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Follicular Unit Grafting in Chronic Nonhealing
Leg Ulcers: A Clinical Study
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Introduction and Objectives: The restoration of the epithelium after injury takes place by migration of epithelial cells adjoining a
wound or by centrifugal migration from hair follicles. To evaluate the feasibility and potential healing capacity of scalp follicular unit
grafts transplanted into the wound bed of chronic leg ulcers. Materials and Methods: Patients with chronic nonhealing ulcers of more
than 6 weeks duration were selected for the study. Those with infected ulcers and uncontrolled diabetes were excluded from the study.
Fifteen patients were included in the study. Follicular unit grafts were harvested under local anesthesia using small-diameter (1 mm)
circular punches. A density of 5 follicular grafts/cm? was implanted into the ulcer bed. The ulcer was dressed with Vaseline gauze
and elastic bandage for 24h. The wound area and volume were calculated by length X width x 0.7854 and length X width X depth X
0.7854, respectively. The treatment outcome was defined as the percentage in change of area and volume of the ulcer, 18 weeks after
intervention. Results: A total of 15 patients with 17 ulcers were treated with the above method. Of these 17 ulcers, 11 were venous
ulcers, 2 were pyoderma gangrenosum associated with varicose veins, 2 were traumatic ulcers, and 2 were trophic ulcers. The baseline
mean area of the ulcer was 6.72cm? (SD 5.65) and baseline volume was 2.87cm? (SD 2.9). The final area of the ulcer at the end of 18
weeks after the procedure was 3.84 cm? (SD 5.43) and the final volume was 1.21 ¢cm? (SD 2.45), which was statistically significant. The
mean percentage improvement in the area and volume of the ulcer was 48.8% and 71.98%, respectively. Two patients did not respond
to the treatment. There were no adverse events after the procedure. Conclusion: We conclude that follicular unit grafting into wound
beds is feasible and represents a promising therapeutic alternative for managing nonhealing chronic leg ulcers.
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Key message: Chronic non healing ulcers are very challenging to manage, with compression therapy being the mainstay along with ulcer
management. The use of scalp as donor area in this study is based on the concept that, a lot of stem cells such as the bulge stem cells and
mesenchymal stem cells are transferred to the ulcer bed thereby acting as hubs from where reinnervation and capillary sprouting of wound
beds proceed. This has shown a promising healing response.

INTRODUCTION Managing chronic leg ulcers is very challenging. When
all the conservative and medical methods fail, we opt for
surgical management after taking care of the etiological
causes of ulcers. Various surgical modalities used are wound
debridement and regular dressing, platelet-rich plasma
or fibrin therapy, and skin grafting or flap surgeries. Skin

Leg ulcers that do not heal even after 6 weeks are called
chronic nonhealing leg ulcers. They are painful, debilitating,
recurrent, and an economic burden for the patients, disturbing
their quality of life. The condition affects 1% of the adult
population and 3.6% of people older than 65 years.!"! They
are of multifactorial etiology with comorbidities posing
a great management challenge. It has been reported that _Address for correspondence: Dr. Eswari Loganathan,
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common pathophysiological causes.”
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grafting methods used so far are split-thickness skin grafting,
pinch grafting, postage stamp grafting, and punch grafting.

The restoration of the epithelium after injury takes place
by migration of epithelial cells from the old epithelium
adjoining a wound or by centrifugal migration from
any hair follicles (HFs) remaining within the wound.®
It has been found that any scalp defect heals quickly
because of the high density of terminal HFs and also that
re-epithelialization of ulcers is quicker when scalp tissue
is the donor.

Because there is a lot of published evidence that HFs
act as wound promoters, we, in our study, have
harvested follicular unit grafts from the occiput and
implanted into chronic nonhealing ulcers to evaluate
the feasibility and wound-healing capacity of the
implanted grafts.

