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Background: For needle arthroscopy with 0° viewing, the visible range of intra-articular structures and the difference between
portals remain unknown, as do the risks for neurovascular tissue at each portal.

Purpose: To clarify the visibility and safety of needle arthroscopy.
Study Design: Descriptive laboratory study.

Methods: Ten cadaveric ankle specimens were used. A needle arthroscope with a 1.9-mm diameter was inserted from 4 portals
(anteromedial [AM], anterolateral [AL], medial midline [MM], and anterocentral [AC)). Visibility was assessed using a 15-point ankle
arthroscopy checklist. In addition, the ankles were dissected to measure the distance between each portal and neurovascular
tissues. The visibility of the ankle joint was compared between portals.

Results: The success rate of visibility in the deltoid ligament and the tip of the medial malleolus was 100% from the AM, MM, and
AC portals and 10% from the AL portal, with significant differences between the portals (P < .01). The visibility success rates in the
origin of the anterior talofibular ligament and the tip of the lateral malleolus were 20% for the AM portal, 90% for the MM and AC
portals, and 100% for the AL portal, with significant differences between the portals (P < .01). All other points of the ankle joint were
visualized from all the portals with a 100% success rate. The AC portal was in contact with the anterior neurovascular bundle in 4 of
the 10 specimens.

Conclusion: When needle arthroscopy was performed from the AM or AL portal, the site opposite to the portal in the ankle joint
was difficult to visualize. Conversely, most points of the ankle joint could be visualized from the MM and AC portals. Care should be
taken when creating an AC portal because of its proximity to the anterior neurovascular bundle.

Clinical Relevance: The present study provides information regarding which portal should be selected to perform needle
arthroscopy in the ankle joint, which will be beneficial for management of ankle injuries.
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Anterior ankle arthroscopy is a minimally invasive diag-
nostic and therapeutic procedure for acute and chronic
ankle symptoms.®® Therefore, it has been used for athletes

The Orthopaedic Journal of Sports Medicine, 11(6), 23259671231174477
DOI: 10.1177/23259671231174477
© The Author(s) 2023

with sports injuries. Despite improvements in radiographic
modalities, diagnostic ankle arthroscopy is more valuable
than magnetic resonance imaging (MRI) for detecting
osteochondral lesions, syndesmotic injuries, and loose
bodies.*!® Anterior ankle arthroscopy is commonly indi-
cated as a therapeutic procedure for ankle injuries associ-
ated with trauma and overuse, including anterior ankle
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impingement, intra-articular fracture, and osteochondral
lesions.?* In addition, interest in the arthroscopic technique
for lateral ankle ligament injury has recently increased.?®
Clinical evidence has suggested reduced morbidity and fas-
ter rehabilitation, making this technique more appealing
for practicing orthopaedic surgeons than open arthrotomy
438 In contrast with these developments, ankle arthros-
copy has several downsides, including risks to neurovascu-
lar tissue®**7 and cartilage,>” the need for general or spinal
anesthesia and an operating room, and a tendency for
unnecessary hospital stays.

Needle arthroscopy began to be developed®??3 in the
1990s, and as technology improved, much attention was
given to in-office needle arthroscopy (IONA). IONA is
considered to be inherently less invasive than conven-
tional arthroscopy.*?® Because of this characteristic, IONA
is expected to be widely used for athletes with sports
injuries in the near future. Although the medical cost
usually depends on the medical system of each country,
IONA under local anesthesia can cost less than MRI in
several countries.! Reportedly, IONA can be utilized to
diagnose and treat several musculoskeletal disorders,
including biceps tenotomy, rotator cuff repair, menis-
cectomy, meniscal repair, and cheilectomy for hallux
rigidus. #911:15.17.24.29.38 Roggrding ankle disorders, Dankert
et al” reported that IONA was valuable in removing loose
osseous bodies that could not be identified by MRI. Colasanti
et al* reported that IONA for anterior ankle impingement
resulted in high patient satisfaction.

