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Orofacial function is the result of complex integra-
ted activities of the central nervous system and the 
neuromuscular system (e.g. 18, 19). It includes a mul-
titude of vital actions such as breathing, chewing and 
swallowing, and acts as the basis for social interac-
tion in terms of speech, emotional communication, 
facial expression and appearance. Thus, orofacial 
dysfunction can be severely disabling. Furthermore, 
impaired orofacial function is a common feature in 
many genetic and congenital disorders. It may also 
be acquired as a consequence of various diseases or 
trauma. Due to the complexity of these functions se-
veral health professions are involved in diagnosing 
orofacial dysfunction. In such interdisciplinary col-
laborations and multiprofessional settings there is a 
great need to establish a mutual language, and with 
increased demands for evidenced-based practice, 
also common measures in the evaluation of orofa-
cial function.  

Despite considerable efforts to establish common 
criteria in the assessment of orofacial function, cur-
rently, no widely used comprehensive classification 
of orofacial disability or screening test covering se-
veral orofacial functions is available. The obvious 
lack of common criteria in the assessment of orofa-
cial function was shown in a survey of the different 
Scandinavian tests available, reported at the Second 
Nordic Conference on Orofacial Therapy in Gothen-
burg 2002. At this conference a working group was 
formed with the mission to develop a standardized, 
comprehensive evaluation instrument for the as-
sessment of orofacial function, primarily as a basis 
for identification of the type and extent of disabi-
lity, choice of treatment, and possibly evaluation of 
outcome. The screening is intended to be used when 
chewing, swallowing, speech or other orofacial fun-
ctional difficulties are visible or suspected. A stan-
dardized, comprehensive orofacial screening may 
not only disclose problems in an individual, but also 
identify the type and frequency of orofacial disabi-
lity in different syndromes and diseases as well as in 
different age groups.

 The aim of the study was to develop a compre-
hensive screening instrument for the assessment 
of orofacial dysfunction and to evaluate its relia-
bility on a test-retest basis. In addition, the ability 
of the screening to discriminate between disorders 
should be assessed by the application on a variety 
of patients with minor to major levels of orofacial 
disability. Due to the normal cognitive and motor 
development in children a lower limit at three years 

of age was chosen for use of the screening (24).
The screening should fulfill the following crite-

ria: 
 Applicable for all individuals from the age of three

  years and older
 Possible to perform quickly in any examination

   setting without the use of special equipment
 Easy to use for health professionals with different

   professional backgrounds.
In addition, it should have a good reliability and 

give a rough discrimination between normal orofa-
cial function and various degrees of orofacial disa-
bility. 

The first step in the working process was to identify 
areas of orofacial function where further examina-
tion was indicated or imperative. To establish these 
areas a large survey of the literature was performed 
(1, 2, 4-15, 17, 19- 31). Characterization of items and 
domains was based on epidemiological and clinical 
studies, generally recognized key points, common 
questions used in the clinic to identify orofacial pro-
blems, and generally agreed “clinical knowledge”. 
This resulted in the identification of twelve different 
domains of orofacial function that needed to be 
addressed and assessed in the screening. Six domains 
were assessed through a structured interview, and 
six in a clinical examination. In the structured in-
terview the domains (I) Sensory function, (II) Brea-
thing, (III) Habits, (IV) Chewing and swallowing, 
(V) Drooling, and (VI) Dryness of the mouth are as-
sessed, and in the clinical examination (1) The face at 
rest, and tasks regarding (2) Nose breathing, (3) Fa-
cial expression, (4) Masticatory muscle and jaw fun-
ction, (5) Oral motor function, and (6) Speech. Each 
domain contained one to five items, thus reflecting 
the complexity of the specific function. If the answer 
to one of the questions or the performance on one 
of the tasks met the criterion for impaired function, 
the item was recorded as ”yes”. Any ”yes” in a domain 
gave one point thus indicating a dysfunction in the 
scored domain. The highest possible total NOT-S 
score was 12. 

