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SUMMARY Precise knowledge of lip and tongue movements is limited. Conventional investigative
methods do not allow for their precise representation and analysis. In the present study, electromagnetic
articulography (EMA) was used to define normal values for lip movements based on consonant-vowel-
consonant (CVC) sequences and for tongue movements based on vowel-consonant-vowel (VCV)
sequences. The study population included 25 volunteers (11 males and 14 females) with a median
age of 26 (23 to 29) years. An EMA unit was used to conduct the measurements. For this purpose, the
volunteers repeated a number of VCV and CVC text sequences 10 times each during two different body
positions (upright and relaxed). Statistical analysis (including Bland and Altman’s measurement error,
non-parametric Wilcoxon rank score testing, and analysis of variance) of distance and time variables
resulted in a small measurement error.

There was no effect of different body positions on measurement error. Gender was found to have
a significant effect on the values measured (67 versus 17 per cent of variables related to distances
in CVC versus VCV sequences and 38 versus 75 per cent of variables related to intervals in CVC versus
VCV sequences). This finding did not, however, hold true for any of the other parameters investigated
as potential influencing factors. EMA is capable of providing valuable information about lip and tongue

movements and any pathological dysfunctions involved.

Introduction

Orofacial dysfunctions are a common finding in orthodontics,
and this applies particularly to dysfunctions of the lip and
tongue (Stahl et al., 2007). Limited data are available on
their precise movements and how they interact during
phonetic sound formation. The general requirement for
evidence-based procedures calls for scientific evaluation of
methods of diagnosis and therapy. Dyskinesia of the lips
and tongue will promote developmental abnormalities, and
any findings of pathological malocclusion will influence
orthodontic therapy and the stability of treatment (Schopf,
1972, 2000a,b; Frinkel and Frinkel, 1982; Rakosi, 1982;
Steegmayer et al., 1991; Thiele et al., 1992; Diedrich,
2000; Ehmer, 2000; Fischer-Voosholz and Spenthof,
2002; Patti and Perrier d’Arc, 2007). Electromagnetic
articulography (EMA) is the most suitable technique for
analysing these movements (Engelke er al., 1989, 1996;
Schwestka-Polly et al., 1992; Horn et al., 1997a; Koos
et al., 2009). Less ideal options include video analysis,
optoelectric systems (Ackermann et al., 1995; Hertrich
and Ackermann, 1997), techniques to measure lip and tongue
pressure (Schopf, 1971; Horn et al., 1995; Schuster et al.,
2009; Stohr et al., 2009), recordings made with strain
gauges (Connor et al., 1989; Forrest et al., 1989),

radiographic microbeam technology (Kiritani et al., 1975;
Itoh et al., 1980; Stone, 1990; Ishii, 1999; Green and Wang,
2003; Steele and Van Lieshout, 2004), and magnetic resonance
tomography (MRT) (Mehnert et al., 2009). Sonography is
also an option, although its usefulness is limited to tongue
movements (Peng et al., 2007). EMA is, however, the only
technique that allows both tongue and lip movements to be
precisely recorded in time and space.

The objectives of the present study were to analyse the
accuracy of EMA measurements, evaluate any effect of
gender/body position on the values measured and the
measurement error, and to define normal values for lip and
tongue movements during phonetic sequences.

Subjects and methods

Approval for this investigation was obtained from the
Ethics Commission of the Faculty of Medicine, University
of Tiibingen (project no. 109/97).

The study population included 25 volunteers (11 males
and 14 females) with a median age of 26 (23-29) years at
an interquartile range of 1. All volunteers were healthy (no
signs of sore throat, snuffles, hoarseness, underlying motor,
central nervous system, or psychological disorders) and






