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ABSTRACT

Objective: To quantitatively describe femoral and tibial tunnel positions after anterior cruciate
ligament (ACL) reconstruction using 3D computed tomography (3D CT).

Subjects and methods: A cross-sectional descriptive study was conducted on 34 patients
undergoing primary ACL reconstruction using the All-inside technique. Postoperative 3D CT
images were used to identify tunnel center positions. The femoral tunnel position was measured
using the quadrant method with depth (t%) and height (h%) coordinates, while the tibial tunnel was
evaluated using anterior-posterior (AP%) and medial-lateral (ML%) coordinates. Measured values
were compared with published anatomical references.

Results: The mean femoral tunnel position was 31.1 = 0.7% (t%) and 35.5 + 1.4% (h%). Both were
within the anatomical range but showed statistically significant differences from reference values
(p < 0.05). The mean tibial tunnel position was 41.4 = 1.2% (AP) and 47.9 = 0.5% (ML), also within
the anatomical range. The AP coordinate showed no significant difference (p = 0.393), while the
ML coordinate differed significantly (p < 0.001). The proportion of tunnels within the anatomical
footprint was 52.9% for the femur and 82.4% for the tibia. Femoral tunnel deviations were mainly
anterior (23.5%) and inferior (23.5%), while tibial tunnel deviations were mainly medial (11.8%) and
posterior (5.9%).

Conclusion: Most tunnels were located within the anatomical footprint, but a notable proportion,
especially in the femur, did not reach the optimal position. These findings suggest that reliance
on anatomical landmarks alone may not ensure accuracy, and adjustments in tunnel positioning
technique are needed. 3D CT provides quantitative assessment and may improve accuracy in
anatomical ACL reconstruction.
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TOM TAT
Muc tiéu: Nhan xét vi tri dudng ham xuong dui va xuwang chay sau phau thuat tai tao day chang chéo
trudc (ACL) bang chup cat l6p vi tinh dung hinh 3 chiéu (CT 3D).
Péi twgng va phuong phap: Nghién cltu md ta cat ngang trén 34 bénh nhan dugc phau thuat tai tao
ACL an dau bang k¥ thuat All-inside. Hinh anh CT 3D sau mé dugc st dung dé xac dinh vj tri trung
tam duong ham. Vi tri dudng ham xuong dui dugc do theo phuong phap Quadrant vdi toa do dé sau
(t%) va chiéu cao (h%), trong khi dudng hadm xuong chay dugc danh gia theo toa do trudc-sau (AP%)
va trong-ngoai (ML%). Céc gia tri do dugc dugc so sanh véi ving bam giai phau da dugc cong bé.
K&t qua: Vi tri trung binh ctia dudng ham xuong dui 14 31,1 = 0,7% (t%) va 35,5 = 1,4% (h%), déu ndm
trong vuing giai phau, nhung khac biét c6 y nghia théng ké so vdi gid tri tham chiéu (p <0,05). Vi tri trung
binh cuia dudng ham xuong chay la 41,4 = 1,2% (AP) va 47,9 = 0,5% (ML), cling ndm trong ving giai
phau, trong dé chi s8 AP khéng khac biét cé y nghia théng ké (p = 0,393), trong khi ML c6 khac biét (p
<0,001). Ty & dudng ham nam dung vi tri giai phau (& 52,9% d6i v6i xuwong dui va 82,4% d6i véi xuang
chay. Sai léch & dudng ham xuong dui chi yéu theo hudng ra trudc (23,5%) va xubng dudi (23,5%),
trong khi sai léch dudng ham xuong chay chu yéu theo hudng vao trong (11,8%) va ra sau (5,9%).
Két luan: M&c du phan [6n cac dudng hAm ndm trong viing bam giai phau, van ton tai mot ty l& dang
ké, dac biét & xuwang dui chua dat vi tri t6i wu. K&t quéa nay cho théy viéc chi dua vao cac méc giai
phau trong phau thuat c6 thé chua du dé ddm bao doé chinh xéc, va can cé su diéu chinh trong ki
thuat dinh vi duding ham. CT 3D la céng cu c6 gia tri trong danh gia dinh luong va cé thé gop phan
cai thién dé chinh xac trong tai tao ACL theo giai phau.
Tir khéa: Tai tao ACL, CT 3D, vj tri dudng ham, xuwong dui, xuong chay, ving bam giai phau.

