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	Abstract
	Objectives To share the experience of tissue expansion used in hair restoration.

Materials and methods The study was carried out from June 2005 to June 2010. In the 1st stage, tissue expander was laced under the normal skin adjacent to the defect. Serial expansions were performed twice weekly. In the 2nd stage, the tissue expander was removed, the defect was excised and adjacent flaps were used to reconstruct the defect. The patients were followed up regularly.

Results A total of 16 patients underwent reconstruction with a male to female ratio of 2.2:1. Postburn scar was the most frequent cause (43.8%). The mean expansion time was 33.6 days with average fill volume of 193.4ml.

Conclusion Tissue expansion is a safer technique and should be used as a primary procedure prior to hair transplantation in patients with large scalp defects.
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Introduction
Tissue expansion has undergone many advances since first used by Neumann.1 It requires the placement of a silicone balloon filled by serial injections of sterilized solution over a period of weeks to months. It is widely used in reconstructive surgery for the reconstruction of various defects and deformities.2-4 Tissue expansion has been used in hair restorative surgery specially in postburn alopecia.5,6 Similarly pre-expanded scalp flaps (scalp reduction) have also been mentioned in the literature.7-9 The tissue expansion provides the hair-bearing skin after the excision of the non-hair bearing/scarred/burned skin. Although the follicular unit grafting can be performed but usually the density of the grafted hair is not adequate and depends on the condition of the recipient skin. In most of the cases, there is loss of fatty layers of scalp or the skin grafted areas of the scalp are generally not very good recipient areas 10. The placement of tissue expanders, volume and shape depend on the geometry of the defect and the available hair-bearing areas. Precise pre-operative planning is, therefore, of utmost importance.

The aim of the study was to share the experience of hair restoration using the tissue expansion.

Patients and methods
The study was conducted from June 2005 to June 2010 in the private hair restoration/plastic surgery clinic. The patients of all ages undergoing hair restoration by using tissue expansion were included. The patients undergoing primary excision and closure were not included. The tissue expanders were approached through the scarred area and were placed under the normal skin close to the defect under general anesthesia. Careful dissection was performed and proper hemostasis of the pocket was ensured. A drain was placed which was removed after 48-72 hours. Oral Second generation cephalosporins were administered pre-operatively which were continued for 8-10 days post-operatively. 
Tissue expansion was started on 10th post-operative day. The expanders were filled using a fine gauged needle to the bearable discomfort/pain level of the patient. The tissue expanders were filled twice weekly. Once the adequate expansion was achieved, no filling was done for 24-48 hours prior the second stage. The procedures were performed under general anesthesia. The defects were excised and the rotation flaps were used to reconstruct the defects. The patients were followed up regularly. Complications were noted and managed accordingly. 

Results
Sixteen patients underwent tissue expansion with male to female ratio of 2.2:1 (Figure 1). The average age was 31.4 years (range, 24-42 years) in males and 28.8 years in females (range, 20-56 years). Postburn scar alopecia was the commonest cause (43.8%) followed by post-traumatic scar (25%), post-traumatic skin grafts (Table 1). Two tissue expanders were used in most of the cases (62.5%) and three tissue expanders were used in 25% cases whereas single   tissue  expander  was  used  in  only  two
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Figure 1 Number of cases requiring tissue expansion.

Table 1 Causes of using tissue expansion.
	Etiology 
	Male 
	Female

	Burns
	5
	2

	Post-traumatic scar
	3
	1

	Post-traumatic skin graft
	1
	1

	Androgenic alopecia
	1
	0

	Infection 
	1
	1


Table 2 Complications of using tissue expansion.
	Complication 
	Number 

	Discomfort/Pain
	6

	Temporary hair loss
	3

	Slight leakage
	1

	Infection
	Nil 

	Rupture
	Nil 

	Displacement 
	Nil 


cases. The average fill volume was 193.4 ml (range, 100-320 ml). The mean expansion time was 33.6 days (range, 28-56 days). No case of tissue expander infection was seen. Slight leakage was found only in one case (Table 2). 
Case 1

