
NeuroRehabilitation 17 (2002) 23–31 23
IOS Press

Induced dedifferentiation: A possible
alternative to embryonic stem cell transplants
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Abstract: Induction of local tissue regeneration in the human would best be accomplished if the patient’s own cells at the desired
site could be caused to dedifferentiate into the required embryonic stem cells. A system involving the electrical iontophoretic
introduction of free silver ions into human wounds for their antibiotic effect has been in clinical use since 1975. In addition
to a major antibiotic effect, the technique was found to produce the regeneration of all local tissues, apparently by stimulating
dedifferentiation of mature human cells. More recently the use of a newly developed silvered nylon fabric has been found to
have similar results without the need for electrical parameters. The results of a preliminary laboratory and clinical study of this
material are presented.
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1. Introduction

A major area of present interest in medical research
is the use of totipotent, stem cells derived from human
embryos as implants in areas of diseased or damaged
tissues with the intent to produce local tissue regener-
ation [14]. This technology has both ethical and tech-
nical difficulties of considerable import [19]. In ad-
dition, it neglects the present knowledge of the cellu-
lar processes involved in regeneration in those animals
naturally capable of this process [8].

The signature event in salamander limb regeneration
is the appearance of a mass of undifferentiated cells,
known as the blastema, at the site of limb amputation.
This structure, which could be considered the equiva-
lent of an implant of human fetal stem cells in clinical
medicine, subsequently gives rise to the regenerated
structure by a growth process similar to embryogen-
esis. The origin of the blastema has been hotly con-
tested over the past 100 years with one group claim-
ing it was formed by migration of pre-existing, prim-
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itive “reserve” cells to the site, and the other claim-
ing that mature cells at the injury site reverted to their
embryonic state. Over time the concept that dediffer-
entiation of mature cells back to their embryonic state
was impossible became firmly established as inviolate
dogma [18]. While this view was primarily a philo-
sophical concept lacking any basis in scientific fact,
it effectively prevented any research on the competing
concept of dedifferentiation until the past few decades.
It is now accepted that the major source of blastemal
cells in the salamander is the reversal of the differenti-
ated state in the mature cells located in the amputation
site [16]. These dedifferentiated cells subsequently un-
dergo clonal expansion, reenter the cell cycle and red-
ifferentiate into the required cell types to produce re-
generation of the missing structures [8]. At the same
time the presence of progenitor or stem cells, akin to
the original “reserve” cells, in mature tissues of higher
vertebrates become established [13].

Much is now known about dedifferentiation. In am-
phibians it is apparently the result of the response of ma-
ture somatic cells to specific, neurally generated direct
current electrical factors at the injury site [2,6]. Simu-
lation of these factorsin vitro produced the rapid mor-
phological dedifferentiation of mature amphibian ery-
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throcytes [7]. Application of the same electrical factors
to limb amputation sites in mature amphibians not nor-
mally capable of limb regeneration was found to result
in the regrowth of an anatomically complete limb [15].
Mature mammalian cells, including human, do not sim-
ilarly respond,in vitro or in vivo, to a range of electri-
cal factors including those associated with amphibian
regeneration [1]. However, human children, up to the
age of approximately 10 years, have the capability of
regenerating traumatically amputated finger tips [10].
This process is associated with the appearance of a
blastema-like structure and measurable electrical po-
tentials indentical to those demonstrated by regenerat-
ing salamanders [11]. Finally, application of artificially
generated electrical currents and voltages duplicating
those found in regenerating salamander limbs to fore-
limb amputations in weanling rats results in organized,
multi-tissue, partial limb regeneration [3]. At present,
it cannot be determined if these examples of naturally
occurring or electrically stimulated mammalian regen-
eration are the result of proliferation of a small, pre-
exisiting stem cell population or the dedifferentiation
of mature mammalian cells.

However, dedifferentiation and clonal expansion of
mature, adult human somatic cells was serendipitously
observed during experiments designed to produce a lo-
cal antibiotic effect by iontophoresing free silver ions
into infected wounds [4]. The free silver ions were
derived from a positive, electrode, consisting of sil-
ver coated nylon fabric, applied directly to the wound.
This treatment results in the production of a profuse
wound exudate containing morphologically undiffer-
entiated cells and a rapid healing response similar to
multi-tissue regeneration. In addition, small explants of
granulation tissue fragments from such actively treated
wounds were found to produce undifferentiated cells
in culture which underwent clonal expansion with no
additional treatment [5]. These effects were traced to
only the free silver ions introduced into the wound. All
other biocompatible metallic ions were inactive and the
electrical parameters were found to play no role in the
process.

