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Learning objectives

m Define the common lesser
digital deformities

m Review Anatomy w
m Describe their o 5 N
pathomechanics Ry  f

m Describe flexor and
extensor tenotomies

m Capsular releases _“’awp:z“

s han 1% retum rate

) YogaToes

for hmlth,
beautiful feet




Classification of digital deformities

Structure/function Aetiology
m Non-reducible (Fixed) m Congenital
Joint and/or soft tissue Present at birth
adc?pta_ltlonsi: Ia_fe_\/(?”t manuall = Intrauterine position
[)eoslijt(i:ct)lr?n ot digit into norma = Specific birth defect
. . m Acquired
= Reducible (Flexible) e
Digit may be manually Trauma.

reduced into normal position _
Secondary to systemic

disease process
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Digital Deformities

1 Sagittal plane
s Hammer toe
= Claw toe
s Mallet toe

1 Transverse plane
m Digitus adductus
m Digitus abductus

1 Frontal Plane
m Varus toe
= Valgus toe




PIP} flexion MPJ extension Saglttal plane defOrmltleS
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PIPJ flexion

- Hammer Toe

- Fixed or reducible

- MPJ extended

- PIPJ flexed

- DIPJ either normal, extended
or flexed

DIPJ extension

MPJ extension

- Claw Toe

- Reducible

- MPJ extended
- PIPJ flexed

- DIPJ flexed

DIP) fiexion

- Mallet Toe

- Fixed or reducible
- DIPJ flexed
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Assoclated Skin Lesions

THeloma durum
THeloma molle
10Onychoclavis

http://www.foottalk.com/popups/images/disthd.jpg



" S
Digital formulae
Usually 1>2>3>4>5

Or
1=2>3>4>5

Excessively long digit will often contract over
time to ‘even-out’ the digital formulae



Anatomy of Lesser Digits

Richie, D. Pathomechanics of Common Foot Disorders , Springer International Publishing 2021

Fig. 6.10 The plantar
plate: coronal view.
(Reprinted by permission
from Springer Nature:
Springer, Hammerioes by
Emily Cook and Jeremy
Cook (Eds.) © 2019)

I = joint capsule,

2 = extensor expansion,

3 = deep transverse
metatarsal ligament,

4 = plantar plate, 5 = EDL,
6 = EDB, 7 = interossei
within extensor sling,

8 = lumbrical with
connection to the plantar
plate, 9 = FDL, 10 =FDB,
11 = flexor tendon sheath
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Metatarsophalangeal Joint

Long

extensor
Medal Extensor brevis
I M =k s
etatarsal Tl > . Lateral
ho et Ze Extensor sling
/ { ™~ T
cf L B AT Capsule
) Plantar L EREE b Dorsal interosseus
interosse ) 7
L -'1._.;', o _»‘_._',';". - - =
Lumbrical —— SN\ S mansrerss
ligament
Flexor tendons Banks, et al (2004)

m Extensor hood/sling encircle MPJ and unites with fibers
of plantar capsule, deep transverse ligament and flexor
sheath
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Extensor hood (or sling)

e I

Terminal tendon
Lateral tondons

Middle siip RS

metatarsal higament

Extensor siing \ Extensorsling
Transverse Extensor hood

Dorsal

INMerosseous Deap transverse
Lumbncal matatarsal ligament

Extensor digitorum EDL Interosseous muscle

brevis

EDL
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Flexor Tendons Anatomy

a Extensor digitorum b!‘B"H'iS:___:':"--
Extensor digitorum longus R

Flexcr digiterum longus
Flexor digitorum Plantar plate
brevis

Lang extaensor

> |

Long flexor
Short flexor
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Extensor digitorum longus and
extensor hallucis longus

N ;m m EDL & EHL arise from anterior
compartment of leg

m Pass under extensor retinaculum
f Extensor digitorum . . . . .
erastenders | g EDL splits into 4 slips and inserts into

head middle of phalanx and base
o distal phalanx

reseer m EHL inserts into base distal phalanx

m Actions:

