh c8 ban chan
(AFQ) dong vai tro quan trong trong viéc phuc hoi
chiic ndng cla bénh nhan. Tuy nhién, phuong phap
truyén thong ché tao nep AFO tai Viét Nam hién chua
dap Ung dugc yéu cau chat lugng va thdi gian cho
diéu tri. Quy trinh thu cong phtrc tap va dya nhiéu vao
ky nang cla ky thuat vién dung cu ch|nh hinh, dan
dén san pham can nhiéu [an chinh stra va khong "thich
hdp cho bénh nhan. Quy trinh che tao nep AFO
bang cong nghe in 3D: Bai bao mé ta quy trinh ché
tao nep AFO sU dung cong nghé in 3D, bao gdm thu
thap dir liéu chi thé bénh nhan bang quét 3D, dung
hinh chi thé, thiét k& nep trén may tinh, ché tao nep
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bang may in 3D, va kiém tra chét lugng san pham
Thdi gian san xuat dugc rdt ngan xudng 12 gld va san
pham dugc tly chinh cho tiing bénh nhan. Két qua
San pham nep AFO in 3D da dudgc thir nghiém tren 30
bénh nhan va da cai thién chic nang di lai cta ho.
Bénh nhan danh g|a san pham nay thoai mai, kich
thudc phl hap, va khdng gdy dau hodc tac dc_)ng tiéu
cuc Ién da. Két luan: Két hgp gilra quét 3D ya thiét
ke 3D trong quy trinh ché tao nep AFO da khac phuc
cac han ché cua perdng phap truyén thong Viéc nay
cai thlen thi gian san xuat, chat lugng san pham va
thoai mai cho bénh nhan, dong thai dinh erdng cho
sy phat trién clia cong nghe trong linh vuc nay.

Tu’ khoa: Quy trinh cong nghé, Céng nghé in 3D,
Nep cd ban chan.

SUMMARY
ANKLE-FOOT ORTHOSIS MADE BY 3D

PRINTING TECHNOLOGY
Background: The ankle-foot orthosis (AFO)
plays a crucial role in rehabilitation for patients.
However, the traditional manufacturing methods for
AFO braces in Vietham currently does not meet the
requirements for quality and time for treatment . The
manual process is complex and heavily reliant on the
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skills of orthopeadic technician, resulting in products
that often require multiple adjustments and are not
suitable for patients. AFO made by 3D Printing
Technology procedure: This article describes the
process of manufacturing AFO braces using 3D
printing technology, which includes gathering patient
anatomical data through 3D scanning, creating a
digital model of the patient's anatomy, designing the
AFO brace on a computer, 3D printing the brace, and
quality testing. The production time has been reduced
to 12 hours, and each brace is customized to fit
individual patients. Results: The 3D-printed AFO
have been tested on 30 patients and have improved
their mobility. Patients have reported that the product
is comfortable, properly sized, and does not cause
discomfort or negative effects on their skin.
Conclusion: The combination of 3D scanning and 3D
design in the AFO manufacturing process has
overcome the limitations of traditional methods. This
improvement has led to reduced production time,
higher product quality, and increased comfort for
patients, while also paving the way for further
technological advancements in this field.

Keywords: Technology process,
Technology, Ankle-Foot Orthosis (AFO).

I. DAT VAN DE

Dung cu chinh hinh ¢d ban chén (AFO) dugc
st dung rong rai trong diéu tri phuc hoi chirc
nang & ngudi. Nep téc dung luc lén chi thé cua
bénh nhan gilp diéu chinh, phuc hoi tam van
dong va cac hoat dong hang ngay, dac biét la
dang di [1, 2].

Hién nay, nep c6 ban chan trong nudc dugc
ché tao theo phuong phap thd cbng truyén
thong, dua trén “Hudng dan quy trinh ky thuat
chuyén nganh phuc hoi chl'c ndang” ban hanh
kém theo Quyét dinh s6 2520/QD-BYT ngay 18
thang 6 ndm 2019 cla B0 trudng B Y t€, gom
cac budc chinh sau [1]:

Budc 1. Tham khdm, lugng gid va tu van cho
ngugi bénh

Budc 2. B6 bot tao khudn (c6t am)

Budc 3. Tao c6t duang (m6 hinh chan)

Budc 4. Chinh stra c6t duong

Budc 5. Hut nhua (ché tao nep).

