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Abstract
Purpose It is proposed that central femoral ACL graft placement better controls rotational stability. This study evaluates 
the consequence of changing the femoral tunnel position from the AM position drilled transtibially to the central position 
drilled transportally. The difference in ACL graft failure is reported.
Methods This prospective consecutive patient single surgeon study compares the revision rates of 1016 transtibial hamstring 
ACL reconstructions followed for 6–15 years with 464 transportal hamstring ACL reconstructions followed for 2–6 years. 
Sex, age, graft size, time to surgery, meniscal repair and meniscectomy data were evaluated as contributing factors for ACL 
graft failure to enable a multivariate analysis. To adjust for the variable follow-up a multivariate hazard ratio, failure per 100 
graft years and Kaplan–Meier survivorship was determined.
Results With transtibial ACLR 52/1016 failed (5.1%). With transportal ACLR 32/464 failed (6.9%). Significant differences 
between transportal and transtibial ACLR were seen for graft diameter, time to surgery, medial meniscal repair rates and 
meniscal tissue remaining after meniscectomy. Adjusting for these the multivariate hazard ratio was 2.3 times higher in the 
transportal group (p = 0.001). Central tunnel placement resulted in a significantly 3.5 times higher revision rate compared 
to an anteromedial tunnel placement per 100 graft years (p = 0.001). Five year survival was 980/1016 (96.5%) for transtibial 
versus 119/131 (90.5%) for transportal. Transportal ACLR also showed a significantly higher earlier failure rate with 20/32 
(61%) of the transportal failing in the first year compared with 14/52 (27%) for transtibial. (p = 0.001.)
Conclusion Transportal central femoral tunnel ACLR has a higher failure rate and earlier failure than transtibial AM femoral 
tunnel ACLR.
Level of evidence Level II—prospective comparative study.
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Introduction

Based on anatomical time zero biomechanical and clinical 
studies, “Anatomic ACL reconstruction” with a central fem-
oral ACL footprint has been advocated to improve rotatory 

knee stability and outcome, with the aim of reducing post-
ACL reconstruction osteoarthritis [2, 4, 6–8, 11, 15–17, 23, 
25]. In response to these studies many surgeons changed 
their surgical technique from a transtibial approach which 
results in a high-anteromedial femoral tunnel placement to 
a transportal technique, in which the femoral tunnel position 
can be placed centrally in the ACL footprint.

When changing to the transportal central footprint the 
senior author found a higher and earlier ACL graft rupture 
rate. The Danish ACL registry [28] reported a significantly 
higher failure rate with transportal ACL reconstruction com-
pared with transtibial ACL reconstruction. In response to the 
senior author’s early findings and the Danish Registry study 
[28] a study to determine whether there was a higher ACL 
graft failure rate in the senior authors hands was performed.
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The hypothesis was that the central femoral footprint 
transportal technique would have a higher failure rate than 
the AM femoral footprint transtibial technique.

The Danish Registry studies [28] have proposed that the 
technique learning curve is the reason for the higher failure 
with a transportal technique. This study reports the experi-
ence of a high volume ACL surgeon. A significant increase 
in failure rate is thus unlikely to be due the learning curve 
enabling an analysis of other factors.

Materials and methods

A prospective cohort of 1480 consecutive patients who 
underwent ACL hamstring reconstruction surgery performed 
by a single surgeon between 2000 and 2013 were included 
in this study. In 1016 cases from 2000 to 2009, ACL recon-
struction was performed using a transtibial technique, uti-
lizing an oblique shallow tibia tunnel with an eccentrically 
place femoral tunnel within the original ACL footprint in the 
anteromedial bundle region. This technique enables the graft 
to lie within the femoral footprint, thus it is anatomically 
placed. It is thus different from the vertical ACL graft that 
is commonly criticized with the transtibial technique which 
is placed outside the anatomical femoral footprint.

The surgical technique was changed in 2009 to a trans-
portal technique, in which the tibial and femoral tunnel were 
drilled separately, resulting in a longer and more anteriorly 
located tibial tunnel as well as a femoral tunnel placed cen-
trally in the ACL footprint.

