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Abstract

:

Compression therapy for burn scars can accelerate scar maturation and improve clinical symptoms (pruritus and pain). This study objectively verified the effect of pressure garment therapy in maintaining a therapeutic pressure range for hypertrophic scars. Sixty-five participants (aged 20~70 years) with partial- or full-thickness burns, Vancouver scar scale score of ≥4, and a hypertrophic scar of ≥4 cm × 4 cm were enrolled. Compression pressure was measured weekly using a portable pressure-monitoring device to regulate this pressure at 15~25 mmHg for 2 months. In the control group, the compression garment use duration and all other burn rehabilitation measures were identical except for compression monitoring. No significant difference was noted in the initial evaluations between the two groups (p > 0.05). The improvements in the amount of change in scar thickness (p = 0.03), erythema (p = 0.03), and sebum (p = 0.02) were significantly more in the pressure monitoring group than in the control group. No significant differences were noted in melanin levels, trans-epidermal water loss, or changes measured using the Cutometer® between the two groups. The efficacy of compression garment therapy for burn-related hypertrophic scars can be improved using a pressure-monitoring device to maintain the therapeutic range.
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1. Introduction


Hypertrophic scars caused by burns show continuation of the inflammatory reaction during the wound-healing process. This leads to complications in patients with burns not only cosmetically but also functionally. For example, such hypertrophic scars can cause joint contracture when the burn extends over a skeletal joint area. Hypertrophic scars occur after burns begin to develop in the inflammatory phase and advance to the proliferative and remodeling phases. Therefore, it is recommended that patients with burns should use a pressure garment from the start of therapy to stabilize the scar during all three above-mentioned phases. Pressure garment therapy facilitates scar maturation, impairs fibroblast activity by generating an ischemic environment, and alleviates the symptoms of pain and pruritus [1,2]. Pressure therapy has emerged as a non-invasive and cost-effective method for treating hypertrophic scars. However, the lack of standardized protocols has hindered a complete understanding of the mechanisms underlying pressure therapy [3]. Several studies have recommended a therapeutic pressure range of 15–25 mmHg to suppress scar thickness, restore vascular valve function, and prevent leg ulcers [2,4,5,6,7,8].



It is known that the compression efficiency of pressure garments decreases over time due to fabric fiber fatigue resulting from normal wear and washing [2,6,9]. The compression ability of pressure garments should be measured and adjusted periodically to maintain therapeutic functionality [10]. To address this issue, several studies have measured the pressure between the skin and the pressure garment [9,11,12,13]. The most challenging problem in designing and developing a pressure sensor is pressure measurement over the uneven surface of the scar, especially during body movements. Ideally, a pressure sensor used in the pressure-measuring device should be small, thin, and flexible to adapt to uneven body shapes [14,15,16].



Although pressure garments are widely used in compression therapy for burn-related scars, only few studies have quantified compression pressure in such patients. The researchers have developed a portable pressure-measuring device using silicon piezoresistive sensors [17]. In this study, we aimed to measure the therapeutic efficacy of treating burn-related hypertrophic scars when the compression of pressure garments was regulated and kept within the therapeutic range using a portable pressure-measuring device.




2. Materials and Methods


This prospective, double-blind, randomized, controlled trial enrolled eligible participants aged 20–70 years with partial- or full-thickness burns, which spontaneously healed or required a skin graft, from the Department of Rehabilitation Medicine at the Hangang Sacred Heart Hospital of Korea between October 2019 and May 2020. This study was approved by the Ethics Committee of Hangang Sacred Heart Hospital (HG 2018-026), and all patients provided written informed consent. The trial protocol has been registered at ClinicalTrials.gov (NCT04456543).