The examiners were trained and calibrated by di-
scussions and assessments from video recordings as 
performed by Carlstedt et al. (8). In the structured 
interview the examiner asked the questions in the 
Screening form (Figure 1), explained, and asked supp-
lementary questions when necessary. The examiner 
also interpreted the replies based on answers and cri-
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• Figure 1. The English version of the Screening form for the NOT-S containing a structured interview (left)  and a clinical 
examination (right), each consisting of six domains, was used together with a Picture manual. The form in English and in 
the Nordic languages (Danish, Finnish, Icelandic, Norwegian, and Swedish) can be downloaded free of charge from 
www.mun-h-center.se
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•

0.4±0.6 0-2 0.3±0.6 0-2 0.1±0.3 0-1

Clinic-refrerred sample (120 patients) 4.1±2.6 0-10 2.2±1.5 0-5 1.9±1.6 0-6
C. Neoplasms (4) 5.5±2.1 3-8 3.3±0.5 3-4 2.3±1.7 0-4
F.  Mental and behavioural disorders (18) 4.6±3.1 1-10 2.3±1.8 0-5 2.3±1.5 0-5
G. Diseases of the nervous system (30) 3.7±2.4 0-9 2.1±1.4 0-5 1.6±1.5 0-5
H. Diseases of the ear and mastoid process (1) 0 0 0 0 0 0
I.   Diseases of the circulatory system (3) 8.0±3.5 4-10 4.3±0.6 4-5 3.7±3.2 0-6
K.  Diseases of the digestive system (8) 2.8±1.3 0-4 1.9±1.4 0-4 0.9±1.0 0-3
M. Diseases of the skeletal system and 2.0±0.8 1-3 1.9±1.0 0-3 0.1±0.4 0-1

subcutaneous tissue (8)
Q. Congenital malformations, deformations 4.1±2.5 0-9 1.9±1.6 0-5 2.2±1.6 0-5

and chromosomal abnormalities (28)
R.  Symptomes, signs and abnormal clinical and 4.7±2.7 1-9 2.1±1.3 0-5 2.6±1.6 0-4

  laboratory findings, not elsewhere classified (20)
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teria, and filled in the assessment. In the clinical exa-
mination, the Screening form with instructions and 
criteria (Figure 1) was used together with a Picture 
manual (Figure 2) illustrating the different tasks. No 
other equipment was needed for the screening.

The screening instrument, the Nordic Orofacial 
Test - Screening (NOT-S), was first developed in a 
Swedish version. It was clinically tested simultan-
eously in Sweden, Denmark and Norway. Later it 
has been translated to the other Nordic languages 
(Danish, Finnish, Icelandic and Norwegian) and to 
English. The standard procedure of back transla-
tions was performed to control for identical content 
and linguistic quality. 

The screening with NOT-S was performed in 180 
volunteers (120 patients in a clinic-referred sample 
and 60 healthy subjects in a control sample), by the 
five authors working at centers for specialized den-
tal care or clinics for speech pathology in Scandi-
navia. The participants or their families gave their 
informed consent that collected data could be used 
anonymously for publication. The clinic-referred 
sample consisted of 61 female and 59 male consecu-
tive patients aged 3-86 yr (Mean 26.3, Median 18.0), 
referred for examinations and treatment for diffe-
rent kinds of orofacial impairments due to genetic, 
congenital or acquired disorders, chronic diseases, or 
developmental delay. Their diagnostic classifications 
according to the ICD-10 (16) are shown in Table 1, 
and their specific diagnoses in the Appendix. The 
most frequent diagnostic classes were G. Diseases of 
the nervous system (30 patients, 25%), and Q. Conge-
nital malformations, deformations and chromosomal 
abnormalities (28 patients, 23%). The control group 
consisted of 60 healthy volunteers, 35 females and 
25 males, with similar age range (3-78 yr; Mean 30.4, 
Median 31.5) as the clinic-referred sample, and had 
no special knowledge of oral motor function or the 
screening procedure.

The Kolmogorov-Smirnov test showed that the dist-
ributions of the total NOT-S scores in the clinic-re-
ferred sample and the control sample deviated from 
normality (Figure 3). The NOT-S scores from the 
two samples were compared with the Mann-Whit-
ney U test to assess the discriminant validity with a 
level of statistical significance corresponding to p < 
0.05. The sensitivity, i.e. the proportion of patients 
correctly identified by the test, and the specificity, i.e. 

the proportion of healthy subjects correctly identi-
fied by the test, were calculated on the basis of the 
NOT-S test results in all 180 participants, expressed 
as positive (  1 point) and negative (= 0 points) scre-
enings (3).