Strong extensors of the MPJ but a weak
extensor of the PIPJ and DIPJ

Dorsiflexion of foot at ankle

Ex tensor
retinaculum \. /\I

Extensor
hallucis
brevis (

Extensor
hallucis
longus

Banks, et al (2004)
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Extensor digitorum brevis and extensor
hallucis brevis

m EDB & EHB arise from
superior surface of anterior
calcaneus

Extensor
retinaculum \.,

Fxionsor dgiorum m EDB inserts into base middle
phalanx and EDL tendon,
approaching the toe from the
Extensor digitorum lateral aspect

brevis tendons

Extensor '
hallucis

brevis

Extensor
hallucis
longus

m EHB inserts into base proximal
phalanx halux

m Actions:
Extend toes



Flexor digitorum longus

m FDL arises from deep posterior
compartment of leg, tendon passes
behind medial malleolus, under
sustentaculum tali & flexor
retinaculum splitting into 4 slips to
each toe

Action: plantarflexes the foot at the
ankle and toes at the MPJ and both
IPJ

Plantar View

Banks, et al (2004)
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Flexor digitorum brevis

m FDB arises deep to the plantar
fascia from the plantar-medial
aspect of the calcaneus and
Inserts into plantar aspect of
middle phalanx lesser toes

Action: Plantar flexes toes at MPJ
and proximal IPJ

Banks, et al (2004)
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Quadratus Plantae

m Quadratus plantae originates from the
Inferior calcaneus and inserts into the
lateral aspect of the tendon of FDL at the
level of division into its four slips

m [t stabilises the pull of FDL

m The direction of pull to the 2" toe is
straight and more oblique at the 5™ toe

m |f quadratus plantae loses it mechanical
advantage FDL produces a
medial/proximal pull resulting in an
adducto-varus pull on the 4" & 5th toes

Banks, et al (2004)
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Lumbricals plantar & dorsal interossel

PAD DAB
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Lumbricals

Banks, et al (2004)

m The lumbricals arise from the tendon slips of FDL and insert
Into the medial side of the lesser digits through the extensor
expansion

1 Action:
1 Weak plantarflexors of the proximal phalanx at the MPJ
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The Straight Lesser Digit

EDL
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a. Neutral MPJ
b. Hyperextended MPJ




Causes of digital deformity

m Muscular balance disrupted due to

Biomechanical
m Greatest cause of lesser digit deformities
m Structural foot type — pes cavus, pes valgus

Neuro/muscular
m Charcot-Marie-Tooth, Polio, CP, CVA, head trauma
m Diabetic neuropathy

Trauma to forefoot
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Categories of pathomechanical causes of
lesser hammer toe syndrome

1. Flexor
stabilisation

2. Flexor
substitution

3. Extensor
substitution

BOW WOW RUFF WOOF
WOOF RUFF RUFF 12-51
(NO DOGS ALLOWED IN

| PARKS OR PLAYGROUNDS)

CITY ORDINMNCE 12-51
‘| DOG OFFICER TAKE NOTICE - D.BW. J




1. Flexor stabilisation

Banks, et al (2004)

m In a pronated foot flexors fire earlier and longer in late
stance phase In attempt to stabilise the forefoot

m FDL and FDB gain mechanical advantage over the
Interossel

m Quadratus plantae fatigues resulting in an adductovarus 4t
and 5th toe deformity



2. Flexor{substitution

Banks, et al (2004)

m |n a supinated foot in late stance phase of gait digital
flexors try to substitute for a weak triceps surae and
overpower the interossel

m Usually see a straight contracture of lesser toes
m Least common biomechanical cause of digital deformity

m Often seen with neuromuscular problems which cause calf
weakness



3. Extensor substitution

Banks, et al (2004)

W)
FERTE

m EDL substitutes for weakness of TibAnt (primary ankle joint
dorsiflexor) during swing phase and heel contact overpowers the

lumbricals
Ankle equinus
Anterior pes cavus

m All lesser toes are contracted



Pes cavus foot type

m Normal foot

" m Pes cavus

Increased declination of all
metatarsals

Adaptive contracture of
extensor tendons with
associated dorsiflexion of
MPJs

Banks, et al (2004)
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Loss of MPJ Stabllity & Retrograde
Buckling

ammer and Claw toe

m Increases load on met head
m Plantar capsulitis/bursitis/IPK

Banks, et al (2004)
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Conservative
management