MarteriaLs AND MEeTHODS

Thisisaclinicalinterventional study carried out ata tertiary
carecenter after takinginstitutional ethical board approval.
We included 15 patients in the age group of 18-60 years,
with chronic nonhealing leg ulcers of more than 6 weeks
duration, who had received conventional therapies with
no improvement. They were of various etiologies such
as venous, diabetic, neuropathic, and traumatic causes.
Only patients who gave written informed consent for
the procedure were included in the study. Patients with
bleeding disorders, uncontrolled diabetes, and infected
ulcers were excluded from the study. Demographic details
of all patients were recorded. Age, onset and progression

of the ulcers, and treatment history were noted. Selected
patients were thoroughly examined for the length, depth,
and breadth of the ulcer by “clockface method” described
by Sussman! using cotton-tip applicator and disposable
paper ruler. A set of basic investigations were conducted
on patients to find out underlying causes of ulcer, which
included complete blood count with ESR (erythrocyte
sedimentation rate), random blood sugar, pus culture and
sensitivity for infected wounds, skin biopsy, venous and
arterial Doppler if indicated, bleeding time, clotting time
if needed, and other relevant investigations depending on
the etiology.

The procedure was performed under local anesthesia
in an outpatient setting and involved the extraction of
follicular unit grafts from the occipital area of scalp and
their subsequent implantation into the wound bed. Hair
grafts were harvested one at a time using a micromotor
device with small-diameter (I mm) circular punches
[Figure 1]. A transplant density of 5 follicular grafts/
cm? was grafted as this was considered the minimum
density required to guarantee tissue regeneration of
the ulcer in a pilot study conducted by Jimenez et al.©
in 2012. The nonhealing ulcers were first debrided to
remove the infected and necrotic tissues. Only those
hair grafts containing intact full-length follicular unit
were used for transplantation using SAVA implanters
by stick-and-place method [Figure 2]. Donor area was
left to heal by secondary intention. A local dressing
with antibiotic ointment, gauze, and tape was left on
the donor wound for the first 24 h. Once the hair grafts
were implanted in the ulcer bed, the ulcer was covered

Occipital area preparation

Donor area post
procedure

Harvesting with
Micromotor punch

Follicular unit grafts

Figure 1: Harvesting follicular units from the occipital area of scalp
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with Vaseline gauze and closed with elastic bandage
for 24 h. Each patient was put on antibiotics and pain
killers after the procedure for 10 days.

Implantation using SAVA implantors (stick and place
method)

Figure 2: Implantation of the follicular unit grafts in the ulcer bed using
SAVA implanters

Outcome measurement: The wound area and volume were
calculated by length X width X 0.7854 and length X width
x depth % 0.7854, respectively. The treatment outcome was
defined as the percentage in change of area and volume
of the ulcer and was calculated as initial measurement
minus assessment-day measurement divided by initial
measurement, 18 weeks after intervention, which is the
end point of the study. Digital photographs were taken
at 0, 8, and 18 weeks [Figures 3-6]. Secondary outcome
included an analysis of the safety of the procedure.

Statistical analysis

We compared the area and volume at baseline, after 8
weeks, and after 18 weeks by repeated-measures analysis
of variance and post hoc Tukey test. A P-value of <0.05
was considered significant. We also compared the number
of ulcers showing varied percentage improvement in area
and volume of ulcers.

ResuLts

A total of 15 patients with 17 ulcers were treated with
the earlier-mentioned method. Of these ulcers, 11 were
venous ulcers, 2 were pyoderma gangrenosum associated
with varicose veins, 2 were traumatic ulcers, and 2 were
trophic ulcers [Table 1]. Among the included patients, 14

18 weeks

24 weeks

Figure 3: Before and after procedure photos of a venous ulcer
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Baseline 8 weeks

18 weeks
Figure 4: Before and after procedure photos of another venous ulcer

Baseline 8 weeks

18 weeks
Figure 5: Before and after procedure photos of a trophic ulcer

(93.3%) were males and 1 (6.67%) was female, withamean  of 41-60 years, and 10 (66.67%) were in the age group
age of 37.59 * 15.38 years. Of 15 patients, 2 (13.3%) were ~ of 21-40 years. The duration of the nonhealing ulcers
above 60 years of age, 3 (20%) were in the age group  presented by the patients ranged from 2 to 48 months
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Baseline

