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STANDARD TREATMENT



85% of all lower limb amputations in people with 
diabetes are preceded by a foot ulcer1

Precipitants are neuropathy + deformity + trauma2

Claw toe deformity common3

1. Pecoraro R, Reiber G. Diabetes Care. 1990.
2. Lavery  LA, Peters EJG, Williams JR, et al. Diabetes Care. 2008;31(1):154–156.
3. Viswanathan V, Kumpatla S. Pattern and causes of amputation in diabetic patients--a 

multicentric study from India. J Assoc Physicians India. 2011; 59:148-51.



Below ankle amputation is a significant risk factor 
for further ulceration and infection1 which can lead 
to above ankle amputation with high morbidity and 
mortality2-3

1. Lavery  LA, Peters EJG, Williams JR, et al. Diabetes Care. 2008;31(1):154–156.

2. Armstrong DG, et al. International wound journal. 2007;4(4):286-287
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FLEXOR TENOTOMY

Minimally invasive procedure that corrects toe 
deformity and the deforming force generating ulcer

Performed in a safe and timely manner = point of care





FLEXOR TENOTOMY

Enables healing of tip of toe ulcers (92-100%)1-2,4,6 with 
mean time to heal from 21-56 days1-3,5-6 

Low complication rate reported when performed in OP 
setting (infection 0-5%)1-5
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Int. 35(38).
5. van Netten JJ, Bril A, van Baal JG. (2013) The effect of flexor tenotomy on healing and prevention of neuropathic 

diabetic foot ulcers on the distal end of the toe. J Foot Ankle Res. 6(3).
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FLEXOR TENOTOMY
Recommendation:

Consideration of digital flexor tenotomy to prevent a toe ulcer
“when conservative treatment fails in a high-risk patient with 
diabetes, hammertoes and either a pre-ulcerative sign or an 

ulcer on the toe” 

Rationale:
“The possible benefits of digital flexor tenotomy likely outweigh 

the harm, as few complications have been reported” 
Recommendation is based on the current available evidence.

1. Van Ne)en JJ, Price PE, Lavery LA, Monteiro-Soares M, Rasmussen A, Jubiz Y, Bus SA (2015) 
PrevenGon of foot ulcers in the at-risk paGent with diabetes: a systemaGc review. On behalf of 
the InternaGonal Working Group on the DiabeGc Foot (IWGDF) 2015. (Available at: 
h)p://iwgdf.org/guidelines/guidance-for-prevenGon-2015/)



Conclusion: More definitive research evidence is needed in this area to 
determine whether or not the flexor tenotomy is a safe and effective 
treatment option for people with, or at risk of developing diabetic toe ulcers. 
Whilst the available literature reports that the procedure may be associated 
with high healing rates, relatively low recurrence rates and low incidences of 
post-op complications, methodological limitations restrict the value of 
these findings.



FLEX TEN STUDY

Flexor Tenotomy (Long +/- Short)

Utility of procedure to resolve apical digital ulceration
Prevent recurrence of re-ulceration

Assess safety of procedure performed by a podiatric 
surgeon in outpatient setting

Assess patient satisfaction with procedure and care



FLEX TEN STUDY

Ethics
Recruitment Dec 2015 – Nov 2017
Existing Austin Health patients
Recruited by referral from Community/ Tertiary Hospitals 





FLEX TEN STUDY

Prospective Case Series
Eligibility Assessment

Comorbidities Documented
Ulcer Classification/ History
Plain Film X Ray
Clinical Examination – Vascular, Neuro, etc.…
Informed Consent Process



FLEX TEN STUDY

Weekly follow up until healed (tenotomy wound and ulcer)

3- and 6- month follow up
X-ray
Complications
Patient Satisfaction Questionnaire



FLEX TEN STUDY RESULTS

23 Participants 

Mean age 72.4 ± 11.7

15 male (65%) / 8 female (35%)

20 (87%) had Type 2 Diabetes Mellitus
All participants had loss of protective sensation (100%)

Toe Pressure mean 119.2 ± 28.6 mmHg



FLEX TEN STUDY RESULTS

The mean BMI was 32.4 ± 7.3 (Obese, class 1)

10 (43.5%) classified ASA 2 (Mild Systemic Disease)

13 (56.5%) were ASA 3 (Severe Systemic Disease)

23 (100%) hypertension

13 (57%) osteoarthritis

9 (39%) ischaemic heart disease

7 (30%) chronic kidney disease

6 (26%) diagnosed depression



FLEX TEN STUDY RESULTS

11 digital ulcers

The mean ulcer duration was 147.6 ± 204.2 days (median 105 days)

9 (82%) history of infection requiring antibiotic management

UT classification:  1A (9),  1B (1),  3B (1)

The 2nd-3rd toes most commonly affected 



FLEX TEN STUDY RESULTS

41 pre-ulcerative lesions

17 (42%) had a prior history of previous ulceration

The 2nd-3rd toes most commonly affected



FLEX TEN STUDY RESULTS
8 (35%) participants had a previous digital or ray amputation 



FLEX TEN STUDY RESULTS
8 (35%) participants had a previous digital or ray amputation 



FLEX TEN STUDY RESULTS

23 participants
76 tenotomies

35 episodes of care



FLEX TEN STUDY RESULTS

23 participants
76 tenotomies…

35 episodes of care















FLEX TEN STUDY RESULTS

65 (86%) tenotomy procedures were prophylactic
11 (14%) tenotomy procedures were curative

Isolated long flexor tenotomy performed in 51 toes (67%) 

Long and short flexor tenotomy performed in 25 toes (33%).  



FLEX TEN STUDY RESULTS

11 digital ulcers:

All healed (100%)

The mean time to ulcer healing was 10.2 ± 4.3 days 
(range 7-28 days)







FLEX TEN STUDY RESULTS

The mean follow-up 7.3 ± 3.3 months (range 6-24 months) 

All toes that underwent a tenotomy procedure were 
intact at final follow up 

No history of ulceration or re-ulceration during the 
follow up period. 



COMPLICATIONS

Infection rate per episode of care was 2.8% (n=1)

11 toes (15%) sustained a transfer lesion 
Immediate adjacent toe(s)
Development of a transfer lesion ranged from 14-315    
days (95.5 ± 98.1 days, mean ± SD)

3 (4%) were superficial ulcerations and 8 (11%) were pre-
ulcerative lesions 







PARTICPANT SATISFACTION

All strongly agreed were happy with episode of care 
All strongly agreed they were satisfied with outcome

97% (n=34) would recommend this procedure to others



LIMITATIONS

This is not a randomised controlled trial

Low number of ulcerations
PAD absent
Prophylactic Procedures
Plantar pressures…



CONCLUSION

Effective procedure for healing of apical toe ulcers, 
with a 100% healing rate and 0% re-ulceration rate.

Excellent utility as a prophylactic procedure

Safe when performed in the outpatient setting

Cost Saving…?



CONCLUSION

Moderate rate of transfer lesions to adjacent toes 
following tenotomy

Toe or ray amputation at risk of developing an apical 
toe ulcer
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