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suMMARY The objective was to explore quantitative
methods for the measurement of lip mobility and lip
force and to relate these to qualitative assessments
of lip function. Fifty healthy adults (mean age
45 years) and 23 adults with diagnoses affecting
the facial muscles (mean age 37 years) participated
in the study. Diagnoses were MoObius syndrome
(n = 5), Facioscapulohumeral muscular dystrophy
(n = 6) and Myotonic dystrophy type 1 (n = 12). A
system for computerised 3D analysis of lip mobility
and a lip force meter were tested, and the results
were related to results from qualitative assessments
of lip mobility, speech (articulation), eating ability
and saliva control. Facial expressions studied were
open mouth smile and lip pucker. Normative data
and cut-off values for adults on lip mobility and lip
force were proposed, and the diagnostic value of
these thresholds was tested. The proposed cut-off
values could identify all inviduals with moderate or

severe impairment of lip mobility but not always
the milder cases. There were significant correlations
between the results from quantitative measure-
ments and qualitative assessments. The examined
instruments for measuring lip function were found
to be reliable with an acceptable measuring error.
The combination of quantitative and qualitative
ways to evaluate lip function made it possible to
show the strong relation between lip contraction,
lip force, eating ability and saliva control. The same
combination of assessments can be used in the
future to study if oral motor exercises aimed at
improving lip mobility and strength could have a
positive effect on lip function.

KEYWORDS: lip mobility, lip force, motion analysis,
drooling, speech, eating
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Introduction

Impaired mobility of the facial muscles of any origin
will interfere with facial expression. In addition, if lips
are weak or the lip mobility is restricted, this may cause
difficulties with feeding/eating, speech and saliva con-
trol. Depending on the underlying aetiology and
severity of symptoms, interventions such as oral motor
exercises, speech therapy or plastic surgery might be
considered. Many clinicians and researchers working in
the field of mimic muscle evaluation have underlined
the need for objective, reliable and sensitive outcome
measures as a supplement to subjective assessments
(1-6).

© 2010 Blackwell Publishing Ltd

The Sunnybrook Facial Grading System (SFGS) was
the advocated method for subjective assessment of the
mimic muscles according to a review paper by Chee and
Nedzelski (2000). They compared different facial nerve
grading systems and found that the SFGS has proven to
have good sensitivity and reliability. It allows quanti-
fication of facial paralysis and is therefore useful in
patient counselling and research (7-12). However, like
most protocols for mimic muscle evaluation SFGS is not
adapted for patients with bilateral involvement.

Facial expression is a dynamic function that is well
suited for video documentation and computerised video
analysis. During the last two decades, a number of
video-computer interactive systems for facial analysis

doi: 10.1111/j.1365-2842.2010.02168.x
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have been presented in the literature (3, 13-22).
Ideally, there should be a 3D motion analysis (23, 24)
with automated tracking of landmarks on the face. A
system that could be used for assessment of all patients,
despite age and cognitive function, must have a built-in
correction of head movements and allow landmark
setting directly on frames on the computer without
markers on the face. The results should include infor-
mation about facial movements such as displacement,
direction, symmetry and temporal aspects. For clinical
use, the procedure should not be too time-consuming.
The reliability of the analysis is fundamental and so is
the possibility to reproduce the examination with
accurracy (3,
performed with maximal effort such as an open mouth
smile and lip pucker have been found to be the most
reproducible (22, 26, 27). All existing systems for
objective facial analysis have their short comings. This
is still an area that needs further research and technical
improvement.

The SmartEye® Pro system* is a head and gaze tracking
system that can measure the subject’s head pose and
gaze direction in full 3D. The system can be used with up
to six cameras. IR diodes are used to illuminate the face
and to minimise the effect of varying lighting conditions.
SmartEye® Pro — MME is an add-on to SmartEye® Pro
3.7* that can track lip movements. The system uses
automatic lip tracking and also offers the possibility to
manually plot the lip line and measure other distances
on the face. In a methodological study, Schimmel et al.
(28) investigated the system’s accuracy in measuring
facial distances. The authors found it possible to measure
geometrical distances with high precision and facial
distances with good accuracy and precision.

Different instruments and techniques have been
suggested for the measure of lip force (6, 29-36) but
no method has yet become gold standard.

Lip function could be influenced by limitations in lip
force and lip mobility but also by structural limitations
(4-6). There is no consensus on how much lip force and
lip mobility is needed for optimal lip function (29, 37).
The aim of the present study was therefore to explore
quantitative methods for assessment of lip mobility and
lip force and to relate these to qualitative methods
describing different aspects of lip function, such as, the
use of the lips for facial expression, speech, eating and
drinking and saliva control.

