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Abstract 
Background  Gluteal augmentation with polymethyl meth-
acrylate (PMMA) has gained popularity due to its durability, 
biostimulatory effects, and minimally invasive nature. How-
ever, data on safety and complication rates across different 
application techniques remain limited.
Objective  To evaluate complication rates in 5081 PMMA 
gluteal augmentation procedures performed in 3195 patients 
over 15 years, comparing three progressively refined 
techniques.
Methods  A retrospective cohort study was conducted 
at two clinical centers in Brazil between 2009 and 2024. 
Patients were categorized into three groups based on the 
technique used: Group 1: classic intramuscular injec-
tion under local anesthesia; Group 2: ultrasound-guided 

technique with gluteal mapping; and Group 3: Advanced 
Gluteal Modeling (MAG) technique with ultrasound guid-
ance and sedation. Complications were assessed through 
medical record review and included nodules, granulomas, 
infection, hematoma, and neurological symptoms.
Results  Among the 3195 patients (97% female), compli-
cation rates decreased across the groups: Group 1: 2.1%; 
Group 2: 1.7%; and Group 3: 1.4%. Nodules were the most 
common adverse event. No cases of necrosis or long-term 
neurological deficits were observed. The MAG technique 
demonstrated the lowest complication rate, attributed to 
improved precision from imaging and controlled settings.
Conclusions  The use of PMMA for gluteal augmentation 
is safe when performed by trained professionals. The MAG 
technique presented superior safety results, showing that 
advances in the technique, as well as performance in a con-
trolled environment, can significantly reduce complications.
Level of Evidence III  This journal requires that authors 
assign a level of evidence to each article. For a full descrip-
tion of these Evidence-Based Medicine ratings, please 
refer to the Table of Contents or the online Instructions to 
Authors  www.​sprin​ger.​com/​00266.

Keywords  Gluteal augmentation · PMMA · 
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Introduction

Nowadays, esthetic procedures have gained greater notoriety. 
This is because they have been applied not only to improve 
appearance, but also to improve quality of life [1]. Thus, 
many individuals continue to strive for an ideal body shape, 
and plastic surgery aims to fulfill these aspirations [2, 3].
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According to the American Society of Plastic Surgeons 
(ASPS), a 5% increase in the search for plastic surgery pro-
cedures has been observed year after year [4]. In addition, 
minimally invasive procedures have grown 7% annually, 
indicating a growing concern with esthetics, whose objec-
tives are achieved in a more economically viable way [4].

In this context, gluteal augmentation procedures have 
experienced significant expansion since its inception [3, 5]. 
The purpose of gluteal augmentation is to restore volume, 
correct ptosis, and enhance the shape of the buttocks, which 
can be compromised by soft tissue loss and skin laxity [6]. 
The ASPS reports a 6% increase in the number of procedures 
performed, where, whether through surgical or minimally 
invasive techniques, the goal has been to enhance the body 
in order to meet both the challenges of weight loss and the 
natural effects of the aging process [4].

Thus, gluteal remodeling can be achieved through autolo-
gous fat transfer, implantation of prostheses, use of autolo-
gous tissue flaps, injection of hyaluronic acid gel, and use 
of a combination of techniques [7–9]. In addition to these, 
we also have polymethyl methacrylate (PMMA), which is a 
filler used for gluteal augmentation, with commercial appli-
cations such as microspheres suspended in bovine collagen 
[10].

The PMMA consists of a highly stable, biocompatible 
synthetic polymer that maintains these characteristics even 
decades after its implantation [10, 11]. It is composed of 
microspheres suspended in a carrier solution. It acts as a 
matrix that induces a controlled inflammatory response, pro-
moting collagen biosynthesis and stimulating the growth of 
muscle tissue [1]. Thus, its results are long-lasting, in addi-
tion to promoting collagen biostimulation, which improves 
the texture and overall appearance of the skin [2].

A significant advantage of PMMA injections is that they 
can be performed in an ambulatory setting, while fat trans-
plant and silicone implants require a sterile surgical environ-
ment. Nonetheless, the need for multiple treatment sessions 
and the associated costs can be considered drawbacks of 
PMMA implants [12]. Due to its benefits, PMMA is exten-
sively utilized within the medical community, particularly in 
bone reconstruction and corrective procedures across neuro-
surgery, ophthalmology, and traumatology [1].

