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Abstract
Purpose  To define the interest, advantages, and disadvantages of the use of a 3D-exoscope in paediatric ENT surgery.
Methods  Four surgeons with experience in paediatric surgery completed a questionnaire following each surgery performed 
under 3D-exoscope to evaluate the contribution of the tool compared to the usual practice (microscope or magnifying loupes). 
Surgeries were separated into three groups: otology, transoral and cleft palate surgery, and open head and neck surgery.
Results  Between June 2021 and June 2022, 151 paediatric surgeries were included in this study. Among them, 93 (62%) 
otologic surgeries, 35 (23%) transoral surgeries, and 23 (15%) head and neck surgeries were performed. The median age at 
surgery was 68 months (interquartile range 19–135 months). For otologic surgeries, the mean scores (/100) for the contribu-
tion of the exoscope compared to the microscope were 68.4(± 23.2). For transoral and cleft palate surgery, the mean score 
(/100) for the contribution of the use of the exoscope compared to the magnifying loupes was 92.9 (± 8.6), whereas for open 
head and neck surgeries, the mean score (/100) was 89.5 (± 7.2).
Conclusion  3D-exoscopy appears to be a relevant tool for paediatric head and neck surgery, applicable in otologic, transoral, 
and cervical fields. It presents educational and ergonomic advantages and improves surgical team communication.
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Introduction

Interest in exoscopy (especially in 3D) is growing in several 
surgical specialties, especially in neurosurgery and ear, nose 
and throat (ENT) surgery [1–3]. Initially designed to offer 
surgeons an alternative to traditional operating microscopes 
and endoscopes, 3D-exoscopy has been used in several sur-
gical fields in ENT with satisfactory and promising results 
[4–9]. Several publications have reported the advantages and 
inconveniences of this new technology in adult ENT surgery; 
however, only one paediatric series has been published to 
date, focusing only on cochlear implantation [10].

3D-exoscopy presents advantages similar to that of 
microscopy and distinct from endoscopy: depth of the sur-
gical field, identification of anatomical structures, longer 
focal length (creating a wider working space), and handling 
of the camera that allows the surgeon to explore the surgical 
field without the anatomical constraints of microscopy [11]. 
Moreover, in comparison with microscopy, the transmission 
on a 4K 3D screen, and the reduced size of the exoscope, 
offers the surgeon a more ergonomic position and facilitates 
the transmission of knowledge to students [12].

The main goal of this study was to evaluate the interest in 
3D-exoscopy in paediatric ENT surgery.

Materials and methods

Study population

Children were enrolled in this monocentric prospective 
study in a tertiary department of paediatric otolaryngology 
conducted between June 2021 and June 2022. All consecu-
tive surgeries were perfomed using the Vitom 3D-exoscope 
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(Karl Storz Company, Tuttlingen, Germany). Surgeries were 
divided into three categories: otologic, transoral, and open 
head and neck surgery. Considering the experience of our 
centre concerning the use of the 3D-exoscope in otology, 
otologic surgeries were divided into two groups: the first 
group with chronic otitis and inflammatory tissues (Group 1) 
and another group with hearing implantation (and therefore 
a wider surgical field) (Group 2). Independently of the age of 
the child, surgeries in which the operative technique required 
magnification of the surgical field (microscope or magnifica-
tion surgical loupes) were eligible in this study. Four senior 
surgeons with experience in surgery under microscope or 
magnification surgical loupes participated in this study.

The investigation adhered to the principles of the Dec-
laration of Helsinki and was approved by our Institutional 
Human Experimentation Committee (Institutional Review 
Board 00006477).

Outcome measures

Immediately after each surgery performed using the 3D-exo-
scope, the surgeon completed a survey to evaluate different 
aspects of the surgery compared to the usual microscope or 
magnification surgical loupes. Responses were given using 
a five-point Likert Scale assessing the set-up and handling 
of the exoscope, the identification of anatomical structures 
and pathological tissues, the lighting, the magnification, and 
the depth of the surgical field. The surgeon's comfort was 
also evaluated by inquiring about headaches or eye fatigue 
related to 3D vision and the use of 3D glasses. Finally, the 
surgeon estimated on a scale of 0 to 100 the contribution 
of the exoscope compared to usual practice. The complete 
version of the questionnaire is provided in Supplementary 
informations 1. The reference technique for magnification 
of the surgical field was: (1) for otology, a microscope; (2) 
for transoral and cleft palate surgery, magnifying loupes; 
and (3) for open head and neck surgery, a microscope or 
magnifying loupes depending on the surgery. Surgeries that 
did not require any surgical field magnification techniques 
were excluded from the study.

