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Abstract: The mid-face has been rendered as the cornerstone of facial aesthetic improvement, since treating the mid-face has also 
beneficial effects on neighboring esthetic units and therefore should be one of the first areas to be assessed. Retaining ligaments (RL) 
bind soft tissue layers of the face to the underlying facial skeleton. It remains controversial whether RL suffers laxity with aging or if 
changes in 42 bone and other structures where ligaments are inserted lead to altered mechanical function of the latter. Enhancement of 
the supportive effect of the ligaments could help restore the soft tissues to their original anatomical positions and achieve a lifting 
effect. While injectable hyaluronic acid implants have been used to improve ligament support, calcium hydroxylapatite has one of the 
highest viscoelasticities when compared with other dermal fillers and can induce collagen synthesis, which could provide long-term 
laxity correction. In this preliminary report of a case series, our goal was to describe the use of calcium hydroxylapatite in different 
dilutions and combinations for different aging profiles to treat the midface as an alternative for hyaluronic acid injections and to 
describe the ultrasonographic behavior in the long run. 
Keywords: rejuvenation, retaining ligaments, calcium hydroxylapatite, hyaluronic acid, soft tissue repositioning, aging pattern

Introduction
It has been conceptualized that the soft tissues of the face are arranged into five basic layers bound by a system of facial 
retaining ligaments. Retaining ligaments are responsible for binding the soft-tissue layers of the face to the underlying facial 
skeleton, acting as anchor points, and retaining and stabilizing the skin and superficial fascia (SMAS) to the underlying deep 
fascia and facial skeleton in defined anatomical locations.1 The ligamentous structures of the face play an important role in 
restricting facial mobility in different anatomical regions, dictating the way the tissues yield in response to gravity.

The face can be divided into 3 parts, namely upper face: from hairline to glabela; midface from glabella to subnasal 
and lower face from subnasal to submentalis.2 Since the mid-face has been rendered as the cornerstone of facial aesthetic 
improvement and should be one of the first areas to be assessed, as treating the mid-face also has beneficial effects on 
neighboring aesthetic units.3 The most relevant ligaments in the mid-face are the orbital-retaining ligament, malar septum 
(zygomatic-cutaneous ligament; ZCL), and McGregor’s patch (zygomatic ligament).4 ZCL is a true an osteocutaneous 
septum-like structure osteocutaneous ligament originating from the periosteum of the maxilla and zygoma, traversing the 
overlying fat compartment and muscle and inserting into the skin of the anteromedial mid-face.5 It starts at the origin of 
the levator labii superioris and then extends laterally following the curvature of the inferior bone margin of the zygoma in 
the form of a crescent6 and plays an important role in fixing the skin of the face. The latter differs from the masseteric 
and mandibular ligaments, which are false fascio-SMAS ligaments that fixate the superficial fascia and platysma muscle.7

It is controversial whether ligaments that tether the facial tissues into the anatomic position suffer laxity with aging8–10 

or if changes to the bone and other structures where ligaments are inserted lead to an altered mechanical function such that 

Clinical, Cosmetic and Investigational Dermatology 2024:17 2545–2553                               2545
© 2024 Sato et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical, Cosmetic and Investigational Dermatology                              Dovepress

Open Access Full Text Article

Received: 6 July 2024
Accepted: 22 October 2024
Published: 11 November 2024

C
lin

ic
al

, C
os

m
et

ic
 a

nd
 In

ve
st

ig
at

io
na

l D
er

m
at

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0009-0000-8611-0849
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


