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INTRODUCTION
The use of nonsurgical, minimally invasive aesthetic 

treatments for soft-tissue augmentation is gaining popu-
larity as a choice for aesthetic enhancement to mitigate 

the effects of facial aging. Dermal filler treatments con-
stitute one of the most prominent noninvasive aesthetic 
treatment options.1 Calcium hydroxylapatite (CaHA) is 
an injectable dermal filler consisting of uniform CaHA 
microspheres suspended in an aqueous carboxymethylcel-
lulose gel carrier that is highly biocompatible with human 
tissue and is increasingly popular among dermal fillers.2 
Currently, Radiesse (Merz North America, Inc., Raleigh, 
NC) is the only CaHA filler that has obtained US Food 
and Drug Administration approval for the correction of 
moderate-to-severe facial wrinkles and folds, HIV lipoatro-
phy, hand, and jawline augmentation.

The aesthetic effectiveness of CaHA has been investi-
gated in several clinical trials and observational studies, 
showing varying degrees of enhancement in aesthetic mea-
surements and patient satisfaction levels within the facial 
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Background: Many studies assess aesthetic effectiveness of calcium hydroxylapatite 
(CaHA), with single-group designs as the most frequently applied designs in prac-
tice. This study systematically reviewed CaHA’s effectiveness for aesthetic purposes 
among these studies.
Methods: A comprehensive search was conducted across 5 bibliographic databases. 
Single-group studies with at least 10 human adults were included. Summary mea-
sures of patients satisfaction and global aesthetic improvement scores were com-
bined using the generalized linear mixed model. This systematic review adhered to 
the PRISMA reporting standards.
Results: Of 3131 records, 46 single-group studies, majority focused on facial areas 
(n = 32), were included for final qualitative analysis. A total number of 27 studies were 
included in the meta-analysis. Findings of the meta-analysis showed that 98% (95% 
confidence interval [CI], 91%–99%; I 2, 0.0%) of patients were satisfied with the injec-
tion results in the facial area and 90% (95% CI, 67%–97%, I 2, 35%) in other treated 
body areas. Also, patients reported 89% (95% CI, 76%–96%; I 2, 65%) improvement 
on the global aesthetic improvement scale in facial areas and 94% (95% CI, 75%–
99%; I 2, 0.0%) in other treated regions. Similarly, investigators reported global aes-
thetic improvement in 92% of patients (95% CI, 33%–100%; I 2, 92%) in facial areas 
and 95% (95% CI, 1%–100%; I 2, 89%) in other treated areas.
Conclusions: Our findings showed aesthetic improvements and satisfaction follow-
ing CaHA injections in both facial and nonfacial areas. However, studies focusing 
on nonfacial regions are limited. We recommend more rigorously designed trials 
to better understand CaHA’s clinical effects. (Plast Reconstr Surg Glob Open 2024; 
12:e6400; doi: 10.1097/GOX.0000000000006400; Published online 26 December 2024.)
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and hand regions.3–24 Among these studies, single-group 
studies including single-arm clinical and observational 
studies are the most frequently applied designs. Although 
it is acknowledged that single-group studies have inherent 
limitations, they are often used for pragmatic and feasibil-
ity reasons in real-world practice. Furthermore, whether 
CaHA maintains consistent effectiveness when used in 
other body areas other than the face and hands is an area 
of active exploration.

The objective of this study is to systematically review 
the characteristics of and findings from the most com-
monly encountered study designs in real-world practice, 
single-group studies, focusing on the impact of CaHA 
on aesthetic outcomes, including aesthetic improvement 
scores, wrinkle reduction, changes in skin thickness, and 
patient/investigator satisfaction.

MATERIALS AND METHODS
This systematic review was conducted based on recent 

systematic review guidelines and reported following the 
PRISMA reporting standards.25–27 The current systematic 
review is a part of a lager project. The study protocol of this 
project was registered in the OSF Registries on December 
22, 2022 (Registration doi: https://doi.org/10.17605/
OSF.IO/WY49V).

