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technique showed longer femoral tunnel than the trans-
portal technique (34.0 vs. 36.8 mm, p = 0.001). The range 
of femoral tunnel was also wider in trans-portal technique 
than in outside-in technique. Although the outside-in tech-
nique showed significant acute graft bending angle than 
trans-portal technique in average values, the trans-portal 
technique showed wider ranges in graft bending angle than 
outside-in technique [ranges 73° (SD 13.6) vs. 53° (SD 
10.7), respectively].
Conclusions  Although both trans-portal and outside-in 
techniques in ACL reconstruction can provide relatively 
consistent in femoral and tibial tunnel locations, trans-
portal technique showed high variability in femoral tunnel 
length and graft bending angles than outside-in technique. 
Therefore, the outside-in technique in ACL reconstruction 
is considered as the effective method for surgeons to make 
more consistent femoral tunnel.
Level of evidence  III.

Keywords  Anterior cruciate ligament · Reconstruction · 
Trans-portal · Outside-in

Introduction

The one of the most important factors for successful 
ACL reconstruction is the making of accurate tunnels in 
anatomical position. However, several studies reported 
the difficulty of anatomical tunnel placement by the 
trans-tibial technique; hence, making femoral tunnels 
using anteromedial portal or outside-in techniques have 
become popular for anatomical ACL reconstruction [5, 
13, 22, 31].

Anteromedial portal or outside-in techniques can make 
femoral tunnels independently from tibial tunnels with 

Abstract 
Purpose  Although trans-portal and outside-in techniques 
are commonly used for anatomical ACL reconstruction, 
there is very little information on variability in tunnel 
placement between two techniques.
Methods  A total of 103 patients who received ACL recon-
struction using trans-portal (50 patients) and outside-in 
techniques (53 patients) were included in the study. The 
ACL tunnel location, length and graft–femoral tunnel angle 
were analyzed using the 3D CT knee models, and we com-
pared the location and length of the femoral and tibial tun-
nels, and graft bending angle between the two techniques. 
The variability in each technique regarding the tunnel loca-
tion, length and graft tunnel angle using the range values 
was also compared.
Results  There were no differences in the average of 
femoral tunnel depth and height between the two groups. 
The ranges of femoral tunnel depth and height showed 
no difference between two groups (36 and 41 % in trans-
portal technique vs. 32 and 41 % in outside-in technique). 
The average value and ranges of tibial tunnel location 
also showed similar results in two groups. The outside-in 
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more anatomical tunnels than the trans-tibial technique [10, 
18, 22, 25, 26, 28, 32]. Anatomical studies using cadav-
ers have provided a better understanding of the footprint 
anatomy of ACL [7–9, 14, 21]. However, the application 
of the knowledge of ACL anatomy to tunnel positioning 
under arthroscopic view remains a challenge. Although it is 
important to determine which techniques provide consist-
ent and reproducible ACL reconstruction, there is very lit-
tle information on variability in femoral tunnel placement 
between the trans-portal and outside-in techniques [30]. 
Moreover, some studies reported that the femoral tunnel 
position showed large variability in trans-portal technique 
in ACLR due to different knee flexion angles [1].

The purpose of this study was to compare the tibial and 
femoral tunnel locations, as well as tunnel lengths and 
graft bending angles between trans-portal and outside-in 
techniques in ACL reconstruction. The variability of them 
between the two techniques in ACL reconstruction was also 
determined. The hypothesis was that the outside-in tech-
nique in ACL reconstruction is a more reliable method for 
consistent anatomical tunnel position in ACL reconstruc-
tion by reducing the variability of tunnel locations.

Materials and methods

One hundred and three patients who received ACL recon-
struction using trans-portal (50 patients) and outside-in 
techniques (53 patients) by four surgeons were included in 
the study according to the intra-operative method used for 
femoral tunnel drilling. The four participating surgeons in 
this study had previously performed more than 100 ACL 
reconstructions. The femoral tunnels were drilled using the 
portal technique through accessory anteromedial portal by 
two surgeons (50 cases) and outside-in technique by two 
surgeons (53 cases).

For ACL reconstruction, tibial tunnel preparation using a 
drill guide (ConMed Linvatec, Largo, FL, USA) at 45°–50° 
within the centre of the ACL insertion was made in both 
techniques. Notchplasty was not performed in any knee in 
either group during reconstruction. The tibialis allograft 
or hamstring autograft were fixed using a bio-interference 
screw and screw washer for tibial side in both groups with 
the knee in 10°–20° of flexion. The femoral tunnel was cre-
ated at the centre of the footprint from the accessory anter-
omedial portal at about 110°–120° of knee flexion under 
arthroscopic visualization through anterolateral portal in 
trans-portal technique [10, 26]. However, in the outside-
in technique, the femoral tunnel was placed using femoral 
guide (Arthrex, Naples, Florida) through anterolateral por-
tal under arthroscopic visualization from accessory antero-
medial portal at the centre of the footprint at about 70°–90° 
of knee flexion [23].

