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Abstract
The purpose of this study was to systematically review and meta-analyze randomized controlled trials (RCTs) reporting 
the comparative clinical and functional outcomes, postoperative complications, and radiological outcomes of single-bundle 
anterior cruciate ligament reconstruction (ACLR) performed using the transtibial (TT) approach or anteromedial (AM) tech-
nique. A systematic review of the literature was performed according to Cochrane and PRISMA guidelines. RCTs comparing 
TT and AM techniques were considered only. The quality of the studies was defined using the GRADE system, and the risk 
of bias was assessed with the RoB 2 tool. The primary endpoint was to systematically review and meta-analyze the clinical 
outcomes, residual laxity and failure rate of both AM and TT techniques. In the current meta-analysis 13 RCTs involving 
989 patients who underwent arthroscopic single-bundle ACLR (486 TT and 503 AM) were included. Patients undergoing 
AM technique resulted in higher objective-IKDC (p < 0.001) and Lysholm scores (p = 0.002), despite a lower incidence of 
pathological anterior tibial translation (p < 0.001) and positive pivot-shift test (p < 0.001). No differences were detected in 
IKDC subjective score (p = 0.26), Tegner activity scale (p = 0.18) and graft failure (p = 0.07). ACL reconstruction through 
AM portal technique provides better clinical outcomes and lower incidence of residual rotational and anteroposterior laxity 
in comparison with the TT technique. No statistically significant difference in subjective outcomes and graft failure was 
reported.
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Introduction

Anterior cruciate ligament (ACL) rupture is one of the most 
common knee injuries affecting more than 200,000 patients 
every year [1, 2]. Arthroscopic ACL reconstruction is rec-
ommended to restore knee stability in young patients, par-
ticularly those hoping to return to pivoting sports, and more 

than 120,000 procedures are performed every year in United 
States [3, 4]. 

National web-based registries revealed that the most com-
monly used technique to perform ACL reconstruction is the 
single-bundle [5–7]. However, different strategies for ACL 
femoral tunnel drilling have been described, including the 
arthroscopic transtibial (TT) technique, anteromedial (AM) 
portal technique, outside-in, and retrograde drilling [8].

The discrepancy between the tunnel position and the 
native ACL insertion site with the TT technique has been 
criticized by some authors as potentially leading to a “non-
anatomical” ACL reconstruction and positioning of the graft 
in a more vertical orientation [9].

The popularity of tibial-independent femoral tunnel tech-
niques has increased over the years to improve the accuracy 
of femoral tunnel placement achieving a more anatomic 
ACL position [10].
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Despite the growing interest in the AM portal drilling 
technique, some studies reported an increased risk of revi-
sion compared to the traditional TT technique [11, 12].

Many clinical trials have evaluated the drilling of femoral 
tunnels through the AM and TT portals during ACL recon-
struction, but there is no high-quality and updated, evidence-
based agreement on which approach results in the best out-
comes and the literature is often inconclusive [13–15].

The purpose of this study is to systematically review and 
meta-analyze randomized controlled trials reporting the 
comparative clinical and functional outcomes, postoperative 
complications, and radiological outcomes of single-bundle 
anterior cruciate ligament reconstruction (ACLR) performed 
using the TT approach or AM technique.

Materials and methods

Criteria for considering studies for this review

Prospective randomized studies reporting comparative out-
comes of arthroscopic ACL reconstruction performed with 
TT and AM transportal femoral drilling were considered 
eligible for inclusion.

Participants were patients with a diagnosis of ACL rup-
ture with an indication of ACL reconstruction.

Non-randomized trials, cohort studies, retrospective 
studies, case reports, technical notes, editorial commentar-
ies, ex vivo, biomechanical, pre-clinical, and clinical stud-
ies without adequate quantitative or qualitative data were 
excluded.

The primary endpoint of this research was to system-
atically review and meta-analyze the clinical outcome in 
patients who were randomized for the TT approach or AM 
technique in ACL reconstruction.

The primary outcome measure was considered the IKDC 
objective score.

Secondary endpoints were to assess and compare the 
objective anterior laxity, the pivot-shift test, the subjective 
IKDC score, the Lysholm score, the Tegner scale, the failure 
rate and the femoral tunnel length.

Search methods for identification of studies

A systematic review of the literature has been performed, 
following the Cochrane Handbook of Systematic Reviews 
of Interventions [16] and Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) [17] for 
study selection (Fig. 1).

A systematic search from January 1st, 1990, to Janu-
ary 1st, 2023, was performed in the following databases: 
the Cochrane Central Register of Controlled Trials (CEN-
TRAL), MEDLINE/PubMed, Embase, Scopus, the Science 

Citation Index Expanded from Web of Science, ScienceDi-
rect, CINAHL, and LILACS. The research was conducted 
using the following keywords alone and in all the various 
combinations: “ACL” AND “anterior cruciate ligament” 
AND “reconstruction” AND “transtibial” OR “conven-
tional” AND “anteromedial” OR “transportal.”

The selection process was based on the participants, inter-
vention, control, outcome, and study design (PICOS).

Two reviewers (AMM, PG) independently screened 
each title and abstract collected from the primary electronic 
search. In case of a relevant title and abstract, the full-text 
version was obtained.

All references of each study were screened to find any 
additional relevant paper potentially missed with the first 
review process. The two reviewers independently followed 
the same checklist to screen all studies and evaluate the eli-
gibility criteria. Disagreements were resolved by consensus 
agreement with a third reviewer (TD).

Data collection and analysis

The level of evidence of included studies was evaluated 
through the adjusted Oxford Centre For Evidence-Based 
Medicine 2011 Levels of Evidence [18]. The quality of the 
studies was defined using the grading of recommendations 
assessment, development, and evaluation (GRADE) system 
[19], rating the quality of evidence in systematic reviews. 
After the evidence is collected and summarized, the GRADE 
system provides explicit criteria for rating the quality of evi-
dence that include study design, risk of bias, imprecision, 
inconsistency, indirectness, and magnitude of effect.

The risk of bias was assessed with the revised tool to 
assess the risk of bias in randomized trials (RoB 2) and are 
reported in Fig. 2 [20].

Stepwise analysis of study design, aim of the study, level 
of evidence, journal, year of publication, country, number 
of procedures included in the study, graft type, femoral and 
tibial fixation, mean age, and follow-up were independently 
conducted by each reviewer. Discrepancies in data extrac-
tion were discussed and resolved by a consensus meeting 
between the authors.

All studies were assessed for the primary and secondary 
outcome measures.

The analysis was conducted separately for patients with 
an AM or transportal ACL reconstruction (study group) and 
patients with a TT or conventional technique (comparator).

Data were extracted and recorded for a stepwise analy-
sis. Basic information about each study including population 
features, country, number of patients, mean age at surgery, 
study design, level of evidence, and mean follow-up was 
extracted and is summarized in Table 1.

Specific features of measured outcomes were accurately 
assessed, and data are summarized in Table 2.
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Statistical analysis

All analyses were completed with Review Manager 5.4.1 
software (Cochrane Collaboration, Oxford, UK), and a p 
value funnel plot was used to analyze the existence of pub-
lication bias for the primary outcome measure (Fig. 3).

For each included study, mean differences (MD) and 
95% CI were calculated for continuous outcomes, while 
risk ratio (RR) and 95% CI were calculated for dichoto-
mous outcomes.

Statistical heterogeneity among the studies was assessed 
using the χ2 test and I2. A fixed-effect model was applied when 
I2 < 40%, and a random-effect model when I2 ≥ 40%.

A p value of less than 0.05 was considered statistically 
significant.

Fig. 1   The PRISMA flowchart for study selection
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Results

Description of the studies

A total of 1500 records were identified from the electronic 
database research. After initial screening, 87 studies were 
retrieved for a full assessment. A total of 13 prospective 
randomized studies [21–33] involving 989 patients who 
underwent arthroscopic single bundle ACL reconstruc-
tion (486 in the TT group and 503 in the AM group) were 
finally included in this systematic review. The summary 
of the selection process is reported in Fig. 1.

The analysis of the risk of bias revealed that 4 studies 
[22, 23, 27, 31] had some concerns and 9 studies [21, 
24–26, 28–30, 32, 33] had a low risk of bias (Fig. 2).

The analysis of the quality of the studies according to 
the GRADE system revealed that 5 studies [21, 29, 30, 
32, 33] had high quality, 2 studies [23, 28] had moderate 
quality, and the remaining 6 studies [22, 24–27, 31] had 
low quality.

The details of GRADE assessment are reported in elec-
tronic supplemental materials (ESM).

Fig. 2   Risk of bias assessment 
with RoB 2 tool



255MUSCULOSKELETAL SURGERY (2024) 108:251–274	

Ta
bl

e 
1  

G
en

er
al

 c
ha

ra
ct

er
ist

ic
s o

f t
he

 in
cl

ud
ed

 st
ud

ie
s

*D
at

a 
ar

e 
re

fe
rr

ed
 to

 th
e 

en
tir

e 
po

pu
la

tio
n,

 su
b-

gr
ou

p 
da

ta
 a

re
 n

ot
 re

po
rte

d

A
ut

ho
r

Ye
ar

C
ou

nt
ry

To
ta

l 
nu

m
be

r o
f 

pa
tie

nt
s

TT
 g

ro
up

/
A

M
 g

ro
up

M
ea

n 
ag

e 
TT

 g
ro

up
/

A
M

 g
ro

up
G

en
de

r (
m

al
e/

fe
m

al
e)

St
ud

y 
de

si
gn

Le
ve

l o
f e

vi
de

nc
e

M
ea

n 
fo

llo
w

-u
p 

(m
on

th
s)

R
is

k 
of

 b
ia

s
(R

ob
 2

.0
)

H
us

se
in

 e
t a

l. 
[2

1]
20

12
Sl

ov
en

ia
15

0
72

/7
8

32
.6

/3
4.

2
TT

 4
5/

27
A

M
 4

6/
32

91
/5

9

RC
T​

Le
ve

l I
TT

 5
2 

(3
9–

36
)

A
M

 5
0.

5 
(3

9–
63

)
Lo

w

M
irz

at
ol

oo
ei

 e
t a

l. 
[2

2]
20

12
Ir

an
16

8
88

/8
0

26
.8

/2
6.