a ligament that supports the fat within a compartment (superficial or deep) may fatigue and bulge along its course, leading to 
the appearance of sagging of the respective fat compartment.1,11–15 With aging, bone resorption in the anterior and inferior 
aspects of the maxilla leads to retrusion of the mid-face, which, in addition to working as a true slide for the descent of the 
mid-face soft tissues, further decreases bone support for the zygomatic cutaneous ligament to maintain its tensile 
strength.16,17 Approaches to sagging appearance entail repositioning of descended soft tissues to the anatomical position 
of the youth.18 In this setting, enhancement of the supportive effect of the ligaments, in its bone or skin insertion, could help 
restore the soft tissues to their original anatomical positions and achieve a lifting effect. The herein proposed “string-of- 
pearls” technique takes into consideration for the mid-face the zygomatic cutaneous ligament (ZCL). While injectable 
hyaluronic acid (HA) implants have been used to improve ligament support in the mid-face,18,19 there is a concerning trend 
related to the overfilled syndrome. The latter occurs due to secondary to excessive filler use and suboptimal injection 
techniques, leading to excess midfacial volume and/or as unnatural smile.20–22

In addition to having one of the highest viscoelasticities when compared with other dermal fillers,23,24 CaHA can 
induce collagen synthesis,25–27 and extracellular matrix remodeling, which could provide long-term laxity correction28 

without adding extra volume. In this setting, we describe in this preliminary study the use of CaHA in different dilutions 
and combinations for different aging profiles to treat the midface as an alternative for hyaluronic acid injections and to 
describe the ultrasonographic behavior in the long run. Moreover, we present variations in techniques considering 3 
different laxity patterns: normovolumetric laxity, atrophic laxity (“sinkers”; laxity with lower skin density and atrophy of 
fat compartments) and heavy-face laxity (“Saggers”; laxity with fat bulges).29

Methods
All procedures performed in this study involving human patients were in accordance with the ethical standards of the 
institutional and/or national research committee and the 1964 helsinki Declaration and its later amendments or compar
able ethical standards.

Ethics Approval
This preliminary report of a case series was approved by a centralized institutional review board (IRB from Pontifícia 
Universidade Católica Do Paraná; approval number: 67654322.5.0000.0020). Written informed consent was provided by 
all patients to have the case details and any accompanying images published.

We report three cases of facial rejuvenation with increased support of the retaining ligaments using undiluted calcium 
hydroxylapatite with 0.3% powdered lidocaine hydrochloride (CaHA (+); Radiesse Plus®; Merz Pharmaceuticals GmbH, 
Frankfurt, Germany) and diluted calcium hydroxylapatite (CaHA; Radiesse®; Merz Pharmaceuticals GmbH, Frankfurt, 
Germany). Eligible patients were men and women aged >18 years who sought facial rejuvenation and agreed to 
participate in the study.

Two-dimensional (2D) photographs were obtained using a stereovision digital camera (LifeVizTM; Quantificare S.A., 
Sophia Antipolis, France). The standardized indirect light, aperture, speed, and distance of the camera were controlled. 
Digital photographs were reconstructed in three dimensions (3D) with LifeVizTM App software (Quantificare S.A., 
Sophia Antipolis, France). Vector analyses to evaluate soft tissue repositioning and surface analysis were performed.

Procedure
All cases were treated with a session of CaHA(+) with the “String of Pearls technique”, and received a re-treatment after 
1 year. Ultrasound evaluation (18 MHz and 22 MHz; LOGIQe (R7); GE, USA) was performed immediately after the 
injection, 2 months after 1st treatment, before re-treatment (1 year after 1st treatment), and 2 months after re-treatment.

Depending on the indication, further treatment with CaHA diluted with a solution containing 0.5 mL of lidocaine 2% 
without epinephrine (case#2- heavy-face laxity) or 1.5 mL of a lidocaine-saline solution was performed (case#3; atrophic 
skin laxity).
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“String of Pearls” Technique
This technique is suitable for distinct patient’s profiles who desire laxity improvement and mid-face soft tissue 
repositioning with a minimal volumetric gain, consisting of 2 steps.

