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IMPORTANCE Themaxillary labial frenulum and its potential contribution to breastfeeding

difficulty may substantially affect public health. However, objective studies of the frenulum

are limited.

OBJECTIVE Tomeasure the variations in length, thickness, and attachments of themaxillary

labial frenulum in healthy newborns and to identify which anatomic measurements could be

used in further research investigating themaxillary labial frenulum.

DESIGN, SETTING, AND PARTICIPANTS This prospective cross-sectional study conducted

measurements on images of maxillary labial frenula captured by digital photography from 150

healthy newborns admitted to the newborn nursery at a tertiary care children’s hospital in

Maryland between September 1, 2017, and April 1, 2018.

MAIN OUTCOMES ANDMEASURES The primary outcomewas themeasurement of numerous

frenulummorphologic components.

RESULTS Of 150 newborns enrolled, 77 were female, the mean (SD) gestational age was

38.60 (1.72) weeks, and themean (SD) birth weight was 3180 (570) g. Themeans and SDs of

themorphologic components of the frenulumwith the broadest distributions, which were

most helpful in differentiating degrees of lip tethering, included the following: alveolar edge

to frenulum gingival attachment, 1.53 (0.85) mm; frenulum length on stretch, 5.19 (1.68) mm;

frenulum gingival attachment thickness, 0.84 (0.36) mm; frenulum labial attachment

thickness, 2.83 (1.33) mm; and the percentage of free lip to total lip length, 87.38% (7.67%).

Gingival attachment mean (SD) thickness differed between late-preterm (0.69 [0.24] mm)

and term (0.88 [0.37] mm) infants (Cohen d, −0.52; 95% CI, −0.94 to −0.10).

CONCLUSIONS AND RELEVANCE To our knowledge, this cross-sectional study was the first

to objectively measure the numerous morphologic components of the upper lip anatomy

in healthy newborns. Variations in maxillary labial frenulummorphology were identified,

and some combination of the statedmeasurements may be used to create a more robust

classification system to advance quality research in the association of lip-tie with

breastfeeding difficulty.
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A
s more mothers are encouraged to breastfeed their

infants, tethering and anatomic positioning of the

labial frenulum and lingual frenulum have surfaced

as issues at the center of the breastfeeding difficulty dis-

course. Upper lip frenulum tethering (termed lip-tie) has

been implicated in addition to ankyloglossia (termed tongue-

tie) in various childhood conditions, including breastfeeding

difficulty. Tethering of the upper lip by the maxillary labial

frenulum has been postulated to cause improper latching of

the newborn to the mother’s breast, preventing seal forma-

tion around the maternal areolar tissue and hypothetically

causing a concomitant increase in infant reflux and

aerophagia.1,2 With many infants being diagnosed as having

upper lip-tie, the role of the labial frenulum in impaired

nursing necessitates further study.

Originating as a posteruptive remnant of embryonic tec-

tolabial bands, themaxillary labial frenulum is a small, some-

what triangular foldofnonmuscular connective tissueextend-

ing from themidlinemaxillary gingiva into the vestibule and

central upper lip.3,4 At present, the typical anatomic varia-

tion of the maxillary labial frenulum has been described in 2

limited studies. In a study of 1021 Swedish newborns, Flinck

et al5noted 76.7%ofmaxillary labial frenula inserted into the

crest of the alveolar ridge, 6.7% inserted into the buccal mu-

cosa of the alveolar ridge, and 16.7% inserted into the palatal

mucosa of the alveolar ridge. More recently, in a study of 100

newborns, SantaMaria et al6 found that 83%ofnewbornmax-

illary labial frenula attach at the gingivalmargin, whereas 6%

attachnear themucogingival junctionand11%attachalong the

inferior margin at the alveolar papilla and beyond to the pos-

terior surface.However, bothof those studiesdescribed frenu-

lum insertion points into the gingiva with nonspecific ana-

tomic locations and without measurements of frenulum

insertions relative to gingival and alveolar edge landmarks.

Furthermore, neither study assessed frenulum length and

thickness, which equally may play a role in frenulum tether-

ing. Finally, those studies did not assess the potential asso-

ciation of the maxillary labial frenulumwith ankyloglossia.