Budc 6. Cat nhua khoi cot bot

BuGc 7. Th{r nep trén ngudi bénh

Budc 8. Hoan thién nep

Budc 9. Kiém tra, danh gia va giao nep.

V6i phuong phap thu cong truyén théng,
chat Ierng nep chua dap L'rng day dq, kip thai
yeu cau diéu tri cua bac si. Cong doan do dac
con thi cong, thiéu chinh xac, dan dén san
phdm ché tao can chinh sira nhiéu lan gay kho
chiu cho bénh nhan [3]. Quy trinh lam nep thu
cong kha phtrc tap, phu thudc nhiéu vao ky nang
va kinh nghiém cla ngudi thg dé€ tao ra san

3D Printing

phdm dat yéu ciu diéu tri cling nhu su’ hai long
cGa bénh nhan [4]. Thdi gian ché tao thudng kéo
dai tir 1 dén 2 tuan, nang suat thap, khong dap
Ung kip thGi cho yéu cau diéu tri. Qué trinh bd
bot gay kho chiu cho bénh nhan, viéc tao khudn
bang thach cao gdy 6 nhiém modi trudng [5]
Nhin chung, phucgng phap san xuat tha cong
truyén théng khong dap U'ng dugc yéu cau vé
nang luc san xuat, thGi gian ché tao va chat
lugng san phdm cho diéu tri bénh nhan trong
giai doan hién nay.

Trén thé gidi, ky thuat 3D da dudc iing dung
rong rdi trong nganh cng nghiép ché tao dung
cu chinh hinh thdng qua viéc st dung_cac cong
cu quét 3D, ho trg thiét k& (CAD), hd trg tinh
todn (CAE), ho trg san xuét (CAM) va in 3D dé
thiét k& tly chinh va ché tao san phadm chinh
xac, phu hop véi chi thé clia bénh nhan [6]. Cac
cong nghé in 3D nhu FDM, SLS, SLA, LOM,...
tirng budc dudc trién khai ing dung trong san
xuat dung cu chinh hinh cho nhu cdu phuc hoi
chirc ndng, mdt linh vuc ky thudt dang phat trién
va day tiém ndng trong nhitng nam tdi [6-8].

Hinh 1. Dung cu chinh hlnh duoc ché tao
bang céng nghé in 3D

Il. QUY TRINH CHE TAO NEP AFO BANG

CONG NGHE IN 3D

2.1. Quy trinh cong nghé. Quy trinh thiét
k&, ché tao nep c6 ban chan bang cdng nghé in
3D dugc xay dung gom cac budc sau [9]:

Budc 1: Thu thap di liéu chi thé

- S dung cdng cu quét 3D dé thu thap bién
dang viing ban chan bénh nhan (di liéu s8 chi thé).

Budc 2: Dung hinh chi thé bénh nhan

- Dua trén dir liéu s6 chi thé, tién hanh dung
hinh md hinh chi th&, ddm bao dd min va do
chinh xac.

- Banh gia sai s6 gita mé hinh quét 3D va
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md hinh chi thé.

Budc 3: Thiét ké nep tham khao

- Kiém tra, hoan thién md hinh chi thé theo
yéu cau diéu tri ctia bac si.

- Thiét ké hinh dang cuta nep.

- Thiét ké cac chi tiét trén nep.

- Kiém tra bién dang va kich thudc hinh hoc
theo cac tiéu chi ky thuat.

BudGc 4: M6 phong, t6i uu hda nep

- Phén tich, kiém tra dic tinh ky thuat, do
bén cua nep.

- T8i uu hda ciu tric nep dé giam khdi
lugng vét liéu in 3D san pham nep.

Budc 5: Ché tao nep

- Ché tao nep bang may in 3D cdng nghé
FDM ho$c SLA.

- Hau x& ly san phdm nep in 3D bao gém:
gia nhiét, sdy khd, phun cat lam min san pham.

- Bdng dai, hoan thién nep.

