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Chapter

Integrated Optical Coherence 
Tomography and Deep Learning 
for Evaluating of the Injectable 
Hydrogel on Skin Wound Healing
Qingliang Zhao and Lin Chen

Abstract

Recently hydrogels and the treatment of skin wounds based on hydrogel dressings 
have become one of the research hotspots in the field of skin trauma. In this chapter, 
we focus on the materials and methods of hydrogel preparation, and discuss the 
properties that hydrogels should possess for the treatment of wounds. Moreover, we 
discuss the potential of non-invasive optical imaging techniques in the assessment 
of cutaneous wound healing. The research results of the application of non-invasive 
optical techniques such as diffuse reflectance spectroscopy (DRS) and optical coher-
ence tomography (OCT) in scar identification, skin bruising, and skin and vascular 
structure identification are reviewed. Furthermore, we further discuss the superior-
ity and potential of current artificial intelligence (AI) technology in dermatological 
diagnosis, and analyze the application status of hydrogel in skin wound treatment. 
Finally, we believe that the combination of AI and optical imaging technology in the 
development and efficacy monitoring of hydrogels will be a promising research direc-
tion in the future.

Keywords: hydrogel, OCT, in vivo imaging, artificial intelligence, wound healing

1. Introduction

As the largest organ system in the human body, the skin plays a vital role in 
 maintaining the body’s physiological stability, protecting the skin from external 
stimuli, preventing infection, and maintaining fluid balance. Therefore, skin wound 
healing is an important step in the survival to complete wound closure [1]. Although 
human skin can heal itself after injury, this is limited to superficial wounds. In cases 
such as deep burns or diabetes, the wound’s self-healing ability is limited, and sup-
portive methods are needed to accelerate and protect the wound healing process. 
Current conventional approaches to wound treatment including the application of 
different types of dressings, electrical stimulation therapy, skin grafting, and negative 
pressure wound therapy (NPWT) have proven beneficial, but they also have certain 
limitations [2].
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Since O. Wichterle et al., reported the first case of hydrophilic gel in 1960, the 
results of the application of hydrogel in wound healing have become increasingly 
abundant [3–9]. More and more research results show that hydrogels have the abil-
ity to deliver drugs, cytokines, and growth factors as carriers, which will greatly 
accelerate wound healing. In addition, compared with traditional dressings, the 
non-adhesive nature of the hydrogel avoids secondary damage, and its 3D network 
structure is conducive to absorbing wound exudate while maintaining an ideal moist 
environment [10–13]. In view of this, hydrogels have gradually become ideal wound 
dressings in recent years and show good prospects in the treatment of burns and other 
skin injuries [14, 15]. In this chapter, we describe advanced hydrogels for wound heal-
ing and enhanced skin repair.

1.1 Development of injectable hydrogel

To date, a plethora of biomaterials as wound dressings for different clinical 
treatment protocols have been developed, which may be composed of synthetic 
or natural materials, or may be a hybrid of the two. Naturally occurring polymers, 
such as sodium alginate (SA), chitosan (CS), gelatin, and hyaluronic acid (HA), are 
biocompatible and biodegradable, which allow adhesion and coordination of cellular 
responses [16]. Unfortunately, natural hydrogels suffer from some limitations, such 
as not having strong mechanical properties and significant batch-to-batch variability 
[17]. In contrast, synthetic polymers such as polyvinyl alcohol (PVA), polyacrylamide 
(PAM), and polyethylene glycol (PEG) have become increasingly popular due to their 
strong mechanical properties, customizable structures and low immunogenicity [18]. 
However, the application of synthetic polymers in the field of biomedicine should 
pay attention to the rejection of the body. Therefore, more complex hydrogels were 
synthesized. Currently, the material design of hydrogels usually combines natural 
biopolymers and synthetic polymers to overcome the limitations brought by a single 
polymer [18]. Hydrogels are formed by cross-linking polymer chains dispersed in an 
aqueous medium, and the cross-linking methods mainly include physical entangle-
ment, ionic interactions, and chemical cross-linking (Figure 1) [19]. Physical cross-
linking is usually non-permanent, not as stable as chemical cross-linking, and has 
cross-linking reversibility, but it is sufficient for polymer chains to aggregate to form 
gel substances that are insoluble in aqueous media. Due to the covalent bonds between 
different polymer chains, chemically cross-linked gels have excellent mechanical 
strength because they are mainly connected by covalent bonds, but their prepara-
tion requires the addition of chemical initiators or cross-linking agents. It has been 
reported that the cross-linking agent has certain toxicity, so the cross-linking agent 
used to prepare the hydrogel should be extracted from the hydrogel before use, which 
increases the complexity of the use of chemically cross-linked gel [20]. Electron 
beam (EB) radiation cross-linking technology can overcome the above defects, which 
belongs to the grafting in chemical cross-linking and is more stable than the physical 
cross-linking network structure. Furthermore, when using radiation crosslinking, 
neither initiators nor crosslinking agents are required, making it safer, softer, and 
more stretchable than traditional chemical crosslinking [21]. Work in the late 1990s 
showed that hydrogel precursors can be injected via standard syringes without the 
need for pre-molding and the use of highly invasive surgical procedures to deliver 
the material to the target site. Injectable hydrogels have received increasing attention 
in recent years due to their excellent self-healing ability and minimal invasiveness 
[22]. Injectable hydrogel technology can better reproduce the complex extracellular 
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environment and maintain cell viability, thereby enabling adequate delivery of cells 
and therapeutic small molecules, which enables the development and optimization of 
novel therapeutic injectable Hydrogels [23, 24].

