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Development and Translational Application of Bioengineered Substitute Materials
for Patient-Specific Laryngeal Implants via 3D Printing Technologies

Relevan
ce

Injury to the recurrent laryngeal nerve (RLN) represents one of the most common
iatrogenic complications in surgery. Such injuries may occur during a wide range of
procedures, including thoracic and cardiac surgeries, reconstructive operations on
the aortic arch, esophageal reconstruction with graft placement in the posterior
mediastinum, surgical treatment of carotid artery stenosis, anterior cervical
approaches for cervical spine disorders, and thyroid surgery.

The occurrence of bilateral vocal fold paresis accompanied by respiratory
compromise constitutes a life-threatening condition, often necessitating emergency
tracheostomy and potentially resulting in long-term disability.

In the management of this pathology, surgical approaches are employed, including:
(a) injection laryngoplasty;

(b) surgical interventions involving the laryngeal muscles and cartilages.

Currently, there is still no certified material available for injection laryngoplasty to
effectively restore vocal fold defects. For medialization procedures, silicone and
titanium implants are commonly used; however, these materials are not readily
accessible in Kazakhstan.

In this context, the development of novel bioengineered substitute materials is
considered a promising direction, particularly through the application of additive
manufacturing technologies to produce graft-implants with optimal biointegration
properties.

Purpose

This project aims to develop and systematically investigate bioengineered implants
with spatially controlled density, tailored to specific anatomical regions, through
the application of advanced 3D bioprinting technologies.

Objectiv
es

1. Study and Analysis of Bone Substitute Materials for Additive Manufacturing of
Grafts

a) Review of existing biomaterials:

This includes the systematic evaluation and classification of materials currently
used or potentially applicable for bone substitutes, such as polymers, bioceramics,
composites, carbon-based materials, and their combinations.

b) Analysis of material properties:

Assessment of biocompatibility, mechanical properties (strength, stiffness,
elasticity), osteointegration capacity (integration with bone tissue), porosity
(required for cellular and vascular ingrowth), and degradation resistance.

c¢) Evaluation of 3D printability:

Assessment of the suitability of materials for additive manufacturing technologies,
including 3D printing, considering their physicochemical properties and behavior
during the printing process.

2. Selection of Materials and Conditions for Additive Fabrication of Grafts

a) Identification of optimal materials (e.g., carbon-based nanomaterials and their
composites) for additive manufacturing, considering their biocompatibility,
mechanical performance, and degradation stability.

b) Development of synthesis protocols for carbon nanomaterials and their
composites for biomedical applications.

c) Optimization of physical synthesis parameters (e.g., temperature and related
conditions).




d) Experimental synthesis of carbon nanomaterials and their composites, including
structural and morphological characterization of the resulting nanostructures,
followed by comprehensive data analysis.

3. Development of Methods for Evaluation of Raw Materials (Drug Release and
Mechanical Properties)

a) Identification of relevant types of carbon nanomaterials (e.g., graphene, carbon
nanotubes, fullerenes).

b) Investigation of the release kinetics of active substances (e.g., drugs, bioactive
molecules) from carbon nanomaterials.

c¢) Development and application of analytical methods for release assessment (e.g.,
UV spectroscopy, HPLC).

d) Evaluation of mechanical properties (shear strength, tensile strength, elastic
modulus).

e) Assessment of resistance to mechanical loading, fatigue behavior, and
environmental stress conditions.

4. Investigation of Graft Synthesis Methods

Including optimization of synthesis parameters and degradation rate (2026).

5. Analysis of Graft Quality Characteristics

6. Toxicological Evaluation

Toxicological testing of synthesized bone substitute materials.

7. Radiation Safety Assessment of the Graft

8. Stability Studies of Developed Graft Samples

Including evaluation of:

degradation rate

release of active substances

mechanical properties (extended analysis)

microbiological purity

biocompatibility

analytical specificity and sensitivity

testing under simulated conditions

technical performance testing

9. Evaluation of Graft Samples Using Developed Methods

10. Dissemination of Results

Publication of research findings (planned for 2027).

11. Development of Advanced Evaluation Methods for Graft Samples

Including assessment of:

degradation kinetics

release profiles of active substances

mechanical properties

microbiological purity

biocompatibility

12. Final Evaluation and 3D Printing of Graft Samples

Validation using developed methodologies and fabrication via 3D printing
technologies.

13. Technology Readiness Level (TRL)

According to the methodology for determining the Technology Readiness Level
(TRL) of scientific organizations and research universities and their developments,
approved by the Order of the Chairman of the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan dated July 18,
2023, No. 112-nzh:

At the time of submission: TRL 2 (supporting documents provided in the AIS
under “required documents™)

Expected upon project completion: TRL 4




Expecte
d and
achieved
results

Expected Results

A comprehensive analysis of bone substitute materials for additive graft fabrication
will be conducted.

Existing materials will be systematically evaluated, their limitations identified, and
key requirements for next-generation materials will be defined, including improved
biocompatibility, durability, and suitability for 3D printing.

Continued analysis of material selection criteria for additive graft fabrication.
Optimal materials (e.g., carbon-based materials and their composites) will be
identified based on their biocompatibility, structural and mechanical properties, and
degradation resistance.

Selection of precursor materials.

