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Ankyloglossia surgery: a verbal dissection of 
its functional definition and technique.
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Stanford-Trained Sleep Surgeon: 

� Multidisciplinary perspective to advanced treatment of OSA.

� Sleep Medicine, Otolaryngology (ENT), Sleep Dentistry, Myofunctional 
Sciences, & Maxillofacial Surgery.

� Clinical Research and Evidence-Based Medicine.

Stanford	Sleep	Surgery	Fellowship	Alumni	Network	

Multidisciplinary	Perspective
ENT	+	Oral	Maxillofacial	Surgery	+	Sleep	Medicine	+	Clinical	Research

Stanford
Sleep	Surgery	Fellowship
July	2015- June	2016

800+	individual	patients	seen	in	clinic

276	patients	for	surgery

Individualized Treatment of Snoring and Sleep Apnea

Procedures: Sleep endoscopy, Septoplasty, Tonsillectomy with Lateral Pharyngoplasty (UPPP),
Extension Lingual Frenuloplasty, Tongue Base Reduction, Genial Tubercle Advancement,
Genioglossus Advancment with Genioplasty, Hypoglossal Nerve Stimulator (HGNS), Maxillary
Expansion, Hyoid Suspension, Maxillary Mandibular Advancement (MMA).
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Maxillary	Mandibular	Advancement	Surgery	(MMA)
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Functional	restriction	after	maxillary	mandibular	advancement	surgery:
Persistent	tongue-base	obstruction.		

Pre-Operative	CT	Scan
(Before	MMA	Surgery)

Post-Operative	CT	Scan
(2	Days	after	MMA	Surgery)

Functional	Limitation:	
Weak	and	low	tone	tongue



10/12/17

5

Principle of Proper Tongue Positioning: Tongue should rest at the roof of 
the palate to maintain optimal tone and function. 

U-Shaped	Arch

Tongue	as	scaffold	for	maxillary	arch

Slide	Credit:	Barry	Raphael,	DMD
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V-Shaped	Arch

Slide	Credit:	Barry	Raphael,	DMD

Low	tongue	position	à dysfunctional	scaffold

Myofunctional Therapy

Oral	myofunctional therapy	is	an	individualized	program	of	isometric	(static)	and	isotonic	(dynamic)	
strength	and	pattern	retraining	exercises	of	the	tongue	and	orofacial	muscles	(for	patients	with	sleep,	
teeth-grinding,	breathing,	posture,	orthodontic	relapse,	cervical	neck	tension,	and/or	jaw	pain	issues)	
to	correct	maladaptive	oral	habits	and	help	restore	ideal	resting	oral	posture.
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Therapy Goals and Objectives

1.Promote	exclusive	nasal	breathing.

2. Strengthen	and	tone	the	muscles	of	the	tongue	and	orofacial	
complex.

3.Promote	ideal	resting	oral	posture	(lips	together,	tongue	on	the	
roof	of	the	mouth,	nasal	breathing).

4. Identify	compensations	of	the	jaw	and	neck	during	chewing,	
talking,	swallowing.

5.Become	aware	of,	and	eliminate,	parafunctional	habits	(e.g.,	
thumb	sucking,	hair	chewing,	nail	biting)
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1. Myofunctional therapy provides a reduction in AHI of 
approximately 50% in adults and 62% in children.

2. Improvements to daytime sleepiness and snoring. 

3. Shown effective in children and adults of all ages studied 
thus far.

Youngest patient: 3 years old 
Oldest patient:   60 years old. 

4. Important role in preventing relapse.

Level	1	evidence	supporting	
myofunctional therapy	as	a	
treatment	for	obstructive	sleep	
apnea.

Level	1	evidence	
supporting	
myofunctional
therapy	to	improve	
CPAP	compliance.
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Level	1	evidence	supporting	
myofunctional therapy	to	
relieve	pain	from	
temporomandibular	disorders.	

