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Background: Microcirculation plays a vital role in scleroderma physiopathology and the
mechanism of fat survival.

Objective: This study aims to assess the blood perfusion change after fat grafting and
evaluate the relationship between blood perfusion and fat graft retention in patients with
localized scleroderma (LS).

Methods: A pilot study was conducted in patients with LS receiving autologous fat
grafting (AFG). Fat graft retention measured by magnetic resonance imaging (MRI)
analysis and blood flow perfusion measured by laser speckle contrast imaging 6 months
postoperatively were noted. PUMC Localized Scleroderma Facial Aesthetic Index was
used to assess the improvement of facial aesthetic impairment.

Results: The fat retention at the 6-month follow-up was 34.56 ± 11.89 percent.
At the 6th month of follow-up, the relative blood perfusion at the lesion area was
115.08 ± 14.39 PU, significantly higher than 100.42 ± 10.62 PU at the pre-operation
(p = 0.010). The blood perfusion at follow-up increased by an average of 1.15 ± 0.14
times before the operation. No association between the increase in the blood flow
perfusions and fat graft retention was found (r = −0.082, p = 0.811).

Conclusion: Local blood perfusion in the lesion area relatively increased after AFG, but
no direct relationship was found between fat retention and increased blood supply.

Keywords: localized scleroderma, autologous fat grafting, microcirculation, blood flow, fat retention

INTRODUCTION

Localized scleroderma (LS) is a rare autoimmune connective tissue disorder characterized by
inflammation and fibrosis of the skin and subcutaneous adipose tissues in the affected area (1,
2). Presenting as skin fibrosis, facial atrophy, and hyperpigmentation, LS seriously impairs the
facial aesthetics and life quality of patients (1, 3). With multiple advantages, such as minor invasion
and natural appearance outcomes, autologous fat grafting (AFG) has become the primary surgical
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treatment for patients with LS (1, 4, 5). AFG has been proved
to produce aesthetic and therapeutic outcomes on patients with
LS, including the clinical improvement of soft tissue atrophy,
skin fibrosis, and pigmentation. However, the fat graft retention
in patients with LS is often of a small amount due to the
inflammatory microenvironment (5, 6). Microcirculation has
been considered playing a vital role in the physiopathology of
scleroderma and the mechanism of fat survival (7–9). However,
no evidence has been obtained on blood flow and the effect of
fat grafting in patients. This study aimed to assess the blood flow
change after fat grafting and evaluate the relationship between
blood flow and fat graft retention in the LS model.

PATIENTS AND METHODS

Study Design and Intervention
A prospective pilot study approved by the institutional ethical
committee was conducted in patients with LS seeking AFG
to correct facial atrophy at Peking Union Medical College
Hospital. All candidates were evaluated for suitability to be
enrolled in the study by the criteria as follows. Inclusion
criteria: (1) Patients with LS in the stable phase (documented
by dermatologists); (2) Desire for correcting facial atrophy;
(3) Signed informed consent. Exclusion criteria: (1) Absence
of the lower abdomen fat donor site; (2) Undergoing steroid,
anti-fibrotic or anti-scarring treatment (local or systemic); (3)
Unstable or advanced phases of LS; (4) Chronic diseases that
require to take long-term medication; (5) BMI > 2 points
during the study.

The primary outcomes were the fat graft retention measured
by magnetic resonance imaging (MRI) analysis and blood flow
perfusion measured by laser speckle contrast imaging 6 months
postoperatively. The secondary outcome was the improvement of
facial aesthetic impairment of LS patients using PUMC Localized
Scleroderma Facial Aesthetic Index.

Liposuction, Graft Preparation, and
Grafting
At study entry, the facial atrophy volume of the individual was
measured by MRI analysis. By comparing the volume difference
of the subcutaneous adipose tissue between the target lesion
site and the unaffected symmetry site, the graft volume was
noted for each participant (6). Liposuction at the abdomen was
performed following Coleman’s method under a low, consistent
negative pressure using a 3-mm cannula with 20-ml syringes
to limit trauma to the adipocytes (10, 11). Before transferring,
obtained adipose tissue was collected after sedimentation and
filtration. Lysis of adhesion using a needle to penetrate multiple
parallel tunnels under the skin was performed at local lesion
before fat grafting. After the adhesion was removed, the fat
graft was transferred into the subcutaneous tissue of the target
lesion by a fan-like pattern technique using 1.4-mm blunt
cannulas. A slight overcorrection of the facial atrophy was
achieved (6, 11). The same surgeon performed all the grafting
procedures in this study.