PODIATRY a_mm

Before starting their day, podiatry students
must first pump themselves up.
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Conservative management

m Reducible deformities m Non-reducible

1 Custom silicone 1 Treat associated
devices skin lesions

1 Commercially available 1 Protective padding
devices or digital devices

1 Stretching digital
tendons




Digital Deformities

Correction

m Sagittal plane Least difficult

m Frontal plane

-\ / Most difficult

m Transverse plane
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Hammertoe Procedure Assessment

m MPJ reducibility
m NWB vs loaded

m Hyperkeratosis
_ocation

m Adjacent digit
m Ulceration
m HEALTH STATUS

Kelikian push-up test



Health Status

* Neuro-Vasc (optimum toe pressure
/0mmHQ)

* HbAlc-Optimum below 7%

* Inflammatory arthropathies

« Autoimmune disease/vasculitis

* Coagulation —INR below 1.2-NOACS
* |nfection




Soft tissue procedures

m |Indications:
Reducible/flexible deformity

m [enotomy
Extensor - isolated procedure in elderly only
Flexor — no age restriction

m Capsulotomy
For release of tight MPJ capsule

m Syndactylisation

Usual for interdigital lesion deep in toe web between
4" and 5" toes
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Digital tenotomy - indications

m Manually reducible toe deformity
m Flexor contracture dominant feature

1 Mallet toe

1 Claw toe

1 Adducto-varus claw toe
1 +/- Callus/ulcer
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Flexor tenotomy - benefits
3

m Simple
m Lowrisk

m Office based
procedure

m Avoids bone surgery

m Safein adequately
selected ‘high-risk’
patients

m Minimal complications |

m POTENTIALTO
PREVENT
AMPUTATION
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Indications For Flexor Tenotomies In
Diabetic Toe Ulcers

Tip-toe or apical ulcer-Most common
Dorsal ulcers PIPJ/DIPJ-FDL/EDL release
Kissing ulcers-FDL/EDL release

Plantar metatarsal head ulcers-FDL/EDL
release
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Eepnnts and permissions:

Treatment of Diabetic Toe Ulcers AR P SR

OO 1001771071 1007 13509604
faizagepub.com

Eran Tamir, MD'??, Mordechai Vigler, MD**, Erez Avisar, MD'?,
and Aharon S. Finestone, MD, MHA'"*

Abstract

Background: Foot ulcers have been implicated as a causative factor in diabetic foot amputations. The purpose of this
study was to evaluate treating foot ulcers in patients with diabetes by percutaneous tenotomy.

Methods: We retrospectively reviewed the computerized medical files of B3 patients treated for foot ulcers by
percutaneous tenotomies, Results were analyzed on the basis of indication and per patient.

Results: The 83 patients had 160 tenotomies for 4 indications: 103 tip-of-toe ulcers (treated by flexor digitorum longus
tenotomy), 26 cock-up/dorsal ulcers (extensor digitorum longus tenotomy), 21 kissing ulcers (extensor digitorum longus
and/or flexor digitorum longus tenotomies), and |0 plantar metatarsal ulcers (extensor digitorum longus with or without
flexor digitorum longus tenotomy). Healing at 4 weeks was 98%, 96%, B1%, and 0%, respectively. The complication rate
was very low, with the exception of “ransfer lesions,” where an adjacent toe became involved and needed subsequent
tenotomy in 8% of tip-of-toe ulcers.

Conclusions: Percutaneous tenotomy was an effective and safe method for treating toe ulcers in neuropathic patients. It
was not effective in treating plantar metatarsal ulcers.



"
Flexor tenotomy-Anatomy
FDB and FDL




Complications

0 Failure to correct deformity
Non reducible deformity

Failure to understand the pathomechanics of the hammertoe (Flexor stabilization)

Patient may need arthroplasty and arthrodesis

Failure to resolve painful callus or ulcer
Overcorrection (hyperextension deformity)

Transfer loading (0-17%)

N
N
m Infection/numbness/scarring (0-2.8%)
N
m Balance problem

N

Reactivation of Charcot
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Traditional teChnique - using # 15 scalpel or # 67

Beaver blade

Ring block Plantar stab-




Dress with Gelatamp™ rather than suture to
allow for skin lengthening via secondary healing

Maintain initial
correction
with Steristrip™

Dress with sterile
gauze and Coban

Follow with Cobar
only for 4-8/52 to
maintain correctio

* Care with insens
toes



Stepwise Flexor Tenotomy/ De Prado Technique

Carvalho, Paulo et al, ‘Percutaneous Flexor Digitorum Brevis Tenotomy: An Anatomical
Study’ [2021] Foot and ankle surgery