Data Sources, Search Strategy, and Eligibility Criteria
Databases such as Embase, Medline ALL (Ovid), 

Web of Science Core Collection, and Cochrane Central 
were searched, up to March 26, 2024. Additionally, the 
initial 200 results from Google Scholar were imported. 
The search strategy was developed by an expert research 
librarian, and included terms related to exposure such as 
calcium hydroxyapatite and Radiesse. Given that we had 
multiple outcomes to consider, we conducted a broad 
search without including any terms specifically related to 
our outcomes. Detailed information regarding the search 
strategy and keywords can be found in Supplemental 
Digital Content 1. (See table, Supplemental Digital 
Content 1, which displays search strategies, http://links.
lww.com/PRSGO/D702.)

To identify additional studies, we reviewed all pub-
lished reviews for relevant references. Furthermore, the 
reference lists of the final included studies were manually 
reviewed.

We included publications involving adults (age ≥ 18 
years), regardless of health status, which investigated the 
impact of CaHA on outcomes related to aesthetics and 
skin aging, as well as patient satisfaction. We included stud-
ies originally designed as single-group studies, defined as 
single-arm clinical studies or prospective/retrospective 
observational studies, with at least 10 participants. We 
excluded case reports with fewer than 10 participants, 
reviews, letters to editors, conference abstracts, and 
research conducted on animals, children, or adolescents. 
Controlled clinical trials were not within the scope of the 
current review; these findings are summarized in another 
work from our team elsewhere.28 Non-English publica-
tions were excluded.

Study Selection, Data Extraction, and Quality Assessment
Two independent researchers conducted duplicate 

screenings of all titles and abstracts in accordance with 
the eligibility criteria. Subsequently, duplicate reviews 
were carried out for all provided full-text articles. Data 
from the included studies were extracted using a pre-
defined Excel form. The primary data extracted included 
the first author’s name, study design, publication year, 
location, participant number, sex distribution within the 
population, participants’ health status at the beginning of 
the study, age, duration of follow-up, ethnicity, skin type, 
brand of dermal filler, injection site, dilution and dosage, 
injection depth and method, assessment methods for out-
comes, adjustments, and any measures of frequency or 
association.

The risk of bias in nonrandomized studies of inter-
ventions (ROBINS-I) tool was used to assess the quality 
of the included studies. This tool evaluates the quality of 
studies based on biases that may arise at different study 
phases including preintervention (confounding and 
selection of participants), at intervention (classification 
of intervention), and postintervention (deviation from 
intended intervention, missing data, measurements of the 
outcomes, and selection of the reported outcomes).29 In 
ROBINS-I, the risk of bias judgments for each domain are 
no information, critical risk of bias, serious risk of bias, 
moderate risk of bias, or low risk of bias.

Statistical Analysis
Summary measures were pooled using the general-

ized linear mixed model with logit-transformed propor-
tions. The Hartung-Knapp method was used to estimate 
the 95% confidence intervals (95% CIs) for the random-
effects models.30 Fixed-effects models were also reported 
for sensitivity analysis. To ensure consistency among stud-
ies regarding the assessment tools for quantifying aesthetic 
improvement, we included only those studies that used the 
global aesthetic improvement scale and reported findings 
as frequencies or proportions. For this outcome, we com-
bined results across all improvement categories, including 
mildly improved, improved, moderately/much/markedly 
improved, and very much improved. Similarly, for the 

Takeaways
Question: What is the aesthetic effectiveness of calcium 
hydroxylapatite (CaHA) reported by single-group studies 
as the most used study design in real-world practice?

Findings: Forty-six single-group studies were included in 
the systematic review. The analyses show that over 90% 
of patients were satisfied with CaHA application results 
in both facial and nonfacial areas, matching the 90% of 
patients and investigators who reported improvements on 
the global aesthetic scale.

Meaning: CaHA injections generally show good results in 
facial areas, with most patients seeing improvement. Early 
evidence suggests similar benefits for nonfacial areas, but 
more rigorous studies are needed to fully understand its 
clinical effects.
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meta-analysis of patient satisfaction, we combined findings 
for all levels of satisfaction, including both very satisfied 
and satisfied responses following treatment.

