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Abstract 

Head and neck cancers are the most common cancers in the body. Treatments are determined on 

the basis of the location and stage of the primary tumor. The goal of treatment is to eliminate the 

tumor, prevent recurrence or metastasis, and maintain the quality of life. There are several 

treatments available for the management of head and neck cancers, including surgery, radiation 

therapy, chemotherapy, new molecular agents, and a combination of them. Transoral robotic 

technique is a short-time operation using a type of robotic machine in which the patient 

undergoes anesthesia for a shorter time and the side effects of this operation and the time of 

hospitalization are less than open surgery. Due to the importance of speed and accuracy in head 

and neck cancer surgery and the importance of application of robotics in surgery, the present 

study was designed and implemented to review the application of robotics in the management of 

head and neck cancers. In this review study, the keywords: application, robotic, surgical, head 

cancer, transoral robotic surgery (TORS), and neck cancer, were searched in ISI, PubMed, 

Scopus, Google scholar databases. Related articles written domestically or abroad that have 

covered areas such as the background of transoral robotic surgery, maintaining organ function 

and approaches, the advantages and disadvantages of TORS, the affordability of TORS, the 

combination of TORS with other therapeutic approaches published from 2003 to 2019 were 

reviewed. The use of robotic surgery for precise operations such as head and neck cancers seems 

to be essential. More advanced robotic devices are expected to expand the surgery treatment for 

head and neck cancers as well as the results of using TORS for oncologic optimization and 

acceptability of results while maintaining organ function and patient's quality of life. 
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 Cancer involves abnormal cell division and the 

reproduction of cells that can spread throughout the body. 

Cancer cells break away from the normal mechanisms of 

cell division and growth, whereas in a healthy organism 

there is always a balance between cell division, normal 

cell death and differentiation.1 In general, when head and 

neck cancer is spoken, the purpose is upper respiratory 

tract containing the paranasal sinuses, nasal cavity, 

pharynx, oral cavity, hypopharynx, larynx, esophagus, 

and neck.2 Head and neck cancers are the most common 

cancers in the body. Head and neck cancers are reported 

to be 2.8 percent of all cancers annually, with an annual 

incidence of 55,000,000 new cases and 300,000 deaths 

worldwide. In India, over 40% of cancers are head and 

neck cancers 3. Nasal cavity and paranasal sinus cancers 

make up two percent of newly diagnosed cancers. Of the 

throat cancers, the supraglottis type comprises about 95% 

of pharyngeal cancers 4. Oral cavity malignancies 

account for about 10% of all head and neck 

malignancies.2-4 The treatments for head and neck cancer 

are determined on the basis of location and stage of the 

primary tumor. The goal of treatment is to remove the 

tumor, prevent recurrence or metastasis, and maintain 

quality of life.5 There are numerous therapeutic 

approaches for the treatment of head and neck cancer 

including surgery, radiation therapy, chemotherapy, 

prescription of new molecular agents and a combination 

of these. Gene therapy and immunotherapy are among 

the treatments under study.6 Tumor, patient, and therapist 

are the factors affecting the treatment choice including 

cell type and degree of cancer differentiation, size and 

location of primary lesion and lymph node status, 

presence of bone involvement, ability to obtain sufficient 
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margins in surgery, presence or absence of metastasis, 

