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Abstract

Background and Aims: Chronic wounds present a growing challenge in the aging
population, resulting in an extended course of treatment and an increased influx of
patients with recalcitrant wounds seeking admission to hospitals. Furthermore, the
general trend in patient care is toward simple and inexpensive treatment methods,
feasible in an outpatient setting with little material costs. This retrospective case
study aims to elucidate the operative procedure and outcomes associated with hair
follicle unit transplantation utilizing punch grafts from the scalp for the management
of hard-to-heal wounds.

Methods: A cohort of 28 patients, comprising 20 males and eight females, with a
mean age of 72.61 years (range: 48-89) and an average wound area of 82.49 cm?,
underwent dissection of punch grafts containing hair follicles (2-3 mm in diameter)
from the scalp. Subsequently, these grafts were transplanted into the wound bed.
The retrospective evaluation of ulcer healing encompassed photo documentation
and clinical records, while patient satisfaction was assessed through structured
questionnaires.

Results: In 78.6% (22) of the cases, a favorable impact on wound healing was
observed, characterized by epithelization, and in 57.1% (16) of the patients, com-
plete wound closure was achieved. With the exception of one donor site, all other
sites healed without complications. The patient survey indicated that the majority of
individuals subjected to the procedure did not perceive it as painful or time-
consuming. Notably, 81% (17) of individuals expressed a willingness to undergo the
treatment again. Even in challenging wound conditions, such as pyoderma gang-
renosum, our method demonstrated a positive effect on wound healing.
Conclusion: Within our cohort, the utilization of hair follicle units in the management
of hard-to-heal wounds resulted in either complete or partial wound closure for the
majority of patients, accompanied by minimal morbidity, reduced operation time, and

a low incidence of complications and associated costs.
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1 | INTRODUCTION

Chronic wounds pose a significant medical challenge, entailing sub-
stantial financial implications. Addressing these wounds necessitates
interdisciplinary collaboration and effective patient management. In
addition to conservative interventions like phase-appropriate wound
care, surgical options, including split-thickness skin grafting, are
considered for the treatment of recalcitrant ulcers. However, skin
grafting often involves inpatient stays and extended hospitalization.
An alternative surgical approach involves the transplantation of single
skin punches with hair follicles, a highly efficacious procedure char-
acterized by minimal trauma and suitability for outpatient settings.

Recent clinical and experimental studies have highlighted the
positive impact of hair follicles and their perifollicular tissue on
wound healing. This influence is attributed to factors such as the
density of dermal stem cells, enhanced vascularization, and innerva-
tion. In patients with chronic wounds of the lower legs or surgical
wound defects with donor sites on the occipital scalp, split-thickness
skin grafts have demonstrated rapid wound healing.! Mouse models
have further illustrated the accelerated wound closure and structural
regeneration of the dermis associated with hair follicle stem cell
transplantation, indicating increased expression of key factors such
as SDF-1alpha, CXCR4, VEGFR-2, and keratinocyte growth factor.?®

Transplantation of hair follicle stem cells from the bulge region in
mice leads to neovascularization, increased expression of growth factors
like VEGF, TGF-beta, bFGF, and enhanced formation of collagen types 1
and 3. Transcriptome studies reveal differential responses of stem cells
from the interfollicular epidermis (IFE) and the bulge region to wounds.
Stem cells of the bulge region acquire a similar signature after trauma as
those of the IFE migrate into the wound after 3-5 days, whereas IFE
stem cells are already primed to respond to wound signals.® Further-
more, hair follicle transplantation into scar tissue results in increased
epidermal thickness, vessel density, and the inhibition of pro-fibrotic
factors such as TGFB1, IL-13, and IL-6, along with a reduction in
inflammatory signals like IL-8, IL-6, and IL-1-alpha.®® The first com-
mercially available hair-related therapy was EpiDex® (EuroDermBiotec
& Aesthetics), an epidermis-equivalent sheet made by autologous outer
root sheath keratinocytes from the patients, which has shown good
results in chronic wounds.”°

