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Abstract: Direct microlaryngoscopy is a frequently per-
formed procedure in otorhinolaryngology, whereby consid-
erable force is exerted on the patients’ teeth, as well as
oropharyngeal and laryngeal structures. Especially in cases
of a challenging exposure of the anterior commissure, the
cervical spine needs to be brought into a hyperextended
position, which is not possible in every patient. Therefore,
the conflict between the straight rigid microlaryngoscope
and the curvature of the oropharyngeal corridor frequently
results in tissue trauma with the consequence of teeth frac-
ture, hematoma or nerve injury. We have developed the s-
MAC system, a hyper-angulated video laryngoscope with
flexible instruments for transoral laryngeal surgery, which
so far shows high feasibility in preclinical studies. Due to its
curved shape it may exert less force on teeth and supraglottis
as conventional direct microlaryngoscopy. We quantified
the effects of these two surgical systems using flexible
pressure sensors in two different scenarios: a mobile,
hyperextended and an immobile cervical spine of the
dummy, to simulate a challenging airway. We could
demonstrate a 21% (40% with immobilized cervical spine)
reduction of the average peak force acting on the maxillary
incisors and a 55% (65% with immobilized cervical spine)
reduction of the average intraoperative force on the supra-
glottis. The developed prototype applied therefore signifi-
cantly less force on upper front teeth and supraglottis as
compared to conventional direct microlaryngoscopy -
especially in the case of an immobilized cervical spine.
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Introduction

In transoral laser microsurgery (TLM) of the larynx — the
gold standard for surgical treatment of early staged
laryngeal carcinoma — the vocal cord level is adjusted by
direct microlaryngoscopy. In order to obtain suitable
exposure of laryngeal structures of interest, particularly
the anterior commissure, a considerable force must be
applied to the maxillary incisors and laryngopharynx.
Furthermore, the cervical spine is brought into a hyper-
extended position, which is not possible in every patient
due to an altered cervical spine, trismus, high BMI or a
history of radiation [1]. Additionally, there are several re-
ports about extra-laryngeal complications encountered
due to the microlaryngoscopic force application, including
postoperative tongue pain, transient laryngeal edema,
hypoglossal palsy, dysphagia, and taste alterations in up
to about 20% of the cases [2]. Dental injuries may occur in
up to 2.4% of the interventions [3]. There are reports in
which the upper incisors were even deliberately extracted
in order to obtain a sufficient view of the anterior
commissure of the larynx using a microlaryngoscope [4] .
There is evidence, that a curved form of the micro-
laryngoscope may reduce the force applied on various
anatomical structures in the head and neck area [5]. We
have developed the prototype of a hyper-angulated video
laryngoscope equipped with flexible surgical instruments,
which shows good applicability for transoral laryngeal
surgery in preclinical studies. We hypothesize that the
developed surgical prototype may exert less force on front
teeth and laryngopharynx in a surgical setting than con-
ventional microlaryngoscopy. In the following, we report
on a user study of the system in a simulation dummy with
various angles of possible neck flexion-extension. Applied
forces are quantified and compared by means of flexible
pressure sensor foils.

Material and methods

The novel s-MAC system for laryngeal surgery consists of a hyper-
angulated C-MAC D-Blade videolaryngoscope with built-in camera
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and light source (Karl Storz, Tuttlingen, Germany) and attached dual-
arm flexible instrumentation. On both sides, working channels of
PTFE material are fixed via rapid prototyped clips, which are inserted
in the laryngoscope’s catheter guide. The whole system is attached
to the surgical table using a 3D-printed bracket (Figure 1). As surgical
instruments we used the manually operated endoscopic tool DiLumen
grasper (Lumendi, Westport, USA), which were originally designed for
endoscopic tissue manipulation in the digestive tract. The instruments
were shortened by the manufacturer to a length of 55 cm to best match
their use in the area of the head and neck. These tools have a diameter
of 6 mm can be tilted up to 90 degrees in polar angle and 360 degrees
in azimuthal angle, resulting in a spherical workspace.

