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〈 Clinical Research 〉
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Abstract: A biologically active 
human skin allograft, currently dis-
tributed under the brand name 
TheraSkin, was examined for safety 
and efficacy in the treatment of 
venous leg ulcers (VLUs) and dia-
betic foot ulcers (DFUs). The objective 
was to determine if TheraSkin could 
serve as a safe and effective alterna-
tive to bioengineered skin substitutes 
such as Apligraf and DermaGraft. 
The authors conducted a retrospec-
tive study of 214 consecutive patients 
seen at the Inova Wound Center (Mt 
Vernon, Virginia), with either a DFU 
or a VLU. After excluding patients 

who did not meet the study criteria, 
the final eligible cohort consisted of 
188 subjects, with 134 VLUs and 54 
DFUs. Multivariate logistic regression 
was used to evaluate the relationship 
between baseline wound size and the 
proportion of healed wounds after 12 
and 20 weeks from initial allograft 
application. The authors found that 
by the 12th week, DFUs closed 60.38% 
of the time and VLUs closed 60.77% 
of the time. After 20 weeks, the num-
ber of closed DFUs increased to 74.1% 
and the number of VLUs increased to 
74.6%. The mean wound size in the 
DFU group was 6.2 cm2 (±11.8) and 

11.8 cm2 (±22.5) in the VLU group. 
The mean number of TheraSkin 
allografts required ranged from 1 to 
8, with an average of 2.03 (±1.47) 
at the 12-week point and an average 
of 3.23 (±2.77) at the 20-week point. 
Multivariate logistic regression was 
used to calculate the odds of wound 
healing by week 12 and week 20 in 
each group. The authors also analyzed 
adverse events and found TheraSkin 
to be noncontributory to any adverse 
events, verifying the safety of TheraSkin 
in this study population. In this study, 
TheraSkin has been shown to be highly 
effective for the treatment of both VLUs 
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and DFUs with an acceptable safety 
profile.

Level of Evidence: Therapeutic, 
Level IV

Keywords: diabetes; comorbid condi-
tions; distal wound healing; wound care

Over the past 15 years, the use 
of bioactive treatments such as 
growth factors and bioengineered 

skin substitutes has become more preva-
lent. In fact, according to some studies,1-4 
if a wound does not show appreciable 
improvement within 4 weeks of initia-
tion of treatment, the standard of care dic-
tates that bioactive treatments should be 
implemented. Following the Food and 
Drug Administration (FDA) approval 
of 2 bioengineered skin substitutes, 
Apligraf (Organogenesis, Inc, Canton, 
Massachusetts) and DermaGraft (Advance 
Bio-Healing, Inc, Westport, Connecticut), 
bioactive treatments have become more 
prevalent.5,6

Prior to the availability of these prod-
ucts, many surgeons often relied on split 
thickness skin grafts (autografts), har-
vested from the patient’s own body—
usually from the thigh or calf—to cover 
the wounds and deliver growth fac-
tors and collagen to the wound site. 
However, this procedure frequently 
introduced new complexities includ-
ing problems associated with the donor 
site, such as pain and infection, and 
was ultimately limited by the availabil-
ity of appropriate tissue.7 In addition, 
this would normally require a trip to the 
operating room for harvest. As a result 
of the potential complications, and lim-
ited availability of appropriate split thick-
ness grafts, surgeons began to search for 
alternative tissue sources and ultimately 
looked to tissue banks for human skin 
allografts. Human skin allografts have 
been used for the treatment of burns for 
decades, but recent improvements in 
processing and availability of cryopre-
served human skin allografts have raised 
the bar, by preserving the native struc-
ture and content of human skin allografts 
until they can be delivered to the wound 
surface.

TheraSkin, Cryopreserved 
Human Skin Allograft
TheraSkin (Soluble Systems, LLC, 

Newport News, Virginia) is a human skin 
allograft harvested from tissue donors 
within 24 hours of death. After the split 
thickness skin graft is harvested with a 
dermatome, the tissue is minimally pro-
cessed with cleaning, hair removing, and 
meshing. The allograft is also exposed to 
antibiotics and reagents and preserved 
in a culture medium/glycerol 10% solu-
tion. Following a thorough process to 
ensure safety, the material is cryopre-
served to preserve the full complement 
of living cellular and extracellular compo-
nents. LifeNet Health, the manufacturer 
of TheraSkin, is the largest not-for-profit 
tissue bank and provider of bioimplants 
in the United States and has distributed 
more than 2.4 million tis-
sues from donors with-
out a single incidence 
of infection because of 
the donated tissue. The 
process of tissue har-
vesting, cleansing, and 
preparation is done 
under full adherence 
to the rigorous stan-
dards of the tissue bank 
industry and is regu-
lated by the Food and 
Drug Administration (FDA).