Graft fixation was similar in both groups.
Similar suspensory devices (Smith and Nephew, Endobut-

ton Continuous Loop or Arthrex, Retrobutton RT) were used 
for femoral fixation while an intra tendon tibial screw and 
sheath device (Mitek, Intrafix or Arthrex, Graftbolt) were 
used for tibial fixation. All patients underwent the same ACL 
rehabilitation and return to activity program.

Patients were followed for a minimum of 2 years. The 
revision rate of transtibial hamstring ACL reconstructions 
followed for 6–15 years was compared with transportal ham-
string ACL reconstructions followed for 2–6 years. ACL 
failure was determined by clinical failure and MRI confir-
mation with or without subsequent ACL revision surgery.

In addition, patient age, sex, graft size, time to surgery, 
as well as data regarding meniscal repair and meniscectomy 
procedures were collected and evaluated as contributing fac-
tors for ACL graft failure to enable a multivariate analysis.

Ethical approval was granted by the New Zealand Ethics 
Committee to evaluate this ACL cohort.

Statistical analysis

To adjust for the variation in follow-up of the two groups 
three statistical methods were evaluated. The hazard ratio, 
failure per 100 graft years and a Kaplan–Meier survivorship.

Figure 1 arthroscopic femoral tunnel positions.

Results

The revision rate after ACLR using a transtibial technique 
was 5.1% (52 revisions from 1016 ACL reconstructions). 
The revision rate after ACLR using a transportal technique 
was 6.9% (32 revisions from 464 ACL reconstructions). As 
the two groups had a different follow-up period the hazard 
ratio was utilized to adjust for the longer follow-up of the 
transtibial group. A transportal ACLR technique showed 
a significantly 2.4 times higher hazard ratio compared to 
a transtibial ACLR technique (p = 0.001).

Other factors were shown to be contributory to ACL 
failure (Table 1).

Significant differences were seen regarding graft diam-
eter, time to surgery, medial meniscal repair rates and medial 
and lateral percent of remaining meniscal tissue after partial 
meniscectomy procedures No significant difference was seen 
regarding patient age, sex, or lateral meniscal repair rates.

Fig. 1  Arthroscopic tunnel position
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A multivariate hazard ratio was thus determined to adjust 
for these possibly confounding variables.

After adjustment for all factors, the multivariate hazard 
ratio was significantly 2.3 times higher in the transportal 
group compared to the transtibial group (p = 0.001).

Another statistical method to adjust for variable follow-up 
is to evaluate the failures per 100 graft years. This evaluation 
is common place in joint registries. The transportal revi-
sion rate showed 0.14 failures per 100 graft years, while the 
transtibial revision rate showed 0.04 failures per 100 graft 
years. Thus, a central femoral tunnel placement resulted in 
a significantly 3.5 times higher revision rate compared to an 
AM tunnel placement per 100 graft years (p = 0.001).

Kaplan–Meier survivorship at 5 years was 980/1016 
(96.5%) for transtibial versus 119/131 (90.5%) for AM femo-
ral tunnel (Fig. 2).

Furthermore, the transportal ACLR technique showed 
a significantly higher earlier failure rate as 61% of the 
transportal ACL graft failures occurred in the first year 

post-surgery, while 27% of the transtibial ACL graft failures 
occurred in the first year post-surgery (p = 0.001). Finally, 
smaller graft diameter, younger patient age and concomitant 
medial meniscal repair procedures resulted in a significantly 
higher revision rate.

Discussion

The most important finding of this study is that moving the 
femoral tunnel from an anteromedial position drilled tran-
stibially to a central position drilled transportally resulted in 
a higher and earlier ACLR failure.

In the early 1990s the all arthroscopic transtibial ACL 
reconstruction technique was popularized. This resulted in 
a more vertical graft with a femoral tunnel that was often 
outside the native ACL footprint. This was combined with a 
posteriorly placed tibial tunnel, which enabled the femoral 
tunnel to be placed at the back of the notch and avoid graft 
notch impingement.

