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Abstract
Empty nose syndrome (ENS) is a rare complication that develops after partial or 
complete turbinectomy. The main feature of ENS is paradoxical nasal obstruction 
feeling despite objectively wide nasal airway. ENS pathogenesis is multifactorial 
and includes changes in laminar physiological airflow, disruption of mucosa 
functions and deficient neural sensation. This leads to the development of ENS 
symptomatology such as dyspnea, nasal dryness, nasal burning, nasal 
obstruction, feeling of suffocation and even comorbid psychiatric disorders that 
significantly impairs life quality. Specific effective treatment of ENS does not exist 
up to date. In this review we outline existing biomaterial for surgical reconsti-
tution of nasal anatomy and discuss the perspective of stem cell-based techno-
logies in ENS management. The main focus is directed to justification of 
rationality application of adult mesenchymal stem cells (MSCs) from different 
tissues origin and neural crest-derived stem cells (NCSCs) based on their intrinsic 
biological properties. MSCs transplantation may stimulate mucosa tissue 
regeneration via trophic factors secretion, direct transdifferentiation into epithelial 
cells and pronounced immunosuppressive effect. From the other hand, NCSCs 
based on their high neuroprotective properties may reconstitute nerve structure 
and functioning leading to normal sensation in ENS patients. We postulate that 
application of cell-based and tissue-engineered products can help to significantly 
improve ENS symptomatology only as complex approach aimed at reconstitution 
of nasal anatomy, recovery the nasal mucosa functionality and neural tissue 
sensation.
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Core Tip: Empty nose syndrome is a complex disease, which pathogenesis is associated 
not only with changes in the architecture of the nasal passages, but also with changes in 
the receptor status of the nasal mucosa and disorders of perception of external stimuli 
at the systemic level. Due to the lack of effective convencial protocols for the treatment 
of this disease, there is a need to find new approaches to restoring the normal structure 
of the architecture of the nasal passages and return the functionality of the nasal 
mucosa. In addition, the proposed methods should be minimally invasive, implemented 
by injection. The advancement of regenerative medicine and biotechnology contributes 
to the development of new cell-based products in combination with various materials, 
which in the future will be able to help develop protocols for treatment patients with 
empty nose syndrome.

Citation: Gordiienko IM, Gubar OS, Sulik R, Kunakh T, Zlatskiy I, Zlatska A. Empty nose 
syndrome pathogenesis and cell-based biotechnology products as a new option for treatment. 
World J Stem Cells 2021; 13(9): 1293-1306
URL: https://www.wjgnet.com/1948-0210/full/v13/i9/1293.htm
DOI: https://dx.doi.org/10.4252/wjsc.v13.i9.1293

INTRODUCTION
For the first time, the term "empty nose syndrome" (ENS) was introduced into medical 
practice by E. Kern and M. Stenkvist in 1994 to describe empty space in the place of 
inferior and middle turbinate on computed tomography in patients who had partial or 
total turbinectomy[1]. Today, ENS can be defined as a rare rhinological disease 
developed as complication of turbinate surgery and characterized by paradoxical 
obstruction feeling despite an objectively broad nasal airway[2]. ENS symptoms 
development is usually delayed, from months to years postoperatively, and the 
symptoms severity is not strictly dependent on the resected tissue volume[3]. ENS 
frequency is not known exactly, several studies reported about 8%-22% ENS 
occurrence rate in patients who have undergone turbinate resection[4]. Submucosal 
cautery, submucosal resection, laser therapy, and cryosurgery can also lead to ENS 
development if performed in an overly aggressive manner[5]. Existing methods of 
ENS diagnostics and treatment have some drawbacks as ENS pathogenesis is not fully 
understood. In this review we focus on the latest concept of ENS pathogenesis and 
discuss cell-based technologies as new therapeutic option for ENS management.

