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SUMMARY  

Glottic insufficiency due to vocal fold paralysis, atrophy, sulcus vocalis, or post-resection scarring 

leads to significant voice impairment and may result in aspiration. Autologous fat injection 

laryngoplasty is an established minimally invasive technique for vocal fold medialization. However, 

no standardized protocol exists for fat harvesting, processing, or injection. This review evaluates how 

variations in autologous fat grafting techniques influence voice outcomes, graft longevity, and 

complication rates. A PRISMA-compliant review with narrative synthesis was conducted. PubMed, 

Cochrane Library (CENTRAL), and Scopus were searched in January 2026 for studies published 

between 2016 and 2026. Eight studies comprising 243 patients met the inclusion criteria. Due to 

substantial heterogeneity, a narrative synthesis was performed. Most studies reported improvement 

in subjective, perceptual, acoustic, and aerodynamic measures. Outcomes were more favorable in 

paralytic and atrophic conditions than in structurally altered vocal folds. Injection volume emerged 

as the most relevant modifiable factor, with higher volumes associated with improved outcomes and 

lower revision rates. In contrast, fat processing techniques showed no clear superiority, while correct 

placement within the thyroarytenoid muscle was essential. Adjunctive strategies, including platelet-

rich plasma and scaffold-based approaches, showed variable and preliminary effects. Complication 

rates were low, and revision was primarily related to insufficient or declining medialization. Overall, 

autologous fat injection laryngoplasty is a safe and effective intervention. Injection volume and 

accurate placement appear to be an important modifiable factor of outcome, whereas no optimal 

processing technique can currently be identified. Further standardized, adequately powered studies 

with objective assessment of graft survival are required. 

KEYWORDS 

vocal fold medialization, injection laryngoplasty, autologous fat grafting, glottic insufficiency, voice 

outcomes, fat processing techniques 
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SUMMARY IN LITHUANIAN 

Glottinis nepakankamumas dėl balso raukšlės paralyžiaus, atrofijos, sulcus vocalis ar popoperacinių 

randų sukelia ryškius balso sutrikimus ir gali lemti aspiracijos riziką. Autologinių riebalų injekcinė 

laringoplastika yra įtvirtinta minimali invazinė balso raukšlių medializacijos technika; tačiau nėra 

standartizuoto riebalų paėmimo, apdorojimo ar injekcijos protokolo. Ši apžvalga vertina, kaip 

autologinių riebalų transplantavimo technikų variacijos veikia balso rezultatus, transplantato 

ilgaamžiškumą ir komplikacijų dažnį. Atlikta PRISMA reikalavimus atitinkanti sisteminė apžvalga 

su naratyvinės sintezės metodu. 2026 m. sausio mėnesį buvo ieškoma tyrimų duomenų bazėse 

PubMed, Cochrane Library (CENTRAL) ir Scopus; atrinkti 2016–2026 m. paskelbti straipsniai. 

Įtraukimo kriterijus atitiko aštuoni tyrimai, apimantys 243 pacientus. Dėl ryškios heterogeniškumo 

buvo taikyta naratyvinė sintezė. Visuose įtrauktuose tyrimuose nustatytas kliniškai reikšmingas balso 

funkcijos pagerėjimas pagal subjektyvius, percepcijos, akustikos ir aerodinamikos rodiklius. 

Rezultatai buvo palankesni paralyžiaus ir atrofinės patologijos grupėse nei struktūriškai pakitusių 

balso raukšlių atvejais. Injekcijos tūris išryškėjo kaip svarbiausias keičiamas veiksnys: didesnis tūris 

siejamas su geresniais rezultatais ir mažesniu pakartotinių intervencijų dažniu. Riebalų apdorojimo 

technikos aiškaus pranašumo viena prieš kitą neparodė, tuo tarpu tikslus transplantato padėjimas į 

tiroaritenoidinį raumenį buvo esminis reikalavimas. Papildomosios strategijos, įskaitant turtingąją 

trombocitų plazmą ir karkasų pagrindu veikiančius metodus, davė kintamų ir preliminarių rezultatų. 

Komplikacijų dažnis buvo mažas, o pakartotinės intervencijos pirmiausia buvo susijusios su 

nepakankama arba mažėjančia medializacija. Apibendrinant, autologinių riebalų injekcinė 

laringoplastika yra saugi ir efektyvi intervencija. Injekcijos tūris ir tikslus transplantato padėjimas yra 

svarbiausi rezultatų veiksniai, tuo tarpu optimalaus apdorojimo metodo šiuo metu nustatyti 

nepavyksta. Reikalingi tolimesni standartizuoti, pakankamai didelės apimties tyrimai su objektyviu 

transplantato išgyvenamumo vertinimu. 
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1. INTRODUCTION 

1.1. BACKGROUND AND CLINICAL RELEVANCE 
The vocal folds are crucial structures in the larynx that are essential for phonation, swallowing, airway 

protection, and respiratory regulation (1,2). During phonation, the vocal folds are brought into close 

apposition, and airflow from the lungs sets them into oscillation to generate sound. This highly 

coordinated process relies on sufficient glottal closure, proper vocal fold tension, and neuromuscular 

symmetry (2,3).  

Disruption of any component, particularly due to nerve injury or structural damage, can lead to 

incomplete glottic closure (4,5). Glottic insufficiency can be caused by a variety of structural, 

neurological, and functional pathologies. The most prevalent etiologies include unilateral vocal fold 

paralysis and unilateral or bilateral vocal fold paresis. Additional contributing factors comprise vocal 

fold atrophy, fibrosis, sulcus vocalis, and systemic neuromuscular disorders such as Parkinson’s 

disease. Mechanical obstructions, such as benign or malignant masses and dysfunction of the 

cricoarytenoid joint may also contribute to impaired glottic closure.  

These alterations may result in varying degrees of glottic gap formation, correlating with vocal 

function impairment. Consequently, patients may present with symptoms such as vocal fatigue, 

dyspnea during phonation, compensatory muscle tension dysphonia, odynophonia, or aspiration 

(4,6,7).  

To restore sufficient vocal fold closure, medialization techniques aim to reposition or augment the 

affected vocal fold toward the midline, thereby improving glottal competence and voice quality (8). 

While established surgical interventions such as type I thyroplasty and arytenoid adduction provide 

durable solutions for vocal fold medialization, injection laryngoplasty represents a minimally 

invasive and repeatable alternative that has gained increasing clinical relevance (4,9–11).  

In particular, early injection laryngoplasty within six months of paralysis onset has been shown to 

reduce the risk of subsequent permanent thyroplasty by approximately 75% compared to conservative 

management (12). In injection medialization specifically, a filling material is deposited into the lateral 

aspect of the thyroarytenoid muscle or the paraglottic space, increasing vocal fold bulk and displacing 

the medial surface toward the midline without disrupting the overlying lamina propria (13,14).  

Precise material placement is critical to treatment outcomes, as superficial injection causes improper 

biomaterial localization, tissue stiffening, and impeded vibration (11,14). In the literature, the terms 

'vocal fold augmentation' and 'vocal fold medialization' are often used interchangeably, although 

augmentation refers specifically to increasing vocal fold volume, while medialization describes the 

repositioning of the vocal fold toward the midline. In this review, both terms are considered within 

the broader context of restoring glottic competence via injection laryngoplasty.  
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A variety of injectable materials have been investigated for this purpose, ranging from temporary 

agents such as hyaluronic acid and carboxymethylcellulose to longer-lasting materials such as 

calcium hydroxyapatite, which provides more durable volumization. Several substances including 

Teflon, silicone oil, and paraffin oil are considered obsolete due to their association with granuloma 

formation, tissue migration, or chronic inflammation (11,13,15,16).  

Emerging materials under investigation include hydrogel composites, platelet-rich plasma, and stem 

cell-enriched fat preparations, which are being studied for their regenerative and cell-stimulatory 

potential (7,17). Among the available materials, autologous fat has been widely used for vocal fold 

augmentation since the early 1990s, owing to its favorable biocompatibility, cost-effectiveness, low 

risk of rejection, and viscoelastic characteristics similar to those of the vocal fold's lamina propria 

(18,19).  

Systematic reviews have confirmed that no standardized technique exists for fat harvesting, 

processing, or injection, and that the existing literature does not allow for a direct comparison of 

processing methods in terms of vocal outcomes (16,20). This variability in technique and outcome 

forms the basis for the PRISMA-compliant review with a narrative synthesis presented in this thesis.  

1.2. JUSTIFICATION FOR THE REVIEW AND RESEARCH QUESTION 
Despite the widespread clinical use of autologous fat in injection laryngoplasty, considerable 

variability exists in the techniques applied for fat processing and injection. These procedural 

differences may significantly influence graft survival, voice quality, and complication rates. However, 

the current literature provides limited and often conflicting evidence regarding the comparative 

effectiveness of these approaches, with no established consensus on optimal fat grafting protocols 

(16,21).  

This lack of standardization is further compounded by small sample sizes, heterogeneous study 

designs, and inconsistent follow-up periods across existing studies, limiting the generalizability of 

their findings and the ability to draw evidence-based conclusions for clinical practice (13,16,19).  

The objective of this review is not to compare autologous fat with alternative injectable materials, but 

to examine differences within autologous fat grafting techniques, including variations in processing 

methods, injection approaches, and injection volume. Studies evaluating adjunctive biologic 

therapies, such as PRP and collagen in combination with autologous fat grafting, were also considered 

eligible, if outcomes attributable to the fat grafting component could be assessed independently. 

Given this uncertainty in the literature, a PRISMA-compliant literature review with a narrative 

synthesis is warranted to evaluate the available evidence regarding the effectiveness, safety, and long-

term graft stability of different autologous fat grafting techniques in vocal fold medialization.  

To structure the research focus and define eligibility criteria, the PICO framework was applied. The 

population consists of patients undergoing vocal fold medialization due to glottic insufficiency. The 
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intervention of interest is autologous fat injection, with attention to the fat processing, preparation 

and injection technique. The comparison includes alternative approaches within autologous fat 

grafting, such as differences in preparation methods or injection strategies. The primary outcomes are 

voice quality improvement, graft longevity, complication rates, and revision rates. An overview is 

provided in Annex 1.  

This review aims to answer the following key question: "In patients undergoing vocal fold 

medialization, what technical factors in autologous fat grafting are associated with favorable voice 

outcomes, graft longevity, and complication rates?"  

1.3. OBJECTIVES AND STRUCTURE OF THE THESIS 

The aim of this thesis is to evaluate the effects of different autologous fat grafting techniques on voice 

outcomes, graft longevity, and complication rates in patients undergoing vocal fold medialization via 

injection laryngoplasty.  

To achieve this, the thesis seeks to identify and describe technical variations in autologous fat grafting, 

including differences in processing, and injection techniques, and to compare clinical outcomes 

across the included studies. Furthermore, the methodological quality of the available evidence is 

assessed and gaps in the current literature are identified, with the aim of providing evidence-based 

recommendations for clinical practice and future research.  

The structure of the thesis is as follows: Chapter 1 introduces the clinical background and relevance 

of autologous fat injection laryngoplasty, presents the justification for the review and the research 

question, and outlines the objectives and structure of the thesis. Chapter 2 outlines the methodology 

of the review, including the search strategy, inclusion and exclusion criteria, study selection process, 

data extraction, and quality assessment.  

Chapter 3 provides the theoretical background of autologous fat grafting in vocal fold medialization, 

encompassing the anatomy and histology of the vocal fold, the clinical rationale for injection 

laryngoplasty, the procedural principles of fat injection, and technical variations in fat harvesting, 

processing, and adjunctive strategies. Chapter 4 presents the results of the review, structured 

according to the characteristics of the included studies, technical variability across studies, clinical 

outcome domains, graft longevity, complication and revision rates, and an appraisal of evidence 

quality.  

Chapter 5 discusses the findings in the context of current clinical practice and methodological 

limitations, and Chapter 6 concludes the thesis with a summary of key findings and recommendations 

for future research and clinical application. 
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2. METHODOLOGY 

2.1. DESIGN AND PROTOCOL 
Due to anticipated heterogeneity in study design, interventions, and outcome measures, a quantitative 

synthesis was not considered appropriate. Therefore, a PRISMA-compliant review with a narrative 

synthesis was intentionally chosen to assess the effects of different autologous fat grafting techniques 

in injection laryngoplasty for vocal fold medialization.  

The review was conducted in accordance with the PRISMA 2020 guidelines to ensure methodological 

transparency, and reproducibility (22). The methodological approach was defined prior to initiating 

the literature search and includes a structured search strategy, predefined eligibility criteria, 

systematic study selection, data extraction, and quality assessment.  

All relevant steps of the review process are described in detail in the following sections. The aim of 

this design is to ensure a comprehensive and unbiased synthesis of current evidence on how variations 

in fat processing, preparations and injection techniques influence clinical outcomes such as voice 

improvement, graft longevity, and complication rates in patients with glottic insufficiency. 

2.2. SEARCH STRATEGY 

A comprehensive literature search was conducted to identify clinical studies evaluating autologous 

fat grafting techniques for vocal fold medialization via injection laryngoplasty. Three databases were 

searched: PubMed, Cochrane Library (CENTRAL), and Scopus. These were selected to ensure broad 

coverage of clinical, surgical, and biomedical literature relevant to the topic.  

The search strategy was constructed using a combination of Medical Subject Headings (MeSH) and 

free-text keywords, organized around three core concepts: patients undergoing vocal fold 

medialization for glottic insufficiency, the procedural context of injection laryngoplasty, and 

autologous fat as the injected graft material.  

The MeSH terms applied were "Vocal Cords", "Vocal Cord Paralysis", "Laryngoplasty", "Injections, 

Intralesional", and "Adipose Tissue". Free-text terms included "vocal fold", "vocal cord", "glottic 

insufficiency", "injection laryngoplasty", "vocal fold injection", "fat graft*", "fat injection", 

"autologous fat", "fat augmentation", and "fat transfer".  

The terms 'vocal fold medialization' and 'vocal fold augmentation' were both considered, as they are 

frequently used interchangeably in the literature to describe the same clinical procedure. Boolean 

operators (AND, OR) and truncation symbols were applied to enhance sensitivity and precision (23–

25).  

Specific preparation methods and adjunctive biologic therapies were deliberately excluded as search 

terms, as these details are inconsistently reported in titles and abstracts. These variables were instead 

extracted during the data extraction phase. A detailed overview of all search terms grouped by concept 

is provided in Annex 2.  
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PubMed was searched on 11 January 2026, with filters applied to restrict results to English-language 

studies involving human participants published between January 2016 and January 2026. The 

Cochrane Library (CENTRAL) was searched on 11 January 2026 using the same conceptual 

structure. Scopus was searched on 12 January 2026 via the Advanced Search interface, with 

equivalent date and language restrictions applied. No restrictions on article type were applied during 

database searching to avoid premature exclusion of relevant studies.  

The complete search strategies for each database are provided in Annexes 4, 5, and 6. 

2.3. INCLUSION AND EXCLUSION CRITERIA 

To ensure methodological rigor and transparency, predefined inclusion and exclusion criteria were 

established prior to the screening process, based on the PICO framework and aligned with the 

research objectives of this review.  

Studies were considered eligible if they examined autologous fat injection for vocal fold 

medialization and reported at least one relevant clinical outcome, including voice improvement, graft 

longevity, complication rates, or revision rates. In addition, the eligible studies should describe at 

least one technical aspect of the fat transfer procedure, such as the preparation method or the injection 

technique.  

Studies evaluating adjunctive biologic therapies including PRP or collagen in combination with 

autologous fat grafting were also considered eligible. Comparative analyses, where applicable, were 

restricted to comparisons within autologous fat grafting techniques. Studies directly comparing fat to 

non-biological materials or to surgical medialization procedures were excluded.  

Regarding study design, accepted types comprised randomized controlled trials (RCTs), prospective 

and retrospective cohort studies, comparative and non-comparative clinical studies, and single-arm 

interventional studies. The inclusion of single-arm studies was considered appropriate given the 

limited and heterogeneous evidence base.  