Optimal carbon nanomaterials will be selected with consideration of
biocompatibility and functional performance.

Release kinetics will be evaluated, including controlled and sustained release of
active substances.

Mechanical properties (strength, stiffness, elasticity) meeting biomedical
requirements will be defined.

Development of a methodology for additive fabrication of biodegradable bone
substitutes using 3D modeling technologies.

Production of experimental graft prototypes from biodegradable bone substitute
materials (planned for 2026).

Analysis of qualitative characteristics of the grafts, including preparation of
experimental protocols with conclusions on suitability for further testing.
Toxicological evaluation of synthesized bone substitute materials, with documented
protocols and conclusions regarding further applicability.

Assessment of radiation safety of the grafts, with corresponding validation
protocols.

Stability studies of the developed graft samples, including:

degradation rate

release of active substances

mechanical properties (extended analysis)

microbiological purity

biocompatibility

analytical specificity and sensitivity

testing under simulated conditions

technical performance evaluation

All results will be documented in validated protocols with conclusions on
suitability for further studies.

Final evaluation of graft samples using the developed methodologies will result in a
comprehensive report summarizing physicochemical, mechanical, and biological
properties, along with recommendations for their application as laryngeal implants.
Achieved Results

Development and optimization of a hydrogel composition for 3D bioprinting

A biomimetic hydrogel based on nano-hydroxyapatite, sodium alginate, and
glycerol was successfully developed and experimentally validated.

Optimal dispersion and homogenization parameters (ultrasonic treatment and
magnetic stirring) were established, enabling the formation of a stable viscoelastic
system suitable for extrusion-based 3D printing (viscosity: 2000-4000 Pa-s).
Comprehensive physicochemical characterization of nano-hydroxyapatite
Structural validation was performed using Raman spectroscopy, X-ray diffraction
(XRD), and scanning electron microscopy (SEM).




Findings confirmed:

correspondence to the reference crystalline phase Caio(PO4)s(OH):

high crystallinity

absence of secondary phases and impurities

Formation of composite hydrogel (Version 1)

A composite hydrogel (nano-hydroxyapatite + sodium alginate + glycerol) was
synthesized.

Results demonstrated:

phase homogeneity

integration of mineral and organic phases

Raman and XRD analyses confirmed structural integrity and preservation of
hydroxyapatite crystallinity.

Fabrication and evaluation of experimental graft samples

Grafts were produced via extrusion followed by ionic crosslinking in CaCl:
solution.

Confirmed:

structural stability

reproducibility of the process

preservation of morphology post-crosslinking

Development of second-generation biomimetic composition (Version 2)

An improved hydrogel formulation including gelatin was developed.

Key outcomes:

increased elasticity

improved mimicry of laryngeal soft tissue biomechanics

formation of a homogeneous biopolymer matrix

Validation of structural and phase stability of composites

XRD and Raman analyses confirmed stable composite architecture, characteristic
hydroxyapatite peaks, and absence of parasitic phases.

Morphological characterization of hydrogels

Optical microscopy revealed:

homogeneous component distribution

porous architecture typical for biomimetic matrices

presence of air inclusions, indicating the need for process optimization (deaeration
stage)

Comparative analysis of developed hydrogels

Version 1: higher mechanical strength and structural stability (suitable for
mineralized tissue modeling)

Version 2: higher elasticity and closer resemblance to soft tissue biomechanics
Both variants demonstrated phase purity and suitability for 3D bioprinting.
Justification of further research directions

Future work includes:

rheological studies

mechanical testing

biocompatibility assessment

preparation for in vitro and in vivo studies

Scientific dissemination

One review article has been published in a national peer-reviewed journal indexed
by KKSON: Oncology and Radiology of Kazakhstan, No. 3(77), 2025.
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1. Application in Laryngeal Surgery

The developed material can be applied for:

Medialization laryngoplasty (Ishiki type I) using 3D-printed implants
Reconstruction of vocal fold defects

Correction of unilateral vocal fold paresis/paralysis

A key advantage lies in the ability to fabricate patient-specific implants tailored to
individual anatomical features.

2. Application in Injection Laryngology

The hydrogel can be adapted for:

Injection laryngoplasty

Temporary or long-term vocal fold medialization

Restoration of vocal function

Unlike conventional fillers, the material demonstrates potential for long-term
integration and tissue regeneration.

3. Application in 3D Bioprinting of Laryngeal Tissues
The material is intended for:

Fabrication of tissue-engineered laryngeal constructs
Modeling of vocal folds




Development of organ-specific implant prototypes

This opens mnepcrnexktuBsl for the transition toward personalized regenerative
medicine.

4. Application in Experimental and Translational Medicine
The developed material can be used for:

Creation of in vitro models of laryngeal tissues
Biomechanical and pharmacological studies

Testing of novel therapeutic approaches

It can serve as an experimental platform for further research and translational
applications.

5. Potential in Regenerative Medicine

The hydrogel can be functionalized with:

Growth factors (e.g., VEGF)

Cellular components (e.g., mesenchymal stem cells, MSCs)

Exosomes

This enables its use as a platform for developing bioactive implants with controlled
tissue regeneration.

