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Abstr ACt

Vocal	fold	paralysis	is	one	of	the	diseases	that	particularly	affect	
the quality of life. While unilateral paralysis leads to glottis clo-
sure	insufficiency	and	hoarseness,	bilateral	paralysis	compro-
mises respiration and limits the exercise tolerance. Bioimplants 
have been used to treat persistent paralysis for over 100 years. 
The spectrum ranges from autologous tissue transfer and re-
sorbable or permanent injection materials to composite thy-
roplasty implants and active electrical implants for neurostim-
ulation of the larynx. If bioimplants are used in accordance with 
the	recommendations,	the	quality	of	life	of	the	affected	pa-
tients	can	be	significantly	improved	today.
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1. Unilateral recurrent laryngeal nerve 
paralysis
Unilateral	vocal	fold	paralysis	leads	to	insufficient	glottis	closure	
with air loss in the context of speaking, reduction of the voice range, 
pitch and volume, reduction of the maximum phonation time and 
audible breathiness of the voice. The result is a weak voice that tires 
quickly	and	the	risk	of	pathological	compensation	of	the	insuffi-
cient glottis closure by using the false vocal folds. The severity of 
the complaints mainly depends on the position and tension of the 
vocal folds. Initially, the voice may be aphonic and proneness to as-
piration may be observed.

In daily routine, less attention is paid to the fact that at the same 
time a unilateral abduction inhibition exists that limits the max. di-
ameter of the glottic opening. In cases of unfavorable, widely me-
dian position and high tension, some patients complain about 
breathing	difficulties	in	the	context	of	high	physical	exercise.

In most cases, compensation or ideally even complete restora-
tion of the motility may be achieved. The focus of this article is 
placed on those cases where conservative speech therapy does not 
lead	to	sufficient	improvement	and	bioimplants	are	applied	for	
vocal fold medialization.

1.1 Injection laryngoplasty
The	term	of	injection	laryngoplasty	defines	the	injection	of	bioma-
terials or autologous tissue transfer into paralyzed vocal folds for 
augmentation of the vocal fold volume with the objective to re-
store a complete glottis closure for phonation. According to Choi 
et	al.	[1],	the	benefit	from	augmentation	is	significantly	increased	
in younger patients ( < 65 years) and those with mild glottis gap. 
This	authors	defined	the	glottis	gap	as	mild	when	the	distance	be-
tween the vocal processes was smaller than half of the width of the 
healthy vocal fold.

The German ENT surgeon Brünings is considered as the found-
er of injection laryngoplasty. Already in 1911, he described the aug-
mentation	of	the	vocal	fold	with	paraffin	oil	[2].	In	1985	for	the	first	
time,	Teflon	injection	into	the	vocal	folds	was	performed	in	awake	
patients under local anesthesia in the USA [3]. The technique of 
Teflon	injection	was	applied	very	frequently	in	the	20ies	century	
because it was technically well applicable and had a lasting aug-
mentation	effect,	however,	due	to	the	relevant	number	of	giant	cell	
granulomas,	this	approach	was	abandoned	[4].	Teflon	granulomas	
as foreign body reaction may develop even decades after injection. 
The	inflammation	only	stops	when	the	Teflon	and	the	surrounding	
granulation tissue are completely removed. The long-term seque-
lae for the voice seem to be obvious.

The ideal substance for vocal fold augmentation has not yet 
been found. Not all routinely applied substances for vocal fold aug-
mentation have been developed for application in the larynx. Due 
to	the	missing	conformity	confirmation	of	the	European	Commu-
nity (CE, Communauté Européenne), their usage is considered as 
therapeutic application of biomaterials outside the indication spec-
trum	(off-label	use),	even	in	cases	of	existing	FDA	approval	(Food	
and Drug Administration). According to the author’s experience, 
the	frequently	used	classification	into	temporary	and	permanent	
injection	materials	is	not	finally	clarified.	The	data	situation	in	the	
literature	regarding	resorption	rate,	effect	duration,	and	biological	

interaction of the autologous, xenogenic, and alloplastic substances 
that are currently applied for injection laryngoplasty are still insuf-
ficient.	In	a	meta-analysis	published	by	Wan-Chiew	et	al.	in	2021	
[5], the authors assessed 6,240 publications on biomaterials that 
have been developed for vocal fold augmentation since 2010. The 
authors concluded that statements on the viscoelasticity are made 
without	referencing	them	to	the	clinical	effect.	Studies	about	the	bi-
ological	absorption	(effect	duration),	cell	interaction,	and	inflamma-
tory	reactions	(side	effects),	however,	are	insufficient	and	should	be	
initiated in time when future augmentation materials are developed.

1.1.1 Temporary vocal fold augmentation
Within 4–6 months, up to 75 % of the patients with unilateral pa-
ralysis	regain	phonation	that	is	sufficient	for	their	vocal	needs	al-
though the percentage of the vocal fold motility restoration is sig-
nificantly	lower	(33–40	%).	However,	in	clinical	routine	there	are	a	
number of patients who do not achieve a satisfactory glottal clo-
sure with speech therapy allone but develop a compensatory hy-
perfunction with excess use of supraglottic sphincters. Besides, 
there is a growing number of patients who professionally use their 
voice and who have high demands to the restoration of the voice 
function. In these cases, the option of temporary vocal fold aug-
mentation should be discussed early. In accordance to Hess et al. 
[6],	we	started	to	offer	this	therapy	option	already	at	the	time	of	
diagnosis. In this way, the subsequent speech therapy is facilitat-
ed, the patients can work earlier in their voice-depending job and 
perceive the improvement of their voice quality directly after the 
diagnosis of a paralysis.

During the last century, numerous materials have been tested 
and applied for temporary vocal fold augmentation. Materials with 
short-term	effect	are	fibrin	glue	that	is	nowadays	used	rather	for	
vocal fold scars and phonosurgery and bovine gelatin that is pre-
ferred in the USA (Gelfoam, Surgifoam) and that has mostly been 
replaced by carboxymethyl cellulose (Radiesse Voice Gel) [7]. None 
of these materials is CE approved.

Collagen and hyaluronic acid materials are considered as hav-
ing	an	intermediate	effect	(see	▶Fig. 1).	Their	effect	duration	is	
often	given	with	3–4	months.	Even	longer	augmentation	effects	
have been observed in clinical practice.

The application of bovine collagens (Zyplast, Cymetra and oth-
ers) requires compatibility testing three weeks before use. The rea-
son for this previous skin test is the risk of type IV allergic reactions 
because about 3 % of the population are already sensitized against 
bovine collagen before collagen treatment. The augmentation with 
this biomaterial should not be performed by injection into the mus-
cles but into the lamina propria because resorption occurs more 
quickly	in	the	muscles.	In	cases	of	superficial	injection	into	the	vocal	
fold,	inflammation	in	Reinke’s	space	may	develop	with	restriction	
of the mucosal wave and subsequent organic dysphonia [8]. In 
medicine, porcine collagens are applied rather as matrix materials 
for	example	for	camouflage	of	the	nasal	dorsum	in	rhinoplasty	(Per-
macol). However, they cannot be used in all patients, also due to 
religious reasons. Alternative options are human recombinant col-
lagens that are gained transgenically via plants or bacteria (Cos-
moPlast/CosmoDerm) [9]. Due to their instability, they are mostly 
combined with hyaluronic acid in plastic surgery [10].
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Due to the disadvantages of collagens, predominantly hyalu-
ronic acid preparations are currently used (Restylance, Hyalaform, 
Juvederm, and others) for temporary vocal fold augmentation [11–
15]. Depending on the chosen brand, hyaluronic acid is mostly well 
tolerated, has a suitable viscosity, and allergy tests prior to appli-
cation are not necessary. Preparations from this substance group 
are	frequently	used	in	esthetic	surgery	as	fillers	for	wrinkle	treat-
ment. Therefore, a lot of experience regarding tissue tolerance is 
available. According to the author’s knowledge, these preparations 
are	CE	certified	but	none	of	them	has	been	approved	for	the	indi-
cation spectrum of vocal fold augmentation. This means that the 
application of this important group of substances is currently also 
off-label.	Patients	must	be	informed	comprehensively	about	this	
circumstance.	If	augmentation	of	the	vocal	folds	with	these	off-la-
bel substances is the only reason for treatment, there might be 
problems with reimbursement by the health insurances.

Calcium hydroxyl apatite microspheres (Renu Voice) is another 
substance	coming	from	the	field	of	esthetic	wrinkle	treatment.	It	
was	specifically	approved	for	vocal	fold	augmentation	based	on	CE	
criteria and may thus be applied in-label. In a recent article by Mi-
askiewicz	et	al.	[16],	the	authors	compare	the	long-term	effect	of	
hyaluronic acid (HA) with calcium hydroxyl apatite (CaHA). They 
found	a	surprisingly	long-lasting	effect	of	both	substances	over	the	
follow-up period of 24 months. Only in 12.5 % of the CaHA and in 
9.3 % of the HA augmentations, re-augmentations were necessary. 
These	results	may	be	interpreted	in	two	different	ways.	On	one	
hand, the resorption time of HA and CaHA might have been esti-
mated wrongly in the vocal fold tissue. The present studies on the 
resorption of HA refer to esthetic application in the face and of 
CaHA to animal experiments [17, 18]. On the other hand, re-inner-
vation starting in parallel to the partial or complete resorption of 
the augmentation materials may contribute to better toning and 
volume increase of the vocal fold, even if it does not lead to resto-

ration of the motility, and thus mimic a residual augmentation ef-
fect.	Histological	examinations	in	this	field	are	not	available.

An intermediate position between temporary and permanent 
augmentation may be assumed by substances that may cause vol-
ume preservation or increase of the vocal fold by interaction with 
the tissue. This group of substances includes growth factors like 
the	basic	fibroblast	growth	factor	(bFGF)	that,	according	to	animal	
experiments, increases the number of end plates in the re-inner-
vation phase of recurrent laryngeal nerve paralyses and is said to 
have	a	regenerative	effect	on	nerve	and	muscle	fibers.	In	the	pla-
cebo-controlled	trial	performed	by	Hirano	et	al.	[19],	a	significant	
cross-section increase of the thyro-arytenoid muscle could be ob-
served within 4 weeks. An increase of the autogenous hyaluronic 
acid	production	in	the	lamina	propria	could	be	confirmed	by	Kanaz-
awa [20] for scars, sulcus, and paralyses. However, the author of 
this contribution does not know about any application of xeno-
geneic	or	recombinant	human	fibroblast	growth	factors	in	humans	
in Europe for this purpose [21]. Growth factor inhibitors are ap-
proved	for	the	field	of	oncology.	Beside	the	growth	factors,	pluri-
potent stem cells and especially mesenchymal stem cells from fatty 
tissue (ASC) might play a role for the regeneration of vocal fold pa-
ralyses [22] in the future. In order to avoid excessive scar formation 
after phonosurgical interventions for reconstruction of the vocal 
folds, such lipid fraction containing stem cells are already applied 
[23].

1.1.2 Permanent vocal fold augmentation
Despite the limiting factor that important resorption has to be con-
sidered also for these materials, augmentation of the vocal fold by 
means	of	autologous	fat	or	fascia	is	classified	as	permanent	proce-
dure. Generally, permanent augmentation should only be applied 
when spontaneous recovery of the recurrent laryngeal nerve pa-
ralyses can no longer be expected or persistent damage of the 
nerve due to previous diseases or surgeries is known.

▶Fig. 1 Temporary augmentation of the vocal fold with hyaluronic 
acid	or	similar	temporary	fillers.

▶Fig. 2 Fat augmentation into the thyroarytenoid muscle (TA) in 
several deposits (yellow); overcorrection due to fat resorption must 
be considered.
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Autologous fat is biocompatible, cheap to gain, and non-toxic 
[24]. The disadvantage is the initial resorption rate that cannot be 
predicted. Therefore, in general over-correction is planned. For ex-
traction of fat material, there is the early applied procedure of man-
ual taking of small fat portions by means of scalpel and washing 
out of lipid cells. In plastic surgery, the objective was to separate 
cellular debris and liquid from intact fat cells that should be trans-
planted preferably. Due to the diameter of the injection cannulas 
(18–20 G) and the mechanical stress of the transplanted material 
in the vibrating vocal fold, this procedure must be considered as 
rather hypothetic. In the last years, the manual preparation was 
abandoned and replaced by periumibilical liposuction. Hereby, the 
extracted fat is centrifuged with 3,000 rpm for 3 minutes [25]. This 
method is applied in plastic surgery and is suitable for production 
of well injectable biomaterial for application at the vocal fold. By 
separating the material into three fractions, the heavy cellular de-
bris remains on the bottom of the syringe, in the middle the fat and 
stem cells are found, and on the top the lighter fat. Only the mid-
dle	part	is	used	for	augmentation.	For	this	method,	a	specific	set	
for extraction and injection is provided (VoiceInject) [26]. Com-
pared to all permanent augmentations, the injections are general-
ly performed in the context of microlaryngoscopy under general 
anesthesia (see ▶Fig. 2). However, in cases of risks for general an-
esthesia it is also possible to perform fat extraction under tumes-
cence	anesthesia	and	the	injection	by	flexible	endoscopy	under	se-
dation [26]. Due to the long way through the injection catheter 
needle inserted in the working canal (23 G), more fat is required, 
and a high-pressure pistol must be used for insertion of the mate-
rial.	According	to	our	experience,	the	effect	duration	varies	enor-
mously. After 12–24 months, re-augmentation must be expected.