Gelatin is inexpensive and readily available and has good cell adhesion [25]. 
Alginates are commonly used in the treatment of deep second-degree burns due to 
their excellent biological properties, exudate absorption potential, and ability to 
maintain a moist wound environment [26–28]. In addition, carboxymethyl cellulose 
(CMC) contains a large number of carboxymethyl groups, which facilitates polym-
erization with other material [29, 30]. Their combined strengths make up for the 
deficiencies of one or both of these natural polymers for applications.

The EB radiation cross-linking mechanism in Figure 2 is proposed for cross-
linking of injectable 3D-PH. The radiation energy of EB is mainly absorbed by 
water in aqueous solution, and the radiation decomposition of water mainly 
produces reactive species such as hydroxyl radicals (OH) (Figure 2a) [32]. Amino 
acid residues in gelatin molecules are easily self-oxidized to form aldehyde groups, 
and aldehyde groups can cross-link with amino acids on gelatin molecules to form 
Schiff bases (Figure 2b), which is the first cross-linked network. Injectable 3D-PH 

Figure 1. 
Cross-linking of hydrogels. (a to d) physical cross-linking. (a) Thermally induced entanglement of polymer 
chains. (b) Molecular self-assembly. (c) Ionic gelation. (d) Electrostatic interaction. (e) Chemical cross-linking. 
Reprinted with permission from reference [19].
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Furthermore, OH- is considered to be a very reactive species, which can remove H 
from alginate and CMC carbon chains, inducing the formation of alginate-derived 
radicals, CMC-derived radicals, and HO. Subsequently, the radicals recombine to 
form new covalent bonds between the carbon chains (Figure 2c), which is a second 
cross-linked network. Hydrogen bonds formed between the injectable 3D-PH stabi-
lize the chemical structure of the hydrogel. The new bonds formed during electron 
beam irradiation made the molecular chains of the hydrogel connect more tightly. 
The double-crosslinked network structure triggered by EB and Schiff base can 
significantly strengthen the hydrogel. These results demonstrate that EB irradia-
tion cross-linking injectable 3D-PH can form a stable double-cross-linked network 
structure [31].

In view of this, our team designed an injectable 3D-PH via EB radiation crosslink-
ing gelatin-alginate-carboxymethyl cellulose solution, which developed by green 
materials and facile applicable method (Figure 3a). In another study, Zhang et al. 
synthesized dopamine-modified gelatin@Ag nanoparticles (Gel-DA@Ag NPs) 
by chemical grafting for wound healing as shown in Figure 3b [33]. For the first 
time, they found that the biomineralization ability of gelatin can be enhanced with 
dopamine-modified gelatin (Gel-DA). This biomineralization-enhancing strategy 
provides a new strategy for developing organic and inorganic hybrid multifunctional 

Figure 2. 
Mechanism of EB radiation crosslinking of injectable 3D-PH. (a) Ionizing radiation reaction equation of 
water in polymer aqueous solution. (b) Gelatin self-crosslinking to form the fifirst network of injectable 3D-PH. 
(c) the crosslinking mechanism of alginate and CMC under EB irradiation. Reprinted with permission from 
reference [31].
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hydrogels. Among the two different materials, gelatin plays different roles, the 
former mainly induces platelet activation for wound hemostasis and the latter mainly 
acts as a biomineralizer combined with metal nanoparticles, resulting in different 
functional localization.

