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Abstract: A total contact cast (TCC) is considered the gold standard 
for healing diabetic foot ulcers (DFU). Numerous studies have demon-
strated the excellent healing success of a TCC; however, its adoption 
in routine clinical use does not match its success rate. This lack of 
implementation is due to several factors: Medicare’s payment struc-
ture, lack of clinical training, and a variety of patient factors. These 
factors have reduced clinicians’ use of TCC to approximately 25% of 
DFU. The aim of this review was to analyze and demonstrate common 
scenarios for outpatient wound centers where a TCC may be beneficial 
to both patients and hospital systems, and to expand its usage to more 
closely reflect its healing success rate.
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The rising incidence and prevalence of diabetes in the United States 
has resulted in a synonymous escalation of nonhealing diabetic foot 
ulcers (DFU).1 Patients with these foot ulcers have flooded urgent 

care centers, primary care offices, podiatric services, inpatient wards, emer-
gency rooms, and ultimately, wound care centers. Such occurrences have re-
sulted in a boom of advance modalities to help heal these ulcers and prevent 
amputations. These modalities include bioengineered skin substitutes, plate-
let derived growth factors, negative pressure therapy, hyperbaric oxygen, ad-
vanced wound dressings, ultrasonic debridement tools, “superbug” busting 
antibiotics, and stem cell therapy.2–4

The challenges in healing DFU have fostered the use of advanced modali-
ties. Concerns with diminishing reimbursement in procedural services, by 
both providers and hospital systems struggling to fight disease and maintain 
financial viability, have promulgated the use of such expensive modalities.5 

Studies supporting the healing potential of advanced modalities over stan-
dard saline moistened dressings have further created a tailspin of doctrine 
termed “standard of care” that advanced (as well as expensive) modalities are 
preferable to treat DFU that have failed to heal. 

Furthermore, studies touting DFU healing rates with various modalities 
have used variable offloading tools that do not provide consistent optimal 
pressure relief. Ideal offloading is obtained through minimal pressure on the 
diabetic ulcer. To date, a rigid total contact cast (TCC) has demonstrated the 
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lowest peak plantar pressure on an ambulatory patient 
(Figure 1).6 

A 2005 nationwide (United States) survey of 895 pri-
vate practices treating DFU indicated that shoe modifica-
tions were used in 41.2% of cases for offloading, despite 
the lack of evidence supporting its use.7 Total contact 
casting was utilized in more than 40% of clinics; however, 
only 1.7% of the centers used the TCC as treatment for the 
majority of DFU in their care (Figure 2).7 If the TCC were 
used as standardized pressure relief in various clinical tri-
als, then further validity could be given to the efficacy of 
bioengineered dressings, regenerative matrices, negative 
pressure therapies, and other advanced modalities.

Traditional DFU healing protocols include risk factor 

modification, offloading, debridement, and a protective 
dressing. A common failure in this pathway is the offload-
ing method. Sub-optimal offloading results in delayed 
healing and thus directs the clinician into considering 
more advanced, and oftentimes expensive, modalities. 
Current US health care guidelines are vague in ensuring 
that optimal offloading is provided to patients prior to 
failed healing. Healing failure, or wounds that have failed 
with “conservative” care after 30 days, are then considered 
appropriate for receiving care with advanced modalities. 
Biomedical companies have further marketed this inter-
section between stalled healing and product qualification 
use. As a result, there has been an unprecedented rise in 
the cost of healing wounds without a reciprocal return 
on investment. A recent study reported that the cost of 
healing a wound using TCC was half the cost of treating a 
wound without using TCC ($11,946 vs. $22,494).8

Numerous published studies and clinical workshops 
over the last few decades have demonstrated the superi-
ority of a TCC system in healing DFU.9–13 Peer-reviewed 
studies have shown average healing of 80%–90% within 
6 weeks for DFU.10,14 The healing success of the TCC is 
reduced in the author’s practice to approximately 25% of 
DFU due to lack of reimbursement, noncompliance, ac-
tive infection, high grade ulceration, and mobility/fall risk 
limitations. Advanced modalities, such as skin substitutes 
or growth factors, have, at best, demonstrated a 56% heal-
ing rate within 12 weeks (Figure 3).9,14,15 Such products 
may also pose similar exclusions as a TCC for meeting ap-
plication criteria. 