However, this novel technique presents new concerns.
The viewing range of needle arthroscopy differs from that
of conventional arthroscopy, with oblique viewing since
needle arthroscopy has a 0° angle. In 2020, Stornebrink
et al®® investigated the efficacy and safety of ankle needle
arthroscopy, as the safety and efficacy of 2 mm—diameter
operative arthroscopy of the ankle were unknown. These
authors reported that needle arthroscopy inserted from the
anteromedial portal could visualize 96% of the talar and
85% of the tibial surface. However, the visible range of the
intra-articular structures, other than articular surfaces,
and the differences between portals remain unknown.
Moreover, the risk of nerve injury at each portal should
be investigated, as this is the most critical and frequent
complication of ankle arthroscopy.?>32 Clarifying these
concerns will contribute to improving the efficacy and
safety of [ONA use for athletes with ankle disorders.

In the present study, we aimed to clarify the visualizable
range of the ankle joint using needle arthroscopy when
performed from several portals and investigate the risk of
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neurovascular injury. We hypothesized that the viewing
range of needle arthroscopy would be different between
portals and that a risk of nerve injury per portal would be
revealed.

METHODS
Specimens

Ethics committee approval was obtained for the present
study. Specimens were obtained through the Science Care
donation program and donated with consent for use in med-
ical science. A total of 5 specimens with 10 ankles (mean
age, 90.2 = 7.2 years; 2 men and 3 women) were included in
the present study. Thiel-embalmed cadavers with whole
bodies and bilateral ankles were studied. Specimens with
a history of surgery or contractures were excluded. Radio-
graphs were used to confirm the absence of severe arthritis
or ankle fractures.

Needle Arthroscopy

All procedures were performed by a single surgeon (Y.Y.)
with >15 years of experience in arthroscopic ankle surgery.
Each specimen was placed in the supine position. Four
standard portals (anteromedial [AM], anterolateral [AL],
medial midline [MM], and anterocentral [AC]) were created
just medial to the tibialis anterior tendon, just lateral to the
peroneus tertius tendon, at the level between the tibialis
anterior tendon and the extensor hallucis longus tendon,
and at the level between the extensor hallucis longus ten-
don and the extensor digitorum communis tendon, respec-
tively.2*3% After a stab incision, a 1.9 mm-needle
arthroscope with 0° viewing (NanoScope; Arthrex) was
inserted into the joint. A 0.9% saline solution was used to
irrigate the joints. First, the anterior compartment was
visualized without joint distraction (Figure 1A). Next, the
joint was manually distracted using the bandage distrac-
tion technique,®! and the central part of the joint was
observed (Figure 1B). A 2.0-mm shaver (Arthrex) was used
to remove any soft tissue—such as synovial hyperplasia or
cicatrization—that obstructed the visualization. A previ-
ously published 15-point diagnostic checklist of areas to
visualize during the examination was used (Figure 2).1°
Videos created during the examination were analyzed by
another orthopaedic surgeon (J.I.) with 8 years of experi-
ence in arthroscopic ankle surgery who was blinded to the
findings during the examination. Visualization of each
point was assessed using binary variables (yes or no).
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Assessment for Neurovascular Proximity

After the arthroscopic examination, a 1.8 mm-diameter
Kirschner wire was introduced at each portal site and
inserted into the bone (Figure 3). Each ankle was dissected
while taking care to maintain the position of the Kirschner
wires to assess the distance between each portal and the
important neurovascular tissue. The skin was removed,
and the great saphenous vein and the superficial peroneal
nerve were identified. The extensor retinaculum was then
removed, and the anterior neurovascular bundle (deep
peroneal nerve, anterior tibial artery, and veins) was
revealed. The distances between each Kirshner wire and
the neurovascular structures close to the wires were mea-
sured using a digital caliper with a resolution of 0.1 mm
(Niigata seiki).

Statistical Analysis

Points to be visualized were reported as frequencies with
percentages according to the rate of visible numbers, which
were compared among the portals using the Fisher exact

Figure 1. Arthroscopic examination (A) without distraction
and (B) with distraction using a bandage.

Joint without distraction
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test. If there was a significant difference among portals,
post hoc pairwise comparisons were performed with the
Bonferroni correction. The distance between the anterior
neurovascular bundle and the portals was compared using
the Friedman test. If there were significant differences,
post hoc pairwise comparisons were conducted with the
Bonferroni correction. Statistical significance was set at
P < .05. All statistical analyses were performed using the
open-source statistical computing software R package
(The R Foundation for Statistical Computing, http:/www.
r-project.org).