1. DAT VAN BE

Tai tao day chang chéo trudc (anterior cruciate ligament
- ACL) la mét trong nhitng phau thuat thudng quy trong
chén thuong chinh hinh, trong do viéc dinh vi chinh xac
cac dudng ham xuong dui va xuong chay theo giai phau
gilr vai tro then ch6t dé phuc héi chirc nang va sinh ca
hoc khdp g6i. Sai léch vi tri dudng ham c6 thé lam thay

xuang dui va xwong chay, van con han ché. Digdu nay datra
cau hai liéu vi tri dudng ham trong thuy'c hanh hién nay cé
thuc su' ndm trong viing bam giai phau hay khéng, va muic
do sai léch néu cé phén bo theo hudng nao.

TU nhi*ng van dé trén, nghién cttu nay duoc thuc hién nhadm

ddi hudng manh ghép, anh hudng dén phan bé lyc va lam
tang nguy co that bai vé mat ky thuat. D liéu tr nghién
clru da trung tdm ghi nhan khoang 80% cac trudng hop
that bai lién quan dén sai vi tri dudng ham xuong dui va
37% lién quan dén dudng ham xuong chay [1], cho thay
day van la van dé con ton tai trong thuc hanh lAm sang.

Trong dénh gia sau mé, chup cat l&p vi tinh dung hinh 3
chiéu (CT 3D) dugc xem la phuong phap co doé tin cay cao
nh& kha néng téi tao hinh anh theo diung cdc mat phang
giai phau [2]. Tuy nhién, cac nghién cu hién nay chi yéu
dirng & moé ta dinh tinh hoac s dung cac hé do luong
riéng L& cho tirng ddu xuong. DI liéu dinh lwgng vé vi tri
trung tAm dudng ham dua trén céc L4t cat chudn héa, dac
biét khi 4p dung dong thdi mot hé toa dd giai phau cho ca

*Tac gia lien hé

xac dinh va mo ta dinh lugng vi tri dudng ham xuong dui va
xuong chay trén hinh anh CT 3D tai murc 6i cau duiva mam
chay, str dung hé lu6i toa do giai phau chuidn hda, déng thoi
S0 sanh vdi cac gia tri tham chiéu da duoc céng ba.

2. DOl TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Déi twgng nghién ciru

34 bénh nhan dugdc phau thuat néi soi téi tao ACL tai Bénh
vién Dai hoc Phenikaa tir thang 6-12 nam 2025.

- Tiéu chuédn lua chon: bénh nhan dugc phau thuat tai
tao ACL lan dau, c6 phim CT 3D khdp g6i sau mé du chat
lugng dé phan tich, hinh anh cho phép tai tao lat cat
chuén 16i cau dui va mam chay.
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- Tiéu chudn loai trtr: hinh anh khéng dat yéu cau hodc
khéng xac dinh dugc day di cdc méc gidi phau can thiét.
2.2. Thiét ké nghién clru

Nghién cltu mé ta cat ngang.

2.3. Bién s nghién ciru

Vi tri trung diém dudng ham xuong dui: toa dé do sau (t%)
theo phuong song song dudng Blumensaat, toa do chiéu
cao (h%) theo phuong vudéng géc dudng Blumensaat. Vi
tri trung diém dudng ham xuong chay: toa dé trudc-sau
(AP%), toa do6 trong-ngoai (ML%).

2.4. Xtr ly va phan tich sé liéu

S8 liéu hinh &anh CT 3D dugc xi ly va do dac bang phan
mém Radiant DICOM Viewer. D liéu thu thap dugc nhap
va phan tich bang phan mém SPSS 22.0

3. KET QUA NGHIEN cU'U
Cac bénh nhan déu dugc phau thuat tai tao ACL mét bé
an dau bdng manh ghép gan chan ngbng theo phuong
phap All-inside tai BEnh vién Dai hoc Phenikaa.

