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Nikhil N. Verma, M.D., Charles A. Bush-Joseph, M.D., and Bernard R. Bach Jr., M.D.

Purpose: Failure to anatomically reconstruct the femoral footprint can lead to rotational instability and clinical failure.

Thus we sought to compare femoral tunnel drilling techniques, specifically anteromedial (AM) and transtibial (TT)

methods, with respect to rotational stability. Methods: In this study we evaluated available scientific support for the

ability of both techniques to achieve rotational stability of the knee through a systematic review of the literature for

directly comparative biomechanical and clinical studies. Results: We identified 9 studies (5 clinical Level II or III studies

and 4 cadaveric studies) that directly compared AM and TT techniques. Three cadaveric and 2 clinical studies showed

superior rotational stability with the AM technique as compared with the TT technique, whereas 2 cadaveric studies and 1

clinical study were unable to show any similar differences. Two studies showed superior clinical outcomes with the AM

technique, whereas 3 studies were unable to show any difference. Conclusions: In this systematic review of clinical and

biomechanical studies directly comparing AM and TT techniques for anterior cruciate ligament reconstruction (ACLR) in

the literature, there are mixed results, with some studies finding superior rotational stability and clinical outcomes with

the AM technique and some finding no difference. No studies showed significantly better results with the TT technique.

This study shows that the AM portal technique for ACLR may be more likely to produce improved clinical and biome-

chanical outcomes but that the TT technique is capable of producing similar outcomes. Level of Evidence: Level III,
systematic review of Level II and III studies plus cadaver studies.

Technical errors are often cited as the leading cause

of anterior cruciate ligament reconstruction

(ACLR) failure.1,2 The most common technical error is

nonanatomic tunnel placement with failure to recon-

stitute rotational stability.1,2 Historical techniques

placed the femoral tunnel high and medial within the

intercondylar notch.2,3 This reconstruction resulted in

stability of the knee in the sagittal plane and reduction

of laxity on Lachman testing.2,3 However, recent

anatomic studies have shown that femoral tunnels

placed in this location (11-o’clock position in a right

knee) are nonanatomic and may not reconstitute

rotational stability.4 Failure to eliminate the pivot-shift

phenomenon results in continued clinical instability

and may also increase the risk of graft failure. Clinical

instabilitywithpivot-shift testinghas been shown to be the

best predictor of postoperative patient dissatisfaction.3,5

Several authors have argued that nonanatomic tunnel

placement arises from errors in surgical technique.2,6-8

Anatomic tunnel placement is believed to result in

improved outcomes9 and should be the goal of ACLR

regardless of surgical technique. The most common

method for drilling the femoral tunnel is through the

tibial tunnel using the transtibial (TT) technique, which

is themethod of choice of 70% to 85%of themembers of

the American Orthopaedic Society for Sports Medicine,

according to a recent survey.10 Concerns that this

method may be contributing to clinical failure through

nonanatomic reconstruction led to the development of

the anteromedial (AM) technique, in which the femoral

tunnel is drilled through an accessory arthroscopic portal

with the knee hyperflexed.1-3 Proponents of the TT

technique argue that anatomic tunnel placement can be

achieved with appropriate surgical technique and avoids

complications that can occurwithAMportal drilling.11,12

Proponents of the AM technique argue that it avoids the

constraint of the tibial tunnel and therefore allows

a more anatomic femoral and tibial footprint placement

and better elimination of the pivot-shift phenomenon.1-3
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The purposes of this study were (1) to conduct

a systematic review of clinical and biomechanical

evidence directly comparing AM and TT femoral dril-

ling techniques in ACLR, (2) to provide treatment

recommendations based on the best currently available

evidence, and (3) to highlight gaps in the literature that

require future research. The hypothesis of this study

was that both techniques, if performed properly, would

be able to achieve translational and rotational stability.

Methods
A systematic review of the literature was performed

of the PubMed, Cochrane Database of Systematic

Reviews, BMJ Clinical Evidence, and Embase data-

bases. The search query terms used were as follows:

(anteromedial OR medial OR free-hand OR accessory)

AND (transtibial OR trans-tibial) AND (cruciate OR

ACL). The search was performed on December 9, 2012.