1.2 Design points of hydrogels for wound treatment

Given the characteristics of the wound surface, the goals of wound management 
seem obvious, including providing temporary wound coverage, preventing infection, 
and relieving scarring [34]. Because bacterial infection can hinder the regeneration 
of epithelial cells and the synthesis of collagen, the prevention of wound infection 
is an important function of wound dressings [35]. To achieve this function, some 
broad-spectrum antimicrobial agents are often added to hydrogels, such as silver ions/
nanoparticles (AgNPs) [36]. Zhang et al. compared the antibacterial properties of 
Gel-DA/GG@Ag hydrogels by spread plate method using two hydrogels with only 
guar gum (GG) and without silver ions (Gel-DA hydrogel) as the control group. As 
shown in Figure 4b, in the three treatments, the number of bacterial colonies in the 
GG and Gel-DA hydrogel did not change significantly, but in the GG@Ag hydrogel 
treatment group, the number of colonies of Escherichia coli and Staphylococcus aureus 
was significantly reduced, reflecting the antibacterial effect of AgNPs.” Guo et al. 
synthesized a hydrogel TS-Gel-Ag-col with antibacterial and anti-inflammatory func-
tions for wound treatment, which was prepared by muco-mimetic poloxamer 407 
(F-107), polyvinylpyrrolidone, and dencichine/chitosan dialdehyde synergistic cross-
linked aggregated collagen nanofibers decorated with silver nanoparticles [37]. The 

Figure 3. 
Schematic diagram of the preparation of hydrogels. (a) 3D-PH. (b) Gel-DA/GG@Ag hydrogels. Reprinted with 
permission from reference [31, 33].
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addition of F-107 will make the hydrogel have a heat-reverse gelation and enhance 
biocompatibility, which can overcome the loss of the original native hierarchical 
aggregated structure present in living tissue fabricated by post-functionalization of 
collagen molecules [38, 39]. By comparing the inhibition zone diameters of E. coli 
and S. aureus affected by different types of gels, the authors found that the amount of 
F-107 had no significant effect on the bacteriostatic properties of TS-Gel-Ag-col. In 
addition, although TS-Gel-Ag-col without silver nanoparticles (AgNPs) also exhib-
ited certain antibacterial properties due to the presence of dialdehyde chitosan, the 
antibacterial effect of AgNPs was more significant (Figure 4c). It can be seen that 
TS-Gel-Ag-col also enhanced the antibacterial effect of the hydrogel through AgNPs. 

Figure 4. 
Antibacterial and anti-inflammatory properties of hydrogels. (A) 3D-PH stimulate cell proliferation and 
suppresses inflammation in L929 cells. (B) Photographs of E. coli and S. aureus colonies after treatments and 
the relative survival rates with I) PBS, II) GG, III) gel-DA/GG, IV) gel-DA/GG@Ag1, V) PBS + NIR, VI) 
GG + NIR, VII) gel-DA/GG + NIR, and VIII) gel-DA/GG@Ag1 + NIR. Power density: 2 W cm−2, 10 min. (C) 
Antimicrobial effect of TS-gel-Ag-col with different F-107 contents against E. coli and S. aureus and effect of 
F-107 contents on the proliferation of fibroblasts on TS-gel-Ag-col at different time intervals (1 d, 3 d, and 5 d). 
Reprinted with permission from reference [31, 33, 37].
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The high concentration of silver in this silver-containing hydrogel can provide a faster 
rate of bacterial inhibition, but at the same time cause cytotoxicity, and low concen-
trations have no significant cytotoxicity to cells, but the rate of inhibition is slow [40]. 
Therefore, when designing wound dressings, the silver content in the hydrogel needs 
to be carefully considered to achieve the optimal balance between low cytotoxicity 
and high antibacterial activity. However, given the oxidative damage and potential 
toxicity of silver nanoparticles in tissues, researchers prefer to directly synthesize 
hydrogels from materials with antibacterial properties rather than adding antibacte-
rial agents [41–43].