TheraSkin differs dramatically from 
acellular products manufactured 
from human skin, such as Alloderm 
and GraftJacket. Both Alloderm and 
GraftJacket are decellularized products 
made up exclusively from the remaining 
collagen scaffold. This decellularization 
process eliminates the cellular compo-
nents, as well as the native growth fac-
tors contained within these cells. Unlike 
TheraSkin, these products do not contain 
the native growth factors and cytokines 
found in the cells of living tissues. Other 
decellularized collagen scaffolds manu-
factured from bovine skin, porcine intes-
tine, and equine pericardium are also 
available and have similar limitations. 
Furthermore, the act of decellularization 
can result in increased cross-linking of 
the remaining collagen scaffold.8 In some 

cases, intentional cross-linking is induced 
to add strength to the material; however, 
induced cross-linking can be problematic 
because it blocks enzymatic degradation 
of the graft and subsequent incorpora-
tion into the adjacent tissues. TheraSkin 
is neither decellularized nor intentionally 
cross-linked—it is minimally processed to 
preserve the native components of real 
human skin.

TheraSkin and the bioengineered skin 
substitutes, Apligraf and DermaGraft, 
release growth factors and cytokines 
to the wound surface and have been 
described as biologically active prod-
ucts. Growth factors stimulate the com-
plex coordination of events resulting in 
mitogenesis, chemotaxis, and angiogen-
esis and trigger the wound to heal. In all 
3 products, a living source of cells has 
generated and stored the growth factors, 

which are subsequently released to the 
wound bed.

One significant difference between 
TheraSkin and the bioengineered skin 
substitutes is the presence of a mature 
extracellular matrix (ECM). In natu-
ral skin, a variety of growth factors will 
accumulate in the ECM and act as a nat-
ural reservoir. When a skin injury occurs, 
the first and most significant source of 
growth factors is the ECM, not the living 
cellular components. By preserving the 
native ECM structure, TheraSkin serves 
as an immediate source of growth fac-
tors and cytokines, to trigger the healing 
process.9,10 A comprehensive list of the 
growth factors isolated from TheraSkin 
are listed in Table 1.

There are some similarities and some 
differences between TheraSkin and the 
2 bioengineered skin substitutes, Apligraf 

Human skin allografts have been used 

for the treatment of burns for decades, but 

recent improvements in processing and 

availability of cryopreserved human skin 

allografts have raised the bar.”

“
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and DermaGraft. DermaGraft contains 
cultured human fibroblasts assembled in 
a 3-dimensional array, attached to a poly-
glycolic acid absorbable scaffold. Like 
TheraSkin, it is a cryopreserved product 
and is thawed at the time of application. 
Apligraf is also fabricated using cultured 
human fibroblasts and keratinocytes, 
grown on a bovine collagen scaffold. 
This material is delivered in a cell culture 
chamber at approximately room tempera-
ture and is applied directly to the wound.

Both DermaGraft and Apligraf are 
classified as devices by the FDA and 
have received approval through a PMA 

(premarket application). Both devices 
have been approved for use on dia-
betic foot ulcer (DFU), while Apligraf 
has approval also for use on venous leg 
ulcers (VLU). TheraSkin is a human skin 
allograft, not a medical device, and falls 
under a different regulatory framework of 
the FDA for human cells, tissues, or cel-
lular and tissue-based products and the 
American Association of Tissue Banks.

Because TheraSkin, Apligraf, and 
DermaGraft contain human cells, they are 
each capable of releasing growth factors 
and cytokines to the wound bed. Results 
from an analysis performed by Lin et al11 
demonstrates the broad array of growth 
factors and cytokines found in TheraSkin, 
Apligraf, and DermaGraft. This compre-
hensive list can be found in Table 1. In 
terms of relative collagen content of these 
3 products, there is a dramatic difference 
between TheraSkin and both Apligraf and 
DermaGraft. Results from an independent 
analysis of relative collagen content, con-
ducted by Taylor from the University of 
Maryland,12 demonstrated that TheraSkin 
contains substantially more type I, 
type III, and type IV collagen than either 
Apligraf or DermaGraft (Figure 1). This is 
important for several reasons.

Collagen serves as the primary building 
block for assembly of an ECM. A lack of 

collagen may result in delays in healing 
as these components are recruited and 
assembled at the wound site. Collagen 
serves as the scaffold on which cells 
migrate in the development of skin. 
Furthermore, collagen is a major compo-
nent of ECM. Since the ECM is the pri-
mary source of growth factors in skin, 
a relative absence of collagen implies 
diminished ECM and associated stores of 
growth factors and cytokines.

Application of TheraSkin Allograft
The TheraSkin graft is distributed in 

2 sizes to help minimize waste of this 
precious donated resource (12.75 cm2 
and 38.76 cm2) and is shipped to the 
physician on dry ice. When ready to 
use, the physician goes through a sim-
ple thawing process that involves rinsing 
the material 3 times with sterile normal 
saline at room temperature, in order to 
remove the cryopreservative. No spe-
cial temperature-regulated water baths 
are necessary. Prior to application, the 
wound site must be prepared to enhance 
the vascularity of its interface with the 
graft and to reduce bacterial contami-
nants, consistent with standards of care 
for wound management.13 This is accom-
plished by sharp debridement of necrotic 

Table 1.

Sampling of Growth Factors, Cytokines, 
and Collagen Found in TheraSkin as 
Determined by Independent Laboratory 
Testinga

Growth 
Factors Cytokines Collagen

PDGFA TNF Type I

PDGFD IL1a Type III

VEGFD 
(FiGF)

IL1b Type IV

VEGFA

IGF

EGF IL2 Type V

TGFA IL3 Type VI

FGF2 IL4 Type IX

TGFB1 IL5 Type X

TGFB3 IL6 Type XI

HGF IL12 Type XII

BMP7 IL13 Type XIV

IL16 Type XV

IL17A Type XVII

IL18 Type XVIII

IL25, 27, 32 Type XX

aIndependent laboratory testing was done 
by Lin et al,11 University of Albany, Protein 
Analysis Study, October 2009.