Some health care professionals, in an attempt to improve

breastfeeding inneonates, haveproposed andperformed sur-

gical modification, release, or removal of themaxillary labial

frenulum in procedures known as labial frenotomyor frenec-

tomy. InMayof 2015, theAgency forHealthcareResearch and

Quality surveyed the literature regarding the labial fre-

notomy, finding the strength of evidence generally low to in-

sufficient based on small, short-term studies with insuffi-

cient randomized controlled trials.7 Ghaheri et al8 recently

found significant improvement in breastfeeding outcomes in

aprospective cohort study after combined tongue-tie and lip-

tie release; however, that study lacked a control cohort, and

only1participanthad isolated lip-tie releaseasopposedtocom-

bined lip-tie and tongue-tie release. Limited conclusions can

be drawn on the effect of lip-tie release based on studieswith

such confounding data. Ultimately, studies on possible nega-

tive effects of themaxillary labial frenulumand surgical ame-

lioration of these effects require an objective, consistent, and

thorough classification system to enable proper clinical deci-

sion-making and consistency among future studies.

Currently, 2 classification systems for the maxillary

labial frenulum exist. Themore commonly used Kotlow clas-

sification system denotes 4 frenulum types and focuses on

the insertion point of the gingival attachment of the maxil-

lary labial frenulum.9 However, this system does not corre-

late the epidemiologic variation of frenula with poor breast-

feeding outcomes. Santa Maria et al6 subsequently proposed

a classification system with 3 frenulum types, again with a

focus on the gingival insertion point of the maxillary labial

frenulum and attempting to simplify the Kotlow classifica-

tion system and improve interrater reliability. However, this

tool also did not analyze other factors beyond the insertion

point, and the absence of objective measurements resulted

in an interrater reliability of only 38%.6

In the present article, we report the anatomic distribu-

tionof differentmorphologic components of themaxillary la-

bial frenulumthatmaybeassociatedwith lipmobility.Weused

objectivemeasurements tohelp assess the components of the

maxillary labial frenulum that could potentially be used in a

classification system and in further research. We also ana-

lyzed thesemeasurements by race/ethnicity, sex, gestational

age, birth weight, presence or absence of ankyloglossia, and

LATCH score (a commonly used measure of breastfeeding

success).10

Methods

We performed a prospective cross-sectional study of 150

healthy newborns admitted to the Johns Hopkins Hospital

Newborn Nursery (Baltimore, Maryland) between Septem-

ber 1, 2017, andApril 1, 2018. The JohnsHopkins institutional

reviewboardapprovedthis study.Verbal informedconsentwas

obtained from the parents or guardians. Verbal consent was

used because of the minimal risk of the study and to reduce

the burden on mothers in the perinatal period. No one re-

ceived compensation orwas offered any incentive for partici-

pating in this study.

Key Points

Question What is the anatomic distribution of themaxillary labial

frenulum among newborns, and which anatomic measurements

could be useful to create a classification system to advance

research investigating this structure?

Findings This cross-sectional study of 150 healthy newborns

found that themaxillary labial frenulum had numerous

morphologic components with varying distributions. Several

components havingmeans and SDs with broad distributions were

helpful in differentiating degrees of lip tethering, including alveolar

edge to frenulum gingival attachment; frenulum length of stretch;

frenulum gingival attachment thickness; frenulum labial

attachment thickness; and the percentage of free lip to

total lip length.

Meaning This new understanding of the anatomy of themaxillary

labial frenulummay be useful in future studies investigating the

maxillary labial frenulum and neonatal breastfeeding difficulty.
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Newbornnurserypediatricnursepractitionersassessedall

infants twice weekly for study enrollment, including late-

pretermnewborns (born at 340/7 to 366/7weeks’ gestation).

Infants with possible or probable craniofacial anomalies or

those admitted to the neonatal intensive care unit were ex-

cluded. Amember of our team (S.R.) imaged the frenulum of

each infant using a standardized protocol, beginning with el-

evation of each infant’s upper lip and retraction to the level

of the alveolar sulcus. A standardized ruler was then placed

along the alveolus, andhigh-definitiondigital photographs of

the participants’ upper lips and gums were obtained with a

Canon PowerShot A4000 IS HD camera (Canon Inc). Numer-

ous imageswere obtained,with the highest-quality image se-

lectedformeasurements.LATCHscores,newbornbirthweight,

gestational age, presence of ankyloglossia, and demographic

data were collected from each infant’s medical record.