ability to maintain oral-pharyngeal function, including 

speaking, swallowing and beauty, patient age and general 

and mental health conditions, surgeon and radiotherapist 

expertise, and patient preference and cooperation.7 

Robotic surgery is a new technology that promises a lot 

to the medical world. Robotic surgery promises the world 

a revolution in the medical field and is one of the topics 

that is widely discussed today in the field of surgery. A 

key feature of robotic systems is their ability to associate 

complex information with physical action to enable them 

to perform a useful action.This ability to replace, assist, 

or exceed human capabilities has had a wonderful impact 

on many aspects of human society including industrial 

production, search, quality control and laboratory 

activities. Robots' ability to do things beyond human 

capability has given them the ability to enter 

environments that are not possible for humans.5-7 

Transoral robotic surgery implies a short-term operation 

using a type of robotic machine in which the patient 

undergoes anesthesia for a shorter time and has fewer 

side effects as well as less hospital stay than open 

surgery. In this surgery, no external incision is made on 

the patient and its use provides better 3D images of the 

tumor to the surgeon.8 One of the advantages of using 

robotic surgery is that the surgeon is not required to be 

present in the operating room and can be anywhere in the 

world, leading to the possibility of remote surgery. On 

the progress of open surgery, steel tools replace 

traditional tools and specific actions are performed (such 

as controlling muscle contraction). The primary purpose 

of these smart devices is to reduce or eliminate the tissue 

damage that is traditionally associated with open surgery9 

Regarding the importance of speed and accuracy in head 

 

 
 

 Fig 1. Schematic diagram of the article selection method. 
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and neck cancer surgery as well as the aforementioned 

issues and the importance of application of robotics in 

surgery, the present study was designed and implemented 

to evaluate the application of robotics in surgical 

management of head and neck cancer. 

Materials and Methods 

In this review study, we first searched for keywords 

application, robotic, surgical, head cancer, transoral 

robotic surgery)TORS(,neck cancer that were selected 

from the MeSH medical glossary in the Google Scholar 

ISI, Pub Med, Scopus databases. Related articles written 

domestically or abroad that have covered areas such as 

transoral robotic surgery background, organ function 

maintenance and approaches, the advantages and 

disadvantages of TORS, the affordability of TORS, the 

association of TORS with other therapeutic approaches 

and had been published from 2003 to 2019 were 

reviewed.A total of 121 articles were extracted, with 15 

being deleted due to similarity or duplication, 52 being 

deleted due to lack of relevance or very poor relevance 

with the present study, and then 2 articles were added 

again, , Finally, 56 articles were selected. To achieve the 

objectives of the study, selected articles were reviewed 

from the content view. The schematic diagram of the 

article selection method is shown in Figure (1). 

Background of Transoral Robotic Surgery 

In 1998, the Da Vinci robotic surgery system was 

approved for the first time in laparoscopic surgery by the 

US Food and Drug Administration and opened a new 

door to robotic surgery 10. The first robot-assisted remote 

operation was performed in September 2001 in which the 

gallbladder of a 68-year-old woman hospitalized in the 

East of France was removed by a surgical team in New 

York. In this surgery, there were about 7,000 kilometers 

between the surgical team in New York and the patient 

admitted to a hospital in the East of France.The physician 

based in New York was overseeing the surgical 

equipment implanted in the operating room by the robot. 

The operation lasted for 54 minutes by a high-speed fiber 

optic line using a laparoscopic robotic surgery system. In 

this operation the patient resumed normal activity after 

one week.7-10 There are currently about 300 centers 

worldwide performing robotic surgery covering almost 

all types of surgery. In 2005, about 75,000 robotic 

surgeries were performed, although very small compared 

to conventional surgeries, its number and quality is 

increasing day by day.11 With the emergence of transoral 

endoscopic techniques to approach the oropharynx, 

interest in surgery as a primary treatment increased.12 

Transoral laser microsurgery (TLM) was initially popular 

for early stage laryngeal cancers, but became popular in 

selected areas for oral, pharyngeal and nasal cancers with 

comparable rates to open surgery and non-surgical 

treatment.13 In an indirect trial study of 204 patients with 

oral cancer, 3-year overall survival, disease-specific 

survival and disease-free survival were 86%, 88%, and 

82%, respectively, which were comparable to previous 

concurrent chemoradiation therapy (CCRT) studies.14 

Benefits of this approach include microscopic 

visualization of the tumor interface that reduces loss of 

normal tissue, tactile feedback during surgery, prevents 

tracheotomy and gastrostomy in most patients. Despite 

the reported success, TLM admission for oral surgery is 

mainly restricted to a few centers and this is because 

TLM often requires sample splitting. Unlike block 

removal, some surgeons have objected to the operation 

due to potential for positive margins.10-14 The use of the 

Da Vinci robot for head and neck surgery was first 

reported in a pork model as a result of submandibular 

gland removal and neck incision in 2003.15 Weinstein et 

al. (2005) in their study at the University of Pennsylvania 

stated that there is more practical use of robotic 

technology for transoral surgery on the dog larynx 16. 