6
TT

 8
4/

4
A

M
 7

9/
1

16
3/

5

RC
T​

Le
ve

l I
24

So
m

e 
co

nc
er

n

Zh
an

g 
Q

 e
t a

l. 
[2

3]
20

12
C

hi
na

65
34

/3
1

28
 (1

7–
48

)*
–

RC
T​

Le
ve

l I
12

So
m

e 
co

nc
er

n
N

oh
 e

t a
l. 

[2
4]

20
13

K
or

ea
61

30
/3

1
24

 (1
8–

45
)/2

2(
19

–4
4)

61
/0

RC
T​

Le
ve

l I
30

.2
Lo

w
Yo

um
 e

t a
l. 

[2
5]

20
14

K
or

ea
40

20
/2

0
29

.7
 ±

 11
.9

/2
7.

6 ±
 9.

9
39

/1
RC

T​
Le

ve
l I

24 (1
9–

31
)

Lo
w

B
oh

n 
et

 a
l. 

[2
6]

20
15

D
en

m
ar

k
23

11
/1

2
27

.5
 ±

 7.
2*

/2
4.

3 ±
 4.

9*
–

RC
T​

Le
ve

l I
13 (1

2–
18

)
Lo

w

G
ug

lie
lm

et
ti 

et
 a

l. 
[2

7]
20

16
B

ra
zi

l
71

34
/3

7
24

.3
3/

23
.6

3*
–

RC
T​

Le
ve

l I
24

So
m

e 
co

nc
er

n
Ve

no
sa

 e
t a

l. 
[2

8]
20

17
Ita

ly
52

26
/2

6
26

.4
(1

6–
40

)/2
5.

2(
16

–
40

)
38

/1
4

RC
T​

Le
ve

l I
N

A
Lo

w

G
en

g 
et

 a
l. 

[2
9]

20
18

C
hi

na
10

4
48

/5
6

31
.8

 ±
 11

.0
/2

9.
6 ±

 11
.7

(1
9–

69
)/(

18
–6

5)
TT

 4
0/

8
A

M
 4

6/
10

86
/1

8

RC
T​

Le
ve

l I
TT

 2
4.

9 ±
 6.

0 
(1

2–
37

)
A

M
 2

5.
7 ±

 6.
8 

(1
2–

36
.5

)

Lo
w

M
ac

D
on

al
d 

et
 a

l. 
[3

0]
20

18
C

an
ad

a
88

42
/4

6
32

.4
 ±

 8.
9/

30
.7

 ±
 9.

3
TT

 2
7/

15
A

M
 3

1/
15

58
/3

0

RC
T​

Le
ve

l I
24

Lo
w

M
in

gu
el

l e
t a

l. 
[3

3]
20

19
Sp

ai
n

10
6

51
/5

5
29

.8
 ±

 8.
8/

31
.0

 ±
 9.

7
TT

 3
8/

13
A

M
 3

6/
19

RC
T​

Le
ve

l I
24

Lo
w

Tu
cc

ia
ro

ne
 e

t a
l. 

[3
1]

20
19

Ita
ly

20
10

/1
0

N
R

20
/0

RC
T​

Le
ve

l I
12

So
m

e 
co

nc
er

n
Tr

of
a 

et
 a

l. 
[3

2]
20

20
U

SA
20

10
/1

0
30

.1
 ±

 9.
6/

26
.2

 ±
 6.

5
TT

 5
/5

A
M

 7
/3

12
/8

RC
T​

Le
ve

l I
I

1.
5

Lo
w



256	 MUSCULOSKELETAL SURGERY (2024) 108:251–274

Ta
bl

e 
2  

D
et

ai
ls

 o
f m

et
ho

ds
 a

nd
 o

ut
co

m
es

 o
f i

nc
lu

de
d 

stu
di

es

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

H
us

se
in

 e
t a

l. 
[2

1]
D

ec
 2

00
5–

D
ec

 2
00

7
M

in
 3

-y
 fo

llo
w

-u
p

(3
9–

60
 m

on
th

s)
33

0 
pa

tie
nt

s p
ro

sp
ec

tiv
el

y 
ra

nd
om

iz
ed

 in
to

 3
 

gr
ou

ps
: 8

5 
TT

 S
B

, 8
5 

A
M

 S
B

, 1
60

 A
M

 D
B

In
cl

us
io

n 
cr

ite
ri

a:
 

A
C

L 
ru

pt
ur

e 
in

 
ac

tiv
e 

pa
tie

nt
s w

ith
 

a 
cl

os
ed

 g
ro

w
th

 
pl

at
e

Ex
cl

us
io

n 
cr

ite
ri

a:
 

m
ul

til
ig

am
en

t, 
se

ve
re

 O
A

 (g
ra

de
 

3 
or

 g
re

at
er

) t
ot

al
/

su
bt

ot
al

 m
en

is
ce

c-
to

m
y,

 c
on

tra
la

te
ra

l 
A

C
L-

de
fic

ie
nt

 k
ne

e,
 

an
d 

pa
rti

al
 A

C
L 

ru
pt

ur
e

28
1 

pa
tie

nt
s

72
 T

T 
SB

78
 A

M
 S

B
13

1 
A

M
 D

B

G
ra

ft 
ty

pe
: S

T-
G

Fe
m

or
al

 fi
xa

tio
n:

 
En

do
bu

tto
n 

(S
m

ith
 

&
 N

ep
he

w
)

Ti
bi

al
 fi

xa
tio

n:
 n

ot
 

sp
ec

ifi
ed

La
ch

m
an

A
nt

er
io

r d
ra

w
er

Pi
vo

t-s
hi

ft 
te

st
K

T-
10

00
IK

D
C

Ly
sh

ol
m

B
et

te
r A

TT
-S

SD
 in

 A
M

 
th

an
 T

T 
(p

 =
 0.

00
2)

B
et

te
r d

efi
ci

t o
f e

xt
en

-
si

on
 in

 A
M

 th
an

 T
T 

(p
 =

 0.
05

)
H

ig
he

r p
er

ce
nt

ag
e 

of
 

gr
ad

e 
0 

pi
vo

t-s
hi

ft 
in

 A
M

 th
an

 T
T 

(p
 =

 0.
00

3)
N

o 
di

ffe
re

nc
e 

be
tw

ee
n 

TT
 a

nd
 A

M
 in

 
Ly

sh
ol

m
 sc

or
e 

an
d 

IK
D

C
Th

e 
ou

tc
om

e 
of

 th
e 

A
M

 
D

B
 g

ro
up

 w
as

 b
et

te
r 

th
an

 th
e 

TT
 S

B
 g

ro
up

 
fo

r a
ll 

m
ea

su
re

d 
pa

ra
m

et
er

s e
xc

ep
t 

ob
je

ct
iv

e 
IK

D
C

M
irz

at
ol

oo
ei

 e
t a

l. 
[2

2]
Ja

n 
20

07
–F

eb
 2

00
9

M
in

 1
8 

m
on

th
s f

ol
lo

w
-u

p 
(1

8–
26

 m
on

th
s)

22
3 

pa
tie

nt
s

Pr
os

pe
ct

iv
el

y 
ra

nd
om

iz
ed

 in
to

 2
 g

ro
up

s:
 T

T,
 

A
M

In
cl

us
io

n 
cr

ite
ri

a:
A

C
L 

te
ar

 in
 y

ou
ng

 
ac

tiv
e 

pa
tie

nt
s

w
ith

 k
ne

e 
in

st
ab

il-
ity

, c
on

co
m

ita
nt

 
m

en
is

ca
l i

nj
ur

y 
an

d 
os

te
oc

ho
nd

ra
l 

le
si

on
s

Ex
cl

us
io

n 
cr

ite
ri

a:
In

fe
ct

io
n,

 p
re

vi
ou

s
Su

rg
er

y,
 b

ila
te

ra
l 

in
ju

rie
s o

r o
th

er
 

lig
am

en
t i

nj
ur

ie
s

ne
ed

in
g 

re
co

ns
tru

c-
tio

n,
 p

at
ie

nt
s o

ve
r-

40
 y

ea
rs

 o
ld

16
8 

pa
tie

nt
s

88
 T

T
80

 A
M

G
ra

ft 
ty

pe
: a

ut
ol

og
ou

s 
ha

m
str

in
g 

te
nd

on
Fe

m
or

al
 fi

xa
tio

n:
 

Tr
an

sF
ix

®
 su

sp
en

-
si

on
 fi

xa
tio

n 
sy

ste
m

Ti
bi

al
 fi

xa
tio

n:
 n

ot
 

sp
ec

ifi
ed

IK
D

C
Ly

sh
ol

m
Te

gn
er

 a
ct

iv
ity

 sc
al

es
La

ch
m

an
Pi

vo
t-s

hi
ft 

te
st

La
xi

ty
 m

ea
su

re
m

en
t 

us
in

g 
a 

Ro
lim

et
er

X
-r

ay

B
et

te
r A

TT
-S

SD
 in

 A
M

 
th

an
 T

T 
(p

 =
 0.

00
2)

B
et

te
r s

ub
je

ct
iv

e 
IK

D
C

 
an

d 
Ly

sh
ol

m
 sc

or
e 

in
 

A
M

 g
ro

up
N

o 
di

ffe
re

nc
e 

in
 T

eg
ne

r 
ac

tiv
ity

 sc
al

es
M

or
e 

in
tra

op
er

at
iv

e
co

m
pl

ic
at

io
ns

 in
 te

rm
s 

of
 g

ra
ft 

pa
ss

ag
e 

di
f-

fic
ul

tie
s a

nd
 p

os
te

rio
r 

w
al

l b
lo

w
-u

p 
in

 th
e 

A
M

 g
ro

up

Zh
an

g 
et

 a
l. 