All studies were required to involve human participants, report a minimum follow-up period of six 

months, and include at least ten participants to ensure adequate data quality and clinical relevance. 

Only publications in English, published between January 2016 and January 2026, were considered.  

Studies were excluded if they focused exclusively on surgical medialization techniques such as 

thyroplasty, employed non-fat injectable materials without an autologous fat component, or did not 

report any relevant clinical outcomes. Animal studies, cadaveric studies, in vitro experiments, 

narrative reviews, editorials, letters to the editor, and conference abstracts without full-text 

availability were likewise excluded.  

A comprehensive overview of all inclusion and exclusion criteria is provided in Annex 3. 
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2.4. STUDY SELECTION PROCESS  

Database searches of PubMed, Scopus, and the Cochrane Library yielded a total of 97 records 

(PubMed: n = 34, Scopus: n = 51, Cochrane Library: n = 12).  

All records were imported into Zotero for initial deduplication using the built-in duplicate detection 

function. As automated deduplication algorithms may not consistently identify all duplicates, an 

additional manual deduplication step was subsequently performed in Microsoft Excel, with records 

compared based on DOI, title, and publication year.  

A total of 35 duplicate records were removed, resulting in 62 unique records available for title and 

abstract screening. Titles and abstracts of all 62 records were screened against the predefined 

inclusion and exclusion criteria outlined in Section 2.3. Studies that clearly did not meet the eligibility 

criteria were excluded at this stage, resulting in 40 records being excluded and 22 records proceeding 

to full-text assessment.  

All 22 full-text articles were successfully retrieved. Full-text articles were assessed for eligibility, and 

14 records were excluded for the following reasons: insufficient reporting of fat grafting technique (n 

= 5), use of non-fat injectable material as the primary intervention (n = 3), insufficient follow-up 

period of less than six months (n = 2), sample size below ten participants (n = 2), wrong indication 

or population (n = 1), and animal study (n = 1).  

Reasons for exclusion were documented using a predefined list of exclusion categories applied as a 

standardized classification during the screening process.  

Following full-text assessment, eight studies met all eligibility criteria and were included in the final 

review. The complete study selection process is summarized in the PRISMA flow diagram provided 

in Annex 7. 

2.5. DATA EXTRACTION AND QUALITY ASSESSMENT 

Data extraction was performed systematically using a predefined extraction template developed prior 

to the screening process. For each included study, the following information was extracted: study 

design, sample size, fat harvesting and processing technique, use of adjunctive biologic therapies, 

injection approach and volume, and reported clinical outcomes including objective voice parameters 

and Voice Handicap Index (VHI) scores, graft longevity, complication rates, and revision rates. 

The VHI is a validated patient-reported outcome measure assessing the functional, physical, and 

emotional impact of voice disorders on daily life. The GRBAS scale was used as a clinician-rated 

perceptual assessment tool, evaluating grade, roughness, breathiness, asthenia, and strain.  

Maximum phonation time (MPT) and mean flow rate (MFR) were recorded as measures of glottic 

efficiency. Acoustic parameters extracted, where available, included jitter, shimmer, and noise-to-

harmonic ratio (NHR), reflecting the regularity and stability of vocal fold vibration.  
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Fundamental frequency was not consistently reported across studies and was therefore not included 

in the comparative analysis. In addition, videostroboscopic findings were recorded when reported; 

however, as mucosal wave characteristics and vibratory symmetry were inconsistently quantified 

across studies, the analysis focused primarily on glottic closure as the most uniformly reported 

stroboscopic parameter. 

A formal risk-of-bias tool was not applied, as the heterogeneity in study designs, including single-

arm and non-comparative studies, would have limited the validity and comparability of such scoring 

systems.  

Instead, a structured qualitative assessment was deliberately chosen, based on key domains including 

study design, sample size, blinding procedures, allocation methods where applicable, completeness 

of outcome reporting, and potential sources of bias. This qualitative approach enabled identification 

of consistent methodological limitations across studies and informed the critical appraisal presented 

in Section 4.6.. 

2.6. METHODOLOGICAL LIMITATIONS 

Several methodological limitations of this review must be considered when interpreting the findings. 

First, due to substantial heterogeneity in study design, patient populations, interventions, and outcome 

measures, a quantitative synthesis was not appropriate. A narrative synthesis was therefore employed 

as the most suitable method to integrate the available evidence, although this limits the ability to 

derive pooled effect estimates.  

Second, the review was conducted by a single author. Study selection, data extraction, and quality 

assessment were performed independently without duplicate screening or external validation, which 

may introduce a risk of selection bias. However, predefined inclusion criteria and a structured data 

extraction framework were applied to enhance consistency and transparency. 

Third, a formal risk-of-bias tool was not applied. Given the heterogeneity in study designs, including 

non-comparative and single-arm studies, the use of standardized scoring systems would have been of 

limited validity. Instead, methodological quality was assessed qualitatively across key domains. 

Fourth, the review was restricted to studies published in English between January 2016 and January 

2026, introducing a potential risk of language and publication bias.  

Fifth, although a comprehensive search strategy was applied across multiple databases, relevant 

studies may have been missed. Grey literature was not systematically searched, which may contribute 

to an overrepresentation of positive findings. The limitations of the primary literature are discussed 

in detail in Section 5.3. 
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3. THEORETICAL BACKGROUND 

3.1. ANATOMY AND HISTOLOGY OF THE VOCAL FOLD 
The vocal folds are paired soft tissue structures located within the larynx, each composed of a layered 

mucosal architecture that provides the unique mechanical properties required to withstand the high-

frequency oscillatory demands of phonation (1,14). Each vocal fold spans the distance between the 

anterior commissure of the thyroid cartilage and the vocal process of the arytenoid cartilage, forming 

the lateral boundaries of the glottis (2).  

During phonation, the vocal folds are adducted toward the midline, and subglottic airflow sets them 

into vibration at frequencies typically ranging from 100 to 300 Hz in conversational speech, imposing 

repeated cycles of mechanical deformation that require both structural resilience and viscoelastic 

compliance (14). 

 
Figure 3-1. Cross section of the vocal cords 
Adapted from (9) 

 
Figure 3-2. Layers of the vocal folds 
Adapted from (14) 

The histological organization of the vocal fold is best understood through Hirano's cover-body theory, 

which describes the vocal fold as a layered vibrator (26). The body comprises the thyroarytenoid 

muscle and the vocal ligament, which together provide structural tension and determine the overall 

stiffness of the vocal fold.  

The cover consists of the superficial layer of the lamina propria and the overlying stratified squamous 

epithelium, which move as a vibratory unit during phonation, generating the characteristic mucosal 

wave that travels from the inferior to the superior aspect of the medial vocal fold surface (26).  

Hirano further subdivided the lamina propria into three distinct layers with progressively different 

fiber compositions and mechanical properties (14,26). The superficial layer of the lamina propria, 

also known as Reinke's space, consists of loosely interwoven elastic and collagen fibers forming an 

acellular gelatinous layer, which accounts for the exceptional pliability of the vocal fold cover during 

phonation (2,27).  

However, this loose architecture also renders it particularly susceptible to aberrant material deposition 

and inadvertent injection into Reinke’s space, which has an approximate thickness of 0.3 mm. Such 
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misplacement can disrupt the mucosal wave and may ultimately lead to permanent stiffening of the 

vocal fold cover (2,9,11,14).  

The extracellular matrix of the lamina propria is primarily composed of collagen type I, which 

provides structural integrity, and collagen type III, which contributes to tissue resilience. Elastin 

fibers, which confer viscoelastic recoil, are concentrated predominantly in the intermediate layer of 

the lamina propria, while collagen fibers are more densely distributed in the deep layer. Hyaluronan 

is present throughout all layers and dampens mechanical stress during phonation (14).  

From a surgical perspective, this layered architecture has direct implications for injection 

laryngoplasty. The medial fibers of the thyroarytenoid muscle, run parallel to the vocal ligament and 

constitute the primary target for augmentation injections, allowing effective medial displacement of 

the vocal fold while preserving vibratory function (9).  

In cases of larger glottic gaps, additional augmentation of the paraglottic space may be utilized to 

enhance medialization (9,11). Injections placed at this depth increase vocal fold bulk and displace the 

medial surface toward the midline without disrupting the overlying cover layers.  

The viscoelastic properties of any injectable material are therefore of critical importance: materials 

that closely match the mechanical properties of the native vocal fold cover produce more favorable 

phonatory outcomes than those with significant viscoelastic mismatch, even when placed deep to the 

lamina propria (11,14).  

Autologous fat, with its viscosity closely resembling that of the lamina propria, is therefore 

considered particularly well-suited for vocal fold augmentation from a biomechanical standpoint 

(13,20). 

3.2. INDICATIONS AND CLINICAL RATIONALE  

Glottic insufficiency is the overarching clinical indication for vocal fold fat injection laryngoplasty. 

It describes an incomplete closure of the vocal folds during phonation and can result from a variety 

of underlying pathologies, including vocal fold paralysis, paresis, age-related atrophy (presbyphonia), 

scarring, and sulcus vocalis (11,20).  

Irrespective of its etiology, GI manifests through a characteristic symptom complex comprising vocal 

breathiness, reduced vocal intensity, fatigue, and in more severe cases dysphagia and aspiration risk 

(20). Up to 9% of the general population has some form of voice abnormality, and 29% will develop 

a voice disorder during their lifetime (27).  

Treatment for cases that do not respond to voice therapy includes injection laryngoplasty or 

medialization laryngoplasty, with the choice depending on the size of the glottic gap, the underlying 

cause, and the patient's overall condition (18, 25).  

Among the many causes of GI, unilateral vocal fold paralysis (UVFP) represents one of the most 

clinically relevant and frequently treated entities, with an estimated incidence of approximately 5.13 
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per 100,000 adults annually (28,29). It arises most commonly from iatrogenic injury to the recurrent 

laryngeal nerve (RLN) or the vagus nerve and results in characteristic dysphonia with hoarseness and 

breathiness. Causes can be thyroid surgery, cervical or thoracic procedures, and neoplastic infiltration, 

idiopathic causes, trauma, or stroke (28,30). Due to its longer and more convoluted anatomical course, 

the left RLN is injured more frequently than the right (31).  

The degree of impairment correlates directly with the neurophysiological extent of RLN injury, 

ranging from transient neuropraxia to complete nerve resection. On laryngoscopic examination, 

impaired cord motion, bowing, and inadequate glottic closure are observed (28).  

Patients with UVFP additionally face an elevated risk of liquid aspiration, and weakened cough reflex, 

which can result in pulmonary complications including aspiration pneumonia (32).  

The timing of intervention carries prognostic significance beyond the acute phase. Early 

medialization during the window of synkinetic reinnervation has been shown to favor a more 

advantageous final vocal fold resting position and to reduce the subsequent need for open-neck 

phonosurgical reconstruction (33). In contrast, prolonged untreated GI, predisposes patients to muscle 

tension dysphonia (MTD), a maladaptive hyperkinetic compensation pattern that may persist even 

after successful surgical correction, underscoring the importance of early intervention (34).  

The psychosocial burden of untreated UVFP reinforces this rationale: qualitative research 

demonstrates substantial effects on emotional well-being, professional identity, and social 

participation, with greater voice-related handicap in patients who have not yet accommodated to their 

altered voice (35). 

A clinically increasingly relevant subgroup is represented by patients with age-related vocal fold 

atrophy, termed presbyphonia, which results from progressive loss of vocal fold muscle mass and 

leads to incomplete glottic closure (7). It is important to note that approximately 50% of all UVFP 

patients may not ultimately require any rehabilitative procedure (36). Nevertheless, when aspiration, 

severe dysphonia, or debilitating voice impairment is present, active treatment is required. Surgical 

intervention becomes necessary when spontaneous recovery with speech therapy fails to occur, when 

functional impairment is significant, or when the RLN has been completely transected (37).  

Compared to synthetic or semi-synthetic injectables, autologous fat carries a lower risk of foreign 

body reaction or allergic response, can be generously injected, and is readily removable in revision 

procedures (11,20). It offers a potential long-lasting augmentation when graft survival is achieved. 

This is an advantage over hyaluronic acid, which requires repeated injections due to its limited 

duration (13,38). Furthermore, fat grafts contain adipose-derived stem and endothelial cells, 

endowing them with regenerative potential beyond simple volumization, a property not shared by any 

currently available synthetic injectable (7,14).  



   18 

However, the effectiveness of fat injection is fundamentally constrained by the natural process of 

resorption, which can lead to a gradual reduction in volume and a potential decline in the achieved 

clinical outcome over time (16,20). 

3.3. PRINCIPLES AND MECHANISMS 

Both medialization thyroplasty (MT) and injection laryngoplasty (IL) are based on the same 

fundamental principle: medial displacement of the paralyzed vocal fold toward the contralateral 

healthy fold to restore competent glottic closure during phonation. While MT achieves this through 

structural repositioning using an implant, IL relies on volumetric augmentation (28). Injection 

laryngoplasty achieves medialization by delivering injectable material into the thyroarytenoid muscle 

and/or paraglottic space, thereby displacing the vocal fold medially while avoiding direct disruption 

of the lamina propria (13,28).  

Preservation of the layered microarchitecture of the vocal fold is critical, as the viscoelastic properties 

of the lamina propria are essential for maintaining a functional mucosal wave. Because the injection 

is performed deep to Reinke’s space, the superficial lamina propria remains functionally preserved, 

allowing maintenance of the mucosal wave provided the material is accurately placed (13,14). Several 

injection approaches exist, each with specific technical characteristics and indications. The trans-oral 

approach, the only non-percutaneous awake technique, uses a curved needle via the oral cavity under 

endoscopic visualization and offers the highest precision, but requires considerable operator 

experience and favorable anatomy (39). The trans-cricothyroid approach introduces the needle 

through the cricothyroid membrane along a short extramucosal path, making it faster and better 

tolerated, although the needle tip is not directly visible and depth must be estimated (40). The trans-

thyrohyoid approach inserts the needle through the thyrohyoid membrane, while the trans-

cartilaginous approach involves direct puncture of the thyroid cartilage at the level of the vocal folds 

(41).  

The choice among approaches is guided by patient anatomy, surgeon experience, and the specific 

augmentation target. Autologous fat, due to its higher viscosity compared to synthetic fillers, is 

frequently administered under general anesthesia via microlaryngoscopy, which allows for direct 

visualization and more controlled injection volumes.  

Material selection and injection technique are governed by biomechanical constraints. Substances 

with viscoelastic properties similar to the native vocal fold cover, such as hyaluronic acid, yield more 

favorable phonatory outcomes, whereas stiffer materials may impair mucosal wave propagation and 

alter vibratory energy dynamics (37,38). The use of autologous fat as an injectable material carries 

several inherent advantages. It is biocompatible, non-toxic, easily obtainable, cost-effective, and 

rarely triggers foreign body reactions (20). In addition to its volumetric effect, it contains adipose-
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derived stem cells and endothelial components that may promote angiogenesis and tissue remodeling, 

suggesting regenerative potential (27).  

Despite these advantages, autologous fat is associated with several clinically relevant limitations. 

Postoperative resorption remains unpredictable, with reported rates ranging from 20% to 60%, 

making overcorrection necessary (13,16). The survival of injected adipose tissue is fundamentally 

limited by the balance between graft volume and available vascular supply: each fat droplet must be 

in close contact with surrounding capillaries to ensure adequate oxygenation. If the amount of injected 

fat exceeds the capacity of the recipient site to provide sufficient vascular ingrowth, 

neovascularization remains inadequate, leading to progressive adipocyte necrosis and subsequent 

fibrosis.  

Variability in local tissue vascularity and injection technique further contributes to the difficulty in 

predicting the extent of resorption on an individual basis (44). Furthermore, excessive injection can 

alter vocal fold biomechanics and lead to clinically relevant dysphonia, occasionally requiring 

revision procedures (14,27).  

