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The Accessory Medial Portal for Anterior
Cruciate Ligament Reconstruction

A Safe Zone to Avoid Neurovascular Complications
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Background: The accessory medial portal (AMP) used for anatomic anterior cruciate ligament reconstruction (ACLR) is gaining
popularity. This portal is routinely created at 60� of knee flexion, placing the infrapatellar branch of the saphenous nerve (IBSN) and,
less commonly, the descending and superior medial genicular arteries at risk.

Purpose/Hypothesis: The purpose of this study was to identify a safe zone for AMP placement in ACLR to minimize the risk of
injury to the IBSN. We hypothesized that increased knee flexion angles would decrease the risk to neurovascular structures when
creating an AMP.

Study Design: Descriptive laboratory study.

Methods: A total of 20 cadaveric (10 matched pairs) knees were used for dissection to identify the IBSN and other neurovascular
structures. A 30� arthroscope was used to make the central medial portal and AMP at 3 knee flexion angles (60�, 90�, and 110�).
Distances were measured from the AMP to branches of the IBSN. Safety of AMP placement was analyzed by assessing the
frequency at which spinal needles pierced a neurovascular structure or violated a safe zone.

Results: The superior IBSN was significantly closer to the AMP than inferior IBSN. The AMP was significantly farther from the
superior IBSN at 110� (8.56 ± 5.28 mm) compared with 60� (5.63 ± 5.00 mm; P ¼ .015) and 90� (6.69 ± 5.03 mm; P ¼ .006). A
triangular safe zone was identified at 110� of knee flexion. No neurovascular structures were pierced, and the IBSN was not present
in the safe zone. At 90�, the IBSN was not pierced; however, the IBSN did violate the safe zone at 90� of knee flexion.

Conclusion: The superior IBSN is at risk for iatrogenic injury with an AMP placed at 60� of knee flexion. The nerve moved distally
with knee flexion. While no neurovascular structures were compromised at 90� of knee flexion, the nerve was found to course
through the safe zone. A safe zone at 110� of knee flexion decreases the risk of neurovascular injury and makes the AMP safe for
ACLR.

Clinical Relevance: The AMP at 60� of knee flexion for ACLR poses risk to the IBSN. The IBSN did violate the safe zone at 90� of
flexion. We recommend creating an AMP with increased knee flexion to 110� to decrease the risk of iatrogenic injury. When
establishing an AMP, one should aim for the center of the defined safe zone, given that the spinal needle used in this study has a
smaller diameter than a stab incision.

Keywords: accessory medial portal; infrapatellar branch of the saphenous nerve; ACL reconstruction; superior medial genicular
artery

Anatomic anterior cruciate ligament reconstruction
(ACLR) through a 3-portal technique has been previously
described by Cohen and Fu.6 The technique utilizes an
accessory medial portal (AMP) to drill the femoral tunnel
while viewing through a central medial portal (CMP).6 The
AMP enables surgeons to reach the native insertion site of
the ACL. This technique is increasingly utilized because it

gives the surgeon an advantage to create a more anatomic
femoral tunnel or tunnels for single- or double-bundle
ACLR.1,2,3,4,6,9 While Cohen and Fu originally described the
AMP to be 2 cm medial to the medial edge of the patellar
tendon in a horizontal plane immediately above the menis-
cus to improve visualization, it may also reduce injury to
the infrapatellar branch of the saphenous nerve (IBSN).

The IBSN is a sensory branch of the saphenous nerve
that has a variable pattern over the anteromedial portion
of the knee.10,11 Two distinct branches of the IBSN, the
superior branch and the inferior branch, were described
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by Tifford et al.20 These branches cross the joint line 2 cm
medial to the patellar tendon and are noted to move distally
with knee flexion.19 The location of the branches makes the
nerve susceptible to injury during placement of the AMP
during ACLR. Specifically, the superior branch of the IBSN
is at a high risk for injury.20 Injury to the nerve results in
numbness to the anterolateral knee with possible painful
neuromas and in some severe cases with reflex sympathetic
dystrophy.16,17,19

The purpose of this study was to identify a safe zone for
AMP placement in ACLR to minimize the risk of injury to
the IBSN. We hypothesized that increased knee flexion
angles would decrease the risk to neurovascular structures
when creating an AMP.

