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Background: Lateral meniscal repair can endanger the nearby neurovascular structure (peroneal nerve or popliteal artery). To our
knowledge, there have been no studies to evaluate the danger zone of all-inside meniscal repair through the anteromedial (AM) and
anterolateral (AL) portals in relation to the medial and lateral edges of the popliteal tendon (PT).

Purpose: To establish the risk of neurovascular injury and the danger zone in repairing the lateral meniscus in relation to the medial
and lateral edges of the PT.

Study Design: Descriptive laboratory study.

Methods: Using axial magnetic resonance imaging (MRI) studies at the level of the lateral meniscus, lines were drawn to simulate a
straight, all-inside meniscal repair device, drawn from the AM and AL portals to both the medial and lateral edges of the PT. In
cases in which the line passed through the neurovascular structure, a risk of iatrogenic neurovascular injury was deemed, and
measurements were made to determine the danger zones of neurovascular injury in relation to the medial or lateral edges of the PT.

Results: Axial MRI images of 240 adult patients were reviewed retrospectively. Repairing the body of the lateral meniscus through
the AM portal had a greater risk of neurovascular injury than repairs made through the AL portal in relation to the medial edge of the
PT (P ¼ .006). The danger zone in repairing the lateral meniscus through the AM portal extended 1.82 ± 1.68 mm laterally from the
lateral edge of the PT and 3.13 ± 2.45 mm medially from the medial edge of the PT. Through the AL portal, the danger zone
extended 2.81 ± 1.94 mm laterally from the lateral edge of the PT and 1.39 ± 1.53 mm medially from the medial edge of the PT.

Conclusion: Repairing the lateral meniscus through either the AM or the AL portals in relation to the PT can endanger the peroneal
nerve or popliteal artery.

Clinical Relevance: The surgeon can minimize the risk of iatrogenic neurovascular injury in lateral meniscal repair by avoiding
using the all-inside meniscal device in the danger zone area as described in this study.
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The menisci are important structures of the knee joint.
Patients with a meniscal injury are at high risk of develop-
ing knee osteoarthritis.8,9,13,16 When facing a meniscal
injury during an arthroscopic procedure, most orthopaedic
surgeons prefer performing a meniscal repair rather than a
meniscectomy to decrease the risk of the patient’s later
developing osteoarthritis.21,22 The all-inside technique is

used widely in meniscal repairs, especially in the body
and posterior horn of the meniscus, because it is a simple
procedure with low operative time and does not require any
additional skin incisions.2,3,12

In all-inside lateral meniscal repair of the body and pos-
terior horn of the lateral meniscus, most surgeons usually
repair the lateral meniscus in the area lateral to the lateral
border of the popliteal tendon (PT) and medial to the medial
border of the PT to avoid penetrating the PT. The surgeon
can approach repairs to the body of the lateral meniscus
through either an anteromedial (AM) or anterolateral
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(AL) portal. With either approach, there is a risk of iatro-
genic peroneal nerve injury.6,14,18 The peroneal nerve
passes the knee joint running obliquely from the lateral
side of the popliteal fossa to the fibular head.7,25 At the knee
joint level, the peroneal nerve is located at the posterolat-
eral aspect of the knee joint, which is close to the PT.7 One
study evaluated the risk to the peroneal nerve in all-inside
meniscal repair through the AL portal using the medial and
lateral edges of the popliteal hiatus as references and
through the AM portal using the lateral edge of the popli-
teal hiatus as a reference6 and found no incidences of iat-
rogenic peroneal nerve injury. However, this study
evaluated only 20 midthigh to midleg cadaveric knees and
did not evaluate the risk of iatrogenic peroneal nerve injury
in all-inside meniscal repair through the AM portal using
the medial edge of popliteal hiatus as a reference, a proce-
dure that is more common in surgical practice and more
perpendicular to the meniscal fiber. In repairing the poste-
rior horn of the lateral meniscus, there is a chance of injur-
ing the popliteal artery because this structure is located
posterolaterally to the midline of the knee joint.15,24 Both
cadaver-based and magnetic resonance imaging (MRI)
studies have reported a risk of iatrogenic popliteal artery
injury in this procedure.1,4,10

To our knowledge, there have been no studies evaluating
the risk of iatrogenic neurovascular injury and the danger
zone of all-inside meniscal repair through the AM and AL

portals in relation to the medial and lateral edges of the PT.
The purpose of this study was to establish the risk of neu-
rovascular injury and the danger zone in repairing the lat-
eral meniscus in relation to the medial and lateral edges of
the PT.