The search was limited to articles written in English.

Search terms were broad so as to encompass all possi-

bilities for applicable studies. All reviewed articles were

then manually cross-referenced to make certain no

relevant studies were missed.

The abstracts that resulted from these searches were

reviewed by the lead author. Inclusion criteria were

direct comparison of AM and TT femoral drilling tech-

niques for single-bundle ACLR. Both clinical and

cadaveric studies were included. Studies pertaining to

a single technique (i.e., without cohorts for both AM

and TT techniques) were excluded because a previous

systematic review has been performed on non-

comparative trials.10 The following exclusion criteria

were used: studies with fewer than 5 samples per group

and studies without clinical or biomechanical stability

outcomes. We excluded those studies with data only

pertaining to the anatomic or radiographic position of

the graft. Our rationale for the exclusion of such studies

was that they provide only indirect data on the effect of

tunnel drilling technique on rotational stability.

Therefore interpretation of these studies requires the

use of several assumptions about the effect of tunnel

position on rotational stability. Given that these

assumptions are examined by other studies included in

this analysis, studies without clinical or biomechanical

outcomes were excluded. We then obtained full articles

for those studies that directly compared AM and TT

techniques either in vivo or in vitro. The references of

each of these citations were manually screened to

ensure that no studies were missed. In addition, we

manually searched the tables of contents of the

following journals for the last 2 years for any additional

studies comparing these drilling techniques: Journal

of Bone and Joint Surgery; American Journal of Sports

Medicine; Clinical Orthopaedics and Related Research;

Arthroscopy; and Knee Surgery, Sports Traumatology, and

Arthroscopy. A Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) diagram shows

our study selection algorithm (Fig 1).

From the remaining studies, the following data were

extracted: author, journal of publication, year of

publication, sample size, method of tunnel placement,

results of any biomechanical testing, results of physical

examination testing, and standardized outcome results.

Biomechanical outcomes collected included anterior

tibial translation to an anterior tibial force (i.e., Lach-

man) and anterior tibial translation to a combined

valgus and internal rotation force (i.e., pivot shift).

Physical examination findings collected included

the distribution of Lachman grades, distribution of

pivot-shift grades, and results of KT-1000 arthrometer

(MEDmetric, San Diego, CA) testing. Standardized

outcomes collected included International Knee

Documentation Committee (IKDC) scores,13 Lysholm

scores,14 Tegner scores,15 and rates and time to return

to play. Study quality was judged based on the selection

criteria, study design, completeness of follow-up, clarity

of description of the intervention, clarity of description

of the outcome measure, and completeness of the data

provided.

Given the heterogeneity in study design, meta-

analysis was believed to be inappropriate, and thus no

attempt to statistically compare studies was made.

Instead, a description of these studies and interpretation

of their findings in combination is provided. All

Fig 1. Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) flowchart showing effect of exclu-

sion criteria on number of included studies. Initial literature

searches showed 254 citations; 9 ultimately were included.
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analyses were performed with Excel X (Microsoft,

Redmond, WA).