Figure 1. Peak plantar pressures on first metatarsal head.

Figure 2. Offloading modalities.
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A meta analysis-derived parabolic healing velocity 
curve also substantiates the healing rate using a tradi-
tional casting system versus sharp debridement and bio-
engineered products.16 The wound velocity of the TCC 
shows a steep rate of change in healing in the first few 

weeks compared to other modali-
ties (Figure 4). This rate of change is 
equivalent to rapid acceleration and 
shorter healing times with the TCC. 
An endpoint of 35 days, or 5 weeks, 
was established due to the nearly 
90% probability of wound closure. 
Based on these alarming differences, 
it would seem that a TCC would be a 
first line of defense in healing DFU. 
The bottom line is that DFU heal fast-
er with a TCC. 

Although a vast number of clini-
cians have employed the TCC in their 
practices, there are several factors 
that discourage the industry from 
uniformly adopting the TCC. One key 
factor stems from clinics and physi-
cians concerned with payment bun-
dling. Claim denials are often a result 

of using debridement codes or skin substitute codes (eg, 
Apligraf, Dermagraft, Oasis) along with TCC application. 
This is in direct conflict with the American Medical As-
sociation’s position that TCC is a separate and distinct 
procedure.17 Such denials have created significant contro-

Figure 3. Diabetic foot ulcer healing rates of various modalities.

Figure 4. Healing velocity for various modalities.
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versy between providing the gold standard for offloading 
and receiving reimbursement for patient care. A smaller 
portion of insufficient use is due to lack of trained clini-
cians who are able to apply a TCC.18 

The aforementioned phenomenon has piqued this au-

thor’s interest in thoroughly analyzing the pro-
tocol/pathway driven model for healing DFU, 
and how it relates to facilities’ and clinicians’ 
financial motivations in choosing a particular 
route for healing DFU.

Healing Pathway 
The approach for managing a DFU at a 

wound center is shown in Figure 5. Pressure 
relieving options in an ambulatory patient in-
clude: diabetic shoes, modified pressure reliev-
ing shoes, foam/felt footwear, Charcot Rigid 
Orthotic Walkers (CROW) boots, modified re-
movable casts, cam walkers, and TCC. 

Figure 6 shows the current recommended 
pathway for optimal offloading and the appli-
cation of TCC.

In the past, approximately 25% of all pa-
tients with diabetes qualified for a TCC at 
initial presentation to the author’s clinic, as 
indicated in this model. The clinics viewed 
qualified candidates as patients with a DFU 
who: 1) are not infected; 2) have adequate ar-
terial flow; 3) do not have significant edema 
or pain; 4) have gait stability; 5) have no au-
tomobile driving issues, or any patient safety 

hazards/compliance issues; 6) have Wagner 1 or 2 ulcers. 
It should be noted that the majority of DFU patients re-
ferred to this clinic present with poor vascular status 
and/or infections. Patients with adequate vascular status 
and no infection make likely candidates for TCC; for many 

Figure 5. Managing a diabetic foot ulcer at a wound center.

Figure 6. Current recommended pathway for optimal offloading 
and TCC application.
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practices, as high as 80% of DFU patients would be good 
candidates for TCC.

 Additional patients can be reconsidered for TCC after 
other interventions have been completed, such as infec-
tion control or vascular surgery. The TCC will reduce ede-
ma, so those patients can be casted, with the first cast 
change in 2–3 days to maintain adequate fitting. To ad-
dress stability, a cane or walker could be added, which al-
lows these patients to be casted. Finally, the patient needs 
to enlist family, friends, and community resources to help 
them through the treatment process, and to maximize 
their ability to heal. It is much easier to enlist help for a 
few weeks, rather than decades after losing a limb.

Methods
Based on this clinical pathway (Figure 6) and reim-

bursements, a clinic model was developed. The prototype 

clinic was based on this author’s experience and a retro-
spective review of 25 wound centers.

Model clinic profile. Based on electronic medical 
records of wound centers, along with program directors’ 
experience and literature review11:

•  Hospital based outpatient wound center: 1300 
new patient visits/year

•  Percent of patients with diabetes and a foot 
ulcer(s): 30% 

•  Percent healed within 12 weeks without using a 
cast: 56%

•  Percent that require > 12 weeks and < 1 year of 
wound care: 44%

 Outline of unhealed ulcers beyond 12 weeks:
•  40% of patient visits require debridement/skin 

products
• 50% of patient visits require e/m (consultation)
•  5% of patient visits require hyperbaric oxygen 

(Wagner 3 or greater)
•  Average of 25% of patients will require bioengi-

neered skin substitute after 30 days of failed heal-
ing. TCC not included in these patients. 

