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CHAPTER 7:

Accuracy of thyroid cartilage fenestration during
Montgomery medialization thyroplasty
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ABSTRACT
Introduction

Accuracy of thyroid cartilage fenestration during Montgomery Thyroplasty (MTIS) is
considered a key success factor.

The primary aim of the study was to retrospectively evaluate the accuracy of
fenestration.

Furthermore, recent publications indicate a possible discrepancy in MTIS voice
outcomes related to gender.

The secondary aim of the study was to investigate whether the fenestration accuracy
could explain this discrepancy.

Material and Method

Study was performed by virtually drawing the fenestration on a 3D CT-scan as proposed
by the MTIS’s instructions for use (the “expected window” (EW)), and comparing it to
the actually realized fenestration (the “realized window "(RW)). Four position variables,
(a) surface overlap (%), (b) the distances between RW and EW centers (mm), (c) the
angle between RW and EW and (d) the orientation of RW’s center, were studied and
compared to MPT (Sec) and VHI-30 scores outcomes.

A descriptive statistical analysis and comparison between males and females were
performed using a Mann-Whitney U test. Linear regression and multivariate analysis
were also performed.

Results

The median overlapping surface was 58.8 % [34.6; 75.4]. The median Radius was 3.2
mm [1.7; 4.1]. The median angle was 16° [6.8; 21.2].

Results show no significant differences of overlapping surface percentage, distance or
angle by gender. Data show no correlation between voice outcome and percentage
overlap, distance or angle. However, data show better outcomes when fenestration was
located in the infero-anterior orientation. All patients of this orientation were males.

Conclusions

Data provided by this study advocate a maximal infero-anterior positioning of the
window during MTIS. This position is more difficult to obtain in female patients.
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INTRODUCTION

Unilateral vocal fold paralysis (UVFP) can lead to breathy voice, voice fatigue, dysphagia
and phonatory dyspnea [1-3]. Medialization Thyroplasty represents a well-established
treatment option for UVFP in cases for which a permanent treatment solution is sought.
It consists of restoring a glottic closure by pushing the immobile vocal fold medially by
means of a material introduced into the para-glottic muscular space through a thyroid
cartilage fenestration.

The Montgomery Implant System Thyroplasty (MTIS) represents a type of medialization
thyroplasty that consists of a step-by-step operative procedure using a pre-molded hard
silicone implant, which is per-operatively selected from a selection of 6 sizes of implants
per gender [4-8].

Essentially the cartilage window, which has a fixed size for males and for females, is
placed at a fixed distance from the lower border of the thyroid cartilage and a fixed
distance from the anterior midline

The MTIS is reputed to have short learning curve and long-lasting benefits in terms of
Voice Handicap Index (VHI-30) [9, 10]. However, some concerns regarding the results of
female implants in terms of Maximum Phonation Time (MPT) were recently brought up
[11]. Factors that could be of influence in this discrepancy in results are (a) the shape of
the thyroid cartilage, (b) the shape and dimensions of the implant itself (c) the site at
which the implant is placed, that is, the location of the cartilage fenestration. This study
will investigate the last.

The primary aim of the study was to retrospectively evaluate the accuracy of
fenestration taking as standard-reference the positioning proposed by MTIS instructions
for use.

The secondary aim of study was to investigate whether the factor of fenestration
accuracy could explain discrepancy in results by gender.

MATERIAL AND METHOD

This study was approved by the Institution Review Board (IRB) under the reference
2017/12M/266.

Studied variables were twofold: a) position variables, and (b) outcomes variables.

The position variables were: (a) the percentage of overlapping surfaces (PO in %)
between EW and RW; (b) the distance between the center of EW and RW or Radius (R)
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(in mm), (c) the angle between EW and RW (Angle), and (d) the position of RW center
respective to the EW center (Quadrants (Q)) called supero-anterior Q, supero-posterior
Q, infero-anterior Q and infero-posterior Q).

The outcome variables were: (a) absolute (in sec.) and relative (in %) pre-post-op
differences in MPT and (b) absolute (n/120) and relative pre-post op differences (in %)
in VHI-30. The post-operative MPT and VHI-30 assessments took place one-month post-
op as a standard procedure.

Measurement of accuracy of fenestration

The post-operative CT scans of 28 patients (16 males and 12 females) of MTIS as sole
treatment for UVFP, as defined by the European Laryngological Society guidelines, were
collected [13].

