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Background: Dellon et al. have reported that chronic nerve compression of the
tibial nerve inside the tarsal tunnel, caused by diabetes mellitus, can be relieved
following open decompression surgery. However, the large skin incision result-
ing from Dellon’s procedure may cause wound healing problems. The authors
report the possibility of a minimally invasive full endoscopic procedure.
Methods: Operations were performed under local anesthesia without a pneu-
matic tourniquet. An anesthetic agent was applied at the proximal part of the
flexor retinaculum of the foot, and a hypodermic needle was advanced into
the tarsal tunnel. Tarsal tunnel pressure and blood circulation of the tibial
nerve using indocyanine green assessment were measured preoperatively. One
l-cm portal skin incision was made at the anesthetized area and the Universal
Subcutaneous Endoscope system was inserted into the tarsal tunnel. The flexor
retinaculum, tibial nerve, blood vessels, and abductor hallucis muscle fascia
were identified under endoscopic observation. After decompression of the tar-
sal tunnel, the authors measured tarsal tunnel pressure and blood circulation
of the tibial nerve for analysis of the effectiveness of the endoscopic decompres-
sion during the procedure.

Results: Fourteen operations were compiled and analyzed. Postoperative clini-
cal status was improved based on the preoperative modified Toronto Clinical
Neuropathy Score. The mean tarsal tunnel pressure dropped to 4.5 mmHg
during surgery from the initial preoperative 49.4 mmHg in resting position.
Endoscopic indocyanine green assessment showed more than 30 percent
improvement of the vascularity surrounding the tibial nerve.

Conclusion: The authors’ minimally invasive full endoscopic procedure is a
viable alternative approach for tarsal tunnel syndrome patients with diabetic
foot neuropathy. (Plast. Reconstr. Surg. 148: 592, 2021.)

CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IV.

irreversible and progressive polyneuropa-
thy disease; however, nerve decompression
in diabetic patients who have undergone open
neurolysis of the tibial nerve has resulted in relief
from pain and eventual sensory recovery. Some
researchers have suggested possible recovery from

D iabetic neuropathy has been considered an
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diabetic neuropathy,'” including entrapment
neuropathy of the tibial nerve with tarsal tunnel
syndrome, because systemic diseases such as dia-
betes also cause tarsal tunnel syndrome. Other
researchers™’ state that there is not enough evi-
dence to support decompression of the diseased
nerve. The International Working Group on the
Diabetic Foot 2019 Prevention Guideline sug-
gests not using nerve decompression procedures
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because there is no evidence to support an ulcer
prevention effect from nerve decompression."
Another reason for no recommendation of tibial
nerve decompression procedures is the possibility
of surgical complications of wound healing after
making a long invasive incision of the ankle. This
lack of recommendation for tibial nerve decom-
pression procedures is despite the many positive
articles published by Dellon and Aszmann et al.'”
We compiled and analyzed the clinical results of
our alternative full endoscopic surgical approach
to verify the efficacy of this minimally invasive
procedure for treatment of tibial nerve neuroly-
sis in diabetic foot neuropathy with tarsal tunnel
syndrome.

PATIENTS AND METHODS

We have retrospectively compiled, examined,
and analyzed our results from all 14 feet that
received treatment for diabetic foot neuropa-
thy with tarsal tunnel syndrome using full endo-
scopic neurolysis with the Universal Subcutaneous
Endoscope system (Tact Medical, Inc., Tokyo,
Japan) since March of 2015 (Fig. 1).

The operation was performed using tech-
niques first introduced by Yoshida et al." for treat-
ment of idiopathic, hemodialysis-related tarsal
tunnel syndrome. [See Video 1 (online), which
shows surgical anatomy, criteria, and techniques
with some schema. The Universal Subcutaneous
Endoscope system and a push knife are inserted
into the tarsal tunnel. Video shows the Universal
Subcutaneous Endoscope system for the right
foot. Video shows measuring of tarsal tunnel pres-
sure before and after surgery using a continuous
infusion technique.] Unlike the more common
two-portal endoscopic carpal tunnel release
approach, our approach is based on the one-por-
tal technique for endoscopic carpal tunnel release
surgery as first reported by Okutsu et al. in 1987."2

Written informed consent was obtained from
all participating patients in this treatment. This
study was performed in accordance with the World
Medical Association Declaration of Helsinki and
the confirmation of the ethics guideline for clini-
cal studies in Saga University Hospital.

We inject 10 ml of 1.5% lidocaine into the tar-
sal tunnel and wait 5 minutes. We then measure
tarsal tunnel pressure preoperatively and postop-
eratively using a continuous infusion technique.
This technique can be used to both confirm diag-
noses and for postoperative evaluation of decom-
pression following the Universal Subcutaneous
Endoscope system procedure.'*"

) Lo

Fig. 1. Photograph shows the Universal Subcutaneous
Endoscope system. (Above) Transparent closed sheath with-
out an open slot. (Center) Standard 30-degree, 4-mm oblique
viewing arthroscope. (Below) Universal Subcutaneous
Endoscope system. Our endoscopic procedure was applied
using the Universal Subcutaneous Endoscope (U.S.E.) system.
The Universal Subcutaneous Endoscope system consists of a
standard 30-degree, 4-mm oblique viewing arthroscope and
a tapered 6- to 8-mm-diameter transparent closed sheath
(Universal Subcutaneous Endoscope sheath). Dr. Okutsu
developed the system and has used it since 1986 in various
types of subcutaneous surgical treatments such as carpal tun-
nel syndrome.