Figure 1.

Relative collagen content for TheraSkin, Apligraf, and DermaGraft.

Note: Data from Taylor BM. Independent study funded by Skin and Wound Allograft Institute, a subsidiary 
of LifeNet Heatlh, Virginia Beach, VA. Study conducted at University of Maryland, March 2010.

 by guest on December 7, 2010fas.sagepub.comDownloaded from 

http://fas.sagepub.com/


Month xxxxFoot & Ankle Specialist4

or other nonviable tissue and cleans-
ing of the wound, in the same manner as 
for a split thickness autograft. Once site 
preparation is complete, the graft is laid 
over the wound site, trimmed to remove 
excess, and secured using either sutures 
or adhesive strips (Figure 2). The graft 
is then covered with a wound dress-
ing. In our experience, a nonadherent, 
moist wound dressing appears to be opti-
mal for this purpose. Ideally, the dressing 
should stay in place for 1 week, to allow 
for the graft to stabilize and incorporate 
into the wound bed. The typical regimen 
involves examining the wound every 1 to 
2 weeks and reapplying the TheraSkin 
if the surface area of the wound has not 
decreased by at least 10% to 20% in that 
time. Clinical judgment based on the 
appearance of the wound seems to be 
the best guide as to whether or not reap-
plication is necessary.

The primary aim of this study was to 
evaluate the effectiveness and safety 
of TheraSkin (LifeNet Health, Virginia 
Beach, Virginia) for treating diabetic and 
venous ulcers in the lower extremities. 
We sought to determine the effective-
ness of TheraSkin, together with standard 
of care, in healing diabetic and venous 
ulcers of the lower extremities by assess-
ing the percentage of complete wound 
closure at 12 and 20 weeks. We hypoth-
esized that the use of TheraSkin cryopre-
served human skin allograft will result in 
the closure of venous leg ulcers and dia-
betic foot ulcers. We further hypothesize 
that we will be able to detect factors that 
will significantly influence wound healing 
during this time period.

Methods
This study evaluated the effectiveness 

of a cryopreserved human skin allograft, 
now distributed under the brand name 
TheraSkin, for wound healing in diabetic 
and venous ulcers on the lower extrem-
ities. The primary aim was to determine 
the effectiveness of TheraSkin, together 
with standard of care, in healing these 
wounds. The measure of effectiveness was 
based on the proportion of complete 
wound closures at 12 and 20 weeks. Raw 
data were extracted from the medical 
records of a wound care clinic staffed by 

physicians with considerable experience 
with TheraSkin.

This retrospective observational study 
collected data from medical chart review 
of consecutive patients, in reverse chron-
ological order, beginning September 
2009. This start date allowed for an 
appropriate amount of follow-up time 
for each identified patient. Initially, 
214 study subjects were identified. After 
taking into account the inclusion and 
exclusion criteria, we were left with 
188 patients to be included in this study. 
The data extraction was completed by 
1 person who underwent training in 
proper data collection and was super-
vised by 2 individuals with formal data 
extraction training. Nobody on the data 
extraction team was involved in patient 
care at the study site and never met any 
of the study subjects. Data were col-
lected through a standardized electronic 
form to improve reliability and reproduc-
ibility. Study inclusion and exclusion cri-
teria are listed in Table 2.

This observational study began on the 
first day of TheraSkin application (visit 0). 
Patients were followed on a schedule 
determined by the treating physician. 
Necessary debridement and application 
of new allografts were determined by the 
treating physician. The study ended for 

each subject when any of the following 
occurred:

• Wound closure was achieved (defined 
by complete epithelialization of the 
wound without drainage) or 20 weeks 
had passed after the initial allograft 
application, whichever came first

• Infection as defined by the need for 
surgical incision and drainage, debride-
ment, or amputation resulting in dis-
continuation of allograft application

• Patients withdrawn for safety rea-
sons as determined by the treat-
ing physician (adverse event, such as 
an unforeseen reaction to allograft, 
requiring early discontinuation of 
treatment)

• Patients withdrawn for reasons unre-
lated to an adverse event (some-
one who voluntarily withdrew from 
allograft application; reason for with-
drawal was documented if available)

• Physician-directed therapy changed 
(discontinuation of allograft with 
change to other wound care therapy 
due to worsening of the wound; this 
did not include physician-directed ther-
apy change due to a healing wound 
that no longer required allograft)

• Lost to follow-up
• Death

Figure 2.

Application of TheraSkin cryopreserved skin allograft. (A) Wound is prepared by 
debridement of the periwound callous and removing necrotic material from the wound 
base. (B) Following bed preparation, the TheraSkin is laid over the surface of the wound 
with the epidermal side facing superficial and the demis (white) surface facing the 
wound bed. (C) The TheraSkin is shown stitched in place.
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Table 2.

Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

• TheraSkin applied to lower extremity wound during the 
study period

Wound etiologies other than diabetic neuropathy or venous such 
as trauma, burns, sickle cell anemia, necrobiosis lipoidica 
diabeticorum, pyoderma gangrenosum

• Age ≥ 18 years Wound not present for at least 30 days and showing lack 
of progression for at least 30 days prior to application of 
TheraSkin

• Males and females Other ulcer treatments besides study allograft during the study 
period (study period definition: time of first allograft application, 
up to 20 weeks) were not included in this study. These 
concomitant treatments specifically include hyperbaric oxygen 
treatments, venous ablation procedures, revascularization 
procedures including lower extremity bypass grafts or 
angioplasties or stents, application of additional growth factors, 
biologic products containing cells or other tissue-derived 
products, matrix components, or enzymatic debriders. Subjects 
were allowed to receive standard of care therapy with the study 
allograft, which included debridement, moist dressings  
or compression dressings depending on wound etiology, and 
off-weighting depending on wound location

• Lower extremity wound due to diabetic neuropathy or 
venous insufficiency

Patients with revascularization procedures (defined as 
lower extremity bypass grafts, angioplasties, or stents) within 
30 days of initial TheraSkin application were excluded

• Documented palpable pedal pulse (dorsalis pedis and/or 
posterior tibialis arteries and/or palpable bypass graft), 
or ankle brachial index (ABI) in the range of ≥ 0.8 to 
≤ 1.1, or Tcpo2 ≥ 40 mm Hg from the foot at the time of 
the initial allograft application

Patients with successful surgical correction or intervention 
aimed at improving venous return in the target limb, such as 
venous ablation procedures, within 30 days of initial TheraSkin 
application were excluded

• In subjects with multiple wounds, only the largest 
wound receiving the allograft was included and 
considered the target wound

• Initial wound size ≥ 1cm2

• All wound locations within the lower extremity (defined 
as below the knee) and wound durations were included

• Target wound depth may be full thickness, with exposed 
tendon, muscle, or bone

• Concomitant negative pressure wound therapy was 
allowed as this could have been an anchoring technique 
for the allograft

• Concomitant antibiotics (topical, oral, or intravenous) 
were allowed as it was not possible to determine 
whether administration of antibiotics was due to a true 
infection at the target wound site
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The primary outcome measure was the 
proportion of healed wounds (defined as 
100% epithelialization) by 12 weeks after 
initiation of treatment with the allograft. 
The surface area was calculated based on 
medical record-documented length and 
width measurements recorded for each 
clinic visit. Wounds were assumed to be 
elliptical in shape, and the actual surface 
area was calculated using the formula 
for an ellipse (Area = [p] * [length/2] * 
[width/2]). Patients were considered treat-
ment failures (not healed by 12 weeks) 
if any of the above-mentioned endpoints 
other than documented wound healing 
occurred (ie, lost to follow-up, infection) 
as it was felt this was a more conserva-
tive analysis.

The sample size was determined assum-
ing that 24.2% (95% confidence interval 
[CI] = 19.5-28.8) of the historical con-
trol group would have total wound clo-
sure after 12 weeks. This was based on a 
meta-analysis of standard of care wound 
closure rates.14 However, in specialized 
wound care centers, standard of care 
may increase wound healing rates to as 
much as 35.6% (95% CI = 34.8-36.4).15 
The experimental or study allograft 
(TheraSkin) was anticipated to improve 
this rate by an average of 20.7 to 31.8 
absolute percentage points.7 Therefore, 
with 185 patients, there is 80% power to 
reject the null hypothesis that there will 
be no difference in the proportion of 
wounds healed between groups, based 
on a maximal difference to detect of 
0.204, assuming a type 1 error of 5%.

Unless specified otherwise, SAS Version 
9.0 or higher was used to perform all sta-
tistical analyses. Hypothesis testing was 
performed at the 5% significance level 
with 2-sided P values rounded to 2 dec-
imal places. All confidence intervals had 
95% coverage. Continuous variables were 
first summarized using general descrip-
tive statistics. Categorical variables were 
summarized by percentages for propor-
tions. Categorical data were collapsed if 
any 1 category contained less than 20% 
of the total.

Influence of other covariates was evalu-
ated through multivariate logistic regres-
sion. Variables recorded included patient 
age, gender, race, Charlson Comorbidity 

Index, wound etiology, size, Wagner 
grade, location, target wound duration 
prior to allograft application, type of 
dressing applied, off-loading device used, 
tobacco and alcohol use, history of  
methicillin-resistant Staphylococcus 
aureus (MRSA), diagnosis of diabe-
tes mellitus, peripheral vascular disease, 
chronic renal failure, lymphedema, neu-
ropathy, Charcot neuroarthropathy, prior 
history (>30 days from initial allograft 
application) of peripheral bypass graft, 
venous ablation, minor or major ampu-
tation, prior osseous debridement at tar-
get ulcer site, history of osteomyelitis 
beneath target ulcer site, and history of 
prior ulcer at target site.

