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INTRODUCTION
Progressive hemifacial atrophy (PHA), also known 

as Parry–Romberg syndrome (PRS), is a rare craniofa-
cial disorder characterized by progressive atrophy of 

the skin, subcutaneous tissue, fat, and, in severe cases, 
underlying muscle and bone structures with a hemifacial 
distribution.1 Disease onset typically occurs within the 
first 20 years of life, although later onset cases have been 
described.2 Symptoms progress over a 2- to 10-year self-
limiting period.3 The pathogenesis of PHA needs to be 
better understood. Trauma, infection, immune abnor-
malities,4,5 trigeminal nerve injury,6 sympathetic dysfunc-
tion, neural crest cell disorder,7 MTOR gene, and DHX37 
gene8 may all be implicated in this disease. The impact 
of PHA extends beyond physical appearance. When mus-
cle involvement is significant, patients may struggle with 
chewing, speaking, and closing the affected eye, leading 
to complications such as malnutrition, speech difficul-
ties, and eye issues such as dryness and exposure kera-
titis.4,9 The international standard staging criteria10 for 
PHA are shown in Supplemental Digital Content 1. (See 
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table, Supplemental Digital Content 1, which displays the 
Guerrerosantos classification of PHA, http://links.lww.
com/PRSGO/D870.) The visible nature of the disorder 
often results in considerable psychological distress, fos-
tering negative self-perception and leading to social with-
drawal and isolation.4

Current treatments are shown in Supplemental 
Digital Content 2,1,11–22 and the current management 
of PHA with soft-tissue deficiency mainly requires sur-
gical treatment to resolve the facial asymmetry.7 (See 
table, Supplemental Digital Content 2, which displays 
surgical treatment methods commonly used for PHA 
with soft-tissue defect, http://links.lww.com/PRSGO/
D871.) Vascularized free tissue flaps or muscle flaps, 
autologous fat grafting (AFG), stromal vascular fraction 
(SVF) gel grafting, and synthetic tissue fillers all have 
limitations, so there is an urgent need to develop inno-
vative therapeutic methodologies for PRS soft-tissue 
reconstruction.

With good histocompatibility and low inflammatory 
response, acellular dermal matrix (ADM) material, partic-
ularly the reticular type, can provide a 3-dimensional (3D) 
spatial structure to induce fibroblasts and vascular endo-
thelial cells with regenerative ability to grow into their 
framework through extracellular matrix components and 
intrinsic growth factors, which increases the cell volume 
and promotes the regenerative repair of subcutaneous 
soft tissues.23 Preoperative digital analysis techniques can 
provide a more precise and objective estimation of the 
location, area, shape, and thickness of soft-tissue defects, 
greatly enhancing the accuracy of preoperative assess-
ment, treatment planning, and surgical outcome predic-
tion and improving the operators’ and patients’ concrete 
grasp of the surgical procedures, thus realizing precise 
repair.24,25

Over 13 years of clinical practice, our team has expe-
rienced a 3-phase approach for treating mild-to-moderate 
PRS. Initially, we combined autologous free tissue flap 
transplantation with Medpor for mandibular reconstruc-
tion. This evolved into a dual approach using autologous 
free tissue flap with second-stage AFG and, most recently, 
ADM combined with second-stage AFG. Our preopera-
tive evaluation methods have also advanced from 16-slice 
computed tomography scanning to 3.0T magnetic reso-
nance imaging and, ultimately, to digital 3D scanning. 
For patients with mild-to-moderate PHA, we have now 
developed a 2-stage facial reconstruction technique: ADM 
based on preoperative 3D digital assessment, followed by 
secondary AFG. Since 2022, this innovative approach has 
yielded successful first-stage procedures in 8 patients, with 
2 completing their second-stage procedures and achieving 
highly satisfactory outcomes. This article summarized the 
results of our phase 1 procedures, offering new insights 
for mild-to-moderate PRS.

METHODS

Study Design
Fourteen patients diagnosed with PHA who received 

surgical treatment from Prof. Ximei Wang at the Medical 

Aesthetic Center of the First Affiliated Hospital of 
Zhengzhou University between September 2021 and July 
2024 were included in this study; 8 cases were included 
according to the criteria. The inclusion criteria were as 
follows: diagnosis by 3 craniomaxillofacial plastic surgeons 
(more than 3 years in the field) as Guerrerosantos II and 
III PHA10; no bone repair indications; no other congeni-
tal craniomaxillofacial deformities, tumors, injuries, or 
infections; nonprogressive disease state for at least 1 year 
before surgical treatment; well-documented preopera-
tive computed tomography, magnetic resonance imaging, 
and digital analysis data; no mental deficits or systemic  
diseases; and informed consent given to participate in  
this study.