PMMA applications present a low risk of complications 
and migration. Adverse reactions are typically mild and tem-
porary, with common effects including hematoma formation 
and localized edema [1, 11]. Complications are limited to 
nodules, which are typically manageable [13].

In most cases, these nodules can be effectively treated 
with conservative interventions. Chacur et al. reported no 
cases of late infection or rejection of PMMA in 10 years 
of follow-up [13]. Furthermore, a potential complication 
associated with the use of fillers such as PMMA is fat 
embolism syndrome [14]. However, Oliveira CGA, et al. 

(2020) conducted a systematic review to show clinical stud-
ies addressing the occurrence of fat embolism syndrome in 
patients who underwent PMMA (polymethylmethacrylate) 
infiltration in bioplasty and found only one case report [14]. 
The authors highlighted that most reports of fat embolism 
were associated with liposuction procedures and bone 
trauma when PMMA use was mentioned, where no reports 
related to potentially fatal fat embolism were obtained [14].

In a safety report issued in 2026, the Brazilian National 
Health Surveillance Agency (Anvisa) highlights that dermal 
fillers such as PMMA can present serious risks when used 
outside the indications provided in the Instructions for Use 
of products registered with Anvisa.[15]. For this reason, the 
product should only be applied by a qualified medical [16].

Thus, in 2025, Anvisa conducted a reassessment of the 
risk–benefit profile of PMMA and its approved indications 
in Brazil. Based on the available evidence, it concluded that, 
when used within the approved indications and under appro-
priate conditions of use, highlighting the importance of the 
appropriate environment and technique, as well as a quali-
fied and experienced professional, the product presents an 
acceptable risk–benefit profile [17–19].

Considering the above, the present study aims to ana-
lyze the complications related to the 5081 gluteal surface 
procedures with PMMA performed on 3195 patients at the 
Clínica Prime units—Uruguaiana and São Paulo, Brazil, 
over time, according to the technical evolution of the appli-
cation process.

Materials and Methods

This study was reported as recommended by the Strengthen-
ing the Reporting of Observational studies in Epidemiology 
Statement (STROBE) [20]. Furthermore, the study was con-
ducted following the ethical standards of the National Com-
mission for Research Ethics (CONEP), the 1964 Declaration 
of Helsinki, respecting Law 14874 of May 28, 2024, and the 
General Law for the Protection of Personal Data (LGPD—
Law 13.709, of August 14, 2018) and with approval by the 
institutional human investigation committee (CAAE proto-
col number 86355025.7.0000.5323).

Study Design

A multi-surgeon, single-institution retrospective cohort 
study was conducted of all patients who underwent intra-
muscular gluteal filling, assisted by the PRIME Clinic, 
Uruguaiana and São Paulo units, Brazil, between October 
2009 and October 2024 was performed. Data were obtained 
through a review of medical records.
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Eligibility Criteria

All patients aged 18 years or older who underwent the glu-
teal remodeling procedure were considered eligible for the 
study. Cases with incomplete data or whose evaluation cri-
teria were not strictly followed were excluded.

Procedure

For this purpose, patients were divided into three groups 
according to the technique applied:

Group 1 (10 years): Classic intramuscular filling tech-
nique, performed in a clinic under local anesthesia.

Group 2 (3.5 years): Ultrasound-guided technique, intro-
ducing gluteal mapping before and during the procedure.

Group 3 (1.5 years): Advanced Gluteal Modeling (MAG) 
technique, developed by researchers, which consists of the 
intramuscular application of the filler material, always 
mapped and guided by ultrasound, and preferably under 
sedation. Within the muscle bellies, the PMMA function 
is to remodel, expanding the region and promoting a new 
shape to achieve the final objective, be it restorative and/or 
esthetic. To deliver the filler to the correct area, sterile and 
disposable cannulas with an 18G thickness and a length of 7 
or 10 cm should always be used. It is recommended, prefer-
ably, to use an application gun that facilitates the coupling 
of the syringe with the filler and the cannula, in addition to 
improving the doctor’s handling and dexterity during appli-
cation. Pre-procedure laboratory tests are recommended. 
More specific imaging tests are requested for all patients 
who have undergone any previous procedure on the but-
tocks. In the preparation of the patient, another group of 
analysis and physical examination must be performed in the 
orthostatic position, at which time preoperative photographs 
are obtained. The marking of the application areas must also 
be performed in the orthostatic position. It is advisable that 
the ultrasound mapping be done in detail before the local 
anesthesia is administered, with the patient already in the 
prone position. At this point, the anatomical structures must 
be properly understood, and the correct relationship of the 
planned areas must be found in the orthostatic position. 
With this well-made relationship, it is possible to avoid any 
“traps” that the change in positioning and the action of grav-
ity can cause. At this stage, the critical anatomical points 
must be detailed in a personalized manner, thus avoiding 
inadequate application of the filler in risk areas.