A similar approach is pursued with the application of pieces of 
autologous temporalis fascia or fascia lata [27]. The manual prepa-
ration until injection is more extensive compared to fat but espe-
cially regarding long-term stability the results are better. Gneid  

et	al.	[28]	describe	an	effect	duration	of	3–10	years	in	more	than	
500	interventions	which	is	significantly	longer	than	with	fat	and	has	
the same tolerance. Nonetheless, this method could not prevail, 
probably because of the extensive preparation and the risk of 
blocked cannulas. Currently, the application of fascia, fat, perichon-
drium, cartilage in combination or together with growth factors is 
further investigated in animal experiments or clinically in cases of 
scars or wounds of the vocal folds. It remains to be seen which auto-
logous	material	will	have	the	most	important	clinical	significance	
in the future.

Regarding alloplastic biomaterials for permanent vocal fold aug-
mentation, the use of polymethyl dioxane (silicone) micro particles 
in suspension (Vox Implants) must be mentioned [29–32]. The ma-
terial	has	the	effect	of	permanent	augmentation	but	stiffens	the	
area of the vocal fold around the injection site. To a certain extent, 
it may also be applied for correction of the position of the aryte-
noid cartilage. The material originates from the discipline of urol-
ogy	(UroPlast)	and	was	CE	certified	for	the	indication	of	permanent	
vocal fold augmentation with the brand name of Vox Implants. 
Therefore it may be applied in-label. Generally, the widely lateral 
injection between the thyroid cartilage and the muscles is impor-
tant	in	order	to	avoid	stiffening	of	the	vocal	fold	and	to	ensure	good	
tissue compatibility (see ▶Fig. 3). To avoid misplacement and to 
preserve the option to well distribute the biomaterial, the applica-
tion is recommended to be performed under general anesthesia in 
the context of microlaryngoscopy.

This alloplastic material is highly biocompatible, non-toxic, and 
the costs are acceptable in comparison to thyroplasty. Especially 
for older patients with bronchial or esophageal carcinomas with 
aspiration disorders, injection laryngoplasty with Vox Implants pro-
vides	a	rapid	therapy	option.	Granulomas	as	caused	by	Teflon	or	se-
vere foreign body reactions provoked by GoreTex are not known 
with a correct lateral injection. However, the silicone particles in-
duce connective tissue reaction. Smaller quantities may be taken 
outside the larynx by macrophages and deposited. The connective 
tissue in the neighborhood of polymethyl dioxane particles may 
mimic a tumor disease in the FDG-PET examination [33, 34]. In 
cases of necessary permanent augmentation for patients with cu-
rative treated malignant diseases of the larynx, hypopharynx, or 
thyroid gland, Vox Implants is contraindicated and autologous fat 
is	preferred	which	can	be	well	differentiated	from	tumors	in	MRI	
and PET-CT scan. If paralysis of the opposite focal fold may occur, 
Vox Implants should not be applied because the surgical removal 
of	the	material	is	rather	difficult.

An intermediate position between injection laryngoplasty and 
medialization thyroplasty is assumed by the insertion of polytet-
rafluoroethylene	(GoreTex)	straps	between	the	thyroid	cartilage	
and the paraglottic muscles for permanent medialization of the 
vocal fold. This procedure is predominantly applied in the USA. The 
surgeon individually cuts the straps from a patch manufactured for 
pericardial reconstruction or vascular surgery and insert it through 
a small anterior thyroid window [35]. Even an approach from the 
inferior edge of the thyroid without window has been described 
[36]. So, it is neither an injection technique in the proper sense of 
the word, nor a typical thyroplasty. The advantage of this method 
is the individualized medialization adapted to the patient’s needs. 
Especially the anterior third of the vocal fold can be better aug-

▶Fig. 3 Permanent augmentation with silicone microspheres 
(VoxImplant – whitish) widely lateral between the thyroid cartilage, 
lateral thyroarytenoid muscle (LCA), and thyroarytenoid muscle (TA).
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mented. Applications after substance defects of the vocal folds 
have also been described. These favorable properties, however, are 
overshadowed	by	numerous	reports	about	inflammation	and	re-
jection reactions requiring the removal of the material in revision 
surgeries [37, 38]. These experiences have previously also been 
made	at	the	occasion	of	the	use	for	camouflage	for	rhinoplasties	
[39]. In any case, the material is not CE approved for extracardio-
vascular	applications	and	the	biomaterial	that	is	offered	only	in	
large dimensions is very expensive.

1.2 Medialization laryngoplasty (ML)
The objective of the procedures described here is the permanent 
medialization of irreversibly paralyzed vocal folds in order to restore 
the	complete	glottis	closure	during	phonation.	The	first	descrip-
tion	of	the	term	of	thyroplasty	dates	back	to	1974	and	the	classifi-
cation of phonosurgical interventions at the thyroid cartilage was 
introduced	by	Isshiki	[40].	He	was	the	first	to	describe	in	a	dog	
model the lateral compression of the endolarynx in cases of paraly-
sis by vertical incision of the thyroid cartilage and stepwise inward 
placement of the posterior two thirds as thyroplasty type I. One year 
later, he published the creation of a thyroid cartilage window in hu-
mans on the level of the vocal fold with an autologous thyroid graft 
[41].	A	proposal	of	a	classification	made	by	the	European	Laryngo-
logical Society (ELS) in 2001 summarized the procedures of thyro-
plasty type I and arytenoid adduction as approximation laryngo-
plasty	[42].	However,	this	classification	could	not	prevail	up	to	now.

1.2.1 Autologous implants
Already in 1915, Payr described vocal fold medialization with au-
tologous thyroid cartilage [43]. This principle was taken up again 
and again, in the 1950s by Opheim [44], in the 1970s by Isshiki [41], 
in the 1980s by Kleinsasser [45], and even currently [46, 47] with 
several	modifications.	Beside	thyroid	cartilage,	also	the	use	of	rib	
cartilage [48], nasal septum and ear cartilage [49, 50] have been 

mentioned while no advantage could be shown in comparison to 
thyroid cartilage that is available at the surgery site.

The advantages involve the high biocompatibility even in chil-
dren, the simple resection at the surgery site without additional 
costs and the certainty that foreign body reactions in subsequent 
imaging do not cause artifacts. In general, the disadvantages in-
clude a limited adjustability due to the given thickness of the car-
tilage, and risks of dislocation and cartilage resorption decreasing 
the	effect	of	the	thyroplasty.	Also,	the	effect	on	a	posterior	gap	is	
limited. The cartilage removal at the upper edge of the thyroid may 
lead to postoperative hematoma, airway swelling, and swallowing 
problems.	The	significant	issue	of	resorption	could	not	yet	be	clar-
ified	satisfactorily.	In	1995,	Tucker	conducted	a	thyroplasty	trial	
with dogs using autologous thyroid cartilage. Histology after 6 
months revealed an acceptable volume loss of 13 %. Other authors 
report about clinical experience with higher rates. Already Isshiki 
emphasized the careful use of the tissue and the importance of pre-
serving the perichondrium at the cartilage in order to secure nu-
trition of the cartilage [51]. Experienced surgeons may still apply 
this method, especially when patients are reluctant with regard to 
foreign material for thyroplasty.

1.2.2 Silicone implants
Already very early, alternatives for autologous cartilage have been 
investigated for thyroplasty type I. Initially, the cartilage of the thy-
roplasty window was further used with its perichondrium as stamp; 
and foreign material was applied for locking and later also for 
V-shaped	adaptation	of	the	medialization	effect	under	auditive	con-
trol in surgeries performed in local anesthesia [52, 53]. Most wide-
ly used are medical silicone blocks that are individually cut during 
surgery [54]. The advantage consists of the individual shaping with 
consideration	of	the	sex-specific	thyroid	angle	[55],	the	length	of	
the thyroid ala, and the malposition of the paralyzed vocal fold that 
shall be corrected (see ▶Fig. 4). As in all below-mentioned type I 
thyroplasties, the success depends on the correct size (Koufman 
formula) [53] and placing of the thyroid cartilage window. To avoid 
a extrusion of the foreign material into the endolarynx, a too high 
stamp pressure on the tissue and sharp edges should be avoided. 
This technique should only be performed by very experienced lar-
yngologists. Only non-reinforced, medical grade silicone blocks 
should be used as the base material for the intraoperative cutting 
of these implants.

The advantage of pre-shaped silicone wedges is that measures 
proven in studies are kept so that insertion may be performed with 
individually cut implants based on templates [56, 57]. This also in-
cludes the pre-shaped, but individually adaptable Netterville Pho-
noForm silicone blocks [58] that are distributed by Medtronic Com-
pany.	These	products	are	FDA	approved,	but	not	CE	certified.

Silastic	implants	that	have	been	specifically	developed	for	thy-
roplasty provide a better patient safety since they have round edges 
and an integrated dislocation protection. They may be chosen in 6 
sizes (for males and females each) based on a test stamp range 
(Montgomery Thyroplasty Implant System) [59, 60]. For this im-
plant, investigations about the biocompatibility are available and 
they are CE approved so that they may be applied in-label.

▶Fig. 4 Principle of medialization thyroplasty (ML) with thyroplasty 
window creation and silicone wedge (white wedge).
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1.2.3 Ceramic implants
In 1993, Cummings, Purcell, and Flint developed an implant sys-
tem	for	thyroplasty	made	of	hydroxyl	apatite	in	6	different	prefab-
ricated sizes [61]. As of the beginning of the 1990s, hydroxyl apa-
tite became widely distributed as bone graft substitute in medicine 
and dentistry. The material disposes of good biocompatibility and 
stability.	With	this	implant,	the	first-describing	authors	wanted	to	
imitate	the	firm	cartilage-bone	structure	of	the	thyroid	cartilage	
and secure a safe anchoring at the thyroid. Extrusions and postop-
erative swelling have been described in the introduction phase [62].

Test stamps of 3–8 mm penetration depth may be inserted via 
a standard thyroplasty window for medialization of the vocal fold. 
The stamp with the best endoscopically or auditively controlled 
medialization	effect	assessed	under	local	anesthesia	is	chosen	as	
ceramic implant and secured with the according locking clip. The 
implant system is distributed by Olympus Company under the 
brand	name	of	VoCom	and	is	CE	certified.	In	Germany,	the	system	
is not widely used.

1.2.4 Titanium clips
In 1996, Friedrich developed the Titanium Vocal Fold Medializing 
Implant (TVFMI) in cooperation with Heinz Kurz Company (Dusslin-
gen, Germany) [63]. The clip that is made of medically pure titani-
um	was	intended	to	reduce	the	time	efforts	for	the	surgeons	like	
other pre-shaped implants. It shows a stable mechanical and func-
tional	medialization	effect	[64].	In	comparison	to	silicone	implants,	
titanium clips have better functional results, however, they are not 
statistically	significantly	better	[65,	66].	The	long-term	results	are	
stable [67]. For TVFMI as well, single reports about extrusions and 
dislocations have been published. In Austria and Germany, the sys-
tem is widely used.

1.2.5 Secondarily adjustable implants
Up to now, none of the described implants could reveal a general 
superiority over other implants. Considering critically the long-
term results of medialization thyroplasty with silicone, ceramic, ti-
tanium, and autologous implants, the revision rate in larger trials 

varies between 5.4 % and 33 % [68, 69]. According to a USA wide 
survey performed by Rosen [69], the reasons for revision were pre-
dominantly the under-correction and/or the decreasing glottic clo-
sure	(33	%).	According	to	Woo,	the	remaining	glottic	insufficiency	
refers the posterior third with 55 % [70]. In this study, cases with 
preoperatively severer posterior glottic gap that have already been 
combined treated initially with arytenoid adduction are not taken 
into account. Only in 6 % of the cases, the implant had to be re-
placed with a smaller one due to over-correction [69]. In 8 %, repo-
sitioning was necessary [69]. In revision cases, dynamic computed 
tomography trials in phonation show an under-correction of up to 
75 % in thyroplasty, followed by a too high or regarding the vocal 
fold axis angled position of the implant [71]. Consequently, the 
exact positioning of the thyroid cartilage window and the individ-
ual	adaptation	of	the	implant	size	has	a	particular	significance	in	
order to achieve optimal voice improvement and to avoid revision 
surgery. The surgical exposition, the exchange or repositioning of 
thyroplasty implants are associated with higher complication rates 
with regard to airway obstruction, swallowing disorders, hemato-
ma, and thyroid cartilage stability [72].

