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Learning Objectives

1) Describe the implications of recent research with regard 
to reducing the incidence and healing times for the 
Diabetic Foot Wound

2) Explain the problems that hinder the clinician from 
obtaining consistent repeatable outcomes with their 
diabetic foot wound patients

3) Review the incidence of partial and transtibial
amputations and be able to better counsel patients with 
regard to choices in this area.

4) Apply this knowledge to improve patient outcomes and 
reduce the incidence of amputation and serious 
complications in their own patient populations



• 1960-70

– Moist Wound Healing

– TCC

– SSD antiseptic

• 1970-80

– PDGF growth factor

– First film , foam, and charcoal dressings

– Early ECM papers

• 1980-90

– Hydrocolloids

– First Hydrogel, Alginate, and Silver dressings

• 1990-2000

– First FDA Approved NPWT

– First Recombinant PDGF

– First Engineered Skin FDA approved

– Electrolysed Water for Wound Care

• 2000-2010

– The Concept of Wound Bed Prep Introduced

– Superabsorbant Dressings

– Spray-on Dressings for Burn Care

– Biofim Based Wound Care Introduced

– Hypochlorous Acid Technology

• 2010-20

– Placental Tissues for Wound Care

– Micro-Grafting Technology

– Nano-scaffolds to mimic ECM

– Stem Cell Technology

– DNA/PCR Testing

– Flourescent Angiography

Wound Care Highlights from the Last 60 Years



Skin Substitutes for Treating Chronic Wounds
Technology Assessment Report

Skin Substitutes for Treating Chronic Wounds [Internet]. Rockville, MD: US Agency for Healthcare Research and Quality; 2012.

Brand names are included in this slide for participant clarification/informational purposes only. No product promotion should be inferred.
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Results of 9 TCC Studies

• Average Healing Time
43.73 days
• Average Percent Healed

88.9%

Fife CE, Carter MJ, and Walker D. Why is it so Hard to do the Right Thing in Wound Care. Wound Repair and 
Regeneration, Volume 18, Issue 2, pages 154–158, March/April 2010

TCC = total contact cast.
Helm PA, et al. Arch Phys Med Rehabil. 1984;65(11):691-693. Sinacore DR, et al. Phys Ther. 1987;67(10):1543-
1549. Walker SC, et al. Arch Phys Med Rehabil. 1987;68(4):217-221. Mueller MJ, et al. Diabetes Care. 
1989;12(6):384-388. Myerson M, et al. J Bone Joint Surg Am. 1992;74(2):261-269. Birke JA, et al. Lepr Rev. 
1992;63(4):365-374. Lavery LA, et al. Arch Phys Med Rehabil. 1997;78(11):1268-1271. Armstrong DG, et al. 
Diabetes Care. 2001;24(6):1019-1022. Birke JA, et al. Adv Skin Wound Care. 2002;15(5):210-215.



From 1980 through 2014, the number of Americans with diabetes quadrupled (from 
5.5 million to 22 million

Americans with Diabetes 1980-2014

Centers for Disease Control and Prevention. Division of Diabetes Translation. United States Diabetes Surveillance System. 
https://gis.cdc.gov/grasp/diabetes/DiabetesAtlas.html. Accessed September 28, 2017. 



New Report from the CDC

• More than 100 MILLION Americans have diabetes or 
prediabetes

• CDC latest report on US diabetes rates shows a 
staggering rise in cases

• In 2015, at least 1.5 million new cases were diagnosed in 
people age 18 and over

• This means that now more than one-third of the US 
population has diabetes or prediabetes 

CDC = Centers for Disease Control 
Centers for Disease Control and Prevention [website]. https://www.cdc.gov/media/releases/2017/p0718-
diabetes-report.html. Accessed September 14, 2017.



Diabetes Prevalence

• In 2015, 30.3 million Americans, or 9.4% of the population, 
had diabetes

• 23.1 million people were diagnosed, and 7.2 million people 
were undiagnosed

• 12.0 million people age 65 years and older had diabetes 
(25.2% of seniors)

• In 2015, 84.1 million adults age 18 years or older had 
prediabetes (33.9% of the adult US population)

Centers for Disease Control and Prevention [website]. 
https://www.cdc.gov/diabetes/data/statistics/statistics-report.html. Accessed September 14, 2017.



Cost of Diabetes 

Centers for Disease Control and Prevention [website]. 
https://www.cdc.gov/diabetes/data/statistics/statistics-report.html. Accessed September 14, 2017.