ETIOLOGY AND PATHOGENESIS
ENS is divided into at least four subtypes depending on the turbinate resected: ENS 
inferior turbinate (ENS-IT), ENS middle turbinate (ENS-MT), and ENS-both, which 
means both the inferior and middle turbinates removal; and ENS after turbinate-
sparing procedures (ENS-type)[6]. ENS-IT is the most common type[7]. Patients with 
ENS frequently report symptoms of dyspnea, nasal dryness, nasal burning, nasal 
obstruction, and feelings of suffocation. Other symptoms may be sensation of 
excessive airflow; lack of sensation of nasal airflow; hypersensitivity to cold air; 
dyspnea (also paradoxical), breathlessness, hyperventilation; nasal pain of variable, 
sometimes pseudoneuralgic, types; headache; nasal and pharyngeal dryness; difficulty 
falling asleep, general fatigue (Figure 1)[8]. Anxiety, depression, loss of productivity 
are main psychological symptoms of ENS[9]. Depression was reported in 71 % of ENS 
patients, but there was no correlation between nasal cavity volume and depression 
severity[10]. ENS diagnosis is mainly based on the patient’s subjective symptoms since 
no reliable objective tests exist. This makes ENS diagnostics and treatment effectivity 

https://www.wjgnet.com/1948-0210/full/v13/i9/1293.htm
https://dx.doi.org/10.4252/wjsc.v13.i9.1293
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Figure 1 Empty nose syndrome: Causes, symptoms, diagnostics and current treatment strategy. ENS: Empty nose syndrome.

evaluation very challenging.
The nasal patency depends on adequate mucosa cooling and appropriate number of 

functioning TRPM8 (transient receptor potential cation channel subfamily M member 
8) thermoreceptors[11]. In case of ENS, turbinate resection leads to reducing general 
nasal surface area causing changes in laminar airflow characteristics. The mucosa 
reduction leads to decreasing in number of TRPM8 receptors and violation of inspired 
air heating and humidification due to increased nasal cavity, reduced contact between 
air and mucosa, and the lowered nasal airway resistance[12]. Complete removal of the 
inferior turbinate can reduce heating and humidity by 23%[2]. This leads to increased 
mucosa heating as a compensatory mechanism. Consequently, effective mucosal 
cooling does not occur and TRPM8 is not activated causing restricted signaling to 
respiratory center which is misinterpreted as obstruction or apnea, and, in turn, leads 
to increased breathing efforts. It is important to note that resection of inferior turbinate 
is associated with higher risk of ENS development than middle turbinate removal. 
Thus it is recommended to preserve at least 50% of inferior turbinate during any 
surgical procedure that allows to save sufficient mucosa and keep moderate nasal 
volume essential for normal airflow and in this way minimize ENS occurrence[13].

Reduction of mucosal tissue after surgery causes significant compensatory structure 
changes that result in squamous metaplasia, a higher rate of submucosal fibrosis, 
goblet cell metaplasia and lower number of submucosal glands in ENS patients. 
However, in some cases, normal respiratory epithelium similar to atrophic rhinitis and 
absence of inflammation can be preserved[14].

Taking together, ENS pathogenesis is multifactorial including changes in anatomical 
turbinate structure, disruption of normal nasal mucosa function and neural sensation 
deficiency.

CURRENT MANAGEMENT STRATEGY
Taking into consideration the polygenic pathophysiology of ENS, the effective 
treatment strategy should be complex and overcome the three main challenges: (1) 
Reconstitute the nasal anatomical structure that will allow the nasal airway resistance 
increasing; (2) Recover damaged nasal mucosa that will result in edema decreasing, 
normalizing air heating and humidifying; and (3) Stimulate nerve recovery and renew 
tissue sensitivity.

The arsenal of conservative ENS treatment methods is limited today to measures 
that increase humidification (nasal saline irrigation, nasal saline sprays, moisturizing 
agents, and humidifiers), local antibiotics and corticosteroids application (Figure 1)[2]. 
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Psychological symptoms in ENS patients could be successfully treated by inhibitors of 
serotonin and norepinephrine reuptake inhibitors or cognitive behavior therapy[15]. 
The main goal of surgical techniques in ENS treatment is to reconstitute anatomical 
structure of nasal cavity to restore physiological airflow. Positioning an implant on the 
septum, floor or lateral wall is a basic principle in ENS surgery[8]. Unfortunately, the 
results of surgery with different types of biomaterial implantation are not 
unambiguous and require further investigation and improvements.

