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 Until recent years, these phases 
were thought to be distinct steps 
that occurred sequentially. But re-
cent research has found that these 
three phases represent a more com-
plex mechanism than previously 
understood. They are now known 
to overlap, and in some cases occur 
in parallel in time and space in the 
wound.1 This means that extreme dil-
igence must be done throughout the 
wound healing process, starting from 
the day the patient presents to the 
wound healing provider. The longer 
the wound takes to heal, the more 
inflammation occurs and the more 
chronic the wound will become, cre-

 Part 1 of this article (Nov 2020 
issue) dealt with why the closure of a 
wound does not define the endpoint 
of treatment but rather heralds the 
next phase in the management of a 
more complex condition. Part 2 (as 
follows) will discuss what should be 
done, after the wound is closed until 
complete healing takes place, to make 
the system work to address the critical 
supra-wound issues.
 
The Three Stages of Wound Healing
 In order to answer the lead ques-
tion: “The Wound is Closed…Now 
What?” we need to address the com-
plex process of wound healing, which 
involves three identifiable stages:
 1) The inflammatory stage de-
fined by hemostasis, recruitment of 
inflammatory cells
 and secretion of cytokines and 
growth factors.
 2) The proliferation stage defined 
by development of a matrix as well 
as the processes of angiogenesis and 
re-epithelialization.
 3) The remodeling or maturation 
stage is when a mature scar is formed.
 
 In the remodeling stage of di-
abetic wounds there is excessive 
breakdown of extracellular matrix 
proteins resulting in abnormal pro-
tein-protein bonds. This disrupts the 
normal maturation of collagen and 
leads to decreased scar thickness, 
which can reduce tensile strength of 
the eventual scar, eliciting decreased 
wound contraction. Thus, a greater 
portion of healed skin is composed 
of scar tissue, which is significantly 
weaker, more susceptible to dam-

age and re-injury, and will break 
down quicker than skin that was 
not subject to these damaging in-
fluences of the diabetic condition. 
Specifically, hyperglycemia drives 
this process through non-enzymatic 
glycosylation and the development 
of advanced glycation end products 
(AGE’S); and hence the increased 
production of reactive oxygen spe-
cies (ROS) as well as reduced an-
tioxidant defenses. The imbalance 
created is a major factor in creating 
an extended inflammatory stage and 
over-production of damaging inflam-
matory elements. This shows up as 
chronicity and delayed healing of 
diabetic wounds.2

The closure of a wound 
does not define the endpoint of treatment.
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The three phases of wound healing represent a more 
complex mechanism than previously understood.

Figure 1: Fungus infections in the nails and skin in diabetes
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portends the development of diabetic 
foot ulcerations (Figure 1). It is well-
served then to add these conditions 
to the register of risk factors for lower 
extremity amputation.2

 
Other Cause and Effect Factors
 Moreover, it is well documented 
that psychologic factors are associat-
ed with both cause and effect in the 

diabetic condition. As an example, a 
recent study focusing on the relation-
ship between depression and major 
lower extremity amputations showed 
that this condition was associated 
with a 33% increased risk of amputa-
tion over those subjects that were not 
experiencing depression. In addition, 
evidence now suggests that depres-
sive disorders are not only associated 
with mortality within 18 months of 
the appearance of a diabetic foot ul-
ceration, but is also linked to a two-
fold increase in mortality in persons 
with their first DFU at 5 years. The 
pathway through which depression 
relates to mortality in diabetic foot 
disease is unknown. What we do 
know, however, is that poor self-care 
and compliance has a strong associa-
tion with depression. Studies suggest 
that professional treatment resulting 
in improved depression may decrease 
adverse outcomes in patients with 
diabetic foot ulcerations. This data 
raises the question of whether early 
treatment of depression decreases 
the risk of mortality. In any case, 
the presence of a DFW should alert 
health care providers to screen for 
depression as a routine matter.6

 Also, persons with diabetic neu-
ropathies, whether it be sensory, 
autonomic, motor or mixed, exhibit 
significant gait changes early on in 
the disease process. These changes, 
which are often observed even before 
morphological changes take place in 
the foot, can be observed by the as-
tute clinician.