For assessment of reliability and method error of 
the NOT-S, 40 examinations of the patients were 
recorded by video, and viewed and scored twice 
with a minimum interval of two weeks by the th-
ree Swedish-speaking investigators and authors, 
representing the health professions dentistry and 
speech-language pathology. First, double measu-
rements were performed in a series with 20 of the 
videotaped examinations and after recalibration in 
a series of another 20 videotaped examinations. The 
interrater and intrarater agreement of the points 
in the domains in the first and second series of vi-
deotaped examinations were calculated in percent. 
Kappa statistics were used to evaluate interexaminer 
agreement on the total NOT-S scores in the second 
series. Kappa values below 0.40 are considered to be 
poor, values between 0.40 and 0.75 fair, and above 
0.75 excellent (3). Also the method error (s(i)%) of 
NOT-S scores was calculated for the second series as 

•
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(s(i)/x
1
)×100%, s(i) = d²/2n (Dahlberg’s formu-

la), where d defines the difference between duplicate 
measurements (x

1
and x

2
) and n denotes the number 

of subjects. 

NOT-S was easy to administer and the screening 
time varied between 5 and 13 min. Young children 
and some of the adolescents and adults with cogni-
tive and physical impairment needed assistance by 
parents or accompanying persons when answering 
the questions in the interview. 
The screening was fully completed in 115 patients; 
in five patients one domain could not be addressed 
for various reasons, such as nose breathing in three 
patients with a cold. Total NOT-S scores, interview 
scores plus examination scores, from the control 
sample and the clinic-referred sample are presented 
in Table 1 corresponding to the ICD-10 classification 
chapters.

 In the controls the total NOT-S score was 0 in 
63% of the sample (38 subjects), 1 in 30% (18 sub-
jects), and 2 in 7% (4 subjects). The total NOT-S 
score was 0, i.e. a negative screening, in 4% of the 
clinic-referred sample (5 patients), diagnosed as 
having tinnitus aurium, temporomandibular disor-

ders, facial pain, Down syndrome, and ectodermal 
dysplasia. No patients had points in all 12 domains. 
The highest NOT-S score was 10, which was found in 
three patients, two with sequelae from stroke (I. Di-
seases of the circulatory system) and one with mental 
retardation (F. Mental and behavioural disorders). 

The relative distribution of points in the 12 do-
mains was calculated for the whole group including 
the 120 patients, for the ICD-10 chapters consis-
ting of more than five patients, and for the control 
sample (Table 2). The most frequent problem in the 
clinic-referred sample was within the domain (IV) 
Chewing and swallowing (75 patients, 63%) asses-
sed from the interview, and the least frequent fin-
ding was in the domain (2) Nose breathing (7 pa-
tients, 6%) assessed from the clinical examination. 
In the control sample the most common domains 
with scores were (II) Breathing and (III) Habits.  

The distributions of NOT-S scores in the 120 pa-
tients and in the 60 healthy controls are shown in 
Figure 3. The scores from the clinic-referred sample 
(range 0-10; M 4.1, SD 2.6; Median 4.0, upper and 
lower quartiles 6.0 and 2.0) deviated significantly (p
= 0.02) from healthy controls (range 0-2; M 0.4, SD 
0.7; Median 0.0, upper and lower quartiles 1.0 and 
0.0). The sensitivity of NOT-S was 0.96, indicating 

•

(18) (30) (8) (8) (28) (20) (120) (60)
NOT-S interview % % % % % % % %
I Sensory function 50.0 23.3 37.5 12.5 32.1 50.0 35.8 3.3
II Breathing 33.3  26.7 12.5 37.5 39.3 40.0 30.0 11.7
III Habits 50.0 50.0 37.5 50.0 42.9 25.0 417 11.7
IV Chewing and 55.6 50.0 62.5 87.5 53.6 80.0 63.3 3.3

swalloving
V Drooling 33.3 26.7 12.5 0.0 32.1 10.0 25.0 0.0
VI Dry mouth 0.0 36.7 25.0 0.0 21.4 5.0 21.7 1.7