OVERVIEW OF IMPLANT MATERIALS
What type of implant could be used for nasal cavity reconstitution? Synthetic or 
natural materials that are used in medicine to treat, augment or replace tissues and 
organs are called biomaterials[16]. Biomaterials could be used for implant construction 
or as a scaffold for stem cells seeding to replace damaged tissue[17]. Physical and 
chemical properties of biomaterials are varied, but their medicine application imposes 
certain requirements as biocompatibility, biofunctionality, biodegradation, bioresorb-
ability, non-toxicity. Namely, save and maximally effective biomaterial should safely 
integrate with host cells and tissue without any adverse effects, its mechanical 
properties should correspond to those of replaced part of the body, it should not 
produce any toxic compounds from the surface, pores or during degradation[18]. The 
most common synthetic biomaterials that are used in tissue engineering are synthetic 
polymers, which include relatively hydrophobic materials such as the α-hydroxy acids, 
polyanhydrides, and others[19]. However, synthetic biomaterials have some disad-
vantages since their composition and structure differ significantly from tissues/organ 
nature, so their ability to induce tissue remodeling is low[20]. Collagen, gelatin, silk, 
cellulose, chitin/chitosan, decellularized dermal matrix are examples of natural 
biomaterials that are widely used as instruments of regenerative medicine.

Not all implant materials can be used to repair empty nose syndrome. From one 
side biomaterial should be inert, have good biocompatibility, compact and dense 
enough to avoid extrusion or shrinkage, keep shape well, should not induce inflam-
mation and rejection[21]. The most common biomaterials used in surgical inferior 
turbinate reconstruction in ENS patients are porous polyethylene (Medpor), cartilage, 
and acellular dermis (Alloderm)[22].

Commercialized porous polyethylene (Medpor) is an alloplastic biomaterial, 
medical-grade, high density polyethylene in the form of a flexible framework of 
interconnecting pores[23]. Pore size in Medpor is more than 150 µm in diameter that 
allows host tissues, blood vessels, and nerve ingrowth, together with collagen 
deposition thus forming stable complex which reconstitutes absent part of tissue/ 
organ. Submucosal implantation of Medpor to the ENS patients showed optimistic 
results. All studies described significant improvement based on SNOT (sino-nasal 
outcome test) score, level of depression and anxiety symptoms (Table 1)[14,24-28]. The 
results of Medpor transplantation were stable at least one year after surgery[14,24-27]. 
Huang et al[14] noted absence of nasal crusting and facial pain/pressure improvement 
after Medpor transplantation. At the same time, a serious drawback of Medpor was 
partial implant extrusion in some patients 6 mo after surgery[24,25]. Besides, it was 
reported that chronic atrophic rhinitis has been developed in 1 from 16 patients 4 years 
after Medpor implantation[25].

The conchal cartilage implantation for turbinate reconstitution may provide the best 
resistance to infection and a low degree of resorption compared to synthetic 
biomaterial[29]. From the other hand, usage of autologous cartilage requires additional 
surgery that is traumatic and results in longer post-operative period. Submucoperi-
osteal implantation of autologus conchal cartilage into lateral nasal wall showed 
significant decreasing of SNOT-25 score and good mucosal healing in ENS patients for 
up to 12 mo[30]. However, difficulties in autologus conchal cartilage harvesting and 
restricted data about its effectivity after implantation limit conchal cartilage usage for 
ENS treatment.

Another popular defect reconstitution material in ENS is Alloderm®, a cell-free 
dermal allograft comprised of structurally integrated basement membrane complex 
and extracellular matrix in which collagen bundles and elastic fibers are the main 
components[21]. Since alien cells are not present in Alloderm, it does not cause inflam-
mation and immune rejection compared to other allografts. Alloderm implantation 
showed improvement of ENS patients’ symptoms based on SNOT-20/25 score[5,31,
32]. However, similar to Medpor implant, Allodem showed partial extrusion in some 
cases. Besides, it is subject to shrinkage in time. Taken together, these are significant 
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Table 1 Comparative analysis of existing empty nose syndrome treatment approaches, clinical results

No. No. of 
patients Type of study

Material used for 
transplantation (implant 
material?)