METHODS

The study protocol for this retrospective review was
approved by an institutional review board. This study
included 324 patients aged between 18 and 60 years who
had MRI knee imaging from January 2016 to December
2019. The imaging studies of 84 patients who had medial
or lateral collateral ligament injury; a history of patellar
tendon or quadriceps tendon injuries, patellar dislocation,
or knee surgery; soft tissue or bone tumors; or rheumatoid
diseases were excluded. The included MRIs were of nonin-
jured knees as well as those with anterior cruciate ligament
(ACL) injuries and combined ACL and meniscal injuries
(medial, lateral, or both).

For all MRIs, the knee was in a slightly flexed position.
Coronal MRI scouting images were used to confirm the
location of the patellar tendon, lateral meniscus, and PT
on axial MRI (Figure 1). At the level of the lateral meniscus
on axial scans, the PT, peroneal nerve, and popliteal artery
were then outlined in blue, yellow and white, respectively
(Figure 1).

Figure 1. Scouting MRI scans of coronal and axial views to confirm the location of the patellar tendon, lateral meniscus, and PT.
The PT, peroneal nerve, and popliteal artery are outlined in blue, yellow and white, respectively. MRI, magnetic resonance imaging;
PT, popliteal tendon.
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Assessing the Risk of Neurovascular Injury and the
Danger Zone Relative to the PT on MRI

The medial and lateral edges of the patellar tendon were
set as the imaginary AM and AL portals, respectively. In
standard practice, most surgeons use an all-inside menis-
cal repair device inserted 15 mm from the joint capsule to
avoid potential problems related to excessive penetration
depth.5,11,17,20,23 In this study, we drew lines simulating a

straight, all-inside meniscal repair device, with the distal
end of each line representing the tip of the device and
extending 15 mm past the joint capsule. The initial line
was drawn from the imaginary AM (Figure 2) or AL (Fig-
ure 3) portal to either the lateral edge of the PT or the
medial edge of the PT, passing through the joint capsule
(red lines in Figure 2, A and B; and Figure 3, A and B). A
risk of iatrogenic neurovascular injury was deemed to
exist if this line passed through the peroneal nerve. In

Figure 2. Assessing the danger zone from the AM portal as determined on axial magnetic resonance imaging. The PT, peroneal
nerve, and popliteal artery are outlined in blue, yellow, and white, respectively. (A) A line was drawn from the AM portal to the lateral
edge of the PT (L1). If this line passed through the peroneal nerve, another line was drawn from the AM portal to the lateral border of
the peroneal nerve (L11); the danger zone was the distance between L1 and L11 along the meniscocapsular junction (D1). (B) A line
was drawn from the AM portal to the medial edge of the PT (L2). If this line passed through the peroneal nerve, another line was
drawn passing the medial border of the peroneal nerve (L21); the danger zone was the distance between L2 and L21 along the
meniscocapsular junction (D2). (C) Line L3 was drawn from the AM portal to the lateral border of the popliteal artery, and the
distance from L2 to L3 on the posterior edge of the lateral meniscus (P1), and the danger zone was the distance that P1 extended
medially beyond L3. AM, anteromedial; PT, popliteal tendon.

Figure 3. Assessing the danger zone from the AL portal as determined on axial magnetic resonance imaging. The PT, peroneal
nerve, and popliteal artery are outlined in blue, yellow, and white, respectively. (A) A line was drawn from the AL portal to the lateral
edge of the PT (L4). If this line passed through the peroneal nerve, another line was drawn from the AL portal to the lateral border of
the peroneal nerve (L41); the danger zone was the distance between L4 and L41 along the meniscocapsular junction (D4). (B) A line
was drawn from the AL portal to the medial edge of the PT (L5). If this line passed through the peroneal nerve, another line was
drawn passing the medial border of the peroneal nerve (L51); the danger zone was the distance between L5 and L51 along the
meniscocapsular junction (D5). (C) Line L6 was drawn from the AL portal to the lateral border of the popliteal artery, and the
distance from L5 to L6 on the posterior edge of the lateral meniscus (P2), and the danger zone was the distance that P2 extended
medially beyond L6. AL, anterolateral; PT, popliteal tendon.
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these cases, a second line was drawn passing the border of
the peroneal nerve (blue lines in Figure 2, A and B; and
Figure 3, A and B), and the danger zone was defined as the
distance between the first and second lines along the
meniscocapsular junction (yellow lines in Figure 2, A and
B; and Figure 3, A and B).

To assess the risk of iatrogenic popliteal artery injury in
all-inside meniscal repair, we drew a line from the AM/AL
portal to the lateral border of the popliteal artery (green
lines in Figure 2C and 3C), and the danger zone was the
distance medial to this line. This distance was then defined
relative to the medial edge of the PT.

Analysis

Each of the above distances was measured 3 times by a
single orthopaedist (W.W.), and the results are presented
as means ± SDs. The different distances and the incidence
of iatrogenic neurovascular injury between repairing the
lateral meniscus through the AM and AL portals were ana-
lyzed using a paired t test. The threshold for significance
was set at P < .05. Statistical analysis was performed with
the R program and epicalc package (Version 3.4.3; R Foun-
dation for Statistical Computing).