ImageJ software, version 1.51j8 (National Institutes of

Health) was used to calibrate themeasurement scale for each

photograph and to adjust for slight variations in focal dis-

tance. Digital measurements were obtained for the following

components: distance fromalveolar edge to frenulumattach-

ment, length of frenulum, distance from frenulum lip attach-

ment tovermillionborder, frenulumgingival attachment thick-

ness, frenulumlabial attachment thickness, ratioof freegingiva

to total gingival length, and ratio of free lip to total lip length.

In addition, the frenula were scored based on the Kotlow and

Stanford (Santa Maria et al6) classification systems.

All statistical analyseswereperformedwithSTATA/SE,ver-

sion 15.1 (StataCorp LLC) forWindows. The Shapiro-Wilk test

wasused to assesswhethermeasurementswerenormallydis-

tributed.Cohend, 95%confidence intervals (CIs), andη2were

used toanalyzedifferencesbetweenmeasured frenulumcom-

ponents andparticipant characteristics.ACohendvalueof0.2

is considered a small effect size, 0.5 amediumeffect size, and

0.8 a large effect size.11Eta-squared reflects the proportion of

variation in thedependentvariable that is accounted forby the

groups defined by the independent variable.12Avalue of 0.01

is consideredsmall,0.06 ismedium,and0.14or above is large.

In addition, η2 was used to determine the association be-

tweenLATCHscores andmeasurements for the combinedand

ankyloglossia subgroups. We determined means, percen-

tiles, and SDs for themeasurements. Cohen dwas used to de-

termine thedifferencebetweenLATCHscores forpatientswith

orwithout ankyloglossia. In addition, potential differences in

LATCH scores between different Kotlow and Stanford scale

scoresweredeterminedwithη2. A validatedbreastfeeding as-

sessment scale, LATCHhas 5 itemswith a total score range of

0to10.Scoresof6orhigher indicatesuccessfulbreastfeeding.13

Results

Weenrolled 150newborns in the study based on apopulation

estimate of 5% incidence of lip-tie. Of the study patients, 77

participants (51.33%)were female.The race/ethnicityof thepa-

tients included 7 Asian (4.67%), 65 black (43.33%), 76 white

(50.67%), and 2 (1.33%) other newborns. The mean (SD) ges-

tational age of the study participants was 38.60 (1.72) weeks

(range,34.0-41.6weeks’gestation).Themean(SD)birthweight

of the participants was 3180 (570) g (range, 1850-4480 g).

Thirty-one newborns (20.67%) were diagnosed by newborn

nursery clinician assessment as having ankyloglossia (based

on a modified Coryllos system along with functional assess-

ment).TheLATCHscoreswereroutinelyobtainedonly fornew-

bornswhosemothers elected to attempt to breastfeed; 129 of

150 newborns had documented LATCH scores. There was no

statistical difference between frenulummorphologic compo-

nents for newborns with or without documented LATCH

scores.Themean(SD)LATCHscoreof theparticipantswas6.78

(1.62).Themean(SD)LATCHscore forblack infants (7.84[1.64])

was slightly lower than that forwhite infants (8.13 [1.45]), and

latepreterminfantshadslightly lowermean (SD)LATCHscores

(7.19 [1.81]) than term infants (8.28 [1.81]). All statistics involv-

ing LATCH scores excluded newbornswithout a documented

LATCH score.

The7measurementsof themaxillary labial frenulumcom-

ponents obtained from the captured images are shown in

Figure 1 alongwith several examples of photographedmaxil-

lary labial frenula. The ratio of free gingiva (ie, gingiva length

not covered by themaxillary labial frenulum) to total gingiva

wascalculatedas 100 × [(alveolaredge togingivalattachment)/

(alveolus to sulcus)]. The mean (SD) ratio of free lip (ie, lip

length not covered by the maxillary labial frenulum) to total

lip, calculated as 100 × [(lip attachment to vermilion border)/

(sulcus to vermilion border)], was 87.38% (7.67%). Themean

and SD for each component measured can be found in the

Table. For example, themean (SD) of thedistance from the al-

veolaredge to the frenulumgingival attachmentwas 1.53 (0.85)

mm, the frenulum length on stretch was 5.19 (1.68) mm, the

frenulumgingival attachment thicknesswas0.84 (0.36)mm,

and the frenulum labial attachment thickness was 2.83 (1.33)

mm. Most frenula attached less than 2 mm from the alveolar

edge and had a relatively small mean (SD) value. Visual fre-

quency distributions for each measurement can be found in

Figure 2 and Figure 3.