METHODS

Twenty cadaveric, fresh-frozen knees (10 matched pairs; 6
male and 4 female) were used for dissection. Cadaveric spe-
cimens used in this study were purchased by our institution
from a tissue bank. The average age of the specimens was
62 ± 5.82 years (range, 49-90 years), and the average weight
was 86.2 ± 25.6 kg (range, 52.2-127.0 kg). To investigate the
differences at increasing knee flexion angles between the
superior and inferior branches of the IBSN and the AMP, 3
portals were created with fluid in the knee in each speci-
men at 3 knee flexion angles. All portals were marked with
an 18-gauge spinal needle. A traditional CMP was placed at
60� of flexion, <1 cm from the medial border of the patellar
tendon.4,6

Three AMPs were created at 2 cm medial from the medial
edge of the patellar tendon just above the meniscus at 60�,
90�, and 110� of flexion (Figure 1).4,6 All the portals were
placed by a sports medicine fellowship–trained orthopaedic
surgeon.

A 30� arthroscope (Conmed-Linvatec HD 3CCD) was used
to visualize the correct intra-articular placement of each spi-
nal needle. CMP needles were placed to allow access to the
intercondylar notch. AMP needles were placed immediately
above the meniscus, allowing access to the ACL footprint
viewed from a central lateral portal.6 The superior and infe-
rior IBSN were then meticulously dissected with the knee in
90� of flexion after needle placement, with care taken to
avoid mobilization of the nerve. A skin and subcutaneous
flap was raised from the lower anteromedial thigh distally
and laterally to the tibial tubercle. The IBSN and its divi-
sions were identified emerging from the posterior border of
the sartorius approximately at the level of the medial

femoral condyle and were followed distally and laterally
until the nerve crossed the patellar tendon (Figure 2).7

Calipers calibrated to the nearest 0.01 mm (Ultratech
General) were used to measure the vertical distance from
the spinal needles to each branch of the IBSN. If the spinal
needle pierced any neurovascular structure, it was
recorded as 0 mm.

Zones were then created to identify a safe zone for the
AMP. These zones were defined by the spinal needles that
represented the medial portals and 2 other lateral reference
points in a triangular fashion. There was 1 medial refer-
ence point defined by a spinal needle at the AMP. The lat-
eral reference points consisted of 2 points alongside the
medial patellar tendon: 1 at the joint line and the other
where the tendon inserts into the inferior pole of the
patella. Measurements of the borders of these zones were
recorded. Once the zones were identified, it was recorded
whether a branch of the IBSN or any vascular structure
pierced these safe zones.

Means and standard deviations were calculated for
recorded distances from the spinal needles to the superior
and inferior branches of the IBSN. Statistical Package for
the Social Sciences Version 21 (SPSS; IBM) was used for
statistical analysis. A repeated-measures analysis of vari-
ance was used to assess the differences in distances from
the spinal needles to both the superior and inferior

Figure 1. Anterior view of a left knee showing the CMP close to
the patellar tendon and the difference of medial portals placed
at 60� and 90� of flexion. AMP, accessory medial portal; CMP,
central medial portal; IMP, intermediate medial portal.
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branches of the IBSN by knee flexion angle. Paired-samples
t tests were used for post hoc comparisons. The Bonferroni
correction was used for multiple comparisons. Chi-square
analyses were used to determine the differences in fre-
quency with which the spinal needle pierced the nerve and
the identified zones. Significance was defined as P < .05.

RESULTS

The superior and inferior branches of the IBSN were iden-
tified in all specimens. The distances from these structures
to the medial portal sites are shown in Tables 1 and 2.

Inferior Branch of the IBSN

The CMP was significantly farther from the inferior branch
of the IBSN than the AMP at 60� of knee flexion (P ¼ .002).
There was a significant main effect for knee flexion angle
(P¼ .002) for the inferior IBSN when creating an AMP. The
spinal needle was significantly closer to the inferior IBSN
at 60� compared with 90� (P ¼ .001) and 110� (P < .001).
The inferior IBSN was also significantly farther at 90� com-
pared with 110� (P < .001). The spinal needle only pierced
the inferior IBSN and the safe zone in 1 specimen at the
AMP in 60� of flexion.

Figure 2. (A) Medial side of a right knee showing the course of the superior infrapatellar branch of the saphenous nerve (IBSN). (B)
Medial side of a right knee showing the course of the inferior IBSN and the accessory medial portal (AMP) shown proximal.

TABLE 1
Distance From the Inferior IBSN to the Medial Portal Sites

at Different Knee Flexion Anglesa

Portal

Knee Flexion Angle

60� 90� 110�

AMP, mm 18.53 ± 10.74 21.18 ± 11.09
(P ¼ .001)**

24.46 ± 12.60
(P < .001)**
(P < .001)***

CMP, mm 28.9 ± 11.15
(P ¼ .002)*

aValues are expressed at mean ± SD. AMP, accessory medial
portal; CMP, central medial portal; IBSN, infrapatellar branch of
the saphenous nerve.

*P value for comparison between AMP and CMP; **P value for
comparison with 60� of flexion; ***P value for comparison between
90� and 110�.