Clinical Assessment
Preoperative variables included age, gender, duration, and BMI.
Six months postoperatively, the participants were asked to
return for follow-up assessments where surgical complications
and BMI change were recorded, and the participants were
photographed. Clinical assessment of facial deformity was
separately evaluated by two plastic surgery experts using PUMC
Localized Scleroderma Facial Aesthetic Index (PUMC LSFAI)
preoperatively and postoperatively (3). PUMC LSFAI, with four
domains for the local assessment and three domains for the
overall assessment graded from 0 to 3, is a clinical evaluation tool
designed to assess aesthetic impairment for patients with LS (3).

Magnetic Resonance Imaging Analysis
Magnetic Resonance Imaging (MRI) scan with a 3.0 Tesla MR
scanner (Discovery MR750 3T, GE Healthcare, Milwaukee, WI,
United States) was performed pre-operation, post-operation, and
follow-up, using a thirty-two-channel head and neck coil. The
MRI scan was conducted from the frontal bone to the neck
base, excluding the supraclavicular region. Axial TSE T1-FLAIR
weighted (acquisition parameters: TR = 1,725 ms, TE = 24 ms; flip
angle, 111◦; TA, 3 min 6 s; 50 slices; FOV, 22× 20 mm) was used
with a slice thickness of 4mm (6). Volumetric measurement was
performed using Horos V3.3.1 (Horos Project, Annapolis, MD,
United States) (Figure 1). The percentage change in the volume
of adipose tissue of LS lesion was measured as follows:

Fat Retention =

The volume of adipose tissue at follow up
−The volume of adipose tissue preoperation

The volume of adipose tissue postoperation
−The volume of adipose tissue preoperation

× 100%

The presence of complications was also assessed (6). All imaging
was measured by an expert radiologist.

Measurement of Facial Blood Flow
Perfusion
Blood flow is a significant indicator to monitor the activity
of LS and evaluate the efficacy of treatment (12, 13). Blood
flow perfusion was measured on LS lesions pre-operation and
follow-up by laser speckle contrast imaging (Pericam PSI System,
Perimed, Sweden). The participant was instructed to lie down for
a 10-min rest, after which the assessment began. The distance
from the laser probe to the skin surface was set at 20 cm with
a 785-nm laser wavelength, and the acquisition detection rate
was three pictures per second (14). The measurement was carried
out at the room temperature (15). After a region of interest
(ROI) of the target area was precisely drawn, the absolute value
of the blood flow perfusion at ROI was presented by a 20-s
duration of acquisition (Figure 2). With a certain unaffected
region fixed as a reference, the absolute values of the blood
flow perfusion at the lesion area and the reference area were
acquired (16). The relative blood flow perfusion at the lesion
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FIGURE 1 | Magnetic resonance images and delineation of the subcutaneous adipose tissue. A region of interest (ROI) was precisely drawn on each axial slide by
comprising pre- and post-operational scans. After ensuring that the entire targeted subcutaneous adipose tissue was included in the ROIs, the volumes were
calculated automatically.

area was further obtained according to the following formula
(16, 17):

The relative blood flow perfusion at the lesion area

=

The absolute value of the blood
flow perfusion at the lesion area

The absolute value of the blood
flow perfusion at the reference area

× 100 PU

Statistical Analysis
The sample size was estimated to be significant with 10
participants with an alpha of 0.05 and a beta of 0.8
by using PASS Statistical Software (NCSS, LLC). Statistical
analyses were conducted using SPSS 26.0 (IBM, United States).
Shapiro–Wilk test was used to assess continuous variables for
normality. Paired t-test was used to assess normally distributed
continuous variables, and results are presented as mean and
standard deviation. Ordinal categorical variables were assessed
using the Wilcoxon signed rank sum test, and results are
presented as median and interquartile range. Spearman’s rank
correlation coefficient was used to measure the association of
non-normally distributed continuous variables or categorical
variables. Significance was set to the level of p < 0.05.