Timing is a key clinical consideration. In the early phase after recurrent laryngeal nerve injury, 

spontaneous reinnervation may occur within approximately six months. Therefore, temporary 

materials such as hyaluronic acid or carboxymethylcellulose are often preferred initially, to avoid 

premature commitment to long-lasting augmentation (31,45). Autologous fat, although not fully 

permanent, provides a more durable effect and is typically reserved for cases in which recovery is 

unlikely (37).  

3.4. TECHNICAL ASPECTS OF FAT HARVESTING 
Despite decades of clinical experience with fat injection laryngoplasty, there remains no standardized 

protocol governing fat harvesting, processing, or injection technique (16). Consequently, considerable 

variability persists across clinical practice, reflecting differences in surgeon preference, available 

resources, and institutional protocols.  

The most commonly used donor site is the periumbilical or infraumbilical subcutaneous region, 

chosen for its reliable abundance of subcutaneous fat and ease of access (20). Alternative harvesting 

sites include the peritrochanteric region, the inner knee, the submental region, and the buccal fat (46).  

There are two principal harvesting techniques, liposuction and open surgical excision. Liposuction is 

performed after subcutaneous infiltration of a lidocaine-based tumescent solution, with fat typically 

aspirated using an 18-gauge needle attached to a 20 mL syringe under approximately 1 atm of 

negative pressure, or alternatively via a 10 mL Luer-Lock syringe connected to a 2–3 mm blunt-tipped 

cannula.  

The harvested volume varies considerably, generally ranging from 5 mL to 30–40 mL depending on 

the intended injection volume and degree of planned overcorrection (13). Because lipoaspirate 



   20 

contains blood, tumescent fluid, and cellular debris, further processing steps, including washing, 

sedimentation, or centrifugation, are required to isolate the injectable fat fraction prior to use (47). 

In contrast, open surgical excision involves removing adipose tissue as a single intact block through 

a small incision. Approximately 3–5 cm³ of tissue is manually excised, followed by primary closure 

of the skin or mucosa (13). Because tissue is obtained without aspiration, shear forces on adipocytes 

are minimized, and exposure to concentrated local anesthetic infiltrate and ambient air, both of which 

have been shown to significantly impair adipocyte viability, are substantially reduced (48,49).  

The excised tissue remains structurally intact and contains less tumescent and irrigation fluid than 

lipoaspirate. However, it typically has a higher proportion of connective tissue septa, requiring careful 

mechanical fragmentation into small, injectable pieces prior to use (50). The tissue should be 

transferred immediately into sterile closed containers, as even brief air exposure of 15 to 30 minutes 

results in measurable reductions in cell viability (49). Processing requires careful washing with 

isotonic saline or Ringer's lactate and decanting to remove oil and blood components.  

Mild centrifugation may additionally be employed to further purify the graft and prepare injectable 

micro-aliquots, and closed filtration systems can improve purity in a manner comparable to 

lipoaspirate processing (47,49). High-speed centrifugation is not routinely required given the reduced 

tumescent fluid content (47). The processed fat is subsequently transferred into small-volume 

syringes using minimal volume differential to reduce shear-induced cellular damage (49).  

From a clinical perspective, lipoaspirate has demonstrated more favorable symmetry outcomes in 

head and neck reconstructive applications compared with en-bloc excised fat transplants, and 

injectability may be more limited following fragmentation of open excision specimens (46).  

Current evidence found no significant difference between the two techniques with respect to 

postoperative voice parameters including maximum phonation time, jitter, and shimmer, suggesting 

that the choice of harvesting method may be based primarily on surgeon preference and clinical 

context (13). 

3.5. VARIATIONS IN FAT PROCESSING TECHNIQUE  
The processing of harvested fat prior to injection is a critical, yet highly variable, step that may 

significantly influence adipocyte viability and ultimately the durability of the graft (47). At the 

cellular level, lipoaspirate contains not only mature adipocytes but also a heterogeneous population 

of progenitor cells, most notably adipose-derived stem cells (ASCs) (47). These cells are believed to 

enhance graft survival by promoting revascularization of the implanted tissue and replacing dying 

adipocytes during the early post-transplantation phase (47,51).  

Both adipocytes and ASCs are highly sensitive to mechanical trauma and ischemia, making the choice 

of processing technique biologically consequential (47). Despite this importance, no standardized 
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technique has been established for human vocal fold fat injection, and published studies differ 

considerably in their approaches. 

A commonly applied initial step is washing of the lipoaspirate. Various solutions have been described, 

including saline, insulin-enriched solutions aimed at improving adipocyte preservation, and Ringer’s 

lactate combined with corticosteroids as a washing and stabilization medium (16). By removing blood 

and contaminants, washing reduces the proportion of undesired cellular components while preserving 

a relatively high concentration of endothelial and mesenchymal adipose-derived stem cells within the 

usable fraction (52,53). 

Following washing, different separation techniques are employed. One of the simplest methods is 

gravity separation also known as sedimentation or decantation, in which the lipoaspirate passively 

separates into an oil, fat, and aqueous layer. The unwanted layers are discarded, and the fat fraction 

is used for injection (49). While this technique preserves a relatively high number of viable 

adipocytes, it may also retain a higher proportion of unwanted components, including blood-derived 

CD45-positive cells, which may negatively affect graft quality (47,52). 

In contrast, centrifugation actively separates the lipoaspirate based on density into an upper oil layer, 

a middle adipocyte-rich fraction, and a lower aqueous phase containing blood and tumescent fluid, 

with only the intermediate layer retained for injection (47). However, this benefit must be weighed 

against the risk of mechanically induced cellular damage.  

Experimental data suggest that centrifugal forces exceeding 3,000 g significantly impair ASC 

viability and that high-speed centrifugation may be more harmful to adipose tissue than low-speed 

protocols (54,55). The most widely adopted centrifugation-based protocol is the Coleman technique, 

which consists of centrifugation at 3000 rpm for three minutes followed by manual removal of the oil 

and blood fractions (47). Although commonly used in reconstructive fat grafting, its direct 

applicability to vocal fold injection remains insufficiently validated (56). 

Alternative low-trauma processing techniques have been proposed. Cotton gauze rolling, most 

performed using Telfa pads, involves placing harvested fat onto an absorbent surface and gently 

rolling it to remove excess fluid and oil, thereby minimizing mechanical stress on adipocytes and 

increasing stromal vascular fraction (SVF) content (47,57). Similarly, manual selection techniques, 

where adipose tissue is cut into small fragments and separated from surrounding connective tissue-

have been described, particularly in settings where specialized equipment is unavailable (52). 

Various forms of filtration have also been reported, ranging from sterile metal sieves to simpler 

methods using surgical gauze or tea strainers. While these approaches aim to remove debris and fluid 

components, some studies suggest that filtration using rigid strainers may be associated with 

increased tissue inflammation and less effective oil removal compared with gentler techniques such 

as gauze rolling, potentially compromising graft viability (52).  
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Beyond these conventional processing methods, biologically augmented approaches have emerged. 

One such technique involves the use of Stromal Vascular Fraction gel derived from lipoaspirate, 

which is enriched with regenerative cells including ASCs. Early clinical studies in patients with UVFP 

have reported promising outcomes, suggesting a potential advantage of cell-enriched grafts (17).  

3.6. ADDITIVES AND ADJUNCTIVE THERAPIES  

The durability of autologous fat injection in the vocal fold remains a key limitation, and multiple 

strategies have been investigated to enhance graft survival and prolong clinical benefit. These 

approaches primarily target angiogenesis, cell survival, and tissue integration, and can be broadly 

divided into biological additives, cell-based therapies, structural modifications of the graft, and 

adjunctive procedural strategies.  

Biological additives focus on enhancing angiogenesis and reducing apoptosis of transplanted 

adipocytes. The addition of basic fibroblast growth factor (bFGF) has been associated with improved 

vocal fold repair and reduced fat and fascia resorption on imaging, likely due to its pro-angiogenic 

and anti-apoptotic effects (58,59). Similarly, platelet-rich plasma (PRP) represents a promising 

adjunct due to its high concentration of growth factors such as PDGF (platelet-derived growth factor), 

TGF-β (transforming growth factor-beta), VEGF (vascular endothelial growth factor), and bFGF, 

which are involved in mesenchymal cell recruitment, proliferation, and extracellular matrix synthesis.  

PRP has also been shown to accelerate re-epithelialization in injured vocal folds through upregulation 

of growth factor receptors. When used in combination with autologous fat, PRP has been reported to 

improve acoustic outcomes and reduce glottal gap recurrence compared to fat injection alone, 

suggesting an additional antifibrotic effect at the injection site (60–62).  

Cell-based therapies represent a further development. Stromal vascular fraction, typically isolated via 

enzymatic processing of lipoaspirate, is a heterogeneous cell population containing adipose-derived 

regenerative cells (ADRCs), endothelial cells, pericytes, and immune cells, which collectively 

promote angiogenesis and tissue remodeling (63,64). The regenerative potential of these approaches 

is largely attributed to adipose-derived stem cells (ASCs), which demonstrate greater resistance to 

ischemia than mature adipocytes and contribute to graft survival through differentiation into 

adipocytes, secretion of pro-angiogenic cytokines, and immunomodulation (65).  

Early clinical data from the first phase I/IIA trial on ADRC-enriched fat laryngoplasty indicate 

superior patient-reported vocal outcomes compared to conventional centrifuged fat, supporting the 

biological rationale for cell enrichment (64). A related strategy involves combining ASC-enriched 

grafts with growth factors such as bFGF, which has been shown to further augment vasculogenesis 

beyond what ASCs alone can achieve, addressing the limitation of insufficient early vascularization 

following fat grafting (66). 
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Modifications of the graft itself have also been explored. Nanofat, produced by mechanical 

emulsification of lipoaspirate, contains fewer viable adipocytes but is enriched in regenerative cell 

components, shifting its role from volumetric augmentation toward tissue regeneration (7). 

Structural reinforcement through the combination of fat with autologous fascia lata represents a 

complementary strategy. The fascial component provides mechanical stability at the injection site, 

may reduce early volume loss by attenuating the inflammatory resorption response, and contributes 

a fibrous scaffold that supports longer-term structural integrity of the augmented fold (67,68).  

This composite approach differs from fascia-only injection medialization, in which minced or 

processed fascia lata is injected without a volumetric filler component. While fascia-only injection 

has been shown to improve glottic closure and voice outcomes, and offers predictable structural 

support with low inflammatory response, it lacks the volumetric and regenerative capacity associated 

with the adipose component and may not fully replicate the viscoelastic properties required for 

optimal mucosal wave propagation (69,70).  

The fat-fascia composite therefore attempts to combine volumetric augmentation and tissue 

regeneration with the mechanical durability of fascia, particularly in cases with significant tissue loss 

or fibrosis, where structural reinforcement and volume restoration are both required, though robust 

comparative outcome data between the two approaches remain limited. Minced auricular cartilage, 

when used as a structural carrier combined with fat, offers a further alternative: although chondrocyte 

viability is not maintained following implantation, the stability of the cartilage extracellular matrix 

confers long-term structural persistence (71). 

Emerging and experimental approaches aim to further enhance regenerative outcomes. Autologous 

fibroblast injection, in which fibroblasts cultured from mucosal biopsies are reintroduced into the 

vocal fold, has demonstrated improvements in mucosal wave characteristics, likely reflecting partial 

restoration of the viscoelastic properties of the lamina propria (72).  

Metabolic modifications of the graft have also been investigated, with insulin representing the most 

studied agent in this context. Its biological rationale is grounded in well-described pro-angiogenic 

properties: insulin promotes endothelial cell migration and tubular structure formation, upregulates 

VEGF expression, and supports pericyte survival and proliferation, collectively facilitating new 

vessel formation (73). Reported protocols in experimental studies have used insulin concentrations in 

the low micromolar range, typically applied as short-term pre-incubation prior to grafting.  

However, these parameters are derived from heterogeneous preclinical models rather than 

standardized clinical protocols. A study compared lipoinjection with and without insulin in a canine 

model of unilateral vocal fold paralysis, measuring residual graft volume by MRI at twelve weeks. 

The addition of insulin did not result in a significant improvement in graft retention compared to 

injection without insulin (74). These findings are consistent with a rodent study in which pre-
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implantation of fat grafts in insulin solution resulted in no significant improvement in graft weight or 

adipocyte viability at three months compared to untreated controls, despite evidence of increased 

vascular marker expression (75). No standardized clinical protocol for insulin-based fat preparation 

exists, and its use therefore remains experimental without sufficient evidence to support routine 

application. 

Injection strategies themselves can be considered adjunctive. Overcorrection is commonly performed 

to compensate for anticipated partial resorption, with a mean overcorrection of approximately 30% 

reported in the literature. However, the optimal degree remains debated and is largely based on 

surgical experience rather than quantitative evidence (50). Staged or repeated injections represent an 

additional strategy, allowing progressive volume adjustment and adaptation to individual resorption 

patterns over time (21). 

Scaffold-based approaches represent an additional strategy to improve fat graft survival by providing 

a supportive microenvironment for cell viability and tissue integration. Collagen-based matrices have 

been investigated for their ability to promote cell adhesion and mimic native extracellular matrix 

properties. Hydrogels can serve as injectable carriers that support uniform cell distribution and 

facilitate nutrient diffusion within the graft. Extracellular matrix-derived scaffolds aim to provide 

bioactive structural support while promoting angiogenesis and tissue remodeling (14,43,76). While 

promising in the context of tissue engineering, their application in vocal fold augmentation remains 

largely experimental, with limited clinical data available (14). 

Beyond fat and its modifications, numerous other injectable materials are available, each with distinct 

viscoelastic properties and durability. Temporary agents such as carboxymethylcellulose persist for 

one to two months and are mainly used for trial injections (11,38). Hyaluronic acid (HA) is widely 

used for short- to mid-term augmentation from 6–12 months, particularly in acute unilateral vocal 

fold paralysis, presbyphonia, and sulcus vocalis (11,77).  

Calcium hydroxylapatite (CaHA) provides longer-lasting effects from 12–24 months, but carries a 

risk of increased stiffness and unpredictable behavior (38). Polydimethylsiloxane (PDMS) is a 

permanent material associated with strong improvements in phonatory parameters, though its 

irreversibility necessitates careful patient selection (29).  

A detailed discussion of alternative injectable materials is beyond the scope of this review, as the 

primary focus lies on strategies to optimize autologous fat graft survival rather than on comparative 

material selection. 

4. RESULTS OF THE REVIEW 

4.1. CHARACTERISTICS OF INCLUDED STUDIES  

Eight studies published between 2017 and 2025 were included, comprising a total of 243 patients 

undergoing autologous fat injection laryngoplasty for glottic insufficiency of varying aetiologies. 
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Study designs were heterogeneous and included four randomized controlled trials (62,64,78,79), two 

retrospective studies (80,81), one retrospective cohort study (82) and one prospective cohort study 

(83).  

The primary indications included unilateral vocal fold paralysis or immobility (64,78–81), scarred 

vocal folds following tumor resection and sulcus vocalis (83), type II sulcus vocalis (62), and bilateral 

vocal fold atrophy with or without sulcus (82). All procedures were performed under general 

anesthesia using direct suspension laryngoscopy.  

Considerable variability was observed in fat harvesting and processing techniques, as well as in 

injected volumes, which ranged from 0.1 mL to 6.0 mL. Four studies investigated adjunctive 

approaches, including platelet-rich plasma (62,79), injectable collagen scaffolds (78), and adipose-

derived regenerative cells (64).  

Voice outcomes were assessed using different versions of the Voice Handicap Index (VHI-10, VHI-

30) in seven studies and the GRBAS perceptual rating scale in six. Acoustic parameters were reported 

in six studies, most consistently maximum phonation time, jitter, shimmer, and noise-to-harmonic 

ratio. Additional imaging-based assessments were performed selectively, including computed 

tomography to quantify implant volume (78) and endoscopic measurements of vocal fold bowing and 

width ratios (81). 