Preoperative Design and Planning
Preoperative 3D scanning of the patient’s craniomax-

illofacial region was conducted using a multifunctional 
handheld 3D scanner (Shining 3D, EinScan Pro 2X Plus, 
China). The image data were analyzed using Materialise’s 
interactive medical image control system (Mimics, 
Leuven, Belgium). (See figure, Supplemental Digital 
Content 3, which shows a flowchart of the digital analytics 
process, http://links.lww.com/PRSGO/D872.) This pro-
cess enabled the creation of 3D models of the soft-tissue 
defects, allowing for an accurate preoperative assessment 
of the volume, shape, area, thickness, and position of the 
soft-tissue deficiency requiring repair.

In addition to 3D scanning, standardized preoperative 
photographs of each patient’s face were taken. Patients 
also evaluated their subjective aesthetic outcomes by com-
pleting the FACE-Q craniofacial module, which included 
assessments of the operative area, face, face appearance 
of the smile, appearance distress, psychological function, 
and social function. All scales were scored on a percent-
age basis.

Surgical Procedure
Initially, the first-stage surgical plan was precisely 

guided by the 3D model and scanning data analysis of the 
soft-tissue defect, combined with the anatomical structure 

Takeaways
Question: Are there any innovative therapeutic meth-
odologies for Parry–Romberg syndrome soft-tissue 
reconstruction?

Findings: For patients with mild-to-moderate progressive 
hemifacial atrophy, we have developed a 2-stage facial 
reconstruction technique: acellular dermal matrix based 
on preoperative 3-dimensional digital assessment, followed 
by secondary autologous fat grafting. This approach has 
yielded successful first-stage procedures in 8 patients, with 2 
completing their second-stage procedures. First-stage pro-
cedures can achieve the dual goals of soft-tissue augmenta-
tion and morphological and structural reconstruction.

Meaning: This study provided new surgical perspectives 
for patients with mild-to-moderate progressive hemifacial 
atrophy.
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of the atrophic area. This approach determined the 
ADM’s anticipated size, shape, and placement.

Next, the target area for ADM placement was marked 
on the skin surface. The designated area was then iso-
lated from the superficial muscular aponeurotic system 
(SMAS) and elevated to create a well-defined subcutane-
ous tunnel. Using a calibrated ruler and nonabsorbable 
sutures, the ADM (Model No. J-1 Type A, Beijing Jayyalife 
Biological Technology Co., Ltd., China) was strategically 
folded, trimmed, and pieced together to form a layered 
composite dermis that matched the required shape, size, 
and volume.

The composite dermis was then elevated and placed 
into the prepared subcutaneous pocket. The margins 
were secured to the adjacent skin using monofilament 
absorbable sutures, ensuring stability and integration. 
The primary focus was to anchor the ends of the compos-
ite dermis at the origin and termination points of criti-
cal ligaments or muscles within the atrophic area, thereby 
reconstructing the facial structure and layers. (See figure, 
Supplemental Digital Content 4, which shows a map of 
the facial area and important superficial muscles, http://
links.lww.com/PRSGO/D873.)

Postoperative Evaluation
Postoperatively, each patient’s face was photographed 

in a standard position. The patients completed the FACE-Q 
craniofacial module. Subjective aesthetic improvement 
was evaluated by an independent third party (ie, 2 plastic 
surgeons not involved in this study).26

Statistical Analysis
This study utilized SPSS version 25.0 to perform nor-

mality tests and appropriate paired t tests or Wilcoxon 
signed-rank tests on the preoperative and postoperative 
scores from 6 sets of the FACE-Q craniofacial module com-
pleted by patients.

RESULTS

The Demographic Information and Baseline Characteristics
The study enrolled 8 patients diagnosed with 

Guerrerosantos type II and III PHA. The preoperative 
self-assessed FACE-Q facial function scale score was uni-
formly zero. Detailed patient information is presented 
in Table 1. The follow-up period was 6–27 months (mean 
16 mo).

Preoperative Digital Evaluation and 3D Printing
The preoperative images generated by the 3D scan-

ning and digital analysis software and the 3D-printed one-
to-one model of the facial defect section guiding the 
surgery are shown in Figures 1A-C. Preoperative assess-
ment data of the facial defects in the 8 enrolled patients 
are shown in Table 2.

