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Introduction

Ankyloglossia, also known as tongue tie, is a disease char-
acterized by abnormally short frenulum.1) It is a relatively com-
mon congenital disease with incidence ranging from 2.08% 
to 10.7% and a male to female ratio of 3:1.2-5) The diagnosis 
and treatment as well as the symptoms of ankylogossia re-
main controversial among researchers. However, it is well 
known that ankyloglossia causes movement disorder of the 
tongue, resulting in lactation failure, speech articulation dis-
orders, dysphagia, oral motor disorders, and respiratory dis-

orders.6,7) To correct ankyloglossia, tongue tie division, fre-
notomy is the mainstay surgery. However, there is no clear 
evidence on the effect of this surgical treatment.4,7-9) The main 
purpose of the operation is to correct speech articulation dis-
order. During childhood, language acquisition is not com-
plete. Therefore, objective inspection of speech articulation is 
very difficult. Picture consonant articulation test (PCAT) 
(Kim and Shin 2004)10) is a test designed to assess the ability of 
a child to modulate consonant pronunciation while the child is 
naturally looking at a painting. The objectives of this study 
were to: 1) determine the extent of speech articulation disorder 
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Background and ObjectivesZZTo determine the extent of speech articulation disorder in an-
kyloglossia patients and to determine whether picture consonant articulation test has potential as 
a screening test to predict the outcome of surgery.
Subjects and MethodZZA total of 35 patients (25 boys and 10 girls with mean age of 3.69±1.18 
years) with ankyloglossia who underwent frenotomy and recovered completely without compli-
cations were enrolled in this study. We examined the correlation between the subjective satisfac-
tion of parents and the results of picture consonant articulation test.
ResultsZZIn the picture consonant articulation test, 20 patients (20/35, 57.14%) needed postop-
erative speech therapy. When the resutls of preoperative picture consonant articulation test and 
postoperative parents’ subjective satisfaction were compared, “normal” had a satisfaction score of 
4.53±0.74 points, “consider” had 3.89±1.05 points, and “demand” had 3.27±1.45 points. When a 
postoperative speech therapy was required, parents’ satisfaction decreased (correlation coefficient 
r=-0.456).
ConclusionZZThe preoperative picture consonant test in our study showed potential as a 
screening test for predicting the outcome of surgery for ankyloglossia patients.
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of ankyloglossia patients via the PCAT, and 2) determine 
whether PCAT has the potential as a screening test to predict the 
outcome of the surgery by comparing PCAT to postoperative 
subjective questionnaire. 

Subjects and Method

A retrospective analysis was done in a single center be-
tween 2013 and 2014. And this study was approved by the Busan 
Saint Mary’s Hospital Institutional Review Board.

Subjects
A total of 35 patients with ankyloglossia were enrolled. They 

underwent frenotomy and recovered completely without com-
plications. The mean follow up period was over 1 month. All 
patients underwent history taking and ear, nose, throat exami-
nation as well as PCAT. Patients with other associated problem 
that might affect speech articulation such as cleft palate or de-
velopmental delay were excluded. We also excluded patients 
who underwent tonsillectomy or other additional surgery in 
addition frenotomy. Ankyloglossia was diagnosed if they satis-
fied the following two conditions at the same time. First, the 
length of the frenulum was within 25 to 100% of the tongue 
length,5) second, frenulum of the tongue was abnormally thick-
ened and distinctive heart shape was observed when the frenu-
lum of tongue was held out.11)

Operation method
Surgery was performed under intravenous anesthesia. Af-

ter lifting the frenulum of the tongue by tongue forceps, we 
observed the opening and the running of the submandibular 
duct to prevent damage to the submandibular duct during 
surgery. Additional local anesthesia was performed around 
the fibrous band of frenulum of tongue using 1:100000 epi-

nephrine mixed with lidocaine solution. We separated a fi-
brous band by using metzenbaum scissors. We paid attention 
to the running of the submandibular duct during the closure 
of the mucosa of the cleavage plane with Vicryl 4-0 to ensure 
that there was no surgical bleeding.

Parents’ subjective questionnaire
Telephone survey was done 1 month after the surgery. The 

questionnaire consisted of five items. Quantitative data regard-
ing speech intelligibility was compiled using the Likert Scale 
1-5 (1-Poor outcome, 3-Intelligible, 5-Well-developed).5) Af-
ter one month, parents were asked to consider vocabulary de-
velopment, articulation, and impaired sounds when making 
their judgments regarding speech outcomes (Table 1).

