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Abstract

Background: Surgery of laryngeal cancer used to profound-
ly alter the anatomy of the cervical region. Accurate anato-
mo-embryologicstudies and repeated surgical trials allowed
recognition of the cricoarytenoid complex as the smallest
anatomofunctional unit able to maintain all the laryngeal
functions. Objectives: The aim of this study was to deter-
mine whether significant variations of neck anatomical pa-
rameters exist after partial laryngectomy, and to analyze
whether some of these parameters are associated with a
positive functional outcome. Methods: Out of 48 patients
treated with a surgical technique according to Mayer-Piquet
(cricohyoidoepiglottopexy, CHEP) over a 6-year period, 18
patients were enrolled in the study. Patients were all males
with a mean age of 60 years. Cervical structures and their
relationships were measured by computed tomography,
and the measurements before and after surgery were com-
pared. Results: Our data showed that hyoid bone is modi-
fied, both in morphology and position during CHEP. More
specifically the relation of the hyoid bone to other neck
structures (identified by the a-angle) is modified. The neo-
larynx and trachea undergo a caudocranial shift. All diame-

ters of the cricoid cartilage remain unchanged after surgery.
The position of the epiglottis after CHEP, in particular its rela-
tion with the arytenoid cartilage, is closely related to swal-
lowing function outcome and recovery time. Conclusions:
Our study showed that these structures, and more specifi-
cally the relations among them, undergo significant varia-
tions after CHEP. Our results identify some parameters, i.e.
the a-angle, width of the hyoid bone and position of the epi-
glottis, that may predispose to a positive functional outcome

after surgery. Copyright © 2007 S. Karger AG, Basel

Introduction

Surgery of laryngeal cancer used to profoundly alter
the anatomy of the cervical region. Throughout the years,
increasing attention has been given to preserve both the
anatomical and functional integrity of the larynx while
achieving a high local control.

Accurate anatomo-embryologic studies and repeated
surgical trials allowed recognition of the cricoarytenoid
complex as the ‘smallest anatomofunctional unit’ able to
maintain all the laryngeal functions: breathing, swallow-
ing and phonation [1]. It is a common experience of most
surgeons that patients undergoing partial laryngectomy
with cricohyoidoepiglottopexy (CHEP) or cricohyoido-
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Table 1. Anatomical parameters of anterior cervical structures in controls and patients after CHEP, expressed as mean of the single
values

AL° LalMax,mm LalMin,mm HImm a,° OAP, mm IAP, mm OL, mm 1L, mm
Controls 29.5 42.0 18.7 36.1 17.8 25.0 18.0 30.8 18.0
Patients after CHEP 32.7  44.2 18.0 35.5 32.5 28.4 16.9 30.3 18.4

Al = Hyoid angle defined as the angle identified by a line perpendicular to the main axis and passing through the midpoint of the
body of the hyoid bone and by another line joining the midpoint of the body of the hyoid bone and the distal end of the greater cornua
of the hyoid bone; La.I. Max = the distance between the two greater cornua of the hyoid bone; La.I.Min = width of the body of the hy-
oid bone; HI = anteroposterior length of the hyoid bone; a = virtual line joining the midpoint of the lower margin of the body of the
mandible and the upper face of the third cervical vertebra and another line joining the midpoint of the lower margin of the body
of the mandible and the midpoint of the body of the hyoid bone; OAP = the outer anteroposterior diameter of the cricoid cartilage;
IAP = inner anteroposterior diameter of the cricoid cartilage; OL = outer lateral diameter of the cricoid cartilage; IL = inner lateral

diameter of the cricoid cartilage.

pexy may show varying degrees of functional recovery
[2-4]. They may range from an eventful recovery within
7 days to a clinical pattern of dysphagia and dyspnea, re-
quiring nasogastric feeding tube and tracheostomy tube
for several months [1].

Recent generation of computed tomography (CT)
scanners (multislice CT) [5-7], thanks to a rapid and de-
tailed images acquisition, seem to be excellent tools for
evaluating the varying degrees of morphological modifi-
cations occurring after CHEP. Initially and throughout
the years, morphological studies of the larynx as well as
of other anatomical structures used to be performed post-
mortem on fixed preparations. Subsequently, the intro-
duction of CT scanners made possible to add to the mor-
phological study a morphometric study of the larynx on
fixed cadaveric structures as well as on patients [8] and,
more recently, to perform a functional imaging of the lar-
ynx [9] and small airways [10]. However, as CT and oth-
er imaging techniques have been more extensively em-
ployed in clinical practice, the importance of developing
an evaluation technique by defining the planes and points
of measurements has been recognized as a critical land-
mark able to yield reproducible images [11, 12].