Subsequently, a study in 2006 reported the possibility of 

oral, pharyngeal and nasal surgery 17. Human tests for 

robotic surgery (TORS) were then successfully 

performed in a small group of patients with laryngeal 

involvement.18 At the next stage, a larger group of 

patients who underwent robotic radical tonsillectomy 

showed successful results.19 Many other groups 

simultaneously conducted robotic head and neck surgery 

research and performed a multicenter study examining 

the safety and risk assessment of TORS. In a group of 

192 patients with benign and malignant oral cavity 

tumors, 4.4% positive margin and 16% of side effects 

were reported. Gastrostomy dependence was reported in 

5% of patients and tracheostomy was performed in 12% 

of patients at the beginning. The researchers in this study 

found that TORS is a low-risk and widely applicable 

method.20 Zevallos et al., in their study aimed at 

investigating the efficacy of TORS in surgery through the 

National Cancer Database, reported that although the 

length of stay had increased from 3 days to 5 days, 

mortality had decreased. This study highlighted the 

importance of surgeon experience, patient choice, and 

multidisciplinary care.21 To use the TORS method, it 

should be noted that not all patients are suitable 

Table 1. History of the first robotic surgery 

 

1980: The first laparoscopic surgery 

 

1985: The first robot in neurosurgery 

 

1987: The first Laparoscopic Visual Surgery 

 

1989: The first neurosurgery 

  

1991: The first surgery TURP 

 

1992: The first robot-integrated surgery 
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candidates. Patients' inclusion criteria for this technique 

include extensive examination of the teeth, thymus, jaw 

transverse dimensions, tongue, and tumor status 13. And 

the exclusion criteria stated for TORS include morbid 

obesity, microstomia, micrognathia, facial and skull 

abnormalities, and those cases that may prevent robotic 

access.5,12,22,23 Numerous studies have evaluated the 

safety and efficacy of TORS. Although there is little 

long-term data since the treatment is new and they are not 

random, trials have been still implemented in order to 

compare the efficacy of TORS with chemotherapy and 

open surgery based on retrospective data.1,6,24 The history 

of the first robotic surgery is shown in Table 1.  

Maintaining organ function and approaches: 

There is a wide variety of surgical and non-surgical 

methods to achieve functional organ maintenance in head 

and neck cancer.4 Chemotherapy and radiotherapy are 

among the non-surgical methods that are mainly used to 

treat head and neck cancers.22 There are many different 

surgical methods such as open surgery, minimally 

invasive techniques such as keyhole surgery and of 

course transoral techniques.5 The first reports of robotic 

surgery for oral cancer treatment have been described by 

Hockstein et al,26 while in a cadaver model it was 

performed by O'Malley et al.17 in 2009. The first large 

prospective case series of TORS for the treatment of oral 

squamous cell carcinoma was reported by Moore et al.27 

In the study conducted on 45 patients with T1-T4a, the 

authors stated that TORS had acceptable oncologic 

results and safety. Subsequently, in 2012, Weinstein et al. 

reported initial results of a clinical trials conducted in 

three different cases; they concluded that TORS seems 

safe and feasible.20 Recently, Moore et al. reported the 

results of a large group of patients (314 cases) with head 

and neck cancer treated with TORS in 5 years, stating that 

the survival rate without local recurrence was 92% and 

the overall survival rate was 86%.10 In their study, 

Almeida et al. reported the 3-year survival and recurrence 

results, compared TORS with radiotherapy, to be 92.5 

and 88.8%, respectively.7 As most treatments, TORS can 

have important treatment-related side effects, the most 

common and serious complication being postoperative 

bleeding, with an incidence ranging from 3 to 8%.23,28,29 

This potentially fatal complication often required a 

second surgery to control bleeding. However, expanding 

data indicate that postoperative bleeding is reduced and 

avoidable by correcting the status of external carotid 

artery.30 Recently, the use of this treatment is expanding 

and this is due to the increasing emphasis on organ 

maintenance and quality of life for patients.31,32 A 

growing number of studies have confirmed the success of 

using TORS method for the treatment of laryngeal 

cancer.6,31,36-37 In a 2016 study by Razafindranaly et al.,36 

which aimed to evaluate the efficacy, safety, and 

functional outcomes of TORS supraglottic laryngectomy 

(TORS–SGL) in 84 patients, they stated that the overall 

results were acceptable. 9.5% of the patients needed 

percutaneous gastrostomy, also 24% needed temporary 

tracheostomy and 1% required definitive tracheostomy. 