6. Educational and Scientific Applications

The developed material can be utilized in:

Educational programs in otorhinolaryngology and biomedical engineering
Demonstration of 3D bioprinting technologies

Training of PhD candidates and research personnel

7. Prospects for Clinical Translation

The results of the study create a foundation for:

Development of a medical device

Regulatory approval and technology registration

Implementation in specialized ENT centers

In the long term, this approach enables the development of domestically produced
biomaterials for laryngeal surgery, reducing dependence on imported solutions.

Priority
compare
dto
real-wor
1d
alternati
ves

In contrast to existing analogues, the developed biomimetic hydrogel integrates the
structure-forming role of nano-hydroxyapatite within a biopolymeric matrix,
providing not only mechanical support but also a pronounced potential for tissue
regeneration. This enables its consideration as a foundational platform for the
development of patient-specific 3D-printed laryngeal implants.

For the first time, a biomimetic hydrogel based on nano-hydroxyapatite and
biopolymers has been developed, in which the mineral phase serves a
structure-forming function within a three-dimensional matrix. This design ensures a




synergistic combination of mechanical stability and regenerative capacity, thereby
establishing a scientific and technological basis for the fabrication of personalized
laryngeal implants via 3D printing.

The proposed material surpasses existing analogues through its unique combination
of biomimetic properties, compatibility with additive manufacturing technologies,
and intrinsic regenerative potential. These features position it as a next-generation
bioengineered solution in the fields of otorhinolaryngology and tissue engineering.

List of
publicati
ons with
links to
them

1. Isshiki N. Phonosurgery. Theori and Practic. Springer-Verlag 1989.

2. Ynoza B., banscasuuroc K. Xupypruueckoe JiedueHre JIByCTOPOHHETO Mapaindya
ropTaHu JjarepouKcanueii ToJ0COBOW CKiIagku. BectH otopuHomap 1998; 6:
24—217.

3. Ejnell H., Mansson 1., Bake B. A simple operation for for bilateral vocal cord
paralysis. Laryngoscope 1984; 94: 7: 954—958.

4. Maragos N.E. The posterior thyroplasty window: anatomical considerations.
Laryngoscope 1999; 109: 1228—1231.

5. Huxonenxo B.H., Mapees O.B., Crapoctuna C.B. KoHcTuTyuu- oHanbHas
JApUHTOCTEPEOTONIOMETPUSI B XUPYPTMUECKOM JIEUEHUU CPEIUHHBIX CTEHO30B
ropranu. Caparos: U3a-so CI'MY 2007.

6. Mapees O.B., Crapoctuna C.B. [1arent Ne48738 PO, MKU A

61 B 1/00 Crepeoromomerp. P®; I'OY BIIO «Caparosckuit [MVY» Pocsapasa).
Ne2005119006; 3asB1. 20.06.05; Omy6:.

10.11.05. Brom. Ne31. C.1—2.

7. Crapoctuna C.B., Mapees O.B., Hukonenko B.H. Ilarent

Ne2458644 PO, MIIK A61B 17/2. Crioco6 MennaduKkcanuy roiocoBOM CKIAIKH B
Jie4eHUH OOJIBHBIX C OJHOCTOPOHHHMHU IMa- panuvyamu ropranu. PO; 'bOY BIIO
«CaparoBckuii I'MY wum. B.M. PasymoBckoro» MunsapaBa Poccuu.
Ne2011131913/14; 3asBn. 28.07.11; Omy6a. 20.08.12. bron. Ne. 23. C. 1—S8.

8. 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.

9. CeBactbsiHoB B.M. TexHonoruu TKaHEBOW WHXKEHEPUU U PETrCHEPATUBHOM
meaununbl / B.U. CeBacTbsiHOB // BeCTHUK TPaHCIIAHTOJIOTHH U UCKYCCTBEHHBIX
opranoB. — 2014. — Ne 3. — C. 93—-108. — doi: 10.15825/1995-1191- 2014-3-93-108.
10. Cenbckuit H.E. Wcnonb3oBaHue ajulOreHHBIX TPAHCIIAHTATOB U JICHTAJIbHBIX
MMIUIAHTATOB MPH KOMITJIEKCHOHN peadbunutaruu nanueHTos / H.E. Cenbckuii, A.B.
Tpoxamun, JILA. Mycuna // AHHanbl TJIACTUYECKOH, PEKOHCTPYKTUBHOW U
acreTndeckoi xupypruu. —2016. —Ne 2. — C. 50-61.

11. IlymunoBa A.A. Marepuasbl A BOCCTAHOBJIECHUS KOCTHOM TKaHu / A.A.
[Oymunosa, E.M. Iumankas // XKypunan Cubupckoro denepaibHOTO
yHuBepcuteta. buonorus. —2014. —T. 7, Ne 2. — C. 209-221.

12. Agarwal R. Biomaterial strategies for engineering implants for enhanced
osseointegration and bone repair / R. Agarwal, A.J. Garcia // Advanced drug
delivery reviews. — 2015. — Vol. 94. — P. 53-62.

13. Altiparmak N. Effect of induced membrane on guided bone regeneration in an
experimental calvarial model / N. Altiparmak, S.S. Akdeniz, E.Y. Akcay [et al.] //
The Journal of Craniofacial Surgery. — 2020. — Vol. 31, N 3. — P. §79-883.

