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ABSTRACT

Hand rejuvenation has become increasingly popular in recent years. Knowledge of the layered anatomy
of the hand is crucial for better aesthetic results. In this context, ultra-high-frequency ultrasound (UH-
FUS) has been used in minimally invasive procedures all over the body, including the hands. To the best
of our knowledge, this is the first study to correlate UHFUS evaluation of the dorsal aspect of the hand
before, during, and after injectable procedures. We discuss the layered local anatomy of the hand, whose
knowledge is crucial for performing safe and effective aesthetic treatments for rejuvenation, and the cor-
relation of the imaging aspects of different procedures and products, as well as its possible complications.
Keywords: Ultrasonography; R ejuvenation; Hand; Anatomy.

RESUMO

Os procedimentos de rejuvenescimento das mdos tornaram-se cada vez mais populares nos ultimos anos.
O conhecimento da anatomia em camadas do dorso da mdo é essencial para alcangcar melhores resultados
estéticos com seguranga e confianga. Nesse contexto, o ultrassom de ultra-alta frequéncia (UHFUS) tem sido
cada vez mais utilizado em procedimentos estéticos minimamente invasivos em todo o corpo, podendo também
ser utilizado nas mdos. Até onde sabemos, este é o primeiro artigo que correlaciona imagens do dorso da mao
por UHFUS antes, durante e apos procedimentos injetaveis. O artigo discute a anatomia local estratificada
que ¢ critica para a realizacdo de tratamentos estéticos seguros e eficazes para o rejuvenescimento das mdos.
O artigo também correlaciona os aspectos de imagem de diferentes procedimentos e produtos, bem como suas
possiveis complicacdes.

Palavras-chave: Ultrassonografia; Rejuvenescimento; Mao; Anatomia.
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INTRODUCTION

After the face, the hands are one of the most visible parts
of the body, and undergo characteristic changes with aging,
such as dyschromias, lentigines, actinic and seborrheic keratosis
and roughness. In addition, loss of subcutaneous fat volume
and muscle atrophy accentuate the prominent tortuous veins,
tendons, joints, and bony prominences beneath the skeletal skin
of the dorsum of hand."? All of these changes contribute to an
older appearance. The literature shows that patient age may be
estimated based solely on the appearance of the hands.! Indeed,
the appearance of the hands is also considered the second most
telling indicator of chronological age, surpassed only by the
appearance of the face.> Hand rejuvenation procedures have
therefore received special attention.

Hand rejuvenation for aesthetic purposes has become
increasingly popular among both professional injectors and
patients *° seeking to restore the appearance of smooth, youthful
hands with satisfactory volume and improved skin quality.
To achieve the best results with these emerging aesthetic and
cosmetic procedures, a thorough understanding of the local
anatomy, accurate determination of the precise anatomical
plane of application, and familiarity with the composition and
properties of the products used, as well as the proper procedural
techniques, are essential.

High-resolution ultrasound (HRUS) may be used to
improve safety and accuracy prior to, during, and after these
procedures. Ultrahigh-frequency ultrasound (UHFUS) has
become increasingly popular for minimally invasive procedures.
This is not only because of its unprecedented level of detail, which
allows identification of structures previously unimaginable with
radiological imaging techniques, but also because it correlates in
vivo anatomical, clinical, surgical, and radiological findings with
incredible precision.

Although the hands are highly visible,aesthetic procedures
are popular, and UHFUS has potential, there are relatively few
studies regarding hand rejuvenation. Very few of these studies
have used radiological imaging, and none have included detailed
anatomical and procedural information along with the use of
UHFUS (22-33 MHz)."#

Therefore, the aim of this article is to describe the
techniques and procedures performed on the hands as well as
the associated imaging findings and detailed anatomy of the
hands, thereby adding an innovation to the literature.

ANATOMY OF THE DORSUM OF THE HAND

Knowledge of the layered anatomy of the hand is
crucial for a successful preprocedural and ultrasound analysis.
This knowledge is also essential for safe and effective aesthetic
treatments, as performing procedures in the wrong anatomical
layer can lead to poor aesthetic outcomes and increase the risk
of adverse events, such as hematoma formation, intravascular
injection, and nerve damage.