Step 1: Support of Bony Maxilla (ZCL Origin)
Delineation of the anteroinferior border of the zygoma and palpebromalar groove should be performed (Figure 1A). With 
a single-entry point below the apex of the zygoma, supraperiosteal boluses of CaHA (+) should be performed with a 22G 
cannula, from the transition of the palpebral malar groove to the antero-inferior border of the zygoma (Figure 1B). Two 
different techniques are possible: to inject multiple small boluses totaling 0.7 mL of product or 3 boluses, being one 
0.3mL bolus (more anterior) and two 0.2mL boluses. Nonetheless, to standardize the technique, all patients were treated 
with three boluses, as described previously.

Step 2: Zygoma (ZCL Insertion)
From the same entry point, retroinjection of subcutaneous microboluses of CaHA(+) along the whole zygoma area should 
be performed, with a total volume of 0.8 mL (Figure 1C).

Usually, one 1.5 mL syringe of CAHA(+) per side is suggested for moderate cases, whereas in mild cases, a total 
volume of ½ syringe per side (with half the suggested dose per area) may suffice. Moreover, in severe cases or in broader 
faces, more than one supraperiosteal bolus of 0.3 mL may be required (Case #2; Figures 2B and 3A).

After ZCL support was performed with steps one and two, extra steps can be necessary to improve mid face laxity. 
First and foremost, it is necessary to differentiate laxity that occurs in a normovolumetric face from that in a heavy face, 
and if laxity is accompanied by skin atrophy. This preliminary report includes a patient with severe loss of weight, but 
normo-volumetric face (case #1), a menopaused woman with ˜heavy face˜ (case #2) and an athlete with mid-facial laxity 
and atrophic skin (case #3).

For patients with heavy faces, an additional step of the technique involves approaching the lateral face, aiming to 
create a posterior-lateral vector for further tissue support. CaHA (1.5 mL) should be diluted with 0.5mL of lidocaine 2% 
without epinephrine, to a total volume of 2 mL. With an entry point in the infra-zygomatic area, microboluses with 
retrograde injection technique and 22G canunula (1 mL per side) should be injected in the subcutaneous plane, parallel 
and inferior to the zygomatic arch (Case #2; Figure 2D).

Figure 1 String of Pearls technique. (A) Delineation of the antero-inferior border of the zygoma and the palpebro-malar groove. (B) From an entry point below the apex of 
the zygoma, inject 1 supraperiosteal bolus of 0.3mL of CaHA(+) in the transition of the palpebral malar groove and the antero-inferior border of the zygoma, and while 
retracting the cannula, 1 bolus of 0.2mL in the deep subcutaneous plane and another 0.2mL bolus in the superficial subcutaneous plane. (C) Retroinjection of subcutaneous 
microboluses of CaHA(+) along the whole zygoma area.
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For subjects that present laxity with skin atrophy, further non-volumetric bio stimulation with CaHa diluted 1:1 with 
a solution of 0.5 mL of lidocaine 2% without epinephrine and 1 mL of saline, for a final volume of 3 mL (Case #3; 
Figure 3C) should be injected with a 22G cannula (1.5 mL/side) in the subcutaneous plane to improve skin collagen 
content and provide a dermal scaffold, with minimal volumization.

In males, the vector along the zygoma of the “String of Pearls” technique should be shifted to point to the insertion of 
the orbicular ligament (Figure 3B) to avoid broadening and feminization of the face.

Results
Demography
The patients enrolled were 48–54 years of age (median age, 48 years). The relevant medical history included bariatric 
surgery with great weight loss (case #1), superior blepharoplasty, and menopause (case #2). No other relevant medical 
history was reported (eg, diabetes, neurologic diseases, connective tissue diseases, allergies, history of infections or 

Figure 2 Variation of the technique for heavy faces. (A) Delineation of the antero-inferior border of the zygoma and the palpebro-malar groove. (B) For severe cases or in 
broader faces, more than one supraperiosteal bolus of 0.3mL may be needed, totaling 4 boluses (2 supraperiosteal, 1 deep subcutaneous, 1 superficial subcutaneous). (C) 
Retroinjection of subcutaneous microboluses of CaHA(+) along the whole zygoma area. (D) Injection of 1mL of CaHA (Dilution: 1.5mL + 0.5mL of lidocaine 2% without 
epinephrine) parallel to the zygomatic arch to create a posterior-lateral vector for further tissue support.