TABLE 2
Distance From the Superior IBSN to the Medial Portal

Sites at Different Knee Flexion Anglesa

Portal

Knee Flexion Angle

60� 90� 110�

AMP, mm 5.63 ± 5.0 6.69 ± 5.03
(P ¼ .238)**

8.56 ± 5.28
(P ¼ .015)**
(P ¼ .009)***

CMP, mm 11.40 ± 5.57
(P ¼ .001)*

aValues are expressed at mean ± SD. AMP, accessory medial
portal; CMP, central medial portal; IBSN, infrapatellar branch of
the saphenous nerve.

*P value for comparison between AMP and CMP; **P value for
comparison with 60� of flexion; ***P value for comparison between
90� and 110�.
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Superior Branch of the IBSN

The superior branch of the IBSN was significantly farther
from the CMP than the AMP at 60� of knee flexion (P ¼
.001). There was a significant main effect for angle (P ¼
.007) for the superior branch of the IBSN. The distance
between the superior IBSN and the spinal needle was not
statistically significant at 60� compared with 90� of knee
flexion (P ¼ .238); however, the nerve was significantly
farther from the portals at 110� compared with 60� of knee
flexion (P ¼ .015) and at 110� compared with 90� of knee
flexion (P ¼ .009).

Angle influenced the frequency with which the needle
pierced the superior branch of the IBSN (Figure 3) when
using an AMP (Table 3) (P¼ .004). The superior branch was
more frequently pierced at AMP 60� (25%) versus AMP 90�

(0%) (P ¼ .016) and AMP 110� (0%) (P ¼ .016). No nerves
were pierced at the AMP at either 90� or 110� of knee

flexion. At 60� of knee flexion, the superior IBSN was more
frequently pierced by the spinal needle at the AMP com-
pared with the CMP (P ¼ .016).

There was a significant difference in the frequency at
which a branch of the superior IBSN violated the safety
zones defined by reference points (P ¼ .001) (Table 4). The
zones were more frequently violated at the AMP at 60�

versus the AMP 90� (P¼ .091), the AMP 60� versus the AMP
110� (P< .001) and the AMP 90� versus AMP 110� (P¼ .016).

When creating an AMP at 110� of knee flexion, distances
from the portals to the superior IBSN significantly
increased (Figure 4).

The safe zone is a triangular zone that exists at 110� of
knee flexion beginning 1 cm medial to the patellar tendon
at the joint line. From this point, it extends 11.2 mm medial
and proximal with the superior medial border measuring
15.8 mm connecting these 2 points (Figure 5).

Medial Genicular Arteries

The genicular arteries were not pierced at any portal site or
at any knee flexion angle and also did not violate any zone.

DISCUSSION

The superior IBSN was at the greatest risk for injury when
utilizing an AMP at 60� of knee flexion. Knee flexion angle

Figure 3. The superior infrapatellar branch of the saphenous
nerve (IBSN) being pierced by the spinal needle at the acces-
sory medial portal (AMP).

TABLE 3
Frequency (%) that IBSN Was Pierced by a Spinal Needle

at 60�, 90�, and 110� of Knee Flexiona

Knee Flexion Angle

Portal IBSN Nerve Branch 60� 90� 110�

AMP Superior 25% 0%

P ¼ .016**
0%

P ¼ .016**
Inferior 5% 0% 0%

CMP Superior 0%
P ¼ .016*

Inferior 0%

aAMP, accessory medial portal; CMP, central medial portal;
IBSN, infrapatellar branch of the saphenous nerve.

*P value for comparison between AMP and CMP; **P value for
comparison with 60� of flexion.

TABLE 4
Frequency (%) that the Safety Zone Triangles were

Violated by the IBSN at 60�, 90�, and 110� of Knee Flexiona

Knee Flexion Angle

Triangle Zones IBSN Nerve Branch 60� 90� 110�

AMP Superior 55% 28%
P ¼ .091*

0%
P < .001*
P ¼ .016**

Inferior 6% 0% 0%

aAMP, accessory medial portal; IBSN, infrapatellar branch of
the saphenous nerve.

*P value for comparison with 60� of flexion; **P value for com-
parison between 90� and 110�.

Figure 4. Knee shown at 60� of flexion piercing the superior infra-
patellar branch of the saphenous nerve (IBSN). Knee then shown
at 110� of flexion with the superior IBSN distal to the portal site.
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influenced the distance relationship between the nerve and
the portal; the superior IBSN moves distally as the knee is
flexed, moving it out of the region of the AMP. Piercing the
superior IBSN was significantly decreased with knee flex-
ion, and a safe zone was able to be described at a flexion
angle of 110� for creation of the AMP.