Pneumonia was reported in 23% of the patients and 

bleeding was reported in 18% of the patients. TORS have 

been shown to reduce the risk of postoperative 

complications.36 The authors conclude that TORS is safe 

and provides functional outcomes with rapid recovery. In 

addition, regarding the risk of side events, the authors 

emphasized the importance of using stringent selection 

criteria to reduce the risk of postoperative 

complications.36 Some reports have described the use of 

robotic techniques in neck incisions.37, 38 Regarding the 

focus on functional results, it can be stated that the most 

appropriate method of neck incision is the retroauricular 

method.39 However, the transaxillary approach has also 

been described.40 Currently, the existing data for this 

method is for neck incision, and the results are promising 

but limited as further studies are needed to determine the 

need, safety, oncologic results of this method.41  

Advantages and disadvantages of TORS 

Given the lack of randomized trials and relatively little 

data on long-term oncologic results, any discussion on 

TORS to provide a clear picture should be focused on the 

Table 2. Advantages and Disadvantages of Robotic Surgery Based on References 42-46 

Advantage Disadvantage 

Surgical system advantages  

Better insite vision(3D) 

Digital camera zoom 

Camera stability 

Greater df (Endowrist) 

Improved dexterity 

Elimination of fulcrum effect 

Better ergonomics for surgeon 

Motion scaling 

Elimination of physiological hand tremor 

 

High costs 

Robotic system 

Maintenance system  

Start up 

Bulky size of the robotic system 

Sometimes difficult access to patient  

Separation surgeon from the operating field 

No tactile feedback 

Chance of breakdown 

Use of 8 mm ports  
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available data, thus further studies are needed. Some of 

the practical advantages of this method over open 

surgical procedures are significant reduction in cosmetic 

and functional side effects, reduced risk of infection and 

rapid recovery, other advantages of TORS are the ability 

to 3D panoramic vision, 360 degree range of motion, 

hand tremor filter.42 Despite the potential advantages of 

TORS, important complications have also been 

reported.43 The most important complication is 

postoperative bleeding, which is a potentially life-

threatening complication.8 The major reported rate of 

postoperative bleeding is 8.9%.23,29 A wide range of other 

complications in 2017 were reported by Hay et al., 

including the need for intensive cares such as respiratory 

compromise aspiration and bleeding, dysphagia and 

temporary tracheostomy 44. Several major intraoperative 

complications include hemorrhage, aspiration 

pneumonia, tracheostomy, and pharyngeal and nasal 

fistula.45 Hay et al. also found in their study that the 

complications of TORS decreased over time from one 

third of patients in 2010 to 10% in 2015.44 

Conclusion 

One of the most important issues in the remote surgical 

system is tactile feedback. Although surgeon robots 

increase the surgeon's agility, they shake less than the 

surgeon's natural hand and produce a better view of the 

field of operation they diminish the ability to sense 

features of the tissue under operation. Surgeons in usual 

operations use their tactile sense to get feedback from the 

tissue under operation during surgery to decide on the 

status of the tissue under surgery.Also other 

disadvantages of robotic surgical procedures are the 

possibility of a twenty-five-second delay on the monitors 

according to the doctors' conditions, the delay between 

when the surgeon sees the knife moving until the cut is 

actually performed less than one-fifth of a second 

increases the likelihood of cutting in the wrong location. 

The risk of surgery and the cost of the equipment required 

for telesurgery are high.46 

List of acronyms 

TORS - transoral robotic surgery 

CCRT -previous concurrent chemoradiation therapy  

TORS–SGL- supraglottic laryngectomy  
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