The aim of this study was to identify the existence of
anatomical parameters, whose variations after CHEP
may be associated with a positive functional outcome.
Furthermore, we wished to evaluate if some of these vari-
ations may be predicted preoperatively in order to iden-
tify preoperative parameters that predispose to positive
functional outcome. This evaluation might be useful to
predict preoperatively the surgical outcome guiding the
best intraoperative choices according to the specific anat-
omy of the single patient.
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We have focused on detecting the anatomical changes
of anterior cervical structures following partial surgery
of the larynx by multislice CT. Such a technology is able
to analyze the variation of the parameters in the follow-
up of the operated patient.

Subjects and Methods

Out of 48 patients treated with a surgical technique according
to Mayer-Piquet over a 6-year period (1998-2004), 18 patients
were enrolled in the study. Patients were all males with a mean age
of 60 years (range: 54-68 years). Data were also obtained in a
population of subjects (30 subjects, all males, mean age: 55 years)
undergoing a CT of the larynx for diagnostic purposes other than
a preoperative evaluation, and these subject were considered as
controls (table 1).

The selected patients underwent both morphologic and clini-
cal evaluation.

Clinical Evaluation

The functional outcome after surgery was clinically evaluated
with regard to time of permanence of the tracheostomy tube in-
serted (to evaluate breathing), time of nasogastric feeding tube
inserted (to evaluate swallowing), duration of hospitalization and
incidence of complications.

Morphologic Evaluation

The morphologic evaluation consisted of multislice CT (Gen-
eral Electric Milwaukee, USA) study of neck structures without
endovenous contrast medium and fiberoptic laryngoscopy, be-
fore and after surgery. Morphological changes, as measured by
CT and endoscopy, were then compared. In order to obtain stan-
dardized measurements during the CT study, the subject was po-
sitioned with his neck in a ‘neutral’ posture (not flexed nor hy-
perextended), so that the virtual axis joining the midpoint of the
lower margin of the body of the jaw and the upper face of the third
cervical vertebra was perpendicular to the line passing through
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Fig. 1. a-Angle measured in a patient before surgery. The measure
was calculated on MPR sagittal plane from multislice CT without
contrast media.

the posterior margins of cervical vertebrae, with an error equal to
*1°

CT Acquisition

CT exam started with the acquisition of two guide images
(scanogram), to evaluate the correct position of the neck. Images
were acquired without administration of endovenous contrast
medium, with volumetric technique (thickness: 0.6 mm; gap:
3 mm/s). Once axial images were obtained, some selected vari-
ables were measured by means of an electronic ruler in the se-
lected patients, enabling a detailed comparison before and after
surgery. It should be emphasized that the morphometric analysis
was performed on routinary, basal CT acquisitions, though it did
not require additional X-ray exposure, pain or discomfort for the
patient and further costs and time for the radiologist. The radio-
logical examination performed for this study was not more
invasive than any other CT scan commonly used as a diagnostic
tool for laryngeal carcinoma.

Variables

Measurements were performed in mm for lengths, degrees for
angles and mm? for surfaces.

Structures considered were in particular the hyoid bone, the
arytenoid cartilage, the cricoid cartilage and the trachea; the
a-angle was defined. The a-angle was identified by a virtual
line joining the midpoint of the lower margin of the body of the
mandible and the upper face of the third cervical vertebra and
another line joining the midpoint of the lower margin of the body
of the mandible and the midpoint of the body of the hyoid bone
(fig. 1,2). This angle was recognized to define the relation of hyoid
bone to other neck structures.

CT Evaluation after Partial
Laryngectomy

Fig. 2. a-Angle measured in a patient after surgery. The measure
was calculated on MPR sagittal plane from multislice CT without
contrast media.

In order to evaluate the hyoid bone, we considered the fol-
lowing variables: (a) the distance between the greater cornua;
(b) width of the body; (c) anteroposterior length; (d) hyoid angle,
defined as the angle identified by a line perpendicular to the main
axis and passing through the midpoint of the body of the hyoid
bone and by another line joining the midpoint of the body of the
hyoid bone and the distal end of the greater cornua of the hyoid
bone (fig. 3). For the cricoid cartilage, we considered: (a) the out-
er anteroposterior (OAP) diameter; (b) inner anteroposterior
(IAP) diameter; (c) outer lateral (OL) diameter; (d) inner lateral
(IL) diameter (fig. 4).

