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Abstract

Background Several studies have recently shown better

restoration of normal knee kinematics and improvement of

rotator knee stability after reconstruction with higher

femoral tunnel obliquity. The aim of this study is to eval-

uate tunnel obliquity, length, and posterior wall blowout in

single-bundle anterior cruciate ligament (ACL) recon-

struction, comparing the transtibial (TT) technique and the

out–in (OI) technique.

Materials and methods Forty consecutive patients oper-

ated on for ACL reconstruction with hamstrings were

randomly divided into two groups: group A underwent a

TT technique, while group B underwent an OI technique.

At mean follow-up of 10 months, clinical results and

obliquity, length, and posterior wall blowout of femoral

tunnels in sagittal and coronal planes using computed

tomography (CT) scan were assessed.

Results In sagittal plane, femoral tunnel obliquity was

38.6 ± 10.2� in group A and 36.6 ± 11.8� in group B

(p = 0.63). In coronal plane, femoral tunnel obliquity was

57.8 ± 5.8� in group A and 35.8 ± 8.2� in group B

(p = 0.009). Mean tunnel length was 40.3 ± 1.2 mm in

group A and 32.9 ± 2.3 mm in group B (p = 0.01). No

cases of posterior wall compromise were observed in any

patient of either group. Clinical results were not signifi-

cantly different between the two groups.

Conclusions The OI technique provides greater obliquity

of the femoral tunnel in coronal plane, along with satis-

factory length of the tunnel and lack of posterior wall

compromise.

Level of evidence II, prospective study.

Keywords ACL � Femoral tunnel � Transtibial � Out–in

technique

Introduction

Although many studies have reported good results in the

short term after anterior cruciate ligament (ACL) recon-

struction, some concerns still remain. Historically, long-

term studies, not including recent knowledge on anatomical

femoral tunnel placement through the transportal (TP)

technique, have reported high incidence of joint degener-

ation (as much as 52–56 % at 12–13 years after surgery)

[1, 2], and an estimated 8–10 % of reconstructions result in

recurrent instability and in graft failure. Several authors

identify improper femoral tunnel placement as a common

reason of failure. The anatomical insertion of the ACL on

the femur lies very low in the notch, spreading between 11

and 9–8 o’clock, and the center lies lower than 11 o’clock

position [3]. Recommendations for femoral tunnel place-

ment include the over-the-top position [4], the central part

[5], and the posterosuperior part of the insertion area [6].

Frequently, grafts are placed too far anterior on the femur,

resulting in a vertically oriented graft [7]. Correct position

of the femoral tunnel has a great influence on knee kine-

matics and is considered a key factor for successful single-

bundle ACL reconstruction. Correct position in sagittal
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plane of the graft in ACL reconstruction has been recog-

nized as critical for restoration of normal knee kinematics

[8]. A 62.5 % incidence of graft failure can be expected

when the femoral tunnel is placed anterior [9]. However,

the importance of correct position of an ACL graft in

coronal plane has been underestimated. In recent years,

many authors have demonstrated biomechanical advan-

tages of recreating the obliquity of the ACL graft in coronal

plane [7, 10, 11]. Furthermore, it has been shown that a

vertically oriented graft in coronal plane is associated with

poor clinical results, resulting in persistent pivot shift [12].

Moreover, in recent years, many authors have shown better

restoration of normal knee kinematics and improvement of

rotator knee stability after reconstruction with higher

femoral tunnel obliquity [10, 11]. An oblique femoral

tunnel controls anterior tibial translation and internal tibial

rotation, which may correlate clinically with an absent

pivot shift.

With the introduction of arthroscopic-assisted ACL

reconstructions, different techniques for femoral tunnel

creation have been developed. The most popular technique

for femoral tunnel creation in ACL reconstruction is the

transtibial (TT) technique [13]. This technique has the

advantage of effecting an isometric, or near-isometric, graft

throughout knee range of motion [14]. However, advances

in anatomy and biomechanics of the knee have shifted the

concept of proper femoral tunnel position from the iso-

metric point to restoration of the anatomy of the ACL. It is

well documented that the ACL is made of two different

bundles, the anteromedial (AM) and posterolateral (PL),

with different specific functions, as the AM bundle controls

anteroposterior laxity whereas the PL bundle ensures

rotational stability, but working synergically so that they

cannot be considered as separate structures [15, 16].