The occurrence of inflammation is the basis of wound healing, but excessive 
expression of inflammatory mediators will cause some cells and tissues to atrophy 
and form chronic inflammation, thereby impairing the healing of skin wounds 
[44]. Therefore, the anti-inflammatory functional design of hydrogels is equally 
important. To investigate whether 3D-PH can block inflammatory signaling activa-
tion and promote cell proliferation, we used confocal laser scanning microscopy to 
quantify the expression of cell proliferation-related protein Ki-67 and inflamma-
tory factors (IL- 6, TNF-α, etc.).The results showed that injectable 3D-PH success-
fully blocked inflammatory signaling activation and stimulated dermal fibroblast 
proliferation and migration in vitro (Figure 4a). Specifically, the level of Ki-67 
was increased, while the expression of inflammatory factors was decreased. All of 
these are beneficial to accelerate the healing process of deep second-degree burn 
wounds in vivo [31].

Scars often appear after an injury, and scarring of various types can have long-
term psychological and physical effects on patients, especially those located in fre-
quently exposed areas [45]. Therefore, scar management is also an important part of 
wound management, and the ideal result is a dressing that minimizes scarring while 
allowing the wound to heal quickly. Injectable 3D-PH has the ability to accelerate 
necrotic tissue removal and wound healing [31]. As shown in Figure 5a, the injectable 
3D-PH, coloplast wound dressing and blank control were injected into the wounds of 
second-degree scald. The results showed that after 20 days of treatment, the wounds 
treated with 3D-PH injection were almost invisible, and the healing rate was signifi-
cantly higher than the other two groups (Figure 5b). Two other hydrogels, Gel-DA@
AgNPs and TS-Gel-Ag-col, also have great potential to repair skin tissue (Figure 5c 
and d). The researchers used a mouse full-thickness Staphylococcus aureus-infected 
wound model to demonstrate the properties of Gel-DA@Ag in promoting wound 
healing. It can be seen that among the groups, the gel DA/GG@Ag1 + NIR group 
had the best wound regeneration effect, showing an advantage on the fourth day of 
treatment, and significant epidermal regeneration could be observed, proving that 
Gel-DA/GG @Ag has the effect of intrinsically accelerating wound healing [33]. 
Figure 5d shows three types of traumatic bleeding models were synthetically utilized 
to evaluate the hemostatic performance of TS-Gel-Ag-col in vivo [37]. The results 
clearly showed that TS-Gel-Ag-col presented significantly faster hemostasis as com-
pared to the commercial Helitene collagen hemostatic material. And due to the inject-
able nature of these two hydrogels, when a sol–gel transition occurs, the wound can 
be easily covered comprehensively and fit well to the injury site. In addition, the 3D 
porous structure of the hydrogel is important for wound healing, because the dense-
ness of the porous material can prevent the escape of red blood cells and platelets. 
At the same time, the presence of hydrophilic residues in the 3D grid of the hydrogel 
enables the hydrogel to further absorb wound exudate and provide a hypoxic and 
humid healing environment, shortening the healing time of the epidermis [46, 47]. 
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Most importantly, the 3D porous network structure of the hydrogel resembles the 
natural extracellular matrix, which will facilitate the adhesion of cells, tissue factors 
and growth factors for delivery [24].

2. Optical technology applying on the skin in vivo

Histology remains the most accurate method for wound healing assessment, 
including biopsy and chamber-embedding, re-epithelization, epithelial thickness 
index, granulation tissue thickness, remodeling, and scarring can be obtained by 
histological analysis. Moreover, visual inspection also can evaluate woundswhich is 
based on observations such as wound size, color, odor, and level of pain [48–51]. The 
limitations of the histological analysis method are mainly invasive and destructive, 
the method generates new wounds during the examination, which delays the time 
of wound healing and is not suitable for patients at high risk of wound infection, 
thus reducing the accuracy of wound assessment. Therefore, non-invasive monitor-
ing techniques are a safer way to assess and monitor wound healing, which can help 
clinicians and researchers more objectively determine and assess whether healing is 