In this context, it is important to emphasize that diag-
nostic ultrasound has established itself as an essential tool 
in esthetic medicine, offering real-time, non-invasive, and 
safe assessment of the anatomical structures involved. In the 
pre-procedure, it allows detailed analysis of the layers of the 
skin and subcutaneous tissue, such as the epidermis, dermis, 
superficial and deep subcutaneous tissue, superficial fascia, 

anterior gluteal fascia, gluteus maximus muscle, and deep 
musculature, enabling individualized and safe planning of 
the intervention [21]. This stratification is visualized using 
a high-frequency linear transducer, with the adipose tissue 
being hypoechoic with hyperechoic septa, the gluteal fascia 
as a hyperechoic line, and the gluteus maximus muscle with 
a fibrillar pattern (Fig. 1) [22].

During the intra-procedure, the use of real-time ultra-
sound allows visualization of the tip of the cannula or nee-
dle, ensuring precise application of the product in the correct 
layer and avoiding vascular or deep structures. This tech-
nique significantly reduces the risk of complications, such as 
necrosis or embolism, increasing the predictability of results 
and patient safety (Fig. 2) [23, 24].

In the post-procedure period, ultrasound continues to be a 
fundamental ally, allowing the evaluation of the distribution 
of the applied material, identification of nodules, inflamma-
tion, fibrosis, or early signs of complications, in addition to 
assisting in monitoring the tissue response and in deciding 
on complementary procedures [21, 22].

At the current stage, in view of the discussion of the evo-
lution of the results and increased safety, whenever possible, 
it is recommended that the procedure be performed in a hos-
pital environment and under sedation controlled by an anes-
thesiologist. Outpatient treatment (in private clinics) may be 
an option for small volumes applied, but in these cases, it is 

Fig. 1   Ultrasound visualization of the gluteal anatomical layers using 
a high-frequency linear transducer. The subcutaneous tissue, gluteal 
fascia, gluteus maximus muscle, piriformis muscle, sciatic nerve, and 
sacral bone are identified. This allows precise identification of the 
intramuscular plane within the gluteus maximus, enabling safe place-
ment of the filler material while maintaining a safe distance from the 
sciatic nerve and deeper neurovascular structures
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also recommended that the clinic follow technical standards 
so that sedation can also be performed, always under the 
supervision of a responsible physician. Local anesthesia is 
administered in two stages: Buttons are inserted into the skin 
at the access points (using a 29G needle), through which 
incisions are made with an 18G needle, and immediately 
afterward the intramuscular application (always using a dis-
posable 18G blunt-tip cannula) of an anesthetic solution with 
ropivacaine or lidocaine. Once sedation and local anesthesia 
have been performed, through the same incisions previously 
made, using the disposable cannula, the filler is applied to 
the areas already marked. It is advisable to have an assistant 
with you at all times, since syringe changes need to be done 
quickly, and the detailed count of the volume applied to each 
sub-region needs to be done carefully. Ultrasound should 
also be routinely used at this stage, so that at key moments 
during the procedure, we can check the appropriate plane, 
the positioning of the cannula, the distance from important 
structures, and the muscle saturation by the filler.

At the end of the procedure, film dressings are applied to 
each wound. They must be of sufficient quality to last for at 
least 5–7 days. Patients are kept in the prone position in the 
recovery room and are instructed to maintain this position 
whenever they are lying down for the first 5 days. Patients 
should not sit directly on their buttocks during this same 

5-day period. Our experience shows that this measure, in 
addition to reducing episodes of pain, drastically reduces 
the formation of nodules and/or fibrosis. This is why we 
have developed a special cushion that patients can use when 
sitting without putting pressure on their buttocks during this 
initial period. For home use, antibiotics, anti-inflammatories, 
and analgesics are prescribed for this same period. It does 
not impede mobilizing the region or performing basic daily 
activities, but intense physical activity of the lower limbs is 
only allowed after 14 days of recovery.