These observations raised the possibility that this
dedifferentiation process in mammalian cells was the
result of the action of the charged silver ion on some
receptor site on the cell membrane. Therefore, it ap-
peared possible that a similar effect could be produced
without the requirement for the electrical parameters if
a method for spontaneously releasing similar numbers
of free silver ions from an appropriate substrate could
be developed.

In conjunction with Omnishield, Inc. (PO Box 156,
Elmhurst, PA 18447), an improved, patented process
for producing a silver nylon material with unique prop-
erties has been developed. The process results in the
controlled deposition of silver in a crystalline form
rather then as a metallic deposit. The crystals are 50 nM
in diameter, tabular, hexagonal and consist of pure sil-
ver. When moistened with any aqueous material in-
cluding wound exudate, large numbers of free silver
ions are released in a concentration controlled process
dependent on the supply of receptor molecules. Inin
vitro tests, using distilled, deionized water, maximum
silver release occurred in the first 3 minutes with equi-
librium reached in 12 hours. Thereafter, equilibrium
release was constant for over 48 hours. In similar tests
using cell culture media (containing far more receptor
molecules ) the output of silver ions was 5 to 10 times
greater.

It was theorized that the free silver ions sponta-
neously emitted by this fabric would have identical or
similar effects on mature human cells as those emitted
from positive silver electrodes. Bothin vitro and clini-
cal studies were designed to determine if dedifferentia-
tion of normal mature human cells occurred and similar
multi-tissue growth enhancement effects in refractory
clinical wounds was produced. The advantage of the
relatively simple technique of application of this silver
fabric vs. iontophoretic application in wound treatment
is evident. More importantly, if this simple technique
results in the actual production of dedifferentiation in
adult human cells, it may provide an alternative source
of stem cells producedin situ where required, rather
than employing embryonic stem cell transplants. In
addition to avoiding the ethical problems associated
with such transplants all possibility of donor-recipient
incompatibility would be obviated.

2. Methods

2.1. In vitro

Two types of certified, normal, adult human cells
were obtained from Clonetics Corporation, San Diego,
CA : Normal Human Astrocytes, CC-2565, and Normal
Human Dermal Fibroblasts, CC-2511 Stock cultures
were grown in 80 cm2 flasks in appropriate culture
media. Log growth cultures were seeded to a density
of 1 × 104 cells/well in 12-well culture plates (well
diameter 2.5 cm) with each well containing a glass
microscope cover slip and 2 ml of culture medium.
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The culture plates were then incubated for 48 hours.
They were then removed from the incubator, examined
for cell density and substrate adhesion and the media
was replaced. The cultures were then incubated for an
additional hour at which time a 0.5 cm square disc of
silver nylon or a similar sized piece of unsilvered nylon
(to serve as a control) was inserted into the appropriate
wells and incubated for periods of 1, 4, 8 and 12 hours
under standard culture conditions. At the end of each
time period the fabric discs were removed, the glass
cover slips retrieved, fixed and stained (Wright’s) for
microscopic evaluation and photomicroscopy.

Photomicrographswere taken on Kodak TriX 35 mm
film and processed in standard chemistry. No digital
technology was employed. Prints were made to show a
full frame image on5×7 inch Ilford MG 4 print paper.
Magnifications listed are optical, not photographic.

The criteria used for dedifferentiation were as fol-
lows;

1) Loss of normal external cytological anatomy and
assumption of round cell type without distin-
guishing external characteristics.

2) Basophilic cytoplasm.
3) Increased basophilia of nucleus.
4) Increased nuclear-cytoplasmic ratio.
5) Loss of substrate adhesion with cells becoming

free floating and tending to form clumps.

Arbitrarily, the appearance of 3 of the criteria were
considered presumptive evidence for dedifferentiation.

2.2. Clinical

Nine patients have been treated thus far with sil-
ver nylon alone. All cases were patients with wounds
that had been non-responsive to conventional therapy.
Wounds were photographed with a Nikon 8008s cam-
era with Kodak Gold 800 color negative film which was
commercially processed and printed. For publication,
prints were scanned and digitally printed in black and
white without manipulation. Some wounds were cul-
tured for bacterial flora and any necessary minor surgi-
cal debridement was done without anesthesia prior to
beginning silver treatment.