Figure 5. 
Healing of animal wounds treated with hydrogels.(a) schematic diagram of the surgical procedure. (b) Coloplast 
wound dressing, 3D-PH, and control group recovery of scalded wounds in rats on days 0, 5, 10, and 20. (c) 
Photographs of S. aureus-infected wounds with different treatments. I) Control, II) gel-DA/GG@Ag1, and III) 
gel-DA/GG@Ag1 + NIR. (d) Photographs of rat muscle trauma, liver and rabbit ear artery injury after TS-gel-
Ag-col and TS-gel-col treatment. Reprinted with permission from reference [31, 33, 37].
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improving or deteriorating [50–52]. DRS is a non-invasive technique, and the general 
configuration of a DRS system includes a light source, a photodetector, and a fiber 
optic probe for light transmission. The DRS can measure the characteristic diffuse 
reflectance spectrum of tissue in the visible to near-infrared wavelength range. The 
tissue structure was restored by diffuse reflectance using photon transmission model 
and least squares curve fitting algorithm. In addition, DRS can also obtain informa-
tion such as chromophore concentration, absorption and scattering properties of 
tissues such as breast and skin [53–55]. OCT provides a non-invasive method for 
obtaining optical cross-sections of the superficial cortex [56, 57], which uses the light 
scattering characteristics of tissue to construct high-resolution subsurface images. 
OCT is based on the same echolocation principle as an ultrasound but uses light waves 
instead of acoustic waves. Figure 6 shows schematic diagram of the DRS and OCT 
system.

2.1 Evaluation of skin scars and structure by DRS

Hsu, Chao-Kai et al. assessed the severity of scarring by measuring the diffuse 
reflectance of the skin. Figure 7a shows the representative clinical pictures of keloid 
(KS, black solid circle) and normal scars (NS, red solid circle) of one of such patients. 
The uninjured skin located 3 cm away from the keloid (CKS, black dashed circle) and 
normal scars (CNS, red dashed circle) were used as control groups. It can be seen that 
in the range of 500–600 nm, the absorption rate of keloids is higher than that of nor-
mal scars and uninjured skin, and the magnitude of the reduced scattering spectrum 
of keloids is the lowest (Figure 6b and c) [53]. The results of this study demonstrate 
that the DRS system can not only quantify collagen concentration, water content, 

Figure 6. 
Schematic diagram of the DRS and OCT system. SLD: Super-luminescent diodes, FC: Fiber coupler, GM: Galvo 
mirrors, OL: Objective lens, PC: Personal computer, BF: Bandpass filter, FOV: Field of view, SA: Salicylic acid, a: 
Azone. Reprinted with permission from reference [58].
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and oxygen saturation, but also determine the alignment of collagen bundles in 
keloid scars. In another study, Bin Chen et al. developed a DRS-based inverse method 
to extract structural parameters of skin tissue. The model was experimentally vali-
dated by constructing a skin model and performing spectral measurements, which 

Figure 7. 
(a) The clinical picture of a keloid patient containing keloid scar (KS), normal scar (NS)the uninjured skin 
(CKS), and normal scars (CNS). (b) Typical absorption and (c) reduced scattering spectra in KS, NS, CNS 
and CKS, (d) DRS spectrum and (f) PPTR signal as obtained from the intact skin site near the bruise in subject 
a (solid orange curves) and the best-fitting model predictions (dashed lines). Reprinted with permission from 
reference [53, 59].
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demonstrated the agreement between the measured and calculated spectral data [60]. 
Marin, Ana et al. combined diffuse reflectance spectroscopy and pulsed photother-
mal radiometry (PPTR) in the visible spectral range to examine the dynamic process 
of traumatic bruising recovery, while using a numerical model of light and heat 
transport in a four-layer model of human skin from data for both techniques. Figure 
6d and f shows both DRS spectra and PPTR signals obtained from the bruised site 
display large differences with respect to the nearby intact site.We can see a significant 
reduction in diffuse reflectance can be seen throughout the presented spectral range, 
mainly due to the higher blood content in the dermis [59]. These tasks show that DRS 
should also be able to quantitatively evaluate the wound healing during the treatment 
of wounding gel, including the scar condition after wound healing, whether the 
wound ulcers occurs.