The institutional (Chonnam national university Hwasun 
hospital) review boards approved the study design (TPM-
15-155), and the written consents were obtained from all 
patients to undergo computed tomography (CT) scan after 
ACL reconstruction using the same scanning protocol. The 
ACL tunnel location, length and graft–femoral tunnel angle 
were analyzed using the 3D knee models with tunnels.

The location and length of the femoral and tibial tunnels, 
and graft bending angle were compared between the two 
techniques. The inter-surgeon variabilities in each tech-
nique regarding the tunnel location, length and graft tunnel 
angle using ranges and standard deviation (SD) were also 
compared.

Measurement of tunnel location and length, and graft 
bending angle

Computed tomography (CT) knee scans (GE Medical Sys-
tems, Milwaukee, WI, USA) at a 0° of knee flexion were 
performed between 2 and 6  weeks after the ACL recon-
struction with the patients’ consent. 3D models of the 
distal femur, proximal tibias including bony tunnels were 
created using DICOM CT images by Mimics 12.0 soft-
ware (Materialise, Leuven, Belgium). For the measure-
ment of femoral tunnel, the axis of diaphysis was deter-
mined and rotated the 3D model to exactly overlapped 
medial and lateral femoral condyle, which was similar to 
direct lateral radiograph. After removing the medial femo-
ral condyle at the top of intercondylar notch virtually, the 
medial–lateral (M–L) view of the lateral femoral condyle 
was taken at the true lateral position for the measurement 
of the femoral tunnel position. The top view of the proxi-
mal tibia was taken for measurement of the tibial tunnel 
position [25, 30].

The measurement method for the femoral tunnel loca-
tion was adapted from the quadrant method described by 
Bernard et al. [4]. The depth of the femoral tunnel (A/D) 
was measured from the centre of the tunnel to the deep-
est subchondral bone contour (A) in the percentage of 
the D (lateral femoral condyle diameter along intercon-
dylar notch roof). The height of the femoral tunnel (B/H) 
was evaluated and expressed from the centre of the tun-
nel to the intercondylar notch roof (B) as in percentages 
of the H (intercondylar notch roof height) (Fig.  1). The 
measurement of the tibial tunnel position was by the 
method of Lertwanich (Fig. 2) [15]. The tibial tunnel posi-
tion was quantified from the anterior border (A) and the 
medial border (B) of this reference frame and expressed 
in percentages of the total anteroposterior distance (D) 
and mediolateral width (W) of the proximal tibia (A/D, 
B/W). The lengths of the femoral and tibial tunnels were 
also measured on 3D models (Fig.  3). The tunnel length 
was defined the length of line between the centre point of 
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outer apertures of femoral or tibial tunnels and the centre 
points of inner aperture of femoral or tibial tunnel. The 
graft bending angle at the femoral tunnel was measured as 
the angle between axis of femoral tunnel and the graft axis 
(Fig. 3) [25].

All measurements for each model were performed 
using Mimics 12.0 software (Materialise, Leuven, Bel-
gium). Two orthopaedic surgeons (independent observers 
who were blinded to surgical group during measurement) 
measured tunnel position. They carried out the measure-
ment twice with an interval of 2 weeks. They were blinded 
to each other’s measurement, as well their own prior 
measurement.

Statistical analysis

Sample size was estimated based on results of the first 
twenty patients in this study (first ten cases in the trans-por-
tal group and first ten cases in the outside-in group). Forty-
four patients per group were needed to detect a 4.5° differ-
ence with 7.5° SD in graft bending angle between groups 
(power = 0.8 confidence level 0.05). This size also satisfied 
a power of 80  % to detect a difference of 3.3  mm with a 
5.5 mm SD in the femoral tunnel length between the groups.