Multivariate logistic regression was used 
to evaluate the relationship between 
baseline wound size and the proportion 
of healed wounds after 12 weeks from 
initial allograft application. Wound heal-
ing was defined by complete epithelial-
ization of the wound without drainage. 
Any categorical or binary variable identi-
fied to cause a possible nonconvergence 
problem from pure results was collapsed 
if nominal or treated as a continuous 
variable if ordinal (assuming linearity via 
the central limit theorem). Continuous 
covariates were assessed for normality 
and dichotomized or broken into quar-
tiles if normality could not be justified. 
The total number of covariates allowed 
in the model was limited to the small-
est number of events divided by 10. 
Because there were more covariates than 
permitted by model stability, inclusion 
into the final model was based on those 
covariates identified as a significant con-
founder for the covariate of interest. To 
capture potential confounders, the ini-
tial covariate candidate list included those 
with a P value ≤.2 in univariate analysis. 
All significant (P ≤ .2) univariate covari-
ates were added into the automated for-
ward selection procedure regression 
model (used because of concern of col-
linearity with covariate of interest), with 
P ≤ .05 considered statistically significant. 
Standard historical confounders were also 
included (ie, age, gender, race, comorbid-
ity index). To reduce the risk of omitting 
relevant confounders, all omitted variables 
from the forward selection procedure 

were then individually added to the 
model until the maximum covariate limit 
was reached (order based on P value). 
Any omitted covariate found to change 
the covariate of interest’s b coefficient by 
≥10% was considered a confounder and 
included in the final model.

Multivariate logistic regression was  
used to evaluate the relationship between 
baseline wound size and proportion  
of wounds healed after 20 weeks. 
Identical outcome and covariate defini-
tions were applied, as well as identical 
model building methods as the 12-week 
analysis. Finally, additional secondary 
analyses reported all serious and non-
serious adverse events (related and not 
related to the target ulcer).

Application of TheraSkin to the wound 
was standardized according to the fol-
lowing regimen. At each visit, the wound 
was examined, and debridement of over-
hanging margins and necrotic tissue was 
performed when deemed clinically nec-
essary. On dates when TheraSkin was 
applied, the graft site was prepared with 
thorough sharp debridement to achieve 
a bleeding wound base. Wound trac-
ings were made prior to application of 
TheraSkin and generally during every 
wound check visit. The wound measure-
ments were based on these tracings.

After a thorough cleansing of the 
wound, the TheraSkin was thawed 
using three 30-second rinses with nor-
mal sterile saline at room temperature. 
Next, the TheraSkin was placed over 
the wound with the white (dermal) sur-
face facing the wound bed and the pig-
mented surface facing away from the 
wound bed. The graft was trimmed so 
that it only extended 2 to 3 mm beyond 
the wound margins and was secured in 
place using either sterile adhesive strips 
(Steri-strips) or sutures. The graft was 
then covered with a nonadherent layer, 
followed by an absorbent moist dress-
ing. In addition to the application of 
TheraSkin to the wounds, venous leg 
ulcers also were treated with compres-
sion therapy. In nearly all the cases, 
Profore (Smith+Nephew), a 4-layered sys-
tem of bandaging materials, designed to 
provide uniform compression, had been 
used prior to application of TheraSkin, 
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as well as during the TheraSkin treat-
ment. Similarly, diabetic patients with 
wounds wore fixed ankle boots or simi-
lar off-loading devices to relieve pressure 
around the ulcer site.

Results
A total of 214 consecutive patients 

were initially identified over 6 years, 6 
months (March 2003 to September 2009), 
of which 188 met the study’s inclusion 
and exclusion criteria (Figure 3). Study 
demographics are detailed in Table 
3. This was the first ulcer occurrence 
in 66% of the patients. The average 
Charlson Comorbidity index was 5, with 
45.2% diagnosed with diabetes mellitus, 
40.43% with peripheral vascular disease 
(11.7% had a prior bypass graft, 6.91% 
had prior venous ablation), 9.04% with 
chronic renal failure or dialysis, 3.19% 
had severe lymphedema, and 2.66%  
with Charcot neuroarthropathy. Most 
wounds were a full thickness Wagner 
Grade 1 (97.3%), with 2.14% having  
wounds extending to tendon or capsule  
and 0.5% with exposed bone. A total  
of 71.3% of the wounds were of  
venous etiology, with many having  
concomitant arterial disease.

Overall, 60.66% of the wounds 
achieved complete wound closure within 
12 weeks of the initial allograft applica-
tion. Those wounds with a venous etiol-
ogy closed 60.77% of the time, and those 
wounds with a diabetic etiology closed 
60.38% of the time. Of the 39.34% of the 
remaining patients whose wounds did 
not close, 5 were lost to follow-up and, 
although unknown, classified as non-
healed wounds. The average number 
of allografts applied to the wounds that 
healed in 12 weeks was 2.03 (±1.47) (see 
Figure 4). 

The same cohort was evaluated after 
20 weeks as well. By the 20-week mark, 
74.5% of the wounds achieved complete 
wound closure (venous etiology = 
100/134, 74.6%; diabetic etiology = 
40/54, 74.1%). Of the 25.5% (n = 48) of 
the remaining patients, 12 were lost to 
follow-up, and although the cause was 
unknown, these were classified as non-
healed wounds. The mean number of 

allografts applied in those wounds that 
healed in 20 weeks was 3.23 (±2.77) 
(median = 2).

Logically, it is more likely that larger 
wounds will require more time to heal, 
so as part of the analysis, the data were 
stratified into equal quartiles based on 
the initial size of the wounds on the day 
of first application of TheraSkin. The size 
range for each quartile and each type of 
wound is listed in Table 4.