Therefore, the wish to develop secondarily adjustable implants 
for	thyroplasty	was	stated.	The	first	implant	of	this	type	was	the	
Thyroprotip titanium implant with an adjusting screw and a stamp 
made of titanium pearls welded together that should secure the 
ingrowth of connective tissue and thus an intensive adhesion with 
the paraglottic soft tissue [73]. With this adjustable implant, it was 
possible	during	revision	to	increase	or	reduce	the	stamp	effect	with-
out removing the anchoring of the implant body in the thyroid car-
tilage.	This	method	was	CE	certified.	However,	the	implant,	prob-
ably due to the takeover of the Protip Company, was not further 
developed and new results are not available.

Consequently, the approach of secondary adjustability and the 
securing of optimal window position was recently pursued by Ho 
et	al.	[74].	The	VOIS	Implant	in	4	different	sizes	and	the	according	
instrument set for positioning the thyroid cartilage window is a CE 
approved secondarily adjustable implant system. It combines the 
advantages of a titanium corpus anchoring in the thyroid that is 
easy to implement and dislocation-safe with a tissue-friendly sili-
cone pad for individual medialization of the vocal fold. After choos-
ing the appropriate size of the implant based on the sex and the 
thyroid	ala	length,	the	silicone	pad	can	be	re-filled	with	NaCl	under	
endoscopic	control	according	to	the	necessary	stamp	effect.	With-
out re-surgery, the micro port located at the outside of the thyroid 
cartilage may be punctured under ultrasonographic control and 
the	filling	volume	of	the	silicone	pad	may	be	adjusted	in	cases	of	
over- or under-correction (see ▶Fig. 5).	Another	significant	advan-
tage of this implant is the vector of the expanding silicone pad. 
While	the	flank	of	the	implant	medializes	the	vocal	fold,	the	tip	of	
the silicone pad displaces the vocal process in medio-dorsal direc-
tion so that an additional intervention for arytenoid adduction is 
possibly no longer necessary.

1.3 Arytenoid adduction and cricothyroid 
subluxation
Recurrent	laryngeal	nerve	paralysis	affects	all	inner	laryngeal	mus-
cles of the respective side. Depending on the severity of the dam-
age	of	the	single	muscles,	the	predominant	findings	consist	of	vocal	

▶Fig. 5	 Medialization	thyroplasty	(ML)	with	effect	on	the	arytenoid	
position with a secondarily adjustable composite implant (VOIS 

Implant),	the	silicone	pad	that	may	be	refilled	with	NaCl	is	depicted	
in grey.
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fold bowing due to a damaged thyroarytenoid muscle (TA) or 
pathologic intermediate or lateral position due to failure of the lat-
eral cricoarytenoid muscle (LCA). The weakness of the posterior 
cricoarytenoid muscle (PCA) does not only inhibit the opening of 
the glottis but also reduces the counter-tension at the arytenoid 
cartilage	against	the	tension	of	the	non-affected	cricothyroid	mus-
cle (CT). As a consequence, the vocal process is displaced in ante-
rior direction with shortening of the vocal fold. The interarytenoid 
muscles (IA) getting bilateral innervation. Unilateral paralysis leads 
to incomplete closure in the area of the posterior commissure, 
mostly rather due to the anterior-cranial tilting of the arytenoid 
cartilage	(LCA/PCA	effect)	than	due	to	IA	weakness.	Recurrent	la-
ryngeal nerve paralyses with severe LCA weakness and tilting of the 
arytenoid cartilage cause an relevant posterior glottis gap that can-
not be corrected with standard ML alone. Therefore, Isshiki intro-
duced arytenoid rotation in addition to thyroplasty type I already 
in 1978 [75]. By means of two non-absorbable threads at the mus-
cular process of the arytenoid cartilage pulling to the anterior in-
ferior	edge	of	the	thyroplasty	window,	he	mimicked	the	effect	of	
the LCA and rotated the vocal process in medio-caudal direction. 
That is why this procedure is also called arytenoid adduction (AA). 
A	series	of	modifications	were	related	to	the	traction	direction	of	
the	thread	to	a	fixation	point	that	is	located	even	more	anterior-me-
dio-caudally below the insertion of the vocal fold at the inferior 
edge	of	the	thyroid	cartilage	[76].	Other	modifications	concerned	
the position and size of the additional cartilage window at the pos-
terior edge of the thyroid [77] and less invasive approaches to po-
sition the thread, e. g., the sling or string pull technique described 
by Hess [78, 79]. AA is technically more complex, and the combi-
nation of ML with AA is associated with a clearly higher risk of hos-
pital	re-admission	within	30	days	[80].	Specific	risks	of	AA	are	post-
operative bleeding, posterior laryngeal swelling with temporary 
swallowing problems and risk of aspiration, and perforation of the 
hypopharynx. The surgery is irreversible because the lateral joint 
capsule	is	opened	for	mobilization	resulting	in	a	fixation	of	the	cri-
coarytenoid	joint	(CAJ).	In	the	context	of	AA,	synkinetic	nerve	fib-
ers may be transected due to the close neighborhood of the recur-
rent laryngeal nerve to the CAJ, possible leading to further tension 
loss and atrophy of the vocal fold.

The additional functional gain by combining ML with AA could 
only	be	shown	in	studies	that	have	performed	stratification	based	
on a large posterior glottis gap or high voice-related handicap (VHI) 
[81].	In	all	other	cases,	ML	alone	could	achieve	sufficient	voice	im-
provement	[82].	The	definition	of	a	large posterior glottis gap is not 
clear in the literature. According to Yilmaz and Özer, the gap should 
only	be	classified	as	large	when	the	vocal	process	remains	in	abduc-
tion position during phonation [83].

In 1998, Zeitels et al. introduced a therapeutic option called Ad-
duction Arytenopexy (AApexy)[84]. With this procedure, the correct 
position of the arytenoid should be achieved as in AA and at the 
same time the length and tension of the vocal fold should be in-
creased. The CAJ is opened more widely, and the muscular process 
of	the	arytenoid	cartilage	is	fixed	at	the	cricoid	plate	after	me-
dio-cranio-posterior displacement. This interesting method re-
quires an even more extensive posterior exposition of the larynx 
and	the	complication	risks	become	more	significant.	Due	to	the	
complexity of the intervention and the mentioned risks, AApexy 

could not prevail like the so-called Cricothyroid Subluxation that had 
been introduced by the same team [85]. This procedure consists 
of opening the cricothyroid joint, and a suture pulls the inferior 
horn of the thyroid cartilage in anterior direction to the cricoid arch 
so that the paralyzed vocal fold is tightened.

Apart from AA, an innovative approach for endoscopic correc-
tion of the vocal fold position has recently been presented by Rovo 
et al. [86]. The authors manually reposition the arytenoid cartilage 
in	the	context	of	microlaryngoscopy	and	fix	the	position	by	means	
of fat injections laterally to the vocal process and the arytenoid 
body. The long-term results of this method must be awaited.

Unfortunately, the application of AA and the surgical experience 
with AA in the USA and in Europe is continuously decreasing dur-
ing the last 10 years [87].

1.4 Other procedures and outlook
Re-innervation of the paretic laryngeal muscles can be done with-
out	the	use	of	biomaterials.	Already	in	1925,	Colledge	made	first	
successful attempts to anastomose the recurrent laryngeal nerve 
(RLN) stump with the vagus stem or the phrenic nerve in monkeys 
[88].	Tucker	was	the	first	to	describe	the	nerve-muscle	pedicle	re-in-
nervation of the PCA in 1976 [89] and in 1977 the re-innervation 
of the LCA with this method [90]. In 1984, Crumley introduced the 
concept of selective re-innervation by anastomosing the ansa cer-
vicalis with the RLN adductor terminal branches and phrenic nerve 
fibers	to	the	RLN	abductor	branches	[91].	These	complex	and	risky	
surgeries are usually not required in cases of unilateral paralyses. 
Based on this concept, Crumley described the partial step of anas-
tomosing the ansa cervicalis with the RLN stem as non-selective 
re-innervation (NSR) in 1988. With this method, the objective of 
recovered motility of the vocal fold was abandoned. The re-toning 
and medialization of the paralyzed vocal fold became the primary 
objective. Thus, this procedure represents an alternative to ML. If 
implants are not used, foreign body reaction, extrusion, or dislo-
cation can be avoided. Furthermore, the vibrating ability of the 
vocal fold is not impaired by inserted biomaterials. The functional 
advantage of NSR that is less known in Europe compared to ML, is 
currently investigated in a British phase-2 study (VOCALIST) [92]. 
Our	own	experience	with	a	modified	NSR	performed	in	contrast	to	
Kodama [93] without AA, showed good toning of the vocal fold 
after 3–4 months. In our method the transection of the RLN that 
still has a remaining function after synkinetic re-innervation is 
avoided. An additional adductive innervation to TA/LCA is provid-
ed by an ansa-nerve-muscle pedicle inserted via a thyroid cartilage 
window. In contrast to ML, the position and the tonus of the vocal 
fold improved further after 12 months and up to 24 months with 
excellent voice quality [94].

In the future, the neurostimulation of a synkinetically re-inner-
vated TA/LCA complex might provide another alternative for ML in 
cases of particular voice requirements (e. g. singers, speaking pro-
fessionals) [95]. Electrical impulses that are delivered synchronous-
ly to the adduction of the healthy vocal fold can elicit the contrac-
tion of a synkinetically re-innervated vocal fold [96].

The disadvantage of all static medialization techniques of para-
lyzed vocal folds is the permanent reduction of the glottic gap that 
becomes a breathing limitation for patients with high respiratory 
requirements [97, 98]. By means of functional electrical  stimulation, 
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the vocal fold remains in a more favorable position for respiration 
and is active adducted during phonation.

However, this is still an innovative research approach. In the up-
coming years, an approved medical product will probably not be 
available	yet.	However,	first	clinical	experiences	with	neurostimu-
lation in cases of bilateral paralysis (see next chapter) are promis-
ing [99, 100].

Another	field	for	research	and	development	regarding	the	as-
sessment and comparability of the results of surgical procedures 
in cases of unilateral RLN paralysis is the improvement of the ob-
jectiveness	and	reproducibility	of	laryngo-stroboscopic	findings.	
Bakhsh et al. could show that the multitude of parameters to de-
scribe the vocal fold position or the glottis gap combined with un-
matched grading systems make the comparability of the study re-
sults	more	than	difficult	[101].	Only	7	of	21	investigated	laryn-
go-stroboscopic parameters confirmed obvious postoperative 
differences	compared	to	the	preop	condition.	Surprisingly,	the	pe-
riodicity	and	the	bowing	of	the	vocal	fold	were	more	significant	
than the glottis gap during phonation. Functional parameters like 
the maximum phonation time (MPT) or the questionnaire on the 
voice handicap (VHI) could be reproduced clearly more easily.

2. Bilateral vocal fold paralysis
While the voice quality, especially breathy voice, is considered as 
most impairing in cases of unilateral vocal fold paralysis, patients 
affected	by	bilateral	vocal	fold	paralysis	suffer	predominantly	from	
the	limited	air	flow	through	the	glottis.	Depending	on	the	position	
and tension of the vocal folds, the complaints range from exercise-in-
duced	dyspnea	to	dyspnea	at	rest	and	respiratory	insufficiency.

Initially, patients often report about accompanying voice disor-
ders and tendency of aspiration. In the further course of synkinet-
ic re-innervation, that starts with absent functional recovery after 
4–6 months, the voice and the aspiration protection become bet-
ter, the exertional dyspnea, however, increases and forces the pa-
tients to accept therapy.

In cases of favorable glottis gap, normal body mass index (BMI), 
and good respiratory reserve in younger, otherwise healthy pa-
tients, the narrow glottis gap may be tolerated if no infection is 
present. Based on our experience, CPAP therapy at nighttime may 
be	helpful	in	order	to	find	restorative	and	low-noise	sleep.	If	at	least	
unilateral restoration of the motility is possible in the context of 
paralysis that has occurred only few weeks or months ago, the tem-
porary	laterofixation	of	one	vocal	fold	should	be	considered	for	
 severe respiratory problems.

