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Learning objectives 

 Define the common lesser 
digital deformities 

 Review Anatomy 

 Describe their 
pathomechanics 

 Describe flexor and 
extensor tenotomies 

 Capsular releases 



Classification of digital deformities 

 Structure/function 
 

 Non-reducible (Fixed) 
 Joint and/or soft tissue 

adaptations prevent manual 
reduction of digit into normal 
position 

 

 Reducible (Flexible) 
 Digit may be manually 

reduced into normal position 

 Aetiology 
 

 Congenital 
 Present at birth 

 Intrauterine position 

 Specific birth defect 

 

 Acquired 
 Biomechanical 

 Trauma 

 Secondary to systemic 
disease process 

 



Digital Deformities 

 
 Sagittal plane 

 Hammer toe 

 Claw toe 

 Mallet toe 

 

 Transverse plane 
 Digitus adductus 

 Digitus abductus 

 

 Frontal Plane 
 Varus toe 

 Valgus toe 

 



Sagittal plane deformities 

 

• Hammer Toe 
•  Fixed or reducible 

•  MPJ extended 

•  PIPJ flexed 

•  DIPJ either normal, extended 

   or flexed 

 

• Claw Toe 
•  Reducible 

•  MPJ extended 

•  PIPJ flexed 

•  DIPJ flexed 

 

• Mallet Toe 
•  Fixed or reducible 

•  DIPJ flexed 

   

 



Associated Skin Lesions 

 

Heloma durum 

Heloma molle 

Onychoclavis 

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



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 

 



Metatarsophalangeal Joint 

 Extensor hood/sling encircle MPJ and unites with fibers 

of plantar capsule, deep transverse ligament and flexor 

sheath 

Medial  Lateral  

Banks, et al (2004) 



Extensor hood (or sling) 

 

 

 



Flexor Tendons Anatomy 



Extensor digitorum longus and 

extensor hallucis longus 

 EDL & EHL arise from anterior 
compartment of leg 

 Pass under extensor retinaculum  

 EDL splits into 4 slips and inserts into 
head middle of phalanx and base 
distal phalanx  

 EHL inserts into base distal phalanx  

 Actions: 

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

 Dorsiflexion of foot at ankle 

 

  

 

 

Banks, et al (2004)  



Extensor digitorum brevis and extensor 

hallucis brevis 

 EDB & EHB arise from 

superior surface of anterior 

calcaneus  

 EDB inserts into base middle 

phalanx and EDL tendon, 

approaching the toe from the 

lateral aspect 

 EHB inserts into base proximal 

phalanx halux 

 Actions: 

 Extend toes 



Flexor digitorum longus 

 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  

 

 Banks, et al (2004) 



Flexor digitorum brevis 

 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) 



Quadratus Plantae 

 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 

 It stabilises the pull of FDL  

 The  direction of  pull to the 2nd toe is 

straight and more oblique at the 5th toe  

 If quadratus plantae loses it mechanical 

advantage FDL produces a 

medial/proximal pull resulting in an 

adducto-varus pull on the 4th & 5th  toes 

 Banks, et al (2004) 



Lumbricals   plantar & dorsal interossei  

     PAD                                     DAB 



Lumbricals  

 

 The lumbricals arise from the tendon slips of FDL and insert 
into the medial side of the lesser digits through the extensor 
expansion 
 Action:  

 Weak plantarflexors of the proximal phalanx at the MPJ 

 

Banks, et al (2004) 



The Straight Lesser Digit 



a. Neutral MPJ 

b. Hyperextended MPJ 



Causes  of  digital  deformity 

 Muscular balance disrupted due to 

Biomechanical   

 Greatest cause of lesser digit deformities 

 Structural foot type – pes cavus, pes valgus 

Neuro/muscular  

 Charcot-Marie-Tooth, Polio, CP, CVA, head trauma 

 Diabetic neuropathy 

Trauma to forefoot 

 

  

  



Categories of pathomechanical causes of 

lesser hammer toe syndrome 

1. Flexor 
stabilisation 

2. Flexor 
substitution 

3. Extensor 
substitution 

  

 



1. Flexor stabilisation 

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

 FDL and FDB gain mechanical advantage over the 
interossei   

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

Banks, et al (2004) 



2. Flexor substitution 

 In a supinated foot in late stance phase of gait digital 
flexors try to substitute  for a weak triceps surae and 
overpower the interossei  