Budc 6: Kiém tra chat lugng san pham

- Kiém tra bién dang, kich thudc va ciu tric
cla nep bang cac dung cu do.

- Cho bénh nhan mang thir nep, thuc hién
cac bai tdp dé kiém tra chlic ndng va danh gid
chat lugng nep. B

Budc 7: Hoan thién nep, hudng dan mang
nep va theo doi qua trinh diéu tri cta bénh nhan.

V@i quy trinh nay, thai gian thiét k&, ché tao
nep ¢6 ban chan dugc rdt ngdn con khoang 3
ngay. San phadm dudc tly chinh cho phlu hgp vdi
chi th€ bénh nhan ngay trong céng doan mé
phdng, thiét k& trén may tinh. Nep ¢4 ban chéan
in 3D ¢6 dd chinh xac cao, tién dung, thdm my,
tao tam ly thoai mai, hai Iong cho bénh nhan.

2.2. Trang thiét bi. May mdc, thiét bi chinh
trong quy trinh ché tao nep AFO bang c6ng nghé
in 3D gébm co: 3

- May quét 3D cam tay, thiét bi dinh vi ho
trg quét chi thé bénh nhan.

- Phan mém thiét k€, toi uu nep.

- May in 3D FDM hodc SLA.

- Trang thiét bi hau xtr ly nep in 3D.

- Dung cu do kiém. )

2.3. Ché tao nep cd ban chan bang cong
nghé in 3D FDM. Nep c8 ban chan sau khi thiét
k&, dugc chuyén file dang STL (*.stl) dén may in
3D dé€ in ra san pham. Trong trudng hgp kich
thudc nep 16n hon khG may in thi thiét k& lai nep
véGi 2 phan cé thé ghép lai sau khi in.

Nep dugc ché tao bdang may in 3D FDM. Vat
litu dugc s dung la Nylon PA12, c6 tinh chat
hoéa ly tugng dudng nhua PP dang dugc st dung
lam nep AFO truyén thong.
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Hinh 2. Nep cé ban chdn duoc ché tao bang
cong nghé in 3D, vat liéu Nylon PA12
Thdgi gian thiét ké, ché tao nep AFO la 12

gig, dap Ung nhanh yéu cau diéu tri ctia bac si.
Bang 1. Thoi gian ché tao nep

1T Noi dung Thai gian
1 Quét chi thé 15 phut
2 Thiét ké nep 2 gig
3 In 3D nep 6 giG
4 Hau xur ly nep 2 giG
5 Hoan thién nep 1 gid
6 Thr nep, kiém tra 45 phat
Tong thai gian 12 gid

Thai gian bénh nhan tham gia vao qua trinh
lam nep dugc rdt ngan con 1 gi6 so vdi quy trinh
san xudt truyén théng. Van dé bd bdt chi thé
dugc thay thé bang viéc quét 3D, tao su thoai
mai, hai Iong cho bénh nhéan khi lam nep.

Chat lugng nep dudc danh gid thong qua
viéc kiém tra kich thudc hinh hoc va céng nang
st dung:

- Kiém tra bién dang, kich thudc hinh hoc, vi
tri cdc diém ndn chinh, chuyén dong tai Xudng
ché tao.

- Cho bénh nhan mang thir nep va thuc hién
cac bai tap theo chi dinh cua bac si. Chat lugng
nep dugdc bac si danh gia theo dang di, kha nang
di chuyén cta bénh nhan. Bénh nhan danh gia
su’ hai long khi mang nep vé kich ¢d, mic do
ndng, thdm my, anh hudng dén da khi mang
nep, ...

Il. THU NGHIEM NEP IN 3D

3.1. Thir nghiém. San phdm nep AFO in 3D
dugc thr nghiém diéu tri cho 30 bénh nhan tai
Bénh vién Y hoc cd truyén, Bénh vién Phuc hoi
chirc nang va biéu tri bénh nghé nghiép TpHCM.

Thdi gian thif nep: 1 thang.

S8 1an kiém tra, danh gia: 4 [an.

Chat lugng nep, su hai long cla bénh nhan
dugc bac si danh gia_hang tuan trong thdi gian
tdi kham va hudng dan bénh nhan tap & thang
dau tién diéu tri.