Levels of Evidence
“Levels	of	evidence	(sometimes	called	hierarchy	of	evidence)	are	assigned	
to	studies	based	on	the	methodological	quality	of	their	design,	validity,	and	
applicability	to	patient	care.	These	decisions	gives	the	grade	(or	strength)	
of	recommendation."
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“What are we to do 
when the irresistible 
force of the need to 
offer clinical advice 
meets with the 
immovable object of 
flawed evidence? 

All we can do is our 
best: give the advice, 
but alert the advisees 
to the flaws in the 
evidence on which it 
is based.”

Structural Restrictions

à Tongue-tie	can	interfere	with	efficacy	of	myofunctional therapy.

Level	4-5	evidence
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Myofunctional Therapist:
Sanda Valcu-Pinkerton,	RDH-AP,	OMT
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Patient	care,	research,	and	education.	

Evidence-based,	forward	thinking,	integrative	
approaches	to	pediatric	and	adult	sleep	and	
breathing	issues.	
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Presentation Outline 
� Diagnosis: 

� Structural and functional
� The obvious 
� And the not so obvious

� Protocol:
� The role of pre and post-op myofunctional therapy
� Collaboration between therapist and surgeon during 

procedures
� Surgical Technique Demonstration: tongue, lip, and buccal ties.
� Post-operative care

� Advances: 
� Research supporting this work. 
� The role of fascia, craniosacral therapy, cranial nerve re-

integration. 

Tongue – Tie: Obvious
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Dr. Lawrence Kotlow
Examination of Posterior Tongue-Tie for Infants



10/12/17

17

Kotlow,	L.	A.	(1999).	"Ankyloglossia	(tongue-tie):	a	diagnostic	and	
treatment	quandary."	Quintessence	International	30(4).

Kotlow’s Free-Tongue	Measurement:

Ages	18	months	to	14	years

Clinically	acceptable,	normal	range	of	free	
tongue:	greater	than	16	mm.

Class	I:	Mild	ankyloglossia:	12	to	16.

Class	II:	Moderate	ankyloglossia:	8	to	11	mm
 
Class	III:	Severe	ankyloglossia:	3	to	7	mm 

Class	IV:	Complete	ankyloglossia:	<	3	mm

15	- 17	mm	=	
Mild	to	Normal

Kotlow,	L.	A.	(1999).	"Ankyloglossia	(tongue-tie):	a	diagnostic	and	
treatment	quandary."	Quintessence	International	30(4).

31	mm	= Normal6.5	mm	=	Severe	
Ankyloglossia

Ages	18	months	to	14	years:	Developed	primarily	to	evaluate	for	swallow	issues.	
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Tongue-Tie:	
Swallow/	Speech Nose/	Sinus Teeth	Grinding/	Snoring Apnea

Importance of Early Diagnosis and Treatment

è Structural	definition	does	not	adequately	describe	this	“functional”	ankylglossia.		

6	year-old	girl	with	restless	sleep,	frequent	nighttime	awakening,	nightmares,	
anxiety,	and	social/emotional	behavioral	issues.
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38	/	50	=	76%	

Yoon	et	al.	(2017).	”Towards	a	functional	definition	of	ankyloglossia:	validating	current	grading	scales	for	lingual	frenulum	length	and	
tongue	mobility	in	1052	Subjects."	Sleep	&	Breathing

Tongue	range	of	motion	ratio	(TRMR):	
Tongue	extension	as	percentage	of	maximum	vertical	opening.	
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Vertical	mouth	opening	measurements	are	
assessed	under	different	conditions:	

(1)	Tongue	to	Incisive	Papilla
(2)	Maximum	Interincisal Opening	(MIO)

The	TRMR- IP	is	now	a	validated	objective	
tool	to	allow	clinicians	of	various	
disciplines	to	effectively	communicate	
ranges	of	tongue	mobility.