10, 25). Facial expressions that are

*SmartEye AB, Gothenburg, Sweden.
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Table 1 Age distribution, diagnoses and number of patients
involved in the study

No (males/ Mean
Study group females) age £ s.d.
Healthy controls 50 (21/29) 45 £ 11
Myotonic dystrophy type 1 12 (5/7) 40 + 15
Facioscapulohumeral 6 (0/6) 38 £ 14
muscular dystrophy
Mobius syndrome 5(2/3) 29 + 6

s.d., standard deviation.

Materials and methods

Fifty healthy adults and 23 adults with diagnoses
affecting the facial muscles participated in the study
(Table 1). The diagnoses were Mobius syndrome,
Facioscapulohumeral muscular dystrophy (FSHD) and
Myotonic dystrophy type 1 (DM1). Three had the
congenital form of DM1 and nine the classic (adult)
form. The selection of diagnose groups were based on
the fact that they represent different types and different
degrees of facial impairment. Facial palsy is a diagnostic
criterion for Mobius syndrome (38). The facial palsy is
often bilateral and asymmetric. Typical for FSHD
muscular dystrophy is that the most affected facial
muscles are the sphincter muscles orbicularis oculi and
orbicularis oris and that the muscle weakness is
asymmetric (39). DM1 is a multisystemic disease with
bilateral facial weakness because of myopathy and
muscular atrophy (40). The healthy individuals volun-
teered via personal contacts and the other subgroups
via the Neuromuscular Center at Sahlgrenska Univer-
sity Hospital, Gothenburg, or the Swedish Mobius
Syndrome Association. Informed consent was obtained
from all the participants and the study was approved by
the Ethics Committee at the University of Gothenburg.

Quantitative methods

3D analysis of lip mobility. The mobility of the lips was
measured using two calibrated video cameras (Sony
XC-HR50) together with the software SmartEye® Pro
3.7 — MME.* The cameras and two IR lightings (one
beside each camera) were placed on a metal bar fixed
on a table. The distance between the cameras was
25 cm, and the participant was seated approximately
80 cm in front of the cameras. The cameras were run at
60 fps with a resolution of 640 x 480 pixels. Before
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video recording, ten photographs were taken (five from
each video camera) for the landmark settings. The
following poses were captured on the landmark pho-
tographs: head turned slightly to the left and to the
right, head upright, open mouth smile and lip pucker.
Video recordings were performed during rest position
(30 s) and while the participant was making a maximal
retraction of the lips in an open mouth smile and a
maximal contraction of the lips in a lip pucker. The
tasks were repeated two times with a short break in
between.

Individual landmark profiles were constructed by the
same examiner (LS). Landmarks were manually plotted
with the mouse on the landmark photographs (Fig. 1).
All marked features in the landmark profile were part of
a 3D model of the head of the subject. By detecting the
positions of some of the features in the head model,
the system could calculate the pose of the head using
the Levenberg-Marquardt algorithm and thus the posi-
tions of all other features of the fixed head model. The
head model created by the system allows for a built-in
correction for any head movements accompanying the
facial movements. The position of the landmarks was
then automatically tracked when the video was run-
ning in tracking mode and the tracking was visualised
on the screen. For this study, the 3D position of the oral
commissures was registered in a log file.

Fig. 1. The position of facial landmarks in a system for 3D analysis
of lip mobility.

Test results were extracted from the log files (tab
separated text files) where each row in the text file
contained information about the position of the coor-
dinates in one frame. Data from the frame containing
maximal distance between the x-coordinates were
chosen for an open mouth smile, minimal distance for
a lip pucker and median distance for rest position. To
make sure that the selected frames corresponded to the
maximal smile and lip pucker and to a true rest position
and that the oral commissures were correctly tracked by
the system, the video recordings were reviewed in
tracking mode.

Rest position and voluntary movements were
evaluated by comparing the horizontal, vertical and
anterior-posterior position of the oral commissures. The
following calculations were included in the 3D analysis
of lip mobility: Mouth width (MW) was the distance
between the oral commissures (Fig. 2, equation 1). Left
and right mouth widths were measured from the oral
commissure to the midline (Fig. 2, equation 2), and the
relative mouth width asymmetry (A) was calculated
(Fig. 2, equation 3). Mouth width change was the
difference in distance between rest position and max-
imal expression. The horizontal, vertical and anterior-
posterior oral commissure displacement from rest
position to maximal open mouth smile or lip pucker
and the resultant (R) of these values were calculated
(Fig. 2, equation 4). The resultant value showed the
combined 3D oral commissure displacement. Displace-
ment was recorded as the difference between the
frames at the maximum of the movement and the rest
position.