14. Artas G. A comparison of different bone graft materials in peri-implant guided
bone regeneration / G. Artas, M. Gul, I. Acikan [et al.] / Brazilian Oral Research. —
2018. — Vol. 32. — P. 59.

15. Bauermeister A.J. Three-dimensional printing in plastic and reconstructive
surgery: a systematic review / A.J. Bauermeister, A. Zuriarrain, M.I. Newman //
Annals of Plastic Surgery. —2016. — Vol. 77, N 5. — P. 569-576.




16. Bellucci D. Bioactive glass/hydroxyapatite composites: mechanical properties
and biological evaluation / D. Bellucci, A. Sola, A. Anesi [et al.] // Materials
Science & Engineering. C, Materials for Biological Applications. — 2015. — Vol. 51
—P. 196-205.

17. Bing Du. Angiogenesis and bone regeneration of porous
nanohydroxyapatite/coralline blocks coated with rthVEGF165 in critical-size
alveolar bone defects in vivo / Du Bing, Liu Weizhen, Deng Yue [et al.] // Int J
Nanomedicine. — 2015. — Vol. 10. — P. 2555-2565. — doi: 10.2147/1JN.S78331.

18. Bral A. In vivo biofunctionalization of titanium patient-specific implants with
nano hydroxyapatite and other nano calcium phosphate coatings: A systematic
review / A. Bral, M.Y. Mommaerts // Journal of Cranio-Maxillo-Facial Surgery:
248 Official Publication of the European Association for Cranio-Maxillo-Facial
Surgery. —2016. — Vol. 44, N 4. — P. 400—412.

19. Cichon E. Novel bioresorbable tricalcium phosphate/ polyhydroxyoctanoate
(TCP/PHO) composites as scaffolds for bone tissue engineering applications / E.
Cichon, K. Harazna, S. Skibinski [et al.] // Journal of the Mechanical Behavior of
Biomedical Materials. —2019. — Vol. 98. — P. 235-245.

20. Chang B. Hybrid three-dimensional-printed ear tissue scaffold with autologous
cartilage mitigates soft tissue complications / B. Chang, A. Cornett, Z.
Nourmohammadi [et al.] / The Laryngoscope. — 2021. — Vol. 131, N 5. — P.
1008-1015.

21. Collins M.T. Bone formation, growth, and repair / M.T. Collins, C.A. Stratakis
// Hormone and Metabolic Research. Hormon- und Stoffwechselforschung.
Hormones et Metabolisme. —2016. — Vol. 48, N 11. — P. 687-688. 251

22. Erten E. The great harmony in translational medicine: biomaterials and stem
cells / E. Erten, Y.E. Arslan // Advances in Experimental Medicine and Biology. —
Springer, Cham., 2018. — Vol. 1119. — doi.org/10.1007/5584 2018 231. 254

23. Ghai S. Use of 3D-printing technologies in craniomaxillofacial surgery: a
review / S. Ghai, Y. Sharma, N. Jain [et al.] / Oral and Maxillofacial Surgery. —
2018. — Vol. 22, N 3. — P. 249-259.

24. Goodyear S.R. Mechanical properties of bone ex vivo / S.R. Goodyear, R.M.
Aspden // Methods in Molecular Biology (Clifton, N.J.). — 2019. — Vol. 1914. — P.
241-257.

25. Jambunathan P. Engineered biosynthesis of biodegradable polymers / P.
Jambunathan, K. Zhang // Journal of Industrial Microbiology & Biotechnology. —
2016.— Vol. 43, N 8. — P. 1037-1058.

26. Karahaliloglu Z. Antibacterial nanostructured Polyhydroxybutyrate Membranes
for Guided Bone Regeneration / Z. Karahaliloglu, B. Ercan, E.N. Taylor [et al.] //
Journal of Biomedical Nanotechnology. —2015. — Vol. 11, N 12. — P. 2253-2263.
27. Tukaszewska-Kuska M. Hydroxyapatite coating on titanium endosseous
implants for improved osseointegration: Physical and chemical considerations / M.
Tukaszewska-Kuska, P. Krawczyk, A. Martyla [et al.] / Advances in Clinical and
Experimental Medicine: Official Organ Wroclaw Medical University. — 2018. —
Vol. 27, N 8. — P. 1055-1059.

28. Anna A. Shumilova and Ekaterina I. Shishatskaya. Materials for Restoration of
Bone Tissue. // Journal of Siberian Federal University. Biology 2 (2014 7) 209-221
29. Global Additive Manufacturing Market, Forecast to 2025./ Wctounuk:
http://www.namic.sg/sites/default/files/201708/Global%20Additive%20Manufactur
ing%20Market 1.pdf

30. Murphy SV, Atala A. 3D bioprinting of tissues and organs./ Nature
Biotechnology. 32 (8), 773-785, 2014




31. Shailly H. Jariwala , 1 Gregory S. Lewis et al. 3D Printing of Personalized
Artificial Bone Scaffolds.// MARY ANN LIEBERT, INC. VOL. 2, NO. 2, 2015.
DOI: 10.1089/3dp.2015.0001

32. Xiaohong Wang, Qiang Ao et al. 3D Bioprinting Technologies for Hard Tissue
and Organ Engineering.// Materials 2016, 9, 802; doi:10.3390/ma9100802

33. Shivakalyani Adepua, Nandini Dhimanb, et al. Three-dimensional bioprinting
for bone tissue Regeneration.// Current Opinion in Biomedical Engineering 2017,
2:22-28.]