Grade	1:	>80% (Top	10th percentile)
Grade	2:	50-80%		(Average)
Grade	3:	<50%	(Below	average)
Grade	4:	<25%	(Bottom	10th	percentile)

Higher	grades	reflect	more	severe	functional	
impairments	of	tongue	mobility.
--------------------
In	addition,	we	are	also	measuring	TRMR	
with	:

-- Tongue	to	Incisive Foramen	(Spot)

-- Tongue	in	Suction	Hold	(Cave)	

Tongue	Range	of	Motion	Ratio
Objective	Tool	to	Assess	Tongue	Mobility

Incisive	Papilla

Incisive	Foramen
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Tongue-Tie à Tongue Mobility

èGrade	2	Tongue	Range	of	Motion	(with	extensive	strain)		

Controlling for Compensation with Functional Ankyloglossia
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Looks	like	Grade	1	
(extensive	strain)		

Actually	Grade	3
(no	compensation)		
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Grade	3	compensating	to	Grade	2	
with	extensive	strain

Grade	3	compensating	to	
Grade	2	with	strain
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Extensive	strain Dorsal	Dimpling
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CT Scan: Low tongue resting posture
= Functional ankyloglossia

Frenuloplasty: How I do it …. In the OR

5 1⁄2 year old boy with a long-history of 
severe tongue-tie. 

� Affecting his capacity for speech 
articulation and swallowing function.

� He is a “slow eater” and takes about 
30 minutes to complete a meal. 

� Demonstrates parafunctional habits: 
sucking on objects and nonfood 
items.

� There is frequent throat clearing, 

nasal drainage, and nasal congestion.



10/12/17

28



10/12/17

29

72	hours	later
(3	days	after	surgery)

1	week	later
(7	days	after	surgery)
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2	weeks	later

“He	is	really	doing	well.	He	
coughs	less,	sleeps	better,	
swallows	water	easier,	and	can	
chew	up	his	food	better.	”

8	weeks	later

“Tongue	movement	is	dramatically	
better	and	he	doesn’t	chew	on	
things	like	he	used	to	before	the	
surgery.”

8 Weeks Post-Frenuloplasty 

“He	really	has	a	large	range	of	motion	that	he	is	learning	how	to	use	with	
the	exercises.	Doing	great	now	with	his	new	tongue	thanks	to	you.	"

*

**

*
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Day	of	Surgery	 8	Weeks	Later

Frenuloplasty: How I do it …. in the clinic

8 year old girl with a mild tongue-tie 
associated with tongue thrust, 
orthodontic open bite malocculsion.

Versed Sedation Protocol 
(0.25 mg/kg of 2mg/mL 
midazolam hydrochloride)

- Administer 5	- 10	minutes	prior
- Duration	of		30	- 60	minutes
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Pre-Op 6	Weeks
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Madelyn	2	Months	Post-Op

Thank	you:	Jeanine	Murdock,	SLP
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When to Intervene- Evidence?

Level	3	evidence	
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Background
Maxillary	morphology	plays	an	important	role	in	the	pathophysiology	of	OSA

High	arched	palate

Narrow	nasal	cavity

Low	tongue	position

Question:	
Could	altered	tongue	mobility	affect	development	of	the	
maxillary	arch?

Restricted	Tongue	Mobility V-Shaped	Maxillary	Arch
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Methods
302 consecutive subjects from 
Dr. Audrey Yoon’s orthodontic practice.

§ Tongue mobility 
§ Tongue range of motion ratio
§ Kotlow free tongue measurement

§ Dental cast dimensions
§ Maxillary and mandibular:  inter-canine width(C), canine 

arch length(A) , inter-molar width(M), and molar arch 
length(B). 

§ Depth of the deepest point of palatal vault (D) and the 
distance between the gingival margins of the first molars 
(G) 

§ Ratio of Maxillary Canine Width to Arch Length
§ Digital caliper with the average of three consecutive 

measurements blinded to other measurements. 