2.1. Clinical Participants


Sixty-five patients with hypertrophic scars from burn injuries were recruited for pressure therapy. The clinical diagnosis of hypertrophic scarring was based on standard clinical criteria. The Vancouver scar scale (VSS) was used to score the overall scar appearance. Patients with hypertrophic scars, defined as VSS score of ≥4 and located at the extremities with a size of ≥4 cm × 4 cm, were administered pressure therapy. Scars from the proliferative phase were also included immediately after epithelialization was complete. Patients with open wounds or burn scar infections, those taking steroids for the scars, those undergoing any other medical treatment, or those with underlying conditions affecting wound healing (e.g., diabetes) were excluded from the study. The participants who fulfilled our inclusion and exclusion criteria were randomly allocated to either the pressure monitoring group (n = 33) or the control group (n = 32) using a software algorithm. Two participants in the pressure-monitoring group did not undergo regular pressure monitoring, while one patient in the pressure-monitoring group and two in the control group were excluded from this study because they could not wear pressure garments for more than 8 h a day. Thus, 30 participants were included in the pressure-monitoring group and 30 in the control group (Figure 1).




2.2. Intervention


Patients in both the groups received standard treatment for hypertrophic scars caused by burn injuries. The standard treatment comprised occupational therapy to improve upper-limb function, physiotherapy to improve lower-limb function, stretching exercises for scar contracture, moisturizing cream, and silicone gel application. In the pressure-monitoring group, garment pressure was monitored using a portable pressure-measuring device once a week. For pressure measurement on the forearm, the patient was seated in a chair with the upper arm on a table (Figure 2). Additionally, measurements of the lower extremities were performed in the supine position. The device was attached to the patient using a Velcro belt. The sensor was placed over the scar, and a researcher held it in place while the patient wore the pressure garment. The measurement time was approximately 10 s. The interface pressures were then displayed on a computer via Bluetooth data transmission from the device and stored in a database. The visualization software presents measurements both numerically and graphically. The flexible piezoresistive sensors allowed pressure to be acquired at the pressure garment–scar interface in mmHg units. The pressure garment was adjusted weekly by tightening the loosened garment such that the pressure was maintained within the therapeutic range of 15–25 mmHg. In the control group, the standard treatment for burn scars, except for pressure monitoring, was performed in the same manner. The garment manufacturer measured the reduced body dimensions and customized the pressure garment by modifying it whenever the participants felt that the pressure garment fit over the scar area was loose. The participants were instructed to wear the garment throughout the day except when showering or managing scars.




2.3. Outcome Measurements


To evaluate the effect of the novel portable pressure-monitoring device, skin test results for thickness, melanin, erythema, trans-epidermal water loss (TEWL), and skin elasticity levels between the two groups were compared from baseline measurements immediately before treatment to the measurements after 2 months (Figure 3). Room temperature and relative humidity were maintained at 20–25 °C and 40–50%, respectively. With the patient in the supine position, skin thickness and other parameters were measured at the same location where the pressure sensors were attached. The primary outcome was the effect on scar thickness. Scar thickness was measured using ultrasonic wave equipment (128 BW1 Medison, Seoul, Republic of Korea). Mexameter® (MX18, Courage-Khazaka Electronics GmbH, Cologne, Germany), which operates on the principle of “photo-spectrum analysis”, was used to measure the levels of melanin and the severity of erythema in the skin in arbitrary unit values ranging from 0 to 999. Higher values indicate darker and redder skin [18,19]. TEWL was measured using a Tewameter® (Courage-Khazaka Electronic GmbH, Germany) to evaluate water evaporation. Elasticity was measured using a Cutometer SEM 580® (Courage-Khazaka Electronic GmbH, Cologne, Germany), which applies a negative pressure (450 mbar) to the skin. The numeric values (in mm) of the skin distortion are presented as elasticity. A complete cycle comprised 2 s of negative pressure of 450 mbar followed by 2 s of recess. Three measurement cycles were conducted to obtain an average value. These parameters consisted of the following biomechanical skin properties: distensibility, elasticity, and viscoelasticity. Distensibility refers to the total displacement from the initial position at the maximum negative pressure. Gross elasticity refers to the ability of the skin to return to its initial position after displacement. Biological elasticity refers to the ratio of immediate retraction to total displacement. Viscoelasticity is defined as the ratio of delayed to immediate distension [15]. The outcome measurements and data analyses were performed by a trained and blinded outcome assessor who was not involved in the intervention.