Primary analysis consisted of multi-
variate logistic regression, which evalu-
ated the relationship between baseline 
wound size and the proportion of healed 
wounds after 12 weeks from initial 
allograft application. Categorical wound 
surface area at baseline was identified 
as a clinically important predictor 
and was divided into equal quartiles. 
At 12 weeks, the model demonstrated 
that an odds ratio of 0.56 with a 95% CI 
of 0.41-0.75 was associated with pro-
gression in wound size after adjusting 
for age, gender, race, and comorbidi-
ties. This means that the odds of heal-
ing wounds by 12 weeks from the 
first allograft application decreased by 
an average of 44.4% for every 1 cate-
gory increase in baseline surface area. 
Clinically, this means that the odds of 
healing a wound by 12 weeks from the 
first allograft application substantially 

decreased as the baseline wound mea-
surements increased. Model statistics also 
demonstrated adequate fit (likelihood 
ratio test 19.71, P = .0014, c = .697).

Multivariate logistic regression also 
evaluated the relationship between 
baseline wound size and the propor-
tion of wounds healed after 20 weeks. 
After 20 weeks, the model demonstrated 
that an odds ratio of 0.52 with a 95% 
CI of 0.36-0.77 was associated with pro-
gression in wound size. This means 
that the odds of healing wounds by 
20 weeks from the first allograft appli-
cation decreased by an average of 48% 
for every 1 category increase in base-
line surface area. Clinically, this means 
that the odds of healing a wound by 
20 weeks from the first allograft appli-
cation decreased as the baseline wound 
measurements increased. The overall fit 
of this model was better than intercept 
alone (likelihood ratio test 13.74,  
P = .0173, c = .700; Table 5).

Subanalyses were conducted using the 
same model covariates for each of the 
identified ulcer etiologies. The results 
of each analysis can be seen in Table 6 
for diabetic ulcers and in Table 7 for 
venous stasis ulcerations. For each sub-
analysis, categorical boundaries were 
recalculated into etiology-specific quar-
tiles citing the limitations related to 

Figure 3.

Consort diagram.
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Table 3.

Study Demographics, All Subjects

Characteristic Allograft Study (N = 188) Diabetes Subset (n = 54) Venous Subset (n = 134)

Age, y, mean (±SD) 67.4 (±15.1) 61.9 (±13.4) 69.7 (±15.2)

Gender, % Males, 50.5; females, 49.5 Males, 63.0; females, 37.0 Males, 45.5; females, 54.5

Race, %

White 72.3 62.9 76.1

Black 17.6 25.9 14.2

Hispanic 4.80 5.6 4.5

Other/unknown 5.30 5.6 5.2

Charlson, %

1-2 16.0 11.1 17.9

3-4 22.9 25.9 21.6

5-6 34.0 33.3 34.4

7-8 19.7 27.8 16.4

≥9 7.4 1.9 9.7

Wound age, wks, 
mean (±SD)

18.7 (±28.8) 20.6 (±24.6) 17.9 (±30.3)

Baseline surface area,  
cm2, (±SD)

10.2 (±20.2)  6.2 (±11.8) 11.8 (±22.5)

Etiology, %

Venous 71.3 N/A N/A

Diabetes 28.7 N/A N/A

Location, %

Leg 35.5 3.7 48.4

Malleoli 26.0 3.7 34.9

Plantar foot 15.9 55.6 0

Achilles 5.2 3.7 5.8

Dorsal foot and/or ankle, 
side of foot

13.2 18.5 10.9

Toes 4.2 14.8 0

Tobacco, %

No history 67.5 74.2 64.9

Prior history 19.7 12.9 22.4

Current use 12.8 12.9 12.7

Alcohol, %

No use 81.4 83.3 80.6

Prior use 3.7 1.9 4.5

Current use 14.9 14.8 14.9
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distribution as cause. In both subanal-
yses each model demonstrated concor-
dance with the overall model both in 

terms of effect size and the associated 
confidence interval. Statistical signifi-
cance was maintained for the venous and 

diabetic categorical wound area vari-
ables both in univariate and multivari-
ate evaluations. Both subanalyses support 
the findings of the primary model in sug-
gesting a strong association between 
the size of the wound at the time of the 
first allograft application and the odds of 
complete healing by 12 weeks following 
that application.

Adverse events, both related and not 
related to the study treatment, were 
recorded (Table 8). All related nonseri-
ous adverse events were identified 
as soft tissue infections requiring oral 
antibiotics during the allograft treat-
ment (up to 20 weeks). There were 3 
related serious adverse events, with a 
total of 3 patients requiring hospi- 
talization for intravenous antibiotics 
(n = 2) or incision and drainage (n = 1) 
because of the development of infec-
tion. Patients with a documented his-
tory of MRSA was 6.38% (diabetic foot 
ulcers, n = 3; venous ulcer, n = 9), with 
72.34% of the patients taking antibiot-
ics during the initial allograft applica-
tion. Records indicated that 13% of the 
patients with diabetic foot ulcers had 
prior osseous debridement for osteo-
myelitis. Three percent and 1.5% of 
venous ulcers had prior incision and 
drainage and debridement for osteomy-
elitis, respectively.

Discussion
In this study, we retrospectively eval-

uated a series of DFUs and VLUs to 
gather information about the percent-
age of wounds that achieve closure 
within 12 and 20 weeks of application 
of TheraSkin. We also considered the 
number of grafts needed to achieve 
this goal.