§ Cephalometric radiographs
§ Skeletal Classification (ANB Angle)
§ Mandibular Plane (sella-nasion to gonion-menton)
§ Hyoid Position ( | , hyoid to mandibular plane) 
§ Soft palate length ( | , post. nasal spine to soft palate 

tip)
§ Standardized Measurements -- Dolphin Image Software 

9.0 

Gothic
V- Shaped Arch

Roman 
U- Shaped Arch

Outcome	Measure:	Ratio	of	Maxillary	Canine	Width	to	Arch	Length
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Outcome	Measure:	Soft	Palate	Length

Results
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Conclusion: Restricted tongue mobility is associated with 
narrow V-shaped maxillary arch

Level	3	evidence	showing	that	Grade	3+	functional	ankyloglossia is	associated	with	
alterations	of	orofacial	morphology

High Arched Palate à Narrow Nasal Cavity

Maxillary	morphology	is	an	integral	component	of		the	sinonasal complex

High	arched	palate

Narrow	nasal	cavity

Low	tongue	position
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Trevor - 23 year-old with: 

� Recurrent sinus infections.

� Tightness in his neck and 
shoulders

� TMJ pain

� Sleep issues

� Anxiety/depression due to 
chronic fatigue.

Frenuloplasty: WHY I do it …. Grade 2

59 year-old female with a long 
history of headaches, chronic 
sinus infections, forward head 
posture, jaw tension, and cervical 
neck discomfort.

� Prior “incomplete” frenectomy at 
age 7.

� Maxillary expansion that was 
completed 3-4 years agoà
resolved her sinus infections.

� Now presenting with worsening 
sleep quality over the last few 
years and especially the past 4-5 
months.
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Baseline
Pre-Operative

1	Month	
Post-Operative

Grade	2	Mobility Grade	1	Mobility
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Posture	and	Fascia	System

Feedback on my video
“Soroush,

I will be honest and say that I think you are better than 
this 1-patient testimonial would suggest. Anecdotal 
experiences like this can form the basis of scientific 
evaluation, but it is pretty useless in itself. I would 
strongly recommend that you develop an evidence basis 
with higher-quality science than this.”
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Case Study #2
55 y/o F with Upper Airway Resistance Syndrome

INDICATIONS:		55-year-old	female	with	a	long	
history	of	insomnia,	poor	sleep	quality,	head	and	
neck	pain,	TMJ	pain,	cervical	neck	and	shoulder	
tension.	She	has	a	long	history	of	ear	pressure,	
ringing	in	ears,	and	difficulty	swallowing.	She	
reports	that	it	is	difficult	for	her	to	sleep	on	her	
back.	She	has	extremely	poor	sleep	quality.	Two	
prior	sleep	studies	were	negative	for	the	presence	
of	sleep	apnea.	

On	physical	exam,	she	has	evidence	of	Grade	2	
functional	ankyloglossia	associated	with	the	
posterior	tongue-tie,	as	well	as	forward	head	
posture,	transverse	maxillary	deficiency,	and	high	
arched	palate.	
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Pre-Op Post-Op
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Case Study #3
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Level	4	evidence	showing	that	UARS	with	Grade	2	functional	ankyloglossia can	
improve	with	functional	frenuloplasty.
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Frenuloplasty: How we do it
Goal  #1: Restore Mobility

è Excise the frenulum or prior scar tissue

è Release lingual septum and superior 
myofascial fibers of the genioglossus muscle 
as necessary (partial genioglossectomy)

Goal #2: Optimize healing 

è Minimize scarring due to excessive 
dissection or indiscriminate use of cautery.

è Primary intention healing with placement of 
sutures. 

è Prepare the tissues pre-operatively with 
myofunctional therapy (at least 3-4 weeks).

è Post-operative oral hygiene (colgate peroxyl
mouthwash or salt water rinses). 

è Gently brush the granulation tissue as 
stitches fall out. 

è Take it easy for 2-3 days and then continue 
post-operative therapy for at least 2 months. 
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The Genioglossus (Geniohyoglossus) is a flat triangular muscle with its apex corresponding with its 
point of origin from the mandible and its base at the insertion into the tongue and hyoid bone.

It arises by a short tendon from the superior mental spine on the inner surface of the symphysis 
menti, immediately above the Geniohyoideus, and from this point spreads out in a fan-like form. 