Therapeutic Results
The average preoperative ADM size in all 8 patients 

was 6.475 cm², with a thickness of approximately 1 mm in 
its freshly unsealed state. ADM placement, volume, and 
thickness corresponded closely with the preoperative 
goals of the 1-stage procedure based on 3D assessments 
(Figs. 1D, E). Postoperatively, there was a significant 
improvement in morphological and volumetric symmetry 
between the affected and unaffected sides (Fig. 2). It 
achieves both morphological and structural reconstruc-
tion, which benefits the patient’s facial function and men-
tal health in the later stages of restoration and provides 
the proper chamber and levels for the second stage of 
AFG. (See figure, Supplemental Digital Content 5, which 
shows preoperative and postoperative score changes on 
the FACE-Q craniofacial module, http://links.lww.com/
PRSGO/D874.)

Safety Results
In 7 patients, the subcutaneous tissue in the treated 

area was slightly firmer to the touch than the surround-
ing normal tissue; however, this did not impact facial 
expression. Over 1–2 years, the subcutaneous tissue in the 
treated area gradually softened. One patient experienced 
occasional tingling at the incision site, which significantly 
improved and resolved within 6 months postoperatively. 
Another patient reported mild itchiness in the treated 
area during high temperatures, which improved and 
resolved within 6 months. All patients exhibited good 
healing without complications such as allergic reactions, 
infections, granuloma formation, migration or extrusion, 
or overcorrection.

Satisfaction
Data on the patients’ preoperative and postoperative 

scores on the FACE-Q craniofacial scale are shown in 
Table 3 and Supplemental Digital Content 5 (Supplemental 
Digital Content 5, http://links.lww.com/PRSGO/D874). 
The results of the independent third-party evaluations are 
shown in Supplemental Digital Content 6. (See figure, 

Table 1. The Information of All Enrolled Patients
Number Sex Age at Consultation, y Side of Disease Guerrerosantos Typing Age of Onset, y Time Since Onset, y

1 Male 24 Left III 5 19
2 Male 17 Left III 1 16
3 Male 12 Right II 6 6
4 Female 23 Right III 3 20
5 Female 31 Left II 27 4
6 Female 20 Right II 12 8
7 Female 17 Left II 11 6
8 Female 20 Left II 5 15
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Supplemental Digital Content 6, which shows the percent-
age of third-party evaluation results, http://links.lww.
com/PRSGO/D875.)

Case Reports
Case 1

A 31-year-old woman presented with type II PHA on 
the left side of her face, as classified by Guerrerosantos. 
She had experienced hemifacial atrophy for 4 years, 
with the deepest depression in the left zygomatic region 
measuring approximately 6.3 mm, and a surface area 
with a depression depth greater than 4 mm measuring 
1085 mm² (Fig. 1B). During surgery, 2 reticulated ADM 
pieces (5 × 6 cm²) were tailored and sutured to create a 
composite dermis, anchored primarily at the origins and 
insertions of the zygomatic arch ligaments and the lower 
half of the orbicularis oculi muscle. The face appeared 
slightly bloated 1 week postoperatively (Figs. 2C, D). The 
thickest portion of the postoperative increase compared 
with the preoperative period was approximately 7 mm, 
with a total volume increase of 9842 mm³ (Figs. 1D-F). 

Fig. 1. a graph that shows digital analysis and 3D printing of preoperative soft-tissue deficits in case 1, along with postoperative digital analysis 
of the soft-tissue augmentation: Preoperative assessment revealed a maximum soft-tissue depression of approximately 6.9 mm, with a surface 
area of about 1085 mm² where the depth exceeded 4 mm. Postoperative analysis showed a maximum soft-tissue gain of approximately 7 mm. 
a, Orthostatic view of preoperative patient scan data. B, Size measurement and depth distribution of facial defects. C, One-to-one 3D model-
ing of defects. D, Frontal view of postoperative changes relative to preoperative changes. e, thickness analysis of the increased portion of the 
postoperative relative to the preoperative period. F, Partial fluoroscopic view of postoperative changes relative to preoperative changes.

Table 2. Patient Assessment of Preoperative Anterior Soft-
tissue Defects

Number

Preoperatively 
Evaluated Soft- 

tissue Defect (mm³)

Depression 
Depth Maximum 

(mm)

Exterior Area 
of the Defec-

tive Part (mm²)

1 18,153 9.8 1003
2 10,621 3.25 6643
3 2285 5 1239
4 3784 6.5 1723
5 9842 6.3 1085
6 6310 6.5 2723
7 6194 5.4 3426
8 5570 5.37 2697

http://links.lww.com/PRSGO/D875
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Follow-up indicated significant improvement in facial con-
tour and symmetry. The patient experienced slight itch-
ing in the operated area when the ambient temperature 
was high, which resolved within 6 months. A symmetrical 
facial appearance was achieved 4 months postoperatively 
(Figs. 2E, F), and the patient expressed high satisfaction 
with the aesthetic outcome.