Each patient was advised of the experimental nature
of the treatment and possible side effects and was as-
sured that they could terminate treatment at any time.
Silver treatment was done in the patient’s home except
for Case #4 who was hospitalized for very serious unre-
lated conditions. Prior to beginning treatment, patients
and/or caregivers were instructed in the proper appli-

cation of the silver nylon. In the majority of cases, the
wound was initially dressed by the physician with ex-
planation of each step to the patient. That demonstra-
tion dressing was removed and the patient, or caregiver
was required to redress the wound in the physician’s
presence to ensure adequate treatment. In the four cases
treated by other physicians, some of the above steps
(wound photographs, removal of demonstration dress-
ing) might have been omitted. Each patient was pro-
vided with an adequate amount of the silver nylon for
one week treatment at home. The dressing procedure
consisted of cutting an adequate size piece of silver ny-
lon to cover, and pack the wound. This was thoroughly
moistened with distilled water and applied so that con-
tact between the silver nylon and all parts of the wound
was obtained. The area was then covered with a moist
cotton gauze dressing to provide gentle pressure and
moisture. Initially, the dressing was left intact for 23
hours during which time the outer gauze dressing was
sufficiently loosened (approximately every six to eight
hours) to permit re-moistening of the silver nylon. At
23 hours, the dressing, including the silver nylon pack-
ing, was removed and discarded. The area was washed
in tap water with approximately 10% by volume of hy-
drogen peroxide to provide mild chemical debridement.
The wound was air dried for 20 minutes and a new
dressing applied. Each patient was evaluated weekly.
After the first week, treatment times were reduced to 8–
10 hours daily with washing in water without peroxide
at the end of each treatment followed by the application
of a moist, sterile dressing which was permitted to dry
until the next treatment. Two patients were treated by
placement of several layers of silver nylon in the wound
and covered by a moist cotton gauze dressing followed
by a plaster cast. The cast was removed weekly (during
which time the wound area was not examined) and the
wound washed, similarly re-dressed and another cast
applied until healing occurred.

3. Results: In vitro

3.1. Normal human astrocytes

Control cultures with plain nylon discs, grew quite
slowly over the 12 hour period as individual cells in
contact with the microscope cover glass. The cells
were generally pleomorphic spindle or triangular in
shape with long, primarily straight, narrow processes
associated with the tips of the spindles. The nuclei were
lightly basophilic and the cytoplasm was eosinophilic.
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Fig. 1. Normal human astrocytes, exposed to silver nylon for 8 hours
showing the boundary zone formed by the diffusion of the free silver
ions from the silver nylon, 40X. The silver nylon square had been
applied over the right quarter of the frame and unaffected astrocytes
are visible in the left quarter of the frame.

In the experimental cultures with silvered nylon
discs, beginning during the initial hour of exposure,
the diffusion of free silver ions from the disc could
be followed by changes in the cell morphology which
produced a definite boundary zone between the area of
the culture not yet exposed to the silver ions and the
area in which the cells were exposed to the silver ions
(see Fig. 1). In this latter area the cell bodies became
round with highly basophilic nuclei with a thin rim of
basophilic cytoplasm. Some level of substrate adhesion
was maintained in the majority of the cells exposed to
the silver ions. The long cell processes appeared to sep-
arate from the cell body and fragment into round cyto-
plasmic vesicles of variable size, sometimes appearing
as a chain along the original path of the process.

3.2. Normal human dermal fibroblasts

In the control cultures, the cells grew well as a mono-
layer attached to the glass cover slip. Cytology was
generally spindle shape with lightly basophilic nuclei
and eosinophilic cytoplasm. There was a tendency for
the cells to be arrayed in parallel rows producing occa-
sional rounded or whorled structures.

In the experimental cultures a similar boundary zone
could be observed expanding across the cover slip with
time. All cells in the area exposed to silver ions lost
substrate adhesion and became free floating occasion-
ally forming clumps. They changed from the spindle
morphology becoming round or ovoid. Cell size ap-
peared reduced, but this could have been due to the
rounding off process and loss of substrate adhesion.