No serious adverse events were reported across the included studies. Minor complication rates were 

low and are detailed in Section 4.5. Revision rates ranged from 0% in the randomized controlled trials 

and in Pagano (80), to 23.8% in Salmerón-González (83). Mean follow-up ranged from six months 

(62) to a median of four years (81), with the remaining studies reporting follow-up periods between 

12 and 24 months. 

4.2. OVERVIEW OF TECHNICAL VARIABILITY ACROSS INCLUDED STUDIES 

The techniques for autologous fat injection laryngoplasty varied substantially across studies. Harvest 

sites included the periumbilical region, lower abdomen, flank, and thigh. Techniques ranged from 

small-volume aspiration using 18-gauge needles (62,81), to conventional liposuction with 2.1–3 mm 

cannulas under manual negative pressure (79,82).  

Jin (78) applied the Coleman technique, while Fawaz (79) harvested microlobular fat without 

specifying technical parameters. Lasso (64) represented a clear outlier, requiring a minimum of 180 

cm3 of abdominal fat due to the Celution system requirements for ADRC extraction.  

Fat processing techniques also differed considerably. Centrifugation was most used but with variable 

parameters (300 g to 3000 rpm; 3–5 minutes), typically followed by three-layer separation and 

selection of the middle fraction (62,80,83). Salmerón-González (83) uniquely added an emulsification 

step to reduce particle size.  
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Alternative approaches included filtration without centrifugation (81), gravity sedimentation (78), 

and combined washing and enzymatic processing for ADRC isolation (64).  

Adjunctive biological agents were incorporated in four studies. Platelet-rich plasma was used in two 

studies with differing preparation protocols (62,79). Jin (78) combined fat with an injectable collagen 

scaffold, while Lasso (64) enriched grafts with adipose-derived regenerative cells. Pagano (80) 

applied fibrin glue topically at the injection site rather than modifying the graft itself.  

Injection targets were consistent across studies, with fat delivered into the thyroarytenoid muscle 

lateral to the vocal process and a general aim of 20–30% overcorrection. Variations included 

additional injections into the arytenoid region (81) or midcord (64,82). Correct placement into the 

deep thyroarytenoid muscle layer was consistently emphasized across studies, with superficial 

deposition into the lamina propria explicitly described as a technical complication to avoid, as it 

impairs mucosal wave propagation and vocal fold pliability (80,81).  

Injection instruments varied according to graft properties and surgical approach. Brüning’s syringes 

were used in several studies (62,78,82), while Pagano (80) used a modified 19-gauge butterfly needle 

with trimmed wings to allow microsurgical handling. 19-gauge needles were also used by Lasso (64) 

and Umeno (81), whereas finer 23-gauge needles were employed by Salmerón-González (83) and 

larger-bore instruments by Fawaz (79), depending on graft viscosity and intraoperative access.  

Injected volumes varied widely. The smallest volumes were reported by Salmerón-González (0.1–0.6 

mL) (83), followed by Pagano (mean 0.75 mL) (80). Tsou used a fixed volume of 1.5 mL (62), while 

Lasso reported mean volumes of approximately 1.8 mL (64), and Fawaz (79) and Jin (78) targeted up 

to 3 mL. Umeno reported the widest range (mean 2.7 mL, up to 6.0 mL) (81) and van den Broek did 

not report injected volumes (82).  

Across all studies, intentional overcorrection of at least 20–30% beyond the desired final vocal fold 

position was applied as a compensatory strategy for anticipated early-phase resorption, though the 

degree of overcorrection was assessed visually by the operating surgeon in all cases and was not 

standardized or objectively quantified in any included study.  

Perioperative management varied across studies. Voice rest ranged from 48 hours of complete 

restriction (80) to one week of partial restriction (83). Corticosteroids were used in selected studies 

(80), and prophylactic antibiotics in Jin (78) and Pagano (80). Lasso described the most complex 

protocol, involving a two-stage procedure with initial fat harvesting under local anesthesia followed 

by delayed injection under general anesthesia after ADRC processing (64).  

A simplified overview of the key technical parameters across included studies is presented in the table 

below. Detailed summary table of comparative parameters across studies are presented in Annex 8 

and Annex 9. 
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Table 4-1. Overview of the technical variability 
NR = not reported; ADRC = adipose-derived regenerative cells; PRP = platelet-rich plasma. 

Study Harvest Site Processing 
Injection 
Instrument 

Volume 
(mL) Adjunct 

Salmerón-
González Abdomen Centrifugation + 

emulsification 23-G needle 0.1–0.6 — 

Jin Lower abdomen Gravity sedimentation Brüning's syringe ~3.0 Collagen scaffold 

Lasso Abdomen Centrifugation / ADRC 
(Celution®) 19-G needle ~1.8 ADRCs 

Tsou Lower abdomen Centrifugation 3000 rpm Brüning's syringe 1.5 PRP (4:1) 

Fawaz Periumbilical Centrifugation 
(microlobular) 12-G syringe ≤3.0 PRP (2:1) 

Pagano Periumbilical/flank Centrifugation 1280 g 19-G butterfly needle 0.15–1.5 Fibrin glue (topical) 

Umeno Periumbilical Tea filter filtration 19-G endolaryngeal 
needle 0.5–6.0 — 

van den Broek Abdomen Centrifugation (NR) Brüning's syringe NR — 

4.3. COMPARISON OF CLINICAL OUTCOMES  

Across all eight included studies, autologous fat injection laryngoplasty improved voice quality across 

subjective, perceptual, and objective domains. VHI improved in all seven reporting studies. The 

largest reductions were observed in paralytic and atrophic indications: Pagano (80) reported a 

reduction from a median of 64 to 29, while van den Broek (82) demonstrated a clinically relevant 

VHI-30 reduction of 19.4 points at 12 months, with comparable outcomes across subgroups. In 

contrast, Salmerón-González (83) reported a smaller reduction of 5.6 VHI-10 points in post-resection 

scarring.  

Regarding adjunctive strategies, Lasso (64) observed improvement in both groups, with postoperative 

scores significantly lower in the ADRC group than in the fat-alone group (p = 0.032, Wilcoxon; p = 

0.042, t-test), the only study showing between-group superiority for a cellular adjunct, although based 

on a small sample. Jin (78) reported superior VHI trajectories in the collagen scaffold group at 6, 12, 

and 24 months, whereas deterioration occurred in the fat-alone group after 6 months. Among PRP 

studies, Tsou (62) found lower VHI-10 scores in the PRP group at 1 month, while Fawaz (79) found 

no between-group differences.  

GRBAS improved across all six reporting studies, particularly in grade and breathiness. Salmerón-

González (83) demonstrated improvement across all subscales. These gains were generally 

maintained at follow-up. PRP studies showed superior early perceptual outcomes, with convergence 

by 12 months in Fawaz (79).  

MPT improved in all six reporting studies. A volume-dependent effect was demonstrated by Umeno 

(81), with greater improvement in the high-volume group after adjustment, representing the clearest 
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dose–response relationship. Fawaz (79) reported higher MPT in the PRP group at both 1 and 12 

months, the only parameter showing sustained between-group superiority.  

Jitter decreased across all studies reporting it. Tsou (62) found superior values in the PRP group, 

whereas Fawaz (79) reported no between-group difference. Shimmer showed inconsistent results, 

with reductions in Salmerón-González (83) and Tsou (62), but no relevant change in Pagano (80). 

Noise-to-harmonic ratio NHR improved in Salmerón-González (83) and Tsou (62), with no between-

group difference in Fawaz (79). Mean flow rate decreased in Pagano (80) and Umeno (81), with a 

non-significant trend toward greater reduction at higher volumes in the latter.  

Lasso (64) assessed 14 biomechanical parameters using BioMet®Phon, a system to monitor 

phonation quality and most patients showed substantial qualitative improvement. The fat-alone group 

demonstrated more uniform moderate gains, whereas the ADRC group showed greater variability, 

including both the largest improvements and isolated functional setbacks. In both groups, 

improvements were mainly attributed to reduced vocal fold imbalance, consistent with a 

medialization mechanism.  

Glottic closure improved in all five studies reporting stroboscopy. Pagano (80) reported sustained 

improvement in 16 of 18 patients at a median follow-up of 19 months. PRP studies demonstrated 

superior early closure, with convergence by 12 months in Fawaz (79) and persistent superiority at 6 

months in Tsou (62). Van den Broek (82) identified dynamic range and VHI as the primary 

significantly improved parameters.  

A simplified overview of the key clinical outcomes across included studies is presented in Table 4-3 

below. A detailed summary of the clinical outcomes is provided in Annex 10. 
Table 4-2. Overview of primary clinical outcomes 
↑ = significant improvement; – = no significant improvement; NR = not reported; HV = high volume (≥3 mL); LV = low volume (<3 
mL); mo. = months; CAF = centrifuged autologous fat 

Study VHI GRBAS MPT Acoustic Glottic Closure Key Finding 

Salmerón-
González ↑ ↑ ↑ ↑ NR All outcomes improved; stable at 

20.7 months 

Jin ↑ scaffold > fat NR ↑ ↑ (trend) ↑ 
Scaffold group: sustained 
improvement; fat-alone deteriorated 
from 6 months 

Lasso ↑ ADRC > CAF NR NR ↑ ↑ 
ADRC: better patient-reported 
outcomes; no biomechanical 
between-group difference 

Tsou 
↑ PRP > fat at 1 
mo. ↑ ↑ ↑ PRP > fat ↑ PRP > fat 

PRP: consistent early advantage; 
sustained at 6 months 

Fawaz ↑ (equal) ↑ PRP > fat 
at 1 mo. 

↑ PRP 
> fat ↑ (equal) ↑ PRP > fat at 1 

mo. 
PRP: early advantage; MPT 
sustained at 12 months 

Pagano ↑ ↑ ↑ ↑ jitter; – 
shimmer ↑ Stable at 12–58 months; no revisions 

Umeno NR NR 
↑ HV > 
LV ↑ HV > LV ↑ 

Volume-dependent effect; 
CT/histology: long-term graft viability 

van den 
Broek ↑ – – NR NR VHI and dynamic range only 

significant outcomes 
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4.4. GRAFT LONGEVITY AND RESORPTION 

In the context of vocal fold medialization, graft survival depends on timely revascularization. Injected 

adipose tissue initially relies on plasmatic diffusion for oxygenation, without adequate capillary 

ingrowth, adipocytes undergo necrosis, resulting in volume loss, fibrosis, and oil cyst formation (44).  

The long-term stability of the injected fat graft was assessed using direct radiological and histological 

evidence, longitudinal functional data, and indirectly the effects of adjunctive strategies targeting 

resorption.  

Jin (78) provided the only direct volumetric data, with serial CT confirming persistent fat tissue in all 

patients at 24 months. Residual volume was higher in the collagen scaffold group, although not 

statistically significant. Umeno (81) reported persistent graft presence on CT at 6 years and 7 months 

in one patient, with maintained medialization. Histological analysis from a second patient at 2 years 

demonstrated intact adipocyte morphology without inflammatory infiltration, supporting long-term 

graft viability.  

However, such evidence remains limited to small cohorts and isolated cases, with only one study 

providing objective volumetric assessment (81). 

Pagano (80) found no change in MPT, MFR, jitter, VHI, or GRBAS between early and late follow-

up, and no correlation with time. Salmerón-González (83) reported stable outcomes at a mean follow-

up of 20.7 months, while Umeno (81) demonstrated sustained improvement across parameters for up 

to 5 years.  

Importantly, stable functional outcomes do not necessarily reflect true graft persistence, as 

compensatory mechanisms may conceal partial resorption. Although none of the four RCTs reported 

functional decline, follow-up in three studies did not exceed 12 months, thereby limiting conclusions 

regarding long-term resorption. 

Tsou (62) reported smaller glottic gaps in the PRP group at 6 months, suggesting reduced medium-

term resorption. Fawaz (79) found no difference at 12 months, indicating convergence over time. Jin 

(78) provided the clearest functional evidence of improved graft retention, with deterioration in the 

fat-alone group correlating with greater volumetric loss on CT (Figure 4-1).  



   30 

 
Figure 4-1. Representative axial CT images of the vocal folds 
Representative axial CT images of the vocal folds in the AFCs and AFCs + collagen groups at the laryngeal level, obtained 
preoperatively and at 1 and 24 months postoperatively. The dark area (red arrow) represents injected fat cells or collagen scaffold. 
Adapted from (78) 

Evidence regarding the effect of injected volume is inconsistent, with Umeno (81) demonstrating 

greater and more sustained improvement at higher volumes, while Pagano (80) found no association 

with functional outcomes. Overcorrection at the time of injection was applied as standard practice 

across all included studies to compensate for anticipated early resorption, yet its independent 

contribution to graft longevity was not isolated as a study variable in any of the included series.  

Adjunctive strategies, like PRP and collagen scaffold, showed an association with reduced resorption 

in two studies. Lasso (64), Fawaz (79), and van den Broek (82) did not formally assess graft longevity. 

Other potential determinants, including tissue characteristics, processing techniques, and patient 

factors, were inconsistently reported and not systematically analyzed. 

4.5. COMPLICATIONS AND REVISION RATES  

No life-threatening complications, permanent airway compromise, granuloma formation, rejection 

reactions, or procedure-related deaths were reported across any of the 243 patients enrolled in the 

eight included studies. Overall, the safety profile of autologous fat injection laryngoplasty appears 

highly favorable, with no evidence of severe adverse events in the available literature.  

Transient airway symptoms were the most frequently described complication. Umeno (81) reported 

such symptoms in 10 of 73 patients (13.7%), with durations ranging from 20 minutes to eight hours. 

All cases resolved with conservative management, and none required airway intervention. Salmerón-

González (83) reported one case of mild dyspnea lasting two months following a second injection, 

which resolved spontaneously. The remaining studies did not report airway-related complications. 
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These findings suggest that when airway symptoms occur, potentially related to higher injected 

volumes, they are typically mild and self-limiting.  

Harvest-site complications were uniformly minor. Salmerón-González (83) noted diffuse mild 

abdominal ecchymosis in most patients, resolving without intervention. Pagano (80) reported 

conservative hematomas at the liposuction site in several patients, one case of tongue base oedema 

from laryngoscope compression resolving with oral corticosteroids, two cases of inflammatory 

postoperative dysphonia treated with corticosteroids, and one fat extrusion into the ventricular space 

managed conservatively without functional consequence.  

One patient in Pagano (80) had an intraoperative superficial injection corrected immediately by re-

injection at the correct depth. Jin (78) reported one case of transient pharyngalgia in the collagen 

scaffold group. No complications related to the intervention were documented in Tsou (62), Fawaz 

(79), van den Broek (82).  

In Lasso (64) two adverse events, septic shock and glottic oedema, occurred in one patient but were 

attributed to the intubation procedure rather than the injection itself; this patient was subsequently 

withdrawn from the study. No study reported long-term structural complications such as fibrosis, 

granuloma formation, or implant-related stiffness.  

Revision rates varied across studies and indications. The highest rate was reported by Salmerón-

González (83), with 5 of 21 patients (23.8%) undergoing repeat injection. Of these, three patients 

showed objective improvement, while two demonstrated limited objective gains with persistent 

subjective impairment. Van den Broek (82) reported revision in 4 of 24 procedures (16.7%) within 

twelve months, comprising two repeat injections and two escalations to medialization thyroplasty.  

Umeno (81) reported re-injection in 5 of 73 patients (6.8%), with four of the five cases occurring in 

the low-volume group. Pagano (80) reported no revisions over a follow-up period of 12 to 58 months. 

No re-interventions were reported in the four randomized controlled trials within their respective 

follow-up periods.  

However, interpretation of revision rates is limited by heterogeneity in indications, injection 

techniques, and follow-up duration, as well as the absence of standardized criteria for re-intervention. 