Data on operating times were also collected. As cochlear 
implant surgery is highly standardized, we retrospectively 
collected operating room occupancy time data from previ-
ous consecutive cochlear implant surgeries performed by 
the same four surgeons with a standard surgical microscope 
between November 2020 and June 2021, to compare with 
the operating time of cochlear implant surgeries performed 
with the 3D-exoscope.

Statistical analysis

Descriptive statistics and statistical analyses were performed 
using R Statistics software. Data are shown as n (%) or as 

mean (± SD). Concerning the bivariate analysis, a Student’s 
t test was used according to the validity conditions. A p 
value of less than 0.05 was considered to be statistically 
significant.

Results

General population

Between June 2021 and June 2022, 151 paediatric surgeries 
were included in this study. Among them, 93 (62%) otologic 
surgeries, 35 (23%) transoral surgeries, and 23 (15%) head 
and neck surgeries were performed. The details of the sur-
gical indications performed are presented in Table 1. The 
median age at surgery was 68 months (interquartile range: 

Table 1   Population characteristics and surgery performed with the 
3D-exoscope (n = 151)

Values are expressed as median (Q1–Q3) or n (%)
COM chronic otitis media (with or without cholesteatoma), CNPAA 
congenital nasal pyriform aperture atresia
*External auditory canal cholesteatoma and temporal bone tumour
**Excluding standard tracheostomy
***Rhinoseptoplasty (n = 2), infratemporal tumour resection (n = 2), 
nasal dermoid sinus cyst (n = 1), and cervical teratoma resection 
(n = 1)

Age (months) 68 (19–135)
Sex
 Female 72 (48)
 Male 79 (52)

Type of surgery
 Otology 93 (62)
  Type I tympanoplasty 19 (21)
  Type II/III tympanoplasty (no COM) 7 (8)
  Type II/III tympanoplasty (COM) 18 (19)
  Cochlear implantation 44 (47)
  Middle ear implantation 3 (3)
  Others* 2 (2)

 Transoral surgery 35 (23)
  Velo(-palato)plasty 19 (54)
  Cheiloplasty 10 (28)
  Plunging ranula 3 (9)
  Gingivoplasty 2 (6)
  Tongue resection 1 (3)

 Head and neck surgery 23 (15)
  Open laryngotracheal surgery** 7 (31)
  Thyroidectomy 4 (17)
  Parotidectomy 4 (17)
  CNPAA 2 (9)
  Others*** 6 (26)
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19–135 months) (Fig. 1), with 72 (48%) females and 79 
(52%) males.

Otologic surgery

Among the 93 otology surgeries, Group 1 (narrow surgical 
field or inflammatory tissues with all types of tympanoplas-
ties and middle ear tumours) included 46 (49%) surgeries. 
Group 2 included 47 (51%) surgeries, mainly composed 
of cochlear implant surgery (44, 94%) and only three (6%) 
middle ear implants (Fig. 2A, B). The median age (inter-
quartile range) of the operated children was 152 (107–184) 
and 38 (23–65) months for Groups 1 and 2, respectively (p 
value < 0.0001).

In Group 1, surgeons reported that the use of the exoscope 
was not as efficient as the microscope in approximately 
30–35% of cases for anatomical structure identification, 
lighting and depth of the surgical field, and handling of the 
camera. In addition, for 22 surgeries in Group 1 (47%), the 
magnification of the surgical field was worse with the exo-
scope compared to the microscope.

In Group 2, the use of the exoscope was better in 53 and 
68% for the lighting and depth of the surgical field and for 
the handling and set-up of the camera. Regarding the iden-
tification of anatomical structures and magnification of the 
surgical field, the use of the exoscope was either similar 
(64–68%) or better (30%).

The mean scores (/100) for the contribution of the exo-
scope compared to the microscope were 62.1 (± 26.7) for 
Group 1 and 74.6 (± 17.2) for Group 2 (p value = 0.009). No 
intraoperative equipment-related complication was reported 
in both groups.