8 weeks

18 weeks

Figure 6: Before and after procedure photos of a pyoderma gangrenosum ulcer

Table 1: Demographic and clinical data of patients in the study

Age (years) 37.59 + 15.38
Sex
Male 14 (93.33%)
Female 1 (6.67%)
Duration (months) 2-48
Ulcer type
Venous 9 (52.94%)
Traumatic 2 (11.76%)
Trophic 2 (11.76%)
Pyoderma gangrenosum 2 (11.76%)

Table 2: Improvement in area and volume of ulcers after
treatment with follicular unit grafting

<50% 50%-75% >75%
Area 8 (47.06%) 5(29.41%) 4(23.53%)
Volume 2 (11.76%) 6 (35.3%) 9 (52.94%)

with a mean duration of 9 months. The baseline mean
area of the ulcer was 6.72cm? (SD 5.65) and baseline
volume was 2.87cm? (SD 2.9). The final area of the ulcer
at the end of 18 weeks after the procedure was 3.84 cm?
(SD 5.43) and the final volume was 1.21cm?® (SD 2.45),
which was statistically significant. The mean percentage
improvement in the area and volume of the ulcer was
48.8% and 71.98%, respectively [Table 2, Figure 7]. We
found the improvement in the volume was significantly
more compared to the improvement in area (P = 0.02).
Three (13.33%) patients showed more than 75% reduction
in the area of ulcer and five showed 50%—75% reduction
in the area of the ulcer. Two patients did not respond to

the treatment, one was having varicose vein that needed
surgical management and the other was having pyoderma
gangrenosum in the background of venous stasis. There
were no adverse events following the procedure. Donor site
healed well in all cases [Figure 8]. Outer hair shafts were
visible in the recipient area in the early postprocedural
stages, which however disappeared later.

Discussion

Management of chronic nonhealing leg ulcers poses a
great challenge because of the chronicity, cost involved,
need for regular follow-up, and the quality of living of
the patients. Compression bandage or stocking is the
mainstay of managing venous ulcers conservatively.
Various surgical grafting methods such as split-thickness
skin grafting,” punch grafting,® and pinch grafting® have
been used to promote re-epithelialization and healing of
ulcers. None of the aforementioned methods bear HFs
in the grafts. Punch grafting in chronic leg ulcers has
been used as surgical management, but the donor area is
usually thigh, which is devoid of HFs. Here, we have used
the scalp as donor area, thereby a lot of stem cells such
as the bulge stem cells and mesenchymal stem cells are
transferred to the ulcer bed.

HFs and other skin appendages have a wound-healing
promoting role by acting simply as hubs from where
reinnervation!'” and capillary sprouting!!! of wound beds
proceed. But a major capability of the HF seems to be
the outsourcing of precursor cells for immediate local
skin repair.'” A major contribution by Bishop!¥ in 1945
considered the HF to be the principal cutaneous structure
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whose presence or absence conditions the outcome of the
healing response. He reported that re-epithelialization
starts around the HFs and from the marginal epithelium,
granulation tissue develop at the sites of follicles, and
scar formation occurs when the HFs are destroyed. It
has been clinically demonstrated that, when scalp is the
donor for split-thickness graft, the donor wound heals
faster than when the donor area is thigh or some other
region, suggesting a role of HF density in the speed
of re-epithelialization. At the cellular level, upon
wounding, bulge epithelial follicular stem cells migrate to
the epidermis to aid with the rapid re-epithelialization of
wounded skin.!'3! Perifollicular mesenchymal cells from
the dermal sheath and/or dermal papillae also appear to
participate in the wound-healing response, moving out
of the follicles into the wounds, where they contribute to
dermal fibroblasts and myofibroblasts.l') Therefore, HF
neogenesis suggests a complex mesenchymal-epithelial
interaction. A recent study describes the use of a hydrogel
formulation composed of leucine-rich repeat-containing
G-protein-coupled receptor 6 (LGR6+) follicular stem
cells that appears to enhance the wound healing and
angiogenic response when transplanted into full-thickness
skin wounds in mice.!']