Overall, revision appears to be driven primarily by insufficient or declining medialization rather than 

procedure-related adverse events, and interpretation of revision rates is limited by heterogeneity in 

indications, injection techniques, and follow-up duration.  

A detailed summary of complication and revision rates is provided in Annex 11. 
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4.6. EVIDENCE QUALITY AND STUDY HETEROGENEITY 
The methodological quality of the included studies was low to moderate, with several consistent 

structural limitations diminishing the strength of conclusions that can be drawn from the available 

literature. Overall, the evidence base is characterized by limited internal validity and restricted 

external generalizability. Accordingly, the overall level of evidence can be considered low.  

Regarding study design and risk of bias, the four randomized controlled trials were limited by 

incomplete blinding, as surgeon blinding is inherently impractical in surgical interventions. Reporting 

of allocation concealment was insufficient in most trials. Patient blinding was described in only one 

study (62). Assessor blinding was only partially implemented, Salmerón-González (83) blinded 

GRBAS raters to recording time point, and Fawaz (79) blinded phoniatricians to group allocation, 

but no study described complete outcome assessor blinding across all domains.  

This incomplete blinding introduces a potential risk of detection bias, particularly for perceptual and 

patient-reported outcomes.  

The retrospective designs introduced risks of selection and information bias. In Umeno (81), volume 

stratification was based on intraoperative decision-making rather than random allocation, introducing 

potential confounding despite subsequent statistical adjustment. Important confounding variables, 

such as baseline glottic gap size and degree of vocal fold atrophy, were not consistently controlled 

across studies.  

All studies were limited by relatively small sample sizes, ranging from 10 to 73 patients, and none 

reported an a priori power calculation. Consequently, the studies are likely underpowered to detect 

clinically relevant differences between techniques. Non-significant between-group findings, for 

example the acoustic parameter differences in Jin (78) and the ADRC outcomes in Lasso (64), cannot 

therefore be interpreted as evidence of equivalence.  

Multiple secondary outcome comparisons in Tsou (62) and Fawaz (79) were conducted without 

correction for multiplicity, inflating the risk of type I error (false positive). Conversely, small sample 

sizes also increase the risk of type II error (false negative), further complicating interpretation of 

negative findings.  

Substantial clinical heterogeneity was observed across patient populations, including variation in 

underlying pathology, aetiology, and disease duration prior to intervention. Follow-up duration 

ranged from 6 months to 5 years across studies, limiting the comparability of outcome data across 

time points.  

The technical heterogeneity described in Section 4.2 prevents attribution of outcome differences to 

individual procedural variables, directly limiting the ability to answer the central research question 

of which technical factors optimize voice outcomes, graft longevity, and complication rates. The 
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absence of imaging-based graft survival assessment in seven of eight studies restricts mechanistic 

interpretation of functional outcomes. Outcome assessment was heterogeneous in VHI instrument 

version, acoustic analysis methods, recording conditions, and postoperative assessment timing, 

preventing systematic synthesis.  

Taken together, these limitations restrict the level of evidence and preclude robust conclusions 

regarding the superiority of specific techniques. The available evidence is insufficient to support 

definitive conclusions, and future studies should prioritize adequately powered, methodologically 

rigorous trial designs with standardized outcome measures and objective assessment of graft survival. 

5. DISCUSSION 

5.1. INTERPRETATION AND SYNTHESIS OF FINDINGS 

Across the included studies, autologous fat injection laryngoplasty appears to be a safe and effective 

intervention for glottic insufficiency. The consistent improvement across heterogeneous study designs 

suggests that the fundamental mechanism, medialization through volume augmentation of the 

thyroarytenoid muscle, is robust across a range of technical variations, provided that key procedural 

principles are respected.  

The magnitude of clinical improvement appears to depend primarily on the underlying pathology. 

Patients with paralytic or atrophic glottic insufficiency tend to achieve greater functional gains, 

whereas outcomes are more limited in structurally altered vocal folds, such as in scarring or sulcus 

vocalis. This pattern indicates that the effectiveness of fat injection is constrained by the degree of 

irreversible tissue alteration rather than by technical factors alone.  

Among the technical variables, injection volume emerges as the most relevant modifiable factor. 

Higher injection volumes may provide a functional reserve against early resorption and are associated 

with improved functional outcomes and lower revision rates in some studies. This suggests a potential 

threshold effect, in which a minimum effective volume is required to achieve stable medialization, 

rather than a simple linear dose–response relationship. In contrast, insufficient volume may result in 

suboptimal augmentation and increased likelihood of revision.  

In comparison, fat processing techniques appear to have a less pronounced impact on clinical 

outcomes. No clear superiority of any specific method was identified, and satisfactory results were 

achieved across a range of approaches. Processing refinements, such as emulsification or cell 

enrichment, may improve graft efficiency under specific conditions, particularly when smaller 

volumes are used or in less favorable tissue environments. However, the available evidence suggests 

that adequate volume and correct placement are more critical determinants of outcome than the 

specific processing technique applied.  

Adjunctive biological strategies, including platelet-rich plasma, collagen scaffolds, and cell-based 

enrichment, demonstrate variable and generally preliminary effects. Platelet-rich plasma appears to 
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provide consistent short-term benefits, likely related to enhanced angiogenesis and early graft 

integration, although its long-term impact remains uncertain. Scaffold-based approaches show the 

most promising signal for improved graft retention, but current evidence is limited. Cell-based 

therapies have demonstrated improvements in patient-reported outcomes in small studies but lack 

consistent objective confirmation. Overall, these strategies should be considered experimental and 

applied selectively.  

Complication rates were uniformly low across all included studies, and no technical factor was 

associated with a clinically relevant increase in adverse events. This suggests that procedural 

variations primarily influence effectiveness rather than safety. Revision procedures were 

predominantly driven by insufficient or declining medialization rather than complications, further 

supporting the central role of volume adequacy and graft persistence.  

Long-term functional outcomes were generally stable, indicating that a clinically meaningful 

proportion of the injected fat persists in many patients. However, direct evidence of structural graft 

survival remains limited, and functional stability cannot be assumed to reflect complete graft 

retention.  

 
Figure 5-1. Long-term CT and MRI images following fat injection 
Computed tomography (A, B) and magnetic resonance imaging (C, D) in axial and coronal planes show long-term persistence of 
grafted fat in the left paralyzed vocal fold at 25 months. Serial MRI (E, F) confirms graft stability at 42 months. 
Adapted from (84) 

Supporting evidence from outside the included literature reinforces the radiological persistence of fat 

grafts via CT and serial MRI, with no change in graft volume detected between assessments 

performed 12–18 months apart, confirming structural stability up to 42 months postoperatively (84).  

However, direct evidence of this kind remains scarce within the included studies, and functional 

stability cannot be assumed to reflect complete graft retention. This represents a key limitation in the 

current evidence base and restricts mechanistic interpretation of long-term outcomes.  

A central limitation across the included studies is the substantial technical and methodological 

heterogeneity. Variations in harvesting, processing, injection technique, volume, and outcome 

assessment prevent isolation of individual variables and preclude definitive conclusions regarding 
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optimal technique. Consequently, the available evidence does not support the identification of a single 

superior fat grafting protocol.  

Taken together, the findings suggest that autologous fat injection laryngoplasty should be understood 

as a technically flexible intervention in which outcomes are primarily determined by achieving 

sufficient and stable medialization. Injection volume and accurate placement within the 

thyroarytenoid muscle represent the most critical factors, while processing techniques and adjunctive 

strategies appear to play a secondary and less clearly defined role. 

5.2. CLINICAL IMPLICATIONS AND PRACTICAL CONSIDERATIONS 

The available evidence supports autologous fat injection laryngoplasty as a clinically effective and 

safe option for the management of glottic insufficiency, particularly in patients without significant 

vertical level asymmetry (20,85). Patient selection remains critical, as the procedure primarily 

corrects horizontal glottic gaps and may be insufficient in cases with complex structural abnormalities 

requiring additional surgical intervention.  

Injection volume represents the most relevant modifiable technical factor in clinical practice. 

Adequate volume selection is essential to achieve sufficient medialization and reduce the likelihood 

of revision (81). Underinjection should be avoided, while moderate overcorrection remains a 

pragmatic strategy to compensate for early resorption (50,81). Volume should be individualized based 

on anatomical characteristics, underlying pathology, and patient-specific factors.  

Accurate placement of the graft within the thyroarytenoid muscle is a fundamental technical 

requirement. Superficial injection should be avoided, as it may impair mucosal wave propagation and 

negatively affect voice quality (80). Technical precision in depth and distribution of the injected 

material seems therefore more important than the specific harvesting or processing technique. 

While centrifugation is commonly used and represents current standard practice, simpler techniques 

can achieve comparable outcomes. The primary objective should be a consistent and standardized 

processing approach that preserves adipocyte viability rather than adherence to a specific method.  

Adjunctive strategies may be considered selectively. Platelet-rich plasma may provide short-term 

benefits, particularly in less favorable tissue environments, although its long-term effect remains 

uncertain (62,79). Other approaches, including scaffold-based techniques and cell enrichment, are not 

yet supported by sufficient evidence for routine clinical use.  

Perioperative management should focus on optimizing graft stability and functional recovery. Short-

term voice rest and structured voice therapy may support outcomes, although evidence remains 

limited. Early postoperative voice quality should not be interpreted as definitive because of the 

overcorrection, and outcome assessment should be delayed. Revision should generally be deferred 

until sufficient time has elapsed for graft stabilization. When required, repeat fat injection represents 

a safe and appropriate first-line strategy (83).  
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Autologous fat injection laryngoplasty offers several clinically relevant advantages compared to 

alternative injectable materials such as hyaluronic acid filler and calcium hydroxylapatite (CaHA). 

As an autologous material, fat is fully biocompatible and avoids the risk of foreign body reaction (11). 

Compared to hyaluronic acid, which is typically resorbed within 6 to 12 months, fat grafts may 

provide longer-lasting medialization when sufficient vascularization is achieved, potentially reducing 

the need for repeated interventions (86).  

In contrast to CaHA, which offers intermediate durability but may increase tissue stiffness and impair 

mucosal wave propagation, fat more closely resembles the viscoelastic properties of the native vocal 

fold and is therefore less likely to negatively affect vibratory function (77). In addition, fat injection 

can be safely repeated and allows for intraindividual adjustment over time. These characteristics 

support the use of autologous fat particularly in patients where long-term augmentation and 

preservation of vocal fold pliability are primary treatment goals.  

Patients with structurally altered vocal folds should be counseled regarding potentially reduced 

treatment response and higher likelihood of revision. Overall, clinical outcomes appear to depend 

more on appropriate patient selection, sufficient injection volume, and accurate graft placement than 

on specific technical refinements. Standardization of procedural protocols and outcome assessment 

would be necessary to further improve consistency and comparability in clinical practice. 

5.3. LIMITATIONS OF THE AVAILABLE EVIDENCE AND RESEARCH GAPS 

Beyond the methodological constraints outlined in Section 2.6, the primary literature is subject to 

several important limitations. The available evidence shows substantial clinical and technical 

heterogeneity. Differences in patient populations, underlying pathologies, fat harvesting and 

processing techniques, injection approaches, and injected volumes make it difficult to isolate 

individual variables and limit causal conclusions about optimal fat grafting strategies. 

Most included studies were small and likely underpowered, and none reported a priori sample size 

calculations. As a result, both positive and negative findings must be interpreted with caution. Non-

significant results cannot be considered evidence of equivalence, while statistically significant 

findings may be affected by type I error. 

Follow-up duration was inconsistent and often too short to assess long-term graft stability. Since fat 

resorption occurs mainly in the early postoperative phase, the lack of standardized and sufficiently 

long follow-up further limits the interpretation of long-term outcomes. 

A major limitation is the lack of objective assessment of graft survival. Only one study used imaging-

based volumetric analysis, while most relied on indirect functional outcomes. This limits mechanistic 

interpretation because functional improvement does not necessarily reflect actual graft persistence. 
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Another important limitation is the absence of studies designed to identify predictors of treatment 

success. Relevant factors such as baseline glottic gap, tissue characteristics, vascularity, and patient-

specific variables were reported inconsistently and were not systematically analyzed. 

Reporting of technical details was often incomplete, especially regarding harvesting parameters, 

processing techniques, and injection methodology. In addition, complications related to fat harvesting 

and grafting were reported inconsistently. Donor site morbidity, including pain, hematoma, infection, 

or contour irregularities, was rarely assessed in a systematic way, and injection-related complications 

were not uniformly reported. This lack of detailed safety data limits a comprehensive evaluation of 

the risk profile and makes comparison with alternative injectable materials more difficult. 

Overall, these limitations reduce reproducibility and prevent meaningful comparison between studies. 

Outcome assessment was heterogeneous, with variation in measurement tools, timing, and reporting 

standards. The absence of a standardized outcome framework further limits comparability and 

synthesis of results. 

Future research should focus on adequately powered, prospective, and ideally multicenter studies 

with standardized protocols. Key priorities include defining the optimal injection volume, clarifying 

the role of adjunctive strategies, and incorporating objective methods to assess graft survival. 

Standardized outcome measures and better reporting of technical variables are essential to improve 

comparability and strengthen the evidence base. 

6. CONCLUSION 

6.1. SUMMARY OF KEY FINDINGS 

This review evaluated the current evidence on autologous fat injection laryngoplasty for glottic 

insufficiency, with particular focus on how technical factors influence voice outcomes, graft 

longevity, and complication rates. Given the heterogeneity of the available evidence, the use of a 

narrative synthesis was appropriate, although it limits the ability to draw causal conclusions.  

Across eight studies comprising 243 patients, the available evidence consistently supports the safety 

and clinical effectiveness of the procedure, while also highlighting substantial methodological 

limitations that restrict the strength of causal conclusions.  

Autologous fat injection laryngoplasty produced clinically meaningful improvements in voice 

function across a range of indications, including unilateral vocal fold paralysis, vocal fold atrophy, 

sulcus vocalis, and post-resection scarring. Improvements were observed consistently across patient-

reported, perceptual, acoustic, and aerodynamic outcome measures. The magnitude of improvement 

varied by indication, with greater gains in paralytic and atrophic conditions and more limited 

improvement in scarred vocal folds, reflecting underlying structural constraints.  

With respect to graft longevity, functional outcomes were generally stable over time, suggesting that 

a clinically meaningful proportion of injected fat persists in many patients. However, direct evidence 
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of long-term graft survival remains limited. Only one study provided objective volumetric imaging, 

and histological confirmation is restricted to isolated cases. Functional stability does not necessarily 

reflect structural persistence, and the relationship between residual graft volume and voice outcome 

remains insufficiently defined.  

Among technical factors, injected volume emerged as the most clearly relevant modifiable variable. 

In the only study directly examining this relationship, higher injection volumes were associated with 

greater functional improvement and lower revision rates, whereas no association was observed in a 

separate study using substantially lower volumes, suggesting a possible threshold effect rather than a 

linear relationship. 

Fat processing techniques showed no clear superiority. While refinements such as emulsification may 

improve graft efficiency, particularly at lower injection volumes or in fibrotic tissue, satisfactory 

outcomes were also achieved with centrifugation and simpler methods such as filtration.  

Adjunctive biological strategies showed variable and generally preliminary effects. Platelet-rich 

plasma provided consistent early improvements with uncertain long-term persistence. Collagen 

scaffold delivery demonstrated the most promising signal for improved graft retention, supported by 

both functional and imaging findings, although based on limited data. Adipose-derived regenerative 

cell enrichment resulted in significantly improved patient-reported outcomes in one small trial, but 

without consistent corresponding improvements in objective voice parameters.  

Complication rates were uniformly low across all studies, with no serious adverse events reported. 

Minor complications were transient and self-limiting. Revision procedures were primarily performed 

for insufficient or declining medialization and appeared to be influenced by injected volume and 

underlying tissue condition.  

