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The tear trough and lid–cheek junction are natural anatomi-
cal structures that become accentuated with age due to
changes in the skin and periorbital region. Over time, a
worsening depression can be seen starting at the medial
canthus, parallel and just inferior to the infraorbital rim. Skin

and fat atrophy as well as attenuation of the periorbital
structures allow herniation of orbital fat and an increase in
shadowing. The tear trough and lid–cheek junction are
further accentuated by overlying pigmentation, skin texture,
and shadowchanges. This is a significant concern to patients,
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Abstract There is significant variation in treatment parameters when treating the infraorbital
region. Thorough knowledge of these pertinent factors, choice of the optimal filling
material, and proper understanding of the anatomy of this unforgiving region will
contribute to a safe, effective, and natural result. We aim to conduct a systematic
review of published literature related to soft tissue fillers of the tear trough and
infraorbital region. A search of published literature was conducted in accordance with
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guide-
lines and included PubMed, Embase, and Science Direct databases. TheMedical Subject
Headings (MeSH) terms used were “tear trough” OR “infraorbital” AND “dermal filler”
OR “hyaluronic acid” OR “poly-L-lactic acid” OR “calcium hydroxyapatite” OR “Resty-
lane” OR “Radiesse” OR “Perlane” OR “Juvéderm” OR “Belotero.” Different combina-
tions of these key terms were used. The initial search identified 526 articles. Six
additional articles were identified through references. Two-hundred twenty-five
duplicates were removed. A total of 307 studies were screened by title and abstract
and 258 studies were eliminated based on inclusion and exclusion criteria. Forty-nine
articles underwent full-text review. The final analysis included 23 articles. Patient
satisfaction was high, and duration of effect ranged from 8 to 12 months. Restylane
was most commonly used. Injection technique varied, but generally involved placing
filler pre-periosteally, deep to orbicularis oculi muscle, anterior to the inferior orbital
rim via serial puncture or retrograde linear threading with a 30-gauge needle. Topical
anesthetic was most commonly used. Side effects were generally mild and included
bruising, edema, blue–gray dyschromia, and contour irregularities. Nonsurgical
correction of the tear trough deformity with soft tissue filler is a minimally invasive
procedure with excellent patient satisfaction with long-lasting effects. It is essential to
have a fundamental understanding of the relevant anatomy and ideal injection
technique to provide excellent patient outcomes and prevent serious complications.
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who often report a “tired” or “aged” under-eye appearance
that is not relieved with rest, hydration, or topical thera-
pies.1,2 Fortunately, with the proper placement of injectable
fillers, effective rejuvenation of the periorbital region by
revolumizing and restoring support to the infraorbital hol-
lows is possible.

There is significant variation in treatment parameters
when treating the infraorbital region. Though there are
general guidelines, factors such as injection technique,
choice of product, injection volume, use of blunt cannula
versus needle, and type of anesthesia may all vary between
providers. In this analysis, we aim to perform a thorough
systematic review of the literature to evaluate the pub-
lished studies related to soft tissue fillers of the tear
trough and infraorbital region. Our goals are to determine
the techniques, outcomes, and complications associated
with these treatment modalities. Thorough knowledge of
these pertinent factors, choice of the right filling material,
and sound understanding of the anatomy of this unforgiv-
ing region will contribute to a safe, effective, and natural
result.

Methods

Search Strategy
A systematic review of the published literature was con-
ducted in accordance with the Preferred Reporting Items for
Systematic Reviews andMeta-Analyses (PRISMA) guidelines.
The literature search was performed in January 2021 and
included PubMed, Embase, and ScienceDirect databases. The
Medical Subject Headings (MeSH) terms used were “tear
trough” OR “infraorbital” OR “malar” and “dermal filler” OR
“hyaluronic acid” OR “poly-L-lactic acid” OR “calcium hy-
droxyapatite” OR “Restylane” OR “Radiesse” OR “Perlane” OR
“Juvéderm,” OR “Belotero.” Different combinations of these
key terms were used to identify relevant studies.

Study Selection
Studies were included if they met the following criteria: (1)
reported patient data on the use of any dermal filler for tear
trough rejuvenation, (2) published between the years 2000
and 2021, and (3) included more than 10 subjects. Exclusion
criteria included studies which: (1) were published in lan-
guages other than English, (2) included nonhuman subjects,
(3) were abstract only, book chapters, and review articles, (4)
used filler to manage pathologies, (5) involved treatment of
other areas of the face or involved other procedures, and (6)
included fillers not commercially available in the United
States.