RESULTS
Differences of Visibility Between Portals

Regarding the deltoid ligament and the tip of the medial
malleolus, the rate of successful visualization was 100% in
the AM, MM, and AC portals and 10% in the AL portal, with
a significant difference in visibility between the portals
(P < .01). Regarding the origin of the anterior talofibular
ligament and the lateral malleolus tip, the rate of success-
ful visualization was significantly different between the
portals (AM, 20%; MM, 90%; AC, 90%; and AL, 100%;
P < .0D).

All other points were confirmed with 100% visibility from
every portal. The percentage of points that could be visual-
ized from each portal and the results of the post hoc pair-
wise comparisons are shown in Table 1.

Assessment for Neurovascular Proximity

The distances between the portals and neurovascular tis-
sues are shown in Table 2. The AM and AL portals were
sufficiently far away from the neurovascular tissues trav-
eling nearby. Regarding the anterior neurovascular bun-
dle, the AC portal was significantly closer to the bundle
than the AM and MM portals. In 4 patients, the Kirschner

(1) Deltoid ligament
(2) Tip of medial malleolus

(3) Anterior distal tibia

@ ® (4) Anterior inferior tibiofibular ligament
(5) Lateral gutter
® (6) Origin of the anterior talofibular ligament
® % (7) Tip of the lateral malleolus
@ (8) Capsule on anterior talus

Joint with distraction (%) Medial plafond
Central plafond
(11) Lateral plafond

®® ® ©

(12) Medial talar dome

(13) Central talar dome

® ® @

(14) Lateral talar dome
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Figure 2. Points to visualize using the arthroscope.


http://www.r-project.org
http://www.r-project.org

4 Inoue et al The Orthopaedic Journal of Sports Medicine

Proximal

: B L dad v Deep peroneal nerve and
Medial ~+‘ Lateral Tibialis anterior1 PP

anterior tibial artery and veins
Distal 24

Superficial peroneal nerve

Extensor hallucis longus tendon

Figure 3. Dissected left ankle with the 4 portal sites. The distance between a Kirshner wire inserted into each portal and important
neurovascular tissue was measured.

TABLE 1
Percentage of the 15 Points That Could Be Visualized From Each Portal®

AM MM AC AL

(@ Deltoid ligament 100** 100** 100** 10 = " .

@ Tip of medial malleolus 100+ 100% foo~ 1o 1ointwithout distraction

@  Anterior distal tibia 100 100 100 100

@ Anterior inferior tibiofibular ligament 100 100 100 100 @ (©)

&) Lateral gutter 100 100 100 100 6

® Origin of the anterior talofibular ligament 20  90*  90* 100## ® @

@ Tip of the lateral malleolus 20 90 907 100## @ @

Capsule on anterior talus 100 100 100 100

@ Medial plafond 100 100 100 100

@ Central plafond 100 100 100 100 Joint with distraction

(D Lateral plafond 100 100 100 100

g I(;/[edlalmlardomc 100 100 100 100 @@ ® O
entral talar dome 100 100 100 100

@ Lateral talar dome 100 100 100 100 W ® ®

@ Syndesmosis 100 100 100 100

“Data are reported as percentage of all ankles. AC, anterocentral; AM, anteromedial; AL, anterolateral;
MM, medial midline.

bSignificant differences compared with AL (P < .01)

“Significant differences compared with AM (P < .05).

9Significant differences compared with AM using post hoc pairwise comparisons (P < .01).
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TABLE 2
Distance Between Portal and Neurovascular Tissue®

Mean distance (mm)

Cases of contact (N)

AM portal - Great saphenous vein 18.4+6.1 0

AM portal - Anterior neurovascular bundle 18.2+3.0 0
L

MM portal - Anterior neurovascular bundle 105+24 — ok 0
ok

AC portal - Anterior neurovascular bundle 22+£20 4

AL portal - Superficial peroneal nerve 8.0+6.6 0

“AC, anterocentral; AL, anterolateral; AM, anteromedial; MM, medial midline.
bSignificant differences (P < .01) using post hoc pairwise comparisons.

wire from the AC portal was in contact with the anterior
neurovascular bundle, and this was measured as 0 mm.