To evaluate whether our procedure effec-
tively decompresses the tibial nerve, we measure
tarsal tunnel pressure preoperatively and postop-
eratively in the resting position. We also evaluate
quantitative assessment of the perfusion around
the tibial nerve by measuring indocyanine green
intensity to see whether it can be used to predict
postoperative outcomes.

RESULTS

Preoperative complaints of tingling, positive
Tinel-like signs, sensory disturbance, and abnor-
mal motor nerve conduction velocity occurred in
all 14 cases. We evaluated the results at 3 months,
6 months, and 1 year.

A modified Toronto Clinical Neuropathy
Score'® was applied to measure changes that
occurred before and after surgery for all cases.
Preoperative mean score rates were 17.57 + 1.26
of 33; 2.28 for foot pain, 2.42 for numbness, 2.42
for tingling, 0 for weakness and ataxia, 0.07 for
upper limb symptoms, 2.53 for pinprick test, 2.5
for temperature test, 2.57 for light touch test, 2.78
for vibration test, and 0 for position sense test.
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One-year postoperative mean score rates were
7.25 + 0.52 of 33; 1.07 for foot pain, 1.0 for numb-
ness, 0.85 for tingling, 0 for weakness and ataxia,
0.07 for upper limb symptoms, 1.14 for pinprick
test, 0.92 for temperature test, 0.92 for light touch
test, 1.28 for vibration test, and 0 for position sense
test. There were statistically significant differences
between the preoperative and l-year postoperative
Toronto Clinical Neuropathy Score mean rates
with a value of p = 0.001 in Wilcoxon signed rank
test. Postoperatively, all 14 feet showed improved
rating scores (Table 1).

Preoperative tarsal tunnel pressure was mea-
sured at b minutes after administration of the
local anesthetic agent (1% lidocaine 10 ml with

Table 1. Clinical Features of the 14 Cases and Results

Characteristic Value (%)
No. of feet 14
Male sex 12 (85.7)
Age, yr 56.6 £ 0.1
Diabetes mellitus

Type 1 0 (0)

Type 2 14 (100)

Preoperative mean mTCNS score (of 33 points)

Symptom scores* 17.57 + 1.26
Pain of foot 2.28
Numbness of foot 2.42
Tingling of foot 2.42
Weakness and ataxia of foot 0
Upper limb symptoms 0.07

Sensory test scoref
Pinprick test 2.53
Temperature test 2.5
Light touch test 2.57
Vibration test 2.78
Position sense test 0

Postoperative mean mTCNS score at 1 yr 7.25 +0.52

Symptom scores™
Pain of foot 1.07
Numbness of foot 1.0
Tingling of foot 0.85
Weakness and ataxia of foot 0
Upper limb symptoms 0.07

Sensory test scoref
Pinprick test 1.14
Temperature test 0.92
Light touch test 0.92
Vibration test 1.28
Position sense test 0

Preoperative TT pressure in 12 feet, mmHg
Mean + SD 49.4 + 46.4
Range 16-187
Postoperative TT pressure in 12 feet, nmHg
Mean 45+6.5
Range 1-25

mTCNS, Modified Toronto Clinical Neuropathy Score; TT, tarsal
tunnel.

*Symptom scores are thus graded as follows: 0 = absent; 1 = present,
but no interference with sense of well-being or activities of daily liv-
ing; 2 = present and interferes with sense of well-being but not with
activities of daily living; 3 = present and interferes with both sense of
well-being and activities of daily living.

tSensory test scores are graded as follows: 0 = normal; 1 = reduced
at the toes only; 2 = reduced to a level above the toes, but only up to
the ankles; and 3 = reduced to a level above the ankles and/or absent
at the toes.
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epinephrine) into the tarsal tunnel, and postop-
erative measurement was performed immediately
after tarsal tunnel release. Preoperative and post-
operative tarsal tunnel pressures in resting posi-
tion for 12 feet had a preoperative mean of 49.4 +
46.4 mmHg (range, 16 to 187 mmHg) and there
was a 4.5 + 6.5 mmHg (range, 1 to 25 mmHg)
pressure immediately after surgery. There were
statistically significant differences between the
preoperative and postoperative tarsal tunnel pres-
sure measurement results with a value of p < 0.01
according to the Wilcoxon signed rank test.