Statistical analysis showed that the length from alveolar

edge to frenulum gingival attachment, gingival attachment

thickness, and lip attachment thicknesswere lognormallydis-

tributed. Frenulum length on stretch, length from lip attach-

ment tovermilionborder,distance fromalveolus tosulcus, and

distance from sulcus to vermilion border were normally dis-

tributed. The frenula were graded with the Kotlow and Stan-

ford classification systems, and the results are shown in

Figure 4. Using the Kotlow scale, most neonates (101 of 150)

scored 3 of 4; when graded with the Stanford scale, 140 neo-

nates scored 2 of 3, with only 2 newborns scoring 3.

Therewas amedium size effect difference for gingival at-

tachment thickness between mean (SD) late-preterm (0.69

[0.24]mm)and term(0.88 [0.37]mm) infants (Cohend,−0.52;

95% CI, −0.94 to −0.10), with term defined as gestational age

greater than or equal to 37 weeks. Otherwise, there were no

meaningful differences for variable measurements between

late-pretermandtermnewborns.Ofnote,whencomparingdif-

ferences between black infants andwhite infants, there were

small to medium effect size differences in alveolar attach-

ment (mean, 1.66 [95% CI, 1.46-1.86] vs 1.36 [95% CI, 1.19-
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1.53]mm; Cohens d = −0.39 [95%CI, −0.72 to −0.05]), frenu-

lum length (4.79 [95% CI, 4.37-5.20] vs 5.54 [95% CI, 5.17-

5.92] mm; Cohen d = 0.46 [95% CI, 0.12-0.79]), and the ratio

of lip attachment to vermillion border (0.89 [95% CI, 0.87-

0.91] vs 0.86 [95%CI, 0.84-0.87]mm; Cohen d = −0.39 [95%

CI, −0.73 to −0.06]), respectively. Furthermore, we found no

clinically meaningful difference between newborns diag-

nosed as having or as not having ankyloglossia for each vari-

ablemeasurement, including LATCH score, except lip attach-

ment thickness (mean, 3.3 [95%CI, 2.8-3.9] vs2.7 [95%CI, 2.5-

2.9]mm;Cohend = 0.46 [95%CI, 0.06-0.86]). Thevery small

η2 effect size estimates (eTable in the Supplement) described

no clinically meaningful association betweenmeasurements

and LATCH scores. These estimates include the alveolar edge

to frenulumgingival attachment, which is the functional cor-

relate to the Kotlow and Stanford scales.10 In addition, η2

showed nomeaningful differences in LATCH scores between

different Kotlow classification system scores and different

Stanford classification system scores.

Discussion

Evidence regarding an association between the maxillary la-

bial frenulum and lip-tie is currently sparse. To improve diag-

nosis andmore rigorous study, thepresent studyprovided ref-

erence values of the various morphologic components of the

frenulum from a sample population. Considering that tether-

ingnecessitates2attachmentpoints,numerousaspectsoffrenu-

lumanatomyareneededrather thansimply thegingival attach-

mentsite.BoththeKotlowclassificationsystemandtheStanford

systemproposedbySantaMariaetal6 involve thedistance from

the alveolar edge to the frenulumgingival attachment.9 In our

cohort,asshowninFigure2, thedistancefromthealveolaredge

Table. Data onMeasured FrenulumMorphologic Components

Component

Mean (SD)

Combined Ankyloglossia Nonankyloglossia

Distance from alveolar edge to frenulum gingival attachment, mm 1.53 (0.85) 1.57 (0.91) 1.52 (0.83)

Length of frenulum on stretch, mm 5.19 (1.68) 5.56 (1.51) 5.09 (1.72)

Distance from frenulum labial attachment to vermilion border, mm 6.02 (2.01) 5.67 (2.03) 6.11 (2.01)