The statistical technique, a multivar-
iate regression analysis, demonstrated 
that wound size was the most signifi-
cant factor influencing the percentage 
of wounds achieving closure (and indi-
rectly, the number of grafts required). 
Wounds were divided into quartiles, 
according to surface area, and fur-
ther segregated according to etiology, 
whether venous or diabetic in nature. 
The data demonstrate that regardless 
of size, the average number of wounds 

Figure 4.

Proportion of wounds completely healed at weeks 12 and 20 by size quartile.
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Table 4.

Proportion of Wounds Healed per Quartile at Week 12 and Week 20

Total % 
(Odds)

Diabetes ,  
%

Diabetes, Size 
of Wound cm2

Venous ,  
%

Venous, Size of 
Wound cm2

Quartile 1 <1.38 <2.42 

12 weeks 74.46 (2.92) 74.10 71.60

20 weeks 82.98 (4.88) 78.95 85.71

Quartile 2 1.38-3.18      2.42-6.34 

12 weeks 72.34 (2.62) 59.30 71.60

20 weeks 80.85 (4.22) 70.59 86.67

Quartile 3 3.19-9.30 6.35-16.48 

12 weeks 53.19 (1.14) 59.30 65.70

20 weeks 76.60 (3.27) 72.72 77.78

Quartile 4 9.31-94.47 16.49-252.77

12 weeks 38.3 (0.62) 44.40 29.90

20 weeks 57.45 (1.35) 71.43 55.00
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to close after 12 weeks is 60.77% for 
venous wounds and 60.38% for diabetic 
wounds, and after 20 weeks, 74.5% of 
the wounds achieved complete wound 
closure with 74.6% (100/134) having a 
venous etiology and 74.1% (40/54) with 
a diabetic etiology. The breakdown by 
quartiles (Table 3) demonstrates that the 
smallest wounds (first quartile) closed 
even more frequently.

When compared with the bioengi-
neered skin substitutes, we used 2 large 
randomized clinical trials using Apligraf 
for diabetic foot ulcerations,5,16 one of 
which was derived from the PMA sub-
mission to the FDA. The first study by 
Veves et al5 involved 112 patients, and 
they achieved a 56% closure rate at 

week 12. In their study, the wounds 
averaged 2.97 cm2 (±3.10 cm2), with a 
maximum wound size of 16 cm2. The 
second study by Steinberg et al16 exam-
ined 72 subjects, and they achieved a 
55.2% closure rate after 12 weeks, with 
an average wound size of 3.04 cm2 
(±2.03 cm2). In each of these studies, 
an average of 4 grafts was required to 
achieve closure.

We also reviewed the study by 
Marston et al,6 which involved 
130 patients treated for DFU with 
DermaGraft. In this study, the investi-
gators observed a 30.0% closure rate 
after 12 weeks and included wounds 
which averaged 2.31 cm2 (range = 0.75-
16.7 cm2). They did not disclose the 

actual number of grafts used to achieve 
closure, but a separate study by Zelan 
et al17 indicated that approximately 
5.8 grafts was the average required to 
achieve closure by week 12.

Our current study demonstrated a 
60.38% closure rate among diabetic 
patients treated with TheraSkin after 
12 weeks and 71.43% closure after 
20 weeks, with an average wound size 
of 6.2 cm2 (±11.8 cm2) and a maxi-
mum wound size of 94.47cm2. The aver-
age number of grafts required to close a 
wound in the 12-week group was 2.03 
(±1.47), with a range of 1 to 8 grafts. 
Even when the wounds treated with 
TheraSkin are followed out to the 20th 
week, the average number of grafts was 
still only 3.23 (±2.77).

Although there are no large studies 
investigating the use of DermaGraft for 
VLU, a study published by Omar et al18 
examined outcomes with DermaGraft 
used on 10 patients with an average 
wound size of 9.5 cm2.(range = 3.1-
17.6 cm2). They did not consider clo-
sure rate, but showed that the average 
wound decreased in size by 84.2% after 
12 weeks. Since this study was not sta-
tistically significant, and did not consider 
closure as an endpoint, it is difficult to 
compare outcomes.

There have been several studies that 
demonstrate the efficacy of Apligraf for 
the treatment of VLU. In a study of 120 
patients with chronic ulcers, Falanga 
and Sabolinski19 reported a closure rate 
of 47% after 6 months of treatment with 
Apligraf and compression therapy. 
A second study by Falanga et al20 consid-
ered much smaller venous ulcers, with a 
mean size of 1.33 cm2 (±2.69), and dem-
onstrated an average closure time of 
11.9 weeks in this group.

Conclusions
This study demonstrates that 

TheraSkin is both safe and highly effec-
tive. In the current study, we examined 
the closure rate of DFUs and VLUs after 
12 and 20 weeks when treated with 
TheraSkin. This study relied on sound 
statistical analysis (multivariate regres-
sion analysis) and a cohort of 188 

Table 5.