Publication bias was assessed when at least 10 studies 
were available with the Egger test and by visually explor-
ing funnel plots for asymmetry.31,32 Heterogeneity between 
studies was assessed using I 2.33 To assess the influence of 
individual studies on the overall results (sensitivity analy-
sis), a leave-one-out analysis was conducted, which involves 
systematically leaving out each study one at a time and 
re-computing the meta-analysis summary measures. All 
analyses were performed using R version 4.1.3 with “meta” 
package.

We present the size, direction of change, and statisti-
cal significance of the observed changes in all included 
studies in the systematic review, and we created tables to 
outline the study characteristics (Supplemental Digital 
Content 2), findings (Supplemental Digital Content 3), 
evaluation of study methodologies (Supplemental Digital 
Content 4), and assessment tools (Supplemental Digital 
Content 5). (See table, Supplemental Digital Content 
2, which displays characteristics of the included stud-
ies, http://links.lww.com/PRSGO/D703.) (See table, 
Supplemental Digital Content 3, which displays sum-
mary of findings of the included studies, http://links.
lww.com/PRSGO/D704.) (See table, Supplemental 
Digital Content 4, which displays risk of bias according to 
ROBINS-I, http://links.lww.com/PRSGO/D705.) (See 
table, Supplemental Digital Content 5, which displays 
assessment methods of the most reported outcomes, 
http://links.lww.com/PRSGO/D706.)

RESULTS

Eligible Studies
Of 3131 references, 46 studies met the eligibility crite-

ria to be included in the systematic review. Based on the 
eligibility criteria, 27 studies were included in the meta-
analysis (Fig. 1).

Study Characteristics and Quality Assessments
Included studies in the systematic review were pub-

lished between 2004 to 2024. Of the included studies, 18 
(39.1%) were conducted in the United States, 12 (26.1%) 
in European countries, and 5 (10.9%) in Asian countries. 
The remaining studies (17.4%) were conducted in South 
America, Canada, Australia, Russia, and Africa. Also the 
location of 3 (6.5%) studies were unclear. Facial areas 
were the major injected regions (n = 32). The majority 
of studies were designed as pre-post interventional stud-
ies (n = 34) and the remaining as observational studies, 
which majority was retrospective studies (n = 9). The 
median number of participants was 24, with an inter-
quartile range of 18–41. The median study duration was 
21.72 weeks, with an interquartile range of 13.04–52.03 
weeks. Among the studies reporting the distribution of 
sex within the population, the median number of women 
was 22, with an interquartile range of 15–40, whereas the 
median number of men was 2, with an interquartile range 

of 0–5. All studies used Radiesse as the CaHA filler and two 
studies did not mention the brand name (Supplemental 
Digital Content 3, http://links.lww.com/PRSGO/D704). 
Among the included studies, there was low risk of bias in 
domains related to missing values and reporting of results, 
whereas the domain of bias due to confounding and mea-
surement of outcomes were judged as a major reason for 
bias (Fig. 2; Supplemental Digital Content 4, http://links.
lww.com/PRSGO/D705).

Facial Area
Among 46 included studies, 32 investigated the role 

of CaHA injection in facial areas, the majority of which 
focused on the mid and/or lower face, such as nasolabial 
folds, nasal surface, cheeks, lip, marionette lines and jaw-
line. In facial areas, patient satisfaction and global aes-
thetic improvement were the most reported outcomes 
(Supplemental Digital Content 3, http://links.lww.com/
PRSGO/D704).