Results

Literature Review

Two hundred fifty-four citations were returned by

the initial search. After application of the inclusion

criteria, 51 studies comparing the AM and TT drilling

techniques remained. Of the 23 clinical studies, 17

were excluded because they did not contain any clin-

ical follow-up data or had fewer than 5 patients per

group. The vast majority of excluded studies reported

solely on radiographic measurement of osseous tunnel

or articular aperture position or size and intraoperative

measurement of osseous tunnel or articular aperture

position or size.7,8,16-23 Nine studies met our inclusion

criteria (Tables 1 and 2). Of the 29 cadaveric studies, 25

did not contain any biomechanical data examining

knee stability and reported solely on the length,

orientation, or position of the osseous tunnels or size or

position of the apertures of these tunnels.12,17,24-28

Only 4 studies reported on the biomechanical stability

of their cadaveric reconstructions (Table 1).12,29-31

Clinical Studies

Of the 5 clinical studies that provided direct compara-

tive outcomes between AM and TT techniques, 4 were

retrospective trials (Level of Evidence III) and 1 was

a lower-quality randomized clinical trial (Level of

Evidence II). The clinical studies included a total of 425

patients, 188 of whom underwent ACLR by the AM

technique and 237 of whom underwent ACLR by the TT

technique. For all but 1 study,32 theminimum follow-up

was 12 months. Three studies used autograft hamstring

tendons,33-35 and 2 studies used boneepatellar tendone

bone allografts and autografts.32,36 Of the authors using

a TT technique, none described using any specific

modifications of the TT technique to attempt to reach the

anatomic footprint of the anterior cruciate ligament

(ACL), although1 studydiddescribe aiming for the10- to

11-o’clock position.35One study described aiming for the

11-o’clock position,33 1 specifically described using an

unmodified technique,32 and 2 did not describe their

technique in sufficient detail to determine whether

a modified or unmodified technique was used.34,36

Several of these studies reported physical examina-

tion findings in patients postoperatively. Four of 5

studies reported findings of the Lachman test.32-34,36

Three of these studies showed no difference in the

number of patients with restoration of a normal Lach-

man test.33,34,36 Alentorn-Geli et al.32 found that

significantly more patients in their AM cohort than in

their TT cohort had a normal Lachman test at final

follow-up. Three of 5 studies examined their patients

with the pivot-shift test at final follow-up.32,34,36 One

study reported no difference in the number of patientsT
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with a normal pivot-shift test at final follow-up,

although the specific number of patients was not re-

ported.34 Two showed significantly more patients with

a normal pivot-shift test in their AM cohorts than in

their TT cohorts.32,36 Four of 5 studies examined their

patients with an instrumented Lachman test at final

follow-up, 3 of which showed no difference34-36 and 1

of which showed significantly lower mean KT-1000

average maximum manual displacement (in millime-

ters) in their AM cohort than in their TT cohort.32

Several studies reported on the clinical outcomes of

their patients. Only a single study reported outcomes

using the Tegner score, showing no difference between

the AM and TT cohorts.32 Only a single study reported

the mean time from surgery to return to play, finding

a significantly quicker return for the AM cohort.32

Four of 5 studies reported outcomes using the IKDC

system: 2 reported their results as “grades” (A, normal;

B, nearly normal; C, abnormal; and D, severely

abnormal)32,36 and 2 reported their results as subjec-

tive scores.33,34 Two of these studies reported signifi-

cantly more patients with higher IKDC grades and

significantly higher mean IKDC scores in the AM

cohort than the TT cohort,32,33 and 2 of these studies

reported no differences in the distribution of IKDC

grades or in mean IKDC scores.34,36 Four of 5 studies

reported outcomes using the Lysholm score: 3 found

no difference in mean Lysholm scores between the AM

and TT cohorts,32,35,36 and 1 found significantly higher

mean Lysholm scores in their AM cohort than in their

TT cohort.33

Qualitative evaluation of study quality showed signif-

icant weaknesses in all studies, including lack of a suffi-

cient description of overall study design (inclusion/

exclusion criteria and so on)34; lack of an adequate

description of surgical technique (i.e., techniques used in

tunnel placement)34,36; lack of adequate description of

study methodology (i.e., method of treatment alloca-

tion)35; lack of adequate reporting of results34; lack of

randomization32-34,36; lack of blinding of examiners32-36;

lack of power analyses to differentiate nonsignificant

results from type II error33-36; and lack of inclusion of

all patients, leading to concern for possible selection

bias.32

Cadaveric Studies

The 4 included cadaveric comparative biomechanical

studies analyzed a total of 58 knees, 29 of which

underwent reconstruction with the AM technique and

29 of which underwent reconstruction with the TT

technique. These studies biomechanically compared

knees using 2 methods that are analogous to the

Lachman and pivot-shift tests. In the Lachman analog,

anterior tibial translation (in millimeters) was measured

in response to varying degrees of anterior tibial force at

varying degrees of knee flexion. In the pivot-shiftT
a
b
le

2
.
S
u
m
m
a
ry

o
f
R
e
su
lt
s
o
f
T
ri
a
ls
C
o
m
p
a
ri
n
g
A
M

a
n
d
T
T
T
e
ch

n
iq
u
e
s
fo
r
D
ri
ll
in
g
F
e
m
o
ra
l
T
u
n
n
e
l
in

A
C
L
R
:
C
li
n
ic
a
l
S
tu
d
ie
s

A
u
th
o
r

Y
e
a
r

M
in
im

u
m

L
e
n
g
th

o
f

F
o
ll
o
w
-u
p
(m

o
)