A statistical analysis of variations of the measured variables
before and after surgery was performed using the Student’s t test
for paired data (SPSS for Windows) with a p value of 0.05 or less
defined as significant. The variations of the measured variables
after surgery as compared to control subjects were analyzed using
the Student’s t test for unpaired data (SPSS for Windows) with a
p value of 0.05 or less defined as significant.

Results

Clinical Results

The decannulation rate was 100%. The mean time un-
til decannulation was 8 days (range: 6-12 days). The
mean time for removal of the nasogastric feeding tube
was 11 days (range: 4-17 days).

Normal swallowing was achieved in 94.4% of patients
(17/18) in the 1st postoperative month. Pneumonia from
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Fig. 3. Hyoid bone measures. The measure was calculated on MPR
axial plane from multislice CT without contrast media.

Fig.4. Cricoid cartilage measures. The measure was calculated on
MPR axial plane from multislice CT without contrast media.

aspiration occurred in 11% of patients (2/18): it was suc-
cessfully managed with antibiotics, but required longer
hospitalization and repositioning of the nasogastric feed-
ing tube.
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Fig. 5. a-Angle in controls.

The mean duration of hospitalization was 19 days (13-
30 days).

Morphologic Results

Our data show that the hyoid bone is modified both in
morphology and position during CHEP. In particular,
the distance between the greater cornua increases in
33.3% of patients (6/18), decreases in 44.4% of patients
(8/18), and remains unchanged in 22.2% of patients
(4/18). Relating these data to the clinical history of the
patient, we observed that those patients (44%) with a re-
duced distance between the greater cornua of the hyoid
bone showed a better recovery of the swallowing function
when compared to patients with increased distance. In
fact, this distance might affect the size of the hypopha-
ryngeal tube and its mobility.

The a-angle (p < 0.01) increased significantly in am-
plitude: before surgery it showed a mean value of 17.7°
(range: 3.6-28.6°), after surgery a mean value of 32.5°
(range: 27.1-35.3°). a-Angle values have then been com-
pared between CHEP patients before surgery and a pop-
ulation of normal subjects. The range of a-angle values
in normal subjects (0-30°) and CHEP patients before sur-
gery (3.6-28.6°) differed only for the larger size of normal
subject series. It has been observed that 80% of normal
subjects showed an a-angle ranging between 0 and 27°
(fig. 5), whereas none of the CHEP patients had an «-
angle <27° (tig. 6). Furthermore, 78% of these patients
presented an angle over 30°. Twenty percent of both con-
trols and patients had the a-angle ranging between 27
and 30°. Patients presenting with a high-amplitude a-an-
gle (>34.5°) showed a prompt and complete recovery of
all laryngeal functions. Conversely, patients with a low
a-angle (<30.1°) showed a protracted and complicated
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Fig. 6. a-Angle in patients after CHEP.

recovery. Moreover, we observed that low preoperative
a-angle values (<7°) predispose to lower postoperative
a-angle values (<30.1°) due to the specific anatomical re-
lations among cervical structures (fig. 1, 2). Therefore,
patients with low preoperative a-angle values showed
poor postoperative functional recovery on the basis of
hospitalization time (23-30 days in patients with preop-
erative a-angle values <7° vs. 13-20 days in patients with
preoperative a-angle values >7°) and time to achieve a
normal swallowing function (11-17 days in patients with
preoperative a-angle values <7° vs. 4-9 days in patients
with preoperative a-angle values >7°).

The neolarynx and trachea undergo a caudocranial
shift. This is confirmed by the position of the cricoid car-
tilage that is localized at the level of the 7th cervical ver-
tebra before surgery and moves to the level of the 5th
cervical vertebra after CHEP (in some cases, also be-
tween the 4th and 5th vertebrae). It is interesting to ob-
serve that the cranial displacement of the trachea and
neolarynx, due to a reduced length of the laryngeal organ
for resection of the thyroid cartilage, is not affected by the
preoperative length of the thyroid cartilage whichever it
was (mean: 42.9 mm, range: 35.9-52.5 mm).

We observed that all diameters (OAP, IAP, OL, IL) of
the cricoid cartilage remain unchanged after surgery.
This may explain the good recovery of respiratory func-
tion in all patients (decannulation rate: 100%): none of
the patients showed any respiratory complication, and
those with a larger cricoid diameter showed a better re-
spiratory recovery.