2.4. Statistical Analysis


The Shapiro–Wilk test was used to determine the normal distribution of the variables. Normally distributed data were analyzed using an independent t-test. Non-normally distributed or non-parametric data were analyzed using the Mann–Whitney U-test. When comparing baseline characteristics, age, total burn surface area (TBSA), and TEWL were analyzed using independent t-tests. The scar thickness, melanin level, erythema severity, sebum level, Cutometer® measurements, and duration between the burn injury and treatment were analyzed using the Mann–Whitney U-test. Fisher’s exact test was used for categorical data (sex, burn site, and burn mechanism). The amount of change (pre- to posttreatment) between the two groups was evaluated using the Mann–Whitney U-test for all parameters. Data analysis was performed using SPSS version 23.0 (IBM, Armonk, NY, USA). Statistical significance was set at a p-value < 0.05.





3. Results


The baseline characteristics are summarized in Table 1. No significant differences were noted between the two groups in terms of demographic characteristics or in the initial assessment of skin thickness and properties (Table 2).



The amount of change between pre-treatment and post-treatment scar thickness (p = 0.03) and erythema severity (p = 0.03) was significantly reduced in the pressure-monitoring group compared to the control group (Table 3). Sebum levels (p = 0.02) were significantly higher in the pressure-monitoring group than in the control group. However, no significant differences were noted in melanin levels and scar TEWL. The amount of change measured using the cutometer (skin distensibility, biological skin elasticity, gross skin elasticity, and skin viscoelasticity) showed no significant differences between the two groups.




4. Discussion


In this study, our data confirmed that for hypertrophic scars caused by burns, maintaining the therapeutic pressure range using a portable pressure-monitoring device suppressed scar growth and improved scar characteristics, including erythema and sebum.



Several clinical studies have reported the positive effects of compression therapy on hypertrophic scars caused by burns. Since then, efforts have been focused on accurate pressure quantification to better define the compression protocol and treatment mechanism. The mechanism of compression therapy involves regulating collagen synthesis by suppressing the vascular supply of oxygen and nutrition to the scar area [20]. The pressure-monitoring group showed improved microcirculation-related erythema and scar thickness. Other studies have shown similar results for the treatment of hypertrophic scars, wherein scar thickness and hardness were improved during compression therapy [4,21]. Previous studies have reported that scar erythema shows a high correlation with microvasculature. Hence, reduced erythema may indicate a decrease in microcirculation within the scar tissue, thereby reducing scar thickness [22]. Results from in vitro studies demonstrated that pressure-induced ischemic environments inhibit the activity of myofibroblasts and prevent scar formation [15,22,23,24]. It has been emphasized that monitoring the degree of compression during compression therapy is necessary to improve the condition of the scar area and clinical symptoms such as pain and pruritus [25]. The accuracy of pressure measurement between the pressure garment or skin/scar surface using the Oxford Pressure Monitor, PicoPress®, and Kikuhime (Medigroup, Melbourne, Australia), which are known to be clinically valuable as pressure-measuring devices in various diseases, has been questioned, and the need for a real-time portable pressure-monitoring device has been suggested [26,27,28]. We developed a portable pressure-monitoring device and have shown its superior reliability and validity compared to existing pressure-measuring devices [11].



Tissue engineering is a rapidly advancing multidisciplinary research field with significant promise for regenerative medicine that aims to fabricate and develop tissues to replace damaged tissues [29]. Efforts are underway for skin restoration using biomaterials and for improvement in characteristics of scars resulting from injuries to the skin, such as full-thickness burns or genetic diseases [30]. In this study, microcirculation-related factors, such as erythema, scar thickness, and sebum level, were improved. A therapeutic mechanism has been suggested wherein compression therapy accelerates scar maturation by affecting the cells around endothelial cells or glands. Experimental results on the regeneration effects during compression were confirmed by inhibiting cells such as myofibroblasts or keratinocytes that stimulate scar formation in the epidermis and dermis [22,31]. We noted that the changes in erythema and scar thickness were reduced in the pressure-monitoring group, which is similar to previous research results. However, the two groups showed no significant difference in skin properties. Scars have a lower blood supply, which results in less elasticity [32]. Scars have abnormal collagen patterns and alterations in the proteoglycan matrix [18,33]. It has been postulated that pressure therapy changes the alignment of the collagen fibers and improves the hardness of the scar by inhibiting collagen formation [5]. Pressure therapy also alleviates pruritus and pain associated with active hypertrophic scars [10,34]. Therefore, early pressure garment therapy during wound healing may control scar inflammation and proliferation and facilitate the remodeling phase to accelerate scar maturation [20]. Moreover, mechanical compression has been reported to modulate remodeling during wound healing [35]. Generally, if garment compression therapy was performed for a long duration, such as 1.5–2 years, scar thickness may be reduced. However, since hypertrophic scars in burn injuries continue to increase in thickness in the proliferative phase, a change in elasticity that can be measured with a cutometer after a short, two-month compression therapy should not be expected.