Data Abstraction
Titles and abstracts were screened for relevance indepen-
dently by two investigators (L.N.T. and S.E.G.). Of those
articles, the full-texts articles were evaluated. Any discrep-
ancies were resolved by another investigator (A.G.). The
reference lists of the full-text articles were also analyzed
for any further relevant studies. All studies which met the
predetermined criteria were included in the analysis.

Results

The initial search identified 526 articles. Six additional
articles were identified through references. Three hundred
twenty-five duplicates were removed. A total of 307 studies
were screened by title and abstract and 258 studies were
eliminated based on inclusion and exclusion criteria. Forty-
nine articles underwent full-text review. Twenty-six articles
were excluded due to insufficient sample size (n¼2), wrong
intervention (i.e., included filler not commercially available
in the United States) (n¼6), and wrong study design (i.e.,
included multiple treatment modalities or treated a pathol-
ogy) (n¼18). A total of 23 articles were included in the
analysis. ►Fig. 1 demonstrates the breakdown of the litera-
ture search. A summary of the major findings of the system-
atic review is demonstrated in ►Table 1.

Study Characteristics
The total number of patients included in our analysis was
2,048, which consisted of 1,409 females and 239 males (one
study did not report breakdown of gender). The average
study follow-up period was 13.7 months, ranging from
10 days to 5 years. The article publication year ranged
from 2005 to 2021. There were 13 prospective studies,
nine retrospective studies, and one was a combination of
prospective and respective studies. The studies were from
various countries which are depicted in►Fig. 2. Patient ages
ranged from 21 to 90 years with a mean of 46.3.

►Fig. 3 illustrates the use of specific dermal fillers by
number of studies. Among the 23 included articles, use of 28
different fillers was described between studies. The most
common HA product used was Restylane 46.4% (13/28),3–15

followed by Perlane (four studies),5,12,15,16 then Juvéderm
(JuvédermVoluma XC, JuvédermVolbella XC, JuvédermUltra
plus XC) (three studies).17–19 Other HA products included
Belotero (2), Teosyal PureSense Redensity (2), Emervel (1),
Glytone (1), and Hylaform (1). Two studies involved the use
of calcium hydroxyapatite (Radiesse).20,21 The generic and
commercial names of the fillers are listed in ►Table 2. A
summary of the included studies is depicted in ►Table 3.

Patient Outcomes
All studies reported on patient satisfaction, six studies includ-
ed the Global Aesthetic Improvement Score (GAIS)
scale,17,18,20,22–24 and one included three-dimensional (3D)
imaging.3 Overall, patient satisfaction was excellent following
treatment (85–90%).HAfiller had an average duration effect of
10.8months (eight studies),3,4,8,15,17,18,21,25while CaHAhad a
duration effect of 15.4 months (two studies).20,21 Using 3D
imaging, mean duration of volume augmentation with Resty-
lane was 14.4 months, and at an average follow-up of
15monthspatients had85%volume retention.3Older patients
were more likely to be dissatisfied with their results (61 vs.
52 years, p <0.01).14

Injection Techniques
Type of anesthesia used is described in ►Fig. 4 and ranged
from no anesthesia (three studies),5,16,21 local infiltration
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Fig. 1 PRISMA flow diagram for the screening process.

Table 1 Summary of major findings of systematic review

Most common HA filler Restylane

Average volume per side 0.47mL

Most commonly reported injection technique Placement of the filler pre-periosteally between the orbicularis
oculi muscle and inferior orbital rim, using the inferior orbital rim
or nasojugular groove as injection point landmarks.

Average duration effect of HA on subjective measures 10.8 mo

Average duration effect measured by 3D imaging 85% at 15 mo

Mild adverse effects Bruising, redness, and edema

Major adverse effects Tyndall effect (blue–gray discoloration), lump irregularities.