FIGURE 2 | The measurement of blood flow perfusion was acquired by laser
speckle contrast imaging. An ROI of the target area was precisely drawn. The
absolute value of the blood flow perfusion at ROI was obtained by the
acquisition.

RESULTS

Twenty-three patients (thirteen women and ten men) were
enrolled in the study and retained throughout the 6 months to
study completion, whose average age was 24.82 ± 5.93 years,
and average BMI was 21.52 ± 1.77 kg/m2 (Table 1). Seventeen
patients received AFG in the forehead, and six patients received
AFG in the cheek. No patients were found with infection,
hematoma, seroma, or other serious adverse events.
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TABLE 1 | Descriptive information of the participants.

Item Number

Number 23

Male 10

Female 13

Age (yr) 24.82 ± 5.93

BMI (kg/m2) 21.52 ± 1.77

Duration (yr) 11.75 ± 3.55

Lesion site

Forehead 17

Cheek 6

Blood flow

Pre-operation (PU) 100.42 ± 10.62

Six-month follow-up (PU) 115.08 ± 14.39

Blood flow increase ratio 1.15 ± 0.14

Fat retention 34.56% ± 11.89%

BMI, body mass index.

The fat retention at the 6-month follow-up was 34.56 ± 11.89
percent. At the 6th month of follow-up, the blood perfusion
at the lesion area was 115.08 ± 14.39 PU, significantly higher
than 100.42 ± 10.62 PU at the pre-operation (p = 0.010).
The blood perfusion at follow-up relatively increased by an
average of 1.15 ± 0.14 times before the operation. Results from
the univariable and multiple variable regression analyses on
fat retention are presented in Table 2. Spearman’s correlation
coefficient analysis further showed no association between the
increase in the blood perfusion (the blood flow increase ratio)
and fat graft retention (r = −0.082, p = 0.811). Clinical outcome
assessment further showed the dyspigmentation, skin thickness,
soft tissue atrophy, facial symmetry, facial proportion, facial
profile, and PUMC LSFAI scores of the participants significantly
improved at follow-up, except for the surface area of the lesion
item (Supplementary Table 1). Spearman’s rank correlation
coefficient analysis showed no association between fat retention
and PUMC LSFAI scores (r =−0.014, p = 0.967).

DISCUSSION

Localized scleroderma is a chronic benign inflammatory
connective tissue disease that manifests as various plaques of

different shapes and sizes with signs of skin inflammation,
sclerosis, and atrophy (1, 2). A complex hypothetical mechanism
of the pathogenesis of LS has been proposed, where vessels are
affected and may, in return, contribute to its further development
(5, 18, 19). The inflammatory reaction is the primary process
in the early phase, attacking the vessels in the dermis and
subcutaneous tissues and invading the adipose tissues (1, 5).
The fibrosis process gradually takes place in the skin, with the
progressive destruction of adipose tissues, resulting in the facial
impairment of facial atrophy and depigmentation on the patient
(2, 19).

Many studies have shown that local blood perfusion in the
plaque is positively correlated with the activity of scleroderma;
therefore, it can be used to predict disease progression and disease
activity (7, 13, 20, 21). In the active inflammatory phase, the
blood perfusion in the plaque increases, which is caused by
inflammatory infiltration and vascular changes (13, 21). As the
disease stabilizes, the blood flow tends to be normal, with no
difference from the normal sites (14, 17).

