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Objective: To explore the application value of adjustable skin stretchers for repairing skin wound defects.

Methods: Twenty patients with skin defects were included in this study. The largest defect was measured to be 45.4 cm x 13.3 cm
(length x width) and the smallest one was 4.4 cm x 3.2 cm (length x width). All patients were subjected to adjustable skin stretchers
and the short- and long-term clinical efficacy was evaluated.

Results: The wounds of all enrolled patients were healed completely except for one patient with a dorsal foot infection (the patient
requested to return to the local county hospital for further treatment), with a total satisfaction of 100%. Postoperative 3-month follow-
up showed scar formation, a little local hyperpigmentation, normal skin elasticity, and intact organs of involved cases, thus signifying
the significant impact of adjacent joint activities.

Conclusion: Adjustable skin stretchers can accurately control the tension on wound margins, breaking the limitation of previous
stretchers to provide objective quantitative indicators for clinical application. These stretchers are characterized by high use-value and
are worth promoting.
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Introduction
Background

Rapid development of modern transportation and social industry has witnessed a significant increase of high-energy damage,
along with its resulting skin and soft tissue defects.! Traditional methods for skin defects treatment typically involve skin
grafts or transfer flaps to cover the wound surface.>* Thinner skin grafts help to afford higher survival rate of skin, while this
procedure is largely dependent on wound status and fails to repair the complex wounds exposed in skeletons, joints and muscle
tendons.” The postoperative texture and elasticity remain to be improved. In this regard, the flaps with blood vessels and fat
can address this issue, while the wound defect in the donor region needs extra treatment and dermatologic examination is of
necessity. Taking together, the currently prevailing methods are largely accompanied by skin discomfort and damage in the
beauty and function of the donor area. Meanwhile, the function and beauty of the recipient area are also far from satisfaction.
Besides, the high blood loss amount, complex surgical procedures and high cost threaten to hamper their wider deployment in
clinical applications.®

In this regard, skin stretching technique has been proposed to alleviate the concerns in traditional treatments.® Specifically,
the margins of wounds can be stretched towards the central region and triggers complete closure of the wounds within a short

time. This technique also applies to the large-area wound using mechanical loading to afford gradual traction of the skin,
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which is inherently realized by creep response, ductility, viscoelasticity and stress relaxation.”* Adjustable skin stretchers with
low operation cost, straightforward technique and absence of second surgery are therefore quite appealing for repairing
wound-related defects, since they greatly shorten wound healing time, minimize scarring and alleviate patient’s pain.”'
The main purpose of this study was to assess the application value of adjustable skin stretchers for repairing skin
wound defects of 20 skin-defect patients with broad range of wound areas. The effectiveness of adjustable skin stretchers
which controlled the tension on wound margins, was systematically evaluated to provide quantitative indicators for

clinical application. These stretchers are characterized by high use-value and are worth promoting.

Materials and Methods

Materials

Adjustable skin stretchers were provided by Henan Keke Biological Technology Co., Ltd. It mainly consisted of stretch rods,
propulsion tubes, limit screws, spring coils, nuts, measuring rulers, L-shaped connectors, and Kirschner wires, which can be
used in conjunction with bone needles to stretch the skin and adjust the pressure according to the skin blood flow (Figure 1).

Participants

Twenty patients (male: 13, female: 7, mean age, 47 years old) with skin defects who came to our hospital from
September 2016 to September 2018 were enrolled in this study. Among these, 6 had open fractures with soft tissue defects,
7 had avulsion injuries, 4 had postoperative surgical incision nonunion, 1 had bedsore, 1 had infection and expansion, and 1
had inflammatory necrosis. The largest area of skin defect was measured to be 45.4 cm x 13.3 cm (length x width) and the
smallest was 4.4 cm % 3.2 cm (length x width). This study was approved by the Ethics Committee of The Affiliated Hospital of
Guizhou Medical University, NO. 2018 (134). All the patients provided informed consent for the case details to be published.
The patients were also well aware of the fact that these consent forms were for publication of the case details and images. The
research was complying with the guidelines for human studies and conducted ethically in accordance with the World Medical
Association Declaration of Helsinki.

Exclusion Criteria

The main exclusion criteria in this study were listed as follows: (1) Patients with severe malnutrition, coagulopathy, and/
or skin blood flow disorders around the wound. (2) Patients with infectious skin diseases who had to receive post-
operative management in separate rooms. (3) Patients with insufficient normal skin around the wound.