[2
3]

Ju
n 

20
08

–O
ct

 2
01

0
1-

y 
fo

llo
w

-u
p

76
 p

at
ie

nt
s p

ro
sp

ec
-

tiv
el

y 
ra

nd
om

iz
ed

 
in

to
 2

 g
ro

up
s:

 3
8 

TT
, 3

8A
M

In
cl

us
io

n 
cr

ite
ri

a:
 In

ju
ry

 c
au

se
s i

nc
lu

de
d 

sp
or

t i
nj

ur
ie

s, 
m

ili
ta

ry
 tr

ai
ni

ng
 in

ju
rie

s a
nd

 
tra

ffi
c 

ac
ci

de
nt

65
 P

at
ie

nt
s

34
 T

T
31

 A
M

G
ra

ft 
ty

pe
: S

T-
G

Fe
m

or
al

 fi
xa

tio
n:

R
ig

id
fix

 sy
ste

m
Ti

bi
al

 fi
xa

tio
n:

In
tra

fix
 sy

ste
m

Ly
sh

ol
m

K
T-

10
00

N
o 

di
ffe

re
nc

e 
in

 th
e 

Ly
sh

ol
m

 k
ne

e 
sc

or
e 

an
d 

th
e 

K
T-

10
00

 
be

tw
ee

n 
th

e 
TT

 a
nd

 
A

M
 g

ro
up

s



257MUSCULOSKELETAL SURGERY (2024) 108:251–274	

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

N
oh

 e
t a

l. 
[2

4]
20

08
–2

01
0

M
in

 1
-y

 fo
llo

w
-u

p
64

 p
at

ie
nt

s p
ro

sp
ec

tiv
el

y 
ra

nd
om

iz
ed

 in
to

 2
 

gr
ou

ps
: 3

2 
TT

, 3
2A

M

In
cl

us
io

n 
cr

ite
ri

a:
 

A
cu

te
 o

r c
hr

on
ic

 
A

C
L 

ru
pt

ur
e

Ex
cl

us
io

n 
cr

ite
ri

a:
 

fe
m

al
e 

pa
tie

nt
s, 

ag
e >

 45
 y

ea
rs

, 
re

co
ns

tru
ct

io
n 

w
ith

 
gr

af
t o

th
er

 th
an

 
A

ch
ill

es
 a

llo
gr

af
t, 

ot
he

r l
ig

am
en

t 
in

ju
rie

s o
n 

th
e 

sa
m

e 
kn

ee
 n

ee
di

ng
 

su
rg

ic
al

 tr
ea

tm
en

t, 
re

vi
si

on
 A

C
L 

re
co

n-
str

uc
tio

n,
 d

ou
bl

e 
bu

nd
le

 A
C

L 
re

co
n-

str
uc

tio
n,

 su
bt

ot
al

 o
r 

to
ta

l m
en

is
ce

ct
om

y,
 

m
en

is
cu

s r
ep

ai
r, 

fu
ll-

th
ic

kn
es

s c
ar

ti-
la

ge
 in

ju
ry

 n
ee

di
ng

 
ca

rti
la

ge
 re

pa
ir 

su
rg

er
y,

 h
ist

or
y 

of
 in

ju
ry

 o
n 

ei
th

er
 

kn
ee

, u
na

bl
e 

to
 

un
de

rg
o 

fo
llo

w
-u

p 
M

R
I

61
 p

at
ie

nt
s

30
 T

T
31

 A
M

G
ra

ft 
ty

pe
: F

re
sh

-
fro

ze
n 

A
ch

ill
es

 
al

lo
gr

af
t

Fe
m

or
al

 fi
xa

tio
n:

En
do

bu
tto

n 
(S

m
ith

 &
 

N
ep

he
w

)
Ti

bi
al

 fi
xa

tio
n:

au
gm

en
ta

tio
n

us
in

g 
a 

7 ×
 23

-m
m

 
B

io
-in

te
rfe

re
nc

e 
sc

re
w

IK
D

C
Ly

sh
ol

m
Te

gn
er

SL
H

La
ch

m
an

Pi
vo

t-s
hi

ft 
te

st
M

R
I

B
et

te
r L

ys
ho

lm
 sc

or
e 

an
d 

A
TT

-S
SD

 re
su

lts
 

in
 A

M
 g

ro
up

 th
an

 in
 

TT
 g

ro
up

 (p
 =

 .0
25

, 
p =

 00
8)

N
o 

si
gn

ifi
ca

nt
 d

iff
er

-
en

ce
s i

n 
La

ch
m

an
 

te
st,

 p
iv

ot
-s

hi
ft 

te
st,

 
IK

D
C

, T
eg

ne
r a

ct
iv

ity
 

sc
al

e,
 a

nd
 S

LH
 te

st
In

cr
ea

se
 P

C
L 

in
de

x 
in

 
TT

 g
ro

up
 th

an
 in

 A
M

 
gr

ou
p 

(p
 <

 0.
00

1)
Fe

m
or

al
 tu

nn
el

 m
or

e 
po

ste
rio

r i
n 

A
M

 
gr

ou
p 

th
an

 in
 T

T 
gr

ou
p 

(p
 <

 0.
00

1)

Yo
um

 e
t a

l. 
[2

5]
Ju

ly
 2

01
1–

Ju
ne

 2
01

2
M

in
 2

-y
 fo

llo
w

-u
p

(1
9–

31
 m

on
th

s)
40

 p
at

ie
nt

s p
ro

sp
ec

tiv
el

y 
ra

nd
om

iz
ed

 in
to

 2
 

gr
ou

ps
: 2

0 
TT

, 2
0 

A
M

Ex
cl

us
io

n 
cr

ite
ri

a:
 

pr
ev

io
us

A
C

L 
re

co
ns

tru
ct

io
n,

 
po

ste
rio

r c
ru

ci
at

e 
lig

am
en

t
ru

pt
ur

es
 o

r P
L 

ro
ta

-
to

ry
 in

st
ab

ili
ty

, 
fr

ac
tu

re
s a

ro
un

d 
th

e 
kn

ee
 jo

in
t

40
 p

at
ie

nt
s

20
 T

T
20

 A
M

G
ra

ft 
ty

pe
: f

re
sh

-f
ro

-
ze

n 
A

ch
ill

es
 te

nd
on

 
al

lo
gr

af
t

Fe
m

or
al

 fi
xa

tio
n:

m
et

al
 in

te
rfe

re
nc

e 
sc

re
w

Ti
bi

al
 fi

xa
tio

n:
bi

oa
bs

or
ba

bl
e

in
te

rfe
re

nc
e 

sc
re

w
 (2

5 
m

m
 lo

ng
 a

nd
 th

e 
sa

m
e 

di
am

et
er

 a
s

th
e 

tib
ia

l t
un

ne
l) 

an
d 

a 
sp

ik
ed

 w
as

he
r a

nd
 

sc
re

w

La
ch

m
an

A
nt

er
io

r d
ra

w
er

Pi
vo

t-s
hi

ft 
te

st
3D

 C
T

K
T-

10
00

Ly
sh

ol
m

IK
D

C
Te

gn
er

 a
ct

iv
ity

 sc
al

e

N
o 

di
ffe

re
nc

e 
in

 IK
D

C
 

sc
or

e,
 L

ys
ho

lm
 k

ne
e 

sc
or

es
, T

eg
ne

r a
ct

iv
-

ity
 sc

al
e 

sc
or

es
,

N
o 

di
ffe

re
nc

e 
in

 p
iv

ot
-

sh
ift

 te
st,

 L
ac

hm
an

 
te

st 
an

d 
A

TT
-S

SD
Fe

m
or

al
 tu

nn
el

 lo
ca

tio
n 

co
m

pa
ra

bl
e 

to
 T

T



258	 MUSCULOSKELETAL SURGERY (2024) 108:251–274

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

B
oh

n 
et

 a
l. 

[2
6]

Ju
ne

 2
00

9–
Ja

n 
20

12
M

in
 1

-y
 fo

llo
w

-u
p

45
 p

at
ie

nt
s p

ro
sp

ec
tiv

el
y 

ra
nd

om
iz

ed
 in

to
 3

 
gr

ou
ps

: 1
4 

TT
 S

B
, 1

5 
A

M
 S

B
, 1

6 
A

M
 D

B

In
cl

us
io

n 
cr

ite
ri

a:
 a

ge
 

18
–5

0 
ye

ar
s, 

M
R

I 
ve

rifi
ed

 A
C

L 
in

ju
ry

 
w

ith
 sy

m
pt

om
s 

of
 in

st
ab

ili
ty

, n
o 

pr
ev

io
us

 k
ne

e 
lig

am
en

t s
ur

ge
ry

, n
o 

co
nc

om
ita

nt
 k

ne
e 

lig
am

en
t

in
ju

rie
s, 

an
d 

an
 u

ni
n-

ju
re

d 
co

nt
ra

la
te

ra
l 

kn
ee

Ex
cl

us
io

n 
cr

ite
ri

a:
 

ca
rti

la
ge

 in
ju

rie
s o

f 
In

te
rn

at
io

na
l

C
ar

til
ag

e 
Re

se
ar

ch
 

So
ci

et
y 

gr
ad

e 
3 

or
 

4,
 m

en
is

cu
s

in
ju

ry
 re

qu
iri

ng
 re

se
c-

tio
n 

of
 m

or
e 

th
an

 
50

%
 o

f a
 m

en
is

cu
s

36
 p

at
ie

nt
s

11
 T

T 
SB

12
 A

M
 S

B
13

 A
M

 D
B

G
ra

ft 
ty

pe
: S

T-
G

Fe
m

or
al

 fi
xa

tio
n:

 
En

do
bu

tto
n 

co
nt

in
u-

ou
s l

oo
p 

(S
m

ith
 &

 
N

ep
he

w
)

Ti
bi

al
 fi

xa
tio

n:
30

-m
m

 In
io

n 
H

ex
-

al
on

TM
 in

te
rfe

re
nc

e 
sc

re
w

K
T-

10
00

K
O

O
S

IK
D

C
Ly

sh
ol

m
Te

gn
er

 sc
or

e
La

ch
m

an
Pi

vo
t-s

hi
ft 

te
st

H
op

 te
st

Th
re

e-
di

m
en

si
on

al
 

m
ot

io
n 

an
al

ys
is

 fo
r 

tib
ia

l r
ot

at
io

n

N
o 

di
ffe

re
nc

e 
in

 IK
D

C
, 

K
O

O
S 

an
d 

Te
gn

er
 

sc
or

es
, K

T-
10

00
 k

ne
e 

la
xi

ty
, L

ac
h-

m
an

 te
st,

 p
iv

ot
-s

hi
ft 

te
st,

 a
nd

 h
op

 te
sts

Th
er

e 
w

as
 n

o 
di

ffe
r-

en
ce

 b
et

w
ee

n 
SB

-T
T,

 
SB

-A
M

, a
nd

 D
B

gr
ou

ps
 re

ga
rd

in
g 

tib
ia

l 
ro

ta
tio

n 
an

d 
ro

ta
tio

na
l 

sti
ffn

es
s a

t 1
-y

ea
r 

fo
llo

w
-u

p 
us

in
g 

th
re

e-
di

m
en

si
on

al
 m

ot
io

n 
an

al
ys

is



259MUSCULOSKELETAL SURGERY (2024) 108:251–274	

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

G
ug

lie
lm

et
ti 

et
 a

l. 
[2

7]
A

ug
 2

01
0–

M
ay

 2
01

2
2-

y 
fo

llo
w

-u
p

80
 p

at
ie

nt
s p

ro
sp

ec
tiv

el
y 

ra
nd

om
iz

ed
 in

to
 2

 
gr

ou
ps

: 4
0 

TT
, 4

0 
A

M

In
cl

us
io

n 
cr

ite
ri

a:
 