In this study, we found that the blood perfusion in the
lesion area relatively increased after AFG, which has never been
reported in the literature. We reckon this result should not be
interpreted as the reactivation of the disease as the patients’
symptoms did not worsen, and no occurrence of new lesions.
The increase in local blood perfusion should be considered as
a consequence of fat grafting, which is consistent with other
studies (22). To date, two hypotheses of the mechanism of
fat graft survival after transplantation have been proposed:
graft survival theory and graft replacement (fat regeneration)
theory (23). The mechanism of fat graft survival theory is
based on the establishment of early blood circulation (23).
Graft replacement theory believes that adipose-derived stem
cells (ASCs) play a significant role in the graft replacement by
promoting adipogenesis and angiogenesis (24). Both theories
emphasize that the increase in local blood supply is beneficial
and necessary to improve fat graft retention (9, 25, 26). Because
adipocytes have poor tolerance to ischemic stress and undergo
apoptosis and necrosis as early as 12 h under ischemia-mimicking
conditions (27). ASCs can secrete multiple angiogenesis-related
cytokines, including VEGF, HGF, GM-CSF, IGF-1, and PDGF,
thereby prompting vascularization to increase fat survival and
regeneration (24). Furthermore, we found that, although the
local blood perfusion increased after AFG, the fat retention rate

TABLE 2 | Regression analysis of fat graft retention at the follow-up.

Characteristic Univariable analysis Multiple variable analysis

Coefficient 95% CI p Coefficient 95% CI p

Age 0.195 −0.009 to 0.016 0.566 0.787 −0.008 to 0.034 0.163

Gender −0.027 −0.148 to 0.137 0.937 0.194 −0.190 to 0.264 0.677

Site 0.149 −0.126 to 0.189 0.663 −0.141 −0.243 to 0.183 0.718

Duration 0.414 −0.008 to 0.031 0.206 0.464 −0.012 to 0.038 0.231

BMI −0.318 −0.058 to 0.022 0.341 −0.967 −0.121 to 0.013 0.088

Blood flow increase ratio 0.042 −0.492 to 0.551 0.902 0.797 −0.480 to 1.583 0.212

BMI, body mass index.
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was not proportional to the increase in blood perfusion. This
result indicates that fat retention involves many factors, and the
increase in blood perfusion is only one part of it.

Another finding in this study was that AFG significantly
improved facial aesthetics in many aspects, including soft
tissue volume, skin thickness, pigmentation, facial symmetry,
proportion, and profile. The increase in soft tissue volume
directly results from AFG and further improves the overall
facial aesthetics. In contrast, the skin texture and pigmentation
changes may come from the regenerative effects of fat grafting
(28). The regenerative effect of fat graft allows improvement of
skin texture, including skin thickness and skin elasticity (29).
Skin color modification can also be caused by diminishing local
inflammation or by augmenting melanin (30). As proved in
many disease models, such as aging and wound remodeling,
these regenerative effects are considered the consequences of the
paracrine function of ASCs (31).

Furthermore, previous studies on LS have shown ASCs
had multiple advantages of immunomodulatory effects to limit
inflammation and reduce fibrosis. By providing potent anti-
inflammatory cytokines, such as interleukin-10, indoleamine
2,3-dioxygenase, and nitric oxide, ASCs have been proved
to effectively disrupt the inflammatory response, inhibit the
release of proinflammatory mediators, and decrease antigen
presentation and phagocytosis, suppressing LS progression
(32, 33). Meanwhile, increased anti-inflammatory cytokines also
reduce the conversion of fibroblasts to myofibroblasts, thereby
lessening the deposition of collagen in the skin and reversing the
underlying fibrosis (34, 35). However, the area of lesions showed
no significant improvement in this study due to the relatively
insufficient follow-up time.

One of the limitations of this article is the small sample
size. In addition, the measurement of the skin fibrosis and skin
thickness of patients with LS was not achieved in this study.
These indicators may represent the severity and prognosis of
the disease, thereby facilitating the assessment of the outcome or
reactivation of the disease after fat grafting.

CONCLUSION

Autologous fat grafting significantly improved the impaired
facial aesthetics, including soft tissue atrophy, skin thickness,

dyspigmentation. Local blood perfusion in the lesion area
relatively increased after AFG, but no direct relationship was
found between fat retention and increased blood supply.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Peking Union Medical College Hospital. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

HW and XL: conceptualization and supervision. HW:
methodology, validation, and writing – original draft preparation.
HW, YL, ZJL, LW, and ZML: formal analysis and investigation
and resources. XL: writing – review and editing and funding
acquisition. All authors contributed to the article and approved
the submitted version.