The first anatomical discussion of the dorsum of the hand
was in 1939 by Kanavel,” who described two fasciae: a superficial
fascia covering the extensor tendons and a deep fascia covering
the interosseous muscles and metacarpal bones. In 2010, Bidic et
al.” correlated histological, anatomical, and ultrasound sections
of the dorsum of hand and described three compartments of
areolar fatty tissue and three fascial layers. They identified the
dorsal superficial, intermediate, and deep laminae, separated by
three fascial layers: 1) dorsal superficial fascia, which separates the
dorsal superficial lamina from the dorsal intermediate lamina;
i1) dorsal intermediate fascia (a continuation of the antebrachial
fascia of the forearm), which separates the dorsal intermediate
lamina from the dorsal deep lamina; and ii1) dorsal deep fascia,
the muscular fascia that extends from the periosteum on the
dorsal side of the metacarpals. The sensory nerve and the dorsal
vein are in the dorsal intermediate lamina, and the extensor
tendon is in the dorsal deep lamina (Figure 1).

Studies in the last decade have also adopted this layered
anatomy approach. For example, Lefebvre-Vilardebo et al."
describe the fascia and laminae between the skin and tendons as
inseparable, forming a 3D sponge-like fascial scaffold in which
veins, their perforators, and nerves are found. The studies by
Bidic et al.” and Lefebvre-Vilardebo et al.'’ agree that the safest
layer for application of volumizing material is the subdermal
layer because it is at a safe distance from the neurovascular
bundle. Dorsum of hand is compartmentalized by strong septa, so
bolus injection of product is less likely to be easily redistributed
throughout the dorsum of hand.?

ULTRASONOGRAPHIC ANATOMY OF THE DORSUM OF THE
HAND

To the extent of our knowledge, after an extensive
search of the medical literature, this is the first study of the
ultrasonographic anatomy of the dorsum of the hand using
UHFUS (22 MHz—GE LOGIC E, General Electric, Milwaukee,
WI; and 24 and 33 MHz—Canon Aplio 1700 and 1800, Canon
Medical System Corporation, Japan). By using UHFUS, we

Dorsal superficial lamina
Dorsal superficial fascia
Dorsal intermediate lamina
Dorsal intermediate fascia
Dorsal deep lamina

Dorsal deep fascia

FIGURE 1: Anatomy of the dorsum of the hand, adapted
from Bidic. °
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found consistency in the ultrasound imaging patterns of the
dorsal layers of hand. From surface to deeper layers, the following
layers can be identified (Figure 2):

Epidermis: Thin hyperechoic line due to higher keratin
content.

Dermis: Hyperechoic band (less hyperechoic than the
epidermis), rich in collagen.

Dorsal superficial lamina: Thin hypoechoic band, a very
thin layer of fat/areolar tissue, generally not noticeable.

Dorsal superficial fascia: Hyperechoic line.

Dorsal intermediate lamina: Hypoechoic band, a layer
of areolar fatty tissue where the dorsal veins are located (oval
anechoic structures in the transverse plane and tubular in the
longitudinal plane).

Dorsal intermediate fascia: Hyperechoic line, a
continuation of the antebrachial fascia of the forearm.

Dorsal deep lamina: Hypoechoic band, a layer of fat/

areolar tissue in which the extensor tendons run.

Epidermis

Dermis

Dorsal superficial lamina
Dorsal superficial fascia
Dorsal intermediate lamina

. Dorsal intermediate fascia
K - | Dorsal deep lamina
-

dorsal deep fascia

FIGURE 2: Transverse-plane UHFUS image A - and schematic
B - with a 24 MHz multifrequency probe (Canon Aplio i700)
documenting the layered anatomy of the dorsum of hand:
green dotted lines indicate the dorsal superficial, intermedi-
ate, and deep fasciae. These fasciae delineate the fatty spac-
es/loose areolar tissue as superficial, intermediate,

and deep layers.