un
ila

te
ra

l A
C

L
In

ju
ry

, p
at

ie
nt

s w
ith

 
m

at
ur

e 
sk

el
et

on
s 

an
d 

cl
os

ed
 p

hy
se

s, 
ag

e 
be

lo
w

40
 y

ea
rs

,
Ex

cl
us

io
n 

cr
ite

ri
a:

 
pr

ev
io

us
 su

rg
er

y 
on

 th
e 

in
ju

re
d 

si
de

 
(e

xc
ep

t
ar

th
ro

sc
op

ic
 m

en
is

-
ce

ct
om

y)
, d

eg
en

-
er

at
iv

e 
ch

an
ge

s o
n 

ar
th

ro
sc

op
y,

 ti
m

e 
of

 
in

ju
ry

 m
or

e 
th

an
 1

 
ye

ar
 a

nd
 le

ss
 th

an
 2

 
w

ee
ks

as
so

ci
at

ed
 li

ga
m

en
t 

in
ju

rie
s (

ex
ce

pt
 

gr
ad

es
 I 

an
d 

II
 

m
ed

ia
l c

ol
la

te
ra

l
lig

am
en

ts
), 

m
or

bi
d 

ob
es

ity

71
 p

at
ie

nt
s

34
 T

T
37

 A
M

G
ra

ft 
ty

pe
: S

T-
G

Fe
m

or
al

 fi
xa

tio
n:

ET
D

®

Ti
bi

al
 fi

xa
tio

n:
m

et
al

 in
te

rfe
re

nc
e 

sc
re

w

La
ch

m
an

A
nt

er
io

r d
ra

w
er

Pi
vo

t-s
hi

ft 
te

st
K

T-
10

00
Ly

sh
ol

m
IK

D
C

C
om

pa
ra

bl
e 

IK
D

C
 

sc
or

e,
 L

ys
ho

lm
 sc

or
e 

an
d 

re
-r

up
tu

re
 ra

te
N

o 
di

ffe
re

nc
e 

in
 

La
ch

m
an

, p
iv

ot
-s

hi
ft 

te
st 

an
d 

th
e 

an
te

rio
r 

dr
aw

er
 te

st 
be

tw
ee

n 
TT

 a
nd

 A
M

Ve
no

sa
 e

t a
l. 

[2
8]

Ja
n 

20
12

–J
un

e 
20

14
6 

m
on

th
s a

fte
r s

ur
ge

ry
 fo

llo
w

-u
p

52
 p

at
ie

nt
s p

ro
sp

ec
tiv

el
y 

ra
nd

om
iz

ed
 in

to
 2

 
gr

ou
ps

: 2
6 

TT
, 2

6 
A

M

In
cl

us
io

n 
cr

ite
ri

a:
hi

sto
ry

 o
f k

ne
e 

tra
u-

m
at

ic
ac

ci
de

nt
, s

ub
je

c-
tiv

e 
kn

ee
 la

xi
ty

/
in

st
ab

ili
ty

, c
lin

ic
al

 
ev

al
ua

tio
n 

(je
rk

 
te

st/
pi

vo
t-s

hi
ft 

te
st,

 
La

ch
m

an
 te

st)
, M

R
I 

sc
an

 p
os

iti
ve

 fo
r

co
m

pl
et

e 
A

C
L 

le
si

on

52
 p

at
ie

nt
s

26
 T

T
26

 A
M

G
ra

ft 
ty

pe
: a

ut
ol

og
ou

s 
ha

m
str

in
g 

te
nd

on
Fe

m
or

al
 fi

xa
tio

n:
En

do
B

ut
to

n 
C

L 
U

ltr
a-

Fi
xa

tio
n 

(S
m

ith
 &

N
ep

he
w

Ti
bi

al
 fi

xa
tio

n:
bi

oa
bs

or
ba

bl
e 

sc
re

w
(B

IO
RC

I-
H

A
, S

m
ith

 
&

 N
ep

he
w

) a
nd

 a
 

m
et

al
lic

 st
ap

le

3D
-C

T 
sc

an
 to

 e
va

lu
-

at
e 

fe
m

or
al

 tu
nn

el
 

po
si

tio
n

Th
e 

A
M

 p
or

ta
l t

ec
h-

ni
qu

e 
pr

ov
id

es
 m

or
e 

an
at

om
ic

al
 g

ra
ft 

pl
ac

em
en

t t
ha

n 
TT

 
te

ch
ni

qu
es

 in
 A

C
L 

re
co

ns
tru

ct
io

n
D

iff
er

en
ce

s w
er

e 
si

gn
ifi

ca
nt

 in
 a

ll 
co

m
-

pa
ris

on
s (

p <
 0.

00
01

)



260	 MUSCULOSKELETAL SURGERY (2024) 108:251–274

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

G
en

g 
et

 a
l. 

[2
9]

A
ug

 2
01

4–
Fe

b 
20

15
M

in
 1

-y
 fo

llo
w

-u
p

12
0 

pa
tie

nt
s p

ro
sp

ec
tiv

el
y 

ra
nd

om
iz

ed
 in

to
 2

 
gr

ou
ps

: 5
7 

TT
, 6

3 
A

M

In
cl

us
io

n 
cr

ite
ri

a:
1 

ye
ar

 p
os

t-o
pe

ra
tiv

e 
fo

llo
w

-u
p,

 n
or

m
al

co
nt

ra
la

te
ra

l k
ne

e 
jo

in
t, 

no
 a

cc
om

pa
-

ny
in

g 
fr

ac
tu

re
Ex

cl
us

io
n 

cr
ite

ri
a:

 
co

m
bi

ne
d 

an
te

rio
r 

an
d 

po
ste

rio
r

cr
uc

ia
te

 li
ga

m
en

t 
in

ju
ry

, c
ol

la
te

ra
l 

lig
am

en
t

In
ju

ry
, o

ste
oa

rth
rit

is
 

an
d 

re
vi

si
on

 su
rg

er
y

10
4 

pa
tie

nt
s

48
 T

T
56

 A
M

G
ra

ft 
ty

pe
: a

ut
ol

og
ou

s 
ha

m
str

in
g 

te
nd

on
Fe

m
or

al
 fi

xa
tio

n:
En

do
B

ut
to

n 
C

L 
U

ltr
a-

Fi
xa

tio
n 

(S
m

ith
 &

N
ep

he
w

Ti
bi

al
 fi

xa
tio

n:
In

tra
fix

 (D
ep

uy
)

La
ch

m
an

Pi
vo

t-s
hi

ft 
te

st
K

T-
10

00
Ly

sh
ol

m
IK

D
C

Te
gn

er
3D

-C
T 

to
 e

va
lu

at
e 

fe
m

or
al

 tu
nn

el
 

lo
ca

tio
n

N
o 

si
gn

ifi
ca

nt
 d

iff
er

-
en

ce
 in

 L
ac

hm
an

 
te

st,
 P

iv
ot

-s
hi

ft 
te

st,
 

K
T-

10
00

 a
nd

 P
RO

M
s

Sh
or

te
r f

em
or

al
 tu

nn
el

 
in

 A
M

 g
ro

up
Tu

nn
el

 lo
ca

tio
n 

w
as

 
si

gn
ifi

ca
nt

ly
 lo

w
er

 
an

d 
de

ep
er

 in
 A

M
 

gr
ou

p

M
ac

D
on

al
d 

et
 a

l. 
[3

0]
A

ug
 2

00
7–

A
ug

 2
01

1
M

in
 3

-m
 fo

llo
w

-u
p

96
 p

at
ie

nt
s p

ro
sp

ec
tiv

el
y 

ra
nd

om
iz

ed
 in

to
 2

 
gr

ou
ps

: 4
7 

TT
, 4

9 
A

M

In
cl

us
io

n 
cr

ite
ri

a:
m

en
 a

nd
 w

om
en

 
be

tw
ee

n 
th

e 
ag

es
 o

f 
18

 a
nd

 5
0 

di
ag

no
se

d
w

ith
 a

 c
om

pl
et

e 
A

C
L 

te
ar

 c
on

fir
m

ed
 o

n 
M

R
I

Ex
cl

us
io

n 
cr

ite
ri

a:
co

nc
om

ita
nt

 c
ol

la
te

ra
l 

lig
am

en
t

te
ar

s, 
si

gn
ifi

ca
nt

 
ch

on
dr

om
al

ac
ia

 
(w

ith
 lo

ss
 o

f m
or

e 
th

an
50

%
 th

ic
kn

es
s b

as
ed

 
on

 M
R

I)
, p

re
vi

ou
s

lo
w

er
 li

m
b 

su
rg

er
y,

 
hi

sto
ry

 o
f a

rth
rit

is
, 

un
ab

le
to

 c
om

pl
y 

w
ith

 re
ha

-
bi

lit
at

io
n 

pr
ot

oc
ol

s 
(e

.g
., 

bu
ck

et
 h

an
dl

e,
si

m
pl

e 
ve

rti
ca

l o
r 

ra
di

al
 m

en
is

ca
l t

ea
rs

 
re

qu
iri

ng
 re

pa
ir 

an
d

di
ffe

re
nt

 p
os

to
pe

ra
tiv

e 
pr

ot
oc

ol
) o

r s
tu

dy
 

fo
llo

w
-u

ps
,

pr
eg

na
nt

88
 p

at
ie

nt
s

42
 T

T
46

 A
M

G
ra

ft 
ty

pe
: S

T-
G

Fe
m

or
al

 fi
xa

tio
n:

su
sp

en
so

ry
 b

ut
to

n
de

vi
ce

Ti
bi

al
 fi

xa
tio

n:
bi

oc
om

po
si

te
in

te
rfe

re
nc

e 
sc

re
w

A
C

L-
Q

O
L

K
T-

10
00

IK
D

C
X

-r
ay

-T
un

ne
l o

rie
nt

a-
tio

n

N
o 

di
ffe

re
nc

es
 in

 c
lin

i-
ca

l o
ut

co
m

es
A

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 
w

as
 fo

un
d 

be
tw

ee
n 

gr
ou

ps
 w

ith
 re

sp
ec

t t
o 

fe
m

or
al

 tu
nn

el
 o

rie
n-

ta
tio

n 
in

 th
e 

co
ro

na
l 

pl
an

e 
(p

 <
 0.