3.2. Két qua thir nghiém. Chat lugng nep
dap Ung yéu cau diéu tri, ch(’c nang di lai cua
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bénh nhan cé cai thién sau mot thang mang nep.
Bénh nhan cdm thay thodi mai khi mang nep:
nhe, thodng, kich thudc vira van, thdm my.
Khong c6 bénh nhan bi dau khi mang nep, khong
anh hudng dén da.

IV. BAN LUAN

Viéc ch€ tao nep AFO va cac dung cu chinh
hinh khac theo phuong phap truyén thong con
qua thu cong, t6n nhiéu thgi gian, nang sudt
thap. Chéat lugng san phdm phu thudc rat nhiéu
vao kinh nghiém clta Ky thudt vién. Viéc kiém
soat chét lugng va db chinh xac clia san pham
con han ché, doi khi phai chinh stra lai nep bdng
tay nhiéu [an trudc khi cho bénh nhan s dung.
Viéc b6 bét tao khuodn ludn tao ra su kho chiu
cho bénh nhan, phai st dung thach cao gay 6
nhiém moi tru‘dng

Két hgp 2 giai phap quét 3D va thiét ké 3D,
¢ thé khdc phuc dugc cac han ché con ton tai
trong quy trinh ché tao dung cu chinh hinh
truyén thong.

Quét 3D sé thay thé cong doan bd bot tao
khuon. Viéc quét 3D khong gay ra su kho chiu
cho bénh nhan, khong ti€p xic véi héa chat co
thé anh hudng dén sic khde. Déc biét, viéc quét
3D chi thuc hién mét [an duy nhéat la ¢ thé luu
trlt di liéu s6 hoda chi th€ bénh nhan. D liéu
quét 3D thé hién day du kich thudc hinh hoc cla
chi th€ va cho phép luu trit trén may tinh hodc
trén dam may.

TU di¥ liéu 3D chi thé, 4o nep dugc thiét ké

trén phan mém CAD, dam bao chinh xac han so
vGi a0 nep lam thd cong. Viéc thiét k€ 3D nep
trén phan mém cho phép Ky thuat vién cling cac
Bac si diéu chinh nep truc ti€p trén may tinh, tao
ra san pham phu hgp, dap (ng cac yéu cau vi tri
ty de cho diéu tri.

D{f liéu thiét k& dugc chuyén qua may in 3D
dé& ché tao nep Vi kich thudc chinh xéc hon san
phdm lam thu cdng hién nay. Ngoai ra, céng
nghé in 3D c6 thé sir dung da dang céc loai vat
litu nhua khac nhau (hoac phdi trén nhiéu loai
vat liéu) dé tao ra san pham cé tinh thdm my
cao, tién Igi nhat, dap Ung yéu cau diéu tri cho
ting ca thé bénh nhan.

V. KET LUAN

Quy trinh ché tao theo ky thuat 3D dudgc
thuc hién cht yéu trén phan mém may tinh. Viéc
s dung CAD va cong nghé in 3D tao diéu kién
thuén Igi cho viéc md phdng chi th€ bénh nhan,
thiét k€ va ché tao cac dung cu chinh hinh phu
hop c6 Igi thé hon nhiéu so vdi phuong phap

truyén thong trong nghién cu (ng dung vat liéu
mdi, thi€t ké tuy chinh, thr nghlem ao, .... Viéc
Ung dung ky thuat 3D cd thé dan den su’ cai
thién dang k€& trong quy trinh san xuét dung cu
chinh hinh vi thai gian ch€ tao thap hon, viéc xac
dinh kich thudc chi thé nhanh hon va dé chiu
han_cho bénh nhan, khuén thach cao bij triét tiéu
va 16i san xuat du’o’c giam thiéu.

Do vay, viéc ing dung ky thuat 3D va in 3D
dé ché tao san pham thuc su’ can thiét, phuc vu
d6i méi cdng nghé trong cac Xudng san xuét
dung cu chinh hinh nham nang cao nang suét,
chét lugng san pham, s6 hda dir liéu, nang cao
hiéu qua diéu tri, phu hgp vdi xu hudng phat
trién cla thé gidi.
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