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Abstract. Chronic cutaneous wounds are one of the most 
unfavorable pathophysiological processes in routine practice. 
However, developments in hair follicle unit therapy may aid 
the treatment of these wounds. The aim of the present study 
was to investigate the function of hair follicle units in chronic 
cutaneous wound re-epithelialization and to develop an effec-
tive protocol for wound treatment. A total of 14 patients, of 
which nine were male and five were female, with a mean age 
of 60.71 years (range, 19-76 years) and a mean wound area of 
74.14 cm2, were treated in the study. The hair follicle units 
were dissected from a scalp graft and transplanted into the 
chronic cutaneous wound bed, after which clinical evaluation 
was performed. Images of the recipient site were captured 
at 0, 1, 2, 3, 4, 5, 8 and 14 weeks following transplantation. 
In addition, histological examinations were conducted post-
operatively at week 16. Total wound re-epithelialization was 
observed in all the patients. Histological analysis revealed 
that the epidermis and papillary dermis were present in the 
wound area. Adnexal structures and the reticular dermis were 
also observed. Therefore, the present study demonstrated the 
ability of hair follicle units to promote chronic cutaneous 
wound healing.

Introduction

Previous decades have heralded the advancement of cell-based 
therapy and associated tissue regeneration and wound 
repair (1). The use of epithelial cells in tissue restoration and 
wound healing has attracted considerable interest. As such, 
the number of studies that seek to employ epithelial cells 

with high therapeutic potential to create novel therapies that 
can target and ultimately restore tissue integrity has been 
increasing (2-4). Chronic cutaneous wounds are one of the 
most unfavorable pathophysiological processes in dermato-
logic surgery; however, they may be treated using cell-based 
therapy development (5).

Cutaneous wound healing is a series of processes involving 
the epithelial, dermal and mesenchymal tissues, blood vessels, 
nerves and immune cells that act within a complex network of 
signals (6) to necessitate wound healing (7,8). Re-establishing 
epithelial integrity is essential and the primary step to main-
taining a regenerative response. The scalp has been identified 
as an excellent donor site for thin skin grafts (9); however, the 
scalp dermal graft presents a limited surface area and is <3-4% 
of the total body surface area (10). Clinical and histological 
evidence has shown that the rapid healing of the scalp dermal 
graft is attributed to the differential potential of the cells in 
the hair follicles, and that re-epithelialization can also occur 
from grafted hair follicles (11). Numerous types of cells with 
multiple differentiation potentials have been identified in hair 
follicles, and their relative contribution to re-epithelialization 
has been recently determined (12). Considering the abun-
dance of evidence suggesting the crucial role of hair follicles 
as re-epithelialization promoters, the notion of grafting hair 
follicle units harvested from the scalp into chronic cutaneous 
wounds was considered in the present study.

The primary aim of the present study was to develop an 
effective protocol for the treatment of chronic cutaneous 
wounds. The efficacy of the novel therapy that utilized hair 
follicle units to promote wound healing was investigated, in 
addition to the feasibility and potential healing capabilities of 
the hair follicle units that were transplanted into the chronic 
cutaneous wound bed. The transplanted hair follicle units 
were hypothesized to activate progenitor cells and promote 
re-epithelialization in the wound.

Subjects and methods

Patients. In this retrospective case series study, 14 patients with 
chronic cutaneous wounds, hospitalized at the Department 
of Plastic Surgery of Zhongshan Hospital (Shanghai, China) 
between June 2006 and September 2008, were recruited. All 
patients had previously received an autologous split-thickness 
skin graft; however, partial or completed necrosis had occurred 
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and the graft was unable to heal independently. Eligible patients 
had chronic wounds that had persisted for ≥6 weeks, were 
non-responsive to conventional treatment, with signs of delayed 
healing, and had a wound area of ≥5 cm2. Patients with alopecia, 
coagulopathy and other contraindications of the hair transplant 
technique, as well as elderly patients (>80 years), were excluded 
from the study. The study was conducted in accordance with 
the Declaration of Helsinki and with approval from the Ethics 
Committee of the Zhongshan Hospital of Fudan University. 
Written informed consent was obtained from all the participants.

Surgical procedures. Debridement of necrotic tissue was 
preoperatively performed on all the wounds. In all the patients, 
the donor area of the scalp was shaved. Following the applica-
tion of adrenalized saline into the occipital area of the scalp, a 
6.0x1.5 cm scalp graft was harvested (Fig. 1). The hair follicle 
units were dissected from the graft (Fig. 2), and the units were 
subsequently transplanted onto the chronic cutaneous wound 
bed at a density of 4 units/cm2, which was considered the 
minimum density required to guarantee tissue regeneration 
and re-epithelialization of the treated wound area. Care was 
taken to avoid hair follicle unit transection and bleeding was 
managed with pressure.

Following surgery, a Vaseline® gauze dressing (Shaoxing 
ZhengDe Surgical Dressing Co., Ltd., Zhejiang, China) was 
applied to the recipient site, which was changed daily until 
day 5, and every 3-5 days thereafter. The patients were not 
administered any painkillers or anticoagulants.