A key finding of this review is the substantial technical heterogeneity across studies, which limits 

comparability and precludes definitive identification of optimal techniques.  

In direct relation to the research question, the available evidence suggests that technical factors do 

influence outcomes in autologous fat injection laryngoplasty, but to different degrees. Injection 

volume represents the most clearly supported modifiable factor, while correct placement within the 

thyroarytenoid muscle is a fundamental technical requirement. In contrast, the impact of processing 

techniques and adjunctive biological strategies remains less well defined and is supported only by 

limited and heterogeneous evidence. As a result, no single optimal technique can currently be 

identified. 

6.2. RECOMMENDATIONS FOR CLINICAL PRACTICE AND FUTURE RESEARCH 

The findings of this review support several practical recommendations, which should be interpreted 

as guidance rather than definitive standards due to the limitations of the current evidence.  
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In clinical practice, a stepwise treatment approach should be considered. Early injection with 

hyaluronic acid can be used as a temporary and less invasive option, particularly in the early phase 

of glottic insufficiency or when spontaneous recovery remains possible. If insufficient improvement 

is observed or a persistent deficit is present, autologous fat injection laryngoplasty may be considered 

as a longer-lasting intervention.  

Autologous fat injection laryngoplasty represents an appropriate surgical option for glottic 

insufficiency in patients without a vertical glottic level difference, particularly in unilateral vocal fold 

paralysis, vocal fold atrophy, sulcus vocalis, and selected scarred vocal folds. In cases of vertical 

height mismatch, additional procedures such as arytenoid adduction should be considered (67).  

Injection volume appears to be the most relevant modifiable technical factor. It should be 

individualized according to anatomy and disease severity, and underinjection should be avoided. In 

the only study directly addressing this relationship, higher volumes (≥3 mL) were associated with 

improved outcomes in male patients with unilateral vocal fold paralysis (67).  

Correct placement within the deep thyroarytenoid muscle is essential, while superficial injection 

should be avoided due to its negative effect on vibratory function (66,67).  

Fat processing technique appears to be of secondary importance. Centrifugation can be regarded as 

current standard practice, while more complex methods such as emulsification may be useful in 

specific settings, particularly in fibrotic or scarred tissue (69).  

Adjunctive strategies should be applied selectively. Platelet-rich plasma may provide short-term 

benefit, particularly in poorly vascularized or fibrotic tissue (53,65), while collagen scaffold-

supported fat delivery shows promise for improving graft retention but remains experimental (64). 

Current evidence does not support routine use of adipose-derived regenerative cell enrichment.  

Perioperative management should focus on protecting graft stability and optimizing functional 

outcomes. Short-term voice rest, postoperative voice therapy, and selective use of corticosteroids may 

be considered. Final outcomes should not be assessed before several months, and revision should 

generally be deferred for at least 12 months. Repeat fat injection appears to be a safe first-line revision 

strategy.  

Future research should prioritize adequately powered, multicenter trials with standardized protocols 

and longer follow-up. Key priorities include defining optimal injection volume, clarifying the role of 

adjunctive therapies, and incorporating imaging-based assessment of graft survival. Standardized 

outcome measures and improved reporting of technical variables are essential to enable meaningful 

comparison between studies.  

Overall, while autologous fat injection laryngoplasty is a safe and effective intervention, its optimal 

technical application remains incompletely defined and requires further high-quality evidence. 

  



   40 

7. REFERENCES 

1. Khadivi E, Ghaemi H, Valipour Z, Roshanzamir I, Mehrad-Majd H, Khazaeni K. Evaluating the 
Efficacy of Endoscopic Medialization Laryngoplasty with Autologous Nasal Septal Cartilage 
Graft in Patients with Unilateral Vocal Fold Paralysis. J Voice. 2024 Oct. 
doi:10.1016/j.jvoice.2024.09.042 

2. Born H, Rameau A. Hoarseness. Med Clin North Am. 2021 Sep;105(5):917–38. 
doi:10.1016/j.mcna.2021.05.012 

3. Schlegel P, Berry DA, Chhetri DK. Analysis of vibratory mode changes in symmetric and 
asymmetric activation of the canine larynx. PLOS ONE. 2022 Apr 14;17(4):e0266910. 
doi:10.1371/journal.pone.0266910 

4. Balouch B, Maxwell PJ, Vontela S, Sataloff RT. Long-term Outcome of Autologous Lipoinjection 
Medialization Laryngoplasty versus Type I Thyroplasty. J Voice. 2023 Nov. 
doi:10.1016/j.jvoice.2023.10.012 

5. Sobrino-Guijarro B, Virk JS, Singh A, Lingam RK. Uncommon and rare causes of vocal fold 
paralysis detected via imaging. J Laryngol Otol. 2013 Jul;127(7):691–8. 
doi:10.1017/S0022215113001242 

6. Glottic Insufficiency: Vocal Fold Paralysis, Paresis, and Atrophy. In: Operative Techniques in 
Laryngology. Berlin, Heidelberg: Springer Berlin Heidelberg; 2008. p. 29–35. doi:10.1007/978-
3-540-68107-6_5 

7. Gidumal S, Kirke D, Laitman B, Rapoport SK, Woo P. Nanofat for Injection Laryngoplasty: A 
Preliminary Study of a New Substrate. J Voice. 2025 Mar. doi:10.1016/j.jvoice.2025.02.007 

8. Wilson A, Kimball EE, Sayce L, Luo H, Khosla SM, Rousseau B. Medialization Laryngoplasty: A 
Review for Speech-Language Pathologists. J Speech Lang Hear Res. 2021 Feb 17;64(2):481–90. 
doi:10.1044/2020_JSLHR-20-00344 

9. Lee BJ, Kwon TK, Rosen CA, editors. Vocal Fold Injection [Internet]. Singapore: Springer 
Singapore; 2021 [cited 2026 Mar 26]. Available from: https://link.springer.com/10.1007/978-
981-16-3303-4 doi:10.1007/978-981-16-3303-4 

10. Vinson KN, Zraick RI, Ragland FJ. Injection versus medialization laryngoplasty for the treatment 
of unilateral vocal fold paralysis. The Laryngoscope. 2010;120(9):1802–7. 
doi:10.1002/lary.20982 

11. Mallur PS, Rosen CA. Vocal Fold Injection: Review of Indications, Techniques, and Materials 
for Augmentation. Clin Exp Otorhinolaryngol. 2010;3(4):177. doi:10.3342/ceo.2010.3.4.177 

12. Vila PM, Bhatt NK, Paniello RC. Early‐injection laryngoplasty may lower risk of thyroplasty: A 
systematic review and meta‐analysis. The Laryngoscope. 2018 Apr;128(4):935–40. 
doi:10.1002/lary.26894 

13. Haddad R, Ismail S, Khalaf MG, Matar N. Lipoinjection for Unilateral Vocal Fold Paralysis 
Treatment: A Systematic Review and Meta‐Analysis. The Laryngoscope. 2022 Aug;132(8):1630–
40. doi:10.1002/lary.29965 



   41 

14. Brown M, Okuyama H, Yamashita M, Tabrizian M, Li-Jessen NYK. Trends in Injectable 
Biomaterials for Vocal Fold Regeneration and Long-Term Augmentation. Tissue Eng Part B Rev. 
2025 Aug;31(4):299–316. doi:10.1089/ten.TEB.2024.0134 PubMed PMID: 39212941. 

15. Phua CQ, Mahalingappa Y, Homer J, Karagama Y. Injection laryngoplasty. 
Otorhinolaryngologist. 2013 Jan;6:111–8. 

16. Truzzi GM, Pauna HF, Bette P, Gusmão RJ, Crespo AN, Semenzati GO. Methods of Fat Tissue 
Processing for Human Vocal Fold Injection: A Systematic Review. J Voice. 2017 Mar 
1;31(2):244.e17-244.e21. doi:10.1016/j.jvoice.2016.08.012 

17. Sun Z, Huang D, Cai M, Wang W, Meng W, Zhang Q, et al. Clinical Application of Stromal 
Vascular Fraction Gel in Unilateral Vocal Fold Paralysis. J Voice. 2023 Sep;37(5):800.e17-
800.e22. doi:10.1016/j.jvoice.2021.02.027 

18. Rovó L, Ambrus A, Tóbiás Z, Wootten CT, Bach Á. A Novel Endoscopic Arytenoid Medialization 
for Unilateral Vocal Fold Paralysis. The Laryngoscope. 2021 Mar;131(3). doi:10.1002/lary.29001 

19. Luke AS, Logan AM, Gawlik AE, Dion GR. Autologous Lipoaugmentation Long‐Term Clinical 
Outcomes: A Systematic Review. The Laryngoscope. 2022 May;132(5):1042–53. 
doi:10.1002/lary.29802 

20. Campagnolo AM, Priston J, Nickel V, Benninger M. Vocal Fold Fat injection for Glottic 
Insufficiency: Systematic Review. J Voice Off J Voice Found. 2026 Mar;40(2):466–75. 
doi:10.1016/j.jvoice.2023.09.029 PubMed PMID: 38142186. 

21. McCulloch TM, Andrews BT, Hoffman HT, Graham SM, Karnell MP, Minnick C. Long-term 
follow-up of fat injection laryngoplasty for unilateral vocal cord paralysis. The Laryngoscope. 
2002 Jul;112(7 Pt 1):1235–8. doi:10.1097/00005537-200207000-00017 PubMed PMID: 
12169905. 

22. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 
explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. 
BMJ. 2021 Mar 29;372:n160. doi:10.1136/bmj.n160 PubMed PMID: 33781993. 

23. National Library of Medicine (U.S.). MeSH Browser [Internet]. [cited 2025 Jun 22]. MeSH 
Browser. Available from: https://meshb.nlm.nih.gov/ 

24. Gusenbauer M, Gauster SP. How to search for literature in systematic reviews and meta-analyses: 
A comprehensive step-by-step guide. Technol Forecast Soc Change. 2025 Mar;212:123833. 
doi:10.1016/j.techfore.2024.123833 

25. Venn M. Subject Guides: Systematic Reviews for Health: 7. Boolean Operators [Internet]. [cited 
2025 Jun 23]. Available from: https://utas.libguides.com/SystematicReviews/Boolean 

26. Vahabzadeh‐Hagh AM, Zhang Z, Chhetri DK. Hirano’s cover–body model and its unique 
laryngeal postures revisited. The Laryngoscope. 2018 Jun;128(6):1412–8. 
doi:10.1002/lary.27000 

27. Li L, Stiadle JM, Lau HK, Zerdoum AB, Jia X, Thibeault SL, et al. Tissue engineering-based 
therapeutic strategies for vocal fold repair and regeneration. Biomaterials. 2016 Nov;108:91–110. 
doi:10.1016/j.biomaterials.2016.08.054 



   42 

28. Baali MH, Bukhari MA, Almohizea MI, Almansour SA, Shaheen MH, Alswat SH. Injection 
laryngoplasty versus medialization thyroplasty for unilateral vocal cord paralysis: a 
comprehensive systematic review and meta-analysis. Eur Arch Oto-Rhino-Laryngol Off J Eur 
Fed Oto-Rhino-Laryngol Soc EUFOS Affil Ger Soc Oto-Rhino-Laryngol - Head Neck Surg. 2025 
Dec;282(12):6321–34. doi:10.1007/s00405-025-09716-y PubMed PMID: 41136562. 

29. Safia A, Abd Elhadi U, Roch M, Kassem K, Safiya R, Zubeidat A, et al. Determinants of clinical 
response to injection laryngoplasty in unilateral vocal fold paralysis: a systematic review and 
meta-analysis. Int J Surg. 2024 Nov;110(11):7281–310. doi:10.1097/JS9.0000000000001978 

30. Liao LJ, Wang CT. Management of Unilateral Vocal Fold Paralysis after Thyroid Surgery with 
Injection Laryngoplasty: State of Art Review. Front Surg. 2022 Apr 6;9:876228. 
doi:10.3389/fsurg.2022.876228 

31. Alghonaim Y, Roskies M, Kost K, Young J. Evaluating the timing of injection laryngoplasty for 
vocal fold paralysis in an attempt to avoid future type 1 thyroplasty. J Otolaryngol - Head Neck 
Surg. 2013 Jan;42(1):24. doi:10.1186/1916-0216-42-24 

32. Giraldez-Rodriguez LA, Johns M. Glottal Insufficiency with Aspiration Risk in Dysphagia. 
Otolaryngol Clin North Am. 2013 Dec;46(6):1113–21. doi:10.1016/j.otc.2013.09.004 

33. Friedman AD, Burns JA, Heaton JT, Zeitels SM. Early versus late injection medialization for 
unilateral vocal cord paralysis. The Laryngoscope. 2010 Oct;120(10):2042–6. 
doi:10.1002/lary.21097 

34. Su WF, Hsiao YC, Hung CC. Features of muscle tension dysphonia before and after correction 
of unilateral vocal cord paralysis. Ann Otol Rhinol Laryngol. 2007 Feb;116(2):123–7. 
doi:10.1177/000348940711600208 PubMed PMID: 17388236. 

35. Kissel I, Meerschman I, Tomassen P, D’haeseleer E, Van Lierde K. Experiences of Patients with 
Unilateral Vocal Fold Paralysis: A Mixed-Methods Study of the Insider’s Perspective. J Voice Off 
J Voice Found. 2024 Apr 6. doi:10.1016/j.jvoice.2024.03.025 PubMed PMID: 38584029. 

36. Francis DO, Williamson K, Hovis K, Gelbard A, Merati AL, Penson DF, et al. Effect of Injection 
Augmentation on Need for Framework Surgery in Unilateral Vocal Fold Paralysis. The 
Laryngoscope. 2016 Jan;126(1):128–34. doi:10.1002/lary.25431 PubMed PMID: 26153268; 
PubMed Central PMCID: PMC4704988. 

37. Havas T, Lowinger D, Priestley J. Unilateral vocal fold paralysis: causes, options and outcomes. 
Aust N Z J Surg. 1999 Jul;69(7):509–13. doi:10.1046/j.1440-1622.1999.01613.x PubMed PMID: 
10442923. 

38. Kharidia KM, Bensoussan Y, Rosen CA, Johns MM, O’Dell K. Variations in Practices and 
Preferences of Vocal Fold Injection Materials: A National Survey. The Laryngoscope. 2023 
May;133(5):1176–83. doi:10.1002/lary.30331 

39. Mallur PS, Rosen CA. Trans-Oral Approach. In: Lee BJ, Kwon TK, Rosen CA, editors. Vocal 
Fold Injection [Internet]. Singapore: Springer Singapore; 2021 [cited 2026 Mar 27]. p. 39–46. 
Available from: https://link.springer.com/10.1007/978-981-16-3303-4_5 doi:10.1007/978-981-
16-3303-4_5 

40. Kwon TK. Trans-Cricothyroid Approach. In: Lee BJ, Kwon TK, Rosen CA, editors. Vocal Fold 
Injection [Internet]. Singapore: Springer Singapore; 2021 [cited 2026 Mar 27]. p. 47–55. 



   43 

Available from: https://link.springer.com/10.1007/978-981-16-3303-4_6 doi:10.1007/978-981-
16-3303-4_6 

41. Sohn JH. Trans-Thyrohyoid Approach. In: Lee BJ, Kwon TK, Rosen CA, editors. Vocal Fold 
Injection [Internet]. Singapore: Springer Singapore; 2021 [cited 2026 Mar 27]. p. 57–60. 
Available from: https://link.springer.com/10.1007/978-981-16-3303-4_7 doi:10.1007/978-981-
16-3303-4_7 

42. Mau T, Muhlestein J, Callahan S, Chan RW. Modulating phonation through alteration of vocal 
fold medial surface contour. The Laryngoscope. 2012 Sep;122(9):2005–14. 
doi:10.1002/lary.23451 

43. Chan RW, Titze IR. Viscosities of Implantable Biomaterials in Vocal Fold Augmentation Surgery. 
The Laryngoscope. 1998 May;108(5):725–31. doi:10.1097/00005537-199805000-00019 

44. Xining Z, Sai L. The Evolving Function of Vasculature and Pro-angiogenic Therapy in Fat 
Grafting. Cell Transplant. 2024 Jan;33:09636897241264976. doi:10.1177/09636897241264976 

45. Pei YC, Fang TJ, Hsin LJ, Li HY, Wong AM. 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(2):121–30. doi:10.3233/RNN-140439 

46. Prodinger PM, Windisch G, Hammer GP, Anderhuber F, Friedrich G. Lipoaugmentation of the 
Vocal Folds: A Survey on Alternative Donor Sites for Graft Harvesting. J Voice. 2009 Sep 
1;23(5):625–30. doi:10.1016/j.jvoice.2008.01.015 PubMed PMID: 18479890. 