Gingival attachment thickness, mm 0.84 (0.36) 0.86 (0.33) 0.84 (0.37)

Labial attachment thickness, mm 2.83 (1.33) 3.30 (1.50) 2.70 (1.26)

Free gingiva to total gingival length ratio, % 25.49 (13.65) 24.1 (0.12) 25.8 (0.14)

Free lip to total lip length ratio, % 87.38 (7.67) 85.6 (0.10) 87.8 (0.07)

Figure 1. How FrenulumMorphologic ComponentsWereMeasured and Examples ofMaxillary Labial Frenula

Measured frenulum parametersA Examples of maxillary labial frenulaB

new art to come

Black vertical line indicates length from alveolar edge to frenulum gingival

attachment; yellow vertical line, length of frenulum on stretch; blue vertical line,

length from frenulum labial attachment to vermilion border; green horizontal

line, frenulum gingival attachment thickness; pink horizontal line, frenulum

labial attachment thickness; white vertical line, distance from alveolar edge to

sulcus; and orange vertical line, distance from sulcus to vermilion border.
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to the frenulum gingival attachment had a narrow range of at-

tachment variability, with amean value of 1.53mm and an SD

of 0.85 mm. Given that most frenula attached less than 2 mm

fromthe alveolar edge andhada relatively smallmeanandSD,

theattachment site for themaxillary labial frenulumalonewas

not a sufficient populationdiscriminator for lip tethering. Fur-

thermore, the small magnitude of the mean and SD could ex-

plain the low interrater reliability found in the Kotlow and

Stanford scales because such a small value can be difficult to

accurately assess on a crying neonate. When this cohort was

gradedwith theKotlowscaleas shown inFigure4, thevastma-

jority (101 of 150) of individuals scored 3of 4,which could sug-

gestamoresevere lip-tiebytheKotlowscale.Whengradedwith

the Stanford scale as shown in Figure 4, 140 patients scored 2

of 3,with only 2 patients scoring 3, overall providing little abil-

ity to discriminatewithin our population. For both scales, sta-

tistical analyses showed no difference in LATCH scoreswithin

each scale in the present study. Thus, the current maxillary

labial frenulum classification systems may be inadequate to

properly assess variation in a general population of newborns.

Figure 2. Frequency Distributions of Different Frenulum ComponentMeasurementsWith Overlying Fitted Gaussian Distribution Line
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An ideal maxillary labial frenulum classification system

should involvenumerous appropriately selected frenula com-

ponent measurements based on epidemiologic distributions

to achieve accurate description and population discrimina-

tion of lip tethering. Establishing a population-based frenu-

lum classification system is critical before any further re-

search can be undertaken regarding the role of the maxillary

frenulum and breastfeeding difficulty.

On the basis of findings in the present study, certainmea-

surements appeared well suited to be used in such a classifi-

cation system or for further study in general. Measurements

with broader distributions appearedmost helpful in differen-

tiating between degrees of lip tethering in our cohort. Al-

though not a sufficient population discriminator alone given

its narrow distribution, the length from alveolar edge to gin-

gival attachmentmaybeuseful because it serves as an impor-

tant determinant of restriction in 3-dimensional space, de-

scribing one of the necessary points of attachment. The

remaining frenulummeasurementswerenot accounted for in

the Kotlow and Stanford scales, but Figure 1 shows their vari-

ability within the population. Lip and gingival attachment

thicknessmay affect lip tethering because thicker frenula are

less likely to allow for lip mobility. As given in the Table, lip

attachment thickness had a relatively large SD relative to the

mean. Thus, this value may help differentiate between de-

grees of lip tethering within the population. Gingival attach-

ment thickness had a smaller mean and SD but may still pro-

vide useful data regarding frenulummorphology. The length

of the frenulumonstretch,witha largemeanandSD,mayhelp

further distinguish degrees of lip tethering. Biomechanically,

a frenulum that stretches easily has less risk of labial tether-

ing,whereas a short frenulum that does not stretchmuchhas

a higher risk of labial tethering in a 3-dimensional space.

Finally, the percentage of the lip that is “free” (ie, not covered

by the frenulum)helps indicatehowmobile a lip canbe.Over-

all, some combination of these particular component mea-

surements couldbeused tocreateamorecomprehensivegrad-

ingscale forboth researchandclinicalpurposes tocharacterize

the maxillary labial frenulum.