Epidemiology of DM Foot Ulcers

• Foot ulcers are the precursor to amputation in 85% of lower 
extremity amputations

• Diabetes is the leading cause of nontraumatic amputation; 
over 60% of all amputations are diabetic, averaging 82,000 
per year

DM = Diabetes Mellitus
Frykberg R, et al. J Foot Ankle Surg. 2006;45(suppl 5):S1-S66.



Epidemiology of DM Foot Ulcers

• A lower-extremity amputation (LEA) will be required by 
14%-24% of patients with DFU

• The incidence of LEA in people with diabetes continues to 
rise despite deliberate efforts to prevent amputations in the 
last decade

DFU = diabetic foot ulcer.
American Diabetes Association. Diabetes Care. 1999;22(8):1354-1360



Recurrence Rate

• The risk for recurrence of DFU is high, with reported rates of 
30%-40% within the first year

• In a study involving 173 patients, Lavery et al. showed that 
those who performed daily inspections and foot temperature 
measurements had significantly fewer recurrent ulcers after 15 
months (8.5%) compared with either standard care plus 
instructions to perform daily foot inspection (30.4%, P=.0061) or 
standard care alone (29.3%, P=.008)

• Patients who were less adherent to daily foot skin temperature 
measurements had a substantially higher ulcer recurrence risk

Pound N, et al. Diabet Med. 2005;22(10):1306-1309. Bus SA, et al. Diabetes Care. 2013;36(12):4109-4116. Lavery LA, 
et al. Diabetes Care. 2007;30(1):14-20. van Nettin JJ, et al. Diabetes Metab Res Rev. 2016;32(suppl 1):S84-S98.



Incidence Is Not Always the Key Factor

• Van Putten, et al. found that podiatric treatment given at 
least twice a year in addition to standard care did not 
significantly reduce ulcer incidence in 3 years over 
standard care alone: 10% vs 11%; P=.89 [28]

• The podiatric care group had a significantly lower rate 
of infected or deep ulcers (11% vs 37%; P≤.03), and 
treatment costs in the podiatric group were 25% of 
costs in the control group

Van Putten MA, et al. The effectiveness of a preventive foot care program versus treatment as 
usual to reduce the number of ulcers in diabetic patients with polyneuropathy: a randomized 
controlled trial. ISRCTN50646165; DOI: 10.1186/ISRCTN50646165.



Consistent Reinforcement and 
Intervention

• Dargis et al. found that multidisciplinary foot care given at least 
once every 3 months resulted in significantly fewer ulcers than 
standard foot care after 2 years: 30.4% vs 58.4%; P<.001

• In a 20-month, prospective, noncontrolled study, Hamonet et 
al. demonstrated that greater adherence to multidisciplinary 
care resulted in a 2.5-fold reduction in the ulcer recurrence rate

• Armstrong and Harkless showed that patients who were 
adherent to a once every 1-2 months preventive care program 
in a multidisciplinary diabetes clinic for 3 years had a lower 
ulcer recurrence rate than nonadherent patients: 5.4% vs 
81.8% (P<.0001)

Dargis V, et al. Diabetes Care. 1999;22(9):1428-1431. Hamonet J, et al. Ann Phys Rehabil Med. 
2010;53(5):306-318. Armstrong DG, et al. J Foot Ankle Surg. 1998;37(6):460–466.



Amputation

• In the Department of Veterans Affairs (VA), the mean cost for 
diabetes-related amputation per patient in 2012 dollars was 
$50,351 

• Among first-time amputees, 30%-50% will require additional 
amputations within 1-3 years, and 50% will die within five years 
of an initial major amputation

• It has been estimated that 50%-75% of lower extremity 
amputations could be prevented by modifying risk factors and 
improving care among individuals with diabetes

Frykberg RG, et al. J Foot Ankle Surg. 1998;37(3):181-185.



Levels of Amputation

• Digital/Ray Resection - Distal Symes

• Transmet
• Lisfranc – Tarsometatarsal disarticulation

• Chopart – Midtarsal disarticulation
• Hancock – Amputation through the talus
• Pirogoff – Amputation just above the ankle joint with 

the ends of the tibia and fibula covered with a portion 
of the calcaneus

• Syme – Amputation just above the ankle joint with 
preservation of the heel pad



Amputation

• Toe amputations are the most common amputation (2.6/1000)

• Below the knee (1.6/1000), above the knee (0.8/1000)

• 15-20 times higher in DM than non-DM

Frykberg RG, et al. J Foot Ankle Surg. 1998;37(3):181-185.