34. Sayani Chattopadhyay and Ronald T. Raines. Collagen-Based Biomaterials for
Wound Healing. Biopolymers.// 2014  August ; 101(8): 821-833.
doi:10.1002/bip.22486.

35. Wcrpanos JLII. Mcrpanosa E.B. KOJUIATEH M3 KOXMU JIOLIAJIEM —
HOBOE BCIIOMOI'ATEJIBHOE BEHIIECTBO.// ®apmamus, 2015, Ne 2, C.
37-39.

36. Global Tissue Engineered Collagen Biomaterials Market: Rising Use of
Collagen in Wound Healing Stokes Demand, finds TMR. // HWctounuk:
http://www.transparencymarketresearch.com/pressrelease/tissue-engineered-collage
n-biomaterials-market.htm.

37. Susheel Kalia, Alain Dufresne. Cellulose-Based Bio- and Nanocomposites: A
Review.// International Journal of Polymer Science, Volume 2011, Article ID
837875

38. D. Klemm, D. Schumann, F. Kramer, N. Hessler, N. Koth, D.. Nanocellulose
materials — different cellulose, different functionality // Macromol. Symp. J. —
2009. — Ne 280. P. 60-71.

39. Global Nanocellulose (Nano-crystalline Cellulose, Nano-fibrillated Cellulose
and Bacterial Nanocellulose) Market Set for Rapid Growth, To Reach Around USD
530.0 Million by 2021.// Hcrouynuk:
http://www.marketresearchstore.com/news/global-nanocellulose-market-223

40. T.B. Cadpanosa, B.M. IlymnseB u nap. CuHTE3 HAHOKPHCTAIMYECKOTO
THAPOKCHAIIATUTA KaJlbIUs M3 caxaparoB Kaiblus W Tuapdocdara ammoHwus.//
Hoxnan akagemun Hayk, 2009, Tom 426, Ned, ¢ 491-496.

41. Global Medical Ceramics Market is Expected to Reach USD 20.11 Billion by
2022.// Hcrouynuk:
https://www.zionmarketresearch.com/news/medical-ceramics-market

42. Yu Shrike Zhang, Kan Yue, et al. 3D Bioprinting for Tissue and Organ
Fabrication.//  Annals  of  Biomedical = Engineering, 2016, DOI:
10.1007/s10439-016-1612-8

43. PoccuiiCkuil PBIHOK HMIUIAaHTAaTOB g ocreocuHTe3a B 2005-2012 romax.
[Iporuo3s no 2017 roma, 2012

44. Bone Graft Substitutes Market Trends.// HcTouHuk:
http://www.strategyr.com/MarketResearch/infographTemplate.asp?code=MCP-163

7

45. Ananu3 pbIHKAa KOMMEpPYECKUX MEIUIMHCKUX yciyT B Kasaxcrane B 2012-2016
IT, MIPOTHO3 Ha 2017-2021 rr.// Hcrounnk:
http://businesstat.ru/kz/services/health/medicine/analiz_rynka kommercheskih me

dicinskih uslug v kazahstane/

46. lemorpaduueckuit nporuo3 Pecnyonuku Kazaxcran - Akorda.kz.// Uctounuk:
www.akorda.kz/upload/nac_komissiya po_delam zhenshin//lemorpaduueckasn®%?2

Omonutuka/4.2%?20pyc.pdf

47. P. O. Top6aros, A. JI. Pomanos. CO3JJAHUE OPTAHOB U TKAHEH C
I[NOMOIIBKO BUOITEYATUH.// Becthuk BoarI'MY. Beinyck 3 (63). 2017

48. MedTech: 3D Printing A Solution for Innovation Morgan Stanley. 2013,
September 5




49. Chandra M Ivey. Vocal Fold Paresis. Otolaryngol Clin North Am. 2019
Aug;52(4):637-648. doi: 10.1016/j.0tc.2019.03.008. Epub 2019 May 11.
Uctounuk: https://pubmed.ncbi.nlm.nih.gov/31088695/

50. Michelle White, Kirsten Meenan, Tirth Patel, Aaron Jaworek, Robert T
Sataloff. Laboratory Evaluation of Vocal Fold Paralysis and Paresis. J Voice. 2017
Mar;31(2):168-174. doi: 10.1016/j.jvoice.2016.07.022. Epub 2016 Oct 21.
Hctounuk: https://pubmed.ncbi.nlm.nih.gov/27777055/

51. James Phillip Thomas. Visual Neurolaryngology. Adv Otorhinolaryngol.
2020:85:10-17. doi: 10.1159/000456679. Epub 2020 Nov 9. HcTo4HHK:
https://pubmed.ncbi.nlm.nih.gov/33166977/

52. Ignacio Hernandez-Morato, Victoria X Yu, Michael J Pitman. A review of the
peripheral proprioceptive apparatus in the larynx. Front Neuroanat. 2023 Feb
24:17:1114817.

doi: 10.3389/fnana.2023.1114817. eCollection 2023. HcToynuk:
https://pubmed.ncbi.nlm.nih.gov/36910514/

53. Estes C, Sadoughi B, Mauer E, Christos P, Sulica L. Laryngoscopic and
stroboscopic signs in the diagnosis of vocal fold paresis. Laryngoscope. 2017
Sep;127(9):2100-2105. doi: 10.1002/lary.26570. Epub 2017 Mar 27. PMID:
28349567.