Dorsal veins are circled in blue, extensor tendons are
circled in yellow, interosseous muscles are circled inred, and
the blank lines indicate the cortex of metacarpals

Dorsal deep fascia: Hyperechoic line, the superficial
muscular fascia that continues to the periosteum of the dorsal
surface of the metacarpals.

By reviewing the literature, we can see that the studies by
Bidic et al.” and by Lefebvre-Vilardebo et al."” present different
descriptions of the anatomy of the fascia and laminae of hand.
However, this discrepancy can be attributed to their use of
transducers with different frequencies and lower resolutions than
those used in the present study.

Understanding the layered anatomy of the dorsal hand
and its normal appearance on ultrasound is critical to performing
injectable aesthetic procedures, not only in preprocedural
evaluation but also in guided injections. The recommended
target plane for hand rejuvenation injections is the undersurface
of dermis, which can be clearly identified via UHFUS. During
evaluation, it is also possible to visualize and confirm the proper
positioning of the cannula, which appears as a round hyperechoic
structure in the transverse plane and tubular in the longitudinal
plane (Figure 3).

INJECTABLES FOR REJUVENATION OF THE DORSUM
OF HAND AND THEIR ULTRASONOGRAPHIC ASPECTS

Hand rejuvenation is a safe, effective procedure. The first
study identified in the literature on dorsal hand rejuvenation
was published in 1992 and reported results with fat grafting."
Since that time, a variety of techniques have been described with
similar aesthetic results.” Major techniques for hand rejuvenation
include autologous fat transfer (transfer of the patient’s own
fat), dermal fillers (synthetic materials), and collagen stimulants.
Currently,only two fillers are U.S.Food and Drug Administration-
approved for hand rejuvenation: Radiesse® (CaHA; Merz North
America, Inc., Raleigh, NC) and Restylane-Lyft® (hyaluronic
acid; Galderma Laboratories, Fort Worth, TX).”

All of these procedures can be performed with local
anesthesia, provide good aesthetic results, and patients report
high satisfaction with fewer complications.” A systematic
review showed that Radiesse® and fat grafting were the most
commonly used products for hand rejuvenation with the lowest
complication rates.’

Ultrasound can be used before procedures to analyze local
anatomy and identify previously applied products, an important
step in reducing risk. Ultrasound is the only radiological imaging
modality capable of being used for product identification or
during and after injections. In postprocedural assessment, this
method can diagnose and assist in the management of aesthetic

and surgical complications.'*"

1. FAT

Once fat is obtained, it is possible to fill the dorsal region
of the hand, allowing it to cover visible veins and tendons,
resulting in subtle and uniform contours. In addition to the
volumizing effect, the fat cells have a beneficial stemming effect,
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FIGURE 3: Transverse A - and longitudinal B - UHFUS imag-
es with a 22 MHz multifrequency probe (GE LOGIC E) show
the proper positioning of the cannula to inject the product
in the correct and safe location. Anatomical schemes in the
transverse C - and longitudinal (3D) planes show the follow-
ing: yellow line for the epidermis; pink band for the dermis;
green dotted lines for the dorsal superficial, intermediate,
and deep fasciae; blue circle for the dorsal vein; yellow circle
for the extensor tendon; red circle for the interosseous mus-
cles; and white lines for the cortex of the metacarpal bones.
Cannulais shown as a white circle under the dermis

with growth factors that rejuvenate the superficial and deep
tissues. The results are stable and, in the long term, the effects
and aesthetic satisfaction can last more than 4 to 5 years.
Liposuction sites, material preparation protocols, and
injected volumes vary in the literature. The body regions most
involved in the harvesting of autologous fat for grafting include

the abdomen, flanks, and medial thigh. There was no consensus
on centrifugation prior to injection. The fat grafting technique is
most commonly performed with cannula, with low pressure, low
speed, low volume, multi-tunnels, multi-planes, and multi-points
(3L3M).Volumes ranges from 10 to 30 mL, with a total average
of 15 mL per hand, using a proximal to distal fan technique.®"
The exact anatomical layer in which the fat cells are deposited
is controversial; there is a greater consensus on the safety and
efficacy of injections into the dorsal superficial lamina."