Complication Rates Observed with 
Partial-Foot Amputation (PFA)

• 30%-50% of patients with a PFA will experience skin 
breakdown, reulceration, or wound failure

• Only 50% of PFAs will eventually heal regardless of 
level

• 15%-45% of patients with PFA experience some form 
of secondary amputation, with two-thirds undergoing a 
higher level of amputation on the same limb

• 15%-30% will die within 12 months

Dillon MP, et al. Arch Phys Med Rehabil. 2013;94(8):1429-1435. Stevens P. O&P Edge. 
2013;Nov:38-44. Dillon MP. Lower Extremity Review. 2010;Feb. 



Overall Treatment Goals for Amputation

• Provide static stability
• Allow for maximum function in ambulation

• Protect function of the residual limb
• To help our patients see an amputation as the beginning of 

an entire rehabilitation process instead of as the final phase 
of treatment

Philbin TM, et al. Foot Ankle Clin. 2001;6(2):215-228.



Partial Foot Amputation Advantages

• Increased function
• Decrease risk of amputation of the opposite foot

• Improved cosmesis
• Improved body image

• Improved lifestyle
• Decreased energy consumption
• Increased sensory input

• Improved weight-bearing surface
.

Surgery of the Foot and Ankle. 7th ed. St. Louis, MO; Mosby; 1999.



Dillon’s “False” Assumptions

• Assumption 1: By preserving the anatomic ankle joint and 
vertical limb length, partial-foot amputation permits push-off 
and a more normal post-amputation gait

• Assumption 2: Gait following partial-foot amputation is less 
energy expensive than gait following transtibial amputation

• Assumption 3: Partial-foot amputation is associated with an 
improved quality of life (QOL) compared to transtibial
amputation

Dillon MP, et al. Arch Phys Med Rehabil. 2013;94(8):1429-1435.



Dillon’s Findings

• Partial-foot amputations proximal to the MTP level (whether 
transmetatarsal, Lisfranc, or Chopart) result in negligible 
power generation at the ankle

• The assumption that extended residual-limb length of 
partial-foot amputation will yield still greater energy savings 
than more proximal amputations does not appear to be 
warranted

• Observations of QOL following partial-foot amputation have 
been found to be comparable to those observed following 
transtibial amputation

MTP = metatarsophalangeal 
Dillon MP, et al. Arch Phys Med Rehabil. 2013;94(8):1429-1435.



Plantar Pressures Are Higher in Diabetic 
Patients Following Partial Foot Amputation

• Increased pressure and contractures associated with 
biomechanical compensation following a partial foot 
amputation further increase plantar pressure, placing an 
already high-risk limb at further risk for tissue breakdown 
and reamputation

• Patients with a foot-level amputation were nearly 10 times 
more likely to present with limited joint mobility or a rigid 
foot deformity than those without amputation

Armstrong DG, et al. Ostomy Wound Manage. 1998;44(3):30-36.



Incidence of Lower Limb Amputation in 
Australian Hospitals, 2000-2010

• The incidence of partial foot amputation is estimated to 
triple across the first half of this century 

• The incidence of transtibial amputation has declined 
steadily since about the year 2000, and there is 
evidence that partial foot amputation has increased 
proportionately 

Dillon MP, et al. Prosthet Orthot Int. 2014;38(2):122-132.



Incidence of Lower Limb Amputation in 
Australian Hospitals, 2000-2010

• Between 30% and 50 % of people with partial foot 
amputation will experience complications, including: 
dehiscence, ulceration, or complete failure of the wound 
to heal

Dillon MP, et al. Prosthet Orthot Int. 2014;38(2):122-132.



Partial Foot Amputation in Patients with 
Diabetic Foot Ulcers

• BKA is associated with high morbidity and 
mortality, which suggests that the advantage of 
partial foot amputations should be investigated 

• Only transmetatarsal amputations at 1 and 3 
years were statistically lower for mortality than 
BKA

• Partial foot amputations at the other levels failed 
to show statistically improved survivorship

• Transmetatarsal and Chopart's amputations had 
high ambulatory levels and the longest 
durability, which suggests that these 
amputations may provide some ambulatory 
advantage

BKA = below knee amputation.
Brown ML, et al. Foot Ankle Int. 2012;33(9):707-716.



Mortality and Morbidity after TMA: 
Retrospective Review of 101 Cases

• A documented palpable pedal pulse was a predictor of 
healing and of not requiring more proximal amputation 

• End-stage renal disease predicted nonhealing 
• A healed stump was achieved in 58 cases (57.4%)

• Postsurgical complications developed in 88 cases 
(87.1%)

• Two patients died within 30 days postoperatively 

• These data suggest that TMA is associated with high 
complication rates in a diabetic and vasculopathic
population

TMA = transmetatarsal amputation
Pollard J, et al. J Foot Ankle Surg. 2006;45(2):91-97.



