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This study aims to use spectral analysis to explain the changes in speech caused by a
glossectomy. A single patient is observed using video recordings across 30 years at four stages:
before tongue cancer, after a partial glossectomy with a radial forearm free flap, after additional
surgeries including removal of the flap, and without the flap in the cold, a known area of speech
difficulty for the patient. Formant frequencies and consonant spectra were analyzed to quantify
the changes in speech production. Results show the greatest changes in formants occur with front
vowels, indicating difficulty making a constriction with the tongue tip; however, overall change in
vowel formants is still minimal. Significant spectral differences were observed in the production
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cold. Other consonants are less affected, indicating the disproportionate impact a glossectomy

has on speech that requires finer control of the tongue-tip. These results underscore the value of



surgical techniques that preserve tongue tip mobility where possible and have further implications

in post-glossectomy targeted speech therapy.
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Chapter 1: Introduction

The tongue plays a pivotal role in speech production. As such, a glossectomy, the removal
of all or part of the tongue has inherent repercussions in speech.

In this thesis, we investigate the case study of a single male native English speaker glossectomy
patient over the course of 30 years. The patient was diagnosed with a left lateral squamous cell
carcinoma (SCC) T1INOMO tumor of the lateral oral tongue at age 42, indicating a tumor size of

2 cm with a depth of 5 mm, no lymph node involvement, and no metastasis. The tongue
tip was preserved, and the tongue was reconstructed using a radial forearm free ap. An image of
the tongue with the ap is shown in Figure 1.2a. After 16 years, the cancer came back on the ap

and the ap had to be removed in its entirety, in addition to the left side of the palatoglossal arch.

1.1 Background on Glossectomy

A glossectomy is used as a treatment for tongue cancer, where the tumor, along with any
necessary margins and lymph nodes, are surgically removed from the oral cavity. Oral cancer
tumors are staged according to the TNM system, where T represents tumor size, N represents
cervical lymph node involvement, and M represents metastasis. [2] The glossectomy can be
closed with a simple suture or a radial forearm free ap (RFFF, or simply ap). A ap entails

the removal of approximately 9 cm of the forearm skin and the radial artery to close the hole left



Figure 1.1: Velocity elds of tongue motions for control (top) and patient (bottom) for the
utterance 'asouk’ at the s-u transition (left), during the u, and at the rst full frame of k. Image
from [1]

by the glossectomy. [3]

1.2 Understanding Compensation

The subject of this study was previously the subject of a paper by Stone et al. in which
they used tagged cine-MRI to understand the tongue movement after a glossectomy [1]. Despite
missing signi cant portions of the tongue missing, glossectomy patients are still able to produce
intelligible speech. To do this, they must compensate for not only the missing tongue, but the
rigid scar tissue from the surgery. To understand the compensation, we study Figure 1.1 from the
original paper, which plots the tongue's velocity eld at a midsaggital view during three frames

of the utterance of 'asouk’ for the patient (bottom) and a control (top).



In the rst panel, we see the the constriction for the /s/ being released at the front of the
mouth, with the velocity arrows pointing down and back as the tongue tip retracts. The back
of the tongue moves forward and up, causing the tongue to converge in the middle. The tongue
body moves down and in, compressing the tongue upwards. This upwards motion increases in the
second panel for the close-back place of articulation for the /u/. Additionally, there is a backwards
pull from the styloglossus muscle. In the nal panel, the tongue lightly taps the velum to make
the constriction for /k/, a velar plosive. The velocity eld shows the tongue moving forwards for
inhalation. [1]

In comparison, the patient's tongue is constantly in rotational motion to compensate for
the rigidity caused by the glossectomy and ap scars. In the rst panel for the patient at the s-u
transition, the tongue tip is pulling in like in the control, but it needs much more force to move
around the rigid scar tissue, which is shown as a divot in the top of the tongue because the tissue
is not visible in MRI. The base of the tongue also compensates by pulling inward and squeezing
to elevate the tongue to the proper place of articulation. All of this contributes to a rotational
motion around the rigid body of the scar. In the second panel, we continue to see compression
and expansion at the base of the tongue to elevate it to the proper place of articulation. There is
an additional piece of the tongue sticking up past the rest, which is abnormal — perhaps an artifact
of the uneven tongue surface caused by the ap and scar tissue. When the tongue rst makes the
constriction for /k/ shown in the nal panel, there is not the light tap seen in the control, but rather
the tongue is smashed against the velum, indicating loss of control. However, the more forceful
constriction likely does not affect the patient's speech audibly, otherwise they would compensate
for it. [1]

As we can see, speaking with a glossectomy requires complex contortions of the tongue to
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