2.2 Investigating the wound healing by OCT and OMAG

In recent years, how to extract the blood flow information in tissue capillaries and 
image the microcirculation blood flow of tissue capillaries has become a hotspot in 
the field of OCT research. Compared with OCT, OCT microangiography (OMAG) is 
a novel technique that can provide microcirculatory imaging enabled by processing 
OCT data [61].

For this reason, OCT technology has been extended to develop OMAG. OMAG 
uses the structural imaging of OCT to extract tissue blood flow information through 
algorithms, so as to achieve non-invasive, non-contact, and no need for contrast 
agents to image blood flow in tissue capillaries [62, 63]. Wang et al. [64] used an 
imaging system that combined dual wavelength laser speckle imaging (DW-LSI) with 
DOMAG to image the ears of mouse, which monitored hemodynamic changes during 
acute wound healing. After the wound was created using the biopsy punch, the blood 
flow in the first-order branches of the affected arteries and veins in the laser speckle 
image was markedly reduced as can be seen from the orange circles in Figure 8B. In 
addition, detailed changes in axial blood flow velocity can be found in the DOMAG 
image (Figure 8C). 10 min after perforation, compared with the baseline image at the 
white circle in Figure 8C (b), the two venous branches of the involved vessel and its 
downstream disappeared. At the same time, the left collateral vein was significantly 
increased to compensate for blood flow (white arrows in Figure 8C (b). Finally, 
changes in blood flow were quantified by integrating the flow velocity in the projec-
tion plane to obtain arterial flow maps.

Furthermore, blood vessel images can be obtained by incorporating OMAG 
technique into PS-OCT instrument [65]. Both Jung-Taek Oh and Kwan S Park used 
PS-OCT for quantitative assessment and monitoring of wound healing. Epidermis 
(E) and dermis layers (D), blood vessel (V), and cartilage (C) in the tissue of the 
pinna is observable in the reflectivity images. And blood vessels can be separately 
visualized in the blood vessel images by OMAG technique (Figure 8D) [65, 66]. 
The phase retardation image represents cumulative phase retardation due to the 
birefringence inside the tissue because the difference in phase shift between two 
characteristic polarization states of backscattered light from the tissue is altered by 
the tissue birefringence. Therefore, PS-OCT can characterize the amount of collagen 
by measuring the polarization parameters of the sample, such as phase retardation 
and degree of polarization (DOP), which will help us to observe the growth direction 
and recovery of the wound [67].



Wound Healing - Recent Advances and Future Opportunities

12

Figure 8. 
(a) Schematic of the bulk-type PS-OCT system. (b) Images acquired from the laser speckle imaging system showing 
the large-scale blood flow changes of the mouse ear following a punch biopsy. (a) Baseline image of the mouse ear 
before punch; (b)-(f) are images taken at 10 s, 5 min, 10 min, 25 min, and 55 min after punch, respectively. Scale 
bar: 1 mm. (c) Changes in blood flow velocity and direction of the mouse ear following a punch biopsy. (a) Baseline 
DOMAG image of the mouse ear; (b), (c) and (d) are DOMAG images taken at before punch, 10 min, 25 min and 
55 min after the punch, respectively. (e) and (f) are skeletonized arterial network at baseline and at 10 min after 
he punch, respectively. 1–6 denote the blood vessel segments that have shown significant blood flow changes, A-E 
denote the five main arterial branches. Scale bar: 1 mm. (D) Multifunctional PS-OCT imaging of the punch biopsy 
wound model of a mouse. Reprinted with permission from reference [64–66].
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3. AI for extracting and quantitating the feature information of skin

Artificial intelligence (AI) came out in 1956. This technology is widely used in 
various fields, and realizes intelligent diagnosis and treatment in the medical field 
through the screening, diagnosis, and management of diseases. Machine learning 
(ML), which is a subset of artificial intelligence, is represented by mathematical 
algorithms that improve learning through experience. There are two main types 
of machine learning algorithms (Figure 9): (i) unsupervised (ability to spot pat-
terns), (ii) supervised (classification and prediction algorithms based on previous 
examples) [68–70]. ML has gradually become a common method for solving difficult 
problems in artificial intelligence because computer algorithms can be automatically 
improved through previous experience [71]. There are dozens of algorithms in ML, 
including deep learning, decision trees, clustering, and Bayesian. For example, the 
use of decision trees to monitor the depth of anesthesia is a type of ML [72]. Artificial 
neural networks (ANNs) are mathematical models of information processing based 
on structures similar to the brain’s synaptic connections. ANNs have performances 
such as self-learning, associative storage, and fast finding optimal solutions, which 
are far superior to ML algorithms, and are especially suitable for dealing with clut-
tered and unstructured data (such as images, audio, and text) [73]. As researchers 
delved into the structure of ANNs, Deep neural networks (DNN) with more and 
more complex network hierarchies were produced [74]. It also means that DNNs  
are more capable of modeling or abstract representations of things, as well as simu-
lating more complex models.