ating a wound chemistry that will 
serve to adversely impact the even-
tual quality of the wound and the 
chances for reoccurrence, and will 
challenge the most skilled expert in 
wound healing. What takes place in 
all stages affects what situation the 
wound provider is faced with when 
the wound is closed. Keep in mind 
that the wound is not healed just by 
virtue of the fact that it has closed.
 The wound is considered closed 
at the third stage of wound healing. 
This is the stage where granulation 
tissue is reorganized and collagen is 
being remodeled which aligns along 
the lines of tension. Water is reab-
sorbed so that collagen fibers lie clos-
er together and undergo the process 
of cross-linking. This phase, which 
can last over one year, allows the 
wound to achieve maximum strength 
and promotes the attenuation of the 
thick fibrosis that may occur. Only 
after this process is completed can 
one say “the wound is healed.”

Cutaneous Pathology
 If one looks beyond the surface, 
it becomes apparent that knowledge 
of skin characteristics is not always 
used in daily clinical practice, where 
skin pathology can be underappreciat-
ed, neglected and frequently underdi-
agnosed.3 Common complications are 
then allowed to occur, forcing patients 
with both type 1 and type 2 diabetes 

mellitus to endure a broad spectrum 
of disorders. Cutaneous pathology can 
show up any time in the course of dia-
betes but relevantly may appear in the 
foot before any other diabetic compli-
cations. It can’t be overstated that close 
attention to the earliest skin chang-
es can be one of the most important 
pre-emptive strategies employed in 
practice, and that such attention will 
likely lead to effective preventive mea-
sures.4 A major challenge does exist, 
however, to this compelling concept: 
skin disorders in the person with dia-
betes are commonly written about in 
the literature, but there is insufficient 
research data available regarding ear-
ly-stage skin conditions in these pa-
tients, especially information involving 
non-injured skin or skin that was pre-
viously ulcerated but now closed. Bet-
ter understanding of the burdensome 
affliction of skin pathology in persons 
with diabetes may motivate those in-
volved to accomplish a higher level of 
prevention and management.5

 There are other comorbidities that 
co-exist as permissive factors before 
the wound develops and will remain 
such even after the wound is closed, 
reinforcing the concept that a closed 
wound is a risk factor, in itself, for the 
development of another wound.1 Not 
mentioned frequently in this regard 
is the presence of dystrophic, mycotic 
toenails. It has been reported that both 
tinea pedis and onychomycosis are ob-
served more frequently in the presence 
of poor glycemic control as well as 
peripheral neuropathy; and both were 
associated individually with and each 

Persons with diabetic neuropathies, whether it be 
sensory, autonomic, motor or mixed, exhibit significant 

gait changes early on in the disease process.
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Figure 2: Pressure areas under the heel and 
metatarsal heads because of increased loading 
time in these areas during gait.
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tion is often staring the provider right 
in the face; other times important 
knowledge is uncovered only below 
the surface; and observing the patient 
in this holistic context can lead to a 
more complete understanding of the 
particular clinical scenario.
 
After Closure
 It is generally safe to say the 
same underlying conditions that were 
present which allowed the wound to 
occur are still there when the wound 
becomes closed. One can readily see, 
then, that what is done for the pa-

tient with a wound that has closed, 
but not yet healed—and even after 
the wound is considered healed—can 
be formative. In that regard, there is 
work to be done after wound closure. 
What does this “after wound care” 
look like and how do we approach it?
 To gain additional clarity, let us 
recap. Up to now, we have discussed 
many factors that may come into play 
when considering what therapeutics 
need to be employed after a wound 
has closed. Perhaps having the most 
influence on a wound that has yet to 
heal, regardless of what stage it’s at, is 
hyperglycemia. Similarly, any form of 
neuropathy in a person with diabetes 
can negatively impact the affected limb 
through the many risk factors involved 
in the war of foot-related morbidities. 
Likewise, peripheral vascular disease 
can have an equivalent adverse impact 
on the patient with incomplete wound 
healing. Further, there are additional 
dynamics that have to be taken into 
account when developing an “after 
wound care” strategy. To illustrate, 
the condition of having dystrophic toe-
nails, which are likely to become in-
fected with fungus and yeast, or the 
development of tinea pedis, or both.
 These causative pathologies, 
which are all interconnected, can then 
give rise to secondary complicating 
circumstances that set the stage for 