N
o
.
o
f

P
a
ti
e
n
ts

T
u
n
n
e
l

T
e
ch

n
iq
u
e

K
T
-1
0
0
0
A
v
e
ra
g
e

M
a
x
im

u
m

M
a
n
u
a
l

D
is
p
la
ce
m
e
n
t
(m

m
)

N
o
.
o
f
P
a
ti
e
n
ts

W
it
h
N
e
g
a
ti
v
e

L
a
ch

m
a
n
T
e
st

N
o
.
o
f
P
a
ti
e
n
ts

W
it
h
N
e
g
a
ti
v
e

P
iv
o
t-
S
h
if
t
T
e
st

L
y
sh
o
lm

S
co
re

T
e
g
n
e
r
S
co
re

IK
D
C
G
ra
d
e
/S
co
re

T
im

e
F
ro
m

S
u
rg
e
ry

to

R
e
tu
rn

to
P
la
y
(m

o
)

A
le
n
to
rn
-G

e
li

e
t
a
l.
3
2

2
0
1
0

2
4

2
6

A
M

0
.2

�
1
.6
*

2
1
*

1
9
*

9
9
.3

�
2
.3

7
.8

�
1
.6

2
6
A
/B

*
7
*

2
1

T
T

1
.9

�
1
.8
*

1
1
*

7
*

9
7
�

7
.2

7
.1

�
1
.3

1
9
A
/B

*
8
*

K
im

e
t
a
l.
3
6

2
0
1
1

1
2

3
3

A
M

2
.8

2
8

3
0
*

8
8
.3

�
1
3
.1

N
R

3
2
A
/B

N
R

3
3

T
T

3
.1

2
7

2
6

7
7
.2

�
1
9
.3

N
R

3
1
A
/B

N
R

M
a
rd
a
n
i-
K
iv
i3
3

2
0
1
2

1
2

6
4

A
M

N
R

4
7

N
R

9
6
.1

�
3
.0
*

N
R

9
4
.8

�
3
.9
*

N
R

6
0

T
T

N
R

3
8

N
R

9
2
.2

�
3
.1
*

N
R

8
9
.2

�
4
.1
*

N
R

X
u
e
t
a
l.
3
4

2
0
1
1

1
2

1
9

A
M

1
.5
7
�

2
.1
4
,

n
o
d
if
fe
re
n
ce
s

V
a
lu
e
s
N
R
,

n
o
d
if
fe
re
n
ce
s

V
a
lu
e
s
N
R
,

n
o
d
if
fe
re
n
ce
s

N
R

N
R

8
7
.5

�
1
3
.3
,

n
o
d
if
fe
re
n
ce
s

N
R

5
3

T
T

N
R

N
R

N
R

Z
h
a
n
g
e
t
a
l.
3
5

2
0
1
2

1
2

1
9

A
M

1
.9
6
�

1
.0
2

N
R

N
R

9
5
.1

�
1
.0

N
R

N
R

N
R

5
3

T
T

2
.1
4
�

0
.9
1

N
R

N
R

9
4
.5

�
1
.1

N
R

N
R

N
R

N
R
,
re
su
lt
s
o
f
te
st

fo
r
su
b
g
ro
u
p
w
e
re

n
o
t
re
p
o
rt
e
d
.

*S
ta
ti
st
ic
a
ll
y
si
g
n
ifi
ca
n
t
d
if
fe
re
n
ce
s
(P
<

.0
5
).

1238 P. N. CHALMERS ET AL.



analog, anterior tibial translation (in millimeters) was

measured in response to a combined anterior tibial

load, valgus torque, and internal or external rotation

torque, again at varying degrees of knee flexion.