Gluteal Filling

Furthermore, based on the results expected by the patients, 
as well as the muscle capacity to receive the filler, veri-
fied through clinical evaluation and imaging examinations, 
the patients underwent up to three PMMA applications. In 
the first application, a minimum volume of 120 mL and a 
maximum of 240 mL were used. In the second session, a 
minimum volume of 30 mL and a maximum of 120 mL were 
used, and for those who underwent a third session, a mini-
mum volume of 30 mL and a maximum of 90 mL were used.

For this purpose, the products of choice were Linnea 
Safe®, produced by the Brazilian laboratory Lebon, and 
Biossimetric® from MTC Medical.

Follow‑up

All patients who underwent gluteal augmentation with 
PMMA were followed up for 1 year, as described below:

D1—in-person medical review;
D7—medical and/or nursing review by telephone/video 

conference with photo review and/or in person according to 
patient availability;

D40—medical and/or nursing review by telephone/video 
conference with photo review and/or in person according to 
patient availability;

D120—medical review by telephone/video conference 
with photo review and/or in person according to patient 
availability;

D180—request for laboratory tests, imaging examinations 
may be requested if necessary;

D360—request for laboratory tests, imaging examinations 
may be requested if necessary.

Data Analysis

To assess the safety of the procedure, the following post-
operative complications were considered: nodules, granu-
lomas, tissue necrosis, late edema, local infection, seroma, 
ecchymosis, hematomas, paresthesia of the lower limbs (up 
to 30 days), decreased strength of the lower limbs (for up to 

Fig. 2   Ultrasound image demonstrating a subcutaneous nodule iden-
tified during follow-up. The lesion appears as a hypoechoic, well-
defined structure located above the muscle fascia within the subcu-
taneous tissue. The surrounding anatomical layers—including skin, 
subcutaneous tissue (SC), muscle fascia, and gluteus maximus—are 
identified to illustrate the precise anatomical location of the finding. 
The dotted outline highlights the margins of the nodule in the upper 
lateral quadrant of the gluteal region
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30 days), telangiectasia, edema (up to 30 days), hyperemia, 
and hyperchromia.

Qualitative variables were described using absolute and 
relative numbers and quantitative variables using measures 
of central tendency and dispersion.

Results

A total of 3195 patients were included in the study, of which 
3101 (97,0%) were female and 895 (28,0%) were between 
36 and 40 years of age (Figure 3). Furthermore, of the total 
number of participants, 1918 (60,0%) had not undergone any 
previous procedures; 735 (23,0%) fat grafted; 319 (10,0%) 
previous temporary filler or collagen biostimulator; 160 

Fig. 3   Distribution of study 
participants by age group 
(years). (N=3195)

Fig. 4   Distribution of study participants by previous procedure. (N=3195)

Table 1   Distribution of patients by number of sessions and proce-
dures, according to the study groups

Group Session N Patients (%) N Procedures

Group 1 One 1454(64,0) 1454
Two 773 (34,0) 1546
Three 45(2,0) 135
Total 2272 3135

Group 2 One 606(72,0) 606
Two 185(22,0) 555
Three 51(6,0) 153
Total 842 1314

Group 3 One 424(81,0) 424
Two 89(17,0) 178
Three 10(2,0) 30
Total 523 632
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(5,0%) previous filler with PMMA; and 63 (2,0%) previous 
buttock prosthesis (removed for filler), as shown in Figure 4.

In total, 5081 procedures were performed: 3135 (61,7%) 
in the first group, 1314 (25,9%) in the second, and 632 
(12,4%) in the third group of the study, as shown in Table 1.

Of these, 3710 (73%) procedures were performed 
with Linnea Safe® brand PMMA and 1371 (27%) with 
Biossimetric® brand PMMA.

Figure 5 represents two results before (A) and after (B) 
gluteal filling with the MAG technique. The remaining 
results can be seen in Supplementary Materials 1–19, and 
in Supplementary Figures 20–23, we present the result of 
some patients in different follow-up periods.

Regarding complications, decreased strength of the lower 
limbs (more than 30 days), necrosis, and hyperemia were 
observed in any of the groups. The most frequent complica-
tion was the presence of nodules in 31 (1.0%) patients in 
Group 1, 10 (0.8%) in Group 2, and 3 (0.5%) in Group 3, as 
observed in Fig. 6. However, what can be seen is that, during 
the three groups, 96 complications occurred, which corre-
sponds to 1.9% of the total number of patients included in 
this study. In this figure, additionally, a trend line was added 
for each group, with a blue line for Group 1, a red line for 
Group 2, and a yellow line for Group 3. When observing 
them, a tendency toward a reduction in events over time can 
be seen, as the technique evolves.

