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Abstract: Several clinical research studies have demonstrated that chronic cutaneous wounds can be treated with
hair follicle grafts. However, the clinical outcomes of hair follicle grafting compared to split-thickness skin grafting
have not been examined. This study sought to compare the clinical outcomes of patients with chronic wounds fol-
lowing hair follicle therapy and split-thickness skin graft therapy in a relatively large cohort of patients. Forty patients
were enrolled in the study, a retrospective analysis of all patients underwent therapy with hair follicles (cohort A)
and split-thickness skin grafts (cohort B) was performed. Safety, healing duration, skin quality (recipient site), scar
formation (donor site) and overall postoperative outcome were analyzed. The wound sites were examined using
photography at weeks 2, 8, and 12 after surgery. Five non-biased reviewers estimated the above-mentioned clinical
outcomes using a five-point Likert scale. The ages and wound areas were similar between cohorts A (n=20) and B
(n=20). Total wound closure was observed and adverse events were rare and controllable in both cohorts. The skin
and scar quality were rated significantly higher in the hair follicle cohort than the split-thickness skin graft cohort
(4.40 vs 3.45, P<0.05 and 4.65 vs 3.20, P<0.05; respectively). Hair follicle therapy resulted in a significantly higher
overall score than split-thickness skin graft treatment (4.45 vs 3.40, P<0.05). This study demonstrated that hair fol-
licles can achieve better skin/scar quality and overall clinical outcomes than split-thickness skin grafts. Hair follicles

should be considered an effective surgical technique for the treatment of chronic cutaneous wounds.

Keywords: Hair follicle, re-epithelialization, wound healing, chronic wound

Introduction

Chronic cutaneous wounds are among the
most difficult-to-treat pathophysiological pro-
cesses in the routine practice of dermatologic
and plastic surgery. Split-thickness skin graft-
ing is the gold standard for covering chronic
wounds with a well-vascularized wound bed [1].
Although some headway has been made in
developing biological agents to accelerate heal-
ing, there is still no treatment that has suffi-
ciently replaced skin grafts. Over the past de-
cade, numerous studies have led to an abun-
dant body of evidence showing a direct associ-
ation between hair follicles and the wound
healing process [2]. Thus, the use of hair folli-
cles might be a feasible approach to developing
topical wound applications for more rapid wo-
und healing.

Cutaneous wound healing consists of a series
of cascades that involves epithelial, dermal

and mesenchymal tissues, blood vessels,
nerves, and immune cells, which all respond
during wound healing within a complex network
of signals [3] and behaviors that are necessary
for wound healing [4]. Re-establishing epithelial
integrity is essential, and it is the first step in
maintaining a regenerative response. The scalp
has been considered an excellent donor site for
thin skin grafts [5] due to its rapid healing
capacity. Clinical and histological evidence has
shown that the rapid healing of scalp dermal
grafts can be attributed to the differential po-
tentialities of cells in hair follicles, and re-epi-
thelialization also occurs in grafted hair follicles
[6]. Numerous types of multi-differential poten-
tial cells have been identified in the hair folli-
cles, and their relative contributions to re-epi-
thelialization were recently determined [7]. Se-
veral small single-center research studies pos-
tulated that transplanted hair follicles would
activate progenitor cells and promote re-epithe-
lialization of a wound. Given the abundant body



Hair follicles improve wound-healing outcomes

Table 1. Five-point Likert Scale for outcome parameters

Variable very Poor Average Good very
poor good
Procedure safety 1 2 3 4 5
Healing duration 1 2 3 4 5
Skin quality (recipient site) 1 2 3 4 5
Scar quality (donate site) 1 2 3 4 5
Overall outcome 1 2 3 4 5
Table 2. Patient demographics
Variable Hair follicles Split-thi.ckness P-value
skin
Age (year) 57.1+14.8 49.0+14.4 0.09
BMI (kg/cm?) 28.44+1.37 28.37+1.41 0.86
Wound square (cm?) 7.33+1.43 7.16+1.53 0.71
Table 3. Clinical outcomes score
Variable Cohort A Cohort B P-value
Procedure safety 4.40+£0.50 4.50+0.51 0.54
Healing duration 4.40+0.50 4.30+0.80 0.64
Skin quality (recipient site) 4.40+0.50 3.45+0.95 0.00
Scar quality (donate site) 4.60+£0.49 3.20+1.20 0.00
Overall outcome 4.45+0.51 3.40+0.88 0.00