Therefore, double-bundle reconstructions have been pro-

posed to replicate the anatomy of the native ACL, with

literature showing no definitive clinical superiority over

single-bundle techniques [17, 18]. Recent studies have

discussed the inability of TT drilling technique to accu-

rately position femoral tunnels within native ACL insertion

sites [3, 19–22] due to an inability to freely position the

femoral tunnel, as it is predetermined by the tibial tunnel

placement, allowing for limited adjustment [14, 23].

Independent drilling techniques, such as TP and out–in

(OI) techniques, have been developed to achieve more

accurate femoral tunnels independently from the tibial

tunnels. With these techniques, the orientation of the

femoral tunnel becomes more oblique in the coronal plane

than with the TT technique, with the potential advantage of

preventing anterior translation and internal rotation of the

tibia, as suggested by some recent biomechanical studies

[24–27].

The TP technique allows the femoral tunnel to be

reamed through the anteromedial portal or, as suggested by

some authors [28], creation of an accessory anteromedial

portal as inferior (close to the tibia) as possible for viewing

the femoral footprint [13, 29]. In this way, the surgeon has

more freedom to place the graft in the anatomical position

at 10 o’clock.

The double incision is the oldest and perhaps easiest

technique, but a second lateral incision is required.

The goal of this prospective study is to evaluate tunnel

obliquity, length, and posterior wall compromise in single-

bundle ACL reconstruction, comparing the TT in–out

technique and the two-incision OI technique. Our hypoth-

esis is that the OI technique provides more oblique place-

ment of the graft, closer to the anatomy of the ACL, in

comparison with the TT technique.

Materials and methods

Patients admitted from September 2014 to April 2015 with

diagnosis of ACL tear were enrolled in this study. All

patients were carefully evaluated; clinical assessment

included Lachman, pivot shift, and varus/valgus tests as

well as investigation of meniscal tears. Forty consecutive

patients (26 male, 14 female) gave consent for inclusion in

this study. Inclusion criteria were: chronic ACL tear

([2 months from injury); ACL tear revealed by positive

Lachman and pivot shift test (? to ???). Exclusion cri-

teria were: multiligamentous associated injuries as detected

by clinical examination (varus or valgus stress and poste-

rior drawer test positive) or magnetic resonance imaging

(MRI); previous knee surgery; age[40 years; body mass

index (BMI)[30 kg/m2. Patients with meniscal tear or

cartilage damage were included in the study.

The forty patients were randomly divided into two groups:

in group A (20 patients), reconstruction was performed with a

standard TT in–out technique. The tibial tunnel was always

drilled using a guide wire at 65� on the sagittal plane and 30�
on the axial plane. Graft fixation was performed with a

bioabsorbable screw (BioRCI-HA) on the tibial side and with

Endobutton (Smith and Nephew) on the femoral side.

In group B (20 patients), a two-incision OI technique

was performed: the tibial tunnel was drilled using a guide

wire, and the tibial guide was adjusted at 65� on the sagittal

plane and 30� on the axial plane. The femoral tunnel was

drilled through a second lateral small incision in an out–in

manner. Tibial fixation was performed with Evolgate (Ci-

tieffe, Bologna, Italy) and femoral fixation with Swing-

Bridge (Citieffe, Bologna, Italy). In both groups, a doubled

gracilis–semitendinosus tendon (DGST) graft was used and

all procedures were performed by the same surgeon (A.F.).
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All patients underwent standardized evaluation at fol-

low-up. This included assessment on Tegner and Lysholm

scales, International Knee Documentation Committee

(IKDC), and KT-1000 (MEDmetric, San Diego, CA) knee

arthrometric evaluation.

Moreover, CT evaluation was performed with a 16-slice

Philips MX 8000 MSCT scanner with postprocessing multi-

slab reconstruction on sagittal and coronal plane. MSCT

scanning was carried out from a level just above the femoral

external foramen to a level below the outer hole of the tibial

tunnel in order to visualize the position of the fixation device.