m areacm?

m volume cm?

baseline after8weeks  after 18 weeks

Figure 7: Graph comparing area and volume at baseline, after 8 weeks,
and after 18 weeks (P < 0.001)

Although there is large body of evidence about the role
of HF stem cells in wound healing, abundant clinical
reports demonstrating the same are lacking. First original
hair-related and commercially available (EpiDex;
EuroDerm Biotec and Aesthetics, Stuttgart, Germany)
therapy for chronic leg ulcers was plucking hairs from a
patient’s scalp to obtain epidermal autografts that could
be transplanted to the wound bed.!'”? This method involved
isolating keratinocytes from the external root sheath of
the plucked hairs and culturing them in vitro to obtain
epidermal sheets that were transplanted to the wound bed
of the ulcer. The practical advantages of this therapy are
its noninvasive nature and easy handling in an outpatient
setting with no need for anesthesia or donor-site surgical
intervention. Disadvantages included the time required
for processing the epidermal sheets. As chronic leg ulcers
are devoid of HFs, the epidermis can regrow only via cells
migrating from the edges of intact skin. Hair cycle phase
influences wound-healing capacity of the HFs. So a more
pragmatic approach of hair-related therapy for chronic leg
ulcers would be to directly insert in the wound bed terminal
anagen HFs (harvested from the patient) containing
epithelial and mesenchymal stem cells that, when implanted
within damaged tissue, would eventually proliferate, migrate
away from the implant, and induce healing of the ulcer.!'™

Jiménez et al'® conducted a pilot study in which
autologous grafts of follicular units were transplanted into
experimental area of ulcer bed and found that there was
a significant enhancement of wound healing compared to
the control area. At the 18-week endpoint, a 27% ulcer
area reduction in the experimental square was observed
against 6.5% in the control square. Improvement of clinical
symptoms (appearance of granulation tissue, wound
border reactivation, and a lesser amount of exudation) was
noted in 7 of 10 cases. The same method was replicated in
this study, but grafting was done to the entire ulcer bed
of chronic leg ulcers of 15 patients. We found a mean
percentage improvement in the area and volume of the ulcer

Donor area

Baseline

10t day

Figure 8: Donor area heals completely by 10 days
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by 48.8% and 71.98%, respectively, at the end of 18 weeks.
We found the improvement in the volume was
significantly more compared to the improvement in
area (P = 0.02). In their study, Jiménez er al™ found
that the age of the patient had no bearing on the
wound-healing process with respect to the follicular unit
grafts because the density of HF bulge stem cells does
not alter with aging. But in our study we had an elderly
patient with gray hair in the donor area and found that his
ulcer did not show significant improvement. This could
be attributed to other comorbidities in the elderly age
group.!'” There were no other adverse events noted in the
study. The donor area healed well in all cases.

LimiTaTions AND CONCLUSIONS OF THE STuDY

A trichoscope analysis was not done before the study to
facilitate harvesting follicular grafts in the anagen phase.
It was taken care during the harvesting process that only
visibly thicker follicular units were selected. We did not
compare the healing process in the grafted area with a
control area because we performed the procedure to the
entire ulcer bed. We did not compare this method with
any other grafting method, as we will be taking it up in
the future studies. The size of the ulcer, which we can treat
by this method, is also a major limitation, as large-sized
ulcers may require larger number of follicular unit grafts.
The number of follicular units per unit area also needs to
be standardized.

We found that the volume replenishment of the ulcer bed
was quicker than the re-epithelialization of the ulcer. This
has given us an impetus to study further with the help of
mice models the epidermal and dermal characteristics of
the replenished tissue in the ulcers after the follicular unit
grafting procedure, results of which will be published in
our next article.

Follicular unit grafting into chronic nonhealing leg ulcer
shows a promising therapeutic intervention. We need more
studies with larger sample size and randomized controlled
designs.
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