Abbreviations: 3D, three dimensional; HA, hyaluronic acid.
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(three studies),12,15,17 nerve block (one study),19 and topical
application (eight studies).3,4,6,7,10,11,14,18 One study used
topical and local infiltration concurrently,20while oneprimar-
ily used 0.3% lidocaine simultaneously injected with filler.23

Fewstudies involvedmultiple techniques, such as none versus
local, which demonstrated no major differences in patient
satisfaction between anesthetic use.8,9,24 Topical anesthetic
ointment such as betacaine or lidocaine/prilocaine creamwas
generally applied 20 to 60minutes before the procedure and

cleaned off with alcohol immediately before injection. Local
anesthesia was commonly performed with 0.2mL of 1% lido-
caine and epinephrine 1:100,000.8,9,12 Post-injectionmassage
was frequently completed tomold thefiller. One study includ-
ed theuseof post-injectionoral corticosteroids (1mg/kg/d) for
48hours, which demonstrated decreased swelling and pain
compared with those without the use of corticosteroids.8

Various injection techniqueswere used across studies and
included retrograde, linear threading, cross-hatching, feath-
ering, fanning, serial puncture and multiple microbolus, and
single boluses. Serial puncture (eight studies), microbolus
(seven studies), retrograde techniques (six studies), and
linear treading (six studies) were most commonly reported.

Themean volume treated per eyewas 0.47mL per side and
ranged from 0.21 to 1mL (19 studies). Depicted in ►Fig. 5, a
30-gaugeneedlewasmost commonlyused for injections (nine
studies), comparedwith 29-gauge needle (one study), and 31-
gauge needle (one study). Cannulas (25-gauge: three studies,
27-gauge: one study)were also reported, which led to compa-
rable patient satisfaction.18–20,26

Themost commonmethod describedwas placement of the
filler pre-periosteally between the orbicularis oculi muscle
and inferior orbital rim, using the inferior orbital rim or
nasojugal groove as injection point landmarks (17 studies).
However, two studies describe theplacementoffiller between
the dermis and the orbicularis oculi muscle, both demonstrat-
ing high improvement rates (98–100%).6,7 Both studies in-
volved theuseofRestylane.Additionally,Hill etal revealed that
injectionof the infraorbital rim led to significant improvement
in the depth of the tear trough deformity compared with
injection of the deep medial cheek.5

Hamman et al studied two different injection technique.
One with a single depot through injection point at nasoju-
gular fold (n¼30) and another with small aliquots through
multiple injection points along inferior orbital rim (n¼51).
Patient outcomes and satisfaction were similar in both
groups. The only major difference was that two patients in
the single depot group needed hyaluronidase.9

Safety Profile
Overall, complications rateoradverseeffect (AE) across studies
that reported quantitative data was 30.2% (466/1,545)
(►Table 4). A summary of the major reported side effects is
depicted in►Fig. 6. Themost commonAEswere edema (35.6%
of those AEs reported) and bruising (28.5%), which occurred
within a few days of treatment and resolved spontaneously
within 2 to 3 weeks. Of note, the degrees of reported bruising
and swelling were not consistent throughout studies. Some
studies reported only major swelling while others reported
mild swelling. Hence, the reported edema rates in studies in
our analysis ranged from 8 to 91%.4,26

The Tyndall effect, a bluish gray discoloration, is a feared
complication of treatment. Among 2,048 patients, Tyndall
effect occurred in 65 (3.17%) patients. One 5-year long-term
follow-up study accounted for 46 of the 65 occurrences.10

Berros et al reported that 7/41 (17%) of patients experienced
the Tyndall effect following injection of the inferior orbital
rim with standard protocol while no patients experienced

Fig. 3 Filler material used in included studies.

Fig. 2 Country of origin by number of studies. UK, United Kingdom;
USA, United States of America.

Table 2 Generic and commercial names of the included fillers

Generic name Commercial name
(manufacturer, location)

Hyaluronic
acid (HA)

Belotero (Merz Pharmaceuticals GmbH,
Frankfurt, Germany)
Emervel (Galderma S.A, Lausanne,
Switzerland)
Glytone (Merz Pharmaceuticals GmbH,
Frankfurt, Germany)
Juvederm (Allergan Inc, CA)
Perlane (Medicis Corporation, AZ)
Teosyal Puresense Redensity 2
(Teoxane SA, Geneva, Switzerland)

Calcium
hydroxyapatite
(CaHA)