Treatment details
ENS score before 
surgical 
intervention

ENS score after surgical 
intervention Other effects Complications, 

undesired effects
Follow-
up time Ref.

1 19 Prospective 
self-controlled 
study

Porous polyethylene (Medpor) Submucosal implantation into the 
inferior turbinate and (or) lateral 
nasal wall and (or) nasal septum 
opposite the nasal concha

50.1 ± 18.7 (SNOT-20) 22.6 ± 15.8 (3 mo; P = 0.037); 
20.4 ± 18.9 (6 mo; P = 0.007); 
37.7 ± 7.6 (12 mo; P = 0.736) 
(SNOT-20)

Improvements of nasal 
resistance, nasal volume, 
and minimum cross-
sectional area (P < 0.05) 
(CT, acoustic rhinometry); 
mucociliary clearance 
improved non-significantly

Partial implant 
extrusion in one 
patient at 6 mo follow-
up 

3-18 mo [24]

2 16 Retrospective 
clinical study

Porous polyethylene (Medpor) Submucosal implantation mainly in 
septum and nasal floor, unilaterally 
or bilaterally

39.25 ± 21.44 (SNOT-
22)

19.81 ± 16.17 (3 mo, P < 0.05); 
16.19 ± 13.98 (1 yr, P < 0.05) 
(SNOT-22)

Not evaluated Chronic hypertrophic 
rhinitis in 1 patient 4 
yr after implantation. 
Implant protrusion in 
1 patient 6 mo after 
surgery

3 mo-1 
yr

[25]

3 13 Prospective 
cohort study in 
a tertiary 
medical center

Porous polyethylene (Medpor) Submucosal implantation into nasal 
floor

19 (BAI); 24.4 (BDI-II) 6.8 (BAI); 6.25 (BDI-II) Mucosa covering the graft 
was smooth and intact on 
the lateral nasal wall 
(endoscopy)

Not reported 1 yr [26]

4 14 Retrospective 
study in a 
tertiary medical 
center

Porous polyethylene (Medpor) Inferior nasal wall submucosal 
implantation

40.7 ± 23.4 (SNOT-22); 
22.6 ± 27.0 (BDI-II); 
13.8 ± 19.5(BAI)

21.1 (P = 0.002) (SNOT-22); 
BDI-II decrease (P = 
0.031)BAI decrease (P = 
0.004)

Not evaluated Not reported 1 yr [27]

5 18 (16 
followed-
up)

Retrospective 
study in a 
tertiary medical 
center

Porous polyethylene (Medpor) Lateral nasal wall submucosal 
implantation

49.3 ± 20.5 (SNOT-22); 
20.5 ± 15.1 (BDI-II); 
20.1 ± 15.2 (BAI)

11.8 (P < 0.001) (SNOT-22); 
BDI-II decrease (P < 0.001); 
BAI decrease (P < 0.001)

Not evaluated Not reported 1 yr [27]

6 68 (39 
followed-
up)

Prospective 
clinical study

Porous polyethylene (Medpor) Submucosal implantation into the 
nasal floor or lateral wall

62.9 ± 25.3 (SNOT-25); 
19.3 ± 15.0 (BDI-II); 
17.7 ± 12.9 (BAI)

35.5 ± 24.4 (P < 0.001) 
(SNOT-25); 8.4 ± 10.1 (P < 
0.001) (BDI-II); 10.5 ± 11.5 (P 
< 0.001) (BAI)

Not evaluated Not improved nasal 
crusting and facial 
pain/pressure

6 mo [28]

7 54 (46-38 
followed-
up)

Prospective 
case series in a 
tertiary medical 
center

Porous polyethylene (Medpor) Submucosal implantation into the 
nasal floor or lateral wall