Multivariate Logistic Regression for All Ulcer Etiologies

Overall Analysis of Maximum Likelihood Estimatesa

Parameter Estimate
Standard 

Error Wald c2 P Value
Odds 
Ratio

95% Confidence 
Interval

Baseline area (categorical)a

12 weeks -0.5864 0.1523 14.8347 .0001 0.556 0.413-0.750

20 weeks -0.6459 0.1926 11.251 .0008 0.524 0.359-0.765

Age

12 weeks  0.0158 0.0142 1.2327 .2669 1.016 0.988-1.045

20 weeks 0.007 0.0169 0.1709 .6793 1.007 0.974-1.041

Gender

12 weeks -0.2618 0.3306 0.6271 .4284 0.770 0.403-1.471

20 weeks  0.1462 0.4018 0.1323 .716 1.157 0.527-2.544

Race

12 weeks  0.4789 0.3787 1.5989 .2061 1.614 0.768-3.391

20 weeks  0.2444 0.4584 0.2843 .5939 1.277 0.520-3.136

Charlson 
score

12 weeks -0.3142 0.4285 0.5377 .4634 0.730 0.315-1.692

20 weeks -0.0479 0.5212 0.0084 .9268 0.953 0.343-2.648

aAt 12 weeks, statistically significant, LRT 19.7147 (P = .0014), c statistic = .697. At 20 weeks, 
statistically significant, LRT 13.7441 (P = .0173), c statistic = .700.
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consecutively treated patients meeting 
the study inclusion and exclusion crite-
ria. In this study, we demonstrated that 
DFUs closed 60.38% of the time after 
12 weeks and 74.1% of the time after 
20 weeks. We also demonstrated that 
and VLUs closed 60.77% of the time 
within 12 weeks and 74.6% of the 
time after 20 weeks, when treated 
with TheraSkin. The average ulcer in 
the 12-week group required only 2.03 
(±1.47) grafts, and 3.23 (±2.77) grafts in 
the 20-week group, to achieve closure, 
regardless of etiology.

The wound closure results using 
TheraSkin, as demonstrated in this study, 

are attributed to the combination of 
human growth factors and significantly 
higher quantities of collagen found in 
TheraSkin when compared with simi-
lar components found in Apligraf and 
Dermagraft.

One of the most compelling questions 
is why the difference in healing rates 
exists. Although the cellular components 
play an important role in the closure of 
wounds, we think that the presence of 
a mature, human skin-derived ECM in 
the TheraSkin allograft may be the 
most critical difference. ECM is the 
largest source of growth factor reserves 
in human skin, and the absence of a 

well-developed human ECM in the bio-
engineered skin substitutes is critical. 
We believe that when the living cells 
found in the bioengineered skin substi-
tutes are delivered to the surface of the 
wound, they must begin to develop this 
ECM and build up the stores of colla-
gen and growth factors that are deliv-
ered immediately with a skin allograft. 
Chronic wounds are impaired in their 
ability to progress through the phases 
of migration and proliferation, includ-
ing the ability to deposit matrix compo-
nents. It has been hypothesized that the 
chronic wound cannot effectively syn-
chronize this complex organization of 
materials.21 As a result, the progression 
of wounds is hindered, particularly if 
the ratios are incorrect (ie, too much or 
too little collagen).

TheraSkin is a biologically active 
human skin allograft. It contains the 
normal milieu of collagen, growth fac-
tors, and other ECM components found 
in healthy human skin. It has been sug-
gested that one of the advantages of 
wound debridement is that it removes 
abnormally formed tissues and gives the 
body a chance to try to grow normal skin 
again.21 The advantage of a biologically 
active human cryopreserved allograft is 
that it instantly reintroduces normal skin 
components to the fresh wound, setting 
the stage for a better chance of healing. 
Therefore, the success of the TheraSkin 
treatment compared with the bioengi-
neered skin substitutes may be attributed 
to the superior mix of growth factors and 
fully formed ECM.
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Table 6.

Multivariate Logistic Regression for Diabetic Ulcers

Subanalysis of Maximum Likelihood Estimates—Diabetes

Parameter Estimate
Standard 

Error Wald c2 P Value
Odds 
Ratio

95% 
Confidence 

Interval

Univariate baseline area (categorical) diabetesa

12 weeks -0.5739 0.2747 4.3649 .0367 0.563 0.329-0.965

20 weeks -0.4621 0.3522 1.722 .1894 0.630 0.316-1.256

Adjusted baseline area (categorical) diabetesa

12 weeks -0.6868 0.3272 4.4044 .0358 0.503 0.265-0.956

20 weeks -0.4232 0.3904 1.1749 .2784 0.655 0.305-1.408

Age

12 weeks  0.0212 0.0316 0.4509 .5019 1.021 0.960-1.087

20 weeks  0.0227 0.0393 0.3323 .5643 1.023 0.947-1.105

Sex

12 weeks  0.1567 0.7037 0.0496 .8238 1.170 0.294-4.645

20 weeks  0.0241 0.9053 0.0007 .9788 1.024 0.174-6.040

Race

12 weeks  1.3053 0.7406 3.1061 .0780 3.689 0.864-15.75

20 weeks  1.0337 0.9780 1.1172 .2905 2.812 0.413-19.12

Charlson

12 weeks -0.7636 0.8353 0.8357 .3606 0.466 0.091-2.395

20 weeks -1.0352 1.0893 0.9032 .3419 0.355 0.042-3.003

aAt 12 weeks, statistically significant, LRT 9.5098 (P = .0904), c statistic = .77. At 20 weeks, 
statistically significant, LRT 3.7437 (P = .5869), c statistic = .692.
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