non-surgical approaches, had signs of
delayed healing, and were 25 c¢cm? and
full thickness in depth. Patients with
alopecia, coagulopathy or any other
contraindications for the hair transplant
technique, as well as diabetics and el-
derly patients (older than 80 years old),
were excluded. Medical records were
reviewed, and demographic, operative
and postoperative data were collected.
Digital photographs of the donor and
recipient sites were obtained at weeks
2, 8 and 12 post-intervention. This stu-
dy was conducted in accordance with
the declaration of Helsinki. This study
was conducted with approval from the
Ethics Committee of Fudan University.
Written informed consent was obtained
from all participants.

Evaluation of clinical outcomes

A clinical outcomes evaluation of the
two procedures was synchronously per-
formed. To avoid misclassification bias,
five independent, remote plastic sur-

of evidence suggesting the crucial function of
the hair follicle as a promoter of re-epithelializa-
tion, the idea of grafting hair follicles into chron-
ic cutaneous wounds has been considered.

Thus far, no studies have directly compared
clinical outcomes using objective measureme-
nts and multiple blinded raters. Thus, the aim
of this two-center clinical study was to compare
the clinical outcomes in a relatively large cohort
of patients with chronic cutaneous wounds fol-
lowing hair follicle therapy and skin graft the-

rapy.

Materials and methods
Patients

We performed a two-center, institutional review
board-approved, retrospective analysis of pati-
ents who underwent chronic wound reconstruc-
tion performed by the senior author from 2006
to 2011. Medical charts were reviewed to iden-
tify all of the patients who underwent recon-
struction utilizing hair follicles or split-thickness
skin graft therapy. The eligible patients had tr-
aumatic or surgical defect wounds that persist-
ed for at least 6 weeks, were nonresponsive to
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geons assessed outcome parameters,
including safety, healing duration, skin
quality (recipient site), scar formation (donor
site) and overall postoperative outcomes, using
a five-point Likert scale (Table 1).

Statistical analysis

The data were pooled for each cohort to com-
pare the outcomes between the two treatment
arms. Scores were linked to each correspond-
ing patient following the evaluation. Statistical
Package for the Social Sciences (SPSS) soft-
ware, version 20 for Windows (SPSS Inc., Chi-
cago, IL, USA), was used to conduct Student’s t
test, the Wilcoxon-Mann-Whitney test, the Kru-
skal-Wallis test and Spearman’s test. P<0.05
were considered statistically significant.

Results
Patients

In total, forty eligible patients were enrolled in
the study. Twenty patients underwent hair folli-
cle transplants (cohort A), and twenty patients
underwent split-thickness skin grafting (cohort
B). The patient demographics were not signifi-
cantly different between cohorts A and B (Table
2). The mean age was 58.75 years old in cohort
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Figure 1. Hair follicles therapy achieved no scar healing in donor site. A. The scalp donor area was preoperatively
shaved. After infiltration of the scalp with adrenalized saline, hair follicles were extracted from the scalp. B. At week
2, the donor site was completely healed, with no sign of aesthetic compromise, and it was available to be utilized
repeatedly.

Figure 2. Hair follicles promoted epithelialization in wound bed. A. At week 2, non-viable hair follicles were mostly
absent, and fabric scarring around the hair follicles and clinical epithelialization were observed. Consequently,
wound reduction had been initiated. B. Clinical epithelialization was explicitly observed, and wound reduction was
significant at week 8 postoperatively. C. Total healing was achieved. Unlike with hair transplantation, hair shafts

were rarely observed at the recipient site.

A and 49.00 years old in cohort B (P>0.05). The
mean body mass index (BMI) was 28.44 kg/m?
in cohort A and 28.37 kg/m? in cohort B
(P>0.05). The wound area was similar between
cohortsAand B (7.33 cm?vs 7.16 cm?, P>0.05).