Nuclei showed increased basophilia and the cytoplasm,
which formed a thin rim about the nucleus, became
basophilic.

In both cell types studied, the silver ions produced
morphological changes compatible with the criteria for
dedifferentiation beginning at approximately one hour
of exposure.

4. Clinical results

Nine cases of chronic, infected wounds non respon-
sive to standard therapy were treated with the appli-
cation of silver nylon alone. Six of the cases were
in insulin dependent diabetics with severe peripheral
neuropathy and varying degrees of impaired peripheral
circulation. Four of the diabetic cases were serious
enough to have had amputations advised as a last resort
or to have had prior amputations done for identical le-
sions on another extremity. One case was in a patient
with severe peripheral neuropathy of unknown etiol-
ogy. Two cases were traumatic wounds in otherwise
normal patients. Both had also been advised ampu-
tation by the previous treating physician. In all cases
infection control was achieved in 3 to 7 days and all
treated wounds healed with restoration of all local tis-
sues to their normal state. Times to full healing varied
from three weeks to three months depending upon the
extent of the initial condition. All diabetic cases with
peripheral neuropathy demonstrated return of normal
sensation, however only in the treated area and along
the nerve tracts proximally and distally thereto. Sen-
sory loss in adjacent areas not exposed to silver ions
was not relieved. The return of sensation to the treated
areas was generally complete but transitory, gradually
diminishing until the area became asensate in about
one year following treatment. Despite this subsequent
sensory loss in the diabetic patients, all other regener-
ated tissues in the treated area remained normal for all
follow up times.

In the two serious traumatic wounds (Patients #8
and 9) silver treatment was not begun until one month
following the initial injury. Normal, fully innervated,
full thickness epidermis was completely restored with
dermatoglyphic lines and normal circulation. Sensory
return was complete and, unlike the diabetic cases, has
persisted to date. Circulatory return in all cases, dia-
betic and traumatic, was not strictly limited to the area
of direct silver treatment, but occurred in the general
area of the wound and its surroundings.
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Fig. 2. Case #1, ulceration, left foot at start of silver treatment. The
lateral border of the foot is to the left in the photograph and this
same orientation is present in the remainder of the photographs of
this case. The central area of the ulcer was covered by an adherent,
yellow eschar imbedded in which are visible a number of extensor
tendons. A narrow zone of apparently active tissue destruction is
visible particularly in the proximal area.

The cases varied widely as to underlying condition
and complicating circumstances and the results are not
amenable to a simple tabular presentation. Case #1
is presented herewith in a complete clinical summary.
The remaining cases are presented as clinical abstracts.

Case #1, A 75 year old, insulin dependent, retired
dairy farmer with severe peripheral neuropathy noted
the spontaneous appearance of a small (2 cm) blister
on the dorsum of his left foot with no prior injury. This
progressed to an aggressive ulcer which was diagnosed
as epidermolysis gangrenosa and was initially treated
with steroids, antibiotics and hyperbaric oxygen. A
year prior to the present episode the patient had ex-
perienced a similar lesion on the dorsum of the right
hand which rapidly progressed, ultimately requiring to-
tal amputation of metacarpals and digits 3, 4 and 5.
This surgical incision had not completely healed when
the present ulcer appeared on the left foot. The present
ulcer continued to increase in size, mid foot amputation
was advised and the patient sought silver treatment.

At the start of the silver nylon application the ulcer on
the dorsum of the left foot measured4.5× 6.5 cm with
a tough, yellow eschar firmly attached to the underly-
ing tissues and involving the extensor tendons 2, 3 and
4. This ulcer was surrounded by a thin rim of actively
necrotising tissue and erythema (see Fig. 2). A smaller
ulcer (1×3 cm) was present in the center of the surgical
incision on the right hand. This ulcer was quiescent
without surrounding erythema. Sensation in both feet
was absent from approximately the ankle distally with
a similar, but less severe distribution in both hands. At

Fig. 3. Case #1, Ulceration, left foot, one month after start of silver
treatment. The majority of the eschar has resolved, leaving a clean
base with no evidence of remaining tendons. An early granulation is
visible in the upper right area of the ulcer.