Picture consonant articulation test
In a noise control room, each subject listened to the pronun-

ciation of 30 words, including 43 phonemes used in the PCAT 
on the day before the surgery. Pronunciation of the subject 
was recorded 15 cm away from the microphone. The same ex-
aminer and one other expert heard it and decided it to be true 
or false. The number of phonemes correctly pronounced was 
expressed as a percentage (%).10) If the percentage was around 
the average of the same age, we defined it as “normal”. If the 
result was between -1 standard deviation (SD) to -2 of the aver-

Table 1. Telephone questionnaire

1. Patient’s information: age and sex
2. What is the most likleyresion is that to have surgery?

3. When did the patient received frenotomy?

4. After receiving the frenotomy, the patient’s 
pronunciation has improved?

4-1. Then Currently, the pronunciation score of the patient? 
   1                  2                   3                 4                           5
Poor                            Intelligible                        Well-developed

5. After receiving the frenotomy, did and side effect?

Table 2. Words used in picture consonant articulation test

Korean word of pants Korean word of button Korean word of desk Korean word of bag Korean word of candy
[baji] [danchu] [chaeksang] [gabang] [satang]

Korean word of pencil Korean word of car Korean word of zoo Korean word of mom Korean word of kiss
[yonpil] [jadongcha] [dongmulwon] [eomma] [ppoppo]

Korean word of tiger Korean word of tail Korean word of elephant Korean word of peanut Korean word of ear
[horangi] [kkori] [kokkiri] [ttangkong] [gwi]

Korean word of swing Korean word of rabbit Korean word of ballon Korean word of robot Korean word of picture
[geune] [tokki] [pungseon] [robot] [geurim]

Korean word of nail Korean word of eyebrow Korean word of monster Korean word of fight Korean word of sparrow
[mot] [nunsseop] [goemul] [ssaum] [chamsae]

Korean word of three Korean word of tweet Korean word of tree Korean word of locust Korean word of telephone
[semari] [jjaekjjaek] [namu] [mettugi] [jeonhwa]
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age result, we defined it as “consider”. If the result was less 
than -2 SD of the average result, we defined it as “demand”. 
The groups of “consider” and “demand group” are the groups 
that needed speech therapy (Table 2 and 3). To predict whether 
PCAT has the potential as a screening test, we examined the 
correlation between the result of preoperative PCAT and post-
operative subjective parental satisfaction. 

Statistical analysis
All statistical analyses were performed using SPSS software 

(ver. 18.0, SPSS Inc., Chicago, IL, USA). We evaluated the cor-
relation between preoperative PCAT and postoperative quanti-
tative data regarding speech intelligibility using Pearson corre-
lation test. Paired t-test was used to determine the differences 
between preoperative quantitative data regarding speech intel-
ligibility and postoperative quantitative data. The null hypoth-
esis of no difference was rejected if p value was less than 0.05. 
Results were presented as means±SD. 

Results

Thirty five children were enrolled in this study, including 25 
boys and 10 girls. Their mean age was 3.69±1.18 years old 
(3.76±1.20 years for boys and 3.50±1.18 years for girls) (Table 4). 
There was no postoperative complication. Subjective satisfac-
tion of patient’s parents was surveyed through a questionnaire 
that has been improved from preoperative (2.37±1.17 points) to 
postoperative (3.97±1.20 points), which was statistically sig-
nificant (p＜0.001).

In the PCAT, the number patients who were in the “normal”, 
“consider”, and “demand” groups was 15, 9, and 11, respective-
ly. Therefore, a total of 20 patients (20/35, 57.14%) needed post-
operative speech therapy. When preoperative PCAT was com-
pared to postoperative parent’s subjective satisfaction, “normal” 
had a satisfaction score of 4.53±0.74 points, “consider” had 
3.89±1.05 points, and “demand” had 3.27±1.45 points. There-
fore, when postoperative speech therapy was required, parent’s 
satisfaction score decreased (correlation coefficient r=-0.456) 
(Table 5, Fig. 1).

Discussion

Ankyloglossia is a relatively common congenital disease. 
“The assessment tool for lingual frenulum function” is an ob-
jective diagnostic criteria proposed by Hazelbaker.12) It is con-
sisted of five appearance items and seven functional items. Its 
usefulness and reliability has been verified.13) However, anky-
loglossia patients are too young to be easily applied clinically. 
For this reason, many researchers use a variety of criteria. In 
this study, ankyloglossia was diagnosed when the criteria pro-
posed by the Hogan, et al.5) (across the 20-100% of frenulum 
of tongue) and the criterion proposed by Griffiths11) (abnormal-
ly thickened and showed heart shape when held out tongue) 
were simultaneously satisfied. Ankyloglossia can cause a vary-
ing degree of reduced tongue mobility associated with func-
tional limitations, including breast feeding difficulties, atypical 

Table 3. Mean value of picture articulation consonant test 

Age
Mean consonant accuracy -1 SD -2 SD

Male Female Total Male Female Total Male Female Total
2 80.34 86.84 94.61 70.03 78.77 75.33 59.72 70.7 66.05
3 91.75 92.58 92.25 84.19 87.88 86.39 76.63 83.18 80.53
4 94.16 96.17 95.23 89.18 92.29 90.76 84.2 88.41 86.29
5 98.26 96.27 97.46 95.71 92.42 94.23 93.16 88.57 91
6 98.43 97.5 97.9 96.18 95.4 95.72 93.93 93.3 93.54

By evaluating the number of words correctly pronounced, the result was expressed as a percentage (%)