Transplantation of single hair follicles in the setting of skin punching
is a minimally invasive procedure with minimal costs. It has been studied
in a limited number of clinical trials.!*"** Jimenez et al. demonstrated a
reduction in ulcer area of nearly 30% after implantation of scalp hair
follicle units at 18 weeks in 10 patient cases with chronic venous leg
ulcers.’® In addition, the research group showed that wounds healed
more quickly when hair follicle biopsies of the scalp were implanted

compared to punch biopsies of hairless areas.'?*>

The present study aims to elucidate the procedural details and
efficacy of a real-world treatment approach using punch grafts con-
taining hair follicles to facilitate wound healing in diverse wound

origins.

2 | MATERIAL AND METHODS

Between May 2020 and August 2022, a total of 28 patients with
challenging-to-treat wounds from various etiologies underwent hair
follicle unit transplantation at the Department of Dermatology at the
University Hospital Duesseldorf. These wounds were associated with
diverse underlying conditions, including pyoderma gangrenosum,
necrobiosis lipoidica, and vasculitic ulcers. Notably, there is limited
clinical data available in the existing literature pertaining to these
specific wound types in conjunction with hair follicle unit transplan-
tation, with only one study addressing two patients with pyoderma
gangrenosum treated through this approach.*

We retrospectively assessed the transplantation outcomes using
our clinical patient management system documentation (Medico®),
photographic records, and distributed patient questionnaires.

The study was conducted in accordance with the Declaration of
Helsinki and with approval from the Ethics Committee of the Hein-
rich Heine University Duesseldorf (Number 2022-2294).

2.1 | Surgical procedure

The transplantation is performed under sterile conditions in the
operating room. Initially, the wound undergoes thorough cleansing,
and the donor site at the posterior aspect of the head is appropriately
shaved. Skin punches, with a diameter ranging from 2 to 3 mm and
including adipose tissue, are harvested in the direction of hair growth
from the donor site. Concurrently, skin punches are obtained from
the wound bed area, serving as channels for the subsequent
implantation of hair follicle units (Figure 1). The hair follicle unit
biopsies are inserted into the punching channels with tweezers.
Wound closure at the capillitium is performed with single button
sutures. Following surgery, a gauze dressing (BSN medical Cuticell®)
is applied on the recipient site. The first dressing change is performed

on the 5th day postsurgery.

2.2 | Assessment for clinical outcomes

Clinical evaluations and photographic documentation were con-

ducted at regular intervals during the dressing changes. Furthermore,
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FIGURE 1 Figure 1 shows the surgical procedure. First, the punch biopsies are taken in the area of the hairy scalp (A), these
are temporarily stored on a compress (B). The punch canals are taken in the area of the ulcer (C), after 1 week the engraftment is

visible (D).

in December 2022, patients were provided with a questionnaire
aimed at assessing subjective perceptions of wound healing, pain
levels, and any limitations experienced in daily activities following the
transplantation procedure.

3 | RESULTS
3.1 | Clinical outcomes

Table 1 presents the baseline clinical characteristics of the patient
cohort. A total of 28 patients underwent hair follicle-containing
punch graft transplantation, consisting of twenty males and eight
females, with a mean age of 72.61 + 10.73 years (median age 74; age
range 48-89). The treated wounds exhibited considerable size, with a
median area of 20cm? and a mean area of 82.49 +119.56 cm?.
Additionally, a prolonged duration of wound presence was observed,
with a median duration of 11.5 months and a mean duration of
22.46 months (31.25 months).

The transplantation involved the implantation of 5-20 hair-
containing units (median 8.5) with diameters ranging from 2 to 3 mm
into the wound bed. Detailed information on the various wound
types is presented in Table 2, encompassing venous ulcers (4;
14.29%), arterial ulcers (2; 7.14%), mixed ulcers (3; 10.71%), pyo-
derma gangraenosum (3; 10.71%), ulcerated necrobiosis lipoidica (2;
7.14%), vasculitic ulcers (2; 7.14%), Martorell ulcers (2; 7.14%),

TABLE 1 Patient characteristics.