Radiesse (Merz Aesthetics, CA)
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the Tyndall effect with a modified injection protocol. This
modified protocol involved preinjection cooling of the peri-
orbital area, no local anesthesia, preincision displaced of
malar fat 10mm below the orbital border, and post-injection
oral corticoid therapy (1mg/kg/d) for 48hours.8

Contour irregularities are another feared complication of
tear trough augmentation and are more common following
multiple injections and higher volume.10 Some studies
necessitated the use of hyaluronidase to improve lumps
and irregularities.14,16,19 Overall, among 2,048 patients,
83 (4%) patients required the used of hyaluronidase to
dissolve contour irregularities. There were two reported
cases of cellulitis and one of migraine following injection of
Restylane.11

AEs was more commonly reported with Perlane (n¼100)
which included bruising (75%), swelling (26%), blue discol-
oration (4%), and lumpiness (33%) with 7% requiring disso-
lution of lumps with hyaluronidase.16 Treatment with HA
was well-tolerated long-term and follow-up of 5 years
reported long-term complications of malar edema (11%),
blue–gray discoloration (31.3%), and contour irregularities
(30.5%).10 The majority (90%) were mild and required no
intervention.

Discussion

The tear trough deformity is a challenging area to treat with
dermal fillers due to the thin overlying skin and hyperpig-
mentation in the region. Additionally, important nearby
vessels and structures require a thorough understanding of
the anatomy and optimal injection technique to prevent
complications. Our systematic review evaluated published
literature on patient outcomes, safety profile, and injection
techniques of the use of dermalfillers in the treatment of tear
trough deformities.

Patient Outcomes
In general, patients were highly satisfied with their results
following treatment for tear trough augmentation. Factors
that affected patient satisfaction were multifactorial. Some
patients, who had improved results, remained dissatisfied
due to AEs such as bruising and swelling.26 Diwan et al found
that one main hindrance to patient satisfactionwas financial
as some patients required multiple treatments. Almost 40%
of patients over 35 years required a second injection for
optimal treatment.26 Additionally, older patients were more
dissatisfied, which may be related to the thinner skin and
propensity for edema in the older population.8,14 Therefore,
it is important to counsel patients in specific age groups
regarding treatment expectations. As well, proper patient
selection is critical. Patients with very thin skin, pre-existing
pigment issues, or pre-existing eyelid edema may not be
good candidates for tear trough treatment.

Injection Techniques
The most common filler used in our analysis was Restylane
followed by Perlane and Juvéderm products. Restylane is
likely used as the primary filler as it tends to cause less
swelling in this sensitive area compared with the Juvéderm
products (specifically the Hylacross products Ultra and Ultra
Plus).27 The nonanimal stabilized hyaluronic acid (NASHA)
processing technology of Restylane may be associated with
this effect.28 However, as a caveat, the greater propensity for
swelling cannot be generalized to all Juvéderm products. For
example, the Vycross derivatives in the Juvéderm family,
specifically Volbella, are also often used for the mid-to-deep
dermis in the tear trough region. Injecting with a safe and
reliable technique plays a pivotal role in achieving optimal
outcome. It is commonly accepted that superficial (subcuta-
neous plane) injections are more likely to produce skin
irregularities, whereas deeper injections (submuscular or
pre-periosteal panes) place filler where it is less likely to

Fig. 5 Type of injection device used by number of studies.

Fig. 4 Type of anesthesia by number of studies.

Fig. 6 Reported number of patients who experienced a major side
effect.
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migrate, and minimize the risk of intravascular injection.11

Subcutaneous placement of Restylane was described in the
early 2000s by Kane with good results, and more recently
with Shah-Desai and Joganathan in younger patients.6,29

Shah-Desai and Joganathan proposed that while deep injec-
tions led to favorable outcomes in older patients with
significant volume loss and skin laxity, younger patients
with thin lower eyelid skin from structural volume less of
skin and subcutaneous tissue can benefit from placement of
filler into the subcutaneous, preseptal area.6

Serial puncture, retrograde linear threading, and micro-
bolus techniques with a 30-gauge needle were commonly
reported in our analysis.3,4,24 Cannulas were also used and
did not display different satisfaction rates.18–20,26 Theoretical-
ly, cannula may be safer because they are less likely to pierce
the periorbita, orbital septum, or vasculature.30 However, a
study on human cadavers compared the use of a 30-gauge
needle and a 30-gauge blunt cannula on the tear trough
augmentation and demonstrated that in both techniques the
periorbitawas intactandthefiller remainedwithin thedesired
anatomical plane.31 However, the risk of intravascular injec-
tion and risk of ocular thrombosis were not studied.