Fig. 4. Case #1, Ten weeks from start of the silver nylon treatment,
the entire ulcer is now filled with active granulation tissue.

the beginning of silver treatment all antibiotics were
discontinued. The steroid therapy was continued in
order to be subsequently slowly withdrawn. Cultures
from the left foot ulceration had been reported as neg-
ative, however slides made from the eschar revealed a
population of unidentified gram positive cocci. Control
of the blood sugar levels with insulin was extremely
difficult. Silver nylon treatment of both lesions, right
hand and left foot, was begun simultaneously.

Within one week, diabetic control was regained, ad-
vancement of the left foot ulcer was halted and healing
of the incisional ulcer on the right hand had begun. At
one month the right hand ulcer was completely healed
and the eschar in the left foot ulcer had resolved leaving
a clean base (see Fig. 3).

Six weeks after start of silver treatment the steroids
were finally terminated and a few days later two similar
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Fig. 5. Case #1, Status of original ulcer area on the left foot, 18
weeks after start of silver treatment. Normal skin has covered the
entire area leaving only a small depression in the central area of the
original ulcer.

blisters with surrounding erythema identical to those
that preceded the epidermolysis lesions recurred on the
residual dorsum of the right hand. One, approximately
1 cm in diameter the second about 2 cm. Both were
treated by the application of moist silver nylon dress-
ings within a few hours of their appearance. In 24 hours
the blisters and erythema had resolved leaving a clean
base with no erythema. These were treated with daily
silver nylon dressings and both completely resolved
with full skin healing in approximately 2 weeks. The
steroid therapy was not restarted.

Granulation tissue growth began in the left foot ul-
cer at about the same time and progressed to an abun-
dant growth filling the ulcer completely by approxi-
mately the 10th week after start of silver nylon therapy
(Fig. 4). By approximately the 15th week after start of
silver treatment skin healing of the left foot ulcer was
complete (Fig. 5). Gradual return of sensation to the
area of the ulcer and for about 1 to 2 cm proximal and
distal thereto occurred starting about the 10th to the
12th week of treatment. By the 4th month after start of
the silver treatment sensation was relatively complete
on the dorsum of the foot over metatarsals 2, 3 and 4
and the corresponding toes. There was no return over
the remainder of the foot and within approximately one
year after the end of treatment the sensation in the left
foot reverted to its pre treatment state. The patient
was last seen two years and four months post treatment
fully ambulatory, with no recurrence of ulcerations and
continued good diabetic control.

Case 2, 64 year old male insulin dependent diabetic
with pressure ulcer, right first metacarpal penetrating
the joint space with spreading cellulitis of one month

duration, unresponsive to antibiotics. Amputation ad-
vised. A similar ulcer of the left foot one year prior
required BK amputation. Present ulcer was7 × 3 cm
with 3 cm depth involving the metatarsal, cultures re-
ported as pyocyaneous and staph aureus. Sensation on
entire foot and ankle absent and diabetic control was
difficult. Antibiotics were terminated at start of sil-
ver treatment. One week later, cultures were negative,
cellulitis resolved and insulin response normal. Three
weeks later entire wound granulated in. Complete heal-
ing occurred in seven weeks with full thickness skin.
Sensation restored to first metatarsal area, half of sec-
ond metatarsal and entire toe. Follow up at one year,
foot grossly normal, sensation diminished, patient fully
ambulatory with left BK prosthesis.

Case 3, 52 year old male, insulin dependent dia-
betic with moderate to severe sensation loss both feet
and ankles and pressure ulcer, lateral head 5th, right
metatarsal,2×4.5×1cm deep, with expanding celluli-
tis of 2 weeks duration. Two weeks after start of silver
treatment cellulitis resolved, diabetic control restored
and beginning granulation in ulcer. Complete healing
with full thickness skin at 32 days. Sensation returned
4th and 5th toes and lateral side of foot to level of lat-
eral malleolus by two months. Follow up at 16 months,
foot grossly normal, diabetic control normal, sensation
almost completely absent.

Case 4∗, 72 year old male insulin dependent dia-
betic with multiple problems, severe circulatory loss
with cyanosis and ulceration of all finger tips, total
sensation loss in both hands and feet, and renal and
cardiac failure requiring peritoneal dialysis. Gangrene
required surgical resection right first and second digits
and metacarpals and left index finger. Both post op-
erative wounds now grossly infected with expanding
ulceration and cellulitis, loss of diabetic control, un-
responsive to all antibiotics. Silver treatment to both
sites was begun and one week later both infections
were controlled, with no cellulitis and restoration of
diabetic control. By six weeks left index finger ampu-
tation site fully healed, amputation site left metacarpal
resections 75% healed, sensation returned to both sites
and cyanosis resolved with restoration of circulation to
treatment areas. Remainder of both hands still demon-
strated sensation loss and cyanosis. Two weeks later pa-
tient suffered severe stroke, all treatments were stopped
and patient sent to hospice care.