Characteristics

Age (years)
Median (range)
Mean (SD)

Gender, n (%)
Male

Female

Wound area (cm?)

Median (range)

Mean (SD)

Wound duration (months)

Median (range)

Mean (SD)

Wound site, n (%)

Lower leg
Foot

Scalp

SD, standard deviation

74 (48-89)

72.61 (10.73)

20 (71.43)
8 (28.57)

20 (6.0-300)

82.49 (119.56)

11.5 (1-144)
22.46 (31.25)

18 (64.26)
3(10.71)
7 (25)

Note: Sample demographic and clinical characteristics of the

patients (n = 28).
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TABLE 2 Wound types.
Characteristics n=28
Wound type, n (%)
Venous ulcer 4 (14.29)
Arterial ulcer 2 (7.14)
Mixed ulcer 3(10.71)
Pyoderma gangraenosum 3(10.71)
Necrobiosis lipoidica 2 (7.14)
Vasculitis 2 (7.14)
Martorell ulcer 2 (7.14)
Scleroderma 1(3.57)
Graft versus host disease 1(3.57)
Postoperative wound healing disorder 8 (28.57)
Note: Different wound types of the patients (n = 28).
TABLE 3 Clinical outcome.
Outcome n=28
Wound healing, n (%)
Positive effect 22 (78.6)
No benefit 6 (21.4)
Wound closure, n (%)
Complete 16 (57.1)
Partial 6 (21.4)
None 6 (21.4)

Note: Clinical outcome in terms of wound healing and wound closure for
all patients (n = 28).

Scleroderma (1; 3.57%), and Graft versus Host disease (1; 3.57%).
Within our cohort, eight patients (28.57%) experienced postoperative
wound healing disorders, primarily in hard-to-heal wounds located in
challenging anatomical areas, particularly in the scalp region.

Table 3 delineates the clinical outcomes of the patients, cate-
gorized into the improvement of wound healing through the surgical
procedure and complete closure. Among the 28 patients, 22 ex-
hibited beneficial responses to the surgical intervention, while six
wounds (of three male and three female patients) did not show
improvement in wound healing. No explicit pattern indicating a
diagnosis associated with a worse outcome was evident. Diagnoses
related to a less favorable outcome included arterial occlusive dis-
ease, a mixed leg ulcer, a venous leg ulcer, Martorell's leg ulcer,
scleroderma, and a scalp wound with radioderm. Notably, a promi-
nent factor contributing to a less favorable outcome was identified as
strong exudation, particularly evident in cases of venous and mixed
leg ulcers.

The surgical procedure demonstrated efficacy across all patients
with necrobiosis lipoidica, pyoderma gangrenosum, and vasculitis
ulcers. Contrary to expectations, a large wound area did not emerge
as a negative prognostic marker. The median size of wounds that
benefited from grafting was 25 cm?, whereas nonresponsive wounds
had a median size of 11.63 cm?. Additionally, the mean age of non-
responders was 75.33 years, comparable to the overall average age
of all transplanted patients (72.61 years).

3.2 | Clinical outcomes in different wound types
In our study, we addressed a diverse range of wounds, including
chronic inflammatory wounds and vascular ulcers. It is essential to

emphasize that, alongside grafting, we implemented targeted

FIGURE 2 Clinical progression of a patient with an ulcerated necrobiosis lipoidica, depicting the condition before transplantation (A), after
2 months (B), and after 5 months (C). Notably, hair follicle grafting, involving 10 punches with a 2 mm diameter, resulted in an impressive

reduction in the area and volume of the ulcerated necrobiosis lipoidica.
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FIGURE 3 Patient with a chronic mixed ulcer before transplantation (A), after 10 months (B) and 14 months (C). Wound healing after

transplanting 10 punches with a 3 mm diameter.