RESULTS

Overall, 240 knee MRI scans (159 [66.2%] men and 81
[33.8%] women) were included in the study. The mean age
of the patients was 37.3 ± 13.2 years. Of the 240 MRIs, 147
(61.25%) were of noninjured knees, 25 (10.42%) were of
knees with an ACL injury, 26 (10.83%) were of knees with
combined ACL and medial meniscal injury, 26 (10.83%)
were of combined ACL and lateral meniscal injury, and
16 (6.67%) were of combined ACL and both medial and
lateral meniscal injuries.

Risk of Neurovascular Injury From the AM or AL
Portal Relative to the Lateral Edge of the PT

Repairing the lateral meniscus through either the AM por-
tal or the AL portal in relation to the lateral edge of the PT
using an all-inside meniscal repair device involved a risk of
iatrogenic peroneal nerve injury. In our study, a risk of
peroneal nerve injury was deemed when repairing through
the AM portal in 23 of 240 knees (9.58%) and using the AL
portal approach in 34 of 240 knees (14.17%) (Figure 4A).
There was no difference in the risk of peroneal nerve injury
between the AM and AL approaches in relation to the lat-
eral edge of the PT (P ¼ .11).

Risk of Neurovascular Injury From the AM or AL
Portal Relative to the Medial Edge of the PT

We found that repairing the lateral meniscus through both
AM and AL portals in relation to the medial edge of the PT
could endanger the peroneal nerve. Potential peroneal
nerve injury was indicated in 49 of 240 knees (20.42%)
through the AM portal and 10 of 240 knees (4.17%) through
the AL portal, respectively (Figure 4B). There was a signif-
icantly higher number of potential injuries using the AM
approach compared with using the AL approach (P ¼ .006).

The Danger Zone Relative to the Medial and Lateral
Edges of the PT

The danger zone in repairing the lateral meniscus through
the AM portal extended 1.82 ± 1.68 mm laterally from the
lateral edge of the PT and 3.13 ± 2.45 mm medially from the
medial edge of the PT (D1 and D2 in Figure 5A, respec-
tively). The danger zone for popliteal artery injury began
19.01 ± 4.67 mm from the medial edge of the PT (PD1 in
Figure 5A).

Figure 4. Illustrations of the knee at the level of the meniscus showing the risk of iatrogenic neurovascular injury from the AM and
AL portals in relation to (A) the lateral and (B) medial edge of the PT. The blue line simulates a straight all-inside meniscal repair
device inserted through the anteromedial portal, the black line simulates a straight all-inside meniscal repair device inserted
through the anterolateral portal. AL, anterolateral; AM, anteromedial; PT, popliteal tendon.
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The danger zone in repairing the lateral meniscus
through the AL portal extended 2.81 ± 1.94 mm lateral to
the lateral edge of the PT and 1.39 ± 1.53 mm medial to the
medial edge of the PT (D3 and D4 in Figure 5B, respectively).
The danger zone for popliteal artery injury began 16.53 ±
4.30 mm from the medial edge of the PT (PD2 in Figure 5B).

DISCUSSION

The measurements in this MRI study examining all-inside
meniscal repair through the AM and AL portals in relation
to both the medial and lateral edges of the PT indicated
some areas of potential iatrogenic peroneal nerve injury.
Repairing the body of the lateral meniscus through the
AM portal was found to be safer than through the AL portal
based on measurements from the lateral edge of the PT, but
the AM portal approach was more dangerous based on mea-
surements from the medial edge of the PT. In repairs to the
posterior horn of the lateral meniscus, it was safer to repair
through the AM portal.

In lateral meniscal repair, there is a risk of peroneal
nerve injury because the peroneal nerve is located at the
posterolateral aspect of the knee joint, which is close to
the PT.6,7,14,18 Our study found that repairing the body of
the lateral meniscus with the all-inside technique through
both AM and AL portals in relation to the medial edge and
lateral edge of the PT endangered the peroneal nerve. The
incidence of deemed iatrogenic peroneal nerve injury in
relation to the lateral edge of the PT through the AM portal
was 23 of 240 cases (9.58%) and through the AL portal was
34 of 240 cases (14.17%). Referencing the medial edge of the

PT also involved potential damage to the peroneal nerve,
with incidences of deemed injury through the AM portal of
49 of 240 knees (20.42%) and through the AL portal of 10 of
240 knees (4.17%). These results were similar to a study
of Cuellar et al,6 which reported that repairing the lateral
meniscus through the AL approach was safer than the AM
approach, with an average distance from the medial side of
the popliteal hiatus to the peroneal nerve of 7.00 ± 4.00 mm
in the knee extension position.