Figure 3 Variation of the technique for cases with associated skin laxity with atrophy. (A) From an entry point below the apex of the zygoma, injection of 4 boluses (2 
supraperiosteal, 1 deep subcutaneous, 1 superficial subcutaneous). (B) Retroinjection of subcutaneous microboluses of CaHA(+) along the whole zygoma area. In males, to 
avoid broadening and feminization of the face, point the cannula to the insertion of the orbicular ligament. (C) non-volumetric bio stimulation with CaHa diluted 1:1 in the 
subcutaneous plane to improve skin collagen content, with minimal volumization.
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presence of active infections, and use of medications that cause bleeding). None of the patients had undergone any 
injectable procedure, surgery within the last 12 months, or referred use of permanent fillers.

Quantificare Vector Analysis
Quantificare vector analyses comparing pre- and 1-year post-treatment images demonstrated soft-tissue repositioning 
(Figure 4).

Ultrasound Evaluation
Immediately after the injection, the CaHa(+) boluses were observed as hyperechogenic images right next to the periosteum in 
the deep subcutaneous plane, and superficial subcutaneous plane, illustrating the dual-plane approach (Figures 5A, B and 6A). 
After two months, the deep CaHa(+) boluses have accommodated and coalesced as a hyperechogenic homogeneous strip, 
suggesting good product integration and localized effects (Figure 6B). One year after the 1st treatment the thick hyperecho
genic band was still present, but the echogenicity was lower than that in the image from 1 year before (Figure 7A). After re- 
treatment, new boluses are observed below the band (Figure 7B). Two months after re-treatment, a new thick hyperechogenic 
band was observed below the previous band, adding extra support (“build-up” effect) (7C).

Figure 4 (A) Quantificare vector analyses to evaluate soft tissue repositioning. (B) Arrows demonstrate direction of tissue displacement and red color indicates degree of 
displacement. Red arrows in the malar area demonstrate the lifting effect post-treatment.

Figure 5 Ultrasound image highlighting the dual plane approach. CaHA(+) observed as hyperechogenic images right next to the periosteum (blue star; (A), in the deep 
subcutaneous plane and also in the superficial subcutaneous plane (blue stars; (B).

Clinical, Cosmetic and Investigational Dermatology 2024:17                                                                  https://doi.org/10.2147/CCID.S468447                                                                                                                                                                                                                       

DovePress                                                                                                                       
2549

Dovepress                                                                                                                                                             Sato et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Discussion
Aging is a multifactorial process involving alterations in different layers and structures of the face. The mid-face plays 
such a pivotal role during the aging process that it has become a target for facial rejuvenation.3

The retaining ligaments of the face are strong and deep fibrous attachments that originate from the periosteum or deep 
facial fascia and travel perpendicularly through facial layers to be inserted into the dermis and act as anchor points,1 fixating 
soft tissue in anatomical positions, and resisting gravitational forces.8 Microscopically, periosteal or deep fascial thickening is 
rooted in a tree-like distribution that branches out as it approaches the SMAS (retinacula cutis), which in turn spreads through 
the subcutaneous to the fibrous stroma of the dermis.30 In contrast to the use of stiff HA pillars positioned on the bone, which 
act as support pillars to the overlying subcutaneous layer,31 the idea behind the string-of-pearls˜ technique is to create support 
with a string of boluses around the zygomatic-cutaneous ligament, from the periosteum to the skin, which with time will settle 
in a linear strip (Figure 6B) connecting the deep periosteum to the dermis. The boluses in the supraperiosteal plane with CaHa 
aimed to restore the support of the ZCL to maintain its tensile strength. They also have a high lifting capacity to provide bone- 
like structural support for overlying soft tissues and compensate for the natural volume decrease caused by age-related bone 
resorption.15–17,32 Fibroblasts observed by electron microscopy in the periosteum may account for the neocollagenesis 
observed after CaHA deposition at the supraperiosteal level.33