The slice thickness was 1 mm, with retroreconstruction of

0.75 mm made in all patients before postprocessing imaging

with multislab views. The obliquity, length, and posterior wall

blowout of femoral tunnels were assessed. In sagittal plane,

obliquity was defined by the angle subtended between the

tunnel and longitudinal axis of the femur (Fig. 1). In coronal

plane, the obliquity was defined by the angle subtended

between the femoral tunnel and the joint line (Fig. 2).

Tunnel length was evaluated on selected images, cal-

culating from intra-articular to extra-articular aperture

(Fig. 3). Posterior wall blowout was defined by any breach

in the posterior cortical wall of the tunnel. A senior mus-

culoskeletal radiologist and an orthopedic surgeon per-

formed all the measurements.

The data obtained from the study were analyzed using

the chi-squared test and Fisher exact test. p-Value less than

0.05 was considered significant.

Results

No differences were found between the baseline charac-

teristics of the two groups (Table 1). No postoperative

complications were recorded in either group.

In group A (20 patients), mean Lysholm score was

55.4 ± 9.4 preoperatively and 96.2 ± 3.3 points at follow-

up, with a decrease in mean Tegner value from 7.5 (range

5–10) before surgery to 6.5 (range 4–10) at follow-up.

Fig. 1 Sagittal obliquity defined by the angle subtended between the

tunnel and longitudinal axis of the femur. In this case, the angle is

32.5� for the in–out group (a) and 31.8� for the out–in group (b)

Fig. 2 The coronal obliquity is shown on these CT images. A line

parallel to the joint line and the femoral tunnel was used to calculate

the coronal obliquity. In this case the value is 59.8� for the in–out

group (a) and 39.1� for the out–in group (b)

Fig. 3 Tunnel length was evaluated on selected images, calculating

from intra-articular to extra-articular aperture

Table 1 Baseline characteristics

Variable Group A Group B

Age (years)* 32.5 ± 4.7 31.7 ± 5.1

Sex (M; F) 15; 5 14; 6

Dominant side involvement 13 13

Follow-up (months)* 10.1 ± 1.7 10.8 ± 1.5

Meniscal lesions (medial; lateral) 2; 3 2; 4

Chondral lesions (femur; tibia) 2; 0 1; 0

* Data presented as mean ± standard deviation
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Mean IKDC form at follow-up was 94.9 ± 3.8. Specifi-

cally, according to IKDC Knee Examination Form, 16

patients (80 %) were detected in group A (normal) and 4

patients (20 %) were detected in group B (nearly normal).

Lachman test was evaluated as negative in all patients

(100 %); Pivot-shift test was found to be negative (grade 0)

in 16 patients (80 %) and positive (grade 1) in 4 patients

(20 %). Arthrometric evaluation showed mean side-to-side

difference of 1.8 mm (range 0.3–2.3 mm) at maximum

manual handling between the involved and contralateral

healthy knee. Sixteen out of 20 patients (80 %) returned to

preinjury level of sport activities at a mean of

8.4 ± 1.3 months postoperatively. The remaining four

patients (20 %) had restricted their sport activities for

reasons other than knee problems.

In group B (20 patients), the mean Lysholm score was

55.7 ± 19.2 preoperatively and 97.1 ± 2.8 points at fol-

low-up, with a decrease in mean Tegner value from 7.2

(range 5–9) before surgery to 6.5 (range 4–9) at follow-up.

Mean IKDC form at follow-up was 95.1 ± 5.3. Specifi-

cally, according to IKDC Knee Examination Form, 16

patients (80 %) were detected in group A (normal) and 4

patients (20 %) were detected in group B (nearly normal).

Lachman test was evaluated as negative in all patients

(100 %); Pivot-shift test was found to be negative (grade 0)

in 18 patients (90 %) and positive (grade 1) in 2 patients

(10 %). Arthrometric evaluation showed mean side-to-side

difference of 1.7 mm (range 0.5–2 mm) at maximum

manual handling between the involved and contralateral

healthy knee. Seventeen out of 20 patients (85 %) had

returned to preinjury level of sport activities at a mean of

8.1 ± 1.9 months postoperatively. The remaining three

patients (15 %) had restricted their sport activities for

reasons other than knee problems.