To confirm the exact therapeutic pressure range, a comparative analysis of the clinical effects at various pressure levels is required in the future. Basic research on the epidermis and scar-forming cells of the dermis as well as other adnexa organs should be performed in parallel to confirm the clinical effect as well as the clear treatment mechanism. In this study, to obtain better clinical results during compression therapy, the necessity of periodic monitoring and adjustment of the compression garment to maintain the compression pressure at an optimal therapeutic level rather than the classical method of compression treatment at monthly intervals or according to the patient’s subjective feeling of pressure was confirmed.




5. Conclusions


Compression treatment is an effective therapy for the clinical improvement of hypertrophic scars caused by burns. Maintaining the therapeutic range of compression through continuous pressure monitoring is essential.







Author Contributions


C.H.S. and S.Y.L. contributed equally as corresponding authors of this work; S.Y.J. performed data analysis and interpreted the results; J.W.Y., Y.H.K. and R.S. were involved in the study conception and design. All authors contributed to the writing of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by a National Research Foundation of Korea (NRF) grant funded by the Korean government (MSIT) (grant number 2021R1A2C1093082) and the Soonchunhyang University Research Fund.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Hangang Sacred Heart Hospital (protocol code 2018-026 and 1 May 2019). This study was registered at ClinicalTrials.gov (identifier NCT04456543).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Prasarn, M.L.; Horodyski, M.; Schneider, P.S.; Pernik, M.N.; Gary, J.L.; Rechtine, G.R. Comparison of skin pressure measurements with the use of pelvic circumferential compression devices on pelvic ring injuries. Injury 2016, 47, 717–720. [Google Scholar] [CrossRef] [PubMed]

	



Rimaud, D.; Convert, R.; Calmels, P. In vivo measurement of compression bandage interface pressures: The first study. Ann. Phys. Rehabil. Med. 2014, 57, 394–408. [Google Scholar] [CrossRef] [PubMed]

	



Crofton, E.; Meredith, P.; Gray, P.; O’Reilly, S.; Strong, J. Non-adherence with compression garment wear in adult burns patients: A systematic review and meta-ethnography. Burns 2020, 46, 472–482. [Google Scholar] [CrossRef] [PubMed]

	



Engrav, L.; Heimbach, D.; Rivara, F.; Moore, M.; Wang, J.; Carrougher, G.; Costa, B.; Numhom, S.; Calderon, J.; Gibran, N. 12-Year within-wound study of the effectiveness of custom pressure garment therapy. Burns 2010, 36, 975–983. [Google Scholar] [CrossRef]

	



Macintyre, L.; Baird, M. Pressure garments for use in the treatment of hypertrophic scars—A review of the problems associated with their use. Burns 2006, 32, 10–15. [Google Scholar] [CrossRef]

	



Van den Kerckhove, E.; Stappaerts, K.; Fieuws, S.; Laperre, J.; Massage, P.; Flour, M.; Boeckx, W. The assessment of erythema and thickness on burn related scars during pressure garment therapy as a preventive measure for hypertrophic scarring. Burns 2005, 31, 696–702. [Google Scholar] [CrossRef]

	



Renò, F.; Sabbatini, M.; Lombardi, F.; Stella, M.; Pezzuto, C.; Magliacani, G.; Cannas, M. In vitro mechanical compression induces apoptosis and regulates cytokines release in hypertrophic scars. Wound Repair Regen. 2003, 11, 331–336. [Google Scholar] [CrossRef]