47. Xue EY, Narvaez L, Chu CK, Hanson SE. Fat Processing Techniques. Semin Plast Surg. 2020 
Feb;34(01):011–6. doi:10.1055/s-0039-3402052 

48. Pu LLQ, Coleman SR, Cui X, Ferguson REH, Vasconez HC. Autologous fat grafts harvested and 
refined by the Coleman technique: a comparative study. Plast Reconstr Surg. 2008 
Sep;122(3):932–7. doi:10.1097/PRS.0b013e3181811ff0 PubMed PMID: 18766062. 

49. Cucchiani R, Corrales L. The Effects of Fat Harvesting and Preparation, Air Exposure, Obesity, 
and Stem Cell Enrichment on Adipocyte Viability Prior to Graft Transplantation. Aesthet Surg J. 
2016 Nov;36(10):1164–73. doi:10.1093/asj/sjw106 

50. Clark A, Kost K. Optimizing Autologous Fat Injection for Vocal Fold Medialization: Can We 
Improve Predictability. The Laryngoscope. 2025 Nov;lary.70253. doi:10.1002/lary.70253 

51. Carr H, Asaad M, Wu Y, Branch-Brooks C, Zhang Q, Hematti P, et al. Differential Secretomes of 
Processed Adipose Grafts, the Stromal Vascular Fraction, and Adipose-Derived Stem Cells. Stem 
Cells Dev. 2024 Sep;33(17–18):477–83. doi:10.1089/scd.2024.0071 

52. Kalaaji A, editor. Plastic and Aesthetic Regenerative Surgery and Fat Grafting: Clinical 
Application and Operative Techniques [Internet]. Cham: Springer International Publishing; 2022 
[cited 2026 Mar 27]. Available from: https://link.springer.com/10.1007/978-3-030-77455-4 
doi:10.1007/978-3-030-77455-4 

53. Condé-Green A, de Amorim NFG, Pitanguy I. Influence of decantation, washing and 
centrifugation on adipocyte and mesenchymal stem cell content of aspirated adipose tissue: a 
comparative study. J Plast Reconstr Aesthetic Surg JPRAS. 2010 Aug;63(8):1375–81. 
doi:10.1016/j.bjps.2009.07.018 PubMed PMID: 19679523. 



   44 

54. Kurita M, Matsumoto D, Shigeura T, Sato K, Gonda K, Harii K, et al. Influences of centrifugation 
on cells and tissues in liposuction aspirates: optimized centrifugation for lipotransfer and cell 
isolation. Plast Reconstr Surg. 2008 Mar;121(3):1033–41. 
doi:10.1097/01.prs.0000299384.53131.87 PubMed PMID: 18317153. 

55. He Y, Zhang X, Han X, Li F. The Importance of Protecting the Structure and Viability of Adipose 
Tissue for Fat Grafting. Plast Reconstr Surg. 2022 Jun 1;149(6):1357–68. 
doi:10.1097/PRS.0000000000009139 PubMed PMID: 35404340. 

56. Chen AWG, Chen CH, Lin TM, Chang ACH, Tsai TP, Chang SY. Office-Based Structural 
Autologous Fat Injection Laryngoplasty for Unilateral Vocal Fold Paralysis. J Clin Med. 2022 
Aug 17;11(16):4806. doi:10.3390/jcm11164806 

57. Sheng L, Yu Z, Li S, Cao W. Long-term volume retention after fat processing with cotton gauze 
rolling and centrifugation: A comparative study in nude mice. J Plast Reconstr Aesthetic Surg 
JPRAS. 2022 Nov;75(11):4290–6. doi:10.1016/j.bjps.2022.08.023 PubMed PMID: 36175330. 

58. Ban MJ, Park JH, Kim JW, Park KN, Lee JY, Kim HK, et al. The Efficacy of Fibroblast Growth 
Factor for the Treatment of Chronic Vocal Fold Scarring: From Animal Model to Clinical 
Application. Clin Exp Otorhinolaryngol. 2017 Dec;10(4):349–56. doi:10.21053/ceo.2016.00941 
PubMed PMID: 27671715; PubMed Central PMCID: PMC5678041. 

59. Tamura E, Tabata Y, Yamada C, Okada S, Iida M. Autologous fat augmentation of the vocal fold 
with basic fibroblast growth factor: Computed tomographic assessment of fat tissue survival after 
augmentation. Acta Otolaryngol (Stockh). 2015;135(11):1163–7. 
doi:10.3109/00016489.2015.1064544 PubMed PMID: 26143653. 

60. Ahmed AB, Thatcher S, Khorsandi J, Ahmed Z, Lee M, Jaouhari A, et al. Platelet-Rich Plasma 
(PRP) and Recombinant Growth Factor Therapies in Cutaneous Wound Healing: Mechanisms, 
Clinical Applications, and Future Directions. J Clin Med. 2025 Dec 3;14(23):8583. 
doi:10.3390/jcm14238583 PubMed PMID: 41375885; PubMed Central PMCID: PMC12692824. 

61. Woo SH, Jeong HS, Kim JP, Koh EH, Lee SU, Jin SM, et al. Favorable Vocal Fold Wound Healing 
Induced by Platelet-Rich Plasma Injection. Clin Exp Otorhinolaryngol. 2014 Mar;7(1):47–52. 
doi:10.3342/ceo.2014.7.1.47 PubMed PMID: 24587881; PubMed Central PMCID: 
PMC3932349. 

62. Tsou YA, Tien VHC, Chen SH, Shih LC, Lin TC, Chiu CJ, et al. Autologous Fat Plus Platelet-
Rich Plasma versus Autologous Fat Alone on Sulcus Vocalis. J Clin Med. 2022 Jan 29;11(3):725. 
doi:10.3390/jcm11030725 

63. Hakami AH, Akkur MS, Mahasi KA, Younis MK, AlDafas AF, Al Massloom LH, et al. Adipose-
Derived Stem Cell, Stromal Vascular Fraction, and Regenerative Cell Enrichment in Fat Grafting: 
A Systematic Review of Safety and Functional Outcomes. Cureus. 2025 Dec;17(12):e99599. 
doi:10.7759/cureus.99599 PubMed PMID: 41555993; PubMed Central PMCID: PMC12812246. 

64. Lasso JM, Poletti D, Scola B, Gómez-Vilda P, García-Martín AI, Fernández-Santos ME. Injection 
Laryngoplasty Using Autologous Fat Enriched with Adipose-Derived Regenerative Stem Cells: 
A Safe Therapeutic Option for the Functional Reconstruction of the Glottal Gap after Unilateral 
Vocal Fold Paralysis. Stem Cells Int. 2018;2018:1–15. doi:10.1155/2018/8917913 

65. Ren Y. Fat Grafting with Adipose Stem Cells: The Successes and Challenges. Cell Stem Cells 
Regen Med. 2015;1(2). doi:10.16966/2472-6990.106 



   45 

66. Jiang A, Li M, Duan W, Dong Y, Wang Y. Improvement of the survival of human autologous fat 
transplantation by adipose-derived stem-cells-assisted lipotransfer combined with bFGF. 
ScientificWorldJournal. 2015;2015:968057. doi:10.1155/2015/968057 PubMed PMID: 
25695105; PubMed Central PMCID: PMC4324956. 

67. Cheng Y, Li Z qing, Huang J zhong, Xue F, Jiang M jie, Wu K min, et al. Combination of 
autologous fascia lata and fat injection into the vocal fold via the cricothyroid gap for unilateral 
vocal fold paralysis. Arch Otolaryngol Head Neck Surg. 2009 Aug;135(8):759–63. 
doi:10.1001/archoto.2009.91 PubMed PMID: 19687394. 

68. Perazzo PSL, Sarvat MA, Filho F de SA, Pontes PA de L. Augmentation of the Porcine Vocal 
Fold Using Autologous Composite Cervical Fascia and Fat Graft. Comparison Between the 
Transmuscular and Submuscular Approaches. J Voice. 2011 Sep 1;25(5):626–31. 
doi:10.1016/j.jvoice.2010.06.008 

69. Rihkanen H. Vocal Fold Augmentation by Injection of Autologous Fascia. The Laryngoscope. 
1998 Jan;108(1):51–4. doi:10.1097/00005537-199801000-00010 

70. Duke SG, Salmon J, Blalock PD, Postma GN, Koufman JA. Fascia augmentation of the vocal 
fold: graft yield in the canine and preliminary clinical experience. The Laryngoscope. 2001 
May;111(5):759–64. doi:10.1097/00005537-200105000-00002 PubMed PMID: 11359152. 

71. Lee BJ. Autologous Materials for Vocal Fold Augmentation. In: Vocal Fold Injection. Springer 
Nature; 2021. p. 79–85. doi:10.1007/978-981-16-3303-4_11 

72. Ma Y, Long J, Amin MR, Branski RC, Damrose EJ, Sung C, et al. Autologous fibroblasts for 
vocal scars and age‐related atrophy: A randomized clinical trial. The Laryngoscope. 2020 
Nov;130(11):2650–8. doi:10.1002/lary.28453 

73. Escudero CA, Herlitz K, Troncoso F, Guevara K, Acurio J, Aguayo C, et al. Pro-angiogenic Role 
of Insulin: From Physiology to Pathology. Front Physiol. 2017;8:204. 
doi:10.3389/fphys.2017.00204 PubMed PMID: 28424632; PubMed Central PMCID: 
PMC5380736. 

74. Kruschewsky L de S, de Mello-Filho FV, dos Santos AC, Rosen CA. Autologous fat graft 
absorption in unilateral paralyzed canine vocal folds. The Laryngoscope. 2007 Jan;117(1):96–
100. doi:10.1097/01.mlg.0000245013.98844.30 PubMed PMID: 17202937. 

75. Okyay MF, Kömürcü H, Bağhaki S, Demiröz A, Aydın Ö, Arslan H. Effects of Insulin, Metoprolol 
and Deferoxamine on Fat Graft Survival. Aesthetic Plast Surg. 2019 Jun;43(3):845–52. 
doi:10.1007/s00266-019-01363-z PubMed PMID: 30937476. 

76. Kim DW, Kim EJ, Kim EN, Sung MW, Kwon TK, Cho YW, et al. Human Adipose Tissue Derived 
Extracellular Matrix and Methylcellulose Hydrogels Augments and Regenerates the Paralyzed 
Vocal Fold. PloS One. 2016;11(10):e0165265. doi:10.1371/journal.pone.0165265 PubMed 
PMID: 27768757; PubMed Central PMCID: PMC5074505. 

77. DeFatta RA, Chowdhury FR, Sataloff RT. Complications of injection laryngoplasty using calcium 
hydroxylapatite. J Voice Off J Voice Found. 2012 Sep;26(5):614–8. 
doi:10.1016/j.jvoice.2011.08.005 PubMed PMID: 22056892. 

78. Jin X, Liu W, Wang J, Xiao Z, Niu Y, Chen B, et al. Clinical study of injectable collagen scaffold 
with autologous fat cells for repair of severe vocal fold injury. Biomed Mater. 2022 May 
1;17(3):035004. doi:10.1088/1748-605X/ac61fd 



   46 

79. Fawaz M, Hassan IM, Elbadrawy AR, Mostafa HA, Reda R, Abdelmonem AA. Evaluating the 
Role of Adding Platelet-Rich Plasma to Autologous Fat Injection for Unilateral Vocal Fold 
Immobility: A Comparative Study. J Voice. 2025 Jul. doi:10.1016/j.jvoice.2025.06.038 

80. Pagano R, Morsomme D, Camby S, Lejeune L, Finck C. Long-term Results of 18 Fat Injections 
in Unilateral Vocal Fold Paralysis. J Voice. 2017 Jul;31(4):505.e1-505.e9. 
doi:10.1016/j.jvoice.2016.10.020 

81. Umeno H, Tanaka H ichiro, Kurita T, Mihashi R, Chitose S ichi, Sato K. Long-Term Effects of 
Fat Injection Laryngoplasty in Relation to the Injected Fat Volume in Patients With Unilateral 
Vocal Fold Paralysis. J Voice. 2025 Mar;39(2):512–9. doi:10.1016/j.jvoice.2022.08.020 

82. Van Den Broek EMJM, Heijnen BJ, Hendriksma M, Van De Kamp-Lam VAH, Langeveld APM, 
Van Benthem PPG, et al. Bilateral vocal fold injection with autologous fat in patients with vocal 
fold atrophy with or without sulcus. Eur Arch Otorhinolaryngol. 2019 Jul;276(7):2007–13. 
doi:10.1007/s00405-019-05479-5 

83. Salmerón‐González E, García‐Vilariño E, Llópez‐Carratalá I, Collado‐Martin D, María Perolada‐
Valmaña J, Armengot‐Carceller M. Augmentation of Scarred Vocal Folds With Centrifuged and 
Emulsified Autologous Fat Grafts. Otolaryngol Neck Surg. 2020 Dec;163(6):1226–31. 
doi:10.1177/0194599820932836 

84. Cantarella G, Mazzola RF, Gaffuri M, Iofrida E, Biondetti P, Forzenigo LV, et al. Structural Fat 
Grafting to Improve Outcomes of Vocal Folds’ Fat Augmentation: Long‐term Results. 
Otolaryngol Neck Surg. 2018 Jan;158(1):135–43. doi:10.1177/0194599817739256 

85. Cantarella G, Mazzola RF, Domenichini E, Arnone F, Maraschi B. Vocal fold augmentation by 
autologous fat injection with lipostructure procedure. Otolaryngol--Head Neck Surg Off J Am 
Acad Otolaryngol-Head Neck Surg. 2005 Feb;132(2):239–43. doi:10.1016/j.otohns.2004.09.022 
PubMed PMID: 15692533. 

86. Švejdová A, Dršata J, Mejzlík J, Homoláč M, Krtičková J, Šatanková J, et al. Injection 
laryngoplasty with hyaluronic acid for glottal insufficiency in unilateral vocal fold paralysis: a 
systematic review of the literature. Eur Arch Otorhinolaryngol. 2022 Nov;279(11):5071–9. 
doi:10.1007/s00405-022-07437-0 

  



   47 

8. APPENDICES  

Annex 1. PICO Framework used to define the review question 
Table 8-1. PICO Framework applied 
Population Intervention Comparison Outcome 

Patients undergoing vocal 
fold medialization  

Autologous fat grafting 
using a defined 
processing, preparation or 
injection technique 

No comparison or 
autologous fat grafting 
using a different 
technique, or with 
adjunctive biologic 
therapies 

Voice outcomes, graft 
longevity, complication 
rates 

Table 1. The comparison column reflects variations within autologous fat grafting only; studies without a comparator group were also 
eligible, studies comparing fat to non-biological materials or surgical procedures were excluded. 
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Annex 2. Search Terms Overview 
Table 8-2. Search terms included across the databases 
Concept MeSH-Terms Free-Text Terms (Title/Abstract) 

Population “Vocal Cords” [MeSH] “Vocal Cord 
Paralysis” [MeSH] 

vocal fold*, vocal cord*, vocal fold 
medialization, glottic insufficiency 

Procedure “Laryngoplasty” [MeSH] “Injections, 
Intralesional” [MeSH] 

injection laryngoplasty, vocal fold 
injection, medialization injection 

Intervention “Adipose Tissue” [MeSH] fat graft*, fat injection, autologous fat, fat 
augmentation, fat transfer 

Table 2. Overview of search terms used across all databases (PubMed, Cochrane Library/CENTRAL, and Scopus), organized by 
conceptual block. MeSH terms were applied in PubMed and Cochrane; free-text terms were used across all three databases. 
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Annex 3. Inclusion and Exclusion Criteria for Study Selection 
Table 8-3. Inclusion and Exclusion criteria 
Category Inclusion Criteria Exclusion Criteria 

Population Patients with glottic insufficiency of any 
etiology undergoing vocal fold injection with 
autologous fat with the goal of medialization 

Animal studies, cadaver studies, in vitro or ex 
vivo studies 
 
Only involving healthy volunteers or 
experimental phonation models 
 
Unclear indication for injection medialization 

Intervention Injection medialization using different 
autologous fat grafting techniques. 
 