No significant differences were detected for any of the

clinical parameters assessed between the two groups at

follow-up (Table 2).

The radiological evaluation of group A showed mean

femoral tunnel obliquity of 38.6 ± 10.2� in sagittal plane

(Fig. 1a) and 57.8 ± 5.8� in coronal plane (Fig. 2a), and

mean tunnel length of 40.3 ± 1.2 mm (Fig. 3a).

In group B, the mean femoral tunnel obliquity registered

was 36.6 ± 11.8� in sagittal plane (Fig. 1b) and

35.8 ± 8.2� in coronal plane (Fig. 2b), and mean tunnel

length was 32.9 ± 2.3 mm (Fig. 3b).

Statistical analysis showed a significant difference

between the two groups in femoral tunnel obliquity in

coronal plane (p = 0.009), with a more oblique femoral

tunnel placement registered in group B. Conversely, no

significant differences were found when comparing

femoral tunnel obliquity in sagittal plane between the two

groups (p = 0.62).

Comparing mean femoral tunnel length between the two

groups, the statistical analysis showed a significant differ-

ence (p = 0.01), with longer femoral tunnel registered in

group A (Table 3).

In both groups, no cases of posterior wall blowout were

observed.

Discussion

The most important finding of this study is that a significant

difference in femoral tunnel obliquity in the coronal plane

was found when comparing the TT technique with the OI

technique. Specifically, in the coronal plane, TT drilling

resulted in a more vertical femoral tunnel placement while

femoral tunnels drilled with an OI technique were found to

be more oblique, with approximately 20� greater obliquity

in coronal plane in comparison with TT drilling. Therefore,

the hypothesis of the study was confirmed. Moreover, no

cases of posterior wall blowout were observed, with no

cases of tunnel length less than 25 mm, in both groups.

However, this finding did not result in differences in the

clinical outcomes between the two groups at mean follow-

up of 10 months.

Correct selection of the femoral tunnel position is a

critical step in ACL reconstruction. The effect of different

placement of the femoral tunnel has been evaluated by

many authors. A femoral tunnel placed at 11 o’clock in the

intercondylar notch has been considered the standard and

has been accepted as the correct tunnel location for all

Table 2 Clinical findings at

follow-up, comparison between

groups

Variable Group A Group B p-Value

Lysholm score* 96.2 ± 3.3 97.1 ± 2.8 0.46

Tegner* 6.5 ± 2.5 6.5 ± 2.5 0.36

IKDC* 94.9 ± 3.8 95.1 ± 5.3 0.08

Lachman Negative (100 %) Negative (100 %) –

Pivot shift Grade 0: 16/20 (80 %)

Grade 1: 4/20 (20 %)

Grade 0: 18/20 (90 %)

Grade 1: 2/20 10 %)

–

KT-1000 (mm)* 1.8 ± 1.5 1.7 ± 1 0.2

* Data presented as mean ± standard deviation
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individuals [30, 31]. However, as the ACL does not func-

tion as a simple band of fibers with constant isometry, its

structural complexity seems to be not completely restored

by a reconstruction performed with this femoral placement.

Moreover, 11 o’clock femoral placement seems to be

insufficient to control complex rotatory loads [11].

According to biomechanical studies, oblique femoral tun-

nel placement in coronal plane results in better restoration

of normal knee kinematics and improvement of rotator

knee stability in comparison with a more vertical tunnel

[10, 11] with no differences under combined rotary loads

between double-bundle reconstruction and laterally placed

single-bundle reconstruction [32].

Lee et al. [33], performing ACL reconstruction with a TT

technique, reported that, in a subset of patients with vertical

graft orientation, clinical examination (pivot shift, KT-1000

measurements) and Lysholm score were significantly worse

in comparison with patients with a more oblique graft

placement. Similarly, Jespen et al. [8] found that a change in

the femoral tunnel placement, performed transtibially, from

1 o’clock position to 2 o’clock position (more oblique tun-

nel) resulted in a significant difference in the IKDC evalu-

ation form. Furthermore, Carson et al. [34] suggested that a

more vertical tunnel might not control internal tibial rota-

tion, which could result in persistent instability. However, in

our study, graft obliquity was not determined by the o’clock

description because this system lacks precision and is highly

dependent on subjective interpretation [35]. Moreover, none

of the above-mentioned studies used an out–in technique to

perform femoral tunnel drilling, so comparison with our

results appears to be difficult.