	



Bosman, J. Lymphtaping for lymphoedema: An overview of the treatment and its uses. Br. J. Community Nurs. 2014, 19 (Suppl. 4), S12–S18. [Google Scholar] [CrossRef]

	



Macintyre, L. Designing pressure garments capable of exerting specific pressures on limbs. Burns 2007, 33, 579–586. [Google Scholar] [CrossRef]

	



Li, P.; Li-Tsang, C.W.P.; Deng, X.; Wang, X.; Wang, H.; Zhang, Y.; Tan, Z.; He, C. The recovery of post-burn hypertrophic scar in a monitored pressure therapy intervention programme and the timing of intervention. Burns 2018, 44, 1451–1467. [Google Scholar] [CrossRef]

	



Yildiz, N. A novel technique to determine pressure in pressure garments for hypertrophic burn scars and comfort properties. Burns 2007, 33, 59–64. [Google Scholar] [CrossRef] [PubMed]

	



Lai, C.H.; Li-Tsang, C.W. Validation of the Pliance X System in measuring interface pressure generated by pressure garment. Burns 2009, 35, 845–851. [Google Scholar] [CrossRef] [PubMed]

	



Mann, R.; Yeong, E.K.; Moore, M.L.; Engrav, L.H. A New Tool to Measure Pressure Under Burn Garments. J. Burn. Care Rehabil. 1997, 18, 160–163; discussion 159. [Google Scholar] [CrossRef] [PubMed]

	



Chi, Y.-W.; Tseng, K.-H.; Li, R.; Pan, T. Comparison of piezoresistive sensor to PicoPress® in in-vitro interface pressure measurement. Phlebology 2018, 33, 315–320. [Google Scholar] [CrossRef] [PubMed]

	



Alkhalil, A.; Tejiram, S.; Travis, T.E.; Prindeze, N.J.; Carney, B.C.; Moffatt, L.T.; Johnson, L.S.; Ramella-Roman, J.; Shupp, J.W. A Translational Animal Model for Scar Compression Therapy Using an Automated Pressure Delivery System. Eplasty 2015, 15, e29. [Google Scholar]

	



Brorson, H.; Hansson, E.; Jense, E.; Freccero, C. Development of a Pressure-Measuring Device to Optimize Compression Treatment of Lymphedema and Evaluation of Change in Garment Pressure with Simulated Wear and Tear. Lymphat. Res. Biol. 2012, 10, 74–80. [Google Scholar] [CrossRef]

	



Lee, S.Y.; Cho, Y.S.; Joo, S.Y.; Seo, C.H. Comparison between the portable pressure measuring device and PicoPress® for garment pressure measurement on hypertrophic burn scar during compression therapy. Burns 2021, 47, 1621–1626. [Google Scholar] [CrossRef]

	



Broughton, G., 2nd; Janis, J.E.; Attinger, C.E. Wound Healing: An Overview. Plast. Reconstr. Surg. 2006, 117, 1e-S–32e-S. [Google Scholar] [CrossRef]

	



Lee, S.Y.; Joo, S.Y.; Cho, Y.S.; Hur, G.Y.; Seo, C.H. Effect of extracorporeal shock wave therapy for burn scar regeneration: A prospective, randomized, double-blinded study. Burns 2021, 47, 821–827. [Google Scholar] [CrossRef]

	



Tejiram, S.; Zhang, J.; Travis, T.E.; Carney, B.C.; Alkhalil, A.; Moffatt, L.T.; Johnson, L.S.; Shupp, J.W. Compression therapy affects collagen type balance in hypertrophic scar. J. Surg. Res. 2016, 201, 299–305. [Google Scholar] [CrossRef]

	



Li-Tsang, C.W.P.; Zheng, Y.P.; Lau, J.C.M. A Randomized Clinical Trial to Study the Effect of Silicone Gel Dressing and Pressure Therapy on Posttraumatic Hypertrophic Scars. J. Burn Care Res. 2010, 31, 448–457. [Google Scholar] [CrossRef] [PubMed]

	