The move to a central femoral tunnel placement, followed 
a period of popularity of double-bundle techniques and was 
based on anatomical studies showing a large femoral foot-
print that was more forward (distal) and lower (posterior) 
than the transtibially drilled femoral tunnel [11].

Time zero biomechanical studies of a centrally placed 
graft showed better rotational control than grafts placed out-
side the femoral footprint [2, 6, 7, 15–17, 23]. It was, there-
fore, proposed that the central femoral graft position with its 
more normal knee kinematics would reduce the incidence of 
graft failures, meniscal re-tears and further chondral dam-
age and thus decrease the incidence of osteoarthritis [4, 11].

Table 1  Patient demographic and surgery related data with statistical 
significance regarding transtibial and transportal ACLR groups

Transtibial Transportal p-value

Age (years) 32.1 32.3 ns
Sex (female/male) 35/65 36/64 ns
Graft diameter (mm) 7.8 7.7 0.02
Time to surgery (months) 15.5 24.5 0.001
Medial meniscus % remaining 87.4 91.3 0.001
Lateral meniscus % remaining 93.6 95.3 0.028
Medial meniscal repair % 24.1 16.4 0.001
Lateral meniscal repair % 7.2 5 ns

Fig. 2  Proportion of revision 
free ACL reconstructions 
over time for the transtibial 
and transportal ACLR group 
respectively
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Two clinical studies have evaluated this by comparing 
ACL grafts placed outside the femoral footprint with a cen-
trally placed ACL graft.

In the MOON group study [8], it was shown that the tran-
stibial group had a 1.8X higher rate of subsequent meniscal 
surgery and a 3.4X higher rate of chondral surgery 6 years 
post-procedure than the transportal group.

In the Oxafor et al. study [25] non-anatomic graft place-
ment demonstrated a significant decrease in cartilage thick-
ness along the medial intercondylar notch in the operative 
knee relative to the intact knee (8%) while in the anatomic 
graft placement group, no significant changes were observed. 
It is, however, important when evaluating the significance 
of this paper that no differences were observed elsewhere in 
the knee and the area where changed occur was small and 
takes minimal load.

It is important to appreciate that these studies that criti-
cized the transtibial technique placed a vertical ACL graft 
outside of the femoral ACL footprint which was not the case 
with patients from this study.

The Danish ACL Registry [28] was the first group to 
show a significantly higher failure rate with an anteromedial 
portal technique. This study and Williams [31], who has a 
very high demand patient population group, have shown a 
similar significant increase in the failure rate when the femo-
ral tunnel position is moved from the ‘anatomical’ antero-
medial position to the ‘anatomical’ center of the femoral 
footprint.

In response to the higher failure rate of ACL grafts placed 
centrally in the femoral footprint ACL anatomy and biome-
chanics has been revisited.

ACL fibers form an oblong femoral footprint that are 
organized such that the midsubstance of the ACL is nar-
rower than the femoral footprint. Anatomic dissections have 
demonstrated that while the femoral footprint is oval, the 
direct fibers of the ACL forms a flat, ribbon like structure 
with a width of 9–16 mm and a thickness of only 2–4 mm 
as it takes off from the bone [29, 30].

Histologic analysis of the femoral footprint has provided 
further clarification of the relationship of the footprint with 
functional aspects of the native ACL. The femoral origin of 
the ACL has distinct direct and indirect insertions, which 
have been shown by histology and three-dimensional vol-
ume-rendered computed tomography [13, 22].

The direct insertion consists of dense collagen fibers ante-
rior in the femoral footprint that connect to a bony depres-
sion immediately posterior to the lateral intercondylar ridge 
[10]. The indirect insertion consisted of more flimsy poste-
rior collagen fibers that extend to blend into the articular car-
tilage of the posterior aspect of the lateral femoral condyle.