Satisfaction following injection was reported in 20 
studies.5,7,8,34–50 Overall, most studies reported moderate-
to-high patient satisfaction, with rates varying from 69% 
to 100% of patients being satisfied to extremely satisfied. 
Furthermore, combining the findings of 15 eligible stud-
ies included in the meta-analysis showed that 98% of the 
patients (95% CI, 91%–99%; I², 0.0%; n = 811) were satis-
fied with the injection results (Fig. 3A). Three studies also 
reported physician satisfaction, showing similar trends 
with patient satisfaction.44,45,47

A total of 17 studies reported findings on global/over-
all aesthetic improvement scales in the facial area.4,5,8,11–

13,34,35,37,39,46,51–56 Most studies observed some degree of 
overall aesthetic improvement following CaHA injec-
tion as evaluated by investigators or patients. The results 
of meta-analysis of 6 studies using the global aesthetic 
improvement scale indicated that 89% of the patients 
(95% CI, 76%–96%; I², 65%; n = 390) reported some 
level of improvement on the global aesthetic improve-
ment scale following injection. Additionally, pooled 
results of 4 studies showed that 92% of the patients 
(95% CI, 33%–100%; I², 92%; n = 253) were evaluated 
as improved by the investigators (Figs. 3B, C). The 
role of CaHA on wrinkle and curve/fold/line correc-
tion in this area was investigated in 5 studies.5,7,8,51,55 All 
showed some level of improvement following injection 
compared with baseline values as assessed by investiga-
tors. The evaluation of skin thickness was reported in 
3 studies,46,53,54 and findings were consistent in showing 
an increase in skin thickness following CaHA injection. 
Other outcomes such as cheek fullness,5,7 jawline volume 
loss,56 jawline contour,51 relative enophthalmos measure-
ment,4 temple hollowing scale,35 sulcus deformity,57 tem-
ple volume scale,12 and orbital volume58 were reported by 
a limited number of studies; findings are summarized in 
Supplemental Digital Content 3 (http://links.lww.com/
PRSGO/D704).

Other Treated Body Areas
The role of CaHA on other areas of the body was evalu-

ated in a limited number of studies. Four studies investigated 

http://links.lww.com/PRSGO/D703
http://links.lww.com/PRSGO/D704
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the role of CaHA injection in hands.19,21,22,59 They reported 
satisfaction rates more than 60% after injection as evalu-
ated by either patients or investigators,19,22 some degree 
of improvement in global aesthetic improvement scale,19 
hand grading scale,21 and severity of wrinkles.22

Of the included studies, three targeted the abdomen 
and upper arm.60–62 These studies showed improvements 
in skin thickness,61,62 skin flaccidity,60,62 skin volume,60 skin 

elasticity,61 and density62 following CaHA injection com-
pared with the baseline values. In both regions, more than 
70% of patients were scored as much improved on the 
global aesthetics improvement scale61 and were satisfied 
with the results after the injection.60

Four studies examined the role of CaHA on the neck, 
neck/décolletage, and chest/décolletage regions,63–66 
showing improvements in skin laxity,64,66 wrinkles,63,66 and 

Fig. 1. Flowchart of identification, screening, eligibility, inclusion, and exclusion of retrieved studies.
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elasticity/viscoelasticity/thickness,65,66 as well as in patient 
satisfaction63,64,66 and global aesthetics improvement scale.65,66

Additionally, 1 study assessed the role of CaHA on the 
knee area67 showing improvements in cellulite severity 
and patient satisfaction; a single study assessed the role 
of CaHA injection on the dorsum of the foot,68 showing 
improvements in the global aesthetics improvement scale; 
and another study assessed the role of CaHA injection in 
the buttocks,69 showing improvements in cellulite severity, 
number and depth of dimples as well as improvements in 
the global aesthetics improvement scale (Supplemental 
Digital Content 3, http://links.lww.com/PRSGO/D704).

Overall, the pooled results of 5 eligible studies in the 
meta-analysis of other treated body areas indicated that 
90% of the patients (95% CI, 67%–97%; I², 35%; n = 134) 
were satisfied with the treatment results. Furthermore, 
meta-analysis of 4 eligible studies based on global aes-
thetic improvement scales findings indicated that 
94% of patients (95% CI, 75%–99%; I², 0.0%, n = 66) 
reported some level of improvement in the treated areas. 
Additionally, findings from 3 eligible studies showed that 
95% of patients (95% CI, 1%–100%; I², 89%; n = 96) were 
evaluated as improved by the investigators. (See figure, 
Supplemental Digital Content 6, which displays summary 
proportions and pooled estimates of [A] patients’ satisfac-
tion; [B] patients’ aesthetic improvement; and [C] inves-
tigators’ aesthetic improvement in other treated body 
areas, http://links.lww.com/PRSGO/D707.)