A post-operative 3D CT model of the thyroid cartilage with the realized fenestration, also
called the realized window (RW), was segmented and reconstructed using ITK-Snap; an
interactive open-source software that allows 3D medical image navigation and
delineation of anatomical structures [12]. RW was defined by manually identifying the
four corners in the post-operative 3D CT model (Fig. 1A). In practice, RW of each patient
was recorded by storing the coordinates of the four corners of the realized fenestration
stated in the reference frame of the CT images (Fig. 1A). For planning purposes, in order
to define the expected window (EW), a pre-operative 3D model of the intact thyroid
cartilage (before MTIS) was simulated by virtually filling the cartilage defect (caused by
the fenestration) in the post-operative 3D CT model (Fig 1B). EW was then defined
according to the instruction for use provided in the MTIS commercial documentation
[14]. The input of the step-by-step MTIS procedure consisted of three anatomical
landmarks to be identified manually in the pre-operative 3D model of the thyroid
cartilage (Fig. 1B). Then the step-by-step MTIS procedure was implemented using
numerical computation software (MatLab®, The MathWorks, Natick, MA) to compute
automatically the output of the planning process as the EW (Fig. 1C). In practice, EW of
each patient was recorded by storing the coordinates of the four corners of the expected
fenestration stated in the same reference frame than that of RW. As a result, both RW
and EW of each patient can be compared quantitatively in terms of relative positioning
and orientation for accuracy measurement purposes (Fig. 1D).

The sensitivity of the step-by-step MTIS planning procedure was analyzed by applying
random noise to the input of the automatic algorithm. In practice, each of the three
anatomical landmarks identified manually in the pre-operative 3D model of the thyroid
cartilage was numerically perturbed by a random noise of maximum 2 millimeters. We
arbitrarily chose the 2Zmm measure as error postulate. This measure corresponded to a
surface covering approximately half of the length of the cartilage lower border between
the inferior tuberculum and the respective extremities of the Thyroid ala. The impact of
these random errors on the definition of the expected fenestration was small. Variations
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in the dimensions of the computed EW were estimated to be within a 15% interval
centered on the nominal geometry of EW.

Statistical analysis:

A descriptive statistical analysis and comparison between males and females were
performed using a Mann-Whitney U test for each studied variable except for the
Quadrants variable.

Linear regression models were performed to assess the relationship between several
variables on the outcome variables, i.e. the absolute increase of MPT and the relative
decrease in VHI-30 before and after the surgery. All variables associated with a p-value
<0.20 in univariate model were candidate for the multivariable model. The final
multivariable model was chosen through stepwise selection using the Akaike’s
Information Criteria. In addition, multicolinearity was checked through variance
inflation factor.

Line graphs were made comparing pre-op and post-op VHI-30 according to their
position in terms of quadrants. Likewise, line graphs were made comparing pre-op and
post-op MPT according to their position in terms of quadrants.
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Figure 1: [llustrations showing (A) the thyroid cartilage with the realized fenestration - blue
points (Prw.1, Prw2, Prw3, Prw4) are the four corners of RW -, (B) the simulated intact thyroid
cartilage and the three anatomical landmarks (L1, L2, L3) identified manually, (C) the simulated
intact thyroid cartilage and the computed expected fenestration - red points (Pew,1, Pew,2, Pew;3,
Pew.4) are the four corners of EW -, and (D) example of comparison between EW in red and RW
in blue - R is the distance between EW and RW centers.
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RESULTS

The increase of MPT and the decrease in VHI-30 were respectively of 6.6 sec (164%
increase) and 45 points (77% decrease). There was a difference of results unfavorable to
female for both outcome measures although only significant in terms of VHI-30
decrease.

Table 1 summarizes these descriptive statistics and comparison between males and

females.

Total (n=28) Males (n=16) Females (n=12) p-value

Median [P25; P75] Median [P25 ; P75] Median [P25; P75]

Overlapping surface (%) 58.8[34.6; 75.4] 60.0 [54.8; 81.3] 56.2 [32.2;67.7] 0.246
Radius (mm) 3.2[1.8;4.9] 3.0[1.7; 4.1] 3.7[2.0;5.3] 0.330
Angle () 14.0 [6.8; 21.2] 16.0 [9.5; 21.2] 7.5[4.0;18.7] 0.099
VHI, absolute decrease (Pts) 45.0 [24.3; 66.8] 63.0 [33.3;70.8] 35.0 [20.8; 44.0] 0.027
VHI, relative decrease (%) 77.0 [49.8; 88.8] 85.8[72.0;91.4] 56.8 [48.7 ; 75.8] 0.029
MPT, absolute increase (Sec) 6.6[0.2;12.4] 8.0[0.8;17.1] 3.1[-0.3;8.3] 0.255
MPT, relative increase (%) 164.2 [5.0; 344.6] 235.0[39.2; 368.8] 80.0 [-1.6;218.8] 0.378

Table 1: Table displays the descriptive statistics and the comparison between males and
females, topographical and outcome variables.