FIGURE 4 Patient with a pyoderma gangrenosum before transplantation (A), after 3 months (B) and 10 (C) months. Healing by

transplantation of 6 hair follicle punch grafts with a diameter of 2 mm.

treatments addressing the underlying causes of the wounds. For
instance, anti-inflammatory therapy was administered for atypical
wounds, while compression therapy was employed for venous
ulcers. This comprehensive approach proved effective in achieving
favorable outcomes across wounds arising from vascular diseases
and atypical conditions. We present the clinical course of wound
healing for three patients in Figures (2-4).

3.3 | Complications

Overall, the procedure appears to be safe. Nevertheless, one patient
required electrocautery due to postoperative bleeding at the back of
the head (donor site). In light of this incident, we recommend suturing
the wounds at the back of the head despite the small size of punch
biopsies to mitigate the risk of bleeding. Apart from this specific case,
no surgery-associated adverse events were observed. Three of our

patients died due to other diseases (Pancreatic cancer, esophageal

variceal hemorrhage, and heart failure).

3.4 | Patient experience

According to the feedback obtained from patient experiences, a
comprehensive questionnaire was administered, addressing various
aspects of the transplantation procedure. The questionnaire en-
compassed evaluations of wound healing, complete healing, satis-
faction with the extraction area (scalp), contentment with the new
skin structure, pain levels, limitations in everyday life, and the
renewed willingness to consent to the procedure.

Concerning wound healing, 49.9% of patients perceived significant
improvement, while 23.8% noted slight improvement. Remarkably,
33.3% did not subjectively perceive any change, and no patient re-
ported deterioration postsurgery. Eleven patients (52.4%) experienced
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complete healing following transplantation. Regarding satisfaction with
the donor site on the scalp, an overwhelming majority, comprising
95.2% of patients, reported high satisfaction, with only 4.8% expressing
slight satisfaction. Concerning the skin structure, 42.9% of patients
perceived an improvement, while an equal percentage did not, and
14.3% did not provide a response.

In terms of pain, 15 patients reported either no or minimal pain,
while six classified their pain as moderate. No patient reported severe
pain postsurgery. Postoperatively, 42.9% of respondents experienced
mild limitations in their daily activities, and 57.1% reported no limi-
tations. None of the respondents reported severe limitations in their
daily lives. In conclusion, a significant majority (81%) expressed a
willingness to undergo the transplantation procedure again. A de-

tailed analysis of the questionnaire responses is presented in Table 4.

4 | DISCUSSION

Chronic wounds continue to be a substantial aspect of dermatological
clinical care. In addition to established methods like autologous split-
thickness skin grafting, various alternative surgical approaches are
emerging to expedite wound closure. Notably, in Germany, the
preference for outpatient interventions, even during the COVID-19
pandemic, highlights the need for minimally invasive, ambulant pro-
cedures with low trauma. Our study demonstrates the clinical effi-
cacy of hair follicle-containing punch grafting as a rapid and patient-
friendly option to stimulate wound healing, supported by high patient
satisfaction, as evidenced by an 81% willingness to undergo the
procedure again.

Compared to split-thickness skin grafting, this approach yields a
robust skin structure and swift healing of the donor site, leading to
high patient satisfaction (95.2%). Confocal microscopy illustrates a
denser skin structure not only of the transplanted hair follicle organ
but also in the surrounding area of about 1cm around the graft
(Figure 5).

The versatility of this minimally invasive surgical technique is
highlighted by its successful application in atypical wounds, such as
pyoderma gangrenosum, where surgical interventions are typically
approached with caution. Importantly, patient age and wound area do
not appear to be negative predictive factors. The six patients who did
not benefit from the therapy had a comparable average age and
rather smaller wounds than the other patients who responded. Pa-
tients who did not benefit from the therapy had a comparable
average age and smaller wounds than responsive patients, suggesting
that this therapy is applicable to older individuals. It has been shown
that aging does not significantly alter the density of bulge hair follicle
stem cells.*®