Articulated vs Fixed Carbon-Fiber 
Prosthesis after TMA: A Case Study
• A fixed carbon-fiber AFO, combined with a toe filler, 

resulted in a more efficient gait compared with an 
articulated AFO in this patient with TMA

• A fixed carbon-fiber AFO helps to prepare the foot for 
push-off and to generate better propulsive force

Computer Methods in Biomechanics and Biomedical Engineering, 2014, Vol. 17, No. S1, 106–107, 
http://dx.doi.org/10.1080/10255842.2014.931384AFO = ankle-foot orthosis

Parent A, et al. Comput Methods Biomech Biomed Engin. 2014;17(suppl 1):S106-S107. 



Rate of Residual Osteomyelitis after PFA in Diabetic 
Patients: A Standardized Method for Evaluating Bone 

Margins with Intraoperative Culture

• The overall rate of residual osteomyelitis after a PFA was 
40.7% (11/27 patients)

• Although this was a pilot study, the results inferred a high 
incidence of residual osteomyelitis with associated poor 
outcomes

Atway S, et al. J Foot Ankle Surg. 2012;51(6):749-752.



Balance

• Diabetic patients with distal partial-foot amputation 
experience as much or more balance compromise as 
patients with a transtibial amputation

Dillon MP, et al. Arch Phys Med Rehabil. 2013;94(8):1429-1435.



Balance and PFA

• Studies demonstrate a substantial balance compromise 
associated with diabetes-related, partial-foot 
amputation 

• For many patients, variations in the orthotic intervention 
may not affect a patient’s balance parameters

Kanade, R. V., R. W. Van Deursen, K. G. Harding, and P. E. Price. 2008. Investigation of standing balance in patients 
with diabetic neuropathy at different stages of foot complications. Clinical Biomechanics 23 (9):1183–91.



PFA Energy Consumption

• The energy cost of ambulation with a residual limb is 
inversely proportional to the length of the remaining 
limb and number of joints preserved

Waters RL, et al. J Bone Joint Surg Am. 1976;58(1):42-46.



Lesser Toe Amputations

• Most common type of partial-foot amputation

• Preservation of the base of the proximal phalanx helps to 
prevent migration of the neighboring toes

• Minimal mechanical impact
• Simple toe spacer or digital orthosis, or a filler added to the 

forefoot extension of the innersole

• Polyethylene foam filler or a silicone digital spacer most 
common



Lesser Toe Amputations

• Multiple digital amputations reduce proprioceptive input and 
cause the patient to compensate by developing an 
apropulsive gait with increased pressure on the metatarsal 
heads

• Lateral digital amputations have less of a disruptive effect on 
gait than medial digits, particularly if the hallux is involved



Digital Amputation



Indications
Focal Gangrene



Rarely placed in the appropriate shoe
Rarely fit the amputated digit

Has no effect on the remaining digits
Stationary fillers for a mobile foot 

Digital Fillers



• Supinated feet with a low 
gear push-off 
(anterolateral imbalance, 
AL) prior to amputation 
have more of a tendency 
to develop ulcers sub-
metatarsals 4,5 than 
pronated foot types with 
an anteromedial 
imbalance (AM)

Lesser Toe Amputations



Hallux Amputation



Indication
Osteomyelitis



Indication
Focal Gangrene



Influence of Hallux Rigidus on Reamputation in Patients 
with Diabetes Mellitus after Partial Hallux Amputation

• Results demonstrated that the reamputation rate after 
partial hallux amputation is significantly greater in 
patients with radiographic evidence of hallux rigidus

• When planning partial hallux amputation, adjuvant 
methods of offloading will be required to prevent 
recurrent ulceration and reamputation

Oliver NG, et al. J Foot Ankle Surg. 2015;54(6):1076-1080.



Hallux Amputation

• Significant mechanical impact
• Marked increase in loading of the 1st 

and 2nd MPJs
• Lesser digital gripping common

• Preservation of approximately 1 cm of 
the base of the proximal phalanx 
helps to maintain attachments of the 
sesamoids, plantar fascia, and FHB  
and ABH muscles

MPJ = metatarsophalangeal joint; FHB = flexor hallucis brevis; ABH = abductor hallucis



Why Partial First Ray Amputations in Patients 
with Diabetic Neuropathy Do Not Work

Borkosky SL, et al. Podiatry Today. 2013;26(10)



End Result of First Ray Amputations

Average 25 months post 
amputation

Borkosky SL, J Foot Ankle Surg. 2013;52(3):335-338. 