Endoscopic indocyanine green assessment
showed more than 30 percent improvement of
the vascularity around the tibial nerve in the tarsal
tunnel for three feet using Vision Sense (Heiwa
Medical Instruments Co. Ltd., Yamaguchi, Japan).
[See Video 2 (online), which shows quantitative
assessment of perfusion around the tibial nerve by
measuring indocyanine green intensity. |

We had one postoperative case with hema-
toma formation in a hemodialysis patient. It
required no further surgical treatment and there
was no recurrence in this series during the 1-year
follow-up period.

DISCUSSION

According to World Health Organization
estimates, the global prevalence of diabetes has
increased from 153 million people in 1980 to 347
million in 2008."” The number of diabetic patients in
Asian countries, including Japan, has also increased.
In 2016, 20 million Japanese (16 percent) were
diagnosed with diabetes mellitus. Diabetic patients
may suffer from several complications, and neurop-
athy is one of the most common, affecting up to 60
percent of people with diabetes.'”" It is debilitat-
ing and expensive to treat, and diabetic neuropa-
thy has long been considered an irreversible and
progressive disease.” Some researchers suggest that
there is the possibility of a cure for diabetic neu-
ropathy'™** by means of nerve decompression,
whereas others argue there is not enough evidence
to support nerve decompression procedure for the
diabetic population with neuropathy.*’

Tarsal tunnel syndrome is an entrapment neu-
ropathy caused by compression of the tibial nerve
in the tarsal tunnel, which is roofed by the flexor
retinaculum of the foot.” The clinical symptoms
include pain at the medial malleolus radiating to
the sole as paresthesia, dysesthesia, and/or hyper-
esthesia in the distribution area of the tibial nerve.”

Normal tarsal tunnel pressure is difficult to
determine. With the foot and ankle held in mild
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plantar flexion and neutral eversion-inversion
position, mean tarsal tunnel pressure was a mini-
mal (2 + 1 mmHg) in an anatomical study of 10
fresh cadavers. When the foot and ankle were
positioned in full eversion, mean tarsal tunnel
pressure increased 32 mmHg.” Rosson et al. and
Barker et al. reported that pronation and plantar
flexion of the intact foot would have higher pres-
sure levels than the intact foot in other positions.
Furthermore, pronation and plantar flexion sig-
nificantly increased pressure in the tarsal tunnel
to levels sufficient to cause chronic nerve compres-
sion.”* According to other carpal canal pressure
measurement results, in patients suffering from
carpal tunnel syndrome, the preoperative mean
pressure in the carpal canal with the wrist in rest-
ing position was 43 mmHg. Postoperatively, carpal
canal pressure in the same resting position was 6.2
mmHg."” Preoperative mean tarsal tunnel pres-
sure in our study was 49.4 mmHg and dropped
to 4.5 mmHg, postoperatively. We believe that
normal tarsal tunnel pressure in resting position
changes during the surgical procedure similar to
how carpal canal pressure measurement results in
resting changes during surgery.

The International Working Group on the
Diabetic Foot 2019 Prevention Guideline suggests
clinicians not use a nerve decompression proce-
dure because of a lack of evidence to support the
procedure’s ulcer prevention effect.'” Reasons for
the Guideline’s suggestion include the surgical
complications of wound healing from the standard
skin incision made at the medial ankle. In con-
trast, inserting the 10-cm Universal Subcutaneous
Endoscope sheath from the 1l-cm portal allows
us to visually confirm a sufficient length of tibial
nerve decompression from the proximal part of the
flexor retinaculum to the abductor hallucis muscle
fascia and to observe restored intranerve blood
circulation during the operation while verifying
complete decompression of the nerve. The closed
transparent sheath characteristic of our method
is used without a pneumatic tourniquet, and this
enables us to observe the nerve and vessels without
blood obscuring the magnified field of vision.'*?~*
Interference bleeding during the endoscopic pro-
cedure is avoided and postoperative perineural
adhesion is usually prevented.'' It is imperative that
a clear field of vision be secured throughout surgery
because insufficient release and perineural scar for-
mation may lead to poor postoperative results.

Our one-portal technique has the benefit of
leaving only a 1-cm scar on the medial malleolus
area. Furthermore, there is no scar in any weight-
bearing area and the small incision requires only a

short recovery period. A two-portal endoscopically
assisted procedure that uses a retractor to create
observation space in the tarsal tunnel has been
reported.”** This procedure, however, requires
two skin incisions, and this may lead to compli-
cations described in the International Working
Group on the Diabetic Foot 2019 guidelines.

Our indocyanine green assessment is an origi-
nal concept with more than 30 percent improved
results as related to clinical symptoms. This mini-
mally invasive full endoscopic tibial nerve neu-
rolysis technique for treatment of tarsal tunnel
syndrome with diabetic foot neuropath avoids
nerve and/or vessel damage during release of the
flexor retinaculum of the foot and a part of the
abductor hallucis muscle fascia and can be con-
sidered as a viable alternative to standard open
decompression procedure.

The greater long-term economic benefits gen-
erated by our one-portal technique, as compared
to open or two-portal procedures, should also be
noted. It could be a potential benefit that is more
cost-effective than current prevention strategies
that often include extended hospital stays.
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