Carvalho et al 2021
Performing PIPJ arthrolysis and FDB tenotomy




FDB Release only!
Does it work In intrinsic minus foot
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Impact of intertendinous connections between the flexor digitorum

brevis and longus on percutaneous tenotomy for the treatment
of claw toes: an anatomic and ultrasound study

Julien Beldame' - Matthieu Lalevée” - Sixtine Regnard® - Florent Marguet? - Marie Csanyi-Bastien” - Marion Masse” -
Fabrice Duparc®*(

Received: 22 December 2020 / Accepted: 20 February 2021
£ The Authoris), under exclusive licence to Springer-Vierlag France SAS part of Springer Nature 2021

Abstract

Purpose Selective percutaneous tenotomy of the flexor digitorum longus (FDL) is a treatment for claw toes that gives aston-
1shingly good functional results despite tendon sacrifice. However, the involution of the FDL tendon stump after tenotomy
15 unknown. The aim of our study was to assess the involution of the tendon stump after selective percutaneous tenotomy
of the FDL.

Methods The study included two parts. In the clinical part, an ultrasound analysis of 15 FDL tenotomies in 7 patients was
carried out 3 months post-surgery. In the anatomic part, the feet of 10 bodies donated 1o science were dissected and exam-
ined anatomically.

Results The proximal stump of the FDL was located near the base of the proximal phalanx and moved synchronously with
the flexor digitorum brevis (FDB). Separating the FDB and FDL revealed a large tissue connection between the plantar surface
of the tendinous chiasm of the FDB and the dorsal part of the FDL. These connections had significant resistance ranging
from 2 to Y Newtons depending on the toe. Tenotomy of the FDL followed by proximal traction of it led to retraction of the
stump up to the base of the proximal phalanx and transfer of its action to the FDB by tensioning the intertendinous structure.
Histologically, these structures were mostly comprised of tendon connective tissue. Their vascular component was small.

Conclusion The presence of this intertendinous connection leads, in the case of isolated tenotomy of the FDL., to equivalent
transfer of the latter to the FDB.
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Baufo et al 2019
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Post FDL Tenotomy
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Scheme for the intertendinous connection and for its tightening during tenotomy of the
FDL, leading to a tenodesis efect on the FDL (Beldame et al 2021)
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Needle technique

Using 18-199g needle

N’
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Chesnel, Camille et al, ‘Effectiveness and Complications of Percutaneous Needle Tenotomy with a Large Needle for

Muscle Contractures: A Cadaver Study’ (2015) 10(12) PloS one e0143495

Tendaons

Tenotomies

Complete

Partial Failura

Meighboring structures potentially at risk

Lesions

Tibialis posteriar

Abductor halluscis

Toa flexors
Tibialis anteriar

Achilles tendon

Biceps femoris

Semi-tendinosus (S5T) et
Gracillis (G)

Tensor fascia lata
Total

7 (55T
+ 213)

137

1 1

4 (18T 5 (25T
+ 3G) + 3G)

54 a

130

10

10

16 (BST
+ 8G)

10
1849

Postarour tibial arteras and vains
Tibial narve

Flexor digiloum longus tendon

Branch of the plantar meatatarsal artery
Brancih of the medial plantar neree
Tendon of the medal head of flaxor hallucis
brevis

Proper plantar nernes

Dorzal artery and vein of tha foot
Deep paroneal narve

Extansor hallucis longus tendon
Peroneal artary and vein

Pestarior tibial adery and vein

Tibial narve

Plantar narve

Flaxar hallucis kangus tandon
Common paranaal nanea

Popliteal artery and weain

Tibial narne

Sartarius muscls

Tandon of samimambranosus
MNona

Vesseals

Nerves

Tendons or musclas
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The effect of needle tenotomy on hammer, mallet and claw toe deformities | )
in patients with diabetes, a retrospective study | el |

Jonas Hedegaard Andersen™" ", Anne Rasmussen”, Marie Frimodt-Maller®, Peter Rossing™",
Klaus Kirketerp-Meller™", Susanne Engberg”

* Steno [Rabetes Cemter Copenfuggen, Mids Steensens Ve 2 2830 Gemiofte, Deamork

* Orthopedic Department Mordsillonds Hospitaler, Hillered Hegitnl, Dyrehavevej 29, 3400 Hillerad, Denmark
* Coperhapen Wound Heoling Center Bispefjery Hoapital, Bispeljerg Bakke 29, 2400 Copeshager, Demmork