Bang 1. Vi tri dwdng ham xuong dui trén CT 3D

Hinh 2. Do vi tri dwéng hdm xuwong chay trén hinh anh CT 3D
Bang 3. Phan bé vi tri dudng ham xuang dui (n = 34)

Vi tri S6 lwgng (n) Ty & (%)
Pung vi tri giai phau 18 52,9
Léch trudc 8 23,5
Léch sau 0 0
Léch trén 0 0
Léch dudi 8 23,5

Phan l6n dudng ham xuong dui ndm dang vi tri giai phau
(52,9%), ty & l&ch trudce va léch dudi déu la 23,5%, khong
ghinhan léch sau va léch trén.

Bang 4. Phan bé vi tri dudng ham xuong chay (n = 34)

Théong s6 Két qua Viung bam giai phau p Vitri S8 lugng (n) V16 (%)
t% 31,1+0,7 28-43% 0,000 Bung vi tri giai phau 28 82,4
h% 35,5+x1,4 24-37% 0,001 Léch trudc 0 0
Vung bam giai phau ly tudng cho vi tri tm dudng ham Léch sau 2 5.9
xuong dui dugc xac dinh 1 tir 28-43% theo hudng tif cao Léch ngoai 0 0
xuéng thap va tir 24-37% theo huéng tir sau ra nong [3]. Léch trong 4 1.8

Gia trj trung binh t% (31,1 = 0,7) va h% (35,5 = 1,4) déu
nam trong vung giai phau nhung cé sy dich chuyén nhe so
V@i gia tri tham chiéu.

Bang 2. Vi tri dwong ham xuong chay trén CT 3D

Thong s6 Két qua |Vung bam giai phau p
AP trudc-sau (%) | 41,4+1,2 30-55 0,393
ML trong-ngoai (%) | 47,9+ 0,5 40-51 0,000

Vung bam giai phau ly tudng cho vi tri tdm dudng ham
xuaong chay duge xac dinh la tir 30-55% theo hudéng tu
trudc ra sau va tur 40-52% theo hudng tu trong ra ngoai
[4]. Gia tri AP (41,4 = 1,2%) va ML (47,9 = 0,5%) d&u nam
trong vung giai phau. So véi cac gia tri tham chiéu, toa do
AP tuong déi phu hgp, trong khi toa dé ML cé xu hudng
l&ch nhe vé phia trung tdm ving bam.

Hinh 1. Do vi tri duwéng ham xuong dui trén hinh anh CT 3D

82,4% dudng ham xuong chay nam dung vi tri giai phau.
Léch vi tri gadp chl yéu theo hudng trong (11,8%) va sau
(5,9%), khdng ghi nhan léch trudce va léch ngoai.

4. BAN LUAN

K&t qua nghién ctu clia chung t6i cho thay rang, mac du
phan l6n cac dudng ham sau tai tao ACL ndm trong vung
bam giai phiu, van t6n tai mot ty & sai léch dang ké so
V@i vi tri ly tudng. Nhan dinh nay phu hgp vdi quan diém
chungtrongy van rang viéc tai tao chinh xac vi tri gidi phau
cuia ACL van la mét thach thire, ngay ca déi véi cac phau
thuat vién co kinh nghiém [5].

Céc s0 liéu do trén CT 3D cho thay vi tri trung tdm dudng
ham cé xu hudng tap trung quanh vung bam glal phau, tuy
nhién van ghi nhan sy phan tan tu’dng dadi lon. Biéu nay cho
thay viéc dua hoan toan vao cac méc giadi phau trong phau
thuat ndi soi c6 thé chua di dé dam bao dd chinh xac i uu.

Trong nghién clu clia ching t6i, vi tri trung binh clia dudong
ham xuong dui dat 31,1% theo truc trude-sau (t%) va 35,5%
theo truc cao- thap (h%), ndm trong vung giai phau da dugc
mo ta. K&t qua nay tuong dong vdi cac nghién clu trude do.
Trong tdng quan hé théng ctia Xu H va cdng su, vi tri trung
tadm vung bam giadi phau clia ACL dugc xac dinh khoang
28,4% (t%) va 35,7% (h%) rat gan vdi két qua cua ching
t6i, cho thdy dé chinh xdc chdp nhan dugc cua ky thuat dat
dudng ham [6]. K&t qua gan tuong ty nhu nghién clitu clia
Lee S.Sva cong sy cling ghi nhan vi tri duding ham xuong dui
Véi gid trj trung binh khodng 29,6% (t%) va 33,3% (h%) [7].