Studies were required to report at least one 
technical aspect of fat procedure, processing, 
fat preparation (including biological adjuncts), 
or injection technique (volume). 
 
Single-arm studies reporting technical and 
clinical outcomes were also considered eligible. 

Surgical medialization techniques (e.g., 
thyroplasty) 
 
Using non-fat materials for injection 
medialization  
 
Using autologous fat without reporting 
technical details of processing, or preparation 
or injection technique. 
 
Studies where fat grafting is not the primary 
intervention 

Comparators No comparator or studies comparing different 
autologous fat grafting techniques 

Studies comparing only non-biologic materials 
or unrelated interventions 

Outcomes Reporting at least one of the following: 
• Objective voice outcomes  
• Validated subjective voice outcomes 

(e.g., Voice Handicap Index) 
• Graft longevity or resorption over time 
• Procedure-related complications 

Studies lacking clinical outcomes, lacking 
follow-up data, or with insufficient reporting of 
relevant endpoints 

Study Type Randomized controlled trials, non-randomized 
comparative studies, prospective or 
retrospective cohort studies, case series and 
single-arm interventional studies 

Narrative reviews, editorials, letters to the 
editor, and conference abstracts without full-
text articles 

Follow-up 
Period 

Follow-up of at least 6 months Follow-up <6 months or unclear follow-up 
duration 

Sample Size Studies with ≥10 participants Studies with < 10 patients 

Language English Non-English publications without translation 

Table 3. Predefined inclusion and exclusion criteria applied during title/abstract and full-text screening. All criteria were established 
prior to study selection to minimize selection bias. 
  



   50 

Annex 4. Cochrane Library (CENTRAL) Search Strategy 

 

Final Cochrane Library (CENTRAL) search strategy used for study identification (search conducted on 11 January 2026). 
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Annex 5. PubMed Search Strategy  

Search: ( ("Vocal Cords"[MeSH] OR "Vocal Cord Paralysis"[MeSH] OR vocal fold*[tiab] OR vocal 

cord*[tiab] OR glottic insufficiency[tiab] OR vocal fold medialization[tiab])  

AND ("Laryngoplasty"[MeSH] OR "Injections, Intralesional"[MeSH] OR injection 

laryngoplasty[tiab] OR vocal fold injection[tiab] OR medialization injection[tiab])  

AND ("Adipose Tissue"[MeSH] OR fat graft*[tiab] OR fat injection[tiab] OR autologous fat[tiab] 

OR fat augmentation[tiab] OR fat transfer[tiab]) )  

Filters: in the last 10 years, English, Humans 

Final PubMed search strategy used for study identification (search conducted on 11 January 2026). 
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Annex 6. Scopus Search Strategy 

TITLE-ABS-KEY ( ( "vocal fold*" OR "vocal cord*" OR "glottic insufficiency" OR "vocal fold 

medialization" )  

AND ( "injection laryngoplasty" OR "vocal fold injection" OR "medialization injection" )  

AND ( "fat graft*" OR "fat injection" OR "autologous fat" OR "fat augmentation" OR "fat transfer" 

) )  

AND PUBYEAR > 2015 AND PUBYEAR < 2026 AND ( LIMIT-TO ( LANGUAGE , "English" ) 

) 

Final Scopus search strategy used for study identification (search conducted on 12 January 2026) 
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Annex 7. PRISMA Flowchart 

 

PRISMA flow diagram illustrating the study selection process, including identification, screening, eligibility assessment, and inclusion 
of studies.  
 



 Annex 8. Main Characteristics of Included Studies 
Table 8-4. Main characteristics of included studies 

Author Design n Indication/Aetiology Main Outcome Measures Follow-up Adjunctive Strategy 

Salmerón-González et 
al. (2020) 

PC 21 Scarred VF, sulcus vocalis  VHI-10, GRBAS, MPT, Jitter, Shimmer, HNR 20.7 months (range 9–55) Voice rest 7 days 

Jin et al. (2022) RCT 10 UVFP  VHI, MPT, Jitter, Shimmer, 
Videolaryngoscopy, CT volumetry 

24 months Fat + Bovine collagen scaffold, 
ratio: 1:1 

Lasso et al. (2018) RCT 14 UVFP VHI-10, Laryngoscopy, Voice quality analysis 
(BioMet®Phon, 14 biomechanical parameters; 
LLIR) 

Range 6–26 months ADRCs group I; two-stage 
procedure (local + GA) 

Tsou et al. (2022) RCT 34 Type II sulcus vocalis VHI-10, GRBAS, Stroboscopy, MDVP: Jitter, 
Shimmer, NHR, VTI, SPI, MPT 

6 months Fat + PRP group, ratio 4:1 

Fawaz et al. (2025) RCT 50 UVFI  Modified GRBAS, Laryngoscopy, Arabic VHI-
30, MDVP: Jitter, Shimmer, NHR, MPT 

12 months Fat + PRP group, ratio 2:1 

Pagano et al. (2017) RS 18 UVFP  GRBAS, VHI, MPT, MFR, Jitter, Shimmer, 
Stroboscopy  

Range 12–58 months Tisseel fibrin glue; prednisone 
3 d; antitussive 7 d; voice rest 
48 h; preop. antibiotics 

Umeno et al. (2025) RS 73 UVFP  MPT, MFR, Bowing Ratio, Width Ratio, PPQ, 
APQ, NNEa, F0 range, SPL range 

Range 3 months–5 years NR 

van den Broek et al. 
(2019) 

RC 23 VF atrophy ± sulcus vocalis VHI-30, GRBAS, MPT, Dynamic Range (dB) 12 months  Voice rest 24 h; postop. voice 
therapy from week 1 

Abbreviations: PC = Prospective Cohort; RCT = Randomized Controlled Trial; RS = Retrospective Study; RC = Retrospective Cohort; UVFP = Unilateral Vocal Fold Paralysis; UVFI = Unilateral Vocal 
Fold Immobility; VF = Vocal Fold; NR = Not Reported; VHI = Voice Handicap Index; GRBAS = Grade, Roughness, Breathiness, Asthenia, Strain; MPT = Maximum Phonation Time; ADRC = Adipose-
Derived Regenerative Cells; PRP = Platelet-Rich Plasma; GA = General Anesthesia 

Overview of study design, patient population, primary indication, outcome measures, adjunctive strategies, and follow-up duration across the included studies.   
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Annex 9. Technical Parameters of Fat Harvesting, Processing, and Injection 
Table 8-5. Technical parameters of fat harvesting, processing, and injection 

Author (Year) Fat Harvesting Fat Processing Injection Technique / Instrument Injected Volume 

Salmerón-
González et al. 
(2020) 

3 mm cannula; abdomen Centrifugation (300 g, 3 min) + emulsification (10 passes 
between syringes) 

TA muscle; 23-G needle; overcorrection 20–40% 0.1–0.6 mL 

Jin et al. (2022) Coleman technique; lower 
abdomen 

5 min gravity sedimentation; middle layer retained. 
Bovine collagen scaffold (1:1 with fat) 

Lateral to vocal process; TA muscle; Brüning's 
syringe; overcorrection 

~3 mL 

Lasso et al. 
(2018) 

3 mm Mercedes-tip blunt 
cannula; infra-abdominal; 
minimum 180 cm³ required 
(Celution system) 

ADRC group: gravity sedimentation + Celution System 
(Celase enzymatic digestion), ADRCs mixed back into 
washed fat. CAF group: centrifugation (3000 rpm, 3 min) 

Lateral to vocal process; TA muscle; 19-G needle; 
depth 2–3 mm; overcorrection 20–30% 

Mean 1.79 ± 0.29 mL  

Tsou et al. (2022) 18-G needle; lower 
abdominal 

Centrifugation (3000 rpm, 5 min); middle layer washed 
with NaCl 
Fat : PRP = 4:1 

Midcord and postcord, TA muscle; Brüning's syringe; 
overcorrection 

1.5 mL 

Fawaz et al. 
(2025) 

Periumbilical; microlobular 
technique 

Centrifugation (microlobular) 
Fat : PRP = 2:1 

Paraglottic space; 12-G laryngoplasty syringe or Chiba 
needle; overcorrection 

Up to 3 mL 

Pagano et al. 
(2017) 

2.1 mm cannula; 
periumbilical/flank/inner 
thigh 

Centrifugation (1280 g, 3 min), 3-layer separation; buff-
colored middle layer selected. 

Lateral to vocal process; musculoligamentous area; 
19-G butterfly needle, overcorrection; fibrin glue at 
withdrawal 

Mean 0.75 mL 

Umeno et al. 
(2025) 

18-G needles; periumbilical Filtration through saline-rinsed tea filter TA muscle + fovea oblonga of arytenoid cartilage; 19-
G endolaryngeal microsurgery needle; needle hole 
directed outward; overcorrection 20–30% 

LV: mean 2.0 mL; HV: 
mean 4.3 mL; range 
0.5–6.0 mL 

van den Broek et 
al. (2019) 

Abdominal liposuction or 
periumbilical incision 

Centrifugation TA muscle, anterior to vocal process; Brüning's 
syringe; overcorrection 1/3–1/4 VF width 

NR 

Abbreviations: TA = Thyroarytenoid; G = Gauge; LR = Lactated Ringer's; epi = epinephrine; atm = atmospheres; neg. = negative; NR = Not Reported; PRF = Platelet-Rich Fibrin; PRP = Platelet-Rich 
Plasma; ADRC = Adipose-Derived Regenerative Cells; CAF = Centrifuged Autologous Fat; VF = Vocal Fold; fovea oblonga = anterolateral surface of arytenoid cartilage for TA muscle attachment 

Summary of procedural variables relevant to the research question, including harvesting technique and instrument, fat processing method, injection site and instrument, injected volume, and degree of 
overcorrection.  
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Annex 10. Summary of Clinical Outcomes 
Table 8-6. Summary of clinical outcomes across included studies 

Author (Year) VHI GRBAS MPT Jitter Shimmer HNR / NHR MFR Glottic 
Closure Key Finding 

Salmerón-
González et al. 
(2020) 

↑ ↑ ↑ ↑ ↑ ↑ NR NR All outcomes improved at 8 months; stable at 20.7 
months 

Jin et al. (2022) ↑ scaffold > fat NR ↑ ↑ ↑ NR NR ↑ 
Scaffold group: sustained VHI improvement over 24 
months; fat-alone group deteriorated from 6 months.  
CT: scaffold > fat in residual volume 

Lasso et al. (2018) ↑ ADRC > CAF NR NR ↑ ↑ ↑ NR ↑ ADRC group: better patient-reported outcomes; no 
biomechanical between-group difference. 

Tsou et al. (2022) ↑ PRP > fat at 1 
mo.; - at 6 mo. ↑ ↑ ↑ PRP > fat ↑ PRP > fat ↑ PRP > fat NR ↑ PRP > fat 

at 6 mo. 
PRP: consistent early advantage; acoustic and 
stroboscopic superiority at 6 months 

Fawaz et al. 
(2025) ↑ - 

↑ PRP > fat 
at 1 mo.; - 
at 12 mo. 

↑ PRP > fat ↑ - ↑ - ↑ - NR 
↑ PRP > fat 
at 1 mo.; - 
at 12 mo. 

PRP: early perceptual advantage; MPT sustained at 12 
months; all other outcomes equivalent long-term 

Pagano et al. 
(2017) ↑ ↑ ↑ ↑ - NR ↑ ↑ All improved outcomes stable at 12–58 months; no 

revision required 

Umeno et al. 
(2025) NR NR ↑ HV > LV ↑ ↑ ↑ HV > LV ↑ ↑ 

High-volume (≥3 mL): greater MPT improvement; lower 
revision rate. CT and histology: long-term graft viability 
confirmed 

van den Broek et 
al. (2019) ↑ - - NR NR NR NR NR 

VHI and dynamic range (↑): only significant outcomes; 
comparable in atrophy-alone and atrophy+sulcus 
subgroups 

Symbols: ↑ = significant improvement from baseline; - = no significant change; ↓ = significant worsening; NR = Not Reported. Between-group superiority is indicated with > (e.g. PRP > fat = PRP 
group showed superior outcomes compared with fat-alone group; HV > LV = high-volume group superior to low-volume group). Where > is shown without -, both groups improved but one was superior; 
where > replaces ↑, only the superior group reached significance. 

Abbreviations: VHI = Voice Handicap Index; GRBAS = Grade, Roughness, Breathiness, Asthenia, Strain; MPT = Maximum Phonation Time; MFR = Mean Flow Rate; HNR/NHR = Harmonic-to-Noise 
/ Noise-to-Harmonic Ratio; HV = High Volume (≥3 mL); LV = Low Volume (<3 mL); PRP = Platelet-Rich Plasma; ADRC = Adipose-Derived Regenerative Cells; CAF = Centrifuged Autologous Fat; 
CT = Computed Tomography; mo. = month(s). 
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Annex 11. Complications and Revision Rates 
Table 8-7. Complications and revision rates across included studies 

Author (Year) n Complications Revision / Re-intervention Revision 
Rate Interpretation 

Salmerón-
González et al. 
(2020) 

21 1 mild dyspnea after 2nd injection 5/21 repeat injections after ≥12 
months 

23.8% Highest revision rate; driven by fibrotic 
indication; repeat injection feasible 

Jin et al. (2022) 10 1 transient pharyngalgia (collagen group; spontaneous 
resolution) 

NR NR No serious complications; collagen scaffold: no 
additional risk 

Lasso et al. (2018) 14 1 patient (septic shock, glottic oedema); attributed to 
intubation; patient withdrawn 

NR NR No intervention-related complications 

Tsou et al. (2022) 34 0/34 NR within 6 months NR Clean safety profile; no complications in either 
arm 

Fawaz et al. 
(2025) 

50 0/50 0/50 within 12 months 0% No complications or revisions; stability at 12 
months in both groups 

Pagano et al. 
(2017) 

18 Harvest-site hematomas; 1 tongue-base oedema 
(corticosteroids); 2 postop. dysphonia (corticosteroids); 
1 fat extrusion (conservative); 1 intraoperative 
superficial injection (corrected) 

0/18 within 12–58 months 0% Minor harvest-site events only; no procedure-
related serious complications; long-term stability 
confirmed 

Umeno et al. 
(2025) 

73 10/73: transient airway sensation, 20 min–8 h; none 
required intervention 

5/73 re-injection; 4/5 from LV group 6.8% Volume-dependent airway risk; self-limiting; LV 
group higher revision risk 

van den Broek et 
al. (2019) 

23 NR 4/24 procedures: 2 repeat fat 
injection, 2× medialization 
thyroplasty 

16.7% Revision includes escalation thyroplasty; failure 
rate estimated 16.7–37.5% 

Abbreviations: LV = Low Volume group (<3 mL); NR = Not Reported; postop. = postoperative; GA = General Anesthesia; min = minutes; h = hours 

All reported adverse events, revision procedures, and re-intervention rates, stratified by study. 
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