Li-Tsang, C.W.; Feng, B.; Huang, L.; Liu, X.; Shu, B.; Chan, Y.T.; Cheung, K.-K. A histological study on the effect of pressure therapy on the activities of myofibroblasts and keratinocytes in hypertrophic scar tissues after burn. Burns 2015, 41, 1008–1016. [Google Scholar] [CrossRef] [PubMed]

	



Chang, L.-W.; Deng, W.-P.; Yeong, E.-K.; Wu, C.-Y.; Yeh, S.-W. Pressure Effects on the Growth of Human Scar Fibroblasts. J. Burn Care Res. 2008, 29, 835–841. [Google Scholar] [CrossRef] [PubMed]

	



Ghassemi, P.; Shupp, J.W.; Travis, T.E.; Gravunder, A.J.; Moffatt, L.T.; Ramella-Roman, J.C. A portable automatic pressure delivery system for scar compression therapy in large animals. Rev. Sci. Instrum. 2015, 86, 015101. [Google Scholar] [CrossRef] [PubMed]

	



Williams, F.; Knapp, D.; Wallen, M. Comparison of the characteristics and features of pressure garments used in the management of burn scars. Burns 1998, 24, 329–335. [Google Scholar] [CrossRef]

	



Keller, K.; Krenzer-Scheidemantel, G.; Meyer, T. A systematic analysis of the compression pressure in the compression therapy for scars in childhood with the help of the Kikuhime® pressure device. Zentralbl. Chir. 2014, 139, 638–642. [Google Scholar] [CrossRef]

	



Kerckhove, E.V.D.; Fieuws, S.; Massagé, P.; Hierner, R.; Boeckx, W.; Deleuze, J.-P.; Laperre, J.; Anthonissen, M. Reproducibility of repeated measurements with the Kikuhime pressure sensor under pressure garments in burn scar treatment. Burns 2007, 33, 572–578. [Google Scholar] [CrossRef]

	



Harries, C.; Pegg, S. Measuring pressure under burns pressure garments using the Oxford Pressure Monitor. Burns 1989, 15, 187–189. [Google Scholar] [CrossRef]

	



Catarino, C.M.; Kaiser, K.; Baltazar, T.; Catarino, L.M.; Brewer, J.R.; Karande, P. Evaluation of native and non-native biomaterials for engineering human skin tissue. Bioeng. Transl. Med. 2022, 7, e10297. [Google Scholar] [CrossRef]

	



Zhang, C.-P.; Fu, X.-B. Therapeutic potential of stem cells in skin repair and regeneration. Chin. J. Traumatol. 2008, 11, 209–221. [Google Scholar] [CrossRef]

	



Zhang, S.; Peng, Y.; Fan, H.; Zhang, Y.; Min, P. Microneedle delivery of botulinum toxin type A combined with hyaluronic acid for the synergetic management of multiple sternal keloids with oily skin: A retrospective clinical investigation. J. Cosmet. Dermatol. 2022. [Google Scholar] [CrossRef] [PubMed]

	



Daly, C.H. Biomechanical Properties of Dermis. J. Investig. Dermatol. 1982, 79 (Suppl. 1), 17s–20s. [Google Scholar] [CrossRef] [PubMed]

	



DeBruler, D.M.; Baumann, M.E.; Zbinden, J.C.; Blackstone, M.B.N.; Bailey, J.K.; Supp, D.M.; Powell, H.M. Improved Scar Outcomes with Increased Daily Duration of Pressure Garment Therapy. Adv. Wound Care 2020, 9, 453–461. [Google Scholar] [CrossRef] [PubMed]

	



Kischer, C.W.; Shetlar, M.R.; Shetlar, C.L. Alteration of Hypertrophic Scars Induced by Mechanical Pressure. Arch. Dermatol. 1975, 111, 60–64. [Google Scholar] [CrossRef] [PubMed]

	



Reno, F.; Sabbatini, M.; Stella, M.; Magliacani, G.; Cannas, M. Effect of in vitro mechanical compression on Epilysin (matrix metalloproteinase-28) expression in hypertrophic scars. Wound Repair Regen. 2005, 13, 255–261. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 11 06743 g001 550] 