Lip force measurement. The lip force meter LF100T, an
electronic dynamometer, was used for the evaluation of
lip force (30, 41) (Fig. 3). An oral screen [Ulmer model
(large)*] was connected to the measuring instrument. A
water level helped the examiner to pull in a horizontal
direction. The maximum lip force (N) that the partic-
ipant could exert on the oral screen was shown on a
display. It was not possible to distinguish between the
force exerted by the upper and the lower lip. The
participants were seated in a chair with arm rests and
the chair could be moved up and down allowing all
participants good support for their feet. They were
instructed to keep the oral screen inside the lips while

*Detektor AB, Gothenburg, Sweden.
*Dentarum, Pforzheim, Germany.
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2 2 2
MW = \/('xLMW — Xeuw) T Vi = Yeww) ™ + (Zovw — Zrmw)
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Equation 1.
Equation 2.
MW,
MW
Equation 3.
Fig. 2. Formulas used for calculation
of mouth width (MW), left mouth
width (LMW), right mouth width
(RMW), mouth width asymmetry
(A), and the resultant (R) of the
horizontal (Xlp), vertical (Ylp), Equation 4.
and anterior-posterior (Zlp) oral
commissure (OC) displacement in a
lip pucker (Ip). The resultant of the
open mouth smile was calculated
using the same formula.

R = \/('xlp _'xrest)z +(ylp - yresl )2 + (le - Zresl )2

Fig. 3. The lip force meter LF100. An oral screen (Ulmer) is
connected to the handle.

© 2010 Blackwell Publishing Ltd

the examiner pulled the handle with an increasing
force until the oral screen was dropped. The time for
reaching the maximal force was limited to 10 s. The
best of three values obtained was saved. The lip force
measurements were made by the same dental nurse.
LF100 was calibrated before use.

Qualitative assessments

Qualitative assessment of facial expression. The degree of
muscle excursion during the performance of an open
mouth smile and a lip pucker was evaluated on a 5-point
scale according to Sunnybrook Facial Grading System
(SFGS) (9). The following definitions were used: Unable
to initiate movement (i); Initiates slight movement (ii);
Initiates movement with mid excursion (iii); Movement
almost complete (iv); Movement complete (v). It was
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also evaluated whether there was an asymmetry of the
face at rest or not.

Speech assessment. A complete articulation test was
performed using SVANTE — Swedish Articulation and
Nasality Test (42) but only three sentences were
included and analysed in the present study. Each
sentence contained four representations of the same
bilabial speech sound (/m/,/b/or/p/) in different word
positions. Test sentences were repeated. The articula-
tion test was audio recorded (TascamHD-P2). The
microphone (Sony ECM-MS957 stereo microphone)
was placed approximately 50 cm in front of the mouth.
The pronunciation of bilabial consonants were tran-
scribed and evaluated as deviant or not.

Questionnaire. The participants answered on a 4-point
scale if they had any difficulties with eating and
drinking. The choices were as follows: not at all, not
really, somewhat and very much. They were also asked
to specify any difficulties with eating and drinking by
answering yes/no questions. Individuals who had a
drooling problem were asked to indicate if the drooling
was mild, moderate or severe.

Statistical analysis

Data were analysed with sess for Windows, ver. 15.05.
The difference between men and women and between
individuals with and individuals without drooling or
eating difficulties was tested with Student’s ¢-test. Pear-
son’s correlation coefficients were used for continuous
data such as lip mobility (mm) and lip force (N).
Comparisons between the group of healthy controls
and the diagnose groups included in the study were made
with two-way anova, corrected for possible gender effects
and completed with Student-Newman-Keuls multiple
comparison tests. The reliability of the quantitative
analysis of lip mobility was determined by individual
and measurement variability using the Dahlberg formula
(43, 44) and the intra-class correlation coefficient (ICC).

The borders for impaired lip function and the clinical
relevance of the obtained data were explored by
comparing the results from the quantitative measure-
ments of lip mobility and lip force with the results from
the qualitative assessment of lip mobility (SFGS) by
sorting these data in an MS Excel spreadsheet. The goal

SSPSS Inc., Chicago, IL, USA.

was to find a cut-off value for lip mobility and lip force
that could discriminate between individuals with
impairment and those without. In case there was no
clear threshold between groups, the ambition was to
propose a cut-off that could catch as many with lip
impairment as possible (sensitivity) without including
too many without impairment (specificity).

Results

3D analysis of lip mobility

The 3D analysis of lip mobility in 50 healthy adults
(Table 2) showed that there was a significant difference
in mouth width between men and women. As a group,
the women had a higher value on relative mouth width
change than the men but there was a wide variability
concerning mouth width change in a lip pucker in both
sexes. Most healthy individuals had a fairly symmetric
mouth width at rest and when performing an open
mouth smile but the lip pucker was in general less
symmetric. The mean horizontal, vertical and anterior-
posterior displacement of the left and right oral com-
missure was approximately the same in all dimensions
in an open mouth smile. In a lip pucker, there was a
strong anterior displacement and only a minor vertical
movement. The horizontal displacement was somewhat

Table 2. The mean and standard deviation (+£SD) of mouth
width, mouth width asymmetry and mouth width change in 50
healthy adults