Vi tri dudng ham, dac biét c’jxu’o’ng dui, dugc xem la yéu t6
then chét quyét dinh két qua clia phau thuat tai tao ACL.
Tuy nhién, nhiéu nghién ctu cho thay ty 1& dat léch vi tri giai
phau van con cao, phan anh nhitng khé khan trong thuc
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hanh [am sang[8]. Trong phau thuat ndi soi, viéc xac dinh vi
trikhoan chii yéu dwa vao cac méc nhu go' lién 16i cau ngoai
va b sun phia sau cua [6i cau ngoai. V& mat ly thuyét, cac
md&c nay gilp xac dinh gidi han trudc-sau cling nhu trung
tdmvung bam, dac biét tai vi tri gita hai boé chirc nang trudc
trong va sau ngoai. Tuy nhién, trén thuc té, viéc nhan dién
cac céu tric nay khéng phai lic nao ciing rd rang. Go lién
[6i cAu ngoai cb thé khdng dién hinh hodc khd quan séat;
g0 phan chia hai b6 thudng mo hoac khéng xac dinh duoc,
nhat la trong cac trudng hgp tén thuong man tinh hoac bién
d6i gidi phau. Bén canh do, cac y&u t6 ky thuat nhu géc gap
g6i, hudng duwa dung cu va trudng nhin néi soi han ché cling
anh hudng dang ké dén dé chinh xac khi tao dudng ham.
Dang chuy, két qua clia chung t6i cho thay chi cé 52,9%
dudng ham xuong dui ndm trong vung giai phau, trong
khi 47,1% n&m ngoai, chl yéu l&ch theo huéng ra trudc
(283,5%) va xudng dudi (23,5%). Khéng ghi nhan truang hop
léch ra sau hoac lén trén. Nhitng phat hién nay cho thay
xu hudng sai léch cé hé théng, dong thdi nhdn manh sy
can thiét phai cai thién k¥ thuat dinh vi trong phau thuat
nham dat duoc sy tai tao gan véi giai phau tu nhién hon.
Viéc ghi nhan 47,1% truong hop léch ngoai vung ly tudng
trong nghién cltu cliia chung t6i ciing phan anh kho khan
khi nhan dién mé&c giai phau nhu go lién 16i cau ngoai, nhat
la trong cac trudng hgp man tinh hodc bién déi cau tric.
Da6i v6i dudng ham xuong chay, cac méc giai phau thudng
dugdc st dung trong phau thuat ndi soi bao gobm bd sau
siing trudc sun chém ngoai, gai chay trong va day chang
chéo sau. Trong mét sé trudng hop, phan day chang con
lai cling dudc tan dung nhu moét méc dinh hudng nham
bao t6n tin hiéu sinh hoc va hé trg xac dinh ving bam.
Tuy nhién, viéc dua vao cdc méc nay khéng phai lic nao
cling phan anh chinh xac vi tri giai phu nguyén thiy cla
ACL, dac biét trong céc truding hgp ton thuong man tinh
khi cac cdu tric co thé bixo hda, co rut hodc di léch. Biéu
nay lam han ché kha nang quan sat va anh hudng dén do
chinh xac ctia viéc dinh vi trong qué trinh ndi soi.

K&t quéa nghién cltu cho thay vi tri trung binh cta dudng
ham xuong chay ndm trong vung giai phau & céa hai truc
trudc-sau (AP) va trong-ngoai (ML), véi ty 1& nam trong
vling gidi phau dat 82,4%. Piéu nay cho thdy dé chinh xac
tuong déi cao trong viéc tao dudng ham xuong chay.