Figure | Schematic diagram of an adjustable skin distractor (A: drawbar, B: front nut, C: fastening screw, D: L-shaped connecting rod, E: measurement scale, F: elastic ring,
G: propelling tube, H: rear nut).
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Figure 2 Schematic illustration of the surgical procedures.

Surgical Procedures

The boundary of the skin defect was subjected to complete clearing and digitally photographed. Preoperative preparation,
such as intravenous antibiotics and anesthesia, were then administered. Subsequently, routine disinfection, draping,
thorough debridement around the wound edges, trimming of the wound edges, and removal of the dead skin were carried
out in sequence. At the edge of approximately 0.5-1.5 cm was an ideal distance of inflammatory skin or abnormal brittle
skin. A Kirschner wire (diameter: 1.5-2.0 nm) was used to penetrate through the skin at approximately 1-1.5 cm along
the margin of wound (based on clinical judgment). The exposed part of the wire was approximately 2—-3 cm, which was
then used to connect the two sides of the Kirschner wire to the skin stretcher, adjust the pressure, and close the skin on
both sides of the wound (Figure 2). The pressure was adjusted every day until the skin was closed. Direct wound closure
can be realized without extra pressure or suture or local skin shrinking. Antibiotics was administered 24—48 hours after
surgery and the skin color around the stretch was monitored. The amount of stretch tension was adjusted, the dressing
was changed, and symptomatic support treatment was provided.

Postoperative Care

The tension of the skin stretcher was adjusted on the first day after surgery. Tension was further adjusted 2—3 times
per day according to the wound status and maintained at 3—5 kg. The skin was closed 7-10 days after surgery using an
indwelling suture, which was removed upon complete wound healing. The skin closure was preserved for 2-3 days to
ensure that the skin was completely sutured before removal.

Results

Tension Profiles, Stretch Time and Suture Time

Among the 20 patients, the maximum skin and soft tissue defects were 45.4 cm x13.3 cm and the minimum were 4.4 cm X
3.2 cm. As shown in Table 1, the maximum intraoperative tension of the wound was 5 kg and the minimum was 3 kg, with an
average value of 3.85 kg. The maximum postoperative tension of the wound was 5 kg and the minimum was 2 kg, with an
average value of 3.70 kg. The maximum operation time of the skin stretching was 42 minutes and the minimum was 14
minutes, with an average of 20.6 minutes. The wound was sutured when the distance between the two wounds was less than
0.5 cm, and the average stretching time was 6.95 days. The experimental data were subjected to independent sample #-test in
this study. The maximum reduction rate of the intraoperative wound width was 100% and the minimum was 18.6%, with an
average rate of 45.0%. Of the 20 patients, all had completely healed wounds (Table 2, Figures 3 and 4), except for one patient

Table | Descriptive Statistics of Preoperative Tension, Postoperative Tension, Operative
Distraction Time, Postoperative Distraction Time in 20 Wounds

Min Max Mean Standard Deviation
Intraoperative tension/kg 3.0000 5.0000 3.8500 0.98809
Postoperative tension/kg 2.0000 5.0000 3.7000 0.97872
Complete stretch time/minutes 14.000 42.000 20.600 7.3799
Postoperative suture time/day 0.0000 8.0000 4.7500 2.5930
Postoperative stretch time/day 2.0000 10.000 6.9500 2.3503
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Table 2 Ratio of Shortening During and After Surgery in 20 Wounds