 Usually see a straight contracture of lesser toes 

 Least common biomechanical cause of digital deformity 

 Often seen with neuromuscular problems which cause calf 
weakness 

Banks, et al (2004) 



3. Extensor substitution 

 

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

 Ankle equinus  

 Anterior pes cavus  

 

 All lesser toes are contracted 

 

Banks, et al (2004) 



Pes cavus foot type 

 

 

 Normal foot  

 

 Pes cavus 

 Increased declination of all 

metatarsals 

 Adaptive contracture of 

extensor tendons with 

associated dorsiflexion of 

MPJs  
Banks, et al (2004) 



Loss of MPJ Stability & Retrograde 

Buckling 

 Hammer and Claw toe 

 Increases load on met head 

 Plantar capsulitis/bursitis/IPK 

Banks, et al (2004) 



Conservative  

management 



Conservative management 

 Reducible deformities 

 Custom silicone 

devices 

 Commercially available 

devices 

 Stretching digital 

tendons 

 Non-reducible 

 Treat associated 

skin lesions 

 Protective padding 

or digital devices 



Digital Deformities 

 

 

 Sagittal plane  

 

 Frontal plane 

 

 Transverse plane  

Least  difficult 

Most difficult 

Correction 



Hammertoe Procedure Assessment 

 MPJ reducibility 

 NWB vs loaded 

 Hyperkeratosis 
Location 

 Adjacent digit 

 Ulceration 

 HEALTH STATUS 
 

Kelikian push-up test 



Health Status 

• Neuro-Vasc (optimum toe pressure 

70mmHg) 

• HbA1c-Optimum below 7% 

• Inflammatory arthropathies 

• Autoimmune disease/vasculitis 

• Coagulation –INR below 1.2-NOACS 

• Infection 

 

 

 



Soft tissue procedures 
 

 Indications: 

 Reducible/flexible deformity  

 Tenotomy  

 Extensor - isolated procedure in elderly only 

  Flexor – no age restriction 

 Capsulotomy 

 For release of tight MPJ capsule 

 Syndactylisation 

 Usual for interdigital lesion deep in toe web between    
4th and 5th toes 

 



Digital tenotomy - indications 

 

 Manually reducible toe deformity 

 Flexor contracture dominant feature 

 

Mallet toe  

Claw toe 

Adducto-varus claw toe 

+/- Callus/ulcer 

 

 

 



Flexor tenotomy - benefits 

 Simple  

 Low risk 

 Office based 
procedure 

 Avoids bone surgery 

 Safe in adequately 
selected ‘high-risk’ 
patients 

 Minimal complications 

 POTENTIAL TO 
PREVENT 
AMPUTATION 

 

 



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 





Flexor tenotomy-Anatomy 

FDB and FDL 



Complications 
 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) 

 Infection/numbness/scarring (0-2.8%) 

 Transfer loading (0-17%) 

 Balance problem 

 Reactivation of Charcot 



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 Coban  

only for 4-8/52 to 

maintain correction 

 

* Care with insensate  

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 







Baufo et al 2019 



Post FDL Tenotomy 



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) 



Needle technique 
Using 18-19g needle 



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 





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 

endocrinology 100208 

 



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 



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” 



Example 1: Apical ulcer 

Pre-op 2yr Post-op 



Example 2:  
Distal ulcer/infection 

1yr Post-op 



Extensor tenotomy 

 Suitable for elderly patients  

 Simple 

 Relief of painful dorsal lesions 

 Tenotomy + dorsal capsulotomy 

for hyperextended 5th toe? 

 Good addition to FDL with 

kissing and dorsal ulcers 

 Good for extensor substitution 
Banks, et al (2004) 



Extensor tenotomy/Capsulotomy-addressing sagittal and transverse 

plane deformity 



Extensor tenotomy 

 After care 

 No sutures required 

 Dress with digit in 

corrected position 

Maintain with digital 

device for 4-8/52+ 

 Possible 

complications 

 Infection 

 Return of deformity 

 Flail toe 

 Transfer loading 



Sanz-Corbalán, Lázaro-Martínez, ‘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 





Rasmussen, Bjerre-Christensen, ‘Percutaneous Flexor Tenotomy for 

Preventing and Treating Toe Ulcers in People with Diabetes Mellitus’ (2013) 

22(3) Journal of tissue viability 68 



Future Studies/Conclusion 

• 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 
 

uidelines of the International Working Group on the Diabetic 
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