All 4 cadaveric studies measured anterior tibial

translation in response to an anterior tibial load, which

varied from 68 to 156 N. Three studies measured

translation at 30� of knee flexion,30,31,37 and 1 study

measured translation at 60� of knee flexion.29 Two

studies found significantly less anterior tibial translation

in those cadaveric knees reconstructed with the AM

technique than the TT technique using 68- and 156-N

loads at 30� of flexion.30,37 Two studies found no

differences in anterior tibial translation with 134-N

loads at 30� and 60� of flexion.29,31 Of note, these

studies also described dissections to analyze tunnel

position after testing, with 1 study achieving anatomic

femoral tunnel position with the TT technique by the

authors’ own criteria29 and 3 studies failing to achieve

anatomic femoral tunnel position with the TT tech-

nique by the authors’ own criteria.30,31,37

All 4 cadaveric studies reported anterior tibial trans-

lation in response to a combined anterior load, valgus

torque, and rotational torque. The force used for these

loads and torques varied between studies and was

unmeasured in 2 studies, which limits comparison

among studies. One study performed testing at 15� of

flexion,37 and 2 studies performed testing at 30� of

flexion.29,30 Whereas 1 study did report a significant

difference in mean anterior translation between

cadaveric knees reconstructed with the AM and TT

techniques,30 2 other studies were unable to show any

significant difference.29,37 One study performed manual

pivot-shift testing on their cadaveric legs, which con-

sisted of the mid thigh to distal calf and did not have

attached feet or hips.31 This study found all cadavers

reconstructed with the AM technique to have “normal”

pivot-shift tests and all cadavers reconstructed with the

TT technique to have a “glide” on pivot-shift testing.31

Qualitative evaluation of study quality showed

significant weaknesses in all studies, including lack of

a significant difference between the intact ACL and an

ACL-deficient knee, indicating a high likelihood of type

II error37; lack of a power analysis for nonsignificant

results37; lack of use of new cadavers for each test and

instead filling prior drill holes with cement29; lack of

examiner blinding31; and lack of measurement of

applied forces.31,37

Discussion
In this systematic review of clinical and biomechanical

studies directly comparing AM and TT techniques for

ACLR in the literature, 9 studies were identified with

conflicting results. Whereas 2 clinical studies32,36 and 2

cadaveric studies30,31 showed a significant difference in

the degree of rotational stability reconstructed, 1 clinical

study34 and 2 cadaveric studies29,37 showed no differ-

ence. Clinical outcomes were similarly mixed: Some

studies showed a significantly quicker return to play,32

better IKDC scores,32,33 and better Lysholm scores33 with

the AM technique, whereas other studies showed no

difference in Tegner scores,32 IKDC scores,34,36 or

Lysholm scores.32,35,36 No studies showed significantly

better results with the TT technique. This study shows

that the AM portal technique for ACLR may be more

likely to produce improved clinical and biomechanical

outcomes but that the TT technique is capable of

producing similar outcomes.

The results of ACLR are likely more dependent on

reproducing the normal ACL anatomy than the tech-

nique used to achieve this location. Although several

authors have argued that the centroid of the femoral

footprint of the ACL2,38,39 cannot be reached through

a TT approach,6 others have shown thatwith appropriate

modifications of the surgical technique, the TT technique

can achieve an anatomic reconstruction.4,38,40 These

modifications include use of an accessory transpatellar

tendon portal for placement of the tibial aiming device,

use of a tibial tunnel starting point at the junction of the

pes anserinus and medial collateral ligament fibers,

adequate rotation of the 7-mm offset femoral wire aimer

to improve lateralization, and adjustment of the tibial

aiming device so as to achieve 55� to 60� of angulation of

the tibial tunnel in the coronal plane.29,41 With these

technical modifications, the TT technique can provide

excellent long-term outcomes with very low failure

rates.42 In a large clinical study, Howell et al.4 retro-

spectively reviewed 119 patients who underwent ACLR

using theTT technique and showed that theTT technique

can lead to nonanatomic vertical graft placement and

failure to restore physiologic rotational laxity. However,

the vastmajority of cases with vertical grafts and residual

laxity were associated with 2 of their 5 surgeons, sug-

gesting that variations in surgical technique may allow

nonanatomic graft placement with the TT method

without necessitating vertical graft placement.