Considering the standardization of cochlear implant 
surgeries, we compared operating room occupancy times 
for surgeries performed under the microscope (n = 18) and 
under the 3D-exoscope (n = 41, excluding simultaneous 
bilateral cochlear implantations, between June 2021 and 
June 2022). No significant difference was observed between 
the two groups: 210.8 (± 52.2) minutes for the microscopy 
group and 211.7 (± 50.3) minutes for the exoscope group (p 
value = 0.95).

Only one surgery (a cochlear implantation performed 
in June 2021, in the first month of inclusion of this study) Fig. 1   Age distribution in the population

Fig. 2   Intraoperative pictures with 3D-exoscope. A Cochlear implant 
surgery before opening the round window. I incus, rw round window. 
B Middle ear implant surgery. i incus, mea middle ear implant. C 

Velopharyngoplasty. ppa palatopharyngeal arch, t tonsils, u uvula. D 
Parotidectomy. Fbcc first branchial cleft cyst, fn facial nerve
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required switching from the exoscope to the microscope, 
due to eye strain. All other otologic surgeries (92/93, 99%) 
were performed entirely under 3D exoscopic visualisation.

Regarding the comments specific to otology reported by 
surgeons, the use of the exoscope has the advantage of eas-
ily switching from exoscopy to endoscopy through the use 
of the same video column, as opposed to microscopy and 
endoscopy, which requires more manoeuvres and loss of 
time. However, as suggested by the significant difference 
between Group 1 and Group 2 (Table 2), the performance of 
the exoscope in an inflammatory environment or in the case 
of a narrow operating field is slightly worse, in particular 
because of the high magnification pixelization (Videos 1 
and 2).

Cleft and transoral surgery

Thirty-five surgeries, including 29 cleft lip and palate sur-
geries (83%), were performed with 3D-exoscope (Fig. 2C). 
The median age (interquartile range) of the operated children 
was 54 (5–77) months.

The use of the exoscope was found to be better in 94 to 
97% of the surgeries compared to magnifying loupes for 
all criteria of the Likert scale. The mean score (/100) for 
the contribution of the use of the exoscope compared to the 
magnifying loupes was 92.9 (± 8.6) (Table 3). No intraop-
erative equipment-related complication was identified.

Regarding the comments specific to transoral surgery 
reported by surgeons, the use of the exoscope allows the 
visualisation of areas that are usually difficult to access 
(anterior palate, retroalveolar region), without having an 
uncomfortable and an unergonomic position, which favours 
a better velo-palatal reconstruction. In addition, the operat-
ing field being narrow, the diffusion of the image on screen 
facilitates the work of the operating assistant, who is able to 
share the same surgical view as the operator.

Open head and neck surgery

Twenty-three surgeries, with a wide variety of indications, 
were performed with the 3D-exoscope (Fig.  2D). The 
median age (interquartile range) of the operated children 
was 33 (9–98) months.

Regarding the magnification of the surgical field and 
the handling and installation of the camera, the use of the 
exoscope was better in 74 to 83% of the surgeries. It was 
also better in 91 to 96% regarding the identification of ana-
tomical structures (in particular the nerves or parathyroid 
glands, such as in thyroidectomy or parotidectomy), depth 
and lightning of the operating field. The mean score (/100) 
for the contribution of the use of the 3D-exoscope compared 
to the magnifying loupes and microscope was 89.5 (± 7.2) 

(Table 3). No intraoperative equipment-related complication 
was identified.

Comments on the use of the 3D-exoscope in head and 
neck surgeries report that it allows a more ergonomic pos-
ture and provides better visibility for the operating assistant. 
Moreover, the identification of anatomical structures was 
facilitated (especially nerves and vessels) by an augmented 
reality perception due to increased contrast compared to real 
life (Video 3).

Evolution of the score according to the experience 
with the 3D‑exoscope

As experience with the use of the exoscope increased for the 
four surgeons in the study, a significant improvement was 
noted in the scores attributed compared to standard practice 
(p < 0.001 between the first 2 months of experience and the 
last 2 months of experience in the study). A similar analysis 
was performed for cochlear implant surgeries, with identical 
results (p = 0.001) (Figs. 3, 4).