Céc trudng hop &ch vi tri chiém ty L& thap, chl yéu theo
hudéng vao trong (11,8%) va ra sau (5,9%), trong khi khéng
ghi nhan l&ch ra trudc hoac ra ngoai. Phan bo nay cho thay
sailéch co xu hudng tap trung theo mot sé hudng nhat dinh,
tuy nhién murc dd anh hudng khong dang ké trén tdng thé.
K&t qua nghién ctru clia ching t6i ghi nhan vi tri dudng
ham xuong chay trung binh dat 41,4% (AP) va 47,9% (ML),
nadm trong vung gidi phau. K&t qua nay tuong dong véi
nghién ctru ctia Youm Y.S va cOng s, trong dé gia tri trung
binh dugc bao céo la 37,8% (AP) va 50,4% (ML) [9]. Su
khac biét nho gilta cac gia tri c6 thé phan 4nh bién thién
trong k¥ thuat phau thuat va phuong phap do.

Tuong ty, Lee S.S va cong su ghi nhan vi tri dudng ham xuong
chay trung binh khoang 44,0% (AP) va 42,8% (ML) [7], clng
ndm trong khoang giai phau. So véi két qua nay, gid tri AP trong
nghién ctiu clia chungtoi tha&p hon nhe, trong khi gia tri ML cao
han, tuy nhién van nam trong gidi han dugc chap nhan.

Ngoai ra, nghién ctru cua de Padua V.B.C va cong su’ cho
thay vj tri trung binh ctia duding ham mam chay ndm khoang
35-37% theo truc AP va 46-47% theo truc ML, dong thdi
khong ghi nhan sy khac biét c6 y nghia thong ké gitra nhom
c6 va khéng bao ton phan géc day chdng & ca hai truc [10].
Danh gia bang CT 3D trong nghién ctu cho thay van tén tai
mot ty L& nhat dinh céc trudng hop dudng ham xuong chay
n&m ngoai vi tri t8i wu, mac du da s8 vAn ndm trong ving
bam giai phau. Céc sai léch thudng gap bao gom dat dinh
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vi qua ra trudc, lam tang nguy co va cham vdi mai lién (6i
cau, hoac qua ra sau, lam tang luc cang lén manh ghép.
CT 3D cho phép danh gia dinh lugng vi tri dudng ham vdi
do chinh xac cao hon so véi cac phuong phap hinh anh
truyén théng, dac biét trong viéc phat hién céc sai léch
nhd nhung cé y nghia ldm sang. Do do, phuong phap nay
khong chi cé gia tri trong nghién cru ma con la céng cu
hitu ich trong kiém soat chat lugng phau thuét.

Nghién cttu cung cép dir liéu dinh lugng vé vi tri dudng
ham bang CT 3D trong thuc hanh ldm sang tai Viét Nam,
g6p phan bd sung khoang tréng hién cé. Tuy nhién, nghién
clu cling con mét sd han ché nhu cd mau nho, thiét ké mo
ta va chua danh gia maéi lién quan vdi két qua lam sang.
Ngoai ra, su chua théng nhat vé “vi tri giai phau chuin”
gita cac nghién clru cling c6 thé anh hudng dén so sanh.
Tém lai, dinh vi dudng ham trong tai tao ACL van [ métthach
thire. Sy két hop gitra kinh nghiém phau thuat, hiéu biét giai
phau va dénh gia dinh lugng bang CT 3D c6 thé gép phan cai
thién dé chinh xac va t8i uwu héa két qua diéu tri lau dai.

5. KET LUAN

Qua nghién cu trén 34 bénh nhan dugc phau thuat téi tao
ACLva danh gid bAng CT 3D, c6 thé thay phan l6n cac dudng
ham da dugc dit trong viing bam giai phau. Tuy vay, van con
mot ty & khdng nhod, dac biét & xuwong dui, chua dat vi tri nhu
mong muén va c6 xu hudng léch theo mét s6 hudng nhat
dinh. Diéu nay cho thay trong thu'c hanh, viéc dinh vi dudng
ham van con phu thudc nhiéu vao kinh nghiém va chua that
suén dinh. CT 3D giup nhin rd hon céc sai léch nay va cé thé
hé tro diéu chinh ky thuat dé dat két qua tét hon.
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