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( ABSTRACT > Introduction: Diabetic toe ulcers are a potentially devastating complication of diabetes. In recent years, the percutaneous

flexor tenotomy procedure for the correction of flexible claw and hammer-toe contraction deformities that has been
proposed as a safe, minimally invasive and effective technique for facilitating the healing of toe-deformity related diabetic toe ulcers. Methods A
retrospective observational study was performed with the inclusion of all consecutive flexor tenotomies from one hospital between July 2021 and
July 2022. Result The average follow-up was upto 12 months. Out of 35 diabetic foot toe ulcers, 31 healed (88.6%) completely with a mean
period of 3.77+1.7 months. Conclusion A percutaneous flexor tenotomy is a safe and effective off-loading technique that can be performed in an
outpatient clinic. The presence of osteomyelitis is not a contraindication for this technique; however, an increased healing time can be expected.
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INTRODUCTION

Diabetes is one of the largest health challenges facing the world, India
is said to be the Diabetic capital in the world. Usually Claw and
hammer toe deformities develop in people with diabetes, leading to
increased pressure on the distal end of the toes'. In otherwise normal
individuals, too much pressure and stress on the pressure points in the
foot may lead to the reflexive change in position due to responsive
nerve endings. Claw toes occur due to the stiffness of the ligaments
which is due to the non-enzymatic glycathion’ of these ligaments.
During weight bearing or gait, insensate and deformed toes, there will
be an increased pressure and shear stress in combination with
neuropathy, which then, may lead to abundant callus and the
development of ulcers. Conservative treatment of these ulcers consists
of wound care, sharp debridement and off-loading of the foot by means
of shoe adaptations or casting which takes prolonged period for
healing. A minimally invasive surgical alternative is flexor needle
tenotomy.

Flexor tenotomy can also be performed for prevention of diabetic foot
ulcers, when abundant callus is present on the distal end of claw and
hammer toes. The minimally invasive technique of tenotomy was first
described by Mankowitz. It is technically simple and less invasive,
economically feasible and can be done as an outpatient procedure. The
effectiveness of needle flexor tenotomy on diabetic foot ulcers is a grey
area.

In low socioeconomic areas, due to complications like neuropathy,
patients may not be aware of the wound or the ulcer that is caused in the
foot, therefore their presentation to the Outpatient will be at a later
stage. One may be infected whereas other may not be which is an
important factor in healing.

Here, we estimate the duration for the diabetic ulcers to heal after
flexor tenotomy. The aim of this study was to retrospectively
investigate all consecutive flexor tenotomies in people with
neuropathic diabetic foot ulcers on the distal end of the toe, to report
healing and time to heal, and to investigate the influence of
preoperative treatment, ulcer duration before flexor tenotomy, ulcer
location, and infection on healing and time to heal.

MATERIALSAND METHODS:

We retrospectively reviewed the files of patients with diabetes treated
at KVG Medical college between July 2021 to June 2022. All the
patients had a claw toe deformity and ulcer at the tip of the distal

phalanx and underwent flexor tenotomy. The medical files of these
patients were reviewed for: (i) patient characteristics (gender, date of
birth, diabetes type, neuropathy assessed with a peripheral arterial
disease assessed by palpation of pulses in the lower limb, pre-operative
treatment) ; (ii) ulcer characteristics (duration before flexor tenotomy,
location, presence of infection based on clinical assessment, depth
divided in three groups as superficial, penetrating to tendon or capsule,
penetrating to bone or joint, date of flexor tenotomy, ulcer healing
period, complications transfer lesions and re-ulceration (development
of a new ulcer on the same location, after the previous ulcer was
healed) during follow-up. (Table.1)

Table. 1 Minimum|Maximum|Mean |Std. Deviation
Age 36 72 60.00 |7.203

Ulcer duration 20 80 53.74 [15.691
HbAlc 6.50 14.60 7.7286(1.84177

Digit tenotomised |1 3 231 |.583

Healing time months|2 8 3.77 11.726
Inclusion Criteria:

1) Diabetic foot with ulcer in the distal phalanx
2) Mild to moderate rigid flexor deformity

Exclusion Criteria:

1) Peripheral Vascular disease ulcers
2) Grade4 and 5 Wagner wounds

3) Nondiabetic Cellulitis

4) Charcot foot

5) Lostin follow up

Procedure:

Procedure was done by one common surgeon. The patient was asked to
lie supine on the examination table with his or her feet at the lower edge
of the bed. Precautions to ensure sterility were always followed. For a
digital block, 5 mL of lidocaine was used; however, in diabetic patients
with sensory neuropathy, this is often not necessary. The tendon was
felt and cut using an 18-gauge needle. If the deformity was rigid, the
toe was hyperextended at the proximal interphalangeal joint
(osteoclasis). Pressure applied with dressing gauze for several minutes
and a sterile dressing applied over the wound. The patient was allowed
to bear weight in his or her normal shoes, and daily dressings of the
ulcer was maintained. The patient was examined within 1 week to
ensure that the wound had healed satisfactorily and then at regular
intervals until the toe ulcers have healed. Patient was followed up for 1
year to know the healing status of the wound and if any complications
post tenotomy was seen. The following data of the patients were
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extracted from the electronic patient records as the results closest to the
date before the procedure. (Diag 1)

Data Analysis:

The collected data will be analysed using SPSS version 20.0 (IBM
Corp., NY, USA) and Microsoft excel 2013. The data will be presented
in the form of tables and figures. The data will be represented as
frequencies, percentages, mean + standard deviation. Chi square test
and t test will be used to assess the relationship between the variables
and p value <0.05 will be considered as significant.

RESULTS:

Actotal of 35 patients were taken up for the procedure, flexor tenotomy.
Patient, foot and ulcer characteristics are described in Table 1 (group
characteristics).

74 % were females and 26 % were males, 94 % of the population had
neuropathy.

About 45.7% of the population presented with Wagner grade 2 ulcers
and 40 % were of Wagner grade 3 ulcers.

From 35 ulcers, 31 healed (88.6%) completely. The longest duration
for healing was found for infected ulcers that were penetrating to bone
and also uncontrolled Diabetes Mellitus.

A significant relation was found between time to heal and ulcer
classification and neuropathy with the shortest time to heal in
superficial ulcers without infection (average of 3.3 months), and the
longest time to heal (4.6 months) seen in infected ulcers penetrating to
bone (Wagner Grade 3). Graph 1 and 2.
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29 neuropathic patients (89%) showed complete healing post needle
flexor tenotomy except for 4 cases (11 %).

Patient was followed up upto 1 year; Out of 35 tenotomies done, only 1
patient (2.86%) had transfer lesions and 2 patients (5.71%) ulcer
recurrence. 31 patients (88.57%) were able to walk normally with
footwear. Table 2.

Frequency Percentage
Transfer lesions 1 2.86
Ulcer recurrence 2 5.71
Weight bearing 31 88.57

DISCUSSION

In the toe, interossei and lumbricals normally flex the
metatarsophalangeal joint and extend the proximal and distal
interphalangeal joints. The action of the intrinsic muscles is opposed
by the action of the long extensor and flexor tendons; hence, the toe
remains balanced. In patients with diabetes, motor neuropathy can
cause dysfunction of the interossei and lumbricals muscles.” The
unopposed action of the extensor digitorum longus extends the
metatarsophalangeal joint and the flexor digitorum longus flexes the
interphalangeal joints causing a claw toe deformity.”*

Flexor needle tenotomy is a minimally invasive surgical procedure for
off-loading claw and hammer toe deformities. All four ulcers that did
not heal were infected and penetrated to bone and had poor glycaemic
control at the moment of flexor tenotomy.

Infected ulcers penetrating to bone are not a contra-indication for
performing flexor tenotomy, as the 78.6% of the same healed
completely without any significant complication. Flexor needle
tenotomy, its complications include transfer lesions’ and recurrence of
the ulcer. But in the long run advantages outweigh the disadvantages.
Literature so far reported low incidence of complications, two studies
by Rasmussen and Tamir reported two (2/81) and nine (9/34) transfer
ulcers respectively.*"'

Frequent follow-up visits are essential for timely detection of these
ulcers, or the callus formation, which is a pre-sign of these ulcers.
Frequent follow-up visits and timely made shoe adaptations may
prevent ulceration due to this complication.

Limitations of this study includes is that, there is no group for
comparison, retrospective study, and sample size is small.
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CONCLUSION

This study suggests that flexor tenotomy proves to be beneficial for
neuropathic diabetic foot ulcers on the distal end of the toe, with a high
healing percentage and shorter duration of healing. Only infected
wounds or ulcers penetrating the bone (Wagner grade 3) showed delay
in the healing period and complications of the procedure. Prophylactic
flexor tenotomy may hold promise as a measure for prevention of
ulceration on the distal end of the toe and should studied upon.
Prospective research should be done, to confirm the results of this
retrospective study and also its efficacy as a prophylactic procedure for
diabetic foot ulcers in the distal end of the toes.
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