2.1 Laterofixation
Up to the 1980s, tracheostomy was the therapy of choice. Already 
in 1939, King described an open surgical procedure [102] compris-
ing the opening of the capsule of the CAJ and suture of the mobi-
lized arytenoid cartilage displaced in lateral direction to the thyroid 
cartilage, similar to orthopedic surgery. In addition, King anasto-
mosed the end of the omohyoid muscle that was detached from 
the hyoid bone at the muscular process of the arytenoid cartilage. 
This	poorly	spread-out	method	was	modified	by	Schobel	[103]	(3	
sutures at the cricoid cartilage, no muscle transfer) and was fre-
quently applied in Germany in the second half of the 1980s. The 

disadvantage	of	open	laterofixations	was	the	invasiveness	of	the	
procedure with postoperative glottis swelling and maintenance or 
necessity	of	tracheostomy.	The	transition	to	endoscopic	laterofix-
ation by Ejnell [104] and Lichtenberger [105–109] allowed the 
omission of tracheostomy. While Ejnell exposed the thyroid carti-
lage from external in a combined intervention and placed cannu-
las above and below the vocal process, Lichtenberger used a nee-
dle	carrier	that	he	had	specifically	developed	for	this	application	to	
pierce from the inside to the outside through the thyroid cartilage, 
the muscles, and the skin. The result of both techniques is that a 
non-resorbable thread is pulled over the vocal process and the 
abutment of the thyroid cartilage. In this way, the lateralization of 
the arytenoid cartilage and the vocal fold is achieved. These meth-
ods are not associated with irreversible opening and subsequent 
scar-related	fixation	of	the	joint.	Thus,	both	procedures	may	be	
considered as reversible and can be applied for temporary latero-
fixation	in	cases	of	dyspnea	and	unclear	prognosis.	One	problem	of	
all	pulling	techniques	for	laterofixation	is	the	anterior	displacement	
of the loop over the vocal process due to the antero-lateral pulling 
direction and with it the possible transection of the vocal fold an-
teriorly	to	the	vocal	process	(effect	of	cutting	wire	as	for	cheese	or	
butter).	This	leads	to	a	decreasing	effect	of	lateralization,	the	risk	
of granulations and later scars that may result in permanent voice 
disorders even after removal of the thread. If the motility recovers 
on	the	contralateral	or	the	laterofixed	side,	the	thread	may	be	re-
moved. If the abduction does not reappear within 12 months, the 
thread	may	remain	in	situ.	In	cases	of	pains	or	decreasing	effect,	
the thread should be removed and permanent glottis enlargement 
is to perform.

If already initially an unfavorable prognosis for abduction recov-
ery	on	one	side	must	be	expected,	permanent	laterofixation	may	
be performed primarily. This situation may be observed in cases of 
preexisting	paralysis,	known	(surgery	report)	or	confirmed	(EMG)	
irreversible	damage	of	the	RLN,	or	scar	fixation	of	the	CAJ	on	one	
side.	In	the	context	of	permanent	endoscopic	laterofixation,	the	
thread technique is either combined with an opening of the CAJ 
and mobilization of the arytenoid cartilage in the sense of aryte-
noid lateropexy [110] (most suitable for posterior glottis stenoses 
but also for bilateral paralyses) or with laser surgical glottis enlarge-
ment	[111].	Significant	further	development	of	the	laterofixation	
technique was performed by Rovo et al. [112, 113] from Szeged 
who developed a set of knives to detach the CAJ capsule and a mod-
ified	endo-extralaryngeal	needle	carrier	allowing	a	more	dorsal	
placement	of	laterofixation.	In	this	way,	the	risk	of	displacement	of	
the	loop	in	direction	to	the	middle	part	of	the	vocal	fold	is	signifi-
cantly reduced [114].

2.2 Endoscopic glottis enlargement
Open surgical glottis enlargement may be considered as aban-
doned since the 1980s because of the necessity of temporary tra-
cheostomy and expectable swallowing disorders. With the option 
of endoscopic electrocautery for laryngeal bleedings, Thornell was 
the	first	to	describe	endoscopic	arytenoidectomy	in	1949	[115].	
As	biomaterial,	an	acrylic	obturator	was	fixed	for	3–4	weeks	be-
tween the arytenoid cartilages for shaping the glottis enlargement. 
In 1968, Kleinsasser further developed microlaryngoscopy and 
combined endoscopic arytenoidectomy with submucous chordec-
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tomy of the posterior two third of the vocal fold with sutured 
wound closure [116]. In the mid-1980s, with introduction of the 
CO2	laser	in	laryngeal	surgery,	the	first	laser	arytenoidectomies	
were performed for treatment of bilateral vocal fold paralysis by 
Lim	and	Ossoff	[117,	118].	This	technique	was	further	developed	
by Remacle et al. [119] in the sense of preservation of the posteri-
or part of the arytenoid cartilage to reduce the risk of aspiration 
and by Sato et al. [120] with preservation of the medial mucosal 
covering of the arytenoid cartilage to avoid re-stenoses due to pos-
terior scar formation.

In 1989, Dennis and Kashima described laser chordectomy as 
partial, C-shaped resection of the medial parts of the vocal fold di-
rectly	in	front	of	the	vocal	process	and	defined	the	standard	ther-
apy of laser surgical glottis enlargement for a long period [121]. 
Further	modifications	in	terms	of	more	extended	paraglottic	chor-
dectomy were published by Reker [122] and Eckel [123]. Accord-
ing to the balance between voice and respiration, the procedures 
were developed on one hand in direction of minimized laser resec-
tion [124–127] and on the other hand to more extended laser re-
sections in cases of higher respiratory demands [128, 129] to pos-
sibly allow decanulation. A good overview about the variety of pro-
cedures for laser surgical glottis enlargement with instructive 
drawings was published by Sapundzhiev et al. [130].

The primary endpoint of former studies about the described 
procedures was the decanulation rate. Today, tracheostomy can be 
avoided in many cases. In comparison to the procedures that may 
be chosen for endoscopic glottis enlargement, the question of pro-
spectively assessed improvement of respiration with at the same 
time preservation of a voice quality for everyday situations must 
be	asked.	The	first	comprehensive	multicenter	trial	with	prospec-
tive design on the outcome of glottis enlargement in Germany was 
published performed by Nawka et al. [113]. The respiratory and 
voice function of 36 patients were assessed preoperatively and 6 
months after therapy. The treatment was performed according to 
the standard of the respective center either as posterior chordot-
omy,	partial	arytenoidectomy,	or	laterofixation.	In	all	cases,	breath-
ing and the quality of life could be improved. However, in 25 % of 
the cases, severe respiratory problems occurred that required a 
second intervention.

The outcome of the voice quality in this study revealed an ob-
jective reduction of the maximum phonation time, a reduction of 
the	voice	range	profile,	and	an	increased	hoarseness	in	all	patients	
whereas patients who had been informed about the risk of poorer 
voice quality did not perceive the deterioration as very severe [132]. 
A recent publication of this team including 11 centers in Europe 
with retrospective data of 326 patients emphasized the variability 
of the applied methods and the high variance of the results [133]. 
One third of the patients had undergone tracheostomy before glot-
tis enlargement. One third of them could be decanulated after 
treatment. 145 of 326 patients needed postoperative cortisone 
therapy and 58 patients received prolonged intubation after sur-
gery. In 5 % of the cases, surgery did not lead to an improved respi-
ration within 4 weeks and in 3 % not even within 3 months. It is a 
task for the future to assess the respiratory and voice function in all 
patients with this rare disease before and after surgery and to limit 
the treatment methods to the functionally best ones. However, the 
perioperative swellings remain an unsolved problem in all described 

procedures and standard operating procedures (SOP) must be elab-
orated for their management.

2.3 Laryngeal framework surgery (cricoid split)
In pediatric patients, the posterior splitting of the cricoid cartilage 
with rib cartilage interposition (cricoid split) represents an alterna-
tive for enlargement of the glottic gap [134]. This method has been 
taken from the treatment of pediatric subglottic stenosis and 
turned out to be suitable for congenital idiopathic bilateral vocal 
fold	abduction	paralysis	[135–137].	Own	experiences	confirm	that	
the posterior distance of the vocal folds between the arytenoid car-
tilages is higher so that the opening triangle can be enlarged. The 
advantage of this method is the preservation of the CAJ and the 
muscles that are important for motility (TA, LCA, and PCA). In the 
context of thorough maneuvers, also the IA muscles may be most-
ly preserved. Long-term observations show that congenital bilat-
eral vocal fold motility disorders with unclear etiology [138, 139] 
or	assignment	to	a	damage	of	the	first	or	second	motoneuron	may	
recover up to the 10th year of life [140, 141]. Therefore, the cricoid 
split for decanulation is a useful option with maintenance of the 
chance of later motility recovery of one or both sides.

2.4 Active implants (laryngeal pacemaker)
The disadvantage of all therapeutic procedures described here is 
that they are static. By resecting and displacing parts of the vocal 
fold,	the	attempt	is	made	to	find	a	balance	between	facilitated	res-
piration and deteriorated voice to allow the patient to better cope 
with the life situation. According to all available data, this is only 
possible to a limited degree. Radical glottis enlargement that had 
been applied formerly and tracheostomy have certainly improved 
the respiration, however, they impair the voice-related communi-
cation that is nowadays very important in jobs. All careful glottis 
enlargements with preservation of an acceptable voice quality also 
make	reintegration	in	society	and	profession	difficult	due	to	the	
persisting physical restriction. Our experiences with patients who 
have at least a residual motility of one vocal fold despite bilateral 
paralysis reveal that they achieve better results regarding respira-
tion and voice.

▶Fig. 6 LP system components (laryngeal pacemaker development 
project of MED-EL company) consisting of a microelectrode for 
opening stimulation of the posterior crico-arytenoid muscle (PCA), 
the LP implant with inductive transmission coil, and connectors for 2 
electrodes and the external LP processor with control unit and bat-
tery.
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The objective when further developing therapeutic procedures 
for bilateral paralyses must include the, at least partial, restoration 
of the disturbed motility [142]. This is generally possible because 
most of the patients with permanent bilateral RLN paralysis are not 
denervated. When comparing muscular atrophy of the shoulder 
after accessory nerve paralysis with the mainly preserved volume 
of the paralyzed vocal fold after RLN paralysis one can assume that 
a	relevant	part	of	the	muscle	fibers	must	have	received	re-innerva-
tion. Electromyography of the paralyzed laryngeal muscles con-
firms	this	hypothesis	[143,	144].	Based	on	the	current	knowledge,	
the absence of motility recovery despite re-innervation is explained 
by a pathological re-innervation with co-activation of agonists and 
antagonists, comparable to the autoparalysis of the eyelid or the 
corner of the mouth in cases of facial nerve paralysis [145, 146]. 
Crumley [147, 148] described the so-called laryngeal synkinesis as 
typical pathological re-innervation condition where phonation 
leads	to	activation	of	the	PCA	or	sniffing	or	deep	inspiration	in	the	
TA results in increased EMG activity. In up to 80 % of all RLN paraly-
ses, synkinetic defect healing occurs [149]. On one hand, the evi-
dence of this synkinetic re-innervation in the EMG deteriorates the 
prognosis of motility recovery [150]; on the other hand, a synki-
netically re-innervated muscle provides the preconditions to be 
triggered to contraction by electrical neuromuscular stimulation 
[151]. When the stimulation occurs peripherally in the target mus-
cle, the autoparalysis of the larynx may be overcome and selective 
opening and closure of one vocal fold may be induced. This is the 
basic principle of neurostimulation devices like the Laryngeal Pace-
maker (LP) System by the company MED-EL, Austria, that will be 
applied	after	finalization	of	clinical	trials	as	LP	for	the	treatment	of	
bilateral vocal fold paralysis in synkinetically re-innervated PCA 
muscles [99, 100, 152–161].

The idea of a laryngeal pacemaker has already been pursued 
since the 1970s [162]. After successful testing in animal experi-
ments	[163–169],	Zealear	and	Herzon	were	the	first	in	1996	to	trig-
ger intraoperatively the electrically stimulated vocal fold abduction 
during thyroplasty by means of an external stimulator in humans 

[170].	In	2003,	Zealear	et	al.	published	a	first	multicenter	clinical	
trial about the application of the Medtronic pain therapy implant 
named Itrel II for larynx reanimation [171]. Due to electrode corro-
sion and the necessity of switching to monopolar stimulation, no 
further trials with this implant were conducted.