We observed that the position of the epiglottis after
CHEDP, in particular its relation to other neck structures,
is highly related to swallowing function outcome and re-
covery time. Patients (11%) in whom epiglottis was posi-

CT Evaluation after Partial
Laryngectomy

tioned during CHEP below the residual arytenoid carti-
lage showed swallowing problems: 2 patients started to
swallow after the 15th postsurgical day and developed ab
ingestis pneumonia. Conversely, patients (89%) in whom
epiglottis was correctly positioned during CHEP above
the residual arytenoid cartilage showed a complete recov-
ery of the swallowing function within 12 days.

The obtained images were then compared with the
ones obtained with fiberoptic laryngoscopy, showing
high sensitivity (96%) and specificity (99%).

Discussion

Partial laryngectomy (CHEP) represents the most ap-
propriate surgical choice in glottic carcinoma with im-
paired motility of the vocal cord, with no involvement of
the arytenoid cartilage [13]. CHEP results in the resec-
tion of the entire thyroid cartilage, both vocal cords and
one arytenoid cartilage (from the tumor-bearing side)
with preservation of its posterior mucosa.

The neolarynx is subsequently formed by the cricoid
cartilage and a portion of the epiglottis cartilage both an-
chored to the hyoid bone and one residual arytenoid: the
reduced height of neolarynx results in a cranial displace-
ment of the neoglottic space. This surgical procedure al-
lows avoiding, in many cases, total laryngectomy, with
the epiglottis and the residual arytenoid preserving all
the laryngeal functions (breathing, swallowing and pho-
natory function) [1].

The anatomical study of anterior cervical structures
by means of multislice CT showed that these structures,
and more specifically the relations among them, undergo
significant variations after CHEP. It has been noted that
these variations may affect the surgical functional out-
come and some of them may be determined by the pre-
operative anatomy.

The thyrohyoid membrane is removed during surgery
and the hyoid bone is anchored directly to the cricoid
cartilage, without any other interposed structure. There-
fore, the greater traction applied by an osteocartilagine-
ous structure rather than a membranous one might favor
the inferior displacement of the hyoid bone. We mea-
sured this displacement as an increased amplitude of the
a-angle, which is present in all operated patients. How-
ever, patients with high a-angle values showed a complete
recovery of all laryngeal functions, probably due to a bet-
ter reorganization of the relationships among the base of
the tongue, neopyriform sinuses and epiglottis. Con-
versely, patients with a low a-angle showed a protracted
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recovery. In addition, it was noted that low preoperative
a-angle values predispose to lower postoperative a-angle
values due to the specific anatomical relations among
cervical structures, and patients with low preoperative
a-angle values show poor postoperative functional re-
covery. The greater traction exerted by the neolarynx on
the hyoid bone causes a modification of the anatomy of
this bone, which is related to recovery of swallowing
function. It seems that the preoperative anatomy of cervi-
cal structures may determine, as a response to the cra-
nial displacement of neolarynx, either an enlargement or
a narrowing of the hyoid bone and therefore a poorer or
better swallowing function.

It has been noted that the position of the epiglottis af-
ter CHEP is closely related to swallowing function out-
come and recovery time. In particular, patients show ei-
ther a complete recovery of swallowing function or swal-
lowing complications if the epiglottis is positioned either
above or below the residual arytenoid cartilage. Mul-
tislice CT appeared to be extremely helpful in evaluating
preoperatively both the position and size of epiglottis car-
tilage in order to plan the best intra-operative choice for
a correct placement of the cartilage.

Our results identify some parameters, such as the a-
angle, width of the hyoid bone, position of the epiglottis
and its relation to the arytenoid cartilage, which undergo
significant variations after CHEP and whose variations
are associated with a different functional outcome. Some

of these variations (a-angle, position of epiglottis) may be
determined preoperatively. They are able to predict the
surgical functional outcome. Therefore, they may help
presurgical planning and guide the best intraoperative
choices according to the specific anatomical relations
among the anterior cervical structures.

We would like to emphasize that multislice CT, be-
cause of its ability to provide higher resolution images as
compared to spiral CT images, plays an important role in
the definition of the above-mentioned anatomical rela-
tions.

Conclusion

We believe that a preoperative CT study of each patient
undergoing CHEP should consider the a-angle, width of
the hyoid bone and position of the epiglottis as critical
radiological landmarks able to predict the postoperative
functional outcome.

Therefore, we would like to emphasize that a close col-
laboration between the otolaryngologist and the radiolo-
gist in the evaluation of patient candidates for a partial
laryngectomy would be helpful in presurgical planning,
intraoperative guidance, and postoperative analysis of
the treated anatomic regions, assuring a better recovery
from a surgical procedure, anyway successful as onco-
logic outcome.
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