The superior IBSN moves distally with increasing knee
flexion angle, away from the zone of surgery.15,20 While
previously reported by Tifford et al,20 their measurements
did not illustrate the relationship between the nerve and
the AMP, commonly used in ACLR. Furthermore, reference
points were made and did not exceed a flexion angle of 90�

in the previous study. Recently, 3 low-risk zones for the
IBSN have been described but the authors of that study16

did not vary the flexion angles or relate it to portal sites,
which limits its comparison with this study. Both our study
and the study by Tifford et al show the superior IBSN to be
5 to 6 mm from a corresponding reference point 2 cm medial
to the patellar tendon at the joint line—6.7 ± 5 mm in our
study compared with 5.1 ± 8.8 mm in the Tifford et al study.

In the present study, 110� of knee flexion consistently
allowed for safe AMP placement. The distance between
the superior IBSN and the AMP increased approximately
3 mm inferior as the knee was flexed from 60� to 110�

and the nerve moved from 5.63 ± 5.00 mm to 8.56 ± 5.28
mm at the AMP. A previous study20 also showed that the
superior IBSN is at a high risk for being pierced at the
area 2 cm medial to the tendon when the knee is in
extension—40% (8 of 20 specimens). The superior IBSN
was violated in 25% of the specimens at 60� compared
with 0% at 110�. In conjunction with data from Tifford
et al,20 in which 40% of specimens were pierced with the
knee in extension, these data strongly support creating
the AMP in higher knee flexion angles.

The traditional CMP, <1 cm from the patellar tendon,
was the safest portal at an average of 11.4 ± 5.6 mm to the
closest nerve and did not pierce any neurovascular struc-
ture.3,4,6,9 The close proximity of the CMP to the patellar
tendon and the location not immediately at the joint line
allows for safe placement and poses little to no risk to neu-
rovascular structures at 60� of knee flexion.4,6

These data serve as a guide for surgeons who perform a
3-portal technique utilizing an AMP for ACLR. We advise
the surgeon to flex the knee to 110� to avoid complications
associated with injury to the IBSN or any other vascular
structure. We also recognize that autograft harvest in
ACLR also poses risk to the IBSN, which is also performed
at similar high knee flexion angles. Iatrogenic injury to the
IBSN during autograft harvesting has been reported to be
as high as 27.4%.16 Injury to the branches of the IBSN exist
when a graft is harvested either from the central third of
the patellar tendon or from the hamstring via an antero-
medial approach.6,10 We still recommend utilization of this
safe zone described at higher flexion angles in patellar ten-
don or hamstring autograft ACLR to reduce the risk of
complications in conjunction with either a vertical or
oblique incision, as has been described by others.13 While
clinical evidence for the AMP is limited,5,8,14,21 a systematic
review5 showed mostly mixed results when comparing an
ACLR using an AMP versus a transtibial technique. How-
ever, the findings did suggest that the AMP technique was
more likely to produce improved clinical and biomechanical
outcomes.5

Pseudoaneurysms, although very rare, have been
reported in arthroscopic knee surgery.18 No branches of the
genicular arteries were located in the safe zone described.
The superior medial genicular artery was located proximal
to the AMP in all specimens. Because of the potential risk of
a pseudoaneurysm, we advise surgeons to establish the
AMP within the described safe zone.

Limitations

Limitations of this study include the use of a needle instead
of a cannula to establish the portals. The use of a spinal
needle allowed for a better control of the positioning while
the specimens were dissected. In addition, the needle would
pierce and hold its position at the actual state and not allow
the nerve to mobilize while the knee was dissected. The use
of a cannula would not have held the tissue in place to allow
for accurate identification of pierced neurovascular struc-
tures. Based on a <5-mm stab using as previously
described,12 the identified safe zone for AMP placement
would still provide distance between the portal and neuro-
vascular structures. Anatomy may vary between patients;
therefore, care should be taken to avoid neurovascular
structures. A total of 10 matched pairs of knees were used
in this study, potentially limiting the observed variation in
the anatomic locations of nerve branches and arteries that
may have otherwise been seen if 20 individual specimens
were used. Another limitation is the limited age range of
the specimens. Most ACLRs are performed in younger
patients. While it would be interesting to determine if these
measurements were different in a young knee, the avail-
ability of young specimens makes this difficult.

CONCLUSION

The superior IBSN is at risk for iatrogenic injury with a
traditional AMP at 60� of knee flexion. The nerve moves

Figure 5. (A) Safe zone depicted 1 cm medial to the patellar
tendon. (B) Measurements of the safe zone at 110� of flexion
over the anteromedial portion of the knee.
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distally with knee flexion. At 90� of flexion, the nerve was
found to course through the safe zone. A safe zone at 110�

decreases the risk of neurovascular injury and makes AMP
safe for ACLR.
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