3.1 Supervised learning for dermatology

Skin cancer is a common cancer type [75]. Melanoma and non-melanoma are the 
two main types of skin cancer, with melanoma being the most dangerous type of 
skin cancer with a high mortality rate [76]. Traditional methods for early detection 
of skin cancer include skin self-examination and skin clinical examination [77]. 
However, skin self-examination is a random method and its accuracy depends on 
how well people know about skin cancer. In addition, the use of professional medi-
cal tools such as dermoscopy and microspectroscopy for clinical examinations is not 
only expensive but also requires professionals to operate [78]. Therefore, using AI to 
identify patients and upload shared images for diagnosis has become a more conve-
nient method.

The most commonly used machine learning algorithm in dermatology is super-
vised learning. It is mainly related to retrieval-based AI, where we need to input 
already labeled data in advance [79]. The goal is to analyze this training data and 
produce an inferred feature that can be used to map out new instances. For example, 
when identifying benign and malignant skin lesions, we need to label the skin lesions 
images as benign and malignant in advance. In this approach, automatic classification 
of new and unlabeled images can be achieved once training on these images is com-
plete. Esteva et al. explored the accuracy of this skin cancer classification algorithm 
by comparing deep-learning diagnoses with labeled results from 21 dermatologists. 
They used approximately 1.28 million images (1000 object categories) from the 2014 
ImageNet Large-Scale Visual Recognition Challenge as pre-training objects to form 
validation and testing datasets. Figure 10 shows the working system. The area under 
the curve (AUC) of the CNN algorithm exceeds 91%, indicating that the sensitivity 
and specificity in the classification of epidermal and melanocytic lesions is superior to 
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that of dermatologists. The results of this study show that, well-trained deep learn-
ing enables highly accurate diagnostic classification [80]. At present, ML has been 
gradually applied in combination with optical technology, which is mainly manifested 
in the use of AI-assisted analysis of OCTA data to achieve advanced diagnosis and 
correction of dispersion problems in OCT images to improve axial resolutio [81, 82]. 
These findings will help advance the application of AI in wound healing monitoring.

3.2 Unsupervised learning for dermatology

Unsupervised learning means that the algorithm is only given input data without 
corresponding output values. This type of algorithm is more of an exploration and 
does not have the correct output value [83]. Therefore, unsupervised methods are 
often suitable for situations where the statistics vary widely. For example, in a study 

Figure 9. 
Machine learning algorithms (a) supervised learning (b) unsupervised learning. Reprinted with permission from 
reference [68].



15

Integrated Optical Coherence Tomography and Deep Learning for Evaluating of the Injectable…
DOI: http://dx.doi.org/10.5772/intechopen.106006

by Kharazmi et al. [84] detecting basal cell carcinoma (BCC), unsupervised learning 
was used to classify vascular features in BCC dermoscopy for automatic cancer detec-
tion. The results show that the framework outperforms the state-of-the-art norm 
supervised learning results by 7% in Area Under Curve (AUC), with a sensitivity of 
98.1% for BBC detection. This approach eliminates the need for supervised learning 
to use large and dense datasets at multiple scales to find appropriate images to build 
blocks of visual content [85]. So the advantage over supervised learning is that the 
algorithm is free to act in order to learn more about the data and present interesting 
findings. It is popular in clustering applications or the behavior of discovering groups 
in data and associations or predicting the behavior of rules that describe data.

3.3 Deep learning for classification of OCT images

OCT is also often used to detect BBC at the dermis-epidermal junction due to its 
ability to sub-epidermally visualize the skin structure and any underlying lesions 
[86]. Li et al. [87] used an image-based approach to identify the skin surface and nor-
malized the skin image by surface flattening, then used pre-trained AlexNet, VGG-16, 
VGG-19 and GoogLeNet for deep feature extraction, and finally used SVM for BCC 
Classification. The experimental results show that the system based on the VGG-16 
image descriptor is the best with a sensitivity of 0.935.