00
1)



261MUSCULOSKELETAL SURGERY (2024) 108:251–274	

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

M
in

gu
el

l e
t a

l. 
[3

3]
20

13
–2

01
6

24
 m

on
th

s f
ol

lo
w

-u
p

In
cl

us
io

n 
cr

ite
ri

a:
Pa

tie
nt

s a
ge

d >
 18

 
an

d <
 45

 y
ea

rs
. 

Pa
tie

nt
s w

ith
 a

 
ch

ro
ni

c 
A

C
L 

ru
pt

ur
e,

 m
or

e 
th

an
 1

2 
m

on
th

s o
f 

in
ju

ry
 e

vo
lu

tio
n.

 
Pa

tie
nt

s w
ith

 A
C

L 
ru

pt
ur

e 
di

ag
no

se
d 

by
 p

hy
si

ca
l e

xa
m

 
an

d 
co

nfi
rm

ed
 b

y 
m

ag
ne

tic
 re

so
na

nc
e 

im
ag

es
 (M

R
I)

Ex
cl

us
io

n 
cr

ite
ri

a:
 

re
vi

si
on

 su
rg

er
y.

 
C

on
co

m
ita

nt
 

lig
am

en
ts

 le
si

on
s. 

A
 g

ra
de

 2
 o

r h
ig

he
r 

os
te

oa
rth

ro
si

s i
n 

th
e 

K
el

lg
re

n–
La

w
re

nc
e 

sc
al

e

10
7 

pa
tie

nt
s (

51
 

TT
; 5

6 
A

M
) w

er
e 

av
ai

la
bl

e 
fo

r fi
na

l 
fo

llo
w

up
 a

t 2
4 

m
on

th
s

G
ra

ft 
ty

pe
: a

ut
ol

og
ou

s 
4-

bu
nd

le
 h

am
str

in
g 

te
nd

on
Fe

m
or

al
 fi

xa
tio

n:
 R

et
-

ro
B

ut
to

n 
(A

rth
re

x,
 

N
ap

le
s, 

Fl
or

id
a,

 
U

SA
),

Ti
bi

al
 fi

xa
tio

n:
 d

el
ta

 
bi

oa
bs

or
ba

bl
e 

sc
re

w
 

(A
rth

re
x,

 N
ap

le
s, 

Fl
or

id
a)

 w
ith

 a
n 

ex
tra

co
rti

ca
l s

up
-

pl
em

en
ta

ry
 m

et
al

 
st

ap
le

IK
D

C
Ly

sh
ol

m
Te

gn
er

 a
ct

iv
ity

 sc
al

es
SF

-3
6

Li
ke

rt 
Sc

al
e

La
ch

m
an

Pi
vo

t-s
hi

ft 
te

st
La

xi
ty

 m
ea

su
re

m
en

t 
us

in
g 

na
vi

ga
tio

n
M

R
I a

na
ly

si
s t

un
ne

l 
in

cl
in

at
io

n

A
M

 te
ch

ni
qu

e 
ac

hi
ev

e 
a 

m
or

e 
an

at
om

ic
al

 
po

si
tio

n
N

o 
di

ffe
re

nc
es

 in
 c

lin
i-

ca
l o

ut
co

m
es



262	 MUSCULOSKELETAL SURGERY (2024) 108:251–274

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

Tu
cc

ia
ro

ne
 e

t a
l. 

[3
1]

Ja
n 

20
16

–J
ul

y 
20

16
12

 m
on

th
s f

ol
lo

w
-u

p
20

 p
at

ie
nt

s p
ro

sp
ec

tiv
el

y 
ra

nd
om

iz
ed

 in
to

 2
 

gr
ou

ps
: 1

0 
TT

, 1
0 

A
M

In
cl

us
io

n 
cr

ite
ri

a:
 

is
ol

at
ed

 p
rim

ar
y 

A
C

L
In

ju
ry

, m
al

e 
se

x,
 

he
al

th
y 

co
nt

ra
la

te
ra

l 
kn

ee
Ex

cl
us

io
n 

cr
ite

ri
a:

 
pr

ev
io

us
 su

rg
er

y 
on

 
th

e 
aff

ec
te

d 
lim

b,
 

op
en

 p
hy

se
s o

n 
th

e 
fe

m
ur

 a
nd

/o
r t

ib
ia

, 
as

so
ci

at
ed

 c
ap

su
la

r
an

d 
m

en
is

ca
l l

es
io

ns
 

of
 a

ny
 ty

pe
, a

ss
oc

i-
at

ed
 c

ho
nd

ra
l l

es
io

n
of

 g
ra

de
 II

I t
o 

IV
 

ac
co

rd
in

g 
to

 IC
R

S 
cl

as
si

fic
at

io
n,

 sm
ok

-
in

g 
ha

bi
t, 

ob
es

ity
 

(B
M

I h
ig

he
r t

ha
n 

30
), 

in
tra

- a
nd

 p
er

i-
ar

tic
ul

ar
le

si
on

s o
n 

th
e 

co
nt

ra
la

te
ra

l l
im

b,
 

ea
rly

 o
ste

oa
rth

rit
is

, 
en

do
cr

in
e,

 c
ol

la
ge

n,
 

ne
ur

ol
og

ic
al

, i
nf

ec
-

tiv
e,

 rh
eu

m
at

ol
og

i-
ca

l
pa

th
ol

og
ie

s

20
 p

at
ie

nt
s

20
 T

T
20

 A
M

G
ra

ft 
ty

pe
: S

T-
G

Fe
m

or
al

 fi
xa

tio
n:

no
t s

pe
ci

fie
d

Ti
bi

al
 fi

xa
tio

n:
 n

ot
 

sp
ec

ifi
ed

La
ch

m
an

Pi
vo

t-s
hi

ft 
te

st
K

T-
10

00
VA

S
IK

D
C

K
SS

K
O

O
S

Te
gn

er
-L

ys
ho

lm
Te

gn
er

 A
ct

iv
ity

 L
ev

el
 

Sc
al

e
M

R
I

X
-r

ay

Re
du

ce
d 

tim
e 

to
 re

tu
rn

 
to

 p
la

y 
(p

 >
 0.

05
) 

an
d 

hi
gh

er
 T

eg
ne

r 
A

ct
iv

ity
 L

ev
el

 S
ca

le
 

at
 1

-y
ea

r f
ol

lo
w

-u
p 

(p
 >

 0.
05

) i
n 

A
M

 
gr

ou
p

N
o 

di
ffe

re
nc

e 
in

 p
os

t-
op

er
at

iv
e 

PR
O

M
 a

nd
 

A
TT

-S
SD

s
M

or
e 

an
at

om
ic

al
 p

la
ce

-
m

en
t o

f t
he

 fe
m

or
al

 
tu

nn
el

 in
 A

M
 g

ro
up

 
(p

 <
 0.

05
)



263MUSCULOSKELETAL SURGERY (2024) 108:251–274	

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ut

ho
r

M
et

ho
ds

In
cl

us
io

n/
ex

cl
us

io
n 

cr
ite

ria
Pa

rti
ci

pa
nt

s
In

te
rv

en
tio

ns
O

ut
co

m
es

Re
su

lts

Tr
of

a 
et

 a
l.[

32
]

D
ec

 2
01

6–
A

pr
 2

01
7

6 
w

ee
ks

 fo
llo

w
-u

p
31

 p
at

ie
nt

s p
ro

sp
ec

tiv
el

y 
ra

nd
om

iz
ed

 in
to

 3
 

gr
ou

ps
: 1

1 
TT

, 1
0 

A
M

, 1
0 

H
TT

In
cl

us
io

n 
cr

ite
ri

a:
sk

el
et

al
ly

 m
at

ur
e 

pa
tie

nt
s r

eq
ui

rin
g 

pr
im

ar
y 

A
C

L 
re

co
n-

str
uc

tio
n

w
ith

 o
r w

ith
ou

t 
as

so
ci

at
ed

 p
ar

tia
l 

m
en

is
ce

ct
om

y
or

 m
en

is
ca

l r
ep

ai
r f

or
 

an
 a

cu
te

 o
r s

ub
ac

ut
e 

(w
ith

in
 6

 m
on

th
s

of
 in

ju
ry

) A
C

L 
te

ar
Ex

cl
us

io
n 

cr
ite

ri
a:

 
ch

ro
ni

c 
A

C
L 

de
fi-

ci
en

cy
 (>

 6 
m

on
th

s)
, 

m
ul

til
ig

am
en

to
us

 
in

ju
rie

s (
de

fin
ed

 
as

 g
ra

de
 I 

m
ed

ia
l 

co
lla

te
ra

l l
ig

am
en

t, 
la

te
ra

l c
ol

la
te

ra
l 

lig
am

en
t,

or
 p

os
te

rio
r c

ru
ci

at
e 

lig
am

en
t l

ax
ity

), 
re

vi
si

on
 su

rg
er

y,
 o

r 
de

ge
ne

ra
tiv

e 
jo

in
t 

di
se

as
e

30
 p

at
ie

nt
s

10
 T

T
10

 A
M

10
 H

TT

G
ra

ft 
ty

pe
: a

ut
ol

og
ou

s 
ha

m
str

in
g 

te
nd

on
Fe

m
or

al
 fi

xa
tio

n:
no

t s
pe

ci
fie

d
Ti

bi
al

 fi
xa

tio
n:

 n
ot

 
sp

ec
ifi

ed

3D
-C

T 
fo

r f
em

or
al

 
tu

nn
el

 a
na

ly
si

s
Si

gn
ifi

ca
nt

ly
 sh

or
te

r 
tu

nn
el

 in
 A

M
 g

ro
up

 
(p

 >
 .0

01
)

M
or

e 
an

gu
la

te
d 

gr
af

t 
in

 b
ot

h 
sa

gi
tta

l a
nd

 
co

ro
na

l p
la

ne
 in

 A
M

 
gr

ou
p 

(p
 <

 0.
01

)

A
M

, a
nt

er
om

ed
ia

l; 
D

B
, d

ou
bl

e 
bu

nd
le

; E
TD

®
, e

nd
o 

tu
nn

el
 d

ev
ic

e;
 H

TT
, h

yb
rid

 T
T;

 IK
D

C
, I

nt
er

na
tio

na
l K

ne
e 

D
oc

um
en

ta
tio

n 
C

om
m

itt
ee

; A
TT

-S
SD

, a
nt

er
io

r t
ib

ia
l t

ra
ns

la
tio

n 
si

de
 to

 si
de

 d
if-

fe
re

nc
e;

 S
B

, s
in

gl
e 

bu
nd

le
; S

T-
G

, s
em

ite
nd

in
os

us
 g

ra
ci

lis
 te

nd
on

; T
T,

 tr
an

sti
bi

al
; P

RO
M

, p
at

ie
nt

-r
ep

or
te

d 
ou

tc
om

e 
m

ea
su

re
s



264	 MUSCULOSKELETAL SURGERY (2024) 108:251–274

Results of meta‑analysis

Functional outcome scores

IKDC objective

Among the 13 investigations, only 7 studies [21, 22, 24–27, 
30] reported qualitative data on objective IKDC score.