In addition to the known benefit of hair follicles and their stem
cells in accelerating wound healing, the impact on the wound mi-
crobiome remains an understudied but potentially crucial aspect.
Transplantation of a complete follicular organ, inclusive of dense
microbial material, may positively influence wound microbiome and

enhance microbial resistance. This could also be a reason why

TABLE 4 Patient survey.
n=21
Wound healing, n (%)
Strong worsening 0 (0)
Slight worsening 0 (0)
No change 7 (33.3)
Slight improvement 5(23.8)
Strong improvement 9 (42.9)
Donor site, n (%)
Very satisfied 20 (95.2)
Somewhat satisfied 1(4.8)
Less satisfied 0
Not satisfied 0
Pain, (%)
Non/hardly 15 (71.4)
Medium strong 6 (28.6)
Very strong 0(0)
Limitations in daily life, n (%)
strong 0(0)
light 9 (42.9)
not at all 12 (57.1)
Complete healing, n (%)
Yes 11 (52.4)
No 10 (47.6)
Better skin strucutre, n (%)
Yes 9 (42.9)
No 9 (42.9)
No answer 3(14.3)
Renewed concept, n (%)
Yes 17 (81.0)
No 4(19.0)

Note: Results of the patient survey (n = 21).

epithelialization does not only originate from the individual hair fol-
licle islands, but also from the margin of the wound, what we see in
the clinical courses. The change in the microfilm could be a positive
stimulus for improved communication between the keratinocytes of
the edge and the center. Further research is warranted in this area.

Our study underscores that the minimally invasive technique of
hair follicle transplantation is effective and safe in chronic wounds
caused by vascular diseases and atypical wounds resulting from
chronic inflammatory processes. This therapy should be considered
for elderly patients, given that aging does not significantly alter the
density of bulge hair follicle stem cells.
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FIGURE 5 Clinical and confocal microscopy images of a patient with a pyoderma gangrenosum after complete wound closure due to
transplantation of hair follicle units. The black squares denote the regions of interest for confocal microscopy, with the upper square indicating
the newly formed skin that is directly adjacent to the transplanted hair follicle unit and the lower square representing second intention wound
healing in the peripheral area resulting in scar tissue formation. In the upper right quadrant, the confocal microscopy image illustrates the
structures of normal skin, specifically the transitional stage from the granular layer to the spinous layer. Conversely, the lower right quadrant
depicts a thicker epidermis characteristic of scar tissue. In this region, there is a noticeable reduction in the density of epidermal cells,

accompanied by altered cell morphology.

Despite current limitations and challenges, further research
and larger clinical trials are needed to establish the therapy's
clinical efficacy, safety, and contraindications. In conclusion, hair
follicle-containing punch graft transplantation stands as a prom-
ising and transformative intervention for the management of
chronic or hard-to-heal wounds of diverse origins, yielding im-
proved patient outcomes and potential reductions in healthcare
costs.

AUTHOR CONTRIBUTIONS

All authors have read and approved the final version of the manu-
script. Sarah JanBen had full access to all of the data in this study and
takes complete responsibility for the integrity of the data and the
accuracy of the data analysis.

ACKNOWLEDGMENTS
Open Access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST STATEMENT
The author declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the finding of this study are available from
corresponding author upon a reasonable request. The data are not
publicy available due to privacy of ethical restriction.

TRANSPARENCY STATEMENT

The lead author Norman-Philipp Hoff affirms that this manuscript
is an honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been
omitted; and that any discrepancies from the study as planned

(and, if relevant, registered) have been explained.

ORCID
Sarah Janf3en ® https://orcid.org/0000-0002-5723-1112
Norman-Philipp Hoff ® https://orcid.org/0000-0002-9055-8352

REFERENCES

1. Weyandt GH, Bauer B, Berens N, Hamm H, Broecker E-B. Split-Skin
grafting from the scalp: the hidden advantage. Dermatol Surg.
2009;35:1873-1879.

2. Yari A, Heidari F, Veijouye SJ, Nobakht M. Hair follicle stem
cells promote cutaneous wound healing through the SDF-1a/
CXCR4 axis: an animal model. J Wound Care. 2020;29:
526-536.