Case 5∗, 62 year old female insulin diabetic with
impaired circulation and severe peripheral neuropathy
of right foot resulting in Charcot type bone destruction
in mid foot. A pressure ulcer developed over bone
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protrusion, medial side of right mid foot which be-
came infected and spread to multiple bones of midfoot.
Amputation was recommended, patient elected surgi-
cal exploration which revealed multiple areas of bone
destruction requiring radical debridement. Wound was
left open and immediately packed with silver nylon
which was left in place for 3 days. On removal wound
was clean and silver nylon packing was thereafter ad-
ministered on a 3 day schedule. After 3 weeks, wound
was fully granulated in and full thickness skin closure
was complete by the end of the ninth week. Significant
circulatory improvement was noted over medial half of
foot and nerve sensation returned to first toe and medial
border of foot. On follow up at one year, circulation
had remained improved but sensation was noticeably
diminished.

Case 6∗, 64 year old female insulin dependent dia-
betic with a poorly placed, right mid foot amputation
which resulted in shearing gait abnormality leading to
a full thickness, infected ulcer, 3.5 cm diameter on the
posterior sole. Antibiotic treatment failed to prevent
expansion and silver treatment was begun with a com-
posite dressing of silver nylon with thermoplastic back-
ing material. The dressing was encased in a plaster
cast which was left intact for one week. On removal,
the wound was clean, without cellulitis and approxi-
mately 30% closed. Two more similar treatments were
done and at the end of the third week the wound was
completely healed with full thickness skin. The patient
was provided with an adequate prosthesis and was able
to ambulate normally. The treating surgeon indicated
that the healing time was at least 50% of what had
been expected. No information on sensory status was
provided.

Case 7∗, 84 year old non diabetic female with periph-
eral neuropathy of unknown etiology, complete sen-
sory loss over right foot and two ulcerations on sole,
2 cm and 1.5 cm in diameter. Both ulcers were expand-
ing with local cellulitis non responsive to conservative
treatment. Both ulcers were packed with silver nylon
moist dressings and leg encased in plaster cast. Cast
was removed at one week, both ulcers were clean and
beginning healing. At the end of six weeks of simi-
lar treatment both ulcers were completely healed. The
sensory defect remained unchanged.

Case 8, 36 year old male with crush injury to digits
3, 4 and 5 on left hand. Initial treatment was debride-
ment, pin fixation of proximal phalanges. and multiple
antibiotics. One month later, all involved digits had
major areas of dry gangrene, 75% of digit 3, 50% of
digit 4 and 40% of digit 5. Affected areas were black

with a tough, dense eschar firmly attached to under-
lying tissues. All involved fingers were fixed in claw
position and amputations were advised. Initial silver
treatment involved modest debridement of all eschars,
application of iontophoretic silver to digit 3 and silver
nylon dressings to 3 and 4. Dressings were continuous,
changed daily and on day 7 the iontophoretic treatment
was terminated. Treatment thereafter was continuous
silver nylon dressings, changed daily and with daily
debridement of eschar. At one month granulation heal-
ing had begun on digits 4 and 5. Small bone sequestae
were being extruded from the terminal phalanx area of
digit 3. Vigorous, assisted exercises were then begun
for finger motion. By the end of the second month, full
thickness skin healing of digits 4 and 5 was complete
with return of full sensation and circulation. Healing
of digit 3 was complete with full thickness, normally
innervated skin by the end of the third month although
the finger was 1.5 cm shorter due to loss of the termi-
nal phalanx. Within one additional month, motion was
approximately 90% of normal. On last follow up at
4 years status was the same and the patient was fully
employed.