These studies involved 601 patients including 297 TT and 
304 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 4.65; I2 = 0%; p = 0.59, 
and a fixed-effect model was used for analysis.

Although all studies reported no significant differences 
in IKDC objective scores between AM and TT groups, the 
meta-analysis of pooled data showed a significant difference 
in IKDC objective scores at the final follow-up assessment 
(RR = 0.80; 95% CI 0.70–0.91; p < 0.001) (Fig. 4).

Precisely, 63.8% of patients in AM group versus 50.2% 
of patients in the TT group had IKDC grade A (p < 0.001).

IKDC subjective

Among the 13 investigations, only 5 studies [21, 25, 26, 29, 
33] reported quantitative data on subjective IKDC score and 
2 studies [27, 31] did not provide standard deviations.

These studies involved 410 patients including 196 TT and 
214 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 1.09; I2 = 0%; p = 0.90, 
and a fixed-effect model was used for analysis.

All studies reported no significant differences in IKDC 
subjective scores between AM and TT groups and the meta-
analysis confirmed this finding (MD = − 0.11; 95% CI − 0.31 
to 0.08; p = 0.26) (Fig. 5).

Fig. 3   Funnel plot for the pri-
mary outcome measure (IKDC 
objective score) reporting the 
risk of publication bias of the 
assessed studies

Fig. 4   Forest plot for IKDC objective score
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Lysholm score

Among the 13 investigations, only 7 studies [21–23, 25, 26, 
29, 33] reported quantitative data on Lysholm score and 2 
studies [28, 31] did not provide standard deviations.

These studies involved 640 patients including 315 TT and 
325 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 4.91; I2 = 0%; p = 0.56, 
and a fixed-effect model was used for analysis.

Only 2 studies [22, 23] reported better Lysholm scores in 
AM ACL reconstruction, and the meta-analysis confirmed 
this significant finding (MD = − 0.73; 95% CI − 1.20 to 
− 0.26; p = 0.002) (Fig. 6).

Tegner activity scale

Among the 13 investigations, only 5 studies [22, 25, 26, 
29, 31] reported quantitative data on the Tegner activity 
scale.

These studies involved 355 patients including 177 TT 
and 178 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 11.45; I2 = 65%; 
p = 0.002, and a random-effect model was used for 
analysis.

There were no differences in the post-operative Tegner 
activity scale in TT and AM groups (MD = − 0.27; 95% CI 
− 0.66 to 0.13; p = 0.18) (Fig. 7).

Fig. 5   Forest plot for IKDC subjective score

Fig. 6   Forest plot for Lysholm score

Fig. 7   Forest plot for Tegner activity scale
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Objective Knee laxity tests

Anterior tibial translation

Among the 13 investigations, 9 studies [21–24, 26, 29–31, 
33] investigated instrumental anterior tibial translation.

These studies involved 780 patients including 385 TT and 
395 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 12.20; I2 = 34%; 
p = 0.14, and a fixed-effect model was used for analysis.

Meta-analysis revealed that patients of AM group had 
significantly less anterior tibial translation (MD = 0.36; 95% 
CI 0.21 to 0.52; p < 0.001) (Fig. 8).

Pivot‑shift test

Among the 13 investigations, 10 studies [21, 22, 24–27, 
29–31, 33] investigated manual pivot-shift test.

These studies involved 801 patients including 394 TT and 
407 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 4.80; I2 = 0%; p = 0.85, 
and a fixed-effect model was used for analysis.

Meta-analysis revealed that patients of AM group had 
significantly lower grade pivot-shift test than the TT group 
(OR = 0.46; 95% CI 0.32–0.65; p < 0.001) (Fig. 9).

Graft failure

Among the 13 investigations, 8 studies [21, 22, 24, 26, 27, 
29, 30, 33] investigated graft failure.

These studies involved 771 patients including 397 TT and 
374 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 2.68; I2 = 0%; p = 0.85, 
and a fixed-effect model was used for analysis.

Meta-analysis revealed that patients of AM group had 
lower but not significant failure rate when compared to the 
TT group (RR = 0.54; 95% CI 0.28–1.06; p = 0.07) (Fig. 10). 
Precisely, the graft failure rate was 2.8% for the AM group 
and 5.3% for the TT group.

Publication bias

A funnel plot was performed with the IKDC objective score 
as the indicator. A total of 7 studies [21, 22, 24–27, 30] 

Fig.8   Forest plot for anterior tibial translation

Fig. 9   Forest plot for pivot–shift test
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were included in the analysis. The 7 points in the funnel 
plot suggest a lower impact of publication bias on the results 
(Fig. 3). According to Cook’s distances, none of the studies 
could be considered to be overly influential. Neither the rank 
correlation nor the regression test indicated any funnel plot 
asymmetry (p = 0.88 and p = 0.77, respectively).

Radiological outcomes

Radiological outcomes were reported in 10 studies [22, 
24, 25, 27–33] and were assessed with different imaging 
techniques. Four studies [22, 27, 30, 31] evaluated femoral 
tunnel position with X-rays, 4 studies [25, 28, 29, 32] per-
formed a 3D-CT scan, and 3 studies [24, 31, 33] investigated 
post-operative ACL positioning with MRI. There was a high 
heterogeneity of assessed outcomes and meta-analysis was 
not possible, except for femoral tunnel length. A descriptive 
analysis of radiological outcomes is summarized in Table 3.

Femoral tunnel length

Only 4 studies [25, 29, 32, 33] reported detailed quantita-
tive data with standard deviations of femoral tunnel length. 
One study [27] reported only mean values without standard 
deviations.

These studies involved 218 patients including 107 TT and 
111 AM ACL reconstructions.

Statistical heterogeneity was χ2 = 46.62; I2 = 98%; 
p < 0.001, and a random-effect model was used for analysis.

Four studies [27, 29, 32, 33] reported a significantly 
longer femoral tunnel in the TT group than in AM group 
and 1 study [25] did not report a significant difference in 
tunnel length between the two techniques.

Meta-analysis of pooled data showed that patients who 
underwent the TT technique had significantly longer femoral 
tunnel (MD: 8.11; 95% CI 1.22 to 15.01; p = 0.02) (Fig. 11).

The femoral tunnel length was not associated with better 
clinical outcomes or reduction of failure rate in any included 
research article.

Discussion

The main finding of this study was the significant difference 
in terms of objective IKDC, Lysholm score, TAS, anterior 
tibial translation and pivot-shift test in favor of AM tech-
nique in comparison with TT technique. No statistically sig-
nificant difference in terms of subjective IKDC score and 
graft failure was reported.

Chen et al. [34], in a meta-analysis considering 5 RCT 
studies on 479 patients, evaluated the clinical outcome and 
complications rate between AM and TT techniques in sin-
gle-bundle ACL reconstruction. The authors reported higher 
functional outcomes in patients undergoing AM technique, 
as well as a lower incidence of pathological side-to-side 
difference (SSD), pivot-shift and Lachman test in the AM 
group in comparison with the TT group.

In a recent meta-analysis including 10 RCTs and 8 Pro-
spective Comparative Trials, Mao et al. [35] reported the 
clinical and radiological outcomes of both the TT and the 
AM techniques in single bundle ACL reconstruction. The 
study considered a population of 53,888 ACL reconstructed 
patients, 729 of them extracted from RCT studies and 53,159 
from prospective controlled trials, including national reg-
istry data. Higher values of passive range of motion were 
reported in favor of the AM technique, despite no difference 
in subjective outcomes and postoperative activity level. Fur-
thermore, an increased SSD was recorded in the TT group 
notwithstanding a comparable risk of ACL failure between 
AM and TT patients.

These findings are consistent with the current literature, 
reporting a more anatomic tunnel placement associated 
with the AM technique leading to a biomechanical behavior 

Fig. 10   Forest plot for graft failure
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closer to the native ACL, decreasing the risk of anterior 
translation and rotational instability [36, 37].

Some authors, in early studies reporting the results of the 
AM technique, rose concerns about an increased risk of graft 
failure in comparison with the traditional TT technique [11, 
12]. The data of the current study evidenced no difference 
between AM and TT techniques in terms of graft failure. 
However, analysis of radiological outcomes revealed that 
AM group had a significantly shorter femoral tunnel leading 
to less graft-to-bone interface. As the femoral tunnel length 
was not related to significant changes of clinical outcome 
and re-rupture, the increased failure risk reported in the early 
studies [11, 12] could be also explained by the physiological 
learning curve related to the introduction of a new surgical 
technique, leading to an excessive posterior placement of 
the ACL femoral tunnel. Consistent with this hypothesis, 
Clatworthy et al. [38] reported a normalization of the ACL 
failure risk, comparable to TT, after slightly anteriorizing 
the femoral tunnel, as proposed by the anatomical study of 
Kawaguchi et al. [39] concerning the biomechanical role of 
the fan-shape-like fibers of the ACL.

Some authors proposed a modified TT technique [25] 
in order to overcome the limitations of the traditional TT, 
reporting a tunnel placement almost comparable to the 
independent tunnel technique. In a systematic review and 
meta-analysis, Li et al. [40] compared the clinical outcome 
between conventional TT, modified TT and AM techniques. 
The authors considered 10 RCTs and 16 retrospective/pro-
spective controlled trials, including 2202 patients. No dif-
ference in clinical outcomes between modified TT and AM 
technique was reported, nevertheless, AM resulted superior 
to conventional TT in terms of functional outcomes, post-
operative pivot-shift test and SSD. Due to limited sample 
size, the author was not able to report statistically signifi-
cant data regarding the comparison between modified and 
conventional TT techniques. In comparison with the AM 
technique, the conventional TT could lead to a more anterior 
and superior graft femoral tunnel placement, different from 
the original ACL footprint, therefore determining a residual 
instability leading to lower clinical outcomes.