In UHFUS, the main characteristics of autologous fat grafts
depend on the preparation or composition: whether when liquefied
it appears as anechoic or a “pseudocystic” deposit,"* or if not
liquefied, as a local tissue disorganization or lobulated hypoechoic
deposits with permeating hyperechoic septa (Figure 4).

FIGURE 4: A -Transverse plane images with a 24 MHz multifre-
quency probe (Canon Aplio i700) in B-mode ultrasound and
superb microvascular imaging (SMI) Doppler B, along with an
anatomical scheme C, show the ultrasound anatomical layers
of the dorsum of hand and the presence of fat grafting. An-
notations are as follows: yellow line for epidermis; pink band
for dermis; green dashed lines for dorsal superficial and deep
fasciae; blue circles for dorsal veins; orange shading for fat
graft; dark orange circle for liquefied fat (pseudocyst); yellow
circle for extensor tendons; red for interosseous muscles; and
white for the cortex of metacarpals
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2. HYALURONIC ACID

Hyaluronic acid can improve the appearance of wrinkles,
provide optimal coverage of prominent veins and visible
tendons, and improve subcutaneous atrophy. Typically, 1 ml of
hyaluronic acid is used on each side. Results last approximately
12 months.'>1¢-1718

In the ultrasound image (Figure 5), the appearance of
hyaluronic acid depends on its composition, combination, and
density. Pure hyaluronic acid (HA) appears as millimeter-sized
anechoic, “pseudocystic” areas."

3. POLY-L-LACTIC ACID

Injectable poly-L-lactic acid (PLLA) (SCULPTRA®
Aesthetic,
biocompatible, biodegradable, immunologically inert product.

Galderma Laboratories) is a semipermanent,
The induction of neocollagenesis by fibroblasts results from the
placement of PLLA in the reticular dermis and subcutaneous
tissue planes. Results last up to 2 years, sometimes longer.”
Redaelli described the first series of PLLA cases for
hand rejuvenation in 2006. He observed a measurable decrease
in the visibility of extensor tendons and an improvement in
the appearance of tortuous veins. In the 16 patients available
for evaluation at 15 months, results were maintained or
improved.?! In UHFUS, PLLA is generally difficult to detect
unless it forms nodules, which may or may not be palpable and
may present as isoechoic or slightly hyperechoic nodules. With

FIGURE 5: Transverse UHFUS image A, and anatomical scheme
B, with a 33 MHz multifrequency probe (Canon Aplio i700)
showing the anatomical layers of the back of the hand and
the presence of hyaluronic acid: green dotted lines for the
dorsal superficial and dorsal intermediate fasciae; blue for
the dorsal vein; and yellow for the hyaluronic acid deposits

direct application of the product diluted in distilled water, only
the anechoic aspect of the diluent infiltrating the tissue can be
identified (Figure 6). With ultrasound-guided application of
PLLA on the dorsal superficial lamina, we observed its delivery
also to the dorsal intermediate and deep laminae, similar
to the 3D model reported by Lefebvre-Vilardebo et al.*'”
(Figures 6a and 6b).

4. CALCIUM HYDROXYAPATITE

In 2007, Busso and Applebaum? first described the use
of calcium hydroxyapatite (CaHA) (Radiesse, Merz Aesthetics)
to restore a fuller, more youthful appearance to the hands,
reduce skin laxity and wrinkles, and minimize the appearance
of prominent underlying structures such as bone, tendons, and
veins. Because CaHA is an identical compound to that found
in bone, it has high biocompatibility and a low risk of adverse
events.