* Pniversity of Copenfurgen, Deparmment of Climicnd Medicine, Bepdmmeesj 3 2200 Copershagen N, Denmurk

ARTICLE INFO ABSTRACT

Keywards: Aim: The aim of this study was to evaluage outcomes of needle tenotomies as a reatment option for hammer,
Driabetic foot ulcer maller and claw toes in patents with diabetes,

Deeformities Methods: This was a retrospective study where all patients recebving Nexor tendon tenotomy by needbe at ours
Tty outpatient clinke were identified through the electronde patient recosd system.

rl::ﬁhves . Resulie: A total of 81 patients that had 106 tenotomy peocedures pesformed were Ideatified. The 81 included
Offloading B {68% male) had an average age of 654 yvears, and 27 (33%) had Type 1 diabetes. Of the 106 procedures 36 were

performed duee w an ulcer on the feer. OF the 36 treated uleers, 34 (94%) healed In an average tme of 28 days.
Tenotomies performed o prevent lmpending uleers from progressng o acive uwleers, were performed 84 times
in total. Of the 84 procedures 6 patents progressed 1o an active uleer. No serious complications (e, infections og
amputations |n relatlon to the procedure were registensd.

Conelusion: Meadle lexor tenotombes are a relatively safe and effective reatment compared to tepotomies done
by scalpel, both as treatment for uleers and 1o prevent fosmation of new uleers associated with hammer, mallet
and daw we deformitbes. Az a side note, ransfer lesions are avoldable If all toes an one or both feet are pe-
notomized n one procedure.
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Hedegaard Andersen, Jonas et al, “The Effect of Needle Tenotomy on
Hammer, Mallet and Claw Toe Deformities in Patients with Diabetes, a
Retrospective Study’ (2019) 18 Journal of clinical & translational

endocrinoloay 100208

Tenotomy characteristies.

Total Fattents with ubcers Fatsenes withoat uloers P alue
N 106 36 T
Number of toes opemted 293 fi2 11
(sffloading procedure of at lesst one tos Bd 14 Fii|
Progression fo active uicer after preventive procedure of at least one toe per procedure B () 1 (M%) 5(7%) Lo
Time af uloer before tenotomy (weeks) (median{(1-3)) N/A 4.5 (2.0=8.5) WA NiA
Ulcer healsd N/A 34 104%) MN/A NrA
Mean time to ubcer bealing (days) N/A 2R X3 H/A WA
Healing of incision 106 [104%:) 36 (100%) 70 (L0 L0
Mean time to Incishan bealing {days) dd =25 43+ 1§ 45 £ 26 (.36
Ukcer diagnosis N/A /A M4
lschiemie 3 ()
Neuropathic 28 (78}
Neuro-ischemic 5 (14%)
Ulcer recurrence N/A 5 (15%) N/A NiA
Transfer |esions
Tatal 25 [24%) 12 (33%) 13 [158) 43
Ul 7 (M%) 5 (14%) 2 (3%} 17
Impending ubcer 18 (17%) 7 [19%) 11 {16%) .79
Minor amputations 3 (3%) 1 (%) 4 (3%} Lo
Maijor amputatian 1 (1%:) 1 (3% il 035
Infectians 0 il il 1.0
Re-irnatnem i {d%) 1 [ 3 [#%) LA
Extersor tenatami 4 [4%%) ] i (] 0.3

Fain 14 {13%) i 14 {207} 002
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Smith, Simon E and Julie Miller, “The Safety and Effectiveness of the Percutaneous Flexor Tenotomy in Healing
Neuropathic Apical Toe Ulcers in the Outpatient Setting’ (2020) 13(2) Foot and ankle specialist 123

Hcear and Toe Characierssiics
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Rarge -T2

Maan = S50 1476 = 2042
Hestory of infecion (requErirg antbiobics), ™ (%) O 481 .5
Uicar classicafion (LT m @)

Grada 1.4 o 481 )

Gradsa 1 1 4815

Gradas 38 1 £81)
Preuicarative kessons, n ()

Tzl a1

OigEt = 16 {39
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Dt & & {1585

Oigit 5 1 42 a)

Prawsous hesfory of clces AT §d1.-5p
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Harmmer Eoa 1 {185