Case 9, 45 year old male, non diabetic with con-
taminated, traumatic amputations of the distal phalanx
of the left great toe, the entire left 4th toe and distal
phalanx of the left 5th toe. Initial treatment, debride-
ment with wounds left open and multiple antibiotics.
Overt infection of all wounds was evident by day 5 with
cultures reported as Enterococcus faecalis, Alcaligenes
and Pseudomonas. Antibiotics were adjusted but in-
fections remained uncontrolled with spreading celluli-
tis proximally with tissue necrosis in the wounds and
mid foot amputation advised but refused. Silver nylon
treatment was begun 4 weeks post injury with termina-
tion of all antibiotics. Infection control was obtained
within two days and healing with granulation begun by
day 7. Healing, with full thickness skin with normal
dermatoglyphic lines and full sensation and circulation
was complete by 32 days. The only residual was 0.5 cm
shortening of great toe with distorted nail. Follow up at
two years revealed full ambulation and no symptoms.??

Note: ∗indicates case treated by other orthopedic sur-
geons with no supervision from author. Surgeons were
supplied with adequate amounts of silver nylon and
written instructions for use. In all instances the author
did not see the patient and case summaries were derived
from reports from the respective surgeons. Cases 5 and
7 were done by the same surgeon who is continuing to
use silver nylon in his practice.
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5. Discussion

Several aspects of the results of the silver ion treat-
ment are of considerable clinical interest. There is
an obvious superior local infection control in addition
to an equally obvious increase in the healing rate and
competency. Simultaneously, the treatment resulted in
a noticeable local analgesic effect combined with a an
anti-inflammatory effect, both of which proved useful
in therapy.

While the result ofin vitro exposure of normal hu-
man cells to free silver ions is suggestive of a dediffer-
entiation process, obviously more work is required to
firmly establish this.

The clinical healing demonstrated by the reported
cases is further suggestive of a local tissue regenera-
tive process. In this respect, the results of the use of
silver nylon alone are quite comparable with the clini-
cal results from the iontophoretic silver treatment [5].
Regardless of the mechanism(s) involved, the healing
displayed by the treated wounds appears to be unique
to the silver ion treatment. All treated wounds healed
with full thickness, normally innervated skin and, in the
cases with peripheral circulatory deficiency, restoration
of normal local circulation. In most cases the final
healed wound was visually normal with little or no evi-
dence of the original ulcer or wound. The data reported
here and in the preceding studies [4,5] indicates that the
free silver ion is the primary causal agent. While some
measure of dedifferentiation of mature human cells is
clearly the primary effect, the possibility of stimulation
of a population of pre-existing stem cells cannot be ex-
cluded. It should be noted that no undesirable clinical
side effects of either method of silver ion treatment have
been encountered at any time since the beginning of
these studies in 1975. This may be compared with the
mixed results reported from clinical studies involving
transplantation of human, fetal stem cells [9].

The effect of the silver ion treatment on the nerves
involved in the treatment area was particularly inter-
esting. All patients reported a noticeable analgesic ef-
fect beginning in the first hour of treatment and per-
sisting throughout the therapy. In all diabetic patients
with pre-existing peripheral neuropathy relatively nor-
mal sensation was restored to the wound area and for a
short distance proximal-distal thereto. While this effect
was unfortunately transitory, sensory return in non dia-
betic, traumatic wounds has persisted for several years
of follow up. These results suggest that the sensory
loss in diabetics is due to a pathological lesion in the
nerves that can be reversed by the silver treatment but

which recurs as the level of local silver deposition di-
minishes. It has been suggested that the primary lesion
in diabetic peripheral neuropathy is in the Schwann cell
sheath [17,12], a circumstance compatible with these
observations. A variety of techniques are under consid-
eration for introducing silver ions through intact skin
in areas of diabetic peripheral neuropathy as a possible
therapeutic measure.

6. Conclusions

It is concluded that local application of the type of
silver nylon fabric used in this study is uniquely useful
in the treatment of infected, non-healing wounds unre-
sponsive to standard treatments. In addition to a major
local antibiotic action a healing process closely resem-
bling organized tissue regeneration is produced. The
latter appears to be related to a dedifferentiationprocess
induced in the mature cells of the treated wound tissues.
While thesein vitro and in vivo studies are prelimi-
nary, they appear to duplicate the previously reported
results of iontophoretic silver treatment [4,5]. Both
silver ion treatment methods have been shown to be
safe and lacking significant side effects. Should these
results be further substantiated, the range of treatment
options for free silver ions may be expanded to include
in situ treatment for clinical conditions for which fetal
cell transplants are presently considered to be the only
viable therapy.
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