Results showed a median PO of 59 % that is 60% for male and 56% for female, showing
no significant difference of window overlapping surface between genders.

The Radius, standing for the distance between the EW center and the RW center,
showed a median of 3.2mm, 3.0 mm for males and 3.7 mm for females showing no
significant difference between genders.

The angle between EW and RW, showed a median of 14°, 16° for males and 7.5° for
females, showing a clear difference between genders, however not significant.

As displayed in figure 2, there is no correlation between outcome (MPT and VHI-30) and
three position variables: PO, Radius and Angle.
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Figure 2: Scatter plots graphs showing (A) the association between MPT and PO, (B) the
association between MPT and R, (C) the association between MPT and Angle, (D) the association
between VHI-30 and PO, (E) the association between VHI-30 and R, (F) the association between

VHI-30 and Angle.

Figure 3 displays a three-dimensional representation of RW centers with respect to their

EW centers, showing X coordinates and Y coordinates along with the voice outcome

groups they belong to. A color was attributed to their respective post-operative voice

outcomes groups in terms of relative decrease of VHI-30 and absolute increase of MPT.

For this specific figure, the choice for a relative change in VHI-30 rather than an absolute

one, was made to minimize subjective self-perception differences that exists between

individuals.
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Figure 3: topographical plotting of RW centers with respect to their EW centers. A color was
attributed to their respective post-operative outcomes in terms of absolute increase of MPT
(above) and in terms of relative decrease of VHI-30 (below).

Figure 4 displays linear graphs showing pre and post-op results in terms of (A) absolute
increase of MPT and (B) absolute decrease of VHI-30 by Quadrants. For this specific
graphic representation of results the use of relative changes of VHI-30 was impossible.
Results of Figure 4 are aligned with results of Figure 3.

Indeed, according to both Figure 3 and 4 the infero-anterior Q location of implants
centers shows better voice outcomes. Accordingly, infero-anterior Q will, by postulate,
be considered as the reference Q within the consecutive multi-variate analysis.
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Figure 4: Linear graphs showing pre and post-op differences by Quadrant (Q), in terms of (A)
absolute increase of MPT and (B) in terms of absolute decrease of VHI-30.

Table 2 displays the results of the univariate and multivariable regression analysis of
variables associated with the absolute increase of MPT and with the relative decrease in
VHI-30.

The multivariate analysis confirms a significant correlation between a positioning of the
fenestration within the infero-anterior Q and voice results in terms of absolute increase
of MPT and relative decrease of VHI-30.

A Variables associated with the absolute increase of MPT (Sec.)

Univariate model Multivariable model
Variable Regression coefficient  p-value Regression coefficient  p-value
(95%CI) (95%CI)
Male vs female 491 (-2.34; 12.16) 0.176
Implant size 1.58 (-0.69 ; 3.84) 0.165
Side of surgery: right 0.53(-7.52; 8.58) 0.893

vs left
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Overlapping surface 0.04 (-0.11; 0.19) 0.578

(%)

Radius (mm) -0.22 (-2.14; 1.70) 0.816

Angle (°) 0.24 (-0.09; 0.57) 0.153

Quadrant
Infero-anterior 1.00 (ref) 1.00 (ref)
Infero-posterior -13.42 (-24.84;-2.00)  0.023 -15.47 (-28.85;-2.10)  0.025
Supero-anterior -13.92 (-22.26;-5.58)  0.002 -14.86 (-25.14; -4.58) 0.007
Supero-posterior -9.12 (-17.46; -0.78) 0.033 -10.01 (-19.89;-0.12) 0.047

B Variables associated with the relative decrease of VHI-30 (%)

Univariate model Multivariable model
Variable Regression coefficient p-value Regression coefficient  p-value
(95%CI) (95%CI)
Male vs female 13.66 (-8.40; 36.72) 0.214
Implant size 5.78 (-0.84; 12.40) 0.084 4.25 (-2.15;10.64) 0.182
Side of surgery: right vs 3.35(-20.71; 27.42) 0.776
left
Overlapping surface (%) 0.08 (-0.38; 0.54) 0.727
Radius (mm) -0.56 (-6.37 ; 5.25) 0.844
Angle (°) 0.28 (-0.76 ; 1.31) 0.588
Quadrant
Infero-anterior 0.00 (ref) 0.00 (ref)
Infero-posterior -53.29 (-88.86; -17.72) 0.005 -50.66 (-86.04;-15.28) 0.007
Supero-anterior -29.01 (-54.99; -3.03) 0.030 -22.61 (-50.03; 4.82) 0.101
Supero-posterior -18.63 (-44.60; 7.35) 0.152 -17.52 (-44.52;9.48) 0.192

Table 2: Univariate and multivariate regression analysis of variables associated with (A) the
absolute increase of MPT and (B) the relative decrease of VHI-30. All variables associated with a
p-value of <0.2 in univariate model were candidate for the multivariable model.
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DISCUSSION
Fenestration accuracy

The 2 mm EW determination error postulate corresponds to the measured lowest R
variability of the surgeon (1.8 mm). This validates, post-hoc, the chosen error postulate.