NOT-S examination % % % % % % % %
1 Deviation with 44.1 60.0 37.5 12.5 50.0 55.0 47.5 6.7

the face at rest
2 Nose breathing 11.1 3.3 0.0 0.0 3.6 10.0 5.8 0.0
3 Facial expression 27.8 23.3 12.5 0.0 28.6 55.0 30.8 0.0
4 Masticatory muscle 16.7 20.0 12.5 0.0 21.4 20.0 20.0 0.0

and jaw function
5 Oral motor function 44.4 26.7 12.5 0.0 39.3 45.0  35.0 1.7
6 Speech 88.9 26.7 0.0 0.0 50.0 70.0 46.7 1.7
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that most of the patients with orofacial impairment 
in the clinic-referred sample were identified, and the 
specificity was 0.63.  

 In the repeated evaluations of the 40 vi-
deotaped examinations the average interexaminer 
agreement on the points given in the domains was 
83% and the intraexaminer agreement 92-95%, in 
the first series. Recalibration between the 3 exami-
ners increased the agreement for the domains to 
85% and 95-99%, respectively, in the second series. 
The interexaminer agreement was lowest within the 
domain (4) Masticatory muscle and jaw function. 
However, as manual palpation was the basis for as-
sessment of masseter activity it was not possible to 
assess this item from the video recordings strictly 
in accordance with the criterion (Figures 1 and 2). 
The difference of the total NOT-S scores between 
the 3 examiners was 0-3 with an average of 1.05, and 
Kappa values for the interexaminer agreement were 
0.42-0.44 (i.e. fair). The method error of the NOT-S 
score was 5.3%.

Our results indicate that the newly developed scre-
ening, NOT-S, has a great potential to become a 
valuable tool for comprehensive screening of orofa-
cial dysfunction and disability. It was developed and 
tested in the Swedish language, but with the careful 
back translations similar results are expected with 
the English version and those in the other Nordic 
languages. NOT-S was simple and quick to perform, 
and the picture manual facilitated the instructions to 
the patient and the understanding of the tasks. Even 
severely disabled individuals were able to participate 
in the screening, but needed help in answering the 
questions like most of the youngest children.

The NOT-S identified areas of orofacial dysfun-
ction in need of further attention. The chosen do-
mains seemed relevant when tested on a clinic-refer-
red sample, representative of patients with orofacial 
dysfunction and disability. It might have been simp-
ler if each domain had contained only one single 
item. However, most domains had to include several 
questions or tasks to obtain a reliable discrimination 
between normal function and dysfunction. For ex-
ample the domains (IV) Chewing and swallowing 
and (5) Oral motor function embrace several sub-
functions, thus one item does not cover this com-
plexity. The test discriminated significantly between 
patients and controls, and the NOT-S scores also va-
ried between different degrees of disability.

NOT-S had a low method error (5.3%), the intra- 

and interexaminer agreement on points given in the 
domains was high after recalibration (95-99% and 
85%), and the interexaminer agreement on the total 
NOT-S scores was fair (kappa values 0.42-0.44) de-
spite the different professional backgrounds and the 
difficulties in assessing the masseter activity from a 
video recording (Figure 2B). Also, to be useful as a 
screening instrument, the test should identify a high 
proportion of the patients. The sensitivity of the 
NOT-S was high, 0.96, but the specificity was a little 
less than desired, 0.63, indicating a risk for false po-
sitive screenings. 

In principle, with a point scored in one domain in 
the screening a more detailed evaluation of that do-
main, and if necessary a referral to a specialist may 
be considered. If two or more domains are affected 
it may be necessary to involve a team of experts for 
further assessments. However, it should be noted 
that about 7% of the healthy controls had two-points 
scores and 30% one-point scores, i.e. the so-called 
false positives. A majority of points in the healthy 
controls were obtained because of snoring (II Brea-
thing) or biting habits (III Habits), see Table 2. The-
refore, scores equal to or below 2 points should be 
carefully considered before a referral. Nevertheless, 
a few false positive screenings are preferable to a few 
false negatives. However, further studies to provide 
more normative data on typically developed and 
healthy individuals in all age groups could improve 
the evaluation of the test results and the basis for 
recommendations of further measures. With such 
supplementary investigations the screening could 
improve overall estimations of changes of the oro-
facial function with time or rough assessments of 
treatment effects. 