Clinical outcomes

Hair follicle treatment seemed to be a safe and
effective surgical procedure, as surveyed by
the five non-biased reviewers (Table 3). Based
on the safety evaluation, cohort A scored 4.40,
and cohort B scored 4.50 (P>0.05). Adverse
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events were rare and controllable in both
cohorts. Three patients had minor unrelated
complications throughout their hospitalizations
(two had atrial fibrillation, and one had recur-
rent edema in the right lower extremity), and
these complications were thought to be relat-
ed to the patient population rather than to the
surgical operation. Based on the evaluation of
healing duration, cohort A was not superior to
cohort B (4.40 vs 4.30, P>0.05), thus demon-
strating that hair follicle therapy did not lead to
an extension in the length of postoperative hos-
pital stay.

Int J Clin Exp Med 2015;8(9):15822-15827



Hair follicles improve wound-healing outcomes

Figure 3. Hair follicles enhanced quality of healing in chronic wound. A. Debridement of necrotic tissue was per-
formed preoperatively. B. The hair follicles were transplanted into the wound bed at a density of 4 units/cm?, which
we considered to be the minimum density required to guarantee tissue regeneration and re-epithelialization. C. To-
tal healing was achieved, and the re-epithelialized wound was elastic and less contracted than with a split-thickness
skin graft, contributing to improved healing quality. This patient, who had a wounded leg, experienced enhanced

ambulation.

Cohort A was statistically superior to cohort B
in terms of the recipient site skin, donor site
scarring and overall outcomes, as measured by
the Likert scale (Table 3). Specific differences
included skin and scar quality, which were rated
significantly higher in cohort A (4.40 vs 3.45,
P<0.05 and 4.65 vs 3.20, P<0.05; respective-
ly). In cohort A, the scalp donor area was preop-
eratively shaved, and hair follicles were extract-
ed from the scalp (Figure 1A). At week 2, the
evaluation of the scalp-donor sites revealed no
evidence of hair thinning, hair loss, or alopecia,
and all of the donor sites healed with no signs
of aesthetic compromise (Figure 1B). Hair folli-
cle therapy had a significantly higher overall
outcome score compared to split-thickness
skin graft treatment (4.45 vs 3.40, P<0.05). In
cohort A, clinical progression of epithelializa-
tion was explicitly observed at week 2 (Figure
2A), wound reduction was significant over the
first 8 weeks postoperatively (Figure 2B), and
total healing was observed for all of the patients
who underwent hair follicle therapy at week 12,
and unlike with hair transplantation, hair shafts
were rarely observed at the recipient site
(Figure 2C). Complex wounds that were not
appropriate for split-thickness skin grafts had
to receive hair follicle therapy, and they ac-
hieved satisfactory outcomes: patient No. 7
underwent breast reconstruction surgery and
suffered from skin flap necrosis, with a concave
wound on the right lateral chest wall (Figure
3A). Previously, this wound was considered to
be at a relatively high failure risk with split-
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thickness skin grafting. We applied hair follicles
to the wound bed (Figure 3B) and achieved
total wound closure (Figure 3C). The dispropor-
tionate rarity of hair, in contrast to the viability
of hair follicles, was also interestingly observed
in all of the patients in cohort A.

Age, sex and BMI were found to have no statisti-
cally significant relationships with the survey
scores in either cohort, indicating indicates
that these variables had no statistically signifi-
cant effects on the final outcomes of this study.

Discussion

Chronic cutaneous wounds, regardless of pa-
thogenesis, can be devastating to patients: th-
ey have a high prevalence, and they have been
significantly associated with a high cost burden
on the healthcare system. The complete clo-
sure of the wound is particularly important for
chronic wound patients. Despite decades of
therapeutic advancement, autologous split-thi-
ckness skin grafting remains the gold standard
used in routine practice. Although adequate to
resurface a chronic wound, the resultant skin is
chronically abnormal [8], and additionally, au-
tologous split-thickness skin grafts are limit-
ed by the donor sites and by the inevitable sec-
ondary injury. Thus far, technological improve-
ments, including cellularized engineering of bio-
logical skin [9], biofilm dressing [10] and
synthetic growth factors [11], have recently
been used in the treatment of wounds. However,
biofilm products are costly to produce, and fur-
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ther, the single topical growth factor yielded
insignificant results [12]. In a previous study,
we dissected intact hair follicles as individual
units and then transplanted them into the
wound bed, the results demonstrated that hair
follicles can function as promoters of re-epithe-
lialization. Then, we performed retrospective
study on those patients to compare the clinical
outcomes between hair follicles and split-thick-
ness grafts in chronic wound repair.