Healthy adults

Gender
Males Females difference
n=21 n=29 t-value P
Mouth width, mm
Rest 50:8 + 37 475+ 35 -=3219 0002
Open mouth smile 669 + 53 640 £ 43 -2-182 0034
Lip pucker 31'7 £ 42 268+ 38 -4316 0001
Mouth width asymmetry, %
Rest 47 £ 25 4-8 + 37 0-110 0913
Open mouth smile 3-8 + 26 31 £20 -1:083 0284
Lip pucker 80 £ 50 117 £ 100 1727 0-091

Mouth width change, mm
Open mouth smile 16:1 £ 43 165 4+ 40
Lip pucker -191 £50 -207 £ 46
Relative mouth width change, %
Open mouth smile  34-8 £ 99  34-8 £ 99 1-157 0-253
Lip pucker -374 £ 87 -434 4+ 82 -2:507 0016

0294 0770
-1-175 0246

© 2010 Blackwell Publishing Ltd
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larger in a lip pucker than in an open mouth smile
(Table 3). The resultant 3D oral commissure displace-
ment had a higher mean value in the lip pucker than in
the open mouth smile. The vertical oral commissure
displacement in a lip pucker was significantly more
upward in men (left side: = 3-042, P = 0-004, right

Table 3. The mean =+ standard deviation (s.d.) and confidence
interval (CI) of the horizontal (x), vertical (y), anterior-posterior
(z), and resultant (R) displacement of the oral commissures from
rest position to an open mouth smile and a lip pucker in 50
healthy adults

X Yy z R

Open mouth smile

Mean =+ s.d.
Right -8:0 + 27 70 £ 34 -9:2 £ 54 149 £+ 49
Left 85 + 21 72 £+ 30 —-88 + 54 151 +£ 40
CI
Right -87to -72 60 to 80 -10-8 to =7-7 13:5to0 163
Left 79 to 91 63 to 81 —-10-3 to =7:2 140 to 162
Lip pucker
Mean + s.d.
Right 101 £ 25 -19+40 214+49 243 + 47
Left -107 £ 29 -17 £ 45 205+ 64 249 £ 55
CI
Right 10-8 to 94 =31 to —0:8 201 to 22:8 229 to 256
Left -9:8to —-11'5 =3:0 to =04 187 to 22:4 22-5to 256

side: t = 3456, P = 0-001) with a mean difference of
3:6 mm on both sides.

Mouth width and mouth width change in an open
mouth smile differed significantly from the healthy
adults in all diagnose groups except for FSHD, and there
was a significant difference between the controls and
the diagnose groups concerning mouth width change in
a lip pucker (Table 4). The Mobius and FSHD groups
had a broader mouth in a lip pucker in relation to the
control group. The only significant difference in mouth
width asymmetry was between the Mobius group and
the controls.

Lip force

There was no significant difference between sexes
lip force among the healthy adults
(P =0879) in this study group. They had a mean
(£s.d.) lip force of 29 £ 9 N. In Mobius syndrome, the
mean (£s.d.) lip force was 9 £ 107 N, in FSHD
13 +£ 88 N and in DM1 12 £ 5-5 N. The difference in
lip force between subgroups was statistically significant
(P = 0-001). Post hoc tests showed (after adjustment for
multiple testing) that there was a significant difference
(P < 0-:05) between the healthy controls and a homo-
geneous subset of the diagnose groups.

concerning

Table 4. The mean and standard deviation (£s.d.) of mouth width, mouth width asymmetry and mouth width change in healthy adults,
and adults with Mobius syndrome, Facioscapulohumeral muscular dystrophy (FSHD) and Myotonic dystrophy type 1 (DM1) and the

statistical difference between groups (two-way anova analysis)

Independent variables

Group difference

Healty adults Mobius syndrome FSHD DM1
Dependent variables n=21 n=>5 n==6 n=12 f P
Mouth width, mm
Rest 489 + 39 457 £ 93 477 + 32 440 £+ 46 5:095 0-003
Open mouth smile 652 + 49 529 + 8:6* 609 £+ 60 549 + 7-5% 15-:824 0-:001
Lip pucker 288 + 46 385 £+ 84* 388 £ 6:1* 32:2 + 37 17-649 0-001
Mouth width asymmetry, %
Rest 47 + 32 83 + 63 50 + 28 9:6 £ 70 3968 0-:011
Open mouth smile 34+ 23 143 + 10-8* 32+ 31 51 + 62 3-395 0-023
Lip pucker 10:1 + 84 81 4+ 98 61 = 46 83 £ 77 1-287 0-286
Mouth width change, mm
Open mouth smile 163 + 41 73 + 53* 132 + 31 109 + 53* 10-528 0-001
Lip pucker -20:0 £ 48 =71 £ 10-6* -89 &£ 6:5* -11-8 £ 5:7* 17767 0-001
Relative mouth width change, %
Open mouth smile 33:8 £ 95 171 + 14:3* 276 £ 57 24-8 £ 122 6580 0-001
Lip pucker -40'9 £+ 88 —14-2 £ 20-9* -184 + 12:9* =261 £ 11-8* 19-988 0-001

*Significant difference (P < 0-05) in relation to the group of healthy adults after adjustment for multiple testing (Student-Newman-Keuls

multiple comparison test).