The AM technique may be more technically complex

and can involve a steep learning curve. The technique

was originally described using a difficult-to-maintain

hyperflexed position while the reamer is advanced over

a Beath pin that can impinge on and damage the medial

femoral condyle or anterior horn of themedialmeniscus.

The hyperflexed position can limit visualization, which

can be further obscured when the fat pad is displaced as

the reamer is introduced.43 In addition, the AM tech-

nique can lead to shorter femoral tunnels.25 Shorter

tunnels have been shown in an animal model to have

a decreased load to failure.44 Other theoretical concerns

with the AM technique include a potentially higher

frequency of graft-tunnel mismatch and the possibility

that it may be more difficult to ensure that an interfer-

ence screw is introduced collinear to the femoral tunnel.
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Thus the AM technique may predispose patients to

fixation complications or failure, and although clinical

evidence of these potential complications is thus far

lacking, surgeons using this technique must be familiar

with multiple methods of fixation for ACLR. An addi-

tional concern with the AM technique is the tendency to

“over-constrain” the knee, as shownbyBedi et al.37Over

time, excess graft tension can lead to graft breakdown

and failure, subluxation of the tibia, and increased

articular contact pressures.45,46 Finally, although the

increased freedom afforded by the AM technique can be

used to place the femoral tunnel in the anatomic foot-

print, the technique does not guarantee appropriate

tunnel placement, and thus vertical tunnels can be

created just as in TT techniques without proper knowl-

edge of the anatomy of the footprint. Given the ques-

tionable benefit offered by the AM technique in

conflicting comparative trials,29,30,32,37 surgeons may be

hesitant to switch to the AM technique. With 80% of

orthopaedists performing fewer than 10 ACLRs per

year,6 transitioning to this technique may be difficult

because most practicing orthopaedic surgeons have not

been trained on the technique.

Much of the literature comparing methods of ACLR

has been focused on the location of the femoral tunnel;

however, recently, more attention has been paid to the

location of the tibial tunnel. Modification of the TT

technique to improve femoral tunnel location may do

so by sacrificing anatomic tibial tunnel location.

Specifically, efforts to lateralize the femoral tunnel may

require medialization of the tibial tunnel into a nonan-

atomic position.47 The increased obliquity may also

shorten the tibial tunnel,26 which may weaken tibial

fixation44 and predispose patients toward graft-

construct mismatch. The increased obliquity may also

widen the aperture of the tibial tunnel37 and place the

extra-articular exit point close to the joint line17 and

through the medial collateral ligament.30 Other authors

have been concerned that the TT approach may lead to

posteriorization of the tibial tunnel, resulting in

a vertical graft construct in the sagittal plane48 or

possibly increased risk of graft rupture.9 In a cadaveric

study, Bedi et al.49 found that the more anterior the

tibial tunnel, the better the restraint against the anterior

translation of the lateral compartment. In a clinical

study evaluating the obliquity of ACL grafts in partici-

pants in the National Football League, Mall et al.50

found that tibial tunnels less than 37% posterior to the

anterior tibia had significantly improved anterior-to-

posterior stability as noted on Lachman examination.

Limitations

This systematic review has a number of limitations.

First, the quality of our conclusions is limited by biases

within the available literature. The included studies

have a number of important flaws, including a large

number of excluded patients, lack of randomization,

lack of blinding, lack of a power analysis, and hetero-

geneity in results depending on the outcome measure

selected. A further limitation is that the outcome

measures used may be insufficiently sensitive to diag-

nose clinically significant subtle rotational instability

experienced by patients. These issues limit the recom-

mendations that can be made. No definite conclusions

can be drawn from the literature at this time. The lack

of high-level clinical evidence in the literature calls for

the need for more research in this area. No Level I

studies have been conducted. Until such data are

available, any recommendation for 1 method of femoral

tunnel creation over another will be weakly supported.

Conclusions
In this systematic review of clinical and cadaveric

studies directly comparing AM and TT techniques for

ACLR in the literature, there are mixed results, with

some studies finding superior rotational stability and

clinical outcomes with the AM technique and some

finding no difference. No studies showed significantly

better results with the TT technique. This study shows

that the AM portal technique for ACLR may be more

likely to produce improved clinical and biomechanical

outcomes but that the TT technique is capable of

producing similar outcomes.
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