Finally, in Fig. 7, we present the most relevant complica-
tions, distributed across the three groups of the study. Like-
wise, the same trend lines were added in Fig. 6, which also 
demonstrate a decrease in the frequency of events over time 
in all groups, as the technique evolved.

Discussion

Buttock filling techniques, as well as the options for proce-
dures for this purpose, have evolved over time, aiming to 
meet the increased demand that is justified by both patho-
logical and esthetic conditions. However, it is clear that all Fig. 5   Results before A and after B gluteal filling with the MAG 

technique

Fig. 6   Distribution of complications throughout Groups 1, 2, and 3
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available options will offer some type of side effect, which, 
in some cases, may be serious. However, there is already 
PMMA on the Brazilian market with satisfactory safety, 
efficiency, and cost-effectiveness, with results that surpass 
surgical alloplastic gluteal augmentation or lipofilling only 
when applied by specialists [25].

This study demonstrated that technical developments 
in gluteal filling with PMMA led to a reduction in the 
complication rate, especially in MAG, where was noted 
that performing the procedure under sedation and guided 
by ultrasound not only improved the comfort of the proce-
dure for the patient, but also its safety: It clearly reduced 
the incidence of nodules, fibrosis, and granulomas. It is 
believed that this occurred due to the greater depth and 
precision of the application plan. Greater patient satisfac-
tion and a significant improvement in esthetic results were 
also noted, since with appropriate care, we can expand 
the reach and better define the areas of intramuscular 
application.

It is important to note that there are few studies published 
to date that evaluate the complication rate in this type of pro-
cedure. Serra MS, et al. (2014), for example, used PMMA 
in HIV patients with lipodystrophy syndrome and reported 
complications such as pain and bruising at the injection site, 
but significant improvement in symptoms such as increased 
ability to remain seated on surfaces and satisfaction with the 
results in 93% of patients[12].

Furthermore, some authors suggest that adverse events 
are attributed, among other factors, to the lack of techni-
cal proficiency in treatment [26]. In this context, the study 
described here presented complication rates that ranged from 
2.1% in the first group to 1.4% in the third group, when 
a technique performed in a controlled environment was 
chosen.

This finding from the third group is lower than that 
reported by other authors who performed the gluteal aug-
mentation procedure with other techniques, such as Alves 
D, et al (2019) who found 1.88% of complications when 
performing gluteal filling with PMMA in an outpatient set-
ting, or even Chacur R, et al (2024) who identified 2.1% of 
adverse events in procedures also performed in an outpatient 

setting, with the most common complications being hemato-
mas, seromas, and ecchymosis in both studies [1, 13].

Reinforcing this finding, studies that evaluated complica-
tions related to silicone implants for gluteal augmentation 
reported the presence of seroma with rates ranging from 2.3 
to 28% and hematoma ranging from 1.6 to 35%, for example 
[27, 28]. One study also cited a total complication rate of 
38.46% [28].

Similarly, studies that described complications of glu-
teal filling with fat grafting also reported the presence of 
seroma with rates ranging from 0.2 to 40% [29].

On the other hand, some authors that evaluated esthetic 
procedures in general report not finding statistically signif-
icant differences in the complication rate of esthetic proce-
dures when comparing procedures performed in outpatient 
versus hospital settings [30, 31]. However, a retrospective 
review that evaluated 26,032 outpatient cosmetic proce-
dures concluded that plastic surgery is safe to perform in 
an outpatient setting for most patients. The authors further 
suggest that postoperative monitoring in a nursing unit 
should be considered for high-risk patients: those with 
a body mass index greater than 30 kg/m2, operative time 
greater than 4 hours, liposuction volumes greater than 3 
liters, and those undergoing combined procedures [32].

Given the above, for the success of gluteal filling with 
PMMA, it must be performed by a specialist, preferably 
in a hospital environment. Furthermore, as already high-
lighted, the evidence on this procedure is scarce, and it 
is necessary to carry out clinical trials that can support 
decision-making based on the safety and efficacy of this 
procedure option.

Conclusion

The application of PMMA for gluteal remodeling using the 
MAG technique presented fewer complications when com-
pared to the techniques used in the previous period, proving 
to be a safe option for achieving the objectives of both the 
patient and the professional responsible for its application.

Fig. 7   Distribution of relevant complications throughout Groups 1, 2, and 3
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