General comments on the use of the 3D‑exoscope

Advantages with the use of the 3D‑exoscope

One of the main advantages reported by surgeons of the 
3D-exoscope is the educational interest. All participants 
involved in the operating room (surgeons, anaesthesiologists, 
nurses, residents, and students) benefit from the same visu-
alisation of the operating field as that of the main surgeon. 
Moreover, the operating aid is facilitated. The alternation 
between direct vision and that on the exoscope retransmis-
sion screen is rendered easy because of the small steric size 
of the camera; furthermore, the glasses do not impede direct 
vision of the surgical field, as opposed to virtual reality 
glasses. The manoeuvrability of the camera during the sur-
gery is readily managed by the surgeon; it allows for greater 
freedom of movement and facilitates the installation of the 
patient at the beginning of the surgery. Finally, the use of the 
exoscope allows a more ergonomic posture.

Disadvantages with the use of the 3D‑exoscope

High magnification of the surgical field can sometimes 
induce pixelization that alters the identification of the dif-
ferent anatomical structures (especially in otologic surger-
ies). The use of 3D glasses for long surgeries can induce 
headaches and eye strain (1/151, 0.7% in our series). For 
bilateral simultaneous surgeries (e.g., bilateral cochlear 
implantation), the pre-operative set-up can sometimes be 
tricky with the risk of desterilization of the operating field.
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Discussion

This study reports the largest prospective series of surger-
ies performed with the 3D-exoscope in paediatric ENT 
(n = 151). It is also the first paediatric surgery series other 

than cochlear implantation assessing the benefits of the exo-
scope. This study performed an evaluation of the use of the 
exoscope compared to standard magnifying techniques. The 
results indicate promising use of the exoscope in several 
areas of paediatric ENT surgery, independently of the age 

Table 2   Contribution of the 
3D-exoscope in otology (n = 93)

Values are expressed as mean (± standard deviation) or n (%)
COM chronic otitis media (with or without cholesteatoma)
*Group 1: type I tympanoplasty, type II/III tympanoplasty (no COM), type II/III tympanoplasty (COM), 
external auditory canal cholesteatoma, and temporal bone tumour
*Group 2: cochlear implantation and middle ear implantation
**Score of the contribution of the Vitom3D® compared to the referent methods (microscope or magnifica-
tion surgical loupes) in this type of surgery

Group 1* (n = 46) Group 2* (n = 47) Total (n = 93) p value

Identification of anatomical structures
 Much worse 0 (0) 0 (0) 0 (0)
 Worse 16 (35) 1 (2) 17 (18)
 Similar 20 (43) 32 (68) 52 (56)
 Better 7 (15) 7 (15) 14 (15)
 Much better 3 (7) 7 (15) 10 (11)

Lighting of the surgical field
 Much worse 0 (0) 0 (0) 0 (0)
 Worse 17 (37) 1 (2) 18 (20)
 Similar 11 (24) 21 (45) 32 (34)
 Better 15 (32) 18 (38) 33 (35)
 Much better 3 (7) 7 (15) 10 (11)

Magnification of the surgical field
 Much worse 0 (0) 0 (0) 0 (0)
 Worse 22 (47) 3 (6) 25 (27)
 Similar 17 (37) 30 (64) 47 (50)
 Better 4 (9) 8 (17) 12 (13)
 Much better 3 (7) 6 (13) 9 (10)

Depth of the surgical field
 Much worse 1 (2) 1 (2) 2 (2)
 Worse 14 (30) 2 (4) 16 (17)
 Similar 6 (13) 13 (28) 19 (21)
 Better 21 (46) 23 (49) 44 (47)
 Much better 4 (9) 8 (17) 12 (13)

Handling of the camera
 Much worse 1 (2) 2 (4) 3 (3)
 Worse 13 (28) 1 (2) 14 (15)
 Similar 6 (13) 12 (26) 18 (20)
 Better 19 (42) 23 (49) 42 (45)
 Much better 7 (15) 9 (19) 16 (17)

Pre-operative set-up
 Much worse 0 (0) 2 (4) 2 (2)
 Worse 16 (35) 1 (2) 17 (18)
 Similar 6 (13) 17 (36) 23 (25)
 Better 19 (41) 17 (36) 36 (39)
 Much better 5 (11) 10 (22) 15 (16)

Score** (/100) 62.1 (± 26.7) 74.6 (± 17.2) 68.4 (± 23.1) 0.009
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of the child, regarding otology surgery, open head and neck 
and transoral/cleft surgery; for the latter, this is the first study 
to describe it in children.