© 2010 Blackwell Publishing Ltd
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Qualitative assessments

One of the healthy adults reported mild eating prob-
lems; otherwise, self-reported or
observed impairments in this group (Table 5). The most
frequent dysfunction among the diagnose groups was
impaired lip pucker (n = 18), followed by eating and
drinking difficulty (» = 15), impaired open mouth smile
(n=13) and drooling (7 = 8). When asked whether
they had any eating and drinking difficulties, nine
answered ‘‘not really” and six ‘‘somewhat”’. Specified
difficulties were the following: It takes more than
30 min to finish a main dish (n = 7); Food and liquids

there were no

leak out of corners of mouth (n = 5); Swallows large
pieces of food without chewing (n# = 3); Has difficulty in
getting food off spoon with lips (n = 3), Food is left in
the mouth after the meal is finished (n = 3); Coughs
during meals (7 = 1). Six reported mild drooling and
two moderate drooling. Two individuals had deviant
pronunciation of bilabial consonants, one with Mobius
syndrome and one with the congenital form of Myo-
tonic dystrophy. The qualitative assessment identified
five individuals with an asymmetric mouth at rest and
six individuals with asymmetric lip mobility. Three had
a maximal side difference of one SFGS-score, two of
two SFGS-scores and one of three SFGS-scores.

Cut-off values

Cut-off values that would identify adults with impaired
lip function were proposed for the quantitative mea-

surements (Tables 6 and 7). The diagnostic value of
these thresholds was evaluated for two subgroups. First,
the results from individuals with impaired facial
expression according to the SFGS assessment were
related to the results from individuals without facial
impairment (Table 6). In this subgroup, the specificity
for the proposed thresholds was high but the sensitivity
was not so good, except for lip force. Secondly, the
results from individuals with moderate or severe facial
impairment (SFGS-score <4 on any side) were related
the results from individuals with mild (SFGS-score 4/4
or 4/5) or no facial impairment (SFGS-score 5/5)
(Table 7). When the milder cases were excluded from
the group with impairments, the sensitivity increased
and the specificity was still good.

Correlations

There was a significant correlation between mouth
width change and the corresponding SFGS scores for all
groups (open mouth smile: » = 0618, P = 0-0001; lip
pucker: r = 0786, P =0-0001). Lip force correlated
significantly with mouth width change in a lip pucker
(r=0-591, P =0-0001) (Fig. 4). The group of individ-
uals who reported drooling and those who reported
eating difficulties had significant reduction in lip
mobility and lip force in relation to the rest of the
group (Table 8).

Two individuals had deviant production of bilabials.
They reported eating difficulties and drooling and had
results below cut-off on the lip force measurements

Healthy  Mobius

Impairment n=>50 n=>5

Table 5. The distribution of self-

FSHD DMl Total . .
reported (questionnaire), evaluated

Self-reported

Eating and drinking difficulty 1 3
Drooling 0 2
Evaluated
Deviant pronunciation of bilabials 0 1
Impaired open mouth smile (SFGS-score<5) 0 5
Impaired lip pucker (SFGS-score<5) 0 4
Asymmetry of the lips at rest 0 5
Measured
Weak lips, lip force <12 N 0 4
Mouth width change <9 mm, smile 1 3
Mouth width change <11 mm, lip pucker 1 3
OC Resultant <8 mm, smile 3 3
OC Resultant <12 mm, lip pucker 0 3

m=6 m=12 n=73 " qpGs, SVANTE) and measured (3D

analysis of lip mobility and lip force)

4 8 16 oro-facial dysfunctions in a study

3 3 8 group of 50 healthy adults and 23

individuals with diagnoses affecting

0 1 2 the facial muscles to varying degrees
1 7 13
5 9 18
0 0 5
4 7 15
1 5 10
4 5 13
2 5 13
3 6 12

FSHD, Facioscapulohumeral muscular dystrophy; DM1, Myotonic dystrophy type 1; N, Newton;
OC Resultant, the resultant of the 3D displacement of the oral commissures.