Ratio of Ratio of Ratio of Ratio of Ratio of Ratio of Ratio of Ratio of Ratio of
Shortening Shortening Shortening Shortening Shortening Shortening Shortening Shortening Shortening
During During During During During During During During During
Surgery Postoperative Postoperative Postoperative Postoperative Postoperative Postoperative Postoperative Postoperative
Day | Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
No.l 34.380% 15.630% 18.750% 9.3800% 9.3800% suture
No.2 | 44.660% 6.8000% 8.7400% 11.650% 6.8000% 3.8800% 4.8500% 3.8800% 3.8800% suture
No.3 43.900% 5.4100% 8.1100% 12.160% 8.1100% 9.4600% 6.7600% suture
No.4 100.00% suture - - - - - - -
No.5 | 44.070% 18.640% 22.030% 8.4700% suture
No.6 | 46.150% 5.1300% 8.9700% 0.0000% 8.9700% 6.4100% 7.6900% 6.4100% 5.1300% suture
No.7 | 45.310% 7.8100% 9.3800% 10.940% 9.3800% 9.3800% suture
No.8 | 52.830% 13.210% 13.210% Suture
No.9 100.00% suture - - - - - - -
No.10 | 28.570% 11.430% 8.5700% 11.430% 8.5700% 11.430% 2.8600% 8.5700% suture
No.Il | 18.600% 6.9800% 4.6500% 4.6500% 6.9800% 0.0000% 0.0000% Change -
of VSD
No.12 | 19.700% 4.5500% 7.5800% 16.670% 13.640% 18.180% 6.0600% 4.5500% 4.5500% suture
No.I13 | 59.400% 30.000% 8.2700% 6.0200% 4.5100% 8.2700% 5.2600% suture 3.7600%
No.14 | 21.880% 9.3800% 6.2500% 6.2500% 9.3800% 12.500% 9.3800% 12.500% 6.2500% suture
No.I5 | 49.430% 4.6000% 8.0500% 9.2000% 12.640% 11.540% suture
No.16 | 28.380% 10.810% 14.860% 14.860% 17.570% 13.510% suture
No.17 | 35.380% 6.1500% 10.770% 13.850% 13.850% 9.2300% 6.1500% suture
No.18 | 41.820% 12.730% 16.360% 10.910% 9.0900% suture
No.19 | 39.190% 17.570% 17.570% 10.810% 9.6400% suture
No.20 | 35.290% 15.290% 10.590% 9.4100% 16.470% 9.4100% suture

|e 39 uays

aro(q


https://www.dovepress.com
https://www.dovepress.com

Dove Shen et al

14

12

10

8

6

A AL b LLL

2 | - | i

B ill: hh.! I hl. rh I. ! hll’u. “”I rl.. Il hln. }‘. ‘}1 ‘l. ”h, ’|L L
1 2 3 4 S 6 7 8 9 10 11 12 13 14 1S5S 16 17 18 19 20

[ Pre-operation m intra-operative ~ postoperative Day1 gy postoperative Day2
M postoperative Day3 mpostoperative Day4 M postoperative DaySml postoperative Day6
W postoperative Day7 @ postoperative Day8

Figure 3 Histogram of wound width changes in 20 patients.
Notes: Horizontal axis represents the patient number; vertical axis represents the wound width.
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Figure 4 Ratio of shortening during and after surgery in 20 wounds.
Notes: The postoperative descent ratio of the wound width was significantly lower than the intraoperative descent ratio.

with a dorsal foot infection (Kirschner wire was cut and discarded), who was subjected to drainage-assisted irrigation under
negative pressure but unfortunately characterized by incomplete wound healing. The patient was discharged and transferred to
the local county hospital for further treatment. The patient satisfaction survey was conducted by telephone follow-up,
occasionally accompanied by outpatient follow-up. The results show that 13 cases were very satisfied, 6 cases were satisfied,
and 1 case was basically satisfied. The total satisfaction was 100%.

Typical Case |
A 53-year-old female patient who had a car accident with open fracture in the left calf and a skin defect with an exposed
bone covering 15.5 cm x7.8 cm x1.5 cm (length x width x depth) is shown in Figure 5a. A 3-kg traction force during and

after surgery was used (Figure 5b and c).
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Figure 5 The wound image of typical case |. (a) preoperation, (b) postoperative day 4, (c) postoperative day 15. The length, width and depth of the wound are 15.5 cm,
7.8 cm and 1.5 cm, respectively. The area is 120.9 cm®.

Typical Case 2

A 37-year-old male patient with buttock skin necrosis 5 days after a car accident injury. The buttock skin defect size was
measured to be 45.4 cm x13.3 cm x 2 cm (length x width x depth), as shown in Figure 6a. A 5-kg traction force during
and after surgery was used (Figure 6b—d).

Typical Case 3

A 28-year-old male developed a skin defect in the left ankle caused by a car accident (Figure 7a). This was repaired with
a flap of sural nerve nutritional vessels, and the flap area was 19.1 cm x3.3 cm X0.7 cm (length x width x depth), as
shown in Figure 7b. A 5-kg traction force was stretched for 25 minutes and the wound at the donor site was sutured
immediately after surgery (Figure 7b and c).