Figure 1. Schematic for subject enrollment, allocation, and follow up. 
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Figure 2. (A) Portable pressure-measuring device, sensor; (B) pressure garment placement on a patient’s forearm. 
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Figure 3. (A) Measurement of melanin levels and erythema severity using Mexameter® (MX18, Courage-Khazaka Electronics GmbH, Germany), (B) measurement of sebum using Sebumeter® (Courage-Khazaka Electronic GmbH, Germany), and (C) measurement of elasticity using Cutometer SEM 580® (Courage-Khazaka Electronic GmbH, Cologne, Germany). 
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Table 1. Demographic characteristics of participants (n = 60).
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Pressure Monitoring

(n = 30)

	
Control

(n = 30)

	
p






	
Male:Female, n

	
28:2

	
25:5

	
0.62




	
Age (years)

	
44.13 ± 14.51

	
46.03 ± 11.78

	
0.58




	
TBSA (%)

	
31.93 ± 16.82

	
35.57 ± 14.57

	
0.60




	
Site of burn 0.70




	
Arms, thigh

	
3 (10)

	
2 (7)

	




	
Forearms, leg

	
15 (50)

	
16 (53)

	




	
Hands, foot

	
12 (40)

	
12 (40)

	




	
Mechanism of burn

	

	

	
0.65




	
Flame

	
20 (67)

	
18 (60)

	




	
Electrical

	
7 (23)

	
7 (23)

	




	
Scalding

	
3 (10)

	
5 (17)

	




	
Duration (days) between

the burn injury and treatment

	
69.00 ± 30.05

	
65.67 ± 20.00

	
0.90








Data are presented as mean ± standard deviation. TBSA, total burn surface area; SB, scalding burn; FB, flame burn; CoB, contact burn.
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Table 2. Pre-homogeneity test of initial assessment.
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	Pressure Monitoring

(n = 30)
	Control

(n = 30)
	p





	Thickness (cm)
	0.19 ± 0.06
	0.18 ± 0.05
	0.96



	Melanin (AU)
	185.93 ± 78.49
	159.60 ± 73.18
	0.84



	Erythema (AU)
	517.57 ± 114.30
	491.43 ± 100.11
	0.78



	TEWL (g/h/m2)
	17.31 ± 5.45
	15.92 ± 5.86
	0.89



	Sebum
	33.30 ± 54.93
	30.57 ± 46.52
	0.27



	Skin distensibility
	0.66 ± 0.61
	0.61 ± 0.58
	0.90



	Biologic skin elasticity
	0.43 ± 0.23
	0.42 ± 0.24
	0.71



	Gross skin elasticity
	0.60 ± 0.29
	0.62 ± 0.21
	0.69



	Skin viscoelasticity
	0.49 ± 0.44
	0.45 ± 0.20
	0.77







Data are presented as mean ± standard deviation; AU, arbitrary units; TEWL, trans-epidermal water loss.
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Table 3. Change score (pre- to posttreatment) on measured outcomes.
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	Pressure Monitoring

(n = 30)
	Control

(n = 30)
	p



	Thickness (cm)
	−0.01 ± 0.08
	0.06 ± 0.10
	0.03 *



	Melanin (AU)
	8.87 ± 86.31
	15.80 ± 82.07
	0.42



	Erythema (AU)
	−93. 73 ± 116.43
	−32.73 ± 117.97
	0.03 *



	TEWL (g/h/m2)
	0.89 ± 6.65
	0.72 ± 7.81
	0.56



	Sebum
	74.97 ± 80.62
	36.20 ± 93.63
	0.02 *



	Skin distensibility
	0.07 ± 0.52
	−0.08 ± 0.64
	0.66



	Biologic skin elasticity
	0.01 ± 0.15
	0.00 ± 0.19
	0.83



	Gross skin elasticity
	−0.01 ± 0.19
	−0.10 ± 0.29
	0.10



	Skin viscoelasticity
	0.02 ± 0.47
	0.08 ± 0.16
	0.18







Data are presented as mean ± standard deviation; * p < 0.05, between groups; * Mann–Whitney test; AU, arbitrary units; TEWL, trans-epidermal water loss.
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