© 2010 Blackwell Publishing Ltd
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. . SFGS-score <5
ficity of proposed cut-off values in a Sensitivity Specificity
study group of 50 healthy adults and  ¢y¢-off value Yes No % %
23 adults with diagnoses affecting the
facial muscles. The relation between ~ Open mouth smile
individuals who were evaluated to Mouth width change <9 mm 8 2 62
have lip impairment corresponding Mouth width change 29 mm 5 58 97
to an SFGS-score <5 on an open OC Resultant <8 mm 8 5 62
mouth smile (7 = 13) or a lip pucker OC Resultant 28 mm 5 55 92
(n = 18) and individuals with no lip Lip pucker
impairment was tested. Lip force was Mouth width change < 11 mm 11 2 61
correlated with lip pucker Mouth width change 211 mm 7 53 92
OC Resultant <12 mm 12 6 67
OC Resultant 212 mm 6 49 89
Lip force
Lip force <12 N 13 2 87
Lip force 212 N 53 91

SEGS, Sunnybrook Facial Grading System; OC Resultant, the resultant of the 3D displacement of
the oral commissures; N, Newton.

Table 7. The sensitivity and speci-
ficity of proposed cut-off values in a
study group of 50 healthy adults and

SFGS-score <4

23 adults with diagnoses affecting the
facial muscles. The relation between
individuals who were evaluated to
have moderate or severe lip impair-
ment corresponding to an SFGS-
score <4 on an open mouth smile
(n=6) or a lip pucker (n =11) and
individuals with no or mild lip
impairment was tested. Lip force
was correlated with lip pucker

Sensitivity Specificity

Cut-off value Yes No % %
Open mouth smile

Mouth width change <9 mm 5 1 83

Mouth width change 29 mm 5 62 93

OC Resultant <8 mm 5 1 83

OC Resultant 28 mm 8 59 88
Lip pucker

Mouth width change <11 mm 9 2 82

Mouth width change 211 mm 4 58 94

OC Resultant <12 mm 8 3 73

OC Resultant 212 mm 4 58 94
Lip force

Lip force <12 N 12 3 92

Lip force 22 N 1 57 98

SEGS, Sunnybrook Facial Grading System; OC Resultant, the resultant of the 3D displacement of
the oral commissures; N, Newton.

(mean = 2-5 N), and the 3D analysis of mouth width
change in an open mouth smile (mean = 4-8 mm) and
in a lip pucker (mean = —1-:0 mm).

Measuring mouth width asymmetry could not dif-
ferentiate between individuals with mild facial asym-
metry and those who were evaluated to have
symmetric function.

Evaluation of error of methods

Video recordings from 22 individuals (30%) were
randomly chosen for testing the accuracy of the
analyses generated by the 3D analysis of lip mobility.

© 2010 Blackwell Publishing Ltd

The first examiner remade the landmark profiles for the
testing of intra-individual reliability. Another examiner
made new landmark profiles on the same video
recordings to investigate inter-individual reliability.
The two examiners were calibrated in the following
way. First, they made one landmark profile together,
agreed on landmark positions and made log files
according to a manual. Secondly, they made another
landmark profile separately and afterwards penetrated
the cause for differences that remained. Intra-individ-
ual variation of the performance of facial expressions in
the randomly chosen group was controlled for by
comparing two different video recordings from the
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Fig. 4. The correlation between lip force and decreased mouth
width when performing a lip pucker in 73 adults; 50 healthy
controls, five with Mdobius syndrome, six with Facioscapulohu-
meral muscular dystrophy (FSHD) and 12 with Myotonic dystro-
phy type 1 (DM1). The horizontal line at 12 N suggests a threshold
value for lip weakness in adults. The vertical line suggests a
threshold value for a decrease in mouth width in a lip pucker.

same individual using the same landmark profile. The
testing of intra-individual reliability resulted in a
standard deviation of 1-2 mm for mouth width at rest
(ICC =0-997), 1:3 mm for mouth width in an open
mouth smile (ICC =0994) and 1-:8 mm for mouth
width in a lip pucker (ICC = 0-997). Standard deviations
for inter-individual reliability were 13 mm for mouth
width at rest (ICC = 0-997), 1-:8 mm for mouth width in
an open mouth smile (ICC = 0-997) and 2 mm in a lip
pucker (ICC = 0-997). The intra-individual variation test
showed a standard deviation of 1-1 mm for mouth
width in an open mouth smile (ICC = 0-994) and
14 mm for mouth width in a lip pucker (ICC = 0-997).

Lip force measurements. To control for intra-individual
variability, maximal lip force was tested on 12 healthy
adults on two occasions with at least 24 h between

Table 8. Comparisons between quantitative and qualitative
results in a study group of 50 healthy adults and 23 adults with
diagnoses affecting the facial muscles. The differences between
individuals with eating and drinking difficulties (7 = 16) or
drooling (n = 8) and the rest of the group are presented

Impairment Group
mean £+ SD difference
Yes No t P
Eating/drinking
Lip force, N 119 £ 98 249 £101 5266 0001

Mouth width change, mm

Open mouth 12:7 £ 42 15-1 £ 53 1-662 0-101
smile
Lip pucker -1000 £ 77 -188 £ 59 -4-941 0-001
Drooling
Lip force, N 80 £+ 64 255+ 108 4452 0-001
Mouth width change, mm
Open mouth 87 + 53 153 £ 47 3-778 0-001
smile
Lip pucker -77 £ 68 -18 £ 66 -4-210 0-001
N, Newton.

measurements. The mean standard deviation between
the first and the second measurement was 3-2 N.