The inferior fibers extend downward, to be attached by a thin aponeurosis to the upper part of the 
body of the hyoid bone, a few passing between the Hyoglossus and Chondroglossus to blend with 
the Constrictores pharyngis. The inferior fibers protrude the tongue.

The middle fibers pass backward, and the superior ones upward and forward, to enter the 
whole length of the under surface of the tongue, from the root to the apex. The middle fibers 
depress the tongue, and the superior fibers draw the tip of the tongue back and down.

The muscles of opposite sides are separated at their insertions by the median fibrous septum of the 
tongue; in front, they are more or less blended owing to the decussation of fasciculi in the median 
plane.
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Hello Dr. Zaghi,

I wanted to let you know the experience was incredible. Truly one of the 
most profound experiences and outcomes my life. 

This is just a few of the more describable things I've noticed:

1. Sleep has drastically improved.
2. Dreaming again
3. Much easier to move air through my nasal cavities.

I no longer need Breathe Right strips and my nasal valves do not collapse 
on inhalation anymore.

4. My top teeth have, for the first time in 20 years (since 
extraction/retraction orthodontics), come forward further of my bottom 
teeth.

Thank you so much again for everything.

Adam L. Level	5	evidence

Level	3 evidence	in	the	
Japanese	literature	by	Dr.	
Mukai	to	support	dissection	of	
genioglossus	fibers	during	
frenuloplasty for	posterior	
tongue-tie	in	UARS	and	OSA	
patients.

Dr.	Nakako Uritani and	Dr.	Soroush Zaghi
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Level	3	evidence	
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Pre-Operative 
Myofunctional Therapy

� ESSENTIAL to OPTIMIZE OUTCOMES.

� Much easier surgical dissection with less bleeding 
and trauma when tissues have been well prepared. 

Tongue Anatomy
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Potential Risks
� Pain / Soreness (3-5 days)

� Swelling/ Inflammation

� Mild wound infection 
(Granulation tissue)

� Bleeding or Bruising

� Numbness of the tongue-tip

� Potential Scarring

� No improvement or 
worsening of symptoms
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Frenuloplasty: 
How We do It (Photos)
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Wound Healing

Pre-Op 1	Week

1	Month 9 Months
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©Lawrence	Kotlow		DDS	2017

Lingual frenectomy with CO2 Laser

Laser Frenectomy
Pros /Cons 

Pros
� Much easier technique

� Faster

� No injections

� Less pain

� Less risk of bleeding 

Cons

� Secondary wound healing

� Risk of severe scarring

� Not advised for partial 
genioglossectomy or 
removing prior scar tissue
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Lip Tie
Indications for Release: 

(1) Class 3 or Class 4 lip-tie that inserts into 
the anterior papilla between the central 
incisors.

(2) Oral incompetence — lips not together at 
rest— refractory to therapy, which would 
benefit from lip lengthening.

(3) Myofunctional therapist or patient 
determines that the lip-tie is interfering with 
compliance of prescribed exercises.
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Lip Tie Release

Lip Tie Release
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Lip Tie Release

1	WeekPre-Op Post-Op

Buccal Tie Release

Pre-Op Post-Op
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Level	5	evidence
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135©Lawrence	Kotlow		DDS	2017

Maxillary lip-tie frenectomy

Poor Outcome : 
First Do No Harm 



10/12/17

69

Poor Outcome : 
First Do No Harm 

Thank	you:	
Rebecca	Thorsen,	SLP

Revision Frenuloplasty
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Most	Severe	Case
(Referred	to	me	from	my	mentors	at	Stanford	for	Frenuloplasty)

Post-Op
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1	Month	Post-Op

Stage	2	Release	at	2	Months	Post-Op
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Credit:	
Rebecca	Thorsen,	SLP
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Thank you to my teachers, colleagues, and 
collaborators!

And	to	ALL	of	the	patients	who	allow	us	to	learn	through	their	experiences.	

DrZ@ZaghiMD.com
www.ZaghiMD.com