Healing Rate Model10–14:
1. 90% of DFU heal within 6 weeks of TCC (best case)
2.  56% of patients without TCC heal in 12 weeks (best 

case)
Current (2012) national average Medicare reimburse-

ment rates were used to apply fee schedules for various 
points in the treatment for diabetic ulcers (Table 1).

Data Analysis
Two comparison models were created to determine 

cost associated healing models. 
Based on known healing parameters, as cited above, a 

comparison of treating DFU with and without the use of 
a TCC was computed (Table 2). Additionally, the quantity 
of biologic skin products needed, without TCC, for heal-
ing foot ulcers was based on prior published data.19,20

Results
The physician reimbursement model indicates a steep-

er reimbursement capture rate and a higher aggregate re-
imbursement using the TCC in the first 7 weeks of ulcer 
management (Figure 7). The TCC graph is terminated at 
7 weeks because of the 80%–90% probability of healing 
Wagner 1 and 2 ulcers versus < 56% probability with non-
cast healing modalities.11,15 Although a clinician may be 
incentivized to maximize revenue by prolonging healing, 
this approach will compromise patient care and reduce 

Table 1. Fee schedules for hospital and physician.

CPT Hospital Fee 
Schedule

Physician Fee 
Schedule

11042: Excisional 
debridement

188 46

97597: Selective de-
bridement

103 23

29445: Cast applica-
tion

175 105

99204: Level 4 (new 
patient)

128 124

99213: Follow-up 
evaluation

75 48

99212: Follow-up 
evaluation

75 24

15271: Apligraf/Derma-
graft/Oasis

230 88

99183/C1300: Hyper-
baric oxygen (HBO)

400 100

Keypoints

•  To date, a rigid total contact cast (TCC) has dem-
onstrated the lowest peak plantar pressure on an 
ambulatory patient (Figure 1).6 

•  The healing success of the TCC is reduced in the au-
thor’s practice to approximately 25% of DFU due to 
lack of reimbursement, noncompliance, active infec-
tion, high grade ulceration, and mobility/fall risk limi-
tations. Advanced modalities, such as skin substitutes 
or growth factors, have, at best, demonstrated a 56% 
healing rate within 12 weeks (Figure 3).9,14,15 
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turnover volume, resulting in reduced capacity to see 
new patients. 

Hospital systems and program managers often are held 
hostage to budget restrictions and quarterly revenue cap-
ture. Since hospitals are not affected by global payment 

periods with bioengineered skin substitutes, they may 
fare better than physicians when noncast approaches are 
used for more than 7 weeks. This incongruence among 
hospital reimbursement, physician plan of care, and opti-
mal patient outcomes, can lead to disastrous consequenc-
es. However, as with the physician, the hospital system 
will have a steeper and higher aggregate revenue cap-
ture in the first 7 weeks using the TCC versus alternative 
methods (Figure 8). 

The use of TCC versus alternative offloading methods 
analysis, along with the wound center model used in this 
review, was examined further. A 1-year prospective finan-
cial and clinic volume was extrapolated, and accounted 
for time frame intervention and prediction modeling 
based on the scenarios outlined for the model clinic (Ta-
ble 2). 

In the scenario where alternatives to TCC are used for 

Table 2. Comparison of treating diabetic foot ulcers with and without the use of a TCC.

No. patients

Total new patients 1300

Diabetic (30%) 390

No TCC Scenario Hospital Revenue Physician Revenue

Healed in 12 wks (56%) 218  $487,906 $156,538

Not healed (treatment up to 1 yr [44%]) 172 $1,032,860  $334,920 

Total Revenue (No TCC + HBO) $1,520,766  $491,459 

Avg. Revenue/Patient   $3,899  $1,260 

TCC Scenario

Not TCC candidate (75%) 293  $1,140,575  $368,594

Not healed with TCC (2.5%) 10  $68,348  $10,084 

Healed with TCC in 6 weeks (22.5%) 88  $86,960  $90,734 

Additional Patient Visit Potential 88

Avg. Revenue/Patient   $3,323  $1,204 

Total patients seen/year 478

Additional revenue from additional patients  $291,574  $105,618 

Total Revenue With TCC Use + HBO  $1,587,456  $575,029 

TCC Opportunity  $66,690  $83,570 

Keypoints

•  A 1-year prospective financial and clinic volume was 
extrapolated, and accounted for time frame inter-
vention and prediction modeling based on the sce-
narios outlined for the model clinic (Table 2). 