For microlaryngoscopy, we used the widely used Kleinsasser
operating laryngoscope OP 292 (Aesculap, Tuttlingen, Germany) with
its chest support. Visualization and position control were provided by
the video laryngoscopic 7-inch standard monitor, respectively a
smartphone camera with an attached endoscope to smartphone
adapter (SMART SCOPE, Karl Storz, Tuttlingen, Germany) and rigid
endoscope (0°) for the operating laryngoscope. To measure the peak
and intraoperative force exerted by the two devices on the supraglottis
and the maxillary incisors, calibrated thin, flexible pressure sensors
were used. We used a system and sensor type which is normally
applied for intra-articular contact pressure measurement in the knee
joint: the Tekscan I-Scan system with a K-Scan Type 4000 sensor
(2 x 920.7 mm?, 1500 psi; Tekscan, Inc., Boston, MA, USA). The sensor
enables a continuous recording of the contact pressure distribution
with a sampling rate of 20 Hz. Sensor calibration and equilibration was
performed in a material testing machine (Z010, Zwick, Ulm, Germany)
using a customized calibration algorithm and setup, as described
before [6]. The calibration supporting points were defined as seven
values (10, 25, 50, 75, 100, 125, 150 N). During the calibration of the
pressure measuring foils, each of these force values was hold for
30 sec, forming several plateaus. At the same time the raw values were
recorded using the I-scan software. In order to assign the appropriate
force value to each raw data value, the average value of the plateau
was formed, and a measurement curve was interpolated using
quadratic regression. The calibration of the sensors took place under
the same external influences as the later preclinical study.

Prototype and operating laryngoscope were each aligned and
fixed successively at vocal cord level. The projection points of raised
epiglottis and maxillary incisors on the respective blade were marked.
One of the two arms of each sensor was attached to these locations
with double-sided adhesive tape (Figure 2).
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Figure 2: Experimental setup: pressure sensor foil is attached to the
microlaryngoscope and surgical prototype. Sensors are marked by
arrows.

The sensor was plugged into the I-Scan system and data were
processed, visualized and stored via the software I-Scan 6.03 (Teks-
can, Inc., Boston, MA, USA). The experiments were performed by three
participants from the ENT-Clinic Ulm (senior physician, resident,
medical student) with different experience in intubation and micro-
laryngoscopy, as the correct technique and application of force when
adjusting the surgical laryngoscope is very dependent on experience.
All participants applied the two devices to a simulation dummy with a
mobile (scenario A) and immobilized (scenario B) cervical spine. In
scenario A, the devices were adjusted to vocal cord level in a dummy
with a mobile and hyperextended cervical spine. The respective device
was attached to the operating table and photo documentation was
carried out to ensure correct positioning. The procedure was repeated
25 times. In scenario B, the neutral position of the cervical spine of the
dummy was immobilized via cervical support (stiff neck) and the vocal
cord level was adjusted 5 times.

Raw data were extracted from a force-time curve using the I-Scan
software, which can be divided into two typical parts: the introductory

Figure 1: (A) The s-MAC surgical system. The
system is attached to the operating rod
through a 3D-printed bracket and flexible
instruments are inserted. Representation of
the (B) vocal cord level and the (C) inserted
s-MAC system during a fixed cervical spine.
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Figure 3: Exemplary force-time curve of the force effect on the
supraglottis between the devices. The graph can be divided in a
volatile introductory phase and an intraoperative plateau phase.
Peak Force (arrows) and the begin of the intraoperative force
(asterisk) are marked.

phase of the device, where volatile force swings occur, and a plateau
phase, which occurs when the user locks the device in the correct
position. This plateau phase reflects the long-lasting intraoperative
force that is usually applied to larynx and teeth. Exemplary force-time
curves for direct microlaryngoscope and prototype are shown in
Figure 3.

Statistical analysis and inter-group comparisons were eval-
uated with the nonparametric Mann-Whitney-U-Test for inde-
pendent samples and Dunn-Bonferroni post-hoc test. If not stated
otherwise, results are reported as mean+standard error of the
mean, while statistical significance was assumed for a p-value
below 0.05.

Results

The comparison of force application between the devices
on the mobile dummy showed significantly lower values in
peak force at the incisors (p=0.002) using the surgical pro-
totype. At the larynx a significantly lower peak force
(p<0.001) and significantly lower permanent intraoperative
force (p<0.001) was shown, while there was no statistical
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difference between the two groups when comparing the
permanent intraoperative force on the teeth (44.2 N vs.
44.3 N; p=1). These data suggest that the average laryngeal
intraoperative force applied was reduced by 55% using the
surgical prototype, while the maximum force acting on the
larynx was two times higher when using the conventional
surgical laryngoscope. A moderate decrease (10%) in the
maximum force on the teeth was observed when the vocal
cord level was visualized using the surgical prototype.