64.9 ± 24.7 (SNOT-25); 
20.7 ± 15.3 (BDI-II); 
19.8 ± 13.3(BAI)

32.9 ± 20.7 (3 mo); 30.2 ± 22.9 
(6 mo); 29.1 ± 23.8 (12 mo); (
P < 0.01) (SNOT-25); 8.2 ± 
11.2 (3 mo); 8.0 ± 9.8 (6 mo); 
7.8 ± 10.7 (12 mo); (P < 0.01) 
(BDI-II); 8.5 ± 9.8 (3 mo); 9.6 
± 11.0 (6 mo); 8.7 ± 10.1 (12 
mo); (P < 0.01) (BAI)

Not evaluated Not reported 3-12 mo [14]

8 1 Case report Hydroxyapatite cement Implantation into subperiosteal 
tunnel on the lateral nasal wall

Not evaluated Not evaluated Not evaluated Not reported 1 yr [60]
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9 3 Clinical study Hyaluronic acid Submucosal injections into the 
inferior nasal concha and under the 
mucous membrane of the septum

Not evaluated Not evaluated Subjective symptoms 
improvement, improved 
acoustic rhinometry results 
(3-6 mo)

After 1 yr the implant 
was absorbed in 2 
patients, symptoms 
restored

1 yr [61]

10 5 Prospective 
observational 
study in a 
tertiary medical 
center

β-tricalcium phosphate Implantation into 
submucoperiosteal pocket along the 
lateral nasal wall, at the site of the 
former inferior turbinate head 
between the nasal floor and the 
ostium of the nasolacrimal duct

90 (90-95) (NOSE); 
18.7 (18.7-43.7) 
(RhinoQoL 
frequency); 30 (20-
43.3) (RhinoQoL 
bothersomeness); 62.5 
(57.6-68.7) (RhinoQoL 
impact)

5 (5-25) (P = 0.01) (NOSE); 
81.2 (75-81.2) (P = 0.01) 
(RhinoQoL frequency); 81 
(76.7-90) (P = 0.05) 
(RhinoQoL 
bothersomeness); 8.3 (5.5-11) 
(P = 0.01) (RhinoQoL 
impact)

Median nasolacrimal duct 
aperture (DNLI) 4.2 mm 
(1.8-6.6) (CT)

One case of partial 
implant extrusion 6 d 
after surgery

13.5 mo 
(8.2-21)

[20]

11 12 Prospective 
randomized 
blind clinical 
study

Silastic sheet Implantation into 
submucoperichondrial and/or 
submucoperiosteal pockets 
fashioned along the septum, nasal 
floor, and lateral nasal wall

61.4 ± 16.3 (SNOT-25) 33.6 ± 17.1 (SNOT-25) Decreased crustling 
(anterior rhinoscopy and 
endoscopic examination)

Partial implant 
extrusion in 4 patients

9-24 mo [32]

12 14 Clinical study Carboxymethylcellulose/glycerin 
gel (Prolaryn)

Submucosal injection into the 
inferior meatuses

20.8 ± 4.9 (ENS6Q); 
50.3 ± 15.2 (SNOT-22); 
8.6 (GAD-7)11.6 
(PHQ-9)

ENS6Q: 10.5 (1 wk; P < 
0.0001); 13.7 (1 mo, P = 
0.002); 15.5 (3 mo; P > 0.05); 
SNOT-22: 29.3 (1 wk; P = 
0.01); 35.5 (1 mo, P = 0.04); 
39.3 (3 mo, P > 0.05); GAD-7: 
5.4 (1 wk, P > 0.05); 4.9 (1 
mo, P = 0.02); 5 (3 mo, P = 
0.02); PHQ-9: 6.6 (1 wk; P = 
0.01); 7 (1 mo, P = 0.004); 7.4 
(3 mo, P > 0.05)

Not evaluated Not reported 1 wk – 3 
mo

[62]