Kisllet bt 1 4995
Pravious treafimeand, m
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Smith, Simon E and Julie Miller, “The Safety and Effectiveness of the
Percutaneous Flexor Tenotomy in Healing Neuropathic Apical Toe Ulcers in the
Outpatient Setting’ (2020) 13(2) Foot and ankle specialist 123

“The Australian Burden of Disease Study 2011 estimated
that 1.7% (12,300) of people with diabetes in Australia
experienced lower limb amputation. Health loss, as a
direct result of diabetes-related lower limb amputation,
accounted for 456 years of healthy life lost due to living
with disability in Australia in 2011”
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Example 1: Apical ulcer

Pre-op 2yr Post-op
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Example 2:
Distal ulcer/infection

1yr Post-op



Extensor tenotomy

m Suitable for elderly patients

m Simple s Copmrconva

m Relief of painful dorsal lesions oo f—r—r e

m Tenotomy + dorsal capsulotomym m@ oL
for hyperextended 5t toe? e

m Good addition to FDL with R pusted doen

Kissing and dorsal ulcers
m Good for extensor substitution

Banks, et al (2004)
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Extensor tenotomy/Capsulotomy-addressing sagittal and transverse
plane deformity




Extensor tenotomy

m After care
No sutures required

Dress with digit in
corrected position

Maintain with digital
device for 4-8/52+

m Possible
complications
Infection
Return of deformity
Flail toe
Transfer loading
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Sanz-Corbalan, Lazaro-Martinez, ‘Digital Deformity Assessment Prior to Percutaneous Flexor

Tenotomy for Managing Diabetic Foot Ulcers on the Toes’ (2019) 58(3) The Journal of foot and ankle
surgery 453

ABSTRACT

The aim of this study is to evaluate the prevalence of digital deformities in patients with diabetes mellitws accord-
ing to the McGlamry classification and relate the types of digital deformities with the history of digital ulcer. A
cross-sectional study was performed in the diabetic foot unit between September 2016 and September 2017, All
consecutive patients were classified by digital deformities according to the MoGlamry classification (flexor stabili-
zation, flexor substitution, and extensor substitution) using slow-motion videos. In all patients, the Foot Posture
Index & was performed and previous toe ulceration, toe calluses, and nail dystrophy were evaluated. A total of 142
feet were evaluated, in which 20 (20.27%) feet did not show dynamic deformities, 65 [57.5%) were classified as
flexor stabilization, 9 (8%) as flexor substitution, and 39 (34.5%) as extensor substitution. In total, 23% the feet with
previows ulcer were classihed as extensor substitution. A previous toe ulcer on the tip (p=.033; confidence inter-
val |[C1] 1.06 to 4.99; odds ratio [OR| 2.3), pronated foot according to the Foot Posture Index & (p = 048; 95% (109
to 8.%; OR 29), and callus on the tip (p=-.002; 95% C1 1.47 to 6.41; OR 3.07) were associated with flexor stabiliza-
tion deformities. Flexor stabilization, associated with the pronated foot, was the most prevalent dynamic defor-
mity. Extensor substitubion was present in approximately 40% of the patients and in 20% of the patients with
previous ulcer, in whom flexor tenotomy could aggravate the digital deformity. An evaluation of dynamic deformi-
ties during gait should be included as a presurgical assessment to achieve successful surgical results.

i 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.



Effectiveness of percutaneous flexor Qs
tenotomies for the management and

prevention of recurrence of diabetic toe

ulcers: a systematic review

lennifer E. Scott, Gordon ). Hendry™ and John Locke

Abstract

Background: Diabstic toe ulcers are a potentially devastating complication of diabetes. In recent years, the
percutanecis flexer tenatomy procedure for the cormection of flexibie claw and hammer-toe contraction deformities
has been proposed as a safe and effective technique for fadlitating the healing of toe-deformity related dlabetic ulcars,
The aim of this resiew is 1o critically appraise the evidence for the effectiveness of this surgical procedure in achieving
uicer healing, prewention of re-ulceration, and o sumimanze the ate of post-operative complications

Method: A search of medical databases, was performed to locate relevant literatuna, Titles were screened prior o
atrtract and full text review 1o identify artickes relevant ta the research question. Search terms included truncations
of "teratomy”, “toe”, "hallux™, “dikgit”, "diabetes” and “ulcer”. Peer reviewed primany ressarch study designs specified
as suitable for systematic reviews by the Centre for Reviews and Dissermnination were included. Studles were excluded i
thezy Lsed a concurrent secondary procedure or included non-diabetic patients without reporting outcomes separately.
Irschudied stisdies were appraised for guality using the Methodological index for Mon-Randomized Studies tool. Levels of
envidence were subseguantly assigned to each outcome of interest (healing rate and prevention of re-ulceration),