Case 2
A 12-year-old boy presented with type I PHA on the 

right side of his face, as classified by Guerrerosantos. He 
had experienced hemifacial atrophy for 6 years, with facial 

defects primarily in the right chin region. The thickest 
part of the defect was approximately 5 mm, with a volume 
of 2285 mm³ and an external area of 1239 mm². (See fig-
ure, Supplemental Digital Content 7, which shows digital 
analysis of preoperative soft-tissue defects in case 2, http://
links.lww.com/PRSGO/D876.) During surgery, we made 
a hidden incision on the surface of the diastasis fossa, and 
2 reticulated ADM pieces (5 × 6 cm²) were trimmed and 
sutured to form a composite dermis with 4 layers in the 
deepest part of the depression and 2 layers in the marginal 
areas. The ADM was anchored at the origin and termina-
tion points of the mentalis and depressor labii inferioris 

Fig. 2. a photograph of a 31-year-old woman presented with type ii PHa, as classified by guerrerosantos, who under-
went aDM implantation. the patient is shown preoperatively (a, B), 1 week postoperatively (C, D), and 4 months post-
operatively (e, F).

Table 3. Statistics of Differences in Postoperative Relative Preoperative Scale Scores
Data Categories The Operative Area Face Appearance of the Smile Appearance Distress Psychological Function Social Function

Preoperative mean 30.75 27.375 27.5 55.38 52.25 58.88
Postoperative mean 43.625 46.37 42.88 62.75 57.5 61.38
  t/Z value 4.937* 2.371† 5.498* 5.218* 2.527† 4.677*
  P value 0.002 0.018 0.001 0.001 0.012 0.002
A P value of less than 0.05 is considered statistically significant.
*The t values derived from the paired sample t tests.
†The Z values from the Wilcoxon signed-rank test.

http://links.lww.com/PRSGO/D876
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muscles. Postoperative follow-up showed significant 
improvement in facial contour and symmetry with no 
adverse effects (Fig. 3). The chin appeared slightly bloated 
1 month postoperatively (Figs. 3C, D). By 6 months, a 
good chin appearance was achieved (Fig. 3E), and the 
patient expressed high satisfaction with the aesthetic out-
come. One year after surgery, the ADM filler remained in 
position (Fig. 3F). The patient subsequently underwent a 
second stage of AFG. After this procedure, the contour of 
the defected area was soft and natural, and both the doc-
tor and patient were pleased with the results (Figs. 3G, H).

DISCUSSION

Effectiveness of the Treatment
ADM, a biological scaffold rich in collagen and growth 

factors, provides structural support for tissue regeneration 
and integration with the patient’s tissue. The SMAS consti-
tutes the third facial layer but is considered a conceptual 
structure in areas such as the cheek.27 In Guerrerosantos 
II and III PHA, where the skin, subcutaneous tissue, and 
muscles are affected, with occasional minor bone involve-
ment, the SMAS is often more extensively deficient. 
Among the patients we treated, we focused on areas such 
as the forehead, the inferomedial and lateral infraorbital 
regions, the medial zygomatic region, the cheek, and the 
chin. The muscle ligaments involved included the frontalis 

muscle, corrugator supercilii, zygomatic ligament, orbi-
cularis oculi retaining ligament, zygomaticus muscle, and 
mentalis muscle (Supplemental Digital Content 4, http://
links.lww.com/PRSGO/D873). We reconstructed the 
atrophic structures based on anatomical principles, using 
the superficial facial muscles as a foundation, effectively 
rebuilding the atrophied or absent SMAS for PHA patients. 
This reconstruction provided a safe approach for soft-tissue 
augmentation in patients with mild-to-moderate defects, 
achieving structural and functional restoration while creat-
ing an appropriate plane for secondary AFG. As a result, 
subsequent dynamic outcomes were more symmetrical and 
naturally expressive, contributing to improved psychologi-
cal well-being for the patients. It is worth mentioning that 
this article only statistically analyzes and shows the ADM 
implantation effect of 1 phase, not the final effect. ADM’s 
low resorption rate ensures long-term stability, reducing the 
need for surgical revisions and lowering cumulative health-
care costs. The alignment of ADM’s position, volume, and 
thickness with preoperative digital analysis results demon-
strates the precision and predictability of advanced digital 
planning tools, setting a benchmark for integrating 3D 
reconstruction and digital analysis in surgical planning.28