13 3 Observational 
prospective 
cohort study

Porcine small intestine submucosal 
xenograft

Inferior turbinate reconstruction, 
implantation into submucosal 
pocket in the lateral nasal wall

77.6 (SNOT-25) 65 (1 wk); 57 (4 wk, P < 0.01); 
55 (12 wk, P < 0.01) (SNOT-
25)

Not evaluated Mild partial implant 
reabsorption

1-12 wk [63]

14 12 Retrospective 
clinical chart 
review

Autologous septal or conchal 
cartilage; nautologous or 
homologous costal cartilage

Submucosal implantation into 
lateral nasal wall

Not evaluated Not evaluated 75% were satisfied with 
outcome; significantly 
decreased excessive 
airflow, nasal obstruction, 
and nasal or facial pain (P 
< 0.05) (VAS)

Under correction in 3 
patients

11.8 mo 
(6-27 
mo)

[64]

15 17 Case series 
with chart 
review

Conchal cartilage (autologous) Submucoperiosteal implantation 
into lateral nasal wall

54.0 (27.0-57.8) 
(SNOT-25)

35.9 (24.0-51.5) (P = 0.007) 
(SNOT-25)

Good mucosal healing 
(endoscopy)

Not reported 6-12 mo [30]

16 14 Case series 
with chart 
review

Costal cartilage (autologous or 
homologous)

Submucoperiosteal implantation 
into lateral nasal wall

46.6 (45-67.5) (SNOT-
25)

21.9 (9.0-40.8) (P = 0.002) 
(SNOT-25)

Good mucosal healing 
(endoscopy)

Not reported 6-12 mo [30]

Prospective 
cohort study in 
a tertiary 

Mucosa covering the graft 
was smooth and intact on 
the lateral nasal wall 

17 7 Autologous bone graft from septal 
bone

Submucosal implantation into nasal 
floor

19 (BAI); 24.4 (BDI-II) 6.8 (BAI); 6.25 (BDI-II) Not reported 1 yr [26]
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medical center (endoscopy)

18 1 Case report Acellular dermis (Alloderm) + 
Cymetra (injectable acellular 
dermis)

Submucoperiosteal implantation Not evaluated Not evaluated 40% better (subjective) Not reported 3 mo [31]

19 8 Case series Acellular dermis (Alloderm) Submucoperichondrial and 
submucoperiosteal implantation 
into the former inferior turbinate; or 
into nasal septum and/or floor

58.3 (SNOT-20) 38.3 (P ≤ 0.02) (SNOT-20) Subjective improvement in 
smell threshold

The initial graft 
shrinks, and then the 
graft appears to 
maintain stable size 
for years

6 mo – 4 
yr

[5]

20 12 Prospective 
randomized 
blind clinical 
study

Acellular dermis (Alloderm) Implantation into 
submucoperichondrialand/or 
submucoperiosteal pockets 
fashioned along the septum, nasal 
floor, and lateral nasal wall

63.7 ± 15.4 (SNOT-25) 34.2 ± 15.2 (SNOT-25) Decreased crustling 
(anterior rhinoscopy and 
endoscopic examination)

Partial implant 
extrusion in 3 patients 
during the first 2 wk, 
but all healed with no 
sequelae. Partial graft 
shrinkage in 2 cases 2 
mo postoperatively 

9-24 mo [32]

21 9 Prospective 
observational 
clinical study

Autologous stromal vascular 
fraction (SVF)

Injection into medial surface of 
inferior turbinates

70.1 ± 24.7 (SNOT-25) 62.4 ± 35.8 (P > 0.05) (SNOT-
25)

Decreased IL-1β and IL-8 (
P < 0.005) (ELISA)

Seroma in 1 patient 6 mo [47]

22 30 Clinical study Autologous ADSCs combined with 
autologous fat granules

Injections into the areas of mucosal 
damage (every 10 d, 3 in total)

Not evaluated Not evaluated Inflammation significantly 
reduced, collagenous fibers 
became aligned, fewer 
deposits observed, and the 
mucosal proteins increased 
1 mo post-op (H&E, 
Masson’s, and AB-