DISCUSSION

In the present study, needle arthroscopy, in which the
arthroscope is inserted from both the AC and the MM por-
tals, was able to visualize almost all 15 points in the ankle
joint. However, the AL and AM portals had difficulty visu-
alizing the opposite sides of the ankle joint. In addition,
the AC portal had a high risk of contact with the anterior
neurovascular bundle. To our knowledge, no study has
addressed the areas of arthroscopic visualization or
addressed the risk of iatrogenic neurovascular tissue injury
for each portal in needle arthroscopy. Needle arthroscopy is
not a new technology; it has been in use since the 1990s.%22:23
However, it did not gain popularity because of the poor
quality of the images. Recently, improved image quality
has made many clinicians pay greater attention to this
modality. The development and advancement of IONA can
increase the utilization of this new modality, which has so
far been limited to only a few experts. In a recent system-
atic review, Zhang et al®® described that “lIONA holds
potential for cost savings and improved diagnostic accuracy
relative to MRI, primarily for intra-articular meniscal, lig-
amentous, and chondral defects of the knee.” However, they
also described how “the current quality and breadth of evi-
dence are significantly lacking, with numerous practical
shortcomings. To improve acceptance of IONA, priority
should be placed on establishing defined protocols, indica-
tions, contraindications, and patient perspectives for the
procedure.” The outcomes demonstrated in the present
study can become a new body of scientific evidence, which
will help physicians who are unfamiliar with IONA to

perform diagnostic and therapeutic interventions using
needle arthroscopy.

IONA was reported to have more accuracy and lower cost
than MRI in the knee and the shoulder.%2%3% Although the
cost of IONA may be higher compared with MRI in several
countries because the medical cost usually depends on the
medical system of each country, IONA could be superior in
detecting the small size of loose bodies or osteochondral
defects compared with MRI.?® Small and Del Gallo?®
reported that the indications for IONA were bony or soft
tissue impingement, osteochondral lesions, loose bodies,
synovitis, arthrofibrosis, and instability. Labib and Slone'®
reported that needle arthroscopy would be useful to assess
the syndesmotic injuries and verify joint reduction. In addi-
tion, needle arthroscopy could be used for patients who
have undergone osteosynthesis for ankle fracture and had
residual pain in their ankle joint since the hardware
around the joint would obstruct the image quality of imag-
ing modalities. The flip side of these benefits is that IONA is
invasive with potential complications (nerve injuries,
wound healing problems, deep vein thrombosis, and septic
arthritis). In addition, needle arthroscopy cannot visualize
subchondral bone, which means IONA is not good for some
disorders, including bone bruises and subchondral cysts.
Although further studies about the cost, effectiveness, and
safety of IONA are required, we believe that a good indica-
tion for using IONA as a diagnostic modality is for patients
with ankle pain that cannot be detected by MRI or who
cannot undergo MRI due to claustrophobia or metal
implantations. Additionally, IONA can be indicated for
patients who accept the risk of IONA.

In the present study, the surgeons with sufficient expe-
rience in conventional ankle arthroscopy were able to visu-
alize all points of the ankle joint using needle arthroscopy
without experience with this technique. The learning curve
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of conventional arthroscopy has been reported: increasing
experience in the procedure decreases the operating time
and leads to better clinical outcomes.?1%2° Meanwhile,
there has been no report about the learning curve of needle
arthroscopy. To date, IONA has been performed by only a
few experts. As the pioneers of this method, Colasanti et al®
have reported that a disadvantage of IONA might be the
learning curve. However, the surgeon involved in the
present study was able to confirm all points in the ankle
in each specimen, despite lacking experience in needle
arthroscopy. In light of the results of the present study,
we believe that the visualization of the ankle joint with
needle arthroscopy may be uncomplicated for experts famil-
iar with conventional arthroscopic techniques. On the other
hand, there are no data regarding physicians unfamiliar
with conventional arthroscopic techniques. Considering
the decision making about the indications of IONA for
ankle disorders and the handling of problems, such as
unexpected bleeding, the ideal person to start with IONA
is a surgeon with enough experience in ankle arthroscopy.
Given the possibility that IONA will be widely used in the
future, further studies examining the learning curve are
warranted.