The measured values during immobilization of the
cervical spine with cervical support (stiff neck) showed
overall significant differences: peak forces on the larynx
(p<0.001) and teeth (p=0.001), as well as average intra-
operative force application on the larynx (p<0.001) and
teeth (p=0.009) were significantly lower when using the
prototype compared with the microlaryngoscope. When
using the prototype instead of the microlaryngoscope, that
the maximum force acting on the teeth was reduced by
39%, whereas in the same comparison the prototype
exerted only 35% of the permanent intraoperative force on
the larynx. Comparing the force application of the proto-
type in mobile and immobilized cervical spine, the
maximum force on teeth even decreased (51.9 N vs. 45.8 N).
The intraoperative force on the larynx remained largely
unchanged (52.3 N vs. 52.2 N without immobilization). Only
the maximum force on larynx increased by about 20% from
57.7 Nto 70.4 N. When using the operating laryngoscope on
the immobilized dummy, added force was applied at each
of the measurement points compared with mobile cervical
spine: The smallest increase affected the parameter
maximum force on the teeth (factor 1.14), while the
maximum force on the teeth and intraoperative force on the

Mean + standard deviation; *p<0.05
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Figure 4: Comparison of contact force exerted on teeth and larynx
with mobile head and neck (h=25, mean + SD).

CDBME-2020-0021_proof W 16 September 2020 B 6:37 pm



Schild et al.:

Mean = standard deviation; *p<0.05
180

160 —
T
140

120

100

80 154.6 150.6

60

40 75.0 70.4

Force in Newton

20 45.8 40.8

Peak Force Teeth Peak Force Larynx  Intraoperative Force Intraoperative Force
Teeth Larynx

modality

OSurgical Prototype O Operating Laryngoscope

Figure 5: Comparison of contact force exerted on teeth and larynx
with immobilized head and neck (n=5, mean + SD).

larynx and teeth were increased by at least 30%. A com-
parison of prototype and operating laryngoscope in both
scenarios is shown in Figures 4 and 5.

Discussion

We found that the force effect on upper front teeth and
supraglottis in transoral surgery could be significantly
reduced by using a modified video laryngoscope instead of
a direct microlaryngoscope in a preclinical setting.

It is known that direct microlaryngoscopy exerts
considerable force on teeth and laryngeal structures. If
these are compared with the forces that occur during
intubation using a video laryngoscope, a considerable
reduction is shown, especially in the case of hyper-
angulated video laryngoscopes. However, these two sce-
narios have been too different to allow a reasonable com-
parison: the direct microlaryngoscope is kept under
tension throughout the entire surgical procedure by a hy-
perextension of the patient’s cervical spine, whereby the
laryngopharynx serves as an abutment for the micro-
laryngoscopic blade. The video laryngoscope on the other
hand, is inserted manually by an anesthetist for a few
seconds to show the vocal cord level for the insertion of the
endotracheal tube. To the authors’ knowledge, until now
no video laryngoscope has been modified for transoral
laryngeal surgery. Thus, we were able to show for the first
time that the advantages regarding the force application of
a hyper-angulated video laryngoscope also apply in a
surgical setting. The curved prototype has so far shown
high feasibility of laryngeal manipulation in a simulation
dummy and ex-vivo experiment. The fact that the system
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exerts considerably less force on teeth and supraglottis,
especially in patients with difficult access to the larynx, is
another valid advantage and could in the future — with
narrow indications — represent an alternative to conven-
tional transoral (laser) microsurgery. Limitations of the
study are the relatively small number of repetitions as well
as the testing on a simulation dummy, where the clinical
use cannot be concluded 1:1.

Conclusion

Using the surgical prototype for laryngeal surgery applies
significantly less force on upper front teeth and lar-
yngopharynx compared to conventional direct micro-
laryngoscopy in a pre-clinical setting. Especially in
patients with immobilized cervical spine this may reduce
the complication rate and improve the patient’s outcome
and quality of life. Nevertheless, the application of the
prototype must be evaluated in human body donors and
clinical studies to confirm previous results.
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