Assessment of clinical outcomes. Clinical evaluations were 
performed and digital images of the recipient sites were 
captured at weeks 0, 1, 2, 3, 4, 5, 8 and 14 following interven-
tion. An evaluation of the percentage of viable hair follicle units 
remaining at the wound site was conducted at week 2. Clinical 
evaluation of wound healing was also performed. Wound 
healing was measured as the average reduction (%) in the total 
area of the wound bed at the intermediate time points, and was 
assessed by clinical and anatomopathological signs, including 
wound border retraction, the appearance of granulation tissue 
and evidence of re‑epithelialization. To avoid misclassification 
bias, two independent plastic surgeons assessed the extent of 
re-epithelialization and measured the wound areas.

Histology. Histological analysis was performed postoperatively 
at week 16, the end point of the study. A 4-mm punch biopsy 
was collected from the recipient wound and from the healthy 
skin around the wound for each patient using a biopsy trephine 
(#w100671; Dongxiyi Technology Co., Ltd., Beijing, China). 
Samples were fixed in 10% formaldehyde and embedded in 
paraffin wax, using standard histological procedures. The 
samples were subsequently stained with hematoxylin and 
eosin. The samples were analyzed by a pathologist who was 
blinded to any clinical data to ensure the unbiased assessment 
of the secondary outcomes.

Results

Clinical outcomes. Table I shows the baseline clinical details of 
the patients. A total of 14 patients (male, 9; female, 5; mean age, 
60.71±15.20 years; median age, 61 years; age range, 19-76 years) 

were treated using the novel protocol. The wound areas were 
relatively large, ranging between 26 and 220 cm2 (median area, 
48 cm2; mean area, 74.14±58.51 cm2). A long wound duration 
(0.5-13 years) was also noted for the patients included in the 

Table I. Sample demographic and clinical characteristics of the 
patients (n=14).

Characteristic Result

Age (years) 
  Median (range) 61 (19-76)
  Mean (SD) 60.71 (15.20)
Gender, n (%) 
  Male 9 (64.29)
  Female 5 (35.71)
Reference wound area (cm2) 
  Median (range) 48 (26-220)
  Mean (SD) 74.14 (58.51)
Reference wound duration (years) 
  Median (range) 2.5 (0.5-13)
  Mean (SD) 4.18 (3.39)

SD, standard deviation.

Figure 1. A strip of full-thickness scalp dermal graft. The long spindle shape 
limits secondary injury and is easily dissected.

Figure 2. Hair follicles dissected from the scalp strip and isolated as units. 
The epidermis has been removed.
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study. Standard wound care procedures were applied in addition 
to the hair follicle unit therapy, and Table II reveals the details of 
the therapeutic regimens followed by each patient.

The average percentage reduction in the wound area was 
measured as the primary outcome. At week 1, the wound bed 
was red and unviable hair follicle units were not observed. The 
viability evaluation at week 2 revealed the mean percentage of 
successful hair follicle units as 71.85±7.75% (Fig. 3). The fabric 

scarred around the hair follicle units between weeks 3 and 4. 
At week 5, clinical epithelialization was clearly observed and 
the wound reduction was significant (Fig. 4). Total healing was 
observed in all patients, and a fragile scar of reddish color was 
noted after the first 2 months (Fig. 5), which progressively 
disappeared (Fig. 6). Unlike the scar tissue, the reception area 
was elastic, which contributed to improved healing quality. 
Patient 9, who had a leg wound, developed enhanced ambu-
lation as a result of the improved treatment method (Fig. 7). 
The disproportionate rarity of hair, in contrast to the viability 
of the hair follicle units, was also observed. Improvement in 
clinical symptoms, including wound border reactivation and 
a lower amount of exudation, was observed in 12/14 patients.

Complications. Overall, the procedure appeared to be safe. 
However, three patients presented with minor unrelated 
complications during the study period (patients 2 and 6 had 
atrial fibrillation, and patient 12 had a recurrent edema in the 
lower right extremity).

Evaluation of the scalp-donor sites during the follow-up 
revealed no evidence of hair thinning, hair loss or alopecia. 
All donor sites were healed by day 7 following surgery.

Histological analysis. Punch biopsies were performed on the 
recipient square at week 16 following surgery. Histological 

Figure 6. Patient 8 at week 14. Complete healing can be observed, which 
contributed to an improved healing quality.

Figure 7. Patient 9 at week 14. Elasticity can be observed at the repair site.

Figure 3. Patient 8 at week 2. Unviable hair follicle units faded away and a 
viability evaluation was able to be performed.

Figure 4. Patient 8 at week 5. Epithelialization around the hair follicle units 
can be observed. Thus, the wound reduction is significant.

Figure 5. Patient 8 at week 8. A reddish and fragile scar is observed.
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analysis revealed that the epidermis and papillary dermis were 
contained within the recipient square. Adnexal structures and 
the reticular dermis were also observed. The outer hair shafts 
were macroscopically visible within the recipient wound area 
in the majority of patients (Fig. 8).