The AM and AL portals are the standard portals for ante-
rior ankle arthroscopy, in which 2.7- or 4.0-mm 30° oblique
arthroscopy is commonly used. When using conventional
arthroscopy with a 30° oblique view, both the deltoid and
anterior tibiofibular ligaments can be visualized from the
AM portal.® However, in the present study, we observed
that the anterior tibiofibular ligament was difficult to visu-
alize when the needle arthroscope was inserted through the
AM portal. This could be due to the difference in the visible
range between the oblique and direct views of each arthro-
scope. Similarly, when using the needle arthroscope, it was
difficult to visualize the deltoid ligament from the AL por-
tal. In contrast to the AM and AL portals, the MM and AC
portals could be used to visualize almost all intra-articular
sites, except for 1 case in which the origin of the anterior
tibiofibular ligament and the tip of the lateral malleolus
could not be visualized. When needle arthroscopy is used
as a diagnostic modality with only 1 portal created, the MM
or AC portal is better for visualization than the AM or AL
portal, although the procedures in the present study were
performed by an expert with plenty of experience with
ankle arthroscopy.

The results of the present study showed that the AC
portal had a higher risk of anterior neurovascular injury
in IONA. The NanoScope has both a blunt and a sharp
obturator. Therefore, the distance between each portal and
neurovascular tissues shown in the present study would be
referred to especially when a sharp obturator is used. In
previous studies, many authors have discouraged the use
of the AC portal because of the high risk of anterior neuro-
vascular injury.%1%32 Feiwell and Frey'° reported that the
mean distance between the AC portal and the anterior neu-
rovascular bundle was 3.3 mm, and the arthroscope was in
direct contact with the neurovascular bundle in 22% of
cases. Buckingham et al? also mentioned that the mean
distance was 0.7 mm from the AC portal to the artery and
the arthroscope directly touched the artery in 90% of cases.
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These results were comparable with those of our study, in
which the mean distance was 2.2 mm and direct contact
occurred in 40% of cases. In contrast, Stotter et al®° recom-
mended using an AC portal because of its broad visualiza-
tion and low rate of neurovascular injury in the clinical
setting. The present study showed that the MM portal had
a longer distance from the neurovascular bundle and
almost the same visibility as the AC portal. Therefore, we
believe that the MM portal is a better option than the AC
portal. In the present study, the portals were created with-
out joint distraction, and the distances between the portals
and neurovascular tissues were measured without joint
distraction. A previous study has shown that joint distrac-
tion can change the distance between the portals and the
neurovascular bundle.® Therefore, further studies will be
needed to reveal the difference in the distances between
portals and the neurovascular bundle according to the exis-
tence of joint distraction.

Limitations

The present study had several limitations. First, the study
consisted of a small sample size of 10 cadaveric ankles. Sec-
ond, a 21-point assessment, which includes the examination
of posterior structures of the ankle joint,2” was not used in
the present study. Third, there was no bleeding since this
was a cadaveric study, although intraoperative bleeding
might affect the visibility in a clinical setting. Fourth, gen-
eralizability is limited since the procedures in the present
study were conducted by a single surgeon with vast experi-
ence in ankle arthroscopy. Fifth, the age distribution in this
cadaveric study was extremely high. In the clinical situation,
IONA has been typically used for younger patients.*® How-
ever, IONA would be indicated for any patients, young or
old, as long as their medical status allowed it to be performed
in the office instead of an operating room. Sixth, only a
1.9-mm arthroscope with 0° was investigated in the present
study; regardless, there are other 1.9-mm arthroscopes with
a 25° lens. Additional studies should be conducted with that
lens to determine whether it provides better visualization
than a 0° arthroscope. Despite these limitations, the present
study is valuable, as it provides information regarding
which portal should be selected to perform needle arthros-
copy in the ankle joint.

CONCLUSION

With needle arthroscopy, almost all the points in the ankle
joint were visualized in both the AC and the MM portals.
In contrast, visualization of the opposite sides of the
ankle joint was difficult in the AM and AL portals. Care
should be taken when creating an AC portal because of its
proximity to the anterior neurovascular bundle.
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