Since that initial report by Busso and Applebaum,
additional publications have demonstrated successful restoration
of the volume of hand with CaHA in over 100 patients using a
variety of techniques and dilutions. Results have ranged from 12
to 24 months.>***

FIGURE 6: Longitudinal UHFUS image A, with a 24 MHz mul-
tifrequency probe (Canon Aplio i700) showing the correct
plane of the cannula in the dorsal superficial lamina where
the product was delivered. Transverse UHFUS image B, with
a 24 MHz multifrequency probe (Canon Aplio i700) imme-
diately after product injection, showing that although the
product was delivered to the dorsal superficial lamina, it was
also distributed to the dorsal intermediate and deep laminae
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On HRUS, CaHA appears as continuous or focal
hyperechoic deposits with or without posterior acoustic
shadowing, depending on the concentration (Figure 7 and
Figures 8a and 8b).** On UHFUS, it appears as continuous or
focal hyperechoic deposits with or with no posterior acoustic
shadowing, depending on the concentration (Figure 7 and
)_27

Figure 8

FIGURE 7: Transverse UHFUS image with a 22 MHz multifre-
quency probe of the same patient from Figure 3, immediate-
ly after injection of calcium hydroxyapatite on the correct
surface. After vigorous massage, calcium hydroxyapatite
(white arrows) reached the dorsal superficial and interme-
diate laminae, thereby confirming the hypothesis by Lefeb-
vre-Vilardebo et al.*

5. HARMONYCA

HArmonyCa™ (Allergan Aesthetics,an AbbVie Company)
1s a hybrid filler that combines the collagen biostimulant calcium
hydroxylapatite (55.7%) plus the hyaluronic acid volumizer.” On
UHFUS, it appears as hyperechoic areas with a cloudy pattern
without posterior acoustic shadowing? (Figure 9).

COMPLICATIONS

The two most common side effects reported after
injectable procedures are hematoma and edema, which are
typically mild, transient, and resolve spontaneously within
a few days or weeks.” Ecchymosis and paresthesia have also
been reported and can be minimized with the use of cannulas
and ultrasound-guided procedures."
complications include persistent edema, sensory dysfunction,
and the formation of nodules or foreign body granulomas’

Potential long-term

(Figure 10). More serious complications include local infections
that may progress to abscesses'' (Figure 11).

FIGURE 8: Transverse UHFUS image A, and anatomical
scheme B, with a 24 MHz multifrequency probe (Canon Aplio
i800) of the same patient from Figure 3 and Figure 7, taken
10 days after the procedure, showing the product mainly
in the dorsal intermediate lamina. Notably, there is almost
circumferential involvement of most of the dorsal veins in
this layer (hyperechoic areas in A and pink areas in C).

CONCLUSION

Hand rejuvenation has become an increasingly popular
procedure because it is a safe and effective method. Different
techniques and products are described with similar results.’
Knowledge of the anatomy is critical for injectors to ensure
accurate and safe placement of fillers and collagen stimulators on
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FIGURE 9: Transverse UHFUS image with an 18 MHz multi-
frequency probe (Canon Aplio A) taken several weeks after
the procedure (HarmonyCA™), showing hyperechoic areas
in the dorsal superficial and intermediate laminae

FIGURE 10: Clinical aspect A, shows palpable and visible nod-
ules. Transverse UHFUS images with a 24 MHz multifrequen-
cy probe (Canon Aplio i700) in B-mode B, and longitudinal
SMI Doppler C, obtained 2 years after calcium hydroxyap-
atite injection, show hyperechoic nodules in the superficial
and intermediate layers with mild vascularization

FIGURE 11: Clinical aspect A, shows edema and erythema.
Transverse UHFUS images with a 24 MHz multifrequency
probe (Canon Aplio i700) in B-mode B, and SMI Doppler
C, taken a few days after calcium hydroxyapatite injection,
show the product as hyperechoic areas in the dorsal superfi-
cial and intermediate laminae along with significant edema/
anechoic lamina and increased vascularization of the lami-
nae on the dorsum of hand

the dorsum of hand.” UHFUS can assist before the procedure by
identifying previously applied products and providing detailed
anatomy. During the procedure, UHFUS can guide application
of product in the correct layer, avoiding veins and nerves. After
the procedure, it can help manage complications.

Comprehensive  knowledge of anatomy, product
characteristics, and procedural techniques, as well as the ability
to evaluate ultrasound at multiple levels (prior to, during, and
after procedure), is important for the safe, effective application of
all aesthetic hand rejuvenation procedures. ®
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