In the current research, image-based deep learning is mainly used in medical 
image noise reduction and reconstruction processing. Disease diagnosis mainly 
focuses on tumor detection, brain nervous system disease classification, and cardio-
vascular disease detection. There are few related studies in the field of skin [88–93]. 
For example, Kermany D et al. applied deep learning to a dataset of optical coherence 
tomography images to form a diagnostic tool for screening patients with common 
treatable blind retinal diseases. The trial results showed that the diagnostic tool was 
as accurate as hospital specialists in classifying age-related macular degeneration and 
diabetic macular edema [94]. Abdolmanafi et al. also used intra-coronary tomogra-
phy images provided by intravascular optical coherence tomography (IV-OCT) as 
a deep learning library, and extracted the features of convolutional neural network 
features and fully convolutional network. The accuracy of the diagnostic models can 
be as high as 90% [95].

4. Challenges and perspectives

In conclusion, most current studies consider hydrogels to be ideal candidates 
for synthetic wound dressings because of their 3D structure and high water content 

Figure 10. 
Deep CNN layout. Reprinted with permission from reference [80].
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similar to skin, which ensures a moist environment for wounds [96, 97]. A wide 
variety of polymers have been used alone or in blends to create hydrogels designed for 
biomedical applications, with a focus on wound healing and less scarring [98–101]. In 
addition, most of the current research shows that non-invasive optical technology DRS 
and OCT may be useful for research related to abnormal wound healing. Although 
artificial intelligence has only realized the diagnosis of skin diseases [49, 52–55, 102], it 
will be gradually applied to the management of wound healing in the future.

Although the application of multifunctional composite hydrogels has obvious 
advantages, most of them are in the basic research stage of animal experiments, and 
there is still a lack of large-scale clinical studies to prove their efficacy and safety. In 
order to prevent and reduce the occurrence of adverse reactions, the indications and 
correct operation methods of each material hydrogel should be strictly mastered, 
and a comprehensive analysis of individuals should be carried out to remove adverse 
factors. We still have a long way to go in clinical application of wounds [103].

Dayong Yang et al. prepared persistent luminescent nanoparticles (PLNPs) 
containing a hydrogel (PL-gel) for targeted, sustained, and autofluorescence-free 
tumor metastasis imaging [104]. Professor Yu Lin’s team develop a tri-modal bioimag-
ing technique, they longitudinally and non-invasively track the degradation behavior 
of materials by designing and synthesizing thermosensitive hydrogels containing 
macromolecular fluorescent probes and magnetic resonance imaging (MRI) contrast 
agents, utilizing the collaborative application of optical techniques such as ultra-
sound, fluorescence, and MRI [105]. At present, the combination of hydrogel and 
optical technology mainly focuses on the tracking function. There are relatively few 
studies on the monitoring function of hydrogel in vivo efficacy, and there is still a lot 
of room for improvement.

The past few years have witnessed many changes in the fields of ML and Computer 
Science. Following this long progress, one may see many exciting developments in 
the next few years, but there are challenges before it can become more robust and be 
widely adopted in the clinic. AI is constrained by a lack of high quality, high volume, 
longitudinal, outcomes data [106]. Even the same image modality on the same 
disease site, the parameters of the imaging setting and protocols might be different 
in different clinical settings [91, 107]. But we believe that AI can play an important 
role in medical imaging and disease diagnosis when we master how to organize and 
preprocess data generated from different institutions and can encourage more sharing 
of image data.

Although there are relatively few studies on the use of deep learning in skin OCT and 
DRS imaging, current research on disease diagnosis systems combining AI and OCT 
leads us to believe that optical technology can be fully integrated with AI for wound 
healing monitoring [108]. This not only helps us to better detect the recovery of wounds 
treated with hydrogel dressings, but also more accurately evaluate the effectiveness of 
hydrogel treatment. In addition, AI based on optical images also helps to determine the 
type and depth of wounds, and can better design corresponding hydrogel wound dress-
ings. Finally, we also believe that more and more new and safe wound dressings will be 
developed and applied with the aid of AI and optical imaging technology.
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