 They include:
 1) Increased peak plantar pres-
sures.
 2) Altered center of pressure 
stemming from restricted motion of 
the subtalar and first metatarsal pha-
langeal joints.
 3) Increased loading time at the 
heel and metatarsals.
 Dynamic plantar pressure anal-
ysis validates that these may lead to 
severe pre-ulcerative calluses (Figure 
2), DFW’s and also present definite 
risk factors for falls, which often lead 
to a tragic scenario of events.7

 Additionally, recent research that 
shows that psoriasis may predispose 
a person to develop type 2 diabetes 
mellitus, just as it does for heart 
attack and stroke (Figure 3). A 13-
year study with 52,000 participants 
concluded that people with psoriasis 
have a 49–56% greater risk of devel-
oping type 2 diabetes later in life.14

 Along the same lines, a number 
of research papers have shown a 
strong link between gout and type 
2 diabetes. In one study, the health 
records of people who participated in 
the well-respected Framingham Heart 
Study were studied. The researchers 
found that there was a direct rela-
tionship between the level of uric 
acid in the blood and the likelihood 
of developing type 2 diabetes. To be 
precise, the chance of diabetes went 
up 20% for every 1 milligram per 
deciliter (mg/dL) rise in uric acid. 
Other research showed that women 

with gout were 71% more likely to 
get diabetes; and men with gout had 
a 22% higher chance.
 Scientists aren’t sure of the rea-
sons why psoriasis and gout are asso-
ciated with type 2 diabetes. It is well 
to note, however, that both psoriasis 
and gout are inflammatory diseases 
and that inflammation is thought to 
play a role in the development of dia-
betes. Also, in type 2 diabetes, higher 
insulin levels promote hyperuricemia 
because of its effect on the kidneys.8-11, 2

 One can readily see, then, that a 
person with diabetic foot syndrome 

can actually mirror a soup of comor-
bidities, some of which are normally 
considered in designing preventive 
strategies, and some are not. Hav-
ing a wider view of the diabetic foot 
syndrome, focusing more on the per-
son who has a diabetic foot wound 
instead of just the wound may pro-
vide big pay-offs in preventive div-
idends. Effective secondary preven-
tion methodologies, then, require the 
practitioner to implement all of the 
clinical data that would be available, 
which could potentially mitigate the 
increased risk of a closed ulceration 
entering into a catastrophic cycle. 
Interestingly, meaningful informa-

Focusing more on the person who has a 
diabetic foot wound instead of just the wound may 

provide big pay-offs in preventive dividends.

Wound Is Closed (from page 104)

Continued on page 108Figure 3: Psoriatic lesions on the foot heralds a predisposition to diabetes
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is a fundamentally important element 
in the person’s overall conditioning 
and wellness.
 In summary, there is so much in-
volved in “after wound care”, that in 
this discussion, we just touched the 
surface of what needs to be said and 
done. It was the goal of this paper 
to introduce and highlight the major 
topics that this author, through many 
years of experience, is confident will 
add some insight into some of the chal-
lenges we face, in our little corner of 
the health care universe, with lower 
extremity amputation prevention.
 
Conclusion
 To quote Henry Ford: “If you al-
ways do what you’ve always done, you’ll 
always get what you’ve always got.” We 
can’t afford these results any more, 
and the trends out in the real world do 

not appear to be heading in the right 
direction.13 We, as a profession, need 
to change the paradigm in which this 
high risk patient is treated, because 
what we’re doing now just isn’t work-
ing. There are still too many people 
losing their legs…. unnecessarily.
 To ask the question again: Does 
closure of a wound define the end-
point of treatment or should it herald 
the next phase in management of a 
more complex condition? We should 
enter the next phase with alacrity. Let 
the games begin! PM

 *This comes from personal experience 
as I have started and have been involved 
with institutional wound centers in a direc-
tor and physician capacity for over 30 years.
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care patient not only speaks to the 
glycemic and systemic inflammatory 
constraints, but also the caloric and 
nutritional balance between carbohy-
drates, proteins and fats. This aspect 
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Physical therapy modalities, such as massage, can be 
helpful in addressing the local inflammation, scar tissue 
and scar formation created during the healing process.
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