Ourstudyalsoanalyzedthepresenceofankyloglossiabased

on the frenulummeasurements. Because both tongue andup-

per lip tetheringmodels arebasedon impropermidlineattach-

ments in the mouth and functional restriction, one could hy-

pothesize that the 2 conditions could be interrelated. The

presence or absence of ankyloglossia was determined by the

newbornnursery clinicians, and theyusedamodifiedCoryllos

systemalongwith functional assessment. However, our study

didnot showanyassociationbetween themeasured frenulum

morphologiccomponentsortheKotlowandStanfordscaleswith

the presence or lack of ankyloglossia.

Figure 3. Additional Frequency Distributions of Different Component FrenulumMeasurementsWith Overlying Fitted Gaussian Distribution Line
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Thesedataandour identifiedanatomiccriteriamaybeuse-

ful inunderstanding the roleof the frenulumthroughoutchild-

hood. Recent work has suggested that abnormal tethering of

theupper lip attributable to themaxillary labial frenulummay

lead to formation of dental caries in childhood.1,2,9,14 The

labial frenulumalso has been implicated in the formation of a

midline diastema (a space between the maxillary central in-

cisors),whichmay then in turn result in dental caries second-

ary to food trapping.1,15 However, there have been few stud-

ies regarding the natural history of the maxillary labial

frenulum. In a study of children 1 to 8 years of age, Boutsi and

Tatakis16 found that the attachment of the frenulum differed

across ages, with older children showingmucosal or gingival

frenula rather than papillary penetrating frenula, suggesting

that themaxillary labial frenulummayshift the insertionpoint

as a child ages and themaxilla develops. Use ofmore compre-

hensive anatomic data may enable researchers to investigate

concepts such as potential association with oral health

feeding, longitudinal assessment of frenulum development,

and characterization of changes that may affect oral health

and feeding.

Limitations

We noted several limitations of our investigation. This pro-

spective cross-sectional study used digital photographywith

astandardizedexaminationtechnique.Minorvariations inpro-

tocol and image quality could artificially increase variability

in themeasurements obtained, but thevariabilitywas smaller

than expected for directmeasurements without digital assis-

tance. Given the low SDs noted in all measurements, this as-

sociationwas likelyminimal. Inaddition,LATCHscores for the

patients inourstudywereobtainedatdifferent timesafterbirth

andbynumerous lactationconsultantsandpostpartumnurses.

LATCHscoresdidvaryslightlybetweenblack infantsandwhite

infantsaswell asbetweentermand late-preterminfants.These

factorsmayhave obscured any correlation betweendegree of

frenulum and LATCH score. The present study was not de-

signed to determine a correlationwith lip-tie and breastfeed-

ing difficulty but to describe the population’s anatomic varia-

tion,which limited theuse of other breastfeeding assessment

tools. It is possible that the lip anatomymay have limited as-

sociation with breastfeeding given that no prospective study

has rigorously demonstrated such an association. Future in-

vestigations should include amore comprehensivemaxillary

labial frenulum grading scale than the Kotlow and Stanford

scalesandshould followupwithprospectivecase-control stud-

ies to assess for correlations between themore ideal scale and

feeding assessments, such as the LATCH score, the Infant

BreastfeedingAssessmentTool, or the short-formMcGill Pain

Questionnaire.17TheLATCHscore alonedoesnot fully encap-

sulate and quantify feeding difficulty among infants, and in-

fant feeding is best assessedwith a battery of tests and quali-

fied clinical expertise. Further studies also are necessary to

understand the role of themaxillary labial frenulum inbreast-

feeding and to assess the association of labial frenectomy

with breastfeeding.

Conclusions

Toourknowledge, thepresent study is the first todescribede-

tailed, specific measurements of maxillary labial frenulum

morphology in newborns.We found little variability in the al-

veolar attachment location across the study population,with

most frenula attaching less than2mmfromthe alveolar edge.

These findings may have substantial implications for treat-

ment of the rapidly growing population of infants with sus-

pected lip-tie. The currently available maxillary labial frenu-

lumclassificationsystemsprovidedpoordiscriminationwithin

the present study population. We identified additional ana-

tomic criteria that may improve future classification.
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