FUNDING

This study was funded by the National Key R&D Program of
China (2020YFE0201600) and the Medical Science and Health
Technology Innovation Project (2021-I2M-1-003).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.945691/full#supplementary-material

REFERENCES
1. Wang HC, Dong R, Long X, Wang X. Aesthetic and therapeutic outcome of

fat grafting for localized scleroderma treatment: from basic study to clinical
application. J Cosmet Dermatol. (2021) 20:2723–8. doi: 10.1111/jocd.13941

2. Careta MF, Romiti R. Localized scleroderma: clinical spectrum and therapeutic
update. An Bras Dermatol. (2015) 90:62–73. doi: 10.1590/abd1806-4841.
20152890

3. Wang HC, Ling S, Wang X, Long X, Sun ET, Yu N, et al. The development and
initial validation of PUMC localized scleroderma facial aesthetic index: a pilot
study. Aesthetic Plast Surg. (2021) 45:1531–9. doi: 10.1007/s00266-020-02111-4

4. Lee JH, Lim SY, Lee JH, Ahn HC. Surgical management of localized
scleroderma. Arch Craniofac Surg. (2017) 18:166–71.

5. Strong AL, Rubin JP, Kozlow JH, Cederna PS. Fat grafting for the treatment of
scleroderma. Plast Reconstr Surg. (2019) 144:1498–507.

6. Wang C, Long X, Si L, Chen B, Zhang Y, Sun T, et al. A pilot study on ex vivo
expanded autologous adipose-derived stem cells of improving fat retention
in localized scleroderma patients. Stem Cells Transl Med. (2021) 10:1148–56.
doi: 10.1002/sctm.20-0419

7. Shaw LJ, Shipley J, Newell EL, Harris N, Clinch JG, Lovell CR. Scanning laser
doppler imaging may predict disease progression of localized scleroderma in
children and young adults. Br J Dermatol. (2013) 169:152–5. doi: 10.1111/bjd.
12255

8. Rongioletti F, Ferreli C, Atzori L, Bottoni U, Soda G. Scleroderma with an
update about clinico-pathological correlation. G Ital Dermatol Venereol. (2018)
153:208–15. doi: 10.23736/S0392-0488.18.05922-9

9. Chen L, Wang L, Li Y, Wuang L, Liu Y, Pang N, et al. Transplantation of Normal
adipose tissue improves blood flow and reduces inflammation in high fat fed
mice with hindlimb ischemia. Front Physiol. (2018) 9:197. doi: 10.3389/fphys.
2018.00197

Frontiers in Medicine | www.frontiersin.org 5 June 2022 | Volume 9 | Article 945691

https://www.frontiersin.org/articles/10.3389/fmed.2022.945691/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.945691/full#supplementary-material
https://doi.org/10.1111/jocd.13941
https://doi.org/10.1590/abd1806-4841.20152890
https://doi.org/10.1590/abd1806-4841.20152890
https://doi.org/10.1007/s00266-020-02111-4
https://doi.org/10.1002/sctm.20-0419
https://doi.org/10.1111/bjd.12255
https://doi.org/10.1111/bjd.12255
https://doi.org/10.23736/S0392-0488.18.05922-9
https://doi.org/10.3389/fphys.2018.00197
https://doi.org/10.3389/fphys.2018.00197
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-945691 June 17, 2022 Time: 15:6 # 6

Wang et al. Fat Graft and Blood Flow

10. Strong AL, Cederna PS, Rubin JP, Coleman SR, Levi B. The current state of
fat grafting: a review of harvesting, processing, and injection techniques. Plast
Reconstr Surg. (2015) 136:897–912. doi: 10.1097/PRS.0000000000001590

11. Xiong S, Yi C, Pu LLQ. An overview of principles and new techniques for facial
fat grafting. Clin Plast Surg. (2020) 47:7–17. doi: 10.1016/j.cps.2019.08.001