54. Song SA, Santeerapharp A, Alnouri G, Park J, Sataloff RT, Franco RA Jr. The
Poor Validity of Asymmetric Laryngoscopic Findings in Predicting Laterality in
Vocal  Fold  Paresis. J  Voice. 2022  Nov;36(6):853-858.  doi:
10.1016/j.jvoice.2020.09.004. Epub 2020 Oct 17. PMID: 33077320.

55. Meyer TK, Hillel AD. Is laryngeal electromyography useful in the diagnosis
and management of vocal fold paresis/paralysis? Laryngoscope. 2011
Feb;121(2):234-5. doi: 10.1002/lary.21381. PMID: 21271566.

56. Courey MS, Naunheim MR. Injection Laryngoplasty for Management of
Neurological Vocal Fold Immobility. Adv Otorhinolaryngol. 2020;85:68-84. doi:
10.1159/000456684. Epub 2020 Nov 9. PMID: 33166968.

57. O'Leary MA, Grillone GA. Injection laryngoplasty. Otolaryngol Clin North
Am. 2006 Feb;39(1):43-54. doi: 10.1016/j.0tc.2005.10.008. PMID: 16469654.

58. Courey MS. Injection laryngoplasty. Otolaryngol Clin North Am. 2004
Feb;37(1):121-38. doi: 10.1016/j.0tc.2003.12.002. PMID: 15062690.

59. Vila PM, Bhatt NK, Paniello RC. Early-injection laryngoplasty may lower risk
of thyroplasty: A systematic review and meta-analysis. Laryngoscope. 2018
Apr;128(4):935-940. doi: 10.1002/lary.26894. Epub 2018 Jan 22. PMID:
29355983.

60. Hamdan AL, Ziade G, Jaffal H, Skaff G. Transnasal injection laryngoplasty.
Ann Otol Rhinol Laryngol. 2015 Jun;124(6):474-9. doi:
10.1177/0003489414567936. Epub 2015 Jan 29. PMID: 25632960.

61. Chang WD, Chen SH, Tsai MH, Tsou YA. Autologous Fat Injection
Laryngoplasty for Unilateral Vocal Fold Paralysis. J Clin Med. 2021 Oct
28;10(21):5034. doi:  10.3390/jcm10215034. PMID: 34768558; PMCID:
PMC8584613.

62. Safak MA, Go¢men H, Korkmaz H, Kili¢ R. Computerized tomographic
alignment of silastic implant in type 1 thyroplasty. Am J Otolaryngol. 2000
May-Jun;21(3):179-83. doi: 10.1016/s0196-0709(00)85021-8. PMID: 10834552.
63. Ramazani F, Isaac A, Johannsen W, El-Hakim H. Side effects and
complications of injection laryngoplasty for treatment of congenital type 1
laryngeal clefts. Int J Pediatr Otorhinolaryngol. 2020 Apr;131:109886. doi:
10.1016/j.1jporl.2020.109886. Epub 2020 Jan 16. PMID: 31968273.




64. DeFatta RA, Chowdhury FR, Sataloff RT. Complications of injection
laryngoplasty using calcium hydroxylapatite. J Voice. 2012 Sep;26(5):614-8. doi:
10.1016/j.jvoice.2011.08.005. Epub 2011 Nov 6. PMID: 22056892.

65. Lamprell L, Broadhurst M. Complications of Polydimethylsiloxane for
Injection Laryngoplasty: Retrospective Case Series of 10 Patients Requiring
Explant and Literature Review. J Voice. 2023 Oct 20:S0892-1997(23)00266-7. doi:
10.1016/j.jvoice.2023.08.019. Epub ahead of print. PMID: 37867070.

66. Sato T, Nito T, Ueha R, Goto T, Yamasoba T. Investigation of the Safety of
Injection Laryngoplasty under Antithrombotic Therapy. ORL J Otorhinolaryngol
Relat Spec. 2019;81(4):215-223. doi: 10.1159/000500991. Epub 2019 Jul 26.
PMID: 31352442.

67. Enver N, Azizli E, Akbulut S, Cadalli Tatar E, Yelken MK, Oztiirk K, Coskun
H, Birkent AH, Biiyiikatalay ZC, Ozgiirsoy OB, Oguz H. Inflammatory
complications of vocal fold injection with hyaluronic acid: a multiinstitutional
study. Turk J Med Sci. 2021 Apr 30;51(2):819-825. doi: 10.3906/sag-2008-5.
PMID: 33350297; PMCID: PMC8203174.

68. Din-Lovinescu C, Talmor G, Gravina A, Kaye R, Mansukhani P, Paskhover B.
Adverse events following injection laryngoplasty: An analysis of the MAUDE
database. Am J  Otolaryngol. 2021  Nov-Dec;42(6):103092.  doi:
10.1016/j.amjot0.2021.103092. Epub 2021 May 27. PMID: 34091322.