All statistical analyses were performed using SPSS 
for Windows (version 16; SPSS, Chicago, Illinois). Inter-
observer reliabilities were measured using the intraclass cor-
relation coefficient (ICC), and normal data distribution was 
evaluated using the Kolmogorov–Smirnov test. The inde-
pendent t test was used for comparison of tunnel location, 
length and graft bending angles between the two groups 
for inter-technique variability. For inter-surgeon variability 
analysis, mean values, SDs and the range between surgeons 
in tunnel location, length and graft bending angles were cal-
culated (absolute in mm or degree and relative in %) and 
compared between two surgeons in each technique (i.e. 
trans-portal and outside-in techniques). Scatter plots were 
generated for inter-technique variability in each parameter. 
All statistical significance was accepted for p values of 
<0.05. The inter-observer reliabilities for the measurement 
of tunnel position (0.79–0.88), tunnel length (0.85–0.91) 
and graft bending angles (0.71–0.85) were quite high.

Fig. 1   Position of femoral tunnel based on the Bernard quadrant 
method. H lateral femoral condyle height, D lateral femoral condyle 
diameter

Fig. 2   Position of tibial tunnel based on the Lertwanich method. W 
width of tibial condyle, D anteroposterior dimension of tibial condyle

Fig. 3   Measurements of the tunnel length and graft bending angle. 
AB femoral tunnel length, CD tibial tunnel length, ɑ graft bending 
angle
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Results

The depth of femoral tunnel from the posterior wall was 
similar between the two groups (31 ± 7 % in trans-portal 
and 31 ± 7 % in outside-in techniques, p = n.s). Moreover, 
there was no difference in height of femoral tunnel from 
inferior femoral condyle between the two groups (42 ± 8 % 
in trans-portal and 40  ±  9  % in outside-in techniques, 
p  =  n.s). In terms of inter-surgeon variability in each 
group, the ranges of femoral tunnel depth and height were 
36 and 41 % in trans-portal technique and 32 and 41 % in 
outside-in technique (Table 1, Fig. 4).The mean anteropos-
terior position of tibial tunnel was 41 ± 8 % in trans-portal 
and 44 ± 6 % in outside-in techniques (p = n.s), and the 
mean mediolateral position of tibial tunnel was 46 ± 3 % 
in trans-portal and 45  ±  4  % in outside-in techniques 

(p = n.s). In terms of tunnel location, the ranges of tibial 
tunnel anteroposterior position (31 and 25 % in trans-portal 
and outside-in techniques) were wider than the mediolat-
eral positions (13 % in trans-portal and 16 % in outside-in 
techniques) (Table 2; Fig. 5).

The outside-in technique showed greater femoral tun-
nel length than the trans-portal technique (36.8 ±  4.3 vs. 
34.0 ±  6.6  mm, p =  0.001). The range of femoral tun-
nel was wider in trans-portal technique (28  mm) than in 
outside-in technique (18  mm). However, the tibial tunnel 
length showed similar results in terms of average values 
(38.9 ± 4.9 mm in trans-portal vs. 37.2 ± 4.7 mm in out-
side-in techniques) and ranges (18 and 21 mm) (Table 3).

Although the outside-in technique showed signifi-
cant acute angle between graft and femoral tunnel than 
trans-portal technique in average values (98.7 ± 10.7° vs. 

Table 1   Depth and height of the femoral tunnel

Avg. average, SD standard, Min minimum, Max maximum

Trans-portal (%) Outside-in (%) p value

A/D (depth)

 Avg. 31 31 n.s

 SD 7 7

 Min 16 21

 Max 52 52

 Range 36 31

B/H (height)

 Avg. 42 40 n.s

 SD 8 9

 Min 22 17

 Max 64 58

 Range 42 41

Fig. 4   Scatter plotting showing the distribution of femoral tunnel 
proportional depth (A/D) and height (B/H) positions

Table 2   Anteroposterior and mediolateral positions of tibial tunnel

Avg. average, SD standard, Min minimum, Max maximum

Trans-portal (%) Outside-in (%) p value

A/D (AP)

 Avg. 41 44 n.s

 SD 8 6

 Min 26 31

 Max 58 58

 Range 52 27

B/W (ML)

 Avg. 46 45 n.s

 SD 3 4

 Min 37 30

 Max 51 54

 Range 14 24

Fig. 5   Scatter plotting showing the distribution of tibial tunnel pro-
portional anteroposterior (A/D) and mediolateral (B/W) positions
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112.4  ±  13.6°, respectively), the trans-portal technique 
showed more variable ranges than outside-in technique 
(ranges 73° vs. 53°, respectively) (Table 4; Fig. 5).

Discussion

The main finding of this study was that trans-portal tech-
nique showed high variability in femoral tunnel length and 
graft bending angles than outside-in techniques although 
both trans-portal and outside-in techniques in ACL recon-
struction can provide relatively consistent femoral and tib-
ial tunnel locations. Moreover, the bending angle between 
graft and femoral tunnel at extension was significantly 
acute in outside-in technique than in trans-portal technique.