Qualitative assessment of lip mobility. A qualitative eval-
uation of the lip muscles from video recordings was
independently performed by two speech-language
pathologists according to SFGS allowing calculation of
inter-rater reliability presented as percentage agree-
ment compared point-by-point. In case of disagree-
ment, they watched the video recording together and
made a consensus decision used as the result. The
inter-rater reliability test of the subjective evaluation of
rest position and the performance of open mouth smile
and lip pucker showed an exact percentage agreement
of 82%. Disagreement was never more than one
SFGS-score. The final results are based on consensus
agreement.

Speech evaluation. The blinded speech evaluation was
independently performed by two speech-language
pathologists, the first author (LS) and one external
not involved in and without any knowledge about the
project. When disagreement arose, the second author
(AL) made the final decision. They listened to an audio
file containing test sentences from the study popula-
tions in a random order and made a narrow transcrip-
tion using the international phonetic alphabet with
extensions for disordered speech (45, 46) of bilabial
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sounds only. Fifty-six randomly chosen sentences (25 %)
were presented twice on the listener file, to control for
intra-transcriber reliability. Exact inter-transcribers’ per-
centage agreement compared point-by-point on single
phonemes was 97% and intra-transcribers’ percentage
agreement was 95% and 100%. The main difficulty was
to decide whether the articulation of a bilabial speech
sound was weak or not. Weak articulation was not
included in the final results.

Discussion

In this study, normative data on quantitative measures
on lip mobility and lip force were collected and related
to results from qualitative assessments of individuals
with impaired facial expression to explore the border
between complete and incomplete voluntary lip move-
ments. The analyses resulted in proposed cut-off values.
With these thresholds it was possible to identify all cases
with moderate and severe impairement of facial
expression but not all the milder cases who (by
definition) had almost complete facial movements.
Thresholds that would incorporate the milder devia-
tions would also increase the number of false positives.
Mild deviations in lip mobility were not expected to
cause any subjective symptoms for the individual or
change the course of intervention and were therefore
not considered to be as important to identify as the
more clinically relevant deviations. The statistic analy-
ses showed a significant correlation between the 3D
analysis of lip mobility and the corresponding SFGS-
scores for open mouth smile and lip pucker. This was a
first attempt to propose cut-off values for impaired lip
mobility and lip force in adults. However, the diagnostic
value of these thresholds needs to be challenged in
further studies and in different study populations.

Mean results from the 3D analysis of lip mobility
from the different diagnose groups included were
presented together with the mean results from the
healthy adults. The intention was not to give a
description of the diagnoses but to describe the groups
involved in the study and the variety of lip impairment
that they represented.

Whether the typical face is symmetric or not has been
studied with different methods and the findings are
often contradictory (47). In the present study, some
degree of mouth width asymmetry was a frequent
finding in both healthy individuals and individuals with
a diagnosis affecting the facial muscles. Asymmetry was

© 2010 Blackwell Publishing Ltd

most pronounced when performing a lip pucker. One
explanation for this could be a deviation not only
caused by the lips but also by the lower jaw. The
qualitative evaluation could detect asymmetries in lip
shape but not mouth width asymmetry, and the
quantitative measurements could identify mouth width
asymmetry but not an asymmetric lip shape. This
illustrates and confirms earlier findings (48) that
quantitative measurements cannot completely replace
qualitative evaluations but can be a complement for a
more reliable and quantifiable evaluation of treatment
and for research. The study results also showed some
differences between men and women when making a
smile and a lip pucker. To study gender and age
differences were not within the scope of this study but
would be interesting subjects for further research.

The 3D analysis revealed the pronounced anterior
movement of the oral commissures in a lip pucker. The
oral commissures are protruded not only by lip activity
but also by an anterior movement of the lower jaw.
Coulson et al. (2) also used the coordinates in a 3D
system to study the displacement of facial markers in
healthy adults. The mean resultant oral commissure
displacement in a maximal smile/open mouth smile
was about the same in both studies. Like us, they found
a predominant movement in the anterior-posterior axis
in a pout/lip pucker but it was not as predominant as in
the present study. The error of methods has to be taken
into account in both studies, and the choice of vocab-
ulary might have had an influence on how the
expression was performed (49, 50). It should also be
noted that in the present study the position of the oral
commissures on a single frame during rest was related
to a frame at the point of maximum movement but the
movement characteristics between these points were
not presented.