The results of the current meta-analysis seem to confirm 
this hypothesis, demonstrating higher results in terms of 
both objective clinical outcomes and knee stability in AM 
group, despite no difference in terms of subjective outcomes 
and graft failure risk.

To the best of our knowledge, this is the larger meta-
analysis including only RCTs available in the literature. In 
comparison with the meta-analysis published by Chen et al. 
[34], including 5 RCTs and 479 patients, 916 patients from 
13 RCTs were considered in the current paper. In the recent 
meta-analysis by Mao et al. [35], a large cohort was consid-
ered, including 729 patients from RCT studies and 53,159 
patients from prospective studies. The inclusion of registries Ta
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data [41, 42] exponentially increased the study population; 
nevertheless, these kinds of data could be affected by some 
bias such as confounders variables due to missing data 
regarding patient selection, no quality control on collected 
data and possible interference by medical industries [42]. In 
the current meta-analysis, only RCTs were considered and 
all the studies except one provided a Level of Evidence I.

Considering the current meta-analysis, the following limi-
tations should be considered: The included trials have short 
to mid-term follow-up leading to a possible underestimation 
of graft failure. Moreover, the overall population is relatively 
limited mainly due to the small cohort of patients included 
in single RCTs and the assessed radiological outcomes are 
highly heterogeneous precluding a meta-analysis of out-
comes (except for femoral tunnel length).

Furthermore, several confounding variables as antero-
lateral complex injuries or low-grade posterolateral corner 
distractions, and combined procedures such as anterolateral 
reconstruction or lateral extra-articular tenodesis that signifi-
cantly influence the anterior and rotational knee stability and 
the clinical outcomes have not been assessed and properly 
considered.

Finally, the majority of studies did not specify the dif-
ference between the conventional and the modified TT pre-
cluding a direct comparison of these techniques and relative 
sub-groups.

Conclusion

ACL reconstruction through AM portal technique provides 
better objective IKDC, Lysholm score, TAS, anterior tibial 
translation and pivot-shift test at mid-term follow-up.

No statistically significant difference in terms of subjec-
tive IKDC score and graft failure was reported.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12306-​024-​00823-3.

Acknowledgements  None.

Funding  There is no funding source.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  This article does not contain any studies with human 
participants or animals performed by any of the authors.

References

	 1.	 Shen X, Qin Y, Zuo J, Liu T, Xiao J (2021) A systematic review 
of risk factors for anterior cruciate ligament reconstruction 
failure. Int J Sports Med 42(8):682–693. https://​doi.​org/​10.​
1055/a-​1393-​6282

	 2.	 Diermeier TA, Rothrauff BB, Engebretsen L, Lynch A, Svantesson 
E, Hamrin Senorski EA et al (2021) Treatment after ACL injury: 
panther symposium ACL treatment consensus group. Br J Sports 
Med 55(1):14–22. https://​doi.​org/​10.​1136/​bjspo​rts-​2020-​102200

	 3.	 Miller MD, Kew ME, Quinn CA (2021) Anterior cruciate ligament 
revision reconstruction. J Am Acad Orthop Surg 29(17):723–731. 
https://​doi.​org/​10.​5435/​JAAOS-D-​21-​00088

	 4.	 Herrington L, Fowler E (2006) A systematic literature review to 
investigate if we identify those patients who can cope with ante-
rior cruciate ligament deficiency. Knee 13(4):260–265. https://​
doi.​org/​10.​1016/j.​knee.​2006.​02.​010

	 5.	 Kopf S, Forsythe B, Wong AK, Tashman S, Anderst W, Irrgang JJ 
et al (2010) Nonanatomic tunnel position in traditional transtibial 
single-bundle anterior cruciate ligament reconstruction evaluated 
by three-dimensional computed tomography. J Bone Jt Surg Am 
92(6):1427–1431. https://​doi.​org/​10.​2106/​JBJS.I.​00655

	 6.	 Musahl V, Engler ID, Nazzal EM, Dalton JF, Lucidi GA, Hughes 
JD et al (2022) Current trends in the anterior cruciate ligament 
part II: evaluation, surgical technique, prevention, and rehabilita-
tion. Knee Surg Sports Traumatol Arthrosc 30(1):34–51. https://​
doi.​org/​10.​1007/​s00167-​021-​06825-z

	 7.	 Granan LP, Forssblad M, Lind M, Engebretsen L (2009) The 
Scandinavian ACL registries 2004–2007: baseline epidemiology. 
Acta Orthop 80(5):563–567. https://​doi.​org/​10.​3109/​17453​67090​
33501​07

	 8.	 Chambat P, Guier C, Sonnery-Cottet B, Fayard JM, Thaunat 
M (2013) The evolution of ACL reconstruction over the last 
fifty years. Int Orthop 37(2):181–186. https://​doi.​org/​10.​1007/​
s00264-​012-​1759-3

	 9.	 Kaseta MK, DeFrate LE, Charnock BL, Sullivan RT, Garrett WE 
(2008) Reconstruction technique affects femoral tunnel placement 
in ACL reconstruction. Clin Orthop Relat Res 466(6):1467–1474. 
https://​doi.​org/​10.​1007/​s11999-​008-​0238-z

Fig. 11   Forest plot for femoral tunnel length

https://doi.org/10.1007/s12306-024-00823-3
https://doi.org/10.1055/a-1393-6282
https://doi.org/10.1055/a-1393-6282
https://doi.org/10.1136/bjsports-2020-102200
https://doi.org/10.5435/JAAOS-D-21-00088
https://doi.org/10.1016/j.knee.2006.02.010
https://doi.org/10.1016/j.knee.2006.02.010
https://doi.org/10.2106/JBJS.I.00655
https://doi.org/10.1007/s00167-021-06825-z
https://doi.org/10.1007/s00167-021-06825-z
https://doi.org/10.3109/17453670903350107
https://doi.org/10.3109/17453670903350107
https://doi.org/10.1007/s00264-012-1759-3
https://doi.org/10.1007/s00264-012-1759-3
https://doi.org/10.1007/s11999-008-0238-z


273MUSCULOSKELETAL SURGERY (2024) 108:251–274	

	10.	 Robin BN, Jani SS, Marvil SC, Reid JB, Schillhammer CK, 
Lubowitz JH (2015) Advantages and disadvantages of transtibial, 
anteromedial portal, and outside-in femoral tunnel drilling in sin-
gle-bundle anterior cruciate ligament reconstruction: a systematic 
review. Arthroscopy 31(7):1412–1417. https://​doi.​org/​10.​1016/j.​
arthro.​2015.​01.​018

	11.	 Desai N, Andernord D, Sundemo D, Alentorn-Geli E, Musahl 
V, Fu F et al (2017) Revision surgery in anterior cruciate liga-
ment reconstruction: a cohort study of 17,682 patients from 
the Swedish national knee ligament register. Knee Surg Sports 
Traumatol Arthrosc 25(5):1542–1554. https://​doi.​org/​10.​1007/​
s00167-​016-​4399-0

	12.	 Tejwani SG, Prentice HA, Wyatt RWB, Maletis GB (2018) 
Femoral tunnel drilling method: risk of reoperation and revision 
after anterior cruciate ligament reconstruction. Am J Sports Med 
46(14):3378–3384. https://​doi.​org/​10.​1177/​03635​46518​805086

	13.	 Ra HJ, Celik H, Kim HJ, Lee DH (2019) Femoral tunnel widening 
is similar between anteromedial portal and transtibial techniques 
following single-bundle anterior cruciate ligament reconstruc-
tion: a systematic review and meta-analysis. Knee Surg Sports 
Traumatol Arthrosc 27(2):626–635. https://​doi.​org/​10.​1007/​
s00167-​018-​5204-z

	14.	 Rahardja R, Zhu M, Love H, Clatworthy MG, Monk AP, Young 
SW (2020) No difference in revision rates between anterome-
dial portal and transtibial drilling of the femoral graft tunnel in 
primary anterior cruciate ligament reconstruction: early results 
from the New Zealand ACL registry. Knee Surg Sports Trau-
matol Arthrosc 28(11):3631–3638. https://​doi.​org/​10.​1007/​
s00167-​020-​05959-w

	15.	 Moorthy V, Sayampanathan AA, Tan AHC (2021) Superior post-
operative stability and functional outcomes with anteromedial ver-
sus transtibial technique of single-bundle autologous hamstring 
anterior cruciate ligament reconstruction: a meta-analysis of pro-
spective randomized controlled trials. Arthroscopy 37(1):328–
337. https://​doi.​org/​10.​1016/j.​arthro.​2020.​07.​018

	16.	 Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins 
JP et al (2019) Updated guidance for trusted systematic reviews: 
a new edition of the cochrane handbook for systematic reviews 
of interventions. Cochrane Database Syst Rev. https://​doi.​org/​10.​
1002/​14651​858.​ED000​142

	17.	 Moher D, Liberati A, Tetzlaff J, Altman DG, Group P (2009) Pre-
ferred reporting items for systematic reviews and meta-analyses: 
the PRISMA statement. PLoS Med 6(7):e1000097. https://​doi.​
org/​10.​1371/​journ​al.​pmed.​10000​97

	18.	 Group OLoEW. ‘‘The Oxford levels of evidence 2’’. Oxford cen-
tre for evidence-based medicine. https://​www.​cebm.​net/​index.​
aspx?o=​5653.​2016

	19.	 Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-
Coello P et al (2008) GRADE: an emerging consensus on rat-
ing quality of evidence and strength of recommendations. BMJ 
336(7650):924–926. https://​doi.​org/​10.​1136/​bmj.​39489.​470347.​
AD

	20.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, 
Boutron I et al (2019) RoB 2: a revised tool for assessing risk of 
bias in randomised trials. BMJ 366:l4898. https://​doi.​org/​10.​1136/​
bmj.​l4898

	21.	 Hussein M, van Eck CF, Cretnik A, Dinevski D, Fu FH (2012) 
Prospective randomized clinical evaluation of conventional sin-
gle-bundle, anatomic single-bundle, and anatomic double-bundle 
anterior cruciate ligament reconstruction: 281 cases with 3- to 
5-year follow-up. Am J Sports Med 40(3):512–520. https://​doi.​
org/​10.​1177/​03635​46511​426416