3. Hill RP, Gardner A, Crawford HC, et al. Human hair follicle dermal
sheath and papilla cells support keratinocyte growth in monolayer
coculture. Exp Dermatol. 2013;22:236-238.

4. Cheng X, Yu Z, Song Y, et al. Hair follicle bulge-derived stem cells
promote tissue regeneration during skin expansion. Biomed
Pharmacother. 2020;132:110805.

5. Joost S, Jacob T, Sun X, et al. Single-Cell transcriptomics of traced
epidermal and hair follicle stem cells reveals rapid adaptations during
wound healing. Cell Rep. 2018;25:585-597.e7.


https://orcid.org/0000-0002-5723-1112
https://orcid.org/0000-0002-9055-8352

8of8 _Health Science Reports
WILEY P

6.

10.
11.

12.

JANSEN ET AL.

OpenAccess

Plotczyk M, Jiménez F, Limbu S, et al. Anagen hair follicles trans-
planted into mature human scars remodel fibrotic tissue. NPJ Regen
Med. 2023;8:1.

Saha D, Thannimangalath S, Budamakuntla L, Loganathan E,
Jamora C. Hair follicle grafting therapy promotes Re-Emergence
of critical skin components in chronic nonhealing wounds. JID
Innovations. 2021;1:100041.

Jimenez F, Poblet E, Izeta A. Reflections on how wound healing-
promoting effects of the hair follicle can be translated into clinical
practice. Exp Dermatol. 2015;24:91-94.

Limat A, Mauri D, Hunziker T. Successful treatment of chronic leg
ulcers with epidermal equivalents generated from cultured autolo-
gous outer root sheath cells. J Invest Dermatol. 1996;107:128-135.
Renner R, Harth W, Simon JC. Transplantation of chronic wounds
with epidermal sheets derived from autologous hair follicles--the
Leipzig experience. Int Wound J. 2009;6:226-232.

Liu J-Q, Zhao K-B, Feng Z-H, Qi F-Z. Hair follicle units promote re-
epithelialization in chronic cutaneous wounds: A clinical case series
study. Exp Ther Med. 2015;10:25-30.

Martinez M-L, Escario E, Poblet E, et al. Hair follicle-containing
punch grafts accelerate chronic ulcer healing: A randomized con-
trolled trial. J Am Acad Dermatol. 2016;75:1007-1014.

13.

14.

15.

16.

Jiménez F, Garde C, Poblet E, et al. A pilot clinical study of
hair grafting in chronic leg ulcers. Wound Repair Regen. 2012;20:
806-814.

Budamakuntla L, Loganathan E, Sarvajnamurthy S, Nataraj H.
Follicular unit grafting in chronic nonhealing leg ulcers: a clinical
study. J Cutan Aesthet Surg. 2017;10:200-206.

Fox JD, Baquerizo-Nole KL, Van Driessche F, et al. Optimizing
skin grafting using hair-derived skin grafts: the healing
potential of hair follicle pluripotent stem cells. Wounds. 2016;28:
109-111.

Rittié L, Stoll SW, Kang S, Voorhees JJ, Fisher GJ. Hedgehog sig-
naling maintains hair follicle stem cell phenotype in young and aged
human skin. Agi cell. 2009;8:738-751.

How to cite this article: Jansen TM, JanBen S, Bolke E,
Homey B, Hoff NP. Hair follicle punch grafts in hard-to-heal
wounds: a monocenter study and patient survey. Health Sci
Rep. 2024;7:€2319. doi:10.1002/hsr2.2319


https://doi.org/10.1002/hsr2.2319

	Hair follicle punch grafts in hard-to-heal wounds: A monocenter study and patient survey
	1 INTRODUCTION
	2 MATERIAL AND METHODS
	2.1 Surgical procedure
	2.2 Assessment for clinical outcomes

	3 RESULTS
	3.1 Clinical outcomes
	3.2 Clinical outcomes in different wound types
	3.3 Complications
	3.4 Patient experience

	4 DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	TRANSPARENCY STATEMENT
	ORCID
	REFERENCES