The trans-portal or outside-in techniques in ACL recon-
struction are recommended over the traditional trans-tibial 
technique for the making of an anatomical femoral tun-
nel in ACL reconstruction [10, 24–26, 32]. Although both 
techniques provide more anatomical femoral tunnel than 
standard trans-tibial technique, the variability in tunnel 

placement of two techniques is not known. Consistent with 
other results [24–26, 32], we found both techniques could 
provide horizontal anatomical femoral tunnel positioning 
(42 and 40  % height in trans-portal and outside-in tech-
niques, respectively). Moreover, both techniques showed 
wide ranges (about 40  %) in femoral tunnel depth and 
height without intergroup differences. It is likely that both 
techniques may not provide constant femoral tunnel posi-
tion, which might be due to inherent error of arthroscopic 
view and different flexion angles during femoral tunnel 
placement.

Although the location of tibial tunnel is a little posterior 
to avoid roof impingement in traditional ACL reconstruc-
tion, the tibial tunnel is placed in the centre of footprint in 
current anatomical ACL reconstruction [11, 20]. Although 
we could make anatomical tibial tunnel regardless of tech-
niques in this study, wider variability was noted in the 
anteroposterior than in the mediolateral position of the 
tibial tunnel (ranges, 32  % in AP and 14  % in ML posi-
tion). These results were similar to Topliss and Webb’s 
study [27]. They found higher variability between surgeons 
on the tibial sagittal depth measure than on the tibial place-
ment in the coronal plane. It is likely that inter-surgeon 
variability reflects the range of preferences and occasional 
error inherent to ACL reconstruction.

The trans-portal technique for ACL reconstruction has 
a well-known risk of short femoral tunnel length, which is 
consistent with the results of our study (34.7 mm in trans-
portal group) [3, 6, 16, 22, 29]. Moreover, the length of 
femoral tunnel in outside-in techniques was also a little 
shorter than the previously reported results of trans-tibial 
techniques. However, the variability of tunnel length was 
wider in trans-portal technique than in outside-in tech-
niques (34 vs. 36.8 mm).

Recently, it was reported in several studies that trans-
portal technique in ACL reconstruction had a risk of acute 
angle between the graft and the femoral tunnel in exten-
sion [12, 17, 22–24, 28]. Kim et  al. [12] showed that the 
graft bending angle was more acute in outside-in technique, 
which was consistent with the result of this study (115.6° 
in trans-portal and 98° in outside-in techniques). However, 
the range of graft bending angle was more variable in trans-
portal technique than in outside-in technique, which might 
be due to different flexion angles in trans-portal technique 
[2, 19].

For interpretation of the study results, the following 
points need to be considered. First, this study lacks any 
report of clinical outcome differences within the tech-
nique or among surgeons. It is unclear what magnitude 
difference in tunnel measurement constitutes a significant 
clinical difference. Second, this study included only four 
surgeons (two each in trans-portal and in outside-in tech-
niques). Third, the measurement of femoral tunnel using 

Table 3   Comparison of femoral and tibial tunnel lengths between 
two techniques

Avg. average, SD standard, Min minimum, Max maximum

Trans-portal (mm) Outside-in (mm) p value

Femur

 Avg. 34.0 36.8 <0.001

 SD 6.6 4.3

 Min 21.0 26.3

 Max 49.9 44.9

 Range 28.9 18.6

Tibia

 Avg. 38.9 37.2 n.s

 SD 4.9 4.7

 Min 29.6 28

 Max 47.1 49.4

 Range 17.5 21.4

Table 4   Comparison of graft bending angle at femoral tunnel 
between two groups

Avg. average, SD standard, Min minimum, Max maximum

Trans-portal (°) Outside-in (°) p value

Avg. 112.4 98.8 <0.001

SD 13.58 10.7

Min 79.2 69.8

Max 154.7 122.9

Range 75.5 53.1
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the Bernard’s method was determined on the radiographs, 
not in the CT image. However, several studies [12, 20, 23, 
25] used this method to evaluate femoral tunnel location on 
the CT images. Last, surgeon’s preference or inherent error 
could reflect the range of tunnel variability.

Conclusions

Although both trans-portal and outside-in techniques in 
ACL reconstruction can provide relatively consistent in 
femoral and tibial tunnel locations, trans-portal technique 
showed high variability in femoral tunnel length and graft 
bending angles than outside-in techniques. The graft tun-
nel angle showed significant acute angle in outside-in 
technique. Therefore, the outside-in ACL reconstruc-
tion can be considered as the more effective method for 
surgeons to make consistent tunnel than the trans-portal 
technique.
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