Additional Analysis
There were some indications for publication bias based 

on the Egger test (P value 0.03) for the meta-analysis of 

patient’s satisfaction in the facial area. In the same analy-
sis, the leave-one-out analysis, showed that no single study 
had any significant impact. (See figure, Supplemental 
Digital Content 7, which displays Funnel plots and Egger 
test P values of the included studies in the meta-analysis 
of patients satisfaction in facial area, http://links.lww.
com/PRSGO/D708.) (See figure, Supplemental Digital 
Content 8, which displays leave-one-out analysis of the 
included studies in the meta-analysis of patients satisfac-
tion in facial area, http://links.lww.com/PRSGO/D709.)

DISCUSSION
According to the single-group studies, patients gener-

ally reported satisfaction with the results following CaHA 
injection. Our meta-analysis revealed that more than 90% 
of patients were satisfied with the treatment. Additionally, 
improvement in global aesthetic assessment scales for facial 
areas were observed. Specifically, the meta-analysis indicated 
an 89% improvement in global aesthetics as evaluated by 
patients, and a 92% improvement as assessed by investiga-
tors. However, it is important to acknowledge that the wide 
CI for the global aesthetic improvement scale evaluated 
by investigators reflects a high level of uncertainty in the 
evidence. Furthermore, studies indicated improvements in 
wrinkle severity and skin thickness in this region. Findings 
regarding the role of CaHA in body areas other than the 
face were based on a very limited number of studies but 
aligned with those observed in facial areas, particularly in 
terms of global aesthetic improvement and satisfaction.

CaHA, the primary mineral constituent in bones and 
teeth, is a naturally occurring substance present in the 

Fig. 2. risk of bias summary of the included studies using risk of bias in nonrandomized studies 
(rOBinS-i).

http://links.lww.com/PRSGO/D704
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human body, which lends to its biocompatibility. CaHA 
has found extensive application in various aesthetic proce-
dures, including volume restoration, contouring, and skin 

tightening. It has been utilized to improve aesthetic out-
comes in a range of body sites, encompassing the jawline, 
nasolabial folds, orbital area, the back of the hand and foot, 

Fig. 3. Summary proportions and pooled estimates of (a) patients’ satisfaction, (B) patients’ aesthetic improvement, 
and (C) investigators’ aesthetic improvement in facial areas.



 Amiri et al • CaHA: Meta-analysis of Single-group Studies

7

neck, chest, décolletage, and abdominal regions. Radiesse 
consists of synthetic calcium hydroxylapatite micro-
spheres, making up 35% of its composition, with particle 
sizes ranging from 25 to 45 μm. These microspheres are 
suspended within an aqueous gel comprising 65% of the 
product and containing ingredients such as water, glycerin, 
and carboxymethylcellulose.70 In 2006, the US Food And 
Drug Administration approved injectable CaHA for treat-
ing HIV facial lipoatrophy and moderate to severe facial 
lines.71 Several reported mechanisms support the utiliza-
tion of CaHA for aesthetic purposes, including promotion 
of cell proliferation, collagen production, angiogenesis, 
and the formation of elastic fibers and elastin.72 Although 
the effectiveness of CaHA has been examined in previous 
reviews, these reviews have typically been constrained in 
scope. They have either focused on specific facial regions, 
been part of broader assessments encompassing various 
nonhyaluronic acid fillers, concentrated on safety consid-
erations and potential side effects, or assessed CaHA effi-
cacy for nondermatological applications.38,73–80 The current 
review, adhering to the PRISMA and evidence-based medi-
cine guidelines, summarizes the literature, focusing solely 
on CaHA, regardless of treatment area or indication, while 
taking into account quantitative results from both patients 
and physicians and providing a thorough systematic over-
view of the available evidence. It should be highlighted 
that effectiveness of CaHA in areas other than the face and 
hand has not been subjected to rigorous controlled investi-
gation and remains an area of active exploration.