The dense collagen fibers of the direct insertion and the 
more membrane-like indirect insertion regions of the femo-
ral footprint of the native ACL suggest that these regions 

may have different load sharing characteristics. Three recent 
biomechanical studies confirm this [14, 24, 26].

Kawaguchi and Amis [14] in an elegant ACL femoral 
origin sectioning study demonstrated that approximately 
80% of the load during stability testing was taken up by the 
AM region of the direct insertion of the femoral footprint. 
Nawabi and Pearle [24] showed very similar results with the 
anterior region of the femoral footprint shares 80% of the 
load during stability testing and is more isometric during 
passive knee flexion than fibers in the posterior region of 
the footprint, which are adjacent to the posterior cartilage.

In a complimentary biomechanical study indirect fibers 
in the femoral footprint, were removed with only a minimal 
reduction in tibial translation and rotation during simulated 
pivot shift maneuvres confirming the direct ACL fibers pri-
marily control translation and rotation [26].

Forty years ago, Artmann and Wirth [1] reported that a 
nearly isometric region for tunnel placement existed in the 
femur such that there is minimal elongation of the native 
anterior cruciate ligament during knee motion. The AM 
position (high in the footprint) identified by Hefzy et al. 
[12] demonstrates minimal change in length with 1–4 mm 
of length change through the range of motion.

In contrast, a central femoral tunnel would be expected to 
demonstrate 5–7 mm of length change while a lower graft (in 
the PL region of the footprint) demonstrates approximately 
1 cm of length change through the range of motion [27].

In changing to the central femoral footprint position we 
found that the ACL graft was less isometric. It was common 
to have a negative Lachman, but a grade 1 anterior drawer 
at the completion of the procedure. This finding has been 
published by Lubowitz [18].

Thus, a non-isometric graft fixed in extension slackens 
during the flexion cycle and thus will not restrain anterior 
translation of the tibia or, if fixed in flexion will either cap-
ture the knee resulting in a fixed flexion deformity or exces-
sive tension in extension will result in graft failure [3, 9, 
20, 21].

As discussed earlier multiple cadaveric studies demon-
strate superior time zero knee stability when the femoral 
tunnel is placed more centrally in the femoral footprint com-
pared outside the footprint [2, 6, 7, 15–17, 23].

However, there is an emerging body of literature that 
demonstrates no significant difference in time zero stability 
between the AM femoral tunnel within the anatomic foot-
print (eccentrically located in the footprint) as compared to 
a centrally placed graft [5, 19].

In response to our higher failure rate and these recent 
anatomical and biomechanical studies the senior author has 
moved the femoral tunnel back to the AM position. He has 
continued to use a transportal technique. The transportal 
technique enables independent tibial tunnel drilling so the 
ACL graft can match the crescenteric tibial insertion of the 
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native ACL and thus avoid the short oblique posterior tibial 
tunnel that is required to hit the femoral footprint with a 
trantibial technique.

In an ongoing study evaluating this change back to the 
AM femoral tunnel drilled transportally we have shown a 
reduction in our failure rate to a similar incidence to our 
transtibial group reported in this study. This indicates that 
the increased failure in the central footprint transportal 
group is due to tunnel placement rather than the transportal 
tunnel drilling surgical technique or a learning curve.

The primary limitation of this study is that all failures 
may not have captured. To capture patients with failures who 
presented to other surgeons all members of the New Zealand 
Knee Society were contacted to inform us of any failures. 
This study was performed prior to the introduction of our 
ACL registry.

The clinical relevance of this study is that it demonstrates 
that placement of the ACL graft in the AM position will 
result in a lower failure rate.

Central femoral tunnel ACLR placement results in an ani-
sometric graft with high graft strain during extension, which 
is the likely explanation for the increased risk of revision. 
Femoral tunnel placement in the anteromedial bundle posi-
tion is advantageous as it is the most isometric, placing the 
ACL graft in the direct fiber origin that takes up the most 
load during stability maneuvers.

Conclusion

Transportal central femoral footprint ACLR is associated 
with higher and earlier revision rate compared to AM femo-
ral footprint transtibial ACLR.
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