The overall percentage of surface overlap between RW and EW is rather low (59%).
Likewise, the median distance separating RW centers with EW centers is rather high
(3.2 mm). Finally, the median Angle between EW and RW is also rather large (14°).
These data demonstrate the presence of variability in terms of fenestration location
when compared with the MTIS instructions for use provided by Bess Inc.

Nonetheless, no correlation was found between these two position variables and voice
outcome variables.

Three hypotheses could explain this variability that does not affect outcome: (a) the
MTIS procedure, as described by Bess Inc., does not represent a “one-fits-all” procedure
but rather a guideline procedure that needs to be interpreted by surgeons, (b) the MTIS
procedure does represent indeed a “must-follow” procedure that allows some variability
before affecting outcome and finally, (c) surfaces of overlap, radius and angle does not
represent pertinent position variables.

The results obtained by the last position variable, the Quadrant, give some credit to this
very last hypothesis. Indeed, data show evidence that patients that benefited from a
more anterior and inferior fenestration positioning have better voice outcomes.

These data may confirm an MTIS surgeon’s intuition that is that a most infero-anterior
fenestration will avoid any protrusion of the implant within the Morgani’s ventricle as
well any exaggerated interaction with the arytenoid cartilage posteriorly.

These study findings are aligned with a very recent study published by C. Storck et al.
that focused on the impact of the MTIS implant on the arytenoid cartilage [15]. Authors
demonstrated that the MTIS implant causes a gentle superior and posterior push on the
cricoidal facet of the arytenoid cartilage causing a medialization and a rising of the
paralyzed vocal fold. Achieving this arytenoid move will require an implant positioning
that is low and anterior.

Finally, while RW are homogeneously distributed between three of the quadrants, one
can observe that almost none of the RW -independent of patient gender- where located
into the infero-posterior quadrant. Authors believe that is due to the presence of the
thyro-hyoid muscle that surgeons tend to approach very conservatively. No other
operative pattern that the surgeon would have developed with the time could be
identified.

Outcome discrepancy between genders
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There is a notable, although not significant, difference of Angle between EW and RW
related to gender. Authors think this might be related to the respective usable area for
implantation; this is the area beneath a horizontal line through the midpoint, and the
anterior border of the thyro-hoid muscle. This area is smaller in females than in males,
allowing less angle variability.

Furthermore, this study shows that none of cohort’s patients that had their RW centers
in the infero-anterior quadrant were female.

This could represent a factor affecting MTIS outcome in female individuals.

Two hypotheses can be formulated to explain this gender discrepancy: (a) the MTIS
instruction for use are simply wrong for female individuals or (b) size and/or shape of
the stabilizing mid-plate of the MTIS implant does not allow a maximal infero-anterior
positioning of the fenestration.

Finally, some limitations of the study have to be underscored.

Window location does certainly not represent the sole factor influencing voice outcome.
Factors such as volume of the inner part of the prosthesis, induced tissue compression
[16] and eventually shape of the implant that possibly influences [17-19] the arytenoid
cartilage position, represent others outcomes factors to consider.

The population of the study is rather limited and CT images were collected
retrospectively with some variability in image acquisition parameters. Furthermore, EW
location was defined by one sole engineer, potentially inducing a single-evaluator bias.
Nonetheless, the sensitivity analysis performed by applying the 2Zmm random noise on
the input of the numerical MTIS planning process has shown a small impact on the
definition of the expected fenestration.
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CONCLUSION

Despite good overall outcome results, window positioning accuracy of MTIS fenestration
is rather low for both genders. Therefore, the MTIS, landmarks, provided by Bess Inc.
step-by-step procedure should, to a certain extent, not be considered as too rigid.

Data provided by this study advocate a maximal infero-anterior positioning of the
window during MTIS. This maximal infero-anterior positioning is more difficult to
obtain for female patients. Authors hypothesize that an improper design of female
rectangle base and/or an improper female step-by-step surgical procedure impedes
upon maximal infero-anterior location of the female prosthesis.

Further prospective studies should investigate the rectangle base, as well as the intra-
laryngeal portion of the MTIS prosthesis as a possible determinant of voice outcome by
gender, with a maximal infero-anterior fenestration position as standard.
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