The current review provides insights from alternative 
study designs beyond clinical trials. In this review, we focused 
on single-group studies as the most frequent study designs in 
clinical practice. Single-group studies are practical and fea-
sible and are frequently carried out in real-world clinical or 
practical settings, reflecting the real-life conditions in which 
treatments or interventions are administered; nonetheless, 
they come with inherent design limitations. A major limita-
tion of the included studies is the difficulty in attributing the 
results solely to the CaHA injection as a causal factor. Lack 
of randomization and the influence of confounders on the 
results cannot be ruled out, which is also evident from the 
results of quality assessments. Alternatively, the results may 
be interpreted as the expected changes in participants’ 
aesthetic status during follow-up, regardless of the specific 
underlying causes for these changes. Thus, incorporating a 
control group allows the researcher to attribute any observed 
changes in the treatment group to the treatment being 
examined, rather than external factors. The studies often 
had small sample sizes, did not assess/report the preinter-
ventional status, did not perform appropriate statistical tests 
to determine the extent of differences/changes, or did not 
report the statistical change significance. Additionally, many 
studies relied on subjective methods, such as questionnaires, 
raising concerns about bias and the reliability of the results. If 
an objective approach is not possible, we recommend using 
validated tools and ensuring both patients and investigators 
are blinded. Additionally, studies focused predominately on 
the use of CaHA in facial regions; however, it is worth not-
ing that CaHA is utilized in practice for various other body 
areas. Although there is some promising evidence suggesting 

applications of CaHA in areas beyond the face, there is a 
limited number of studies examining its aesthetic effective-
ness in these nonfacial areas, as also recommended by other 
studies.81 Thus, to gain a more comprehensive understand-
ing of the broad spectrum of potential applications and 
effectiveness of CaHA, we suggest well-designed randomized 
controlled clinical trials considering appropriate statistical 
approaches to minimize biases and enhance the validity of 
findings, enabling replicability and applicability of study 
findings. In our study, the heterogeneity in participant char-
acteristics, outcomes, reported estimates, and measurement 
methods, as well as the limited number of studies, precluded 
the feasibility of conducting a methodological sound meta-
analysis for all outcomes. We limited our inclusion criteria 
to studies published in English, and thus, potential selection 
bias could be present. Although safety aspects related to the 
use of CaHA were not part of the predefined objectives of 
this systematic review, we observed that the included studies 
generally reported adverse events that were mild to moderate 
in severity and resolved without treatment during the study 
period. In facial areas, the most reported adverse events 
included hematoma, swelling, bruising, erythema, ecchymo-
sis, edema, and pain/discomfort. Several studies reported the 
occurrence of nodules following injection,5,11,12,41,44,45 which, 
in 1 case on the lips, it was surgically removed without com-
plications.40 Migration of the product was reported in 3 cases 
by 2 studies.4,52 One study reported a case of vascular com-
pression leading to necrosis.5 Ptosis was reported in 2 studies, 
totaling 4 cases.57,58 Extrusion of the filler with skin discolor-
ation was reported in 1 case.57 When treating the orbital area 
in patients with postenucleation socket syndrome, 2 cases 
of internal prosthesis extrusion were reported.58 In other 
treated body areas, no serious adverse events were reported, 
with bruising and swelling being the most common adverse 
events. We acknowledge that the safety profile is an area that 
needs to be further explored in future research to provide a 
comprehensive overview of both efficacy and safety of CaHA 
treatment.

The current studies suggest CaHA improves aesthetic 
outcomes such as global aesthetic scores, and wrinkles and 
curves with relatively high patient satisfaction, and most 
derived from the facial region. Given methodological limita-
tions of single-group studies, caution is required when draw-
ing conclusions about causality or generalizing findings to 
broader populations. Well-designed controlled clinical tri-
als are recommended to further investigate and confirm 
the effects of CaHA as a regenerative aesthetic treatment in 
other body regions outside of the face and hand.
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