12. Weibel L, Theiler M, Howell KJ, Denton CP, Waelchli R, Atherton D,
et al. Prospective evaluation of treatment response and disease reversibility
of paediatric localized scleroderma (morphoea) to steroids and methotrexate
using multi-modal imaging. J Eur Acad Dermatol Venereol. (2020) 34:1609–16.
doi: 10.1111/jdv.16308

13. Murray AK, Moore TL, Manning JB, Dinsdale G, Wilkinson J, Bhushan M,
et al. Non-invasive imaging of localised scleroderma for assessment of skin
blood flow and structure. Acta Derm Venereol. (2016) 96:641–4. doi: 10.2340/
00015555-2328

14. Chen B, Wang X, Long X, Zhang M, Huang J, Yu N, et al. Supportive use of
adipose-derived stem cells in cell-assisted lipotransfer for localized scleroderma.
Plast Reconstr Surg. (2018) 141:1395–407. doi: 10.1097/PRS.0000000000004386

15. Roustit M, Millet C, Blaise S, Dufournet B, Cracowski JL. Excellent
reproducibility of laser speckle contrast imaging to assess skin microvascular
reactivity. Microvasc Res. (2010) 80:505–11. doi: 10.1016/j.mvr.2010.05.012

16. Rao H, Wang J, Giannetta J, Korczykowski M, Shera D, Avants BB, et al.
Altered resting cerebral blood flow in adolescents with in utero cocaine
exposure revealed by perfusion functional MRI. Pediatrics. (2007) 120:e1245–
54. doi: 10.1542/peds.2006-2596

17. Weibel L, Howell KJ, Visentin MT, Rudiger A, Denton CP, Zulian F, et al. Laser
doppler flowmetry for assessing localized scleroderma in children. Arthritis
Rheum. (2007) 56:3489–95. doi: 10.1002/art.22920

18. Fett N. Scleroderma: nomenclature, etiology, pathogenesis, prognosis, and
treatments: facts and controversies. Clin Dermatol. (2013) 31:432–7. doi: 10.
1016/j.clindermatol.2013.01.010

19. Valanciene G, Jasaitiene D, Valiukeviciene S. Pathogenesis and treatment
modalities of localized scleroderma. Medicina (Kaunas). (2010) 46:649–56.

20. Moore TL, Vij S, Murray AK, Bhushan M, Griffiths CE, Herrick AL. Pilot
study of dual-wavelength (532 and 633 nm) laser doppler imaging and infrared
thermography of morphoea. Br J Dermatol. (2009) 160:864–7. doi: 10.1111/j.
1365-2133.2008.08933.x

21. Wortsman X, Wortsman J, Sazunic I, Carreno L. Activity assessment in
morphea using color doppler ultrasound. J Am Acad Dermatol. (2011) 65:942–
8.

22. Bank J, Fuller SM, Henry GI, Zachary LS. Fat grafting to the hand in patients
with Raynaud phenomenon: a novel therapeutic modality. Plast Reconstr Surg.
(2014) 133:1109–18.

23. Pu LL. Mechanisms of fat graft survival. Ann Plast Surg. (2016) 77:S84–6.
24. Mashiko T, Yoshimura K. How does fat survive and remodel after grafting?

Clin Plast Surg. (2015) 42:181–90. doi: 10.1016/j.cps.2014.12.008
25. Rehman J, Traktuev D, Li J, Merfeld-Clauss S, Temm-Grove CJ, Bovenkerk

JE, et al. Secretion of angiogenic and antiapoptotic factors by human adipose
stromal cells. Circulation. (2004) 109:1292–8. doi: 10.1161/01.CIR.0000121425.
42966.F1

26. Flacco J, Chung N, Blackshear CP, Irizarry D, Momeni A, Lee GK, et al.
Deferoxamine preconditioning of irradiated tissue improves perfusion and fat
graft retention. Plast Reconstr Surg. (2018) 141:655–65.

27. Eto H, Kato H, Suga H, Aoi N, Doi K, Kuno S, et al. The fate of adipocytes
after nonvascularized fat grafting: evidence of early death and replacement of
adipocytes. Plast Reconstr Surg. (2012) 129:1081–92.