Safety of the Treatment
ADM gradually softens over 1–2 years, indicating 

good tissue compatibility despite initial firmness. Patients 

Fig. 3. a photograph of a 12-year-old boy presented with type ii PHa, as classified by guerrerosantos, who underwent aDM implantation. 
the patient is shown before first-stage surgery (a, B), 1-month after first-stage surgery (C, D), 6 months after first-stage surgery (e), 1-year 
after first-stage surgery (F), 1-day after second-stage surgery (g), and 1-week after second-stage surgery (H).

http://links.lww.com/PRSGO/D873
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experienced tingling and itching sensations that resolved 
spontaneously within 6 months, with no severe complica-
tions observed, such as allergic reactions, infections, gran-
uloma formation, or ADM displacement/extrusion. These 
findings support ADM’s safety and reliability as a soft-tissue 
augmentation material in facial reconstructive surgery.

Comparative Analysis
Recent studies28–32 on PHA soft-tissue defect treatment 

have focused on approaches such as free flap transplanta-
tion or AFG. Our method involves surgical filling of the 
atrophic area using ADM and offers several advantages 
over free tissue flaps and muscle flaps, including avoid-
ing donor site injury, easy availability, and ease of shaping 
during surgery. Postoperative observation over 6 months 
revealed no hypertrophy or sagging in the treated area, 
with ADM maintaining its volume and structural integrity. 
(See figure, Supplemental Digital Content 8, which shows 
a 21-year-old female patient who presented with type II 
PHA, as classified by Guerrerosantos, 10 years after trans-
plantation of a free latissimus dorsi muscle flap, http://
links.lww.com/PRSGO/D877.) AFG for treating mild-to-
moderate PHA has a survival rate of only around 40%.1 
Each procedure often requires overcorrection of 20%–
30%, with an average of more than 3 surgical sessions, and 
some patients may undergo as many as 8 procedures.33 
Although high-density fat grafting–assisted SVF gel34 can 
enhance the clinical utilization of fat, it does not resolve 
the issue of fat source availability. Furthermore, multiple 
procedures introduce various uncontrollable risks, par-
ticularly increasing anesthesia risks in pediatric patients.35 
In contrast, ADM does not have survival rate concerns. 
Using ADM as a foundational support in the first stage 
significantly alleviates issues related to fat source availabil-
ity. ADM can also be anchored according to ligament ori-
entation, ensuring stable shape during facial movements. 
Additionally, it does not require the complex preparation 
process associated with SVF gels and has fewer adverse 
reactions than synthetic tissue fillers.

Limitations
Limitations of this study include potential missing or 

incomplete data, a limited number of patients, and vari-
ability in follow-up duration, which may affect the gener-
alizability of our results and the ability to assess long-term 
effectiveness and potential complications. Evaluation at 3 
months postoperatively may be affected by the presence of 
swelling. ADM is also expensive, particularly for extensive 
tissue defects. Combining ADM with secondary AFG33,34 
could alleviate financial burdens. Additionally, using 
3D technology requires advanced computer skills or the 
involvement of a technical team, posing a barrier for some 
surgeons. Despite these limitations, our study contributes 
valuable insights into the existing literature on surgical 
treatment options for PRS.

Future Directions
Expanding research to include a larger and more 

diverse patient population will help validate our find-
ings across different demographic groups. Collaborative 

clinical trials and long-term outcome evaluations could 
refine treatment strategies and explore novel therapeu-
tic combinations. ADM’s role as a scaffold for tissue engi-
neering holds promise for regulating cellular behavior 
through microRNAs.36 Integrating digital technology in 
PHA management is revolutionary, potentially advanc-
ing digital imaging and surgical planning technologies. 
The rapid development of 4D imaging and virtual reality 
technologies offers new possibilities for improving surgi-
cal accuracy and patient outcomes. Combining 3D pho-
tography with artificial intelligence to create a large-scale  
facial 3D photograph database could link facial features 
with demographic characteristics, genotypes, and bio-
chemical markers, leading to a “facial omics” approach 
that could enhance disease diagnosis, treatment, and 
assessment.

CONCLUSIONS
This study provided new surgical perspectives for 

patients with mild-to-moderate PHA. ADM based on 
preoperative digital analysis for the treatment of PHA 
soft-tissue defects can achieve the dual goals of soft-
tissue augmentation and morphological and structural 
reconstruction and lead to safe, effective, relatively 
stable, and patient-satisfying results; however, fur-
ther studies are needed for validation and expansion. 
Digital analysis technology allows the precise preop-
erative assessment of facial soft-tissue deformities. 
Reconstructive surgeons may be able to use 3D software 
to assist in planning intricate procedures with more 
pleasing results as costs decrease.
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