Various injection points along the inferior orbital rim have
been successfully and safely used. Nonetheless, it is advisable
to not inject medially in the inner canthus to avoid compres-
sion or emboli of the angular vessels. Most practitioners
recommend using a conservative approach using minimal
volume with initial treatments, as overcorrection can lead to
lumps and contour irregularities. Our study found an average
of 0.47mL of filler used per side. However, this volume may
lead to over-correction as someof the included articles treated
both the tear troughdeformity andpalpebromalar groove.12,18

Gently post-injectionmassagewas oftenused to appropriately
mold the filler. Most patients were asked to follow-up in 3 to
4 weeks for a potential second injection, if necessary.

Safety Profile
AEs from tear trough treatment were generallymild and self-
limiting, and most commonly included bruising and swell-
ing. Notably, age and dermatological characteristics such as
wrinkles and hyperlaxity were not factors correlated with
complications whereas history of blepharoplasty was corre-
lated with higher incidence of AEs such as edema.8 The
Tyndall effect, a blue–gray skin dyschromia, is another
potential complication of treatment. This discoloration
may be exacerbated by patients with pre-existing hyperpig-
mentation. Injectors have cited that maintaining deep injec-
tion planes can decrease the risk of the Tyndall effect.10 As
well, deep periosteal injection can decrease the possibility of
blocked lymphatic drainage and intravascular injections
further minimizing edema and ecchomyosis.32

Improper injections can lead todevastating and irreversible
consequences. For instance, if the injection is performed too
inferiorly at the mid-pupillary line, the risk of intra-arterial
injection could lead to blindness.27 While no cases were
reported in the studies in our analysis, blindness secondary
tofiller injection in theperiorbital regionhasbeendescribed in
literature. This complication has been reported in both case

reports and in the MAUDE database during tear trough treat-
ment.33–35 For example, a tear trough injectionwith Juvéderm
Volbella with lidocaine led to a case of unilateral blindness
immediately following injection in an otherwise healthy
young female.36 Various other reports of blindness have
been described with different dermal filler products (i.e.,
Restylane, Bellafill, Juvéderm) and treatment areas (i.e., nasal
dorsum, nasolabial folds, glabella). Diplopia as a result of
inferior oblique muscle restriction has also been described
following correction of the tear troughdeformity, in a 38-year-
old female one and a half month following treatment. This
patient also had bilaterally lower eyelid swelling and both
conditions were successfully treated with hyaluronidase.37

Catastrophic events can occur but are rare with proper tech-
nique. Thus,werecommendthatpractitionershavea thorough
understanding of the relevant anatomy, optimal injection
techniques, and effective management of complications.

Limitations
This systematic review has a few limitations. First, the
quality of the included studies was limited by the homoge-
neity of patients. Most of the patients included were older
Caucasian women with Fitzpatrick skin types I or II. This
limits the generalizability of the results to younger men and
women, and those with darker complexion (Fitzpatrick skin
types III-VI). Second, most of the included studies evaluated
their results on subjective and nonvalidated measures such
as patient satisfaction. While a patient’s perception of im-
provement is clinically important, objective measures are
valuable for critical analysis of results such as effect duration.
Additionally, patients with various preinjection tear trough
deformitieswere used.We recommend use of a classification
system to objectively grade the pretreated deformities to
improve the comparison between treatment results.38,39

Lastly, many of the included studies were retrospective
case series or case reports. There was only one randomized
control study and four controlled trials. Studies with less
than 10 subjects were also excluded, which could potentially
provide evidence on complication rates. Future studies
should focus on diverse patient samples, objective outcome
measures, and randomized controlled studies.

Conclusion

Our systematic review demonstrated that nonsurgical cor-
rection of the tear trough deformity with soft tissue filler is a
minimally invasive procedure with excellent patient satis-
faction with long lasting effects. Common reported side
effects were mild and transient and include bruising and
edema. More serious AEs such as contour irregularities,
severe edema, and the Tyndall effect may occur, but are
relatively uncommon. It is essential to have a fundamental
understanding of the relevant anatomy and ideal injection
technique to provide excellent patient outcomes and prevent
serious complications.
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