A 24-year-old female presented with postburn alopecia involving the right side of scalp (frontal, temporal and part of parietal area). She underwent tissue expander placement in the first stage. A single tissue expander of 320 ml was used which was serially inflated. The final surgery was performed on 40th day. The scarred tissue      was   excised   and   the   defects   were
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Figure 2 Pre-operative and post-operative case of post-burn alopecia.

reconstructed using the rotation flaps (Figure 2).
Discussion
Scalp is the second most visible part of human anatomy second to the face.11 Tissue expansion is widely used in plastic and reconstructive surgery 2-4. It adds an extra armamentarium for the hair restorative surgeon. With the advances in surgical techniques, many of the hair restorative surgeons prefer to use hair transplantation instead of flap reconstruction especially using tissue expansion. The tissue expansion produces a mechanical stretch resulting in localized ischemia of the expanded skin and hence, promoting angiogenesis.12 A conventional tissue expander is comprised of three basic parts, i) an elastic might silicone elastomer balloon, ii) a connecting tube, and iii) a self-sealing injection port. The tissue around expander reacts to form a ‘capsule’. This capsule has been demonstrated to have a circulation exceeding that of the subdermal plexus.13
Expanding the normal skin using tissue expanders has grown to become the method of choice for post-cicatricial alopecia in children with excellent results.11,14,15 A few case reports do mention the results of follicular unit transplantation in burn scars but the results depend on the density of the grafted area.16,17 The density in turn depends on various factors like vascularity of scar tissue, amount of the underlying fatty tissue and smoking.11
However, even after the multiple sessions it might not be possible to obtain reasonable hair density. In these cases, the tissue expansion could provide an excellent alternative. Similarly in cases where skin grafts were placed to the cranium, there would be virtually no underlying soft tissue and follicular unit transplantation might not provide satisfactory or may result in the necrosis.11 The tissue expansion poses many advantages. It provides hair bearing local skin for reconstruction. It also removes the defect (scar). The planning of the surgical procedure, volumes of tissue expanders and the knowledge of rotation flaps are of utmost value. The size and shape of tissue expanders depend on the defect and available tissue. The surgeon must be able to alter the surgical reconstruction process, e.g. the use of multiple tissue expanders allow the geometry of the flaps to be rotated easily. We used the trichophytic wound closure technique while suturing the flaps together. It allowed us a more natural closure and resulted in minimally visible scars through which the hair were growing out. In many case, we also scored the galea and capsule formed around the tissue expander which helped to gain some extra length of the flaps as well. In the patients in whom the resultant scar was visible on the forehead, we used follicular unit transplantation later to create a naturally-looking hairline.  
Pain/discomfort during the expansion process was the most common complication noted especially in the later stages of expansion. No case of infection was noted. We used slightly filled tissue expanders in all the cases. It helped to produce an internal hemostatic effect resulting in low drain-fluid and reduction of infection to ‘zero’. In most of the cases we used rectangular, oval and crescent tissue expanders. A large series of 57 patients has been presented by Qing et al which showed a complication rate of 14%.18 Similarly, the study by Saleh et al.19 had 21.5% complication rate with 8.25% infection and 5% expander extrusion. None of these complications were seen in the present study. The other study by Zellwegar et al.20 showed 22% complication rate as compared to the total complication rate of 0.6% in the current series. The lower complication rate (7%) was also seen in the study documented by Fan et al.21 in patients with moderate to major scalp defects (25% to 75%). El Sadat et al.22 have reported a new innovation using endoscopic approach for tissue expander placement in pediatric population, in an attempt to reduce the morbidity and complication rates.
Conclusion
Tissue expansion is a simple and safer technique to treat effectively the scar alopecia.
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