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BACKGROUND

Dermal fillers are a popular anti-aging treatment with over 2 million procedures performed 

in the USA in 2013, and this figure will only increase as the aging population grows. Most 

FDA approved fillers last 3 to 24 months, depending on composition and injection site. 

There are numerous FDA-approved dermal fillers of varying compositions, with the most 

common being hyaluronic acid. Various fillers have optimal uses in specific skin layers 

corresponding to different degrees of treatment (1).

Adverse reactions to dermal fillers are infrequent, and most are mild and superficial with no 

permanent effects (2). However, severe complications, such as filler migration to the eyes 

and ocular ischemia, have been reported (3). In addition to aiding with precise localization 

of the filler injection, real-time visual feedback could decrease the risk of embolisms and 

subsequent ischemic events associated with present blind-injection techniques. Currently, 

physicians have no real-time visual feedback with micrometer-scale resolution. Ultrasound 

imaging, X-ray CT, MRI, and PET have visualized dermal fillers (4), but are impractical for 

real-time and/or outpatient use.

Optical coherence tomography (OCT) is a noninvasive low coherence interferometric 

technique which can provide depth-resolved imaging with micrometer-scale spatial 
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resolution (5), and is rapidly emerging as a powerful tool in dermatology (s1–s4). OCT can 

also obtain the local mechanical properties of tissue through a functional extension, optical 

coherence elastography (OCE) (6, 7). Although viscoelastic and rheological properties of 

dermal fillers have been evaluated (s5–s7), there has not been direct study on the effects of 

fillers on skin biomechanical properties.

QUESTIONS ADDRESSED

In this Letter, we investigated the feasibility of OCT for visualizing dermal filler injections 

in real-time with micrometer-scale spatial resolution. Furthermore, we utilized a noncontact 

OCE method to assess the viscoelasticity of a fresh ex vivo pig skin sample after filler 

injections to determine whether OCE can objectively characterize the efficacy of the filler 

injection.

EXP. DESIGN

A commercial swept source OCT (SS-OCT) system (Model OCS1310V1, Thorlabs Inc., NJ, 

USA) imaged the injection. A schematic and specifications of the SS-OCT system are 

provided in the Supplementary Materials (Error! Reference source not found. (a) and 

Table 1, respectively).

A home built phase-sensitive OCE system assessed the elasticity of the pig skin after the 

filler injections (8). Details are provided in the Supplementary Materials (Table 1). The skin 

was mechanically loaded by a brief (≤1 ms) focused air-pulse (9). The OCT imaging beam 

and air-pulse were co-focused during all OCE measurements (s8). The sample was mounted 

on a pair of motorized linear stages (Model UTS100CC, Newport Inc., CA, USA) for 

accurate 2D translation. A schematic of the OCE setup is provided in the Supplementary 

Materials (Error! Reference source not found. (b)).

Dermal filler (Juvederm® Ultra XC, Allergan Inc., CA, USA) was injected ~1 mm below 

the surface at three locations into pig skin that was obtained fresh from a local market. The 

SS-OCT system imaged the injection process at 200 frames per second. After injection, the 

SS-OCT system acquired 3D structural images.

An area of 45 by 15 mm of 10 by 4 points, respectively, was assessed by OCE from one 

sample of pig skin. Air-pulses at each of the measurement positions were delivered to the 

skin surface at ~20 Pa. M-mode images (n=21) were acquired at each position and each air-

pulse was synchronized with the M-mode frame trigger (s9). The vertical temporal 

displacement profiles were analyzed for their relaxation rate and for viscoelasticity 

reconstruction (s8, s10–s12). Details about OCE data processing, analysis, and 

viscoelasticity reconstruction are provided in the Supplementary Materials.

RESULTS

The filler injection was successfully imaged by the SS-OCT system. Figure 1(a–d) are 

selected frames during the injection, and Video 1 shows the injection at 10x slower than 

real-time. Figure 1(e–g) are images of the reshaped skin after the injection. Figure 1(e) is a 
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3D rendering of the skin showing the injection site of the filler. Figure 1(f) and (g) are slices 

corresponding to the furthest and nearest slices of Figure 1(e), respectively.

The biomechanical properties of the pig skin are mapped in Figure 2, with the black arrows 

and black dots indicating filler injection sites and OCE measurement positions, respectively. 

Figure 2(a) shows the 2D map of the relaxation rates calculated by fitting the relaxation 

process to an exponential equation (Equation (2) in Supplementary Materials). The injection 

sites are not evident because the average relaxation rate for all data points (n=945) was 

0.99±0.048 ms−1, indicating a low variance and subsequent lack of filler localization.

The Young’s modulus and shear viscosity quantified by the reconstruction model are 

mapped in Figure 2(b) and (c), respectively. Now, the fillers are easily localized from the 

regions of increased stiffness and viscosity. Additional experiments with saline injections 

also showed an increased elasticity at the injection sites, indicating that additional volume 

beneath the skin may be the primary source of the altered biomechanical properties. These 

results are provided in the Saline injections section in the Supplementary Materials.

CONCLUSIONS

We have shown the first real-time visual feedback of dermal filler injections with 

micrometer-scale resolution using OCT. Due to the noninvasive nature of OCT and advances 

in optical hardware and high performance software enabling real-time video-rate 3D 

imaging, OCT may be a valuable tool for aiding and evaluating other dermatological 

cosmetic procedures. By taking advantage of the superior displacement sensitivity of OCE in 

conjunction with noncontact mechanical loading by an air-pulse, the biomechanical 

properties of pig skin were mapped and the filler injection sites were localized.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
(a–d) Selected OCT images acquired during dermal filler injection at the indicated times. (e) 

3D visualization of the pig skin after a filler injection. (f) 2D slice of the skin where no filler 

was injected. (g) 2D slice of the skin showing the presence of the filler. Yellow arrows 

indicate the location of the filler. Scale bars are 250 μm.
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Figure 2. 
2D maps of the (a) relaxation rate of the air-pulse induced displacement and (b) Young’s 

modulus and (c) shear viscosity obtained from the viscoelasticity reconstruction model. 

Black arrows indicate positions of the filler injections and black dots indicate OCE 

measurement positions.
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