In this study, we utilized objective measure-
ments and multiple blinded raters. Hair follicle
therapy achieved statistically superior clinical
outcomes to split-thickness skin grafts in terms
of recipient skin sites, donor site scarring and
overall outcomes, as measured by non-biased
reviewers utilizing a Likert scale. At the end-
point of 12 weeks, as far as we could determine
from the photographs, the hair follicle-treated
wound areas were elastic, unlike the scar tis-
sue, and this elasticity contributed to improved
skin quality scores. Age did not have a statisti-
cally significant effect on the final outcomes,
supporting the idea that patient age should not
be a contraindication to using hair follicles in
the chronic wounds of elderly patients [13].
Interestingly, in contrast to the viability of hair
follicles in surgery, we noted a disproportionate
rarity of hair shafts postoperatively, but this
mechanism remains unknown.

Impaired wound healing is the consequence of
the interactions among patient-related factors,
wound-related factors, and the knowledge of
the healthcare professional, as well as resourc-
es, surgical skill, and treatment-related factors
[14]. However, the basic biology underlying
chronic wounds is poorly understood. Recent
advances in epithelial stem cell biology re-
search have improved our understanding of the
important role of the hair follicle in wound heal-
ing mechanisms, providing a basis for the de-
velopment of novel therapies [15]. Various fol-
licular cells contribute to wound healing through
different pathways. Bulge stem cells produce
transiently amplifying epidermal progeny, and
non-hair-follicle-fated isthmus stem cells gen-
erate long-term populations in the wound epi-
dermis [16]. Several studies have unambigu-
ously identified the hair follicle as a major
reservoir of adult stem cells [17]. The epitheli-
um can be restored by the migration of epithe-
lial cells from the epithelium adjoining a wound
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or by centrifugal migration from any hair follicle
that remains within a wound [18]. Dermal grafts
from the scalp and early implantation of micro-
dissected hair follicles through the silicone epi-
dermis and hair breaking grafts [19] are cur-
rently used for cutaneous wound repair. Clinical
and experimental data have suggested that the
involvement of follicle-derived dermal cells
results in qualitatively improved wound repair
[20].

Due to the limitations of the experimental
methods, we did not find evidence supporting
the notion that the stem cells contained in hair
follicles can directly improve wound-healing
outcomes. The results did not demonstrate
that improved skin or scar quality resulted from
follicle-derived dermal cells. However, we still
observed superior clinical outcomes with hair
follicles applied on the chronic wound bed, and
this observation might indirectly support the
idea that the wound healing-promoting effects
of the hair follicle can be translated to clinical
practice. Although the current state of knowl-
edge suggests that stem cell therapy continues
to march from bench to bedside, more specific
research is needed.

Our results indicated that the procedure of hair
follicle therapy was safe and effective. After the
exclusion of alopecic or insufficiently hairy indi-
viduals, this method could be chosen as a new
surgical option to avoid other complicated,
costly and time-consuming procedures. In com-
bining hair transplantation techniques and
plastic reconstruction strategies, hair follicles
could be considered a novel surgical protocol
that is likely to provide another option in cases
of chronic wounds. However, this method might
require a surgeon with good training in hair fol-
licle harvesting. In addition, the objective heal-
ing rate should be based on more substantial
data and stronger evidence. Thus, a larger and
more extensive range of samples should be uti-
lized in future research.

This study shows the capacity of hair follicles to
repair chronic cutaneous wounds. In particular,
hair follicles can achieve better skin/scar qual-
ity and overall clinical outcomes than split-
thickness skin grafting. Our observations sup-
ported the hypothesis that hair follicles perform
an important function in the repair of cutane-
ous wounds, and they provide hope for high-
quality clinical outcomes.
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