	22.	 Mirzatolooei F (2012) Comparison of short term clinical out-
comes between transtibial and transportal TransFix® femoral fixa-
tion in hamstring ACL reconstruction. Acta Orthop Traumatol 
Turc 46(5):361–366. https://​doi.​org/​10.​3944/​aott.​2012.​2679

	23.	 Zhang Q, Zhang S, Li R, Liu Y, Cao X (2012) Comparison 
of two methods of femoral tunnel preparation in single-bundle 
anterior cruciate ligament reconstruction: a prospective rand-
omized study. Acta Cir Bras 27(8):572–576. https://​doi.​org/​10.​
1590/​s0102-​86502​01200​08000​10

	24.	 Noh JH, Roh YH, Yang BG, Yi SR, Lee SY (2013) Femoral 
tunnel position on conventional magnetic resonance imaging 
after anterior cruciate ligament reconstruction in young men: 
transtibial technique versus anteromedial portal technique. 
Arthroscopy 29(5):882–890. https://​doi.​org/​10.​1016/j.​arthro.​
2013.​01.​025

	25.	 Youm YS, Cho SD, Lee SH, Youn CH (2014) Modified tran-
stibial versus anteromedial portal technique in anatomic single-
bundle anterior cruciate ligament reconstruction: comparison of 
femoral tunnel position and clinical results. Am J Sports Med 
42(12):2941–2947. https://​doi.​org/​10.​1177/​03635​46514​551922

	26.	 Bohn MB, Sørensen H, Petersen MK, Søballe K, Lind M (2015) 
Rotational laxity after anatomical ACL reconstruction measured 
by 3-D motion analysis: a prospective randomized clinical trial 
comparing anatomic and nonanatomic ACL reconstruction tech-
niques. Knee Surg Sports Traumatol Arthrosc 23(12):3473–3481. 
https://​doi.​org/​10.​1007/​s00167-​014-​3156-5

	27.	 Guglielmetti L, Cury R, de Oliveira V, de Camargo O, Severino 
F, Severino N et al (2016) Transtibial versus anteromedial por-
tal techniques in ACL reconstruction (Técnica transtibial versus 
transportal medial na reconstrução do lca). Rev Bras Med Esporte 
22(5):368–373

	28.	 Venosa M, Delcogliano M, Padua R, Alviti F, Delcogliano A 
(2017) Femoral tunnel positioning in anterior cruciate ligament 
reconstruction: anteromedial portal versus transtibial technique-
a randomized clinical trial. Joints 5(1):34–38. https://​doi.​org/​10.​
1055/s-​0037-​16014​13

	29.	 Geng Y, Gai P (2018) Comparison of 2 femoral tunnel drilling 
techniques in anterior cruciate ligament reconstruction a prospec-
tive randomized comparative study. BMC Musculoskelet Disord 
19(1):454. https://​doi.​org/​10.​1186/​s12891-​018-​2376-0

	30.	 MacDonald P, Kim C, McRae S, Leiter J, Khan R, Whelan D 
(2018) No clinical differences between anteromedial portal and 
transtibial technique for femoral tunnel positioning in anterior 
cruciate ligament reconstruction: a prospective randomized, con-
trolled trial. Knee Surg Sports Traumatol Arthrosc 26(5):1335–
1342. https://​doi.​org/​10.​1007/​s00167-​017-​4664-x

	31.	 Tucciarone A, Godente L, Netti F, Martinelli F, Fabbrini R, Del 
Ferraro R et al (2019) Return to play after anterior cruciate liga-
ment reconstruction: trans-tibial versus antero-medial technique. 
Muscle Ligaments Tendons J 09(01):82–88

	32.	 Trofa DP, Saltzman BM, Corpus KT, Connor PM, Fleischli JE, 
Piasecki DP (2020) A hybrid transtibial technique combines the 
advantages of anteromedial portal and transtibial approaches: 
a prospective randomized controlled trial. Am J Sports Med 
48(13):3200–3207. https://​doi.​org/​10.​1177/​03635​46520​956645

	33.	 Minguell J, Nuñez JH, Reverte-Vinaixa MM, Sallent A, Gargallo-
Margarit A, Castellet E (2019) Femoral tunnel position in chronic 
anterior cruciate ligament rupture reconstruction: randomized 
controlled trial comparing anatomic, biomechanical and clinical 
outcomes. Eur J Orthop Surg Traumatol 29(7):1501–1509. https://​
doi.​org/​10.​1007/​s00590-​019-​02455-x

	34.	 Chen H, Tie K, Qi Y, Li B, Chen B, Chen L (2017) Anteromedial 
versus transtibial technique in single-bundle autologous hamstring 
ACL reconstruction: a meta-analysis of prospective randomized 
controlled trials. J Orthop Surg Res 12(1):167. https://​doi.​org/​10.​
1186/​s13018-​017-​0671-3

	35.	 Mao Y, Zhang K, Li J, Fu W (2023) Transtibial versus anterome-
dial portal technique for femoral tunnel drilling in primary single-
bundle anterior cruciate ligament reconstruction: a meta-analysis 
of level 1 and 2 evidence of clinical, revision, and radiological 

https://doi.org/10.1016/j.arthro.2015.01.018
https://doi.org/10.1016/j.arthro.2015.01.018
https://doi.org/10.1007/s00167-016-4399-0
https://doi.org/10.1007/s00167-016-4399-0
https://doi.org/10.1177/0363546518805086
https://doi.org/10.1007/s00167-018-5204-z
https://doi.org/10.1007/s00167-018-5204-z
https://doi.org/10.1007/s00167-020-05959-w
https://doi.org/10.1007/s00167-020-05959-w
https://doi.org/10.1016/j.arthro.2020.07.018
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://www.cebm.net/index.aspx?o=5653.2016
https://www.cebm.net/index.aspx?o=5653.2016
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1177/0363546511426416
https://doi.org/10.1177/0363546511426416
https://doi.org/10.3944/aott.2012.2679
https://doi.org/10.1590/s0102-86502012000800010
https://doi.org/10.1590/s0102-86502012000800010
https://doi.org/10.1016/j.arthro.2013.01.025
https://doi.org/10.1016/j.arthro.2013.01.025
https://doi.org/10.1177/0363546514551922
https://doi.org/10.1007/s00167-014-3156-5
https://doi.org/10.1055/s-0037-1601413
https://doi.org/10.1055/s-0037-1601413
https://doi.org/10.1186/s12891-018-2376-0
https://doi.org/10.1007/s00167-017-4664-x
https://doi.org/10.1177/0363546520956645
https://doi.org/10.1007/s00590-019-02455-x
https://doi.org/10.1007/s00590-019-02455-x
https://doi.org/10.1186/s13018-017-0671-3
https://doi.org/10.1186/s13018-017-0671-3


274	 MUSCULOSKELETAL SURGERY (2024) 108:251–274

outcomes. Am J Sports Med 51(1):250–262. https://​doi.​org/​10.​
1177/​03635​46521​10444​76

	36.	 Cuzzolin M, Previtali D, Delcogliano M, Filardo G, Candrian 
C, Grassi A (2021) Independent versus transtibial drilling in 
anterior cruciate ligament reconstruction: a meta-analysis with 
meta-regression. Orthop J Sports Med 9(7):23259671211015616. 
https://​doi.​org/​10.​1177/​23259​67121​10156​16

	37.	 Feng H, Wang N, Xie D, Yang Z, Zeng C, Lei G, Li H, Wang Y 
(2023) Anteromedial portal technique, but not outside-in tech-
nique, is superior to standard transtibial technique in knee stability 
and functional recovery after anterior cruciate ligament recon-
struction: a network meta-analysis. Arthroscopy 39(6):1515–
1525. https://​doi.​org/​10.​1016/j.​arthro.​2022.​11.​026

	38.	 Clatworthy M, Sauer S, Roberts T (2019) Transportal central 
femoral tunnel placement has a significantly higher revision rate 
than transtibial AM femoral tunnel placement in hamstring ACL 
reconstruction. Knee Surg Sports Traumatol Arthrosc 27(1):124–
129. https://​doi.​org/​10.​1007/​s00167-​018-​5036-x

	39.	 Kawaguchi Y, Kondo E, Takeda R, Akita K, Yasuda K, Amis AA 
(2015) The role of fibers in the femoral attachment of the anterior 
cruciate ligament in resisting tibial displacement. Arthroscopy 
31(3):435–444. https://​doi.​org/​10.​1016/j.​arthro.​2014.​08.​033

	40.	 Li R, Li T, Zhang Q, Fu W, Li J (2021) Comparison of clini-
cal outcomes between anteromedial and transtibial techniques of 
single-bundle anterior cruciate ligament reconstruction: a system-
atic review and meta-analysis. J Sports Sci Med 20(2):237–249. 
https://​doi.​org/​10.​52082/​jssm.​2021.​237

	41.	 Roovers JP (2007) Registries: What level of evidence do they pro-
vide? Int Urogynecol J Pelvic Floor Dysfunct 18(10):1119–1120. 
https://​doi.​org/​10.​1007/​s00192-​007-​0434-5

	42.	 Dickersin K, Rennie D (2003) Registering clinical trials. JAMA 
290(4):516–523. https://​doi.​org/​10.​1001/​jama.​290.4.​516

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1177/03635465211044476
https://doi.org/10.1177/03635465211044476
https://doi.org/10.1177/23259671211015616
https://doi.org/10.1016/j.arthro.2022.11.026
https://doi.org/10.1007/s00167-018-5036-x
https://doi.org/10.1016/j.arthro.2014.08.033
https://doi.org/10.52082/jssm.2021.237
https://doi.org/10.1007/s00192-007-0434-5
https://doi.org/10.1001/jama.290.4.516

	Transtibial versus anteromedial transportal femoral tunnel in single-bundle anterior cruciate ligament reconstruction: a systematic review and meta-analysis of prospective randomized controlled trials
	Abstract
	Introduction
	Materials and methods
	Criteria for considering studies for this review
	Search methods for identification of studies
	Data collection and analysis
	Statistical analysis

	Results
	Description of the studies

	Results of meta-analysis
	Functional outcome scores
	IKDC objective
	IKDC subjective

	Lysholm score
	Tegner activity scale
	Objective Knee laxity tests
	Anterior tibial translation
	Pivot-shift test

	Graft failure
	Publication bias
	Radiological outcomes
	Femoral tunnel length

	Discussion
	Conclusion
	Acknowledgements 
	References