With the LP System, an active implant is available that has been 
specifically	developed	for	bilateral	RLN	paralysis	that	combines	a	
minimally invasive and reversible surgical procedure for implanta-
tion of microelectrodes with an impulse generator that is adapted 
to the neurostimulation of laryngeal muscles (see ▶Fig. 6). In a 
first	clinical	trial	encompassing	three	centers	in	Germany	and	Aus-
tria	from	2012	to	2014,	the	effectiveness	and	patient	safety	of	the	
system could be shown in 7 patients [100]. It was possible in all par-
ticipants of this prospective study to induce the intended vocal fold 
abduction with improvement of the respiratory function immedi-
ately from the time of activating the impulse generator without 
side	effects	like	pain,	swallowing	or	voice	disorders.	In	contrast	to	
conventional glottis enlargement, the therapy with the LP does not 
lead to deterioration of the pre-therapeutic voice quality [99]. For 
safety reasons, the study design limited the electrode implantation 
to	one	side	in	this	first-in-human	trial	(see	▶Fig. 7). With this uni-
lateral	opening	stimulation,	a	significant	improvement	of	the	PEF	
(peak	expiratory	flow),	the	MPT	(maximum	phonation	time),	the	
voice	range	profile,	and	the	6MWT	(six-minute	walk	test)	was	re-
vealed at the endpoint of the trial after 6 months and the PIF (peak 
inspiratory	flow)	as	well	as	the	SF-36	(quality	of	life	questionnaire)	
after 12 months of therapy [100]. Up to 24 months after implan-
tation, a follow-up study did not show any deterioration of all in-
vestigated parameters [172]. The mechanical stress of the micro-
electrodes routing via the neck to the larynx that was caused by the 
swallowing movements of the larynx turned out to be a risk factor 
for electrode breaks. In 3 of 7 patients, they occurred within 14 
months, and in 2 other patients within 53 months. The LP Systems 
of the remaining two patients are still fully working today (8 years 
after implantation) and the respiratory function is good. These 
study results encouraged the manufacturer (MED-EL, Innsbruck, 
Austria) to continue the development of the LP System. The me-
chanical properties of the electrodes were basically reworked to 
make them more resistant to pulling and bending movements. A 
planned multicenter pivotal trial will include a higher number of 
participants to test the new electrode design and the further de-
velopment	of	the	LP	System	regarding	safety	and	effectiveness	in	
symptomatic patients.

2.5 Selective re-innervation
An alternative of reanimating the vocal fold motility in cases of per-
sisting RLN paralysis is the selective re-innervation of the abductor 
and adductor muscles of the larynx. This principle that had been 
established	by	Crumley	[91]	for	unilateral	paralysis	was	first	inves-
tigated in animal experiments for bilateral RLN paralysis [173, 174] 
and further developed consequently in the clinical application by 
Marie et al. [175, 176]. For this purpose, the C4 root of the left 
phrenic nerve is anastomosed with a Y-shaped nerve interposition 
of the great auricular nerve. Both recurrent nerves are transected, 
and the Y-shaped interposition is used for neurotization of the PCA 
muscles	on	the	left	and	the	right	side.	At	the	same	time,	the	diffi-
cult anastomosis of the thyrohyoid branch of the hypoglossal nerve 

▶Fig. 7 Schematic description of the LP system of MED-EL compa-
ny in situ with the electrode leading to the posterior crico-arytenoid 
muscle	(PCA)	for	unilateral	stimulation.	The	implant	is	fixed	subcuta-
neously on the sternum, the processor is held in its position by 
means of a magnet on the implant.
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with the exposed intralaryngeal adductor branch of the RLN is per-
formed bilaterally. To secure the airway and to prevent aspiration, 
tracheostomy is necessary because a complete denervation is re-
sulting and a swelling risk of a surgery that takes several hours is 
relevant.	The	effect	onset	of	re-innervation	may	be	expected	be-
tween 6 and 9 months after surgery. In an evaluation published by 
Marie et al. [177], decanulation could be performed in 35 of 40 pa-
tients by means of this therapy. In 30 patients, the respiratory pa-
rameters were improved. In 27/40 cases, breath-synchronous ab-
duction of the vocal folds could be achieved at least on one side 
and in 16/40 patients on both sides.

Li et al. reduced this procedure to the anastomosis of the phren-
ic nerve and achieved a breath-synchronous PCA activation 
[178, 179]. Due to the missing adductor innervations, however, TA 
atrophies or co-activation during PCA stimulation (synkinesis) were 
observed.

Especially for pediatric patients [180] and young adults [181] 
who have a good nerve regeneration and may well tolerate the 
complex intervention, this procedure is an important treatment 
option that is currently applied in centers in France, United King-
dom, and Belgium.

Conclusion
In the treatment of uni- and bilateral recurrent laryngeal nerve pa-
ralyses,	bioimplants	play	a	significant	clinical	role.	Their	application	
requires deep knowledge about their biocompatibility, material 
properties, and for some substances also about the resorption rate, 
effect	duration,	and	approval	for	application	in	the	larynx.	Depend-
ing on the prognosis and the duration of the paralysis, temporary 
or permanent therapies may be suitable. The more invasive and ir-
reversible the planned treatment method is, the more reliable the 
estimation of the prognosis must be. Other important aspects for 
the therapy decision are the severity of the functional impairment 
due	to	the	paralysis,	the	individual	level	of	suffering,	and	comor-
bidities and/or risk factors that might limit more invasive options. 
A broad range of bioimplants is available and promising new, also 
active implants might be approved in the near future. Regarding 
the counceling of patients, these options should be known, and in-
dividualized treatment steps should be planned.

Conflict of Interest

The author was involved in clinical studies on the VOIS implant and the 

LP	System	and	declare	that	he	has	no	conflict	of	interest.

References

[1] Choi J, Son YI, So YK et al. Posterior glottic gap and age as factors 
predicting voice outcome of injection laryngoplasty in patients with 
unilateral vocal fold paralysis. J Laryngol Otol 2012; 126: 260–266. 
doi:10.1017/S0022215111002702

[2] Brünings W. Über eine neue Behandlungsmethode der 
Rekurrenslähmung. Ver Deutsch Laryng 1911; 18: 93–151

[3] Ward	PH,	Hanson	DG,	Abemayor	E.	Transcutaneous	Teflon	injection	
of the paralyzed vocal cord: a new technique. Laryngoscope 1985; 
95: 644–649. doi:10.1288/00005537-198506000-00002

[4] Varvares	MA,	Montgomery	WW,	Hillman	RE.	Teflon	Granuloma	of	the	
Larynx: Etiology, Pathophysiology, and Management. Annals of 
Otology, Rhinology & Laryngology 1995; 104: 511–515. 
doi:10.1177/000348949510400702

[5] Wan-Chiew N, Baki MM, Fauzi MB et al. In Vitro Evaluation of 
Biomaterials for Vocal Fold Injection: A Systematic Review. Polymers 
(Basel) 2021; 13. doi:10.3390/polym13162619

[6] Hess M, Fleischer S, Heckmann B. Therapie der einseitigen 
Rekurrensparese. HNO Nachrichten 2020; 50: 40–47. doi:10.1007/
s00060-020-7055-8

[7] Simpson B, Rosen C. Principles of Vocal Fold Augmentation. In: 
Simpson B, Rosen C, Hrsg. Operative Techniques in Laryngology. 
Berlin, Heidelberg: Springer Berlin Heidelberg; 2008: 91–96. 
doi:10.1007/978-3-540-68107-6_14

[8] Anderson	TD,	Sataloff	RT.	Complications	of	collagen	injection	of	the	
vocal fold: report of several unusual cases and review of the 
literature. Journal of Voice 2004; 18: 392–397. doi:10.1016/j.
jvoice.2002.04.001

[9] Brodsky B, Ramshaw JA. Bioengineered Collagens. Subcell Biochem 
2017; 82: 601–629. doi:10.1007/978-3-319-49674-0_18

[10] Bauman L. CosmoDerm/CosmoPlast (human bioengineered collagen) 
for the aging face. Facial Plast Surg 2004; 20: 125–128. 
doi:10.1055/s-2004-861752

[11] Wang CC, Wu SH, Tu YK et al. Hyaluronic Acid Injection Laryngoplasty 
for Unilateral Vocal Fold Paralysis-A Systematic Review and 
Meta-Analysis. Cells 2020; 9. doi:10.3390/cells9112417

[12] Wang CC, Chang MH, Jiang RS et al. Laryngeal electromyography-
guided hyaluronic acid vocal fold injection for unilateral vocal fold 
paralysis: a prospective long-term follow-up outcome report. JAMA 
otolaryngology – head & neck surgery 2015; 141: 264–271. 
doi:10.1001/jamaoto.2014.3466

[13] Pei YC, Fang TJ, Hsin LJ et al. Early hyaluronate injection improves 
quality of life but not neural recovery in unilateral vocal fold paralysis: 
an open-label randomized controlled study. Restor Neurol Neurosci 
2015; 33: 121–130. doi:10.3233/RNN-140439

[14] Kim	YS,	Choi	JW,	Park	JK	et	al.	Efficiency	and	durability	of	hyaluronic	
acid	of	different	particle	sizes	as	an	injectable	material	for	VF	
augmentation. Acta oto-laryngologica 2015; 135: 1311–1318. doi:1
0.3109/00016489.2015.1070966

[15] Fang	TJ,	Hsin	LJ,	Chung	HF	et	al.	Office-Based	Intracordal	Hyaluronate	
Injections Improve Quality of Life in Thoracic-Surgery-Related 
Unilateral Vocal Fold Paralysis. Medicine 2015; 94: e1787. 
doi:10.1097/MD.0000000000001787

[16] Miaśkiewicz	B,	Panasiewicz	A,	Nikiel	K	et	al.	Comparison	of	24-month	
voice outcomes after injection laryngoplasty with calcium 
hydroxylapatite or hyaluronic acid in patients with unilateral vocal 
fold paralysis. Am J Otolaryng 2022; 43. doi:10.1016/j.
amjoto.2021.103207

[17] Stein J, Eliachar I, Myles J et al. Histopathologic study of alternative 
substances for vocal fold medialization. Ann Otol Rhinol Laryngol 
2000; 109: 221–226. doi:10.1177/000348940010900219

[18] Chhetri DK, Jahan-Parwar B, Hart SD et al. Injection laryngoplasty 
with calcium hydroxylapatite gel implant in an in vivo canine model. 
Ann Otol Rhinol Laryngol 2004; 113: 259–264. 
doi:10.1177/000348940411300402

[19] Kaneko	M,	Tsuji	T,	Kishimoto	Y	et	al.	Regenerative	Effects	of	Basic	
Fibroblast Growth Factor on Restoration of Thyroarytenoid Muscle 
Atrophy Caused by Recurrent Laryngeal Nerve Transection. J Voice 
2018; 32: 645–651. doi:10.1016/j.jvoice.2017.09.019

S154



Müller AH. Active and Passive Bioimplants … Laryngo-Rhino-Otol 2022; 101: S144–S159 | © 2022. Thieme. All rights reserved.

[20] Kanazawa T, Komazawa D, Indo K et al. Single injection of basic 
fibroblast	growth	factor	to	treat	severe	vocal	fold	lesions	and	vocal	
fold paralysis. Laryngoscope 2015; 125: E338–E344. doi:10.1002/
lary.25315

[21] Post A, Fleischer S, Mueller AH. Stimmlippenläsion – Bereits 
einmalige bFGF-Injektion verbessert Stimmfunktion. Laryngo-Rhino-
Otol 2016; 95: 308–309. doi:10.1055/s-0035-1552543

[22] Liang Q, Liu S, Han P et al. Micronized acellular dermal matrix as an 
efficient	expansion	substrate	and	delivery	vehicle	of	adipose-derived	
stem cells for vocal fold regeneration. Laryngoscope 2012; 122: 
1815–1825. doi:10.1002/lary.23330

[23] Frölich K, Hagen R, Kleinsasser N. Mesenchymale Stammzellen aus 
Fettgewebe (ASC) – Grundlagen und Anwendung in der HNO-
Heilkunde. Laryngorhinootologie 2014; 93: 369–380

[24] Truzzi GM, Pauna HF, Bette P et al. Methods of Fat Tissue Processing 
for Human Vocal Fold Injection: A Systematic Review. J Voice 2017; 
31: 244.e217–244.e221. doi:10.1016/j.jvoice.2016.08.012

[25] Mazzola RF, Cantarella G, Torretta S et al. Autologous fat injection to 
face and neck: from soft tissue augmentation to regenerative 
medicine.	Acta	otorhinolaryngologica	Italica:	organo	ufficiale	della	
Societa italiana di otorinolaringologia e chirurgia cervico-facciale 
2011; 31: 59–69

[26] Ricci	Maccarini	A,	Stacchini	M,	Mozzanica	F	et	al.	Efficacy	of	
trans-nasal	fiberendoscopic	injection	laryngoplasty	with	centrifuged	
autologous	fat	in	the	treatment	of	glottic	insufficiency	due	to	
unilateral vocal fold paralysis. Acta otorhinolaryngologica Italica: 
organo	ufficiale	della	Societa	italiana	di	otorinolaringologia	e	
chirurgia cervico-facciale 2018; 38: 204–213. doi:10.14639/0392-
100X-2012

[27] Rihkanen H, Lehikoinen-Söderlund S, Reijonen P. Voice acoustics after 
autologous fascia injection for vocal fold paralysis. Laryngoscope 
1999; 109: 1854–1858. doi:10.1097/00005537-199911000-00026

[28] Kinnari TJ, Pietarinen P, Geneid A. Vocal fold augmentation under 
local anaesthesia using autologous fascia. Clin Otolaryngol 2018; 43: 
989–991. doi:10.1111/coa.13030

[29] Sittel C, Echternach M, Federspil PA et al. Polydimethylsiloxane 
particles for permanent injection laryngoplasty. Ann Otol Rhinol 
Laryngol 2006; 115: 103–109. doi:10.1177/000348940611500204

[30] Mattioli F, Bettini M, Botti C et al. Polydimethylsiloxane Injection 
Laryngoplasty for Unilateral Vocal Fold Paralysis: Long-Term Results.  
J Voice 2017; 31: 517.e511–517.e517. doi:10.1016/j.
jvoice.2016.12.017

[31] Hagemann M, Seifert E. The use of polydimethylsiloxane for injection 
laryngoplasty. World J Surg 2008; 32: 1940–1947. doi:10.1007/
s00268-008-9619-4

[32] Sittel C, Thumfart WF, Pototschnig C et al. Textured 
polydimethylsiloxane elastomers in the human larynx: safety and 
efficiency	of	use.	J	Biomed	Mater	Res	2000;	53:	646–650.	
doi:10.1002/1097-4636(2000)53:6 < 646::aid-jbm5 > 3.0.co;2-0

[33] Piccinini A, Alicandri-Ciufelli M, Ghidini A et al. FDG-PET/CT 
appearance of injected silicone particles (VOX Implants) in head and 
neck tissues. Acta Biomed 2015; 86: 283–289

[34] Drescher R, Müller A, Lesser T et al. PET/ultrasound fusion for 
differentiation	of	Vox	implant	silicone	particles	from	recurrent	cancer.	
Nuklearmedizin Nuclear medicine 2013; 52: N29–N30

[35] Selber	J,	Sataloff	R,	Spiegel	J	et	al.	Gore-Tex	Medialization	
Thyroplasty: objective and subjective evaluation. J Voice 2003; 17: 
88–95. doi:10.1016/s0892-1997(03)00025-0

[36] Thompson	JD,	Hoffman	MR,	Scholp	A	et	al.	Excised	larynx	evaluation	
of subthyroid cartilage approach to medialization thyroplasty. 
Laryngoscope 2018; 128: 675–681. doi:10.1002/lary.26852

[37] Watanabe K, Hirano A, Honkura Y et al. Complications of using 
Gore-Tex in medialization laryngoplasty: case series and literature 
review. Eur Arch Otorhinolaryngol 2019; 276: 255–261. doi:10.1007/
s00405-018-5204-0

[38] Eichorn D, Park J, Alnouri G et al. Incidence of and Risk Factors 
Associated With Vocal Fold Hemorrhage Following Type I Thyroplasty 
With Gore-Tex Implant. J Voice 2021; 35: 655–658. doi:10.1016/j.
jvoice.2019.12.015

[39] Kim HS, Park SS, Kim MH et al. Problems associated with alloplastic 
materials in rhinoplasty. Yonsei Med J 2014; 55: 1617–1623. 
doi:10.3349/ymj.2014.55.6.1617

[40] Isshiki N, Morita H, Okamura H et al. Thyroplasty as a new 
phonosurgical technique. Acta oto-laryngologica 1974; 78: 451–457. 
doi:10.3109/00016487409126379

[41] Isshiki N, Okamura H, Ishikawa T. Thyroplasty type I (lateral 
compression) for dysphonia due to vocal cord paralysis or atrophy. 
Acta oto-laryngologica 1975; 80: 465–473

[42] Friedrich G, de Jong FI, Mahieu HF et al. Laryngeal framework 
surgery:	a	proposal	for	classification	and	nomenclature	by	the	
Phonosurgery Committee of the European Laryngological Society. 
Eur Arch Otorhinolaryngol 2001; 258: 389–396. doi:10.1007/
s004050100375

[43] Payr E. Plastik am Schildknorpel zur Behebung der Folgen einseitiger 
Stimmbandlähmung. Dtsch Med Wochenschr 1915; 41: 1265–1270. 
doi:10.1055/s-0029-1192223

[44] Opheim O. Unilateral paralysis of the vocal cord, operative  
treatment. Acta oto-laryngologica 1955; 45: 226–230. 
doi:10.3109/00016485509118153

[45] Kleinsasser O, Schroeder HG, Glanz H. Medialization of the paralyzed 
vocal cord by cartilage chips and “wing door thyroplasty”. Hno 1982; 
30: 275–279

[46] Nawka T, Hosemann W. Surgical procedures for voice restoration. 
GMS current topics in otorhinolaryngology, head and neck surgery 
2005; 4: Doc14

[47] Tsai M-S, Yang M-Y, Chang G-H et al. Autologous thyroid cartilage 
graft	implantation	in	medialization	laryngoplasty:	a	modified	
approach	for	treating	unilateral	vocal	fold	paralysis.	Scientific	Reports	
2017; 7. doi:10.1038/s41598-017-05024-6

[48] Meurman	Y.	Operative	mediofixation	of	the	vocal	cord	in	complete	
unilateral paralysis. AMA Arch Otolaryngol 1952; 55: 544–553. 
doi:10.1001/archotol.1952.00710010558004

[49] Chirilă	M,	Mureşan	R.	Vocal	fold	medialization	with	tragal	cartilage	
and perichondrium in high vagal paralysis. Eur Arch Otorhinolaryngol 
2013; 270: 1873–1878. doi:10.1007/s00405-013-2427-y

[50] Mesallam TA, Khalil YA, Malki KH et al. Medialization thyroplasty 
using autologous nasal septal cartilage for treating unilateral vocal 
fold paralysis. Clin Exp Otorhinolaryngol 2011; 4: 142–148. 
doi:10.3342/ceo.2011.4.3.142

[51] Isshiki N. Progress in Laryngeal Framework Surgery. Acta oto-
laryngologica 2000; 120: 120–127. 
doi:10.1080/000164800750000748

[52] Isshiki N. Recent advances in phonosurgery. Folia phoniatrica 1980; 
32: 119–154. doi:10.1159/000264334

[53] Koufman JA. Laryngoplasty for vocal cord medialization: an 
alternative	to	Teflon.	Laryngoscope	1986;	96:	726–731.	
doi:10.1288/00005537-198607000-00004

[54] Hess M, Fleischer S. [Laryngeal framework surgery]. Hno 2021. 
doi:10.1007/s00106-021-01054-9

[55] Desuter G, Henrard S, Van Lith-Bijl JT et al. Shape of Thyroid Cartilage 
Influences	Outcome	of	Montgomery	Medialization	Thyroplasty:	A	
Gender Issue. J Voice 2017; 31: 245 e243–245 e248. doi:10.1016/j.
jvoice.2016.08.010

S155



Müller AH. Active and Passive Bioimplants … Laryngo-Rhino-Otol 2022; 101: S144–S159 | © 2022. Thieme. All rights reserved.

Referat

[56] Chrobok V, Pellant A, Sram F et al. Medialization thyroplasty with a 
customized silicone implant: clinical experience. Folia Phoniatr Logop 
2008; 60: 91–96. doi:10.1159/000114651

[57] Harries ML, Morrison M. Short-term results of laryngeal framework 
surgery – thyroplasty type 1: A pilot study. J Otolaryngol 1995; 24: 
281–287

[58] Netterville JL, Stone RE, Luken ES et al. Silastic medialization and 
arytenoid adduction: the Vanderbilt experience. A review of 116 
phonosurgical procedures. Ann Otol Rhinol Laryngol 1993; 102: 
413–424. doi:10.1177/000348949310200602

[59] Montgomery WW, Montgomery SK. Montgomery thyroplasty 
implant system. Ann Otol Rhinol Laryngol Suppl 1997; 170: 1–16

[60] Montgomery WW, Blaugrund SM, Varvares MA. Thyroplasty: a new 
approach. Ann Otol Rhinol Laryngol 1993; 102: 571–579. 
doi:10.1177/000348949310200801

[61] Cummings CW, Purcell LL, Flint PW. Hydroxylapatite laryngeal 
implants for medialization. Preliminary report. Ann Otol Rhinol 
Laryngol 1993; 102: 843–851. doi:10.1177/000348949310201104

[62] Flint PW, Purcell LL, Cummings CW. Pathophysiology and indications 
for medialization thyroplasty in patients with dysphagia and 
aspiration. Otolaryngol Head Neck Surg 1997; 116: 349–354. 
doi:10.1016/s0194-5998(97)70272-9

[63] Friedrich G. Titanium vocal fold medializing implant: introducing  
a novel implant system for external vocal fold medialization.  
Ann Otol Rhinol Laryngol 1999; 108: 79–86. 
doi:10.1177/000348949910800112

[64] Witt	RE,	Hoffman	MR,	Friedrich	G	et	al.	Multiparameter	analysis	of	
titanium vocal fold medializing implant in an excised larynx model. 
Ann Otol Rhinol Laryngol 2010; 119: 125–132. 
doi:10.1177/000348941011900210

[65] Malik A, Ramalingam WV, Nilakantan A et al. Comparison of the use 
of silastic with titanium prefabricated implant in type I thyroplasty. 
Braz J Otorhinolaryngol 2014; 80: 156–160. doi:10.5935/1808-
8694.20140032

[66] van	Ardenne	N,	Vanderwegen	J,	Van	Nuffelen	G	et	al.	Medialization	
thyroplasty: vocal outcome of silicone and titanium implant. Eur Arch 
Otorhinolaryngol 2011; 268: 101–107. doi:10.1007/s00405-010-
1327-7

[67] Schneider-Stickler B, Gaechter J, Bigenzahn W. Long-term results 
after external vocal fold medialization thyroplasty with titanium vocal 
fold medialization implant (TVFMI). Eur Arch Otorhinolaryngol 2013; 
270: 1689–1694. doi:10.1007/s00405-013-2416-1

[68] Anderson	TD,	Spiegel	JR,	Sataloff	RT.	Thyroplasty	revisions:	frequency	
and predictive factors. J Voice 2003; 17: 442–448. doi:10.1067/
s0892-1997(03)00080-8

[69] Rosen CA. Complications of phonosurgery: results of a national 
survey. Laryngoscope 1998; 108: 1697–1703. 
doi:10.1097/00005537-199811000-00020

[70] Woo P, Pearl AW, Hsiung MW et al. Failed medialization 
laryngoplasty: management by revision surgery. Otolaryngol Head 
Neck Surg 2001; 124: 615–621. doi:10.1177/019459980112400603

[71] Townsley RB, Anderson J, Siu J. The role of dynamic computerized 
tomography in revision medialisation thyroplasty. Clin Otolaryngol 
2019; 44: 644–647. doi:10.1111/coa.13318

[72] Lundeberg MR, Flint PW, Purcell LL et al. Revision medialization 
thyroplasty with hydroxylapatite implants. Laryngoscope 2011; 121: 
999–1002. doi:10.1002/lary.21455

[73] Devos M, Schultz P, Guillere F et al. Thyroplasty for unilateral vocal 
fold paralysis using an adjustable implant in porous titanium. Eur Ann 
Otorhinolaryngol Head Neck Dis 2010; 127: 204–212. doi:10.1016/j.
anorl.2010.08.001

[74] Ho GY, Leonhard M, Denk-Linnert DM et al. Pre- and intraoperative 
acoustic and functional assessment of the novel APrevent((R)) VOIS 
implant during routine medialization thyroplasty. Eur Arch 
Otorhinolaryngol 2020; 277: 809–817. doi:10.1007/s00405-019-
05756-3

[75] Isshiki N, Tanabe M, Sawada M. Arytenoid adduction for unilateral 
vocal cord paralysis. Arch Otolaryngol 1978; 104: 555–558. 
doi:10.1001/archotol.1978.00790100009002

[76] Prasad VMN, Remacle M. Medialization Thyroplasty and Arytenoid 
Adduction for Management of Neurological Vocal Fold Immobility. 
Advances in oto-rhino-laryngology 2020; 85: 85–97. 
doi:10.1159/000456686

[77] Slavit DH, Maragos NE. Arytenoid adduction and type I thyroplasty in 
the treatment of aphonia. J Voice 1994; 8: 84–91. doi:10.1016/
s0892-1997(05)80324-8

[78] Hess M, Schroeder D, Puschel K. Sling arytenoid adduction. Eur Arch 
Otorhinolaryngol 2011; 268: 1023–1028. doi:10.1007/s00405-010-
1429-2

[79] Hess M. Future techniques in phonosurgery. In: Mohan SYKJO, Hrsg. 
A practical guide to laryngeal framework surgery. Oxford, UK: 
Compton;		2017:	204ff.	ISBN:	9781909082076

[80] Garber D, Wandell GM, Gobillot TA et al. Safety and Predictors of 
30-Day Adverse Events of Laryngeal Framework Surgery: An Analysis 
of ACS-NSQIP data. Laryngoscope 2021. doi:10.1002/lary.29921

[81] Zimmermann TM, Orbelo DM, Pittelko RL et al. Voice outcomes 
following medialization laryngoplasty with and without arytenoid 
adduction. Laryngoscope 2019; 129: 1876–1881. doi:10.1002/
lary.27684

[82] Chester MW, Stewart MG. Arytenoid adduction combined with 
medialization thyroplasty: an evidence-based review. Otolaryngol 
Head Neck Surg 2003; 129: 305–310. doi:10.1016/s0194-
5998(03)01390-1

[83] Yılmaz	T,	Özer	F.	Unilateral	Vocal	Fold	Paralysis	With	Large	Posterior	
Glottic Gap: Is Arytenoid Procedure Necessary?  Ann Otol Rhinol 
Laryngol 2021 34894211045637. doi:10.1177/00034894211045637

[84] Zeitels SM, Hochman I, Hillman RE. Adduction arytenopexy: a new 
procedure for paralytic dysphonia with implications for implant 
medialization. Ann Otol Rhinol Laryngol Suppl 1998; 173: 2–24

[85] Zeitels SM, Hillman RE, Desloge RB et al. Cricothyroid subluxation: a 
new innovation for enhancing the voice with laryngoplastic 
phonosurgery. Ann Otol Rhinol Laryngol 1999; 108: 1126–1131

[86] Rovó L, Ambrus A, Tóbiás Z et al. A Novel Endoscopic Arytenoid 
Medialization for Unilateral Vocal Fold Paralysis. Laryngoscope 2021; 
131: E903–e910. doi:10.1002/lary.29001

[87] Ekbom DC, Orbelo DM, Sangaralingham LR et al. Medialization 
laryngoplasty/arytenoid adduction: U.S. outcomes, discharge status, 
and utilization trends. Laryngoscope 2019; 129: 952–960. 
doi:10.1002/lary.27538

[88] Colledge L. On the possibility of restoring movement to a paralysed 
vocal cord by nerve anastomosis: (An experimental inquiry.). Br Med J 
1925; 1: 547–548. doi:10.1136/bmj.1.3351.547

[89] Tucker HM. Human laryngeal reinnervation. Laryngoscope 1976; 86: 
769–779. doi:10.1288/00005537-197606000-00004

[90] Tucker HM. Reinnervation of the unilaterally paralyzed larynx. Ann 
Otol Rhinol Laryngol 1977; 86: 789–794

[91] Crumley RL. Selective reinnervation of vocal cord adductors in 
unilateral vocal cord paralysis. Ann Otol Rhinol Laryngol 1984; 93: 
351–356

[92] Blackshaw H, Carding P, Jepson M et al. Does laryngeal reinnervation 
or type I thyroplasty give better voice results for patients with 
unilateral vocal fold paralysis (VOCALIST): study protocol for a 
feasibility randomised controlled trial. BMJ Open 2017; 7: e016871. 
doi:10.1136/bmjopen-2017-016871

S156



Müller AH. Active and Passive Bioimplants … Laryngo-Rhino-Otol 2022; 101: S144–S159 | © 2022. Thieme. All rights reserved.

[93] Kodama N, Sanuki T, Kumai Y et al. Long-term vocal outcomes of 
refined	nerve-muscle	pedicle	flap	implantation	combined	with	
arytenoid adduction. Eur Arch Otorhinolaryngol 2015; 272: 681–688. 
doi:10.1007/s00405-014-3418-3

[94] Nasr A, Mueller AH. Reinnervation bei einseitiger 
Stimmlippenlähmung. In: Keilmann A ed 36 Wissenschaftliche 
Jahrestagung der Deutschen Gesellschaft für Phoniatrie und 
Pädaudiologie (DGPP). Göttingen: GMS;  2019. 
doi:10.3205/19dgpp36

[95] Hess MM, Förster G, Böttcher A et al. Medialization of the ailing vocal 
fold by means of thyroarytenoid muscle electrostimulation. 
Laryngorhinootologie 2021; 100. doi:10.1055/s-0041-1728565

[96] Mueller AH. Laryngeal Synkinesis: A Viable Condition for Laryngeal 
Pacing. In: Remacle JM, Prasad V, Hrsg. Advances in 
Neurolaryngology. Basel: Karger; 2020: 112. doi:10.1159/000456689

[97] Hartmann C. Aerodynamical analysis of the inspiration for an 
unilateral paralysis of the vocal folds in a synthetic larynx model. 
Erlangen: Friedrich-Alexander Universität; 2019

[98] Hoffman	MR,	Vandiver	B,	Derise	N	et	al.	Effect	of	Medialization	on	
Dyspnea Index in Unilateral Vocal Fold Paralysis. Otolaryngol Head 
Neck Surg 2021; 0: 1945998211056515. 
doi:10.1177/01945998211056515

[99] Mueller AH, Hagen R, Pototschnig C et al. Laryngeal pacing for 
bilateral vocal fold paralysis: Voice and respiratory aspects. 
Laryngoscope 2017; 127: 1838–1844. doi:10.1002/lary.26428

[100] Mueller AH, Hagen R, Foerster G et al. Laryngeal pacing via an 
implantable	stimulator	for	the	rehabilitation	of	subjects	suffering	
from	bilateral	vocal	fold	paralysis:	A	prospective	first-in-human	study.	
Laryngoscope 2016; 126: 1810–1816. doi:10.1002/lary.25792

[101] Bakhsh Z, Crevier-Buchman L. Stroboscopic assessment of unilateral 
vocal fold paralysis: a systematic review. Eur Arch Otorhinolaryngol 
2019; 276: 2377–2387. doi:10.1007/s00405-019-05562-x

[102] King BT. New and function-restoring operation for bilateral abductor 
cord paralysis: preliminary report. journal of the American Medical 
Association 1939; 112: 814–823

[103] Schobel H. Dilatation of the glottis in bilateral vocal cord paralysis. 
Review of various surgical procedures and a report of personal 
experience	using	a	functional	lateral	fixation	surgical	technic.	Hno	
1986; 34: 485–495

[104] Ejnell H, Mansson I, Hallen O et al. A simple operation for bilateral 
vocal cord paralysis. Laryngoscope 1984; 94: 954–958

[105] Lichtenberger G. Endo-extralaryngeal needle carrier instrument. 
Laryngoscope 1983; 93: 1348–1350

[106] Lichtenberger G, Toohill RJ. The endo-extralaryngeal needle carrier. 
Otolaryngol Head Neck Surg 1991; 105: 755–756

[107] Lichtenberger G, Toohill RJ. Technique of endo-extralaryngeal suture 
lateralization for bilateral abductor vocal cord paralysis. 
Laryngoscope 1997; 107: 1281–1283

[108] Lichtenberger	G.	Reversible	immediate	and	definitive	lateralization	of	
paralyzed vocal cords. Eur Arch Otorhinolaryngol 1999; 256: 
407–411

[109] Lichtenberger G. Reversible lateralization of the paralyzed vocal cord 
without tracheostomy. Ann Otol Rhinol Laryngol 2002; 111: 21–26

[110] Rovo L, Venczel K, Torkos A et al. Endoscopic arytenoid lateropexy for 
isolated posterior glottic stenosis. Laryngoscope 2008; 118: 
1550–1555. doi:10.1097/MLG.0b013e31817c0b32

[111] Kukwa W, Kukwa A, Piaskowska M et al. [Submucosal 
arytenoidectomy	with	laterofixation	in	the	treatment	of	bilateral	
vocal fold paralysis following lung cancer]. Otolaryngol Pol 2007; 61: 
17–20. doi:10.1016/S0030-6657(07)70376-1

[112] Rovo L, Madani S, Sztano B et al. A new thread guide instrument for 
endoscopic arytenoid lateropexy. Laryngoscope 2010; 120: 
2002–2007. doi:10.1002/lary.21055

[113] Szakacs L, Sztano B, Matievics V et al. A comparison between 
transoral glottis-widening techniques for bilateral vocal fold 
immobility. Laryngoscope 2015; 125: 2522–2529. doi:10.1002/
lary.25401

[114] Matievics V, Bach A, Sztano B et al. Functional outcomes of 
endoscopic arytenoid abduction lateropexy for unilateral vocal cord 
paralysis	with	dyspnea.	Eur	Arch	Otorhinolaryngol	2017	online	first.	
doi:10.1007/s00405-017-4696-3

[115] Thornell WC. A new intralaryngeal approach in arytenoidectomy in 
bilateral abductor paralysis of the vocal cords; report of three cases. 
Arch Otolaryngol 1949; 50: 634–639. illust. doi:10.1001/
archotol.1949.00700010648010

[116] Kleinsasser O. Endolaryngeal arytenoidectomy and submucous 
hemichordectomy for the widening of the glottis in bilateral 
abductor paralysis. Monatsschr Ohrenheilkd Laryngorhinol 1968; 
102: 443–446

[117] Lim RY. Laser arytenoidectomy. Arch Otolaryngol 1985; 111: 
262–263. doi:10.1001/archotol.1985.00800060086013

[118] Ossoff	RH,	Sisson	GA,	Duncavage	JA	et	al.	Endoscopic	laser	
arytenoidectomy for the treatment of bilateral vocal cord paralysis. 
Laryngoscope 1984; 94: 1293–1297

[119] Remacle M, Lawson G, Mayne A et al. Subtotal carbon dioxide laser 
arytenoidectomy by endoscopic approach for treatment of bilateral 
cord immobility in adduction. Ann Otol Rhinol Laryngol 1996; 105: 
438–445. doi:10.1177/000348949610500604

[120] Sato K, Umeno H, Nakashima T. Laser arytenoidectomy for bilateral 
median	vocal	fold	fixation.	Laryngoscope	2001;	111:	168–171.	
doi:10.1097/00005537-200101000-00029

[121] Dennis DP, Kashima H. Carbon dioxide laser posterior cordectomy for 
treatment of bilateral vocal cord paralysis. Ann Otol Rhinol Laryngol 
1989; 98: 930–934

[122] Reker	U,	Rudert	H.	Modified	posterior	Dennis	and	Kashima	
cordectomy in treatment of bilateral recurrent nerve paralysis. 
Laryngorhinootologie 1998; 77: 213–218. 
doi:10.1055/s-2007-996963

[123] Eckel HE. Laser surgical microlaryngoscopic glottis dilatation in the 
treatment of recurrent bilateral nerve paralysis. Surgical technique 
and results. Laryngorhinootologie 1991; 70: 17–20. 
doi:10.1055/s-2007-997976

[124] Bigenzahn	W,	Hoefler	H.	Minimally	invasive	laser	surgery	for	the	
treatment of bilateral vocal cord paralysis. Laryngoscope 1996; 106: 
791–793. doi:10.1097/00005537-199606000-00024

[125] Crumley RL. Endoscopic laser medial arytenoidectomy for airway 
management in bilateral laryngeal paralysis. Ann Otol Rhinol 
Laryngol 1993; 102: 81–84. doi:10.1177/000348949310200201

[126] Kashima HK. Bilateral vocal fold motion impairment: pathophysiology 
and management by transverse cordotomy. Ann Otol Rhinol Laryngol 
1991; 100: 717–721. doi:10.1177/000348949110000905

[127] Rontal M, Rontal E. Use of laryngeal muscular tenotomy for bilateral 
midline	vocal	cord	fixation.	Ann	Otol	Rhinol	Laryngol	1994;	103:	
583–589. doi:10.1177/000348949410300801

[128] Maurizi M, Paludetti G, Galli J et al. CO2 laser subtotal 
arytenoidectomy and posterior true and false cordotomy in the 
treatment	of	post-thyroidectomy	bilateral	laryngeal	fixation	in	
adduction. Eur Arch Otorhinolaryngol 1999; 256: 291–295. 
doi:10.1007/s004050050248

[129] Pia	F,	Pisani	P,	Aluffi	P.	CO(2)	laser	posterior	ventriculocordectomy	for	
the treatment of bilateral vocal cord paralysis. Eur Arch 
Otorhinolaryngol 1999; 256: 403–406. doi:10.1007/s004050050175

[130] Sapundzhiev N, Lichtenberger G, Eckel HE et al. Surgery of adult 
bilateral vocal fold paralysis in adduction: history and trends. Eur 
Arch Otorhinolaryngol 2008; 265: 1501–1514. doi:10.1007/
s00405-008-0665-1

S157



Müller AH. Active and Passive Bioimplants … Laryngo-Rhino-Otol 2022; 101: S144–S159 | © 2022. Thieme. All rights reserved.

Referat

[131] Nawka T, Sittel C, Gugatschka M et al. Permanent transoral surgery of 
bilateral vocal fold paralysis: a prospective multi-center trial. 
Laryngoscope 2015; 125: 1401–1408. doi:10.1002/lary.25137

[132] Nawka T, Sittel C, Arens C et al. Voice and respiratory outcomes after 
permanent transoral surgery of bilateral vocal fold paralysis. 
Laryngoscope 2015; 125: 2749–2755. doi:10.1002/lary.25415

[133] Nawka T, Gugatschka M, Kolmel JC et al. Therapy of bilateral vocal 
fold paralysis: Real world data of an international multi-center 
registry. PLoS One 2019; 14: e0216096. doi:10.1371/journal.
pone.0216096

[134] Inglis AF Jr., Perkins JA, Manning SC et al. Endoscopic posterior cricoid 
split and rib grafting in 10 children. Laryngoscope 2003; 113: 
2004–2009

[135] Modi VK. Endoscopic posterior cricoid split with rib grafting. 
Advances in oto-rhino-laryngology 2012; 73: 116–122. 
doi:10.1159/000334463

[136] Gerber ME, Modi VK, Ward RF et al. Endoscopic posterior cricoid split 
and costal cartilage graft placement in children. Otolaryngol Head 
Neck Surg 2013; 148: 494–502. doi:10.1177/0194599812472435

[137] Dahl JP, Purcell PL, Parikh SR et al. Endoscopic posterior cricoid split 
with	costal	cartilage	graft:	A	fifteen-year	experience.	Laryngoscope	
2017; 127: 252–257. doi:10.1002/lary.26200

[138] Ruda J, Dahl J, McClain W et al. Multi-institutional Evaluation of 
Radiologic Findings Associated With Pediatric Congenital Idiopathic 
Bilateral Vocal Fold Dysfunction. Otolaryngol Head Neck Surg 2021; 
164: 1314–1321. doi:10.1177/0194599820961109

[139] Hsu AK, Rosow DE, Wallerstein RJ et al. Familial congenital bilateral 
vocal fold paralysis: a novel gene translocation. International journal 
of pediatric otorhinolaryngology 2015; 79: 323–327. doi:10.1016/j.
ijporl.2014.12.009

[140] Giotakis AI, Pototschnig C. Prognosis of congenital idiopathic 
abductor laryngeal paralysis with laryngeal electromyography. The 
Laryngoscope 2020; 130: E252–E257. doi:10.1002/lary.28079

[141] Berkowitz RG. Natural history of tracheostomy-dependent idiopathic 
congenital bilateral vocal fold paralysis. Otolaryngol Head Neck Surg 
2007; 136: 649–652. doi:10.1016/j.otohns.2006.11.050

[142] Mueller A, Blechschmidt K. Abstract: Our concept on larynx-pacing. 
In: Andrea M ed 5th Congress of the EuropeanLaryngological Society 
(Lisbon 10-13 July 2004). Lisbon: European Archives of Oto-Rhino-
Laryngology and Head & Neck 2004; 998. doi:10.1007/s00405-005-
0943-0

[143] Volk GF, Hagen R, Pototschnig C et al. Laryngeal electromyography: a 
proposal for guidelines of the European Laryngological Society. Eur 
Arch Otorhinolaryngol 2012; 269: 2227–2245. doi:10.1007/
s00405-012-2036-1

[144] Foerster G, Mueller AH. Laryngeal EMG: Preferential damage of the 
posterior cricoarytenoid muscle branches especially in iatrogenic 
recurrent laryngeal nerve lesions. Laryngoscope 2018; 128: 
1152–1156. doi:10.1002/lary.26862

[145] Stennert E. The autoparalytic syndrome – a leading symptom of 
postparetic facial function. Archives of oto-rhino-laryngology 1982; 
236: 97–114. doi:10.1007/bf00464062

[146] Crumley RL. Mechanisms of synkinesis. Laryngoscope 1979; 89: 
1847–1854. doi:10.1288/00005537-197911000-00020

[147] Crumley	RL.	Laryngeal	synkinesis:	its	significance	to	the	
laryngologist. Ann Otol Rhinol Laryngol 1989; 98: 87–92

[148] Crumley RL. Laryngeal synkinesis revisited. Ann Otol Rhinol Laryngol 
2000; 109: 365–371

[149] Zealear DL, Billante CR. Synkinesis and Dysfunctional Reinnervation 
of the Larynx. In: Sulica L, Blitzer A, Hrsg. Vocal Fold Paralysis. Berlin 
Heidelberg New York: Springer; 2006: 17–32

[150] Statham MM, Rosen CA, Smith LJ et al. Electromyographic laryngeal 
synkinesis alters prognosis in vocal fold paralysis. The Laryngoscope 
2009 NA-NA. doi:10.1002/lary.20629

[151] Mueller AH. Laryngeal Synkinesis – a viable condition for Laryngeal 
Pacing. In: Remacle JM, Prasad V, Hrsg. Advances in 
Neurolaryngology. Basel: Karger; 2019

[152] Mueller AH, Pototschnig C. Recurrent Laryngeal Nerve Stimulator. 
Otolaryngol Clin North Am 2020; 53: 145–156. doi:10.1016/j.
otc.2019.09.009

[153] Mueller AH, Marie J-P, Mardion NB et al. Reinnervation/Pacing for 
Bilateral Vocal Fold Paralysis. In: Amin MR, Johns MM, Hrsg. Decision 
Making in Vocal Fold Paralysis. Cham: Springer Switzerland; 2019: 
257–268. doi:10.1007/978-3-030-23475-1_18

[154] Akbulut S, Betka J, Chrobok V et al. Pacing/Reinnervation. In: 
Rehabilitation	and	Prognosis	of	Voice	Disorders.	In:	am	Zehnhoff-
Dinnesen A, Wiskirska-Woznica B, Neumann K et al., Hrsg. 
Phoniatrics I: Fundamentals – Voice Disorders – Disorders of 
Language and Hearing Development. Berlin, Heidelberg: Springer 
Berlin Heidelberg; 2020: 435-536. DOI:10.1007/978-3-662-46780-
0_8

[155] Mueller AH, Klinge K. RLN Paralysis - Update on Reinnervation and 
Neurostimulation. Medical Research Archives 2018; 6: Online Journal, 
Artikel ohne Seitenangabe. doi:10.18103/mra.v6i5.1781

[156] Bach A, Sztano B, Matievics V et al. Isolated Recovery of Adductor 
Muscle Function Following Bilateral Recurrent Laryngeal Nerve 
Injuries. Laryngoscope 2019; 129: 2334-2340. DOI: 10.1002/
lary.27718

[157] Mueller AH. Laryngeal Pacing. In: Sittel C, Guntinas-Lichius O, Hrsg. 
Neurolaryngology. Cham: Springer International Publishing; 2018: 
173–183. doi:10.1007/978-3-319-61724-4_14

[158] Forster	G,	Arnold	D,	Bischoff	SJ	et	al.	Laryngeal	pacing	in	minipigs:	in	
vivo test of a new minimal invasive transcricoidal electrode insertion 
method for functional electrical stimulation of the PCA. Eur Arch 
Otorhinolaryngol 2013; 270: 225–231. doi:10.1007/s00405-012-
2141-1

[159] Mueller AH. Laryngeal Neuroprothesis. ENT & Audiology News 2012; 
21: 47–48

[160] Förster G, Schubert H, Arnold D et al. Laryngeal pacemaker – acute 
and chronic minimal invasive electrode implantations in pig larynx 
Abstracts from the 8th Congress of the European Laryngological 
Society, 1–4 September 2010, Vienna, Austria. Eur Arch 
Otorhinolaryngol 2011; 268: 759–800. doi:10.1007/s00405-011-
1544-8

[161] Mueller AH. Laryngeal pacing for bilateral vocal fold immobility. 
Current opinion in otolaryngology & head and neck surgery 2011; 
19: 439–443. doi:10.1097/MOO.0b013e32834cb7ba

[162] Zealear DL, Dedo HH. Control of paralysed axial muscles by electrical 
stimulation. Acta oto-laryngologica 1977; 83: 514–527

[163] Sanders I. Electrical stimulation of laryngeal muscle. Otolaryngol Clin 
North Am 1991; 24: 1253–1274

[164] Kano S, Sasaki CT. Pacing parameters of the canine posterior 
cricoarytenoid muscle. Ann Otol Rhinol Laryngol 1991; 100: 584–588

[165] Zrunek M, Carraro U, Catani C et al. Functional electrostimulation of 
the denervated posticus muscle in an animal experiment: histo- and 
biochemical results. Laryngol Rhinol Otol (Stuttg) 1986; 65: 621–627

[166] Otto RA, Davis W, Betten JR et al. Electrophysiologic pacing of vocal 
cord abductors in bilateral recurrent laryngeal nerve paralysis. Am J 
Surg 1985; 150: 447–451

[167] Broniatowski M, Kaneko S, Jacobs G et al. Laryngeal pacemaker. II. 
Electronic pacing of reinnervated posterior cricoarytenoid muscles in 
the canine. Laryngoscope 1985; 95: 1194–1198

S158



Müller AH. Active and Passive Bioimplants … Laryngo-Rhino-Otol 2022; 101: S144–S159 | © 2022. Thieme. All rights reserved.

[168] Obert PM, Young KA, Tobey DN. Use of direct posterior 
cricoarytenoid stimulation in laryngeal paralysis. Arch Otolaryngol 
1984; 110: 88–92

[169] Bergmann K, Warzel H, Eckhardt HU et al. Respiratory rhythmically 
regulated electrical stimulation of paralyzed laryngeal muscles. 
Laryngoscope 1984; 94: 1376–1380

[170] Zealear DL, Rainey CL, Herzon GD et al. Electrical pacing of the 
paralyzed human larynx. Ann Otol Rhinol Laryngol 1996; 105: 
689–693

[171] Zealear DL, Billante CR, Courey MS et al. Reanimation of the 
paralyzed human larynx with an implantable electrical stimulation 
device. Laryngoscope 2003; 113: 1149–1156

[172] Müller AH, Hagen R, Förster G et al. Laryngeal Pacing for the 
treatment of bilateral vocal fold paralysis: 24 m results of 
aprospective	first-in-human	study.	In:	Dietz	A	ed	91	
Jahresversammlung der Deutschen Gesellschaft für HNO-Heilkunde, 
Kopf- und Hals-Chirurgie eV, Bonn – Welche Qualität macht den 
Unterschied. Berlin/Online: Laryngorhinootologie;  2020. 
doi:10.1055/s-0040-1710790

[173] Marie JP, Laquerriere A, Lerosey Y et al. Selective resection of the 
phrenic nerve roots in rabbits. Part I: Cartography of the residual 
innervation. Respir Physiol 1997; 109: 127–138. 
doi:S0034568797000479 [pii]

[174] Marie JP, Dehesdin D, Ducastelle T et al. Selective reinnervation of the 
abductor and adductor muscles of the canine larynx after recurrent 
nerve paralysis. Ann Otol Rhinol Laryngol 1989; 98: 530–536

[175] Marie J. Contribution à l’étude de la réinnervation laryngée 
expérimentale; intérêt du nerf phrénique. Laryngeal reinnervation: 
special interest with the phrenic nerve. PhD Thesis. University of 
Rouen, Normandy, France. 1999: p300; 1999

[176] Marina MB, Marie J-P, Birchall MA. Laryngeal reinnervation for 
bilateral vocal fold paralysis. Current opinion in otolaryngology & 
head and neck surgery 2011; 19

[177] Dunya G, Orb QT, Smith ME et al. A Review of Treatment of Bilateral 
Vocal Fold Movement Impairment. Current Otorhinolaryngology 
Reports 2021. doi:10.1007/s40136-020-00320-8

[178] Li M, Chen S, Zheng H et al. Reinnervation of bilateral posterior 
cricoarytenoid muscles using the left phrenic nerve in patients with 
bilateral vocal fold paralysis. PLoS One 2013; 8: e77233. doi:10.1371/
journal.pone.0077233

[179] Li M, Zheng H, Chen S et al. Selective reinnervation using phrenic 
nerve and hypoglossal nerve for bilateral vocal fold paralysis. 
Laryngoscope 2019; 129: 2669–2673. doi:10.1002/lary.27768

[180] Lee JW, Bon-Mardion N, Smith ME et al. Bilateral Selective Laryngeal 
Reinnervation for Bilateral Vocal Fold Paralysis in Children. JAMA 
otolaryngology – head & neck surgery 2020; 146: 401–407. 
doi:10.1001/jamaoto.2019.4863

[181] Li	M,	Chen	D,	Song	X	et	al.	The	effect	of	patient	age	on	the	success	of	
laryngeal reinnervation. Eur Arch Otorhinolaryngol 2014; 271: 
3241–3247. doi:10.1007/s00405-014-3091-6

S159