The single-incision TT ACL reconstruction technique

still seems to be the procedure most commonly performed

by orthopedic surgeons [36]. Nevertheless, when using an

in–out technique, the surgeon may not be able to place the

tunnel within the margins of the anatomical ACL footprint

[3]. In fact, femoral tunnel anatomical placement could be

achieved if the starting point is close to the tibial joint line,

resulting in a short tibial tunnel with concerns regarding

sufficient tunnel length for graft fixation and graft incorpo-

ration [23]. Therefore, as suggested by some authors [37], if

anatomical positioning of the femoral tunnel cannot be

achieved with TT drilling, then an alternative approach may

be indicated [38]. The TP technique has been shown to

allow for slightly greater femoral tunnel obliquity compared

with TT drilling [39]. However, a reported risk of the TP

technique for ACL femoral tunnel creation is short tunnel

length, which can result in reduced length of tendon graft

within the femoral bone tunnel [40, 41]. This is an issue for

surgeons desiring to avoid the risk of inadequate graft tissue

within a tunnel, particularly when using suspensory fixation

devices with fixed loop length, as the loop of the device

leaves less length of graft within the tunnel. In fact, the drill

angle in TP technique is somewhat constrained due to the

combination of knee hyperflexion and portal fixed position

just above the medial meniscus and lateral to the medial

femoral condylar articular cartilage. On the other hand, the

OI technique has the advantage of the flexibility of the over-

the-top guides, which allow intraosseous distance measure-

ment before drilling by observing marks on the guide pin

sleeve. Therefore, if the distance is too short, manipulation

of the drill angle and starting position can be performed to

achieve a longer tunnel before drilling, whereas with the TP

portal technique, intraosseous distance cannot be measured

before pin passage.

The results of the present study show that OI femoral

tunnel drilling achieved sufficient femoral tunnel length,

with no cases of posterior wall blowout and no cases of

tunnel length less than 25 mm. These results are in

agreement with those previously reported, particularly by

Lubowitz et al., who found, in a cadaveric model, mean OI

tunnel length of 34.1 mm, with no cases of tunnel less than

25 mm long, when compared with TP technique [42].

An explanation of these results is that the two-incision

OI technique allows the surgeon to center ACL footprint

regardless of tibial tunnel placement or knee flexion angle.

Thus, a more oblique femoral tunnel placement can be

achieved, without the constraint of a guide through the

tibial tunnel, limiting posterior tunnel blowout and shorter

tunnel length, as knee flexion is not determinant for good

visualization of the ACL femoral footprint.

This study has some limitations: First, the relatively

small number of patients enrolled, which was in part due to

the strict inclusion criteria; Second, the short-term follow-

up, which does not allow clear determination of whether

our results could affect clinical outcomes; Finally, it was

not possible to correlate radiological and clinical results

due to the relatively small number of patients enrolled.

Table 3 Radiological findings

at follow-up, comparison

between groups

Variable Group A Group B p Value

Femoral tunnel obliquity in sagittal plane 38.6 ± 10.2� 36.6 ± 11.8� 0.62

Femoral tunnel obliquity in coronal plane 57.8 ± 5.8� 35.8 ± 8.2� 0.009

Femoral tunnel length 40.3 ± 1.2 mm 32.9 ± 2.3 mm 0.01

* Data presented as mean ± standard deviation

Bold values correspond to statistcal significance
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However, while some authors [43] reported that bone

tunnels are easily detectable on lateral radiographs, many

others [44] reported problems concerning tunnel evaluation

with X-rays, suggesting CT scan as a more accurate

method to evaluate tunnel position [35].

Therefore, our use of CT scan for assessment of tunnel

orientation with the advantages of a consecutive series of

patients operated by the same surgeon using the same graft,

as demonstrated by the small variation (narrow standard

deviation) in tunnel positioning, could be considered a

strength of the present study.