In the current study, we calculated the following safe
zones to avoid the risk of peroneal nerve injury. In relation
to the lateral edge of the PT, the safe zones were lateral to
the lateral edge of the PT by 1.82 ± 1.68 mm for the AM
portal and by 2.81 ± 1.94 mm for the AL portal, and in
relation to the medial edge of the PT, the safe zones were
medial to the medial edge of the PT by 3.13 ± 2.45 mm for
the AM portal and by 1.39 ± 1.53 mm for the AL portal.

The popliteal artery is located posterolateral to the mid-
line of the knee joint.15,24 A study by Mao et al19 found that
in the posterior horn of lateral meniscal repair, there was a
risk of iatrogenic popliteal artery injury in all-inside menis-
cal repair through the AL portal, but there was no risk of
popliteal artery injury in all-inside meniscal repair through
the AM portal. The same study reported that the average
distance from the tip of the all-inside meniscal device to the
popliteal artery in repairing the posterior horn of the lat-
eral meniscus through the AL portal using the point of
5 mm lateral to the lateral meniscus root insertion as a
reference was 4.7 ± 2.3 mm.19 In our study, the average safe
distance in repairing the lateral meniscus from the medial
edge of the PT to the lateral edge of the popliteal artery
along the posterior border of the posterior horn of the

Figure 5. Illustrations of the knee showing the danger zones. (A) The danger zone in repairing the lateral meniscus through the AM
portal (shaded pink). The blue lines simulate a straight all-inside meniscal repair device inserted through the AM portal, and D1 and
D2 indicate the distances from the lateral and medial edges of the PT to the lateral and medial borders of the peroneal nerve along
the meniscocapsular junction, respectively. P1 is the distance between the medial edge of the PT and the lateral border of the
popliteal artery on the posterior edge of the lateral meniscus, and PD1 is the danger zone for popliteal artery injury. (B) The danger
zone in repairing the lateral meniscus through the AL portal (shaded orange). The black lines simulate a straight all-inside meniscal
repair device inserted through the AL portal, and D3 and D4 indicate the distances from the lateral and medial edges of the PT to
the lateral and medial borders of the peroneal nerve along the meniscocapsular junction, respectively. P2 is the distance between
the medial edge of PT and the lateral border of the popliteal artery on the posterior edge of the lateral meniscus, and PD2 is the
danger zone for popliteal artery injury. AL, anterolateral; AM, anteromedial; PT, popliteal tendon.
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lateral meniscus through the AM portal (P1) was 19.01 ±
4.67 mm; through the AL portal (P2), it was 16.53 ±
4.30 mm. If the surgeon repairs the posterior horn of the
lateral meniscus farther from the medial edge of the PT
than these distances, there will be a risk of iatrogenic pop-
liteal artery injury. Even though there is a risk of popliteal
artery injury in repairs approached through the AL portal,
some surgeons prefer this approach because the required
direction of the all-inside meniscal repair device is perpen-
dicular to the circumferential meniscal fiber. If the surgeon
repairs the posterior horn of the lateral meniscus through
the AM portal, the direction of the all-inside meniscal repair
device will not be perpendicular to the meniscal fiber.

Limitations

There were several limitations to this study. First, the direc-
tion of the PT is oblique when it passes the knee joint, and
thus, the level of measurement varied. We tried to minimize
this problem by using axial MRI cuts that passed through the
center of the meniscus. Second, the knees were in the slightly
flexed position when the MRIs were performed, which is dif-
ferent from the arthroscopic position used in actual lateral
meniscal repairs (the Figure 4 position, while applying varus
force). In the flexion position, the neurovascular structure is
less stretched and falls more posteriorly. Third, our MRI
model might not represent the true distances during arthro-
scopic meniscal repair, because these distances may be
affected by joint distension if an arthroscopic pump is used.
Fourth, in this study, we evaluated the risk of an iatrogenic
neurovascular injury in lateral meniscal repair by using a
simulated line to represent a straight all-inside meniscal
repair device. The risk of an iatrogenic neurovascular injury
may be different if the surgeon uses a curved all-inside
meniscal repair device in lateral meniscal repair. Fifth, in
this study, we set the distance as viewed on the MRIs
between the tip of each straight line and the joint capsule
at 15 mm, a distance that is likely deeper than the normal
penetration a surgeon would create starting from a meniscal
tear.

CONCLUSION

All-inside meniscal repair through the AM and AL portals
in relation to both medial and lateral edges of the PT were
found to have a chance of iatrogenic neurovascular injury,
but the procedure was more dangerous in repairing the
lateral meniscus through the AM portal in relation to the
medial edge of the PT. The surgeon can minimize this risk
in repairing the lateral meniscus around the PT by refer-
ring to our danger zone measurements.
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