In conclusion NOT-S allows different health pro-
fessionals to perform a reliable and valid screening 
of orofacial function, but the examiners must be 
trained and calibrated before performing screening 
and interpreting the results.
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ICD-10 classifications

II.    C. Neoplasms (n=4)

     • C 01 Malignant neoplasm of base of the tongue (1)

     • C 03 Malignant neoplasm of upper gum (1)

     • C 04 Malignant neoplasm of floor of mouth (1)

     • C 31 Malignant neoplasm of accessory sinuses (1)

V.    F. Mental and behavioural disorders (n=18)

     • F 07 Personality and behavioural disorders due to brain 

       disease, damage and dysfunction (1)

     • F 70 Mild mental retardation (2)

     • F 79 Unspecified mental retardation; speech articulation 

       disorder (2)

     • F 80 Specific developmental disorders of speech and language (9)

     • F 81 Specific developmental disorders of scholastic skills (1)

     • F 84 Pervasive developmental disorders; Childhood autism (1)

     • F 90 Hyperkinetic disorders; ADHD (2)

VI.  G. Diseases of the nervous system (n=30)

     • G 08 Intracranial and intraspinal phlebitis and thrombophle-

       bitis (1)

     • G 12 Spinal muscular atrophy and related syndromes;

        Amyotrophic lateral sclerosis (1)

     • G 24 Dystonia; Orofacial dystonia (11)
     • G 43 Migraine (1)
     • G 50 Disorders of trigeminal nerve; Trigeminal neuralgia 

(1), Atypical facial pain (1)
     • G 53 Cranial nerve disorder (1)
     • G 71 Primary disorders of muscles; Duchenne muscular 

dystrophy (3), Dystrophia myotonica (1)
     • G 80 Infantile cerebral palsy (6)
     • G 81 Hemiplegia (1)
     • G 90 Disorders of autonomic nervous system; Frey´s 

syndrome (1)
     • G 93 Other disorders of brain; Anoxic brain damage (1)
VIII. H. Diseases of the ear and mastoid process (n=1)

Tinnitus aurium (1)
IX. I. Diseases of the circulatory system (n=3)
     • I 67 Other cerebrovascular diseases; Cerebral aneurysm, 

nonruptured (1)
     • I  69 Sequelae of cerebrovascular disease (2)
XI. K. Diseases of the digestive system (n=8)
     • K 00 Disorders of tooth development and eruption; 

Oligodontia (1)
     • K 07 Dentofacial anomalies; Temporomandibular joint 

XIII. M. Diseases of the musculoskeletal system and connective 
tissue (n=8)

     • M 06 Other rheumatoid arthritis; Rheumatoid arthritis of 
the TMJ (2)

    • M 19 Other arthrosis; Arthrosis of the TMJ (4)

Myalgia of masseter m. (2)
XVII. Q .Congenital malformations, deformations and 

chromosomal abnormalities (n=28)

     • Q 20 Congenital cardiac malformation (1)
     • Q 37 Cleft palate with cleft lip (2)

     • Q 39 Esophageal atresia (1)
     • Q 67 Congenital musculoskeletal deformities of head, face, 

spine and chest; Facial asymmetry (1)
     • Q 77 Osteochondrodysplasia with defects of growth of 

tubular bones and spine; Spondyloepiphyseal dysplasia (1)
     • Q 82 Other congenital malformations of skin; Ectodermal 

dysplasia (3)

sclerosis (2)
     • Q 86 Congenital malformation syndromes due to known 

syndrome (1)

affecting multiple systems; Williams syndrome (1), 
Hemifacial microsomia (1), Kabuki makeup syndrome (1), 
Prader Willi syndrome (1), Beckwith Wiedemann syndrome 
(1), Marfan syndrome (1)

     • Q 90 Down syndrome (6)
     • Q 92 Other trisomies and partial trisomies of the 

autosomes; Cat-eye syndrome (1)
     • Q 96 Turner syndrome (2)
XVIII. R. Symptoms, signs and abnormal clinical and 

     • R 13 Dysphagia (5)
     • R 47 Speech disturbances; Dysartria (2)
     • R 48 Dyslexia and other symbolic dysfunctions; Apraxia 

(12)