28. Coleman SR. Structural fat grafting: more than a permanent filler. Plast
Reconstr Surg. (2006) 118:108S–20S. doi: 10.1097/01.prs.0000234610.81672.e7

29. Mojallal A, Lequeux C, Shipkov C, Breton P, Foyatier JL, Braye F, et al.
Improvement of skin quality after fat grafting: clinical observation and an
animal study. Plast Reconstr Surg. (2009) 124:765–74.

30. Yin Y, Li J, Li Q, Zhang A, Jin P. Autologous fat graft assisted by stromal
vascular fraction improves facial skin quality: a randomized controlled trial. J
Plast Reconstr Aesthet Surg. (2020) 73:1166–73. doi: 10.1016/j.bjps.2019.11.010

31. Qin F, Huang J, Zhang W, Zhang M, Li Z, Si L, et al. the paracrine effect of
adipose-derived stem cells orchestrates competition between different damaged
dermal fibroblasts to repair UVB-induced skin aging. Stem Cells Int. (2020)
2020:8878370. doi: 10.1155/2020/8878370

32. Djouad F, Bouffi C, Ghannam S, Noel D, Jorgensen C. Mesenchymal stem cells:
innovative therapeutic tools for rheumatic diseases. Nat Rev Rheumatol. (2009)
5:392–9. doi: 10.1038/nrrheum.2009.104

33. Mert T, Kurt AH, Arslan M, Celik A, Tugtag B, Akkurt A. Anti-inflammatory
and anti-nociceptive actions of systemically or locally treated adipose-derived
mesenchymal stem cells in experimental inflammatory model. Inflammation.
(2015) 38:1302–10. doi: 10.1007/s10753-014-0101-1

34. Wang L, Hu L, Zhou X, Xiong Z, Zhang C, Shehada HMA, et al. Exosomes
secreted by human adipose mesenchymal stem cells promote scarless cutaneous
repair by regulating extracellular matrix remodelling. Sci Rep. (2017) 7:13321.

35. Chen W, Xia ZK, Zhang MH, Ding GC, Zhang XY, Wang ZX, et al. Adipose
tissue-derived stem cells ameliorates dermal fibrosis in a mouse model of
scleroderma. Asian Pac J Trop Med. (2017) 10:52–6. doi: 10.1016/j.apjtm.2016.
10.005

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wang, Li, Li, Wang, Li and Long. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 6 June 2022 | Volume 9 | Article 945691

https://doi.org/10.1097/PRS.0000000000001590
https://doi.org/10.1016/j.cps.2019.08.001
https://doi.org/10.1111/jdv.16308
https://doi.org/10.2340/00015555-2328
https://doi.org/10.2340/00015555-2328
https://doi.org/10.1097/PRS.0000000000004386
https://doi.org/10.1016/j.mvr.2010.05.012
https://doi.org/10.1542/peds.2006-2596
https://doi.org/10.1002/art.22920
https://doi.org/10.1016/j.clindermatol.2013.01.010
https://doi.org/10.1016/j.clindermatol.2013.01.010
https://doi.org/10.1111/j.1365-2133.2008.08933.x
https://doi.org/10.1111/j.1365-2133.2008.08933.x
https://doi.org/10.1016/j.cps.2014.12.008
https://doi.org/10.1161/01.CIR.0000121425.42966.F1
https://doi.org/10.1161/01.CIR.0000121425.42966.F1
https://doi.org/10.1097/01.prs.0000234610.81672.e7
https://doi.org/10.1016/j.bjps.2019.11.010
https://doi.org/10.1155/2020/8878370
https://doi.org/10.1038/nrrheum.2009.104
https://doi.org/10.1007/s10753-014-0101-1
https://doi.org/10.1016/j.apjtm.2016.10.005
https://doi.org/10.1016/j.apjtm.2016.10.005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

	Association Between Fat Graft Retention and Blood Flow in Localized Scleroderma Patients: A Pilot Study
	Introduction
	Patients and Methods
	Study Design and Intervention
	Liposuction, Graft Preparation, and Grafting
	Clinical Assessment
	Magnetic Resonance Imaging Analysis
	Measurement of Facial Blood Flow Perfusion
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