In conclusion, the results of the present study show that

drilling the femoral tunnel with an OI technique results in

greater obliquity of the femoral tunnel in coronal plane, as

compared with the TT in–out technique. The OI technique

seems to be a good option for single-bundle ACL recon-

struction, when more oblique and anatomical femoral

tunnel placement is desired to reduce the risk of short

tunnel or posterior blowout.

Acknowledgements Neither the authors, their immediate family, nor

any research foundation with which they are affiliated received any

financial payment or other benefit from any commercial entity related

to the subject of this article.

Compliance with ethical standards

Conflict of interest Prof. Andrea Ferretti and Edoardo Monaco are

consultants for Arthrex. The other authors declare that they have no

conflict of interest.

Patient consent All the patients provided informed consent before

being enrolled.

Ethical approval This study conforms to the 1964 Helsinki Decla-

ration and its later amendments; the study was approved by the

responsible Ethics Committee or Institutional Review Board.

Funding For this study, there was no source of funding.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Lohmander LS, Ostenberg A, Englund M, Roos H (2004) High

prevalence of knee osteoarthritis, pain and functional limitations

in female soccer players twelve years after anterior cruciate

ligament injury. Arthritis Rheum 50:3145–3152

2. Salmon LJ, Russell VJ, Refshauge K, Kader D, Connolly C,

Linklater J, Pinczewski LA (2006) Long-term outcome of

endoscopic anterior cruciate ligament reconstruction with patellar

tendon autograft: minimum 13-year review. Am J Sports Med

34:721–732

3. Arnold MP, Kooloos J, Van Kampen A (2001) Single incision

technique misses the anatomical femoral cruciate ligament

insertion: a cadaveric study. Knee Surg Sports Traumatol

Arthrosc 9:194–199

4. Insall J, Joseph DM, Aglietti P, Campbell RD Jr (1981) Bone-

block iliotibial-band transfer for anterior cruciate insufficiency.

J Bone Joint Surg Am 63(4):560–569

5. Muneta T, Yamamoto H, Sakai H, Ishibashi T, Furuya K (1993)

Relationship between changes in length and force in vitro

reconstructed anterior cruciate ligament. Am J Sports Med

21:299–304

6. Shelbourne KD, Whitaker HJ, McCarroll JR, Retting AC,

Hirschman LD (1990) Anterior cruciate ligament injury: evalu-

ation of intra-articular reconstruction of acute tears without

repair. Two to seven year follow up of 155 athletes. Am J Sports

Med 18:484–488

7. Simmons R, Howell SM, Hull ML (2003) Effect of the angle of

the femoral and tibial tunnels in the coronal plane and incre-

mental excision of the posterior cruciate ligament on tension of

an anterior cruciate ligament graft: an in vitro study. J Bone Joint

Surg Am 85:1018–1029

8. Jespen CF, Lundberg-Jensen AK, Faunoe P (2007) Does the

position of the femoral tunnel affect the laxity or clinical outcome

of the anterior cruciate ligament reconstructed knee? A clinical

prospective randomized, double-blind study. Arthroscopy

23:1326–1333

9. Giron F, Buzzi R, Aglietti P (1999) Femoral tunnel position in

anterior cruciate ligament reconstruction using three different

techniques: a cadaver study. Arthroscopy 15:750–756

10. Loh JC, Fukuda Y, Tsuda E, Steadman RJ, Fu FH, Woo SL

(2003) Knee stability and graft function following anterior cru-

ciate ligament reconstruction: comparison between 11 o’clock

and 10 o’clock femoral tunnel placement. 2002 Richard O’Con-

nor Award paper. Arthroscopy 19(3):297–304

11. Scopp JM, Jasper LE, Belkoff SM, Moorman CT 3rd (2004) The

effect of the oblique femoral tunnel placement on rotational

constraint of the knee reconstructed using patellar tendon auto-

grafts. Arthroscopy 20(3):294–299

12. Kaseta MK, DeFrate LE, Charnock BL, Sullivan RT, Garret WE

Jr (2008) Reconstruction technique affects femoral tunnel

placement in ACL reconstruction. Clin Orthop Relat Res

466(6):1467–1474

13. Harner CD, Fu F, Irrgang JJ, Vogrin TM (2001) Anterior and

posterior cruciate ligament reconstruction in the new millennium:

a global perspective. Knee Surg Sports Traumatol Arthrosc

9:330–336

14. 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

single-bundle anterior cruciate ligament reconstruction: a sys-

tematic review. Arthroscopy 31(7):1412–1417

15. Girgis FG, Marshall JL, Monajem A (1975) The cruciate liga-

ments of the knee joint. Anatomical, functional and experimental

analysis. Clin Orthop Relat Res 106:216–231

16. Gabriel MT, Wong EK, Woo SL, Yagi M, Debski RE (2004)

Distribution of in situ forces in the anterior cruciate ligament in

response to rotatory loads. J Orthop Res 22:85–89

17. Saltzman BM, Cvetanovich GL, Nwachukwu BU, Mall NA,

Bush-Joseph CA, Bach BR Jr (2016) Economic analyses in

anterior cruciate ligament reconstruction: a qualitative and sys-

tematic review. Am J Sports Med 44(5):1329–1335

18. Kongtharvonskul J, Attia J, Thamakaison S, Kijkunasathian C,

Woratanarat P, Thakkinstian A (2013) Clinical outcomes of

double- vs single-bundle anterior cruciate ligament reconstruc-

tion: a systematic review of randomized control trials. Scand J

Med Sci Sports 23(1):1–14

J Orthop Traumatol

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


19. Tompkins M, Milewski MD, Brockmeier SF, Gaskin CM, Hart

JM, Miller MD (2012) Anatomic femoral tunnel drilling in

anterior cruciate ligament reconstruction: use of an accessory

medial portal versus traditional transtibial drilling. Am J Sports

Med 40:1313–1321

20. Robin BN, Lubowitz JH (2014) Disadvantages and advantages of

transtibial technique for creating the anterior cruciate ligament

femoral socket. J Knee Surg 27:327–330

21. Cain EL Jr, Clancy WG Jr (2002) Anatomic endoscopic anterior

cruciate ligament reconstruction with patella tendon autograft.

Orthop Clin North Am 33:717–725

22. Kohn D, Busche T, Carls J (1998) Drill hole position in endo-

scopic anterior cruciate ligament reconstruction: results of an

advanced arthroscopy course. Knee Surg Sports Traumatol

Arthrosc 6:S13–S15

23. Heming JF, Rand J, Steiner ME (2007) Anatomical limitations of

transtibial drilling in anterior cruciate ligament reconstruction.

Am J Sports Med 35(10):1708–1715

24. Bedi A, Musahl V, Steuber V, Kendoff D, Choi D, Allen AA,

Pearle AD, Altchek DW (2011) Transtibial versus anteromedial

portal reaming in anterior cruciate ligament reconstruction: an

anatomic and biomechanical evaluation of surgical technique.

Arthroscopy 27(3):380–390

25. Takeda Y, Iwame T, Takasago T et al (2013) Comparison of

tunnel orientation between transtibial and anteromedial portal

techniques for anatomic double-bundle anterior cruciate ligament

reconstruction using 3-dimensional computed tomography.

Arthroscopy 29:195–204

26. Robert HE, Bouguennec N, Vogeli D, Berton E, Bowen M (2013)

Coverage of the anterior cruciate ligament femoral footprint

using 3 different approaches in single-bundle reconstruction: a

cadaveric study analyzed by 3-dimensional computed tomogra-

phy. Am J Sports Med 41:2375–2383

27. Silva A, Sampaio R, Pinto E (2012) ACL reconstruction: com-

parison between transtibial and anteromedial portal techniques.

Knee Surg Sports Traumatol Arthrosc 20:896–903

28. Lubowitz JH (2009) Anteromedial portal technique for the

anterior cruciate ligament femoral socket: pitfalls and solutions.