•  The sample model of a typical wound center’s vol-
ume and case management pathway for healing 
DFU presented in this study, strongly suggests us-
ing all available evidence based methods to safely 
heal these ulcers. The TCC can play a complemen-
tary role to the tools available for limb salvage.DO N
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offloading, approximately 218 DFU are 
healed in less than 12 weeks in a clinic av-
eraging 1300 new patient visits per year. 
Approximately 172 patients are expected 
to take beyond 12 weeks and were fol-
lowed in the treatment model for up to 1 
year. Total expected clinic revenue is ap-
proximately $1.52 million and physician 
revenue of $491,000 when alternative 
pressure relieving methods are combined 
with debridement, office visits, bioengi-
neered skin, and hyperbaric oxygen. These 
methods were incorporated to exhibit 
a best-case scenario for the clinician and 
hospital without using the TCC.

The second scenario shows an outpa-
tient wound center using the TCC method 
of offloading on only 25% of DFU. The 75% 
of DFU not receiving the TCC were treated 
similarly to the non-TCC model above. Ten 
percent of those patients with a TCC (10% 
x 25% = 2.5%) may not heal in the average 
6-week intervention. Consequently, 22.5% 
of patients with DFU are able to use the 
TCC and heal in an average of 6 weeks. A 
minimum of 88 patients are expected to 
heal in an average of 6 weeks using the 
TCC in this model, which allows the clinic 
to see at least 88 additional new patients 
per year versus the non-TCC scenario. The 
resultant total revenue using TCC is $1.59 

million for the hospital and $575,000 for the physician 
by utilizing TCC for only 25% of DFU. The net financial 
gain is nearly $66,690 for the hospital and $83,570 for 
the physician when this minimal TCC model is deployed 
(Figure 9). Opportunity exists to expand use of TCC on 
many more patients, thereby further increasing revenues. 
More importantly, by healing this group of patients quick-
ly using TCC, there is an invaluable benefit to the patients’ 
quality of life, and the clinic and physician’s reputation. 
Healing this group of patients eliminates the chance of 
further hospitalizations and amputations as a result of 
these wounds, saving the health care system immeasur-
able amounts of additional outlays.

Conclusion
Healing DFU presents many challenges. In order to 

sustain a wound center’s ability to heal the growing 
population of patients with these wounds, there will be 

Figure 7. Aggregate physician revenue.

Figure 8. Aggregate hospital revenue.

Figure 9. Total annual revenue.
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an increasing need to heal these wounds effectively and 
expeditiously. The sample model of a typical wound cen-
ter’s volume and case management pathway for healing 
DFU presented in this study, strongly suggests using all 
available evidence based methods to safely heal these ul-
cers. The TCC can play a complementary role to the tools 
available for limb salvage. Adding TCC for just 4 additional 
patients (based on 88 pts/year) per day provides a tre-
mendous opportunity to improve quality of care and sus-
tain a clinic’s financial viability in a challenging economic 
environment. A need also exists to improve opportunities 
where more patients are able to qualify for TCC through 
improved cast technology, clinician training, patient sup-
port, and wound center administration awareness. As an 
evidence-based gold standard, TCC should be considered 
for every foot wound and ruled out, and not used only as 
a last resort.

Acknowledgment
Disclosure: Dr. Shah is a paid consultant for MedEffi-

ciency, Inc.

References
1. Margolis D, Malay DS, Hoffstad OJ, et al. Incidence of dia-

betic foot ulcer and lower extremity amputation among 

Medicare beneficiaries, 2006 to 2008. Data Points #2. 

Rockville, MD: Agency for Healthcare Research and Quality; 

January 2011. AHRQ Publication No. 10(1)-EHC009-1-EF. 

2. Wu SC, Marston W, Armstrong DG. Wound care: the role of 

advanced healing technologies. J Am Podiatr Med Assoc. 

2010;100(5) 385-394. 