Results: From a total search yiald of 42 articles, 5 eligible stedies [all case series designs) were identified for inclusion.
Included studies were of low-to-moderate methodological guality when assessad using the MINORS tool A total of
250 flexor tenotamy procedures were parformed in a pofal of 163 patients. Included studies gensrally repomed good
healing rases (92-100 % within 2 months) post-op follow-up), relatively few recumences (0-18 % at 22 months median
post-ap follow=-upl, and low incidences of infection ar new deformity. Transfer ulcers developing on adjacent areas as a
result of shifted pressure wers reparted by several authors.

The walidity of these resultz is undermined by methodaological limitations inberent to case seres designs swch as a lack
of control groups, non-randomised designs, as well as inconsistent reporting of post-ntervention follow-up perods.
There was kewve| 4 evidenca for the Aexor tenotomy procadure in facilitating wicer healing and prevertting resulceration
Conclusion: More definitive research evidence is needed in this area o determine whathar or not the flexor tenotormy
is a safe and effective treatment option for people with, o at risk of developing diabetic e ucers. Whilst the available
literature reports that the grocedure may be assodated with high haaling rages, relatively low recurmence rates and low
incidences of post-op complications, methodological limitations restrict the value of these findings,

Keywords: Flexor tenatormy, Toe ulcsr, Diabetes, Hceration, Plantar pressure, Toe deformity
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Preventing and Treating Toe Ulcers in People with Diabetes Mellitus’ (2013)
22(3) Journal of tissue viability 68

Abstract [Introduction: The purpose was to examine the effectiveness of flexor
tenotomy in a modified technigue to prevent and heal neuropathic and neu-
roischaemic pressure ulcers on the tip of the toe in claw- or hammer-toe defor-
mities in people with diabetes.

Patients and methods: A consequetive 4 years series of 38 patients was retrospec-
tively studied. Percutaneous tenotomy on the superficial and deep flexor tendons
was performed in 65 toes through a small transverse plantar stab incision just prox-
imal to the web level. There were 16 (42%) patients with 27 ulcerated toes and 22
(58%) patients with 38 toes with impending ulceration. Ten patients had neuro-
pathic ulcers and six patients had neuro-ischaemic ulcers. Sixteen patients (42%)
had macrovascular disease. Ten (26%8) had proliferative reLthinopathy, 7 (18%)
macroalbuminuria and 18 (47%) microalbuminuria.

Results: All surgical incisions healed uneventfully. Twenty-five (93%) of the toe ul-
cers healed in median 21 days (range 7—224 days). Three patients had recurrence of
the ulcer. There were no infections in the incisions or toe amputations. No patients
treated with preventive tenotomy experienced toe ulceration. Mo complications
were recorded in neuro-ischaemic ulcers. During the follow up period of median
31 months (range 2—48 months) 33 other ulcers were recorded in 18 patients
(47%). One of these developed a transfer ulceration under the adjacent
metatarso-phalangeal joint and another had a late pressure ulcer on a neighbouring
toe. The other 31 ulcers were not related to ulcers treated with tenotomy.
Conclusion: Tenotomy is a simple, safe and effective procedure for preventing and
treating distal plantar neuropathic toe ulcers in claw toe or hammer toe defor-
mities in people with diabetes with or without serous co-morbidity. The results sug-
gest that tenotomy should be considered also in neuroischaemic ulcers.

@ 2013 Tissue Viability Society. Published by Elsevier Ltd. All rights reserved.
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Future Studies/Conclusion

e The most common site of ulcer in diabetics-toes

Toe ulcers may precede up to 64% of diabetic limb amputations

 Flexor tenotomies are safe in the treatment and
prevention of diabetic foot ulcers

The International Working Group on the Diabetic Foot 2015 Guidance Document
recommends that digital flexor tenotomy should be considered to prevent a toe ulcer
when conservative treatment fails in a high-risk patient with diabetes, hammer toes, and
either a preulcerative sign or an ulcer on the toe

« (Case controls/Randomized trials
» Plantar pressure measurements
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