Arthroscopy 25(1):95–101

29. Harner CD, Honkamp NJ, Ranawat AS (2008) Anteromedial

portal technique for creating the anterior cruciate ligament

femoral tunnel. Arthroscopy 24:113–115

30. Fu FH, Bennet CH, Ma CB, Menetrey J, Latterman C (2000)

Current trends in anterior cruciate ligament reconstruction. Part

II. Operative procedures and clinical correlations. Am J Sports

Med 28:124–130

31. Good L, Odensten M, Gillquist J (1994) Sagittal knee stability

after anterior cruciate ligament reconstruction with patellar ten-

don strip. A two-year follow-up study. Am J Sports Med

22:518–523

32. Yamamoto Y, Hsu WH, Woo SL, Van Scyoc AH, Takakura Y,

Debski RE (2004) Knee stability and graft function after anterior

cruciate ligament reconstruction: a comparison of a lateral and an

anatomical femoral tunnel placement. Am J Sports Med

32:1825–1832

33. Lee MC, Seong SC, Le S, Chang CB, Park YK, Jo H, Kim CH

(2007) Vertical femoral tunnel placement results in rotational

knee laxity after anterior cruciate ligament reconstruction.

Arthroscopy 23:771–778

34. Carson EW, Simonian PT, Wickiewicz TL (1998) Revision

anterior cruciate ligament reconstruction. Instr Course Lect

47:361–368

35. Hoser C, Tecklenburg K, Kuenzel KH, Fink C (2005) Postoper-

ative evaluation of femoral tunnel position in ACL reconstruc-

tion: plain radiograph versus computed tomography. Knee Surg

Sports Traumatol Arthrosc 13:256–262

36. Delay BS, Smolinski RJ, Wind WM, Bowman DS (2001) Current

practices and opinions in ACL reconstruction and rehabilitation:

results of a survey of the American Orthopaedic Society for

Sports Medicine. Am J Knee Surg 14:85–91

37. Kopf S, Forsythe B, Wong AK, Tashman S, Fu FH (2010) Non

anatomic tunnel position in traditional transtibial single bundle

anterior cruciate ligament reconstruction evaluated by three-di-

mensional computed tomography. J Bone Joint Surg Am

92:1427–1431

38. Clockaerts S, Van Haver A, Verhaegen J, Vuylsteke K, Leenders

T, Lagae KC, Verdonk P (2016) Transportal femoral drilling

creates more horizontal ACL graft orientation compared to

transtibial drilling: a 3D CT imaging study. Knee 23(3):412–419

39. Bedi A, Raphael B, Maderazo A, Pavlov H, Williams RJ (2010)

Transtibial versus anteromedial portal drilling for anterior cru-

ciate ligament reconstruction: a cadaveric study of femoral tunnel

length and obliquity. Arthroscopy 26:342–350

40. Golish S, Baumfeld J, Schoderbek R, Miller M (2007) The effect

of femoral tunnel starting position on tunnel length in anterior

cruciate ligament reconstruction: a cadaveric study. Arthroscopy

23:1187–1192

41. Neven E, D’Hooghe P, Bellemans J (2008) Double-bundle

anterior cruciate ligament reconstruction: a cadaveric study on

the posterolateral tunnel position and safety of the lateral struc-

tures. Arthroscopy 24:436–440

42. Lubowitz JH, Konicek J (2010) Anterior cruciate ligament

femoral tunnel length: cadaveric analysis comparing anterome-

dial portal versus outside-in technique. Arthroscopy

26(10):1357–1362

43. Behrend H, Stuts G, Kessler MA, Rukavina A, Giesinger K,

Kuster MS (2006) Tunnel placement in anterior cruciate ligament

reconstruction: quality control in a teaching hospital. Knee Surg

Sports Traumatol Arthrosc 14:1159–1165

44. Sommer C, Friederich NF, Muller W (2000) Improperly placed

anterior cruciate ligament grafts: correlation between radiological

parameters and clinical results. Knee Surg Sports Traumatol

Arthrosc 8:207–213

J Orthop Traumatol

123

View publication statsView publication stats

https://www.researchgate.net/publication/316842553

	In--out versus out--in technique for ACL reconstruction: a prospective clinical and radiological comparison
	Abstract
	Background
	Materials and methods
	Results
	Conclusions
	Level of evidence

	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References