3. Redekop WK, McDonnell J, Verboom P, Lovas K, Kalo Z. 

The cost effectiveness of Apligraf treatment of diabetic 

foot ulcers. Pharmacoeconomics. 2003;21(16):1171-

1183. 

4. Vivas A, Choudhary S, Escandon J, Tang J, Lebrun E, Kirsner 

RS. New therapies in treatment of diabetic foot ulcers: a 

review of clinical trials. Surg Technol Int. 2010;20:83–96.

5. Dotson P. Reimbursement for total contact casting: fight-

ing the financial burden. Today’s Wound Clinic. August 24, 

2010. Available at: www.todayswoundclinic.com/-TCC-

Reimbursement.

6. Fleischli JG, Lavery LA, Vela Sa, Ashry H, Lavery DC. Com-

parison strategies for reducing pressure at the site of neu-

ropathic ulcers. J Am Podiat Med Assoc. 1997;87(10):466-

472. 

7. Wu SC, Jensen JL, Weber AK, Robinson DE, Armstrong 

DG. Use of pressure offloading devices in diabetic foot 

ulcers: do we practice what we preach? Diabetes Care. 

2008;31(11):2118-2119. 

8. Fife CE, Carter MJ, Walker D. Why is it so hard to do 

the right thing in wound care? Wound Repair Regen. 

2010;18(2):154–158. 

9. Mueller MJ, Diamond JE, Sinacore DR, et al. Total contact 

casting in treatment of diabetic plantar ulcers: a con-

trolled clinical trial. Diabetes Care. 1989;12(6):384-388.

10. Frykberg RG, Rogers LC. Emerging evidence on advanced 

wound care for diabetic foot ulcerations. Proceedings 

from the Superbone West Conference; October 21–24, 

2010; Las Vegas, NV. Podiatry Today. 2011;(suppl)1–15.

11. Marston WA, Hanft J, Norwood P, Pollak R; Dermagraft Dia-

betic Foot Ulcer Study Group. The efficacy and safety of 

Dermagraft in improving the healing of chronic diabetic 

foot ulcers. Diabetes Care. 2003;26(6):1701-1705. 

12. Veves A, Falanga V, Armstrong DG, Sabolinski ML; Apligraf 

Diabetic Foot Ulcer Study. Graft skin, a human skin equiv-

alent, is effective in the management of noninfected neu-

ropathic diabetic foot ulcers: a prospective randomized 

multicenter clinical trial. Diabetes Care. 2001;24(2):290–

295.

13. Reyzelman A, Crews RT, Moore JC, et al. Clinical effective-

ness of an acellular dermal regenerative tissue matrix 

compared to standard wound management in healing dia-

betic foot ulcers: a prospective, randomized multicentre 

study. Int Wound J. 2009;6(3):196-208.

14. Armstrong DG, Nguyen HC, Lavery LA, van Schie CH, Boul-

ton AJ, Harkless LB. Off-loading the diabetic foot wound. 

Diabetes Care. 2001;24(6):1019-1022. 

15. Myerson M, Papa J, Eaton K, Wilson K. The total-contact 

cast for management of neuropathic plantar ulceration of 

the foot. J Bone Joint Surg Am. 1992;74(2):261-269.

16. Shah S. Economics of total contact casting. www.Medef-

ficiency.com. Accessed: November 2010.

17. American Medical Association. 2012 Skin Replacement 

Surgery CPT Codes. CPT 2012 Professional Edition. 

American Medical Association: Chicago, IL; 2012.

18. Wu SC, Driver VR, Wrobel JS, Armstrong DG. Foot ulcers 

in the diabetic patient, prevention and treatment. Vasc 

Health Risk Manage. 2008;3(1):65-76.

19. Marston W, Norwood P, Hanft J, Pollak R; Dermagraft Dia-

betic Foot Ulcer Study Group. The efficacy and safety of 

Dermagraft in improving the healing of chronic diabetic 

foot ulcers: results of a prospective randomized trial. Dia-

betes Care. 2003;26(6):1701–1705. 

20. Niezgoda JA, Van Gils CC, Frykberg RG, Hodde JP. Random-

ized clinical trial comparing Oasis wound matrix to Re-

granex gel for diabetic foot ulcers. Adv Skin Wound Care. 

2005;18(5 Pt 1):258–266. 

DO N
OT D

UPLIC
ATE