Use of the 4K 3D‑exoscope adapted to paediatric 
ENT surgery as for adults

General use of the exoscope

Developed as an alternative to microscopy, the main advan-
tage of 4K 3D-exoscopy is that it is an excellent educational 
tool that allows the entire operating room to follow the 
procedure on the same screen as the surgeon. Moreover, it 
allows better communication between the operating assistant 
and the surgeon concerning the positioning and the exchange 
of surgical instruments [11, 12]. The retransmission of the 
image on a screen and the manoeuvrability of the camera 

allow the surgeon to benefit from a more ergonomic and 
physiological position. Certain angles of view with the 
microscope sometimes imply very uncomfortable positions, 
potentially responsible for muscle strains in the case of long 
operating times [11, 12].

As suggested by our results (concerning cochlear implan-
tation surgery), the use of 3D-exoscope compared to the 
usual magnification techniques does not seem to increase the 
duration of the operating time (for the pre-operative set-up 
as well as for the duration of the surgery) [9, 13, 14]. Con-
cerning surgery with a microscope, the costs of consuma-
bles are similar to those of the 3D-exoscope; however, the 
initial cost of the exoscope is cheaper than that of a surgical 
microscope [7].

For some operators, excessive visual fatigue due to the 
use of 3D glasses throughout the procedure can lead to head-
aches; this was rare (1/151) in our series. No study has yet 
compared the occurrence of headaches and visual fatigue 
following prolonged use of the exoscope or microscope [6, 
8, 15].

Otology and exoscope

For otologic surgeries, surgeons suggest that the exoscope 
seems to be at least as interesting a tool as the microscope. 
However, the exoscope seems to be significantly less effi-
cient when the surgical field is narrow (particularly external 
auditory canal, oval window) or if the tissues are inflam-
matory (chronic otitis media), probably due to pixilation at 
high magnification. Moreover, some surgeons report that 
tympanic reconstruction (especially ossiculoplasty) seems 
to be more delicate with the exoscope. These results are in 
agreement with the data in the literature concerning adult 
otologic surgery [9, 16, 17].

Head and neck surgery and transoral surgery and exoscope

The feedback from the surgeons in our series for transoral 
surgery reports an excellent benefit with the 3D-exoscope in 
this indication, compared to the use of magnifying loupes. 
As opposed to magnifying loupes, the position is not condi-
tioned by the depth of the surgical field that depends on the 
lenses; the surgeon can choose a comfortable position and 
adjust the focus to have perfect magnification, particularly 
in cases of precise surface surgery (cleft lip).

Crosetti et al. reported in 2020 a series of patients with 
oropharyngeal malignancies treated transorally with the 
3D-exoscope. This study defined the 3D-exoscope as a 
versatile and compact optical instrument that provides an 
excellent 3D image, easy to use in surgical routine with a 
satisfactory depth of operative field [18].

Similarly to transoral surgery, the 3D-exoscope seems 
to facilitate the surgery in an important way in head and 

Fig. 3   Contribution of the 3D-exoscope according to the experience 
acquired (all surgeries combined)

Fig. 4   Contribution of the 3D-exoscope according to the experience 
acquired (cochlear implantation)
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neck surgeries. Several articles have described the use of 
the 3D-exoscope. Its use in rhinoplasty surgery has shown 
a clear improvement in the identification of different ana-
tomical structures allowing for better reconstruction [19]. 
Similarly, in parotid surgery, the exoscope allows easier 

identification of the facial nerve and its divisions, making 
the surgery safer and more comfortable [15, 20, 21].

Other uses of the exoscope

In addition to the previous indications, the 3D-exoscope is 
also used in our department for paediatric airway surgery, 
e.g., surgical treatment of laryngeal papillomatosis, lar-
yngomalacia, laryngotracheal stenoses, external arytenoi-
dopexy, or posterior laryngeal clefts. Alternating between 
endoscopy and exoscopy allows for good control of the 
procedure without having to modify the set-up (as opposed 
to alternating between microscopy and endoscopy). Similar 
results are found in the literature [14, 22].