Furthermore, the microboluses injected along the zygomatic arch aim to support the part of the zygomatic-cutaneous 
ligament that extends along the entire length and width of the zygomatic arch,19 and further induce soft tissue lifting 
(Figure 4) since lateral injections to the line of ligaments (Lateral orbital thickening, mandibular ligament, temporal 
ligamentous adhesion, zygomatic ligament aligned in one line) entail a lifting effect34 and simulate the surgical correction 
of the retaining ligaments.18

Figure 6 Coalescence of injected boluses. (A) CaHa (+) boluses right after injection (blue stars). (B) 2-month follow-up: Boluses have coalesced as a hyperechogenic 
homogeneous strip (blue stars).

Figure 7 Build-up effect. (A) One year after the 1st treatment the hyperechogenic band is still present (black stars). (B) Right after re-treatment, new boluses (blue stars) 
are observed below the band (black stars). (C) Build-up effect: 2 months from re-treatment, a new thick hyperechogenic band (blue stars) is observed below the previous 
band (black stars).
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CaHA was the product of choice because of its unique rheology and versatility.23 For instance, it can be used without 
dilution for more focal support and soft tissue repositioning or with different dilutions to improve skin quality and/or provide 
a vector effect. Furthermore, CaHA has one of the highest viscoelasticities when compared with other dermal fillers, allowing 
it to remain in the place where it is injected and not migrate into the surrounding tissue,23 as well as a high ability to resist 
deformation (high viscoelasticity),23,24 ideal for use in specific areas that need focal support. The ability of CaHA to induce 
bio-stimulation, elastin production, and angiogenesis not only provides physiological remodeling of the extracellular matrix 
and dermal cell proliferation,35 but also induces neocollagenesis,24–28 with improvement in dermal thickness as assessed by 
ultrasound.36 The latter CaHA’s property to induce collagen formation at injection sites, both in the deep supraperiosteal 
boluses and along the CaHA (+) strip that superficializes to the skin, provides long-term laxity correction. At the 2-month 
follow-up, the injected boluses accommodated into a linear strip, which was still visible in the one-year post-treatment 
ultrasound assessment corroborating the long-term results in previous studies which followed patients up to 3 years.37 The re- 
treatment after 1 year induced a “build-up” in the previous collagenic support induced by the first CaHA (+) injection 
(Figure 7C). In addition to ZCL support, it is paramount to customize treatment according to the laxity patterns. For instance, 
when also skin atrophy is present, the association of diluted CaHA leads to a non-volumetric regenerative bio-stimulation, 
improving skin quality by increasing the collagen content of the skin (Case#3, Figure 3).

Finally, CaHA also has the advantage to not have the hydrophilic properties of hyaluronic acid (HA), being ideal for 
repositioning of facial soft tissues since it does not add extra volume to the injected area. In particular, when focusing on mid-face 
soft tissue repositioning, volume should be used with caution to avoid an overfilled face, which occurs when the volume of the 
mid-facial fat compartments together with the injected product are projected anteriorly when the patient smiles (Overfilled facial 
Syndrome).20 In a recent comparison of the clinical aesthetic outcomes of treating the mid-face aging with same volume of CaHA 
or HA (Vycross; Juvederm Voluma, Allergan), HA presented a more volumizing effect, whereas CaHA presented a stronger 
lifting capacity38 and better support overlying tissue, without the need for excess product volume.38 Moreover, CaHA(+) 
provided better support, as well as more durable outcomes than an equal volume of HA, providing a higher value to the patient.

Conclusion
The proposed technique may be an alternative treatment option to address the mid-face by providing enhanced support to 
the zygomatic-cutaneous ligament with a versatile biostimulatory filler: CaHA can be used without dilution for more 
focal support and soft tissue repositioning, without adding extra-volume, or with different dilutions to provide a field 
effect (for skin quality improvement) and/or vector effect. Further studies with a larger number of patients should be 
performed to validate these results.
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