69. Kawaida M, Fukuda H, Kohno N. Video-assisted endoscopic laryngosurgery
using a direct laryngoscope and a long rigid endoscope. Diagn Ther Endosc.
2000;6(2):51-7. doi: 10.1155/DTE.6.51. PMID: 18493526; PMCID: PMC2362759.
70. Heyduck A, Brosch S, Pickhard A, Hoffmann TK, Reiter R. The Efficiency of
(videolaryngo) stroboscopy in Detecting Tla Glottic Carcinoma and Its
Preliminary Stages. Ann Otol Rhinol Laryngol. 2022 May;131(5):471-477. doi:
10.1177/00034894211026732. Epub 2021 Jun 21. PMID: 34148426.

71. Jun F, Li L, Ning L, Yan L, Siquan T, Shixi L. Giant laryngeal
angioleiomyomas: a case report with review of literature. Am J Otolaryngol. 2009
May-Jun;30(3):219-20. doi: 10.1016/j.amjoto.2008.11.001. Epub 2009 Feb 3.
PMID: 19410131.

72. Luo R, Kong W, Wei X, Lamb J, Jiang JJ. Development of Excised Larynx. J
Voice. 2020 Jan;34(1):38-43. doi: 10.1016/j.jvoice.2018.07.023. Epub 2018 Sep 24.
PMID: 30262190; PMCID: PMC6431582.

73. Arens C, Schwemmle C, Voigt-Zimmermann S. Chirurgie des Larynx: Maligne
Lasionen [Laryngeal Surgery - Malignant Lesions]. Laryngorhinootologie. 2019
Oct;98(10):725-741. German. doi: 10.1055/a-0896-9444. Epub 2019 Oct 14.
PMID: 31610600.

74. Piazza C, Gennarini F, Montenegro C, Lancini D, Del Bon F, Zigliani G, De
Palma G, Lopomo NF, Sala E. Transoral laser exoscopic surgery of the larynx: state
of the art and comparison with traditional transoral laser microsurgery. Acta
Otorhinolaryngol Ital. 2024 May;44(Suppl. 1):S3-S11. doi:
10.14639/0392-100X-suppl.1-44-2024-N2850. PMID:  38745511; PMCID:
PMC11098537.

75. Watters K, Ferrari L, Rahbar R. Laryngeal cleft. Adv Otorhinolaryngol.
2012;73:95-100. doi: 10.1159/000334452. Epub 2012 Mar 29. PMID: 22472237.
76. Olds M, Ellis R, Donaldson K, Parmar P, Kersten P. Risk factors which
predispose first-time traumatic anterior shoulder dislocations to recurrent instability
in adults: a systematic review and meta-analysis. Br J Sports Med. 2015
Jul;49(14):913-22. doi: 10.1136/bjsports-2014-094342. Epub 2015 Apr 21. PMID:
25900943; PMCID: PMC4687692.




77. Myssiorek D. Recurrent laryngeal nerve paralysis: anatomy and etiology.
Otolaryngol ~ Clin  North Am. 2004  Feb;37(1):25-44, v. doi:
10.1016/S0030-6665(03)00172-5. PMID: 15062685.

78. Cossa A, Castagnola G, Romeo G, Bellucci M, Nigri G, Bellotti C. Utility of
intraoperative neuromonitoring in detecting recurrent nerve's anatomical anomalies
during thyroidectomy. Endocrine. 2020 Oct;70(1):194-197. doi:
10.1007/s12020-020-02345-x. Epub 2020 May 19. PMID: 32430794.

79. Borges A. Imaging of denervation in the head and neck. Eur J Radiol. 2010
May;74(2):378-90. doi: 10.1016/j.ejrad.2009.06.034. Epub 2010 Mar 11. PMID:
20226611.

80. Benouaich V, Porterie J, Bouali O, Moscovici J, Lopez R. Anatomical basis of
the risk of injury to the right laryngeal recurrent nerve during thoracic surgery. Surg
Radiol Anat. 2012 Aug;34(6):509-12. doi: 10.1007/s00276-012-0946-7. Epub 2012
Feb 25. PMID: 22367059.

81. Simon D, Boucher M. Komplikationen der Lymphknotendissektion beim
Schilddriisenkarzinom [Complications of lymph node dissection in thyroid cancer].
Chirurg. 2020 Dec;91(12):1025-1029. German. doi: 10.1007/s00104-020-01266-9.
PMID: 32894323.

82. Ding J, Jiang X, Cai Y, Pan S, Deng Y, Gao M, Lin Y, Zhao N, Wang Z, Yu H,
Qiu H, Jin Y, Xue J, Guo Q, Ni L, Zhang Y, Hao Y, Guan Y. Telitacicept following
plasma exchange in the treatment of subjects with recurrent neuromyelitis optica
spectrum disorders: A single-center, single-arm, open-label study. CNS Neurosci
Ther. 2022 Oct;28(10):1613-1623. doi: 10.1111/cns.13904. Epub 2022 Jul 18.
PMID: 35851754; PMCID: PM(C9437241.

83. Rijbroek A, Vermeulen EG, Slotman BJ, Wisselink W, Rauwerda JA. Door
bestraling geinduceerd arterieel vaatlijden [Radiation-induced arterial disease]. Ned
Tijdschr Geneeskd. 2000 Feb 19;144(8):353-6. Dutch. PMID: 10703585.