Table 4. Age and sex distribution of patient with ankyloglossia

Age (year)
Sex Total 

numberBoys Girls
2 1 1 2
3 13 6 19
4 6 1 7
5 2 1 3
Over 6 3 1 4
Mean age (years) 3.76±1.20 3.50±1.18 3.69±1.18
Total 25 10 35

Table 5. Comparison between picture consonant articulation test 
result and postoperative subjective score

Result of PCAT Number (%)
Postop subjective 
score (mean±SD)

Normal 15 (42.9) 4.53±0.74
Consider 9 (25.7) 3.89±1.05
Demand 11 (31.4) 3.27±1.49
Total 35 (100) 3.97±1.20
PCAT: picture consonant articulation test, SD: standard deviation
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swallowing habits, speech articulation problems, mechanical 
problems such as inability to clean the oral cavity, and psycho-
social stress.2) According to Klockars and Pitkaranta13) survey, 
64% of patient visits for treatment wanted surgery due to 
speech articulation problem, whereas 18% who wanted the 
surgery was due to movement disorders of the tongue. In our 
study, all patients wanted surgery because of speech articula-
tion problem. Thus, speech articulation problem is the most 
important therapeutic purposes in ankyloglossia patients. Sur-
gical treatment of patients with ankyloglossia is classified into 
frenotomy, frenectomy, and frenoplasty.14) However, some 
methods have not been established to be more useful. In this 
study, we used modified frenotomy method with absorbable 
material sealing in order to prevent re-adhesion of the cut fren-
ulum of tongue because it is relatively simple and cost-effec-
tive. Surgical complications of ankyloglossia are rare. Bleeding 
at the surgical site has been reported to be 3-8%, with re-at-
tachment rate of 2-14%.15) However, in our study, there was no 
complication. According to Messner, et al.2) and Heller, et al.16) 
study, there is improvement in speech articulation problem al-
though some did not conduct a special speech therapy after the 
surgery. In another study, there was no statistically significant 
difference between treated children with fewer articulation er-
rors and non-treated children.17) In our study, subjective satis-
faction of patient’s parents was significantly improved from 
preoperative to postoperative. However, there is still controver-

sy in surgical treatment. Speech articulation problem of anky-
loglossia patients is very important. In surgical treatment of 
ankyloglossia patients, it is important to predict speech articu-
lation problem by relying on subjective survey of parents in 
most cases because the patient is too young. Therefore, objec-
tive and formal test is very important. PCAT (Kim and Shin)10) 
is a test designed to assess the ability of a child to modulate the 
consonant pronunciation while the child naturally tells what it 
is by looking at paintings. A total of 43 phonemes are evaluat-
ed by using 30 picture cards. Parents or inspector will check 
the pronunciation of the child. Results are obtained by calculat-
ing the pronunciation accuracy in percentile (by dividing the 
number of correct pronunciation of the phoneme by the total 
number of 43×100) compared to the normal percentage of chil-
dren in the same age range. PCAT (Kim and Shin)10) can help 
us diagnose articulation defects in children and provide a ba-
sis for speech therapy. Picture consonant test has some advan-
tage and disadvantage. This test is available to check children 
whose language development is not complete. It is also possible 
to determine the treatment direction and to predict prognosis 
through test result. But, the words and language used differs 
according to age, there is a drawback which is not considered. 
The picture consonant screening test performed before surgery 
in our study showed potential as a screening test by showing 
correlation with postoperative parent’s subjective satisfaction. 
The limitation of this study is that it did not consider the effects 
of postoperative speech therapy and the difference of language 
acquisition in accordance with the growth. To know only the 
effects of the surgery excluding the effect of postoperative 
speech treatment and the difference of language acquisition in 
accordance with the growth, we conducted a survey a month 
after the surgery that the surgical site has healed. However, 
language developmental processes or postoperative speech 
therapy are also an important factor, it should be considering 
future research. 

REFERENCES
1) Catlin FI. Tongue-tie. Arch Otolaryngol 1971;94(6):548-57.
2) Messner AH, Lalakea ML, Aby J, Macmahon J, Bair E. Ankyloglossia: 

incidence and associated feeding difficulties. Arch Otolaryngol Head 
Neck Surg 2000;126(1):36-9.

3) Lalakea ML, Messner AH. Ankyloglossia: does it matter? Pediatr 
Clin North Am 2003;50(2):381-97.

4) Segal LM, Stephenson R, Dawes M, Feldman P. Prevalence, 
diagnosis, and treatment of ankyloglossia: methodologic review. Can 
Fam Physician 2007;53(6):1027-33.

5) Hogan M, Westcott C, Griffiths M. Randomized, controlled trial of 
division of tongue-tie in infants with feeding problems. J Paediatr Child 
Health 2005;41(5-6):246-50.

5

4

3

2

1

Normal Consider Demand

p=0.006
r=-0.456

Po
st

op
er

at
iv

e 
su

bj
ec

tiv
e 

sc
or

e

Postoperative PCAT score

Fig. 1. Correlation between preoperative PCAT score and post-
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