Learning curve with the 3D‑exoscope

Of note, significant incremental improvement in the score 
assigned to the contribution of the 3D-exoscope compared 
with usual practice over time was observed in our study 
(p < 0.001). The results are similar for cochlear implant sur-
geries where the operative technique is very standardized 
and similar from one operator to another. This shows that 
the use of the 3D-exoscope becomes a routine for the sur-
geon over time. Smith et al. also report increasing surgeon 
comfort as experience is gained [12].

Strengths and limitations of the study

This study has several strengths. First, it is the largest series 
of ENT surgeries performed with a 3D-exoscope and the 
first paediatric series to evaluate the different types of ENT 
surgeries (otologic surgery, transoral surgery, and head and 
neck surgery). Moreover, this prospective study reinforces 
the data in the literature concerning the growing interest 
of 3D-exoscopy in ENT, compared to our usual practices. 
This study also highlights the limits of this surgical tool, 
particularly in otology. Finally, this is the first study to show 
an improvement in exoscope use and surgeon comfort with 
time and experience.

The main limitation of this study is that it is not a com-
parative study to define if there is a real significant differ-
ence between the use of the optical aids or the 3D-exoscope, 
related to the fact that the results are based on the surgeon’s 
experience. Although the use of 3D-exoscopy in adult and 
now paediatric ENT is increasing, the current data in the 
literature are not sufficient for this method to replace micros-
copy. In addition, the data for transoral surgery and head 
and neck surgeries were evaluated against standard prac-
tice, which may be the use of a microscope or magnifying 
loupes depending on the surgeon. The performance of the 
exoscope necessarily exceeds the use of standard magnify-
ing loupes and thus probably overestimates the evaluation of 

Table 3   Contribution of the 3D-exoscope in transoral (n = 35) and 
head and neck surgery (n = 23)

Values are expressed as mean (± standard deviation) or n (%)
*Score of the contribution of the Vitom3D® compared to the referent 
methods (microscope or magnification surgical loupes) in this type of 
surgery

Transoral 
surgery 
(n = 35)

Head and neck 
surgery (n = 23)

Identification of anatomical structures
 Much worse 0 (0) 0 (0)
 Worse 0 (0) 0 (0)
 Similar 0 (0) 2 (8)
 Better 1 (3) 8 (35)
 Much better 34 (97) 13 (57)

Lighting of the surgical field
 Much worse 0 (0) 0 (0)
 Worse 0 (0) 0 (0)
 Similar 0 (0) 2 (9)
 Better 2 (6) 10 (43)
 Much better 33 (94) 11 (48)

Magnification of the surgical field
 Much worse 0 (0) 0 (0)
 Worse 0 (0) 0 (0)
 Similar 1 (3) 5 (22)
 Better 1 (3) 6 (26)
 Much better 33 (94) 12 (52)

Depth of the surgical field
 Much worse 0 (0) 0 (0)
 Worse 0 (0) 0 (0)
 Similar 1 (3) 1 (4)
 Better 4 (11) 11 (48)
 Much better 30 (86) 11 (48)

Handling of the camera
 Much worse 0 (0) 0 (0)
 Worse 1 (3) 0 (0)
 Similar 1 (3) 4 (17)
 Better 0 (0) 11 (48)
 Much better 33 (94) 8 (35)

Pre-operative set-up
 Much worse 0 (0) 0 (0)
 Worse 1 (3) 1 (4)
 Similar 1 (3) 5 (22)
 Better 1 (3) 14 (61)
 Much better 32 (91) 3 (13)

Score* (/100) 92.9 (± 8.6) 89.5 (± 7.2)
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the interest of exoscopy, although it seems to be effective. In 
addition, our series did not report any cases of anterior skull 
base surgery (such as encephaloceles and nasal gliomas).

Conclusion

This large series of paediatric ENT surgeries supports the 
use of 3D-exoscopy, in several surgical fields, underlin-
ing the pedagogical advantages, easy participation of the 
surgical team, and involvement of the nursing and anaes-
thesia teams. The increasing use of 3D-exoscopy in ENT 
and neurosurgery demonstrates its surgical value. However, 
the 3D-exoscope used in this series (VITOM® 3D) has 
some limitations that could be corrected in future versions. 
Future comparative studies would be interesting to evaluate 
if microscopy can be replaced by 3D-exoscopy, subject to 
some technical improvements.
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