A cut-off value for lip force in adults was suggested. It
is important, though, to underline that this value is
dependent on the equipment used. An oral screen
made in another size or in another material would
result in another cut-off value. Using other instru-
ments, lip force could be measured as the force exerted
on the teeth (34), the pressure between the lips (29) or
between the oral commissures (36) and the upper and
lower lips can be measured separately (6). In a survey
of children and adolescents with DM1 (41) and a
matched control group, the same equipment was used
as in the present study with the exception that the
preschool children had a smaller oral screen. The lip
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force (mean = s.d.) in the patient group was 7 £ 3-5 N
and in the matched control group 21 + 7-8 N. Hagg
et al. (51) studied lip force in patients after stroke and a
control group using the same lip force meter but a
different type of oral screen. The patients had a lip force
of 9-5 + 5-5 N and the healthy controls 24-4 £ 6-2 N.
Differences in results between these studies could partly
be explained by age differences. Studying lip force in
different age groups is a subject for further research.

It could be expected to find an interrelationship
between maximal contraction of the lips in a lip pucker
and lip force as both these activities activates the
orbicularis oris muscle. This assumption was confirmed
as there was a strong correlation between lip force and
lip contraction and both sensitivity and specificity was
high when comparing lip force and the qualitative
assesment of lip pucker. Impaired lip pucker and weak
lips were found in all or nearly all individuals with
deviant production of bilabials, drooling or eating
difficulties. To be able to smile is important for
communication and social interaction but impaired lip
retraction does not seem to interfere with eating. Two
individuals with impaired speech had profound diffi-
culties in all areas tested. Another individual who also
had severely impaired lip force and lip function could
despite this pronounce bilabial consonants correctly.
Many different factors are thought to have an impact
on the capability to compensate for impaired oral motor
function such as structural prerequisits,
function and access to speech therapy.

Intra-individual variability tests confirmed earlier
findings (27, 52) that the same individual repeats an
open mouth smile and a lip pucker with only small
variations. It is a limitation, though, that the facial
expressions were only performed twice and with only a
few minutes between repetitions. Inter-reliability and
intra-reliability testing of the 3D analysis of lip mobility
showed that the measurement error was within accept-
able limits. Schimmel efal. (28) did not use the
automated tracking of facial landmarks in their evalu-
ation of the system. They considered that the function
was not reliable enough. In the present study, it was
possible to use automated tracking of the oral commis-

cognitive

sures. The oral commissures were in general clearly
distinguished on the frames and thereby possible for
the system to track. In exceptional cases, manual
plotting was used to guide the automated tracking to
the right position. The individual landmark profile is to
a great extent manually constructed, which is thought

to be the main reason for the measuring error. Most
difficult was to identify the exact position of the oral
commissures in a lip pucker. It is of great importance
that the profile constructers are experienced and
calibrated (44).

The 3D system for analysis of lip mobility that was
tested allows for free head movements and no markers
have to be attached to the face. These were important
prerequisites for chosing this system so that it could also
be used with patients with intellectual disability and
neuropsychiatric disorders. With the present version, it
took about one hour for a trained person to construct an
individual landmark profile. It is recognised in the
literature that quantitative analyses of facial movements
in general are time-consuming (3) and are therefore
difficult to implement in clinical settings. Another
obstacle for clinical use is the relatively high cost for both
hardware and software. However, if valid and reliable
methods are used for the evaluation of treatment, this
will eventually lead to more effective interventions,
better patient care and more efficiently used resources.

The results from this study indicate that the strength
of the muscles activated in the lip force measurement is
important for optimal lip function. Hagg et al. (51)
showed in an intervention study that lip training with
an oral screen could improve lip force and swallowing
in patients after stroke. The possibility for patients with
Mobius syndrome, FSHD and DMI1 to strengthen the
muscles and improve oro-facial functions through oral
motor exercises to be evaluated through
research. The explored instruments for 3D analysis of
lip mobility and lip force could be recommended as
reliable tools for evaluation of treatment together with
documention of speech, eating/feeding, facial expres-
sion and saliva control.

needs

Conclusions

The system for automated analysis of lip mobility tested
provides a possibility to measure 3D positions and
different distances on the face and can also provide
information about temporal aspects of facial movement.
The only function tested and validated in this study of
lip function was the 3D position of the oral commis-
sures at rest and the displacement of the oral commis-
sures when performing an open mouth smile and a lip
pucker. These measurements are reliable and clinically
relevant, and they could be used for evaluation of
treatment as a supplement to qualitative methods. The

© 2010 Blackwell Publishing Ltd
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method is non-invasive and could be used in different
patient populations.

The combination of quantitative and qualitative
methods for the evaluation of lip function made it
possible to show the strong relation between lip
contraction, lip force, eating ability and saliva control.
The same combination of assessments can be used in
the future to study if oral motor exercises aimed at
improving lip mobility and strength could have a
positive effect on lip function.
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