Discussion

Chronic cutaneous wounds, regardless of pathogenesis, can be 
devastating to patients, even when treated, and can result in a 
huge financial burden on medical establishments. Complete 
closure and protection of the wound is important for patients. 
Despite numerous therapeutic advances, the gold-standard 
protocol used in routine practice is an autologous split-thick-
ness skin graft. This procedure involves removing a piece of 
skin from a secondary surgical site and reapplying the graft 
onto the wound bed. Although the clinical outcome of the 
skin graft treatment is reasonable, donor sites are limited and 
secondary injury is inevitable. Technological developments, 
including suspending cells in fibrin‑collagen gel (13), have 
been investigated in an attempt to obtain an improved treat-
ment for wound healing. However, these are costly to produce 
and are not covered by Chinese health insurance companies.

The epithelium can be restored by the migration of epithe-
lial cells from the old epithelium adjoining a wound or by 
centrifugal migration from any hair follicle that remains within 
the wound (14). Several studies have unambiguously identified 
the hair follicle as a major reserve of adult stem cells (15,16). 
Dermal grafts from the scalp (10), early implantation of 
microdissected hair follicles through a silicone epidermis (11) 
and hair grafting (17) are used for cutaneous wound repair; 
however, the procedures are complicated. In the present study, 
hair follicles without epidermal or interfollicular tissue were 
transplanted. The hair follicles were microdissected as indi-
vidual units and transplanted into the wound bed. The function 
of the hair follicles as promoters of re-epithelialization was 
observed in the current study.

The present study was originally conceived as research 
into the feasibility of a novel therapy. Questions relating to the 
surgical technique were not specifically assessed; however, 
placing the hair follicles onto the wound (partially trialled 
on patients 1 and 2) resulted in a lower degree of viability 
compared with other patients in the present study (data not 
shown). Patient 1 displayed a relatively large wound area 

(186 cm2) and patient 2 had a long wound duration (13 years, 
including primary and repeating recurrent).

The clinical results indicate that the method of trans-
planting hair follicle units into the cutaneous wound is not 
only feasible in practice, but is also successful in improving 
the long-term clinical healing of wounds. In all the cases, the 
hair follicles augmented epithelialization and the formation 
of granulation tissue at the wound site. At the study endpoint, 
the hair follicle-treated wound area appeared to be elastic, 
unlike scar tissue, which contributed to the improved healing 
quality and allowed enhanced ambulation for one patient with 
a wounded leg. Although complete healing was observed in all 
the patients, an objective healing rate should be based on more 
substantial data and stronger evidence. A larger sample size is 
required in future studies.

Histological analysis provided evidence of re-epithelializa-
tion and the existence of outer hair shafts. The recovered area 
was likely to have contained a number of adnexa of the skin. 
However, when analyzing the histological results, the exact 
position of the biopsies may differ due to the varying overall 
aspect of the entire wound.

Recent advances in epithelial stem cell biology have 
improved the understanding of the role of hair follicles in 
wound healing mechanisms, and have provided a basis for the 
development of novel therapies (18). Various follicular cells 
contribute to wound healing through different methods. Bulge 
stem cells produce transiently amplifying epidermal progeny, 
while non-hair follicle-fated isthmus stem cells generate 
long-lasting populations in the wound epidermis (19,20). 
Clinical and experimental data indicate that the involve-
ment of follicle-derived dermal cells results in qualitatively 
improved dermal repair (18,21). Consistent with previous 
studies, the observations of the present study support the 
hypothesis that hair follicles perform an important function 
in the repair of cutaneous wounds (22,23). Prior to the dissec-
tion of hair follicle units, the epithelium was intentionally 
removed from the graft. This step allowed for the formal 
exclusion of the possibility that the healing effect was due to 
non-follicular tissue. However, in the current study, the limited 
sample size (which was small since the study was the first to 
be conducted in clinical practice) and experimental methods 
may have affected the quality of the results; the data are unable 
to confirm that re-epithelialization occurred from the stem 
cells specifically. Nevertheless, wound healing initiated by the 

Figure 8. Histopathological examination evaluating the changes in the skin. (A) Skin from the restoration site and (B) healthy skin from around the wound 
(hematoxylin‑eosin stain; original magnification, x10; scale bar, 200 µm).

  B  A
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follicles applied to the chronic wound bed was observed and 
may have indirectly supported the hypothesis that hair follicles 
perform an important function in the repair of cutaneous 
wounds. Although there have been numerous advances in stem 
cell therapy, further studies are essential.

In conclusion, the present study demonstrated the capacity 
of hair follicle units to repair chronic cutaneous wound sites. 
Complete healing was observed and the procedure appeared to 
be safe. With the exclusion of alopecic, insufficiently hairy and 
elderly patients, the present method may be used when donor 
sites are rare, due to the reduced donor-site morbidity, and 
may be a novel surgical method to avoid more complicated, 
costly and time-consuming procedures. By combining the hair 
transplantation and plastic reconstruction techniques, a novel 
surgical protocol may be developed, which may provide an 
additional option for secondary surgery on chronic wounds. 
However, this method requires a surgeon with advanced 
training in hair follicle unit harvesting.
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