Figure 6 The wound image of typical case 2. (a) preoperation, (b) VSD was placed a week later, (c) intraoperation, (d) postoperative day 17. The length, width and depth of
the wound are 45.4 cm, 13.3 cm and 2 cm, respectively. The area is 603.82 cm?.

Figure 7 The wound image of typical case 3. (a) preoperation, (b) intraoperation, (c) postoperative day 15. The length, width and depth of the wound are 19.] cm, 3.3 cm
and 0.7 cm, respectively. The area is 63.03 cm?.
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Discussion

Traumatic, skin, and soft tissue defects of the limbs caused by various reasons are common cases in orthopedic
clinical practice.'" High-tension wounds are prone to result in skin necrosis after direct suture. Specifically, wounds
cannot be closed immediately and the subcutaneous musculoskeletal tissues are directly exposed, thereby leading to
highly susceptible situation. The adjustable skin retractor takes advantage of the elasticity that is inherent in skin,
which is stretched by the force. The healthy skin on both sides of the wound is pulled toward the central region by
an external force. Skin elasticity and mechanical stretchability are used to disperse marginal tension into the
surrounding skin, and dynamic stretching of the tissue is maximized through the stretching effect to assure
wound closing.'? Medina used skin stretchers to treat the incision after forearm bone fascia compartment reduction,
thus avoiding skin grafting.'? Santiago et al used self-made continuous external tissue expanders to treat 14 patients
with large soft tissue defects of the limbs due to blast injuries, including 12 patients (85.7%) who received second
suturing on the wound surface, and 2 patients who underwent reoperation for surgical flap transplantation.'*

> the skin and soft tissue defects were

Fletcheret et al designed a skin stretcher based on the Ilizarov frame,'
reconstructed while treating the open fractures. Verhaegen, Bashir, and Senchenkovet et al also used self-modified
skin stretchers to treat skin and soft tissue defects.'®™'® Their research further confirmed the significant effect of skin
stretchers on repairing skin and soft tissue defects. Application of closure skin stretching can replace skin grafting or
skin transplantation, reduce surgical risks and traumas for patients with chronic diseases, and accelerate wound
healing."”

Adjustable skin stretchers are characterized by the combined merits: (1) it is an accurate tension measurement device
which provides quantitative indicators for clinical application research, (2) it can monitor the changes in the wound
surface and surrounding tissues, (3) small surgical trauma can be treated under local anesthesia, which has little effect on
the skin itself, without interfering with normal healing, (4) the lightweight stretcher with simple structure has favorable
biocompatibility and exerts little impact on patient’s activities, (5) it is suitable for irregular skin defects and can be used
in combination, and (6) it is affordable.'®

Here we also clarify the contraindications are as follows for clinical treatment: (1) patients with severe malnutrition
and/or coagulopathy, (2) patients with skin blood flow disorders around the wound, (3) patients with infectious skin
diseases, (4) patients who cannot comply with postoperative treatment (4) patients share less-than-expected healthy skin
around the wound. We would also suggest that if a control group with similar defect size is involved in future study, the
comparison can reinforce the effectiveness of outcome parameters.

Although skin stretchers have been used for more than 40 years, previous endeavors focus mostly on the
adjustment of stretch tension completely based on experience. Accurate tension measurement device that can
provide quantitative indicators for clinical application research remains largely unavailable for a quite long period,
adjustable skin stretchers provide a perfect solution. Note that flap transplantation, skin expansion, skin stretching,
and tissue engineering of skin have their own advantages and disadvantages, optimum treatment plans for
involved patients differ from each other. If an adjustable skin stretcher is required for treating skin and soft
tissue defects, then its use coupled with a quantitative system is more conducive for clinical operations. Due to
the small number of cases, objective indicators might be lacking when assessing skin inflammation and determin-
ing the distance between the needle entry point and the skin defect area. Based on clinical experience, objective
indicators might also be lacking when adjusting the traction force according to the blood supply and patient’s
tolerance levels. The combined issues pose additional difficulties in clinical operation, the detailed information of

traction force and wound surface area await further statistical exploration and improvement.

Data Sharing Statement
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