84. Heuer RJ, Sataloff RT, Emerich K, Rulnick R, Baroody M, Spiegel JR, Durson
G, Butler J. Unilateral recurrent laryngeal nerve paralysis: the importance of
"preoperative"  voice therapy. J Voice. 1997 Mar;11(1):88-94. doi:
10.1016/s0892-1997(97)80028-8. PMID: 9075181.

85. Varaldo E, Crespi G, Ansaldo GL, Borgonovo G, Boccardo F, Torre G.
Neurinoma originating from the recurrent nerve: report of a case. Surg Today.
2008;38(7):633-4. doi: 10.1007/s00595-007-3714-2. Epub 2008 Jul 9. PMID:
18612788.

86. Kuo HC, Hsieh YP, Tseng HH, Wang CT, Fang SH, Tsao Y. Toward
Real-World Voice Disorder Classification. IEEE Trans Biomed Eng. 2023
Oct;70(10):2922-2932. doi: 10.1109/TBME.2023.3270532. Epub 2023 Sep 27.
PMID: 37099463.

87. Rosen CA, Lee AS, Osborne J, Zullo T, Murry T. Development and validation
of the voice handicap index-10. Laryngoscope. 2004 Sep;114(9):1549-56. doi:
10.1097/00005537-200409000-00009. PMID: 15475780.

88. Seifert E, Kollbrunner J. Stress and distress in non-organic voice disorder.
Swiss Med Wkly. 2005 Jul 9;135(27-28):387-97. doi: 10.4414/smw.2005.10346.
PMID: 16220409.

89. Freeburn JL, Baker J. Functional Speech and Voice Disorders: Approaches to
Diagnosis and Treatment. Neurol Clin. 2023 Nov;41(4):635-646. doi:
10.1016/3.nc1.2023.02.005. Epub 2023 Apr 20. PMID: 37775195.

90. Nawka T, Hosemann W. Gestorte Stimme. Chirurgische Verfahren [Voice
disorder. Surgical procedures]. Laryngorhinootologie. 2005 May;84 Suppl
1:S201-12. German. doi: 10.1055/s-2005-861177. PMID: 15846552.




91. Kruse E. Gestorte Stimme. Konservative Verfahren [Voice disorder.
Conservative  management]. Laryngorhinootologie. 2005 May;84 Suppl
1:S192-200. German. doi: 10.1055/5-2005-861143. PMID: 15846551.

92. Meleca JB, Bryson PC. Delayed Ilaryngeal implant infection and
laryngocutaneous fistula after medialization laryngoplasty. Am J Otolaryngol. 2019
May-Jun;40(3):462-464. doi: 10.1016/j.amjot0.2019.03.018. Epub 2019 Mar 27.
PMID: 30940403.

93. 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 May;270(5):1689-94. doi:
10.1007/s00405-013-2416-1. Epub 2013 Feb 27. PMID: 23443647.

94. Remacle M, Lawson G. Results with collagen injection into the vocal folds for
medialization. Curr Opin Otolaryngol Head Neck Surg. 2007 Jun;15(3):148-52.
doi: 10.1097/MOO.0b013e3281084¢74. PMID: 17483681.

95. Schneider B, Denk DM, Bigenzahn W. Functional results after external vocal
fold medialization thyroplasty with the titanium vocal fold medialization implant.
Laryngoscope. 2003 Apr;113(4):628-34. doi:
10.1097/00005537-200304000-00008. PMID: 12671418.

96. Mueller AH, Pototschnig C. Recurrent Laryngeal Nerve Stimulator.
Otolaryngol Clin North Am. 2020 Feb;53(1):145-156. doi:
10.1016/5.0tc.2019.09.009. Epub 2019 Oct 21. PMID: 31648825.

97. Brookes S, Zhang L, Puls TJ, Kincaid J, Voytik-Harbin S, Halum S. Laryngeal
Reconstruction Using Tissue-Engineered Implants in Pigs: A Pilot Study.
Laryngoscope. 2021 Oct;131(10):2277-2284. doi: 10.1002/1ary.29282. Epub 2020
Nov 28. PMID: 33247846; PMCID: PMC8176280.

98. Hostetter J, Yazbek S. Postoperative Pharynx and Larynx. Neuroimaging Clin
N Am. 2022 Feb;32(1):37-53. doi: 10.1016/j.nic.2021.08.009. PMID: 34809843.
99. Massaro N, Verro B, Greco G, Chianetta E, D'Ecclesia A, Saraniti C. Quality of
Life with Voice Prosthesis after Total Laryngectomy. Iran J Otorhinolaryngol. 2021
Sep;33(118):301-309. doi: 10.22038/ijorl.2021.53724.2832. PMID: 34692577;
PMCID: PMC8507945.

100. Haring CT, Farlow JL, Leginza M, Vance K, Blakely A, Lyden T, Hoesli RC,
Neal MEH, Brenner MJ, Hogikyan ND, Morrison RJ, Casper KA. Effect of
Augmentative Technology on Communication and Quality of Life After
Tracheostomy or Total Laryngectomy. Otolaryngol Head Neck Surg. 2022
Dec;167(6):985-990. doi: 10.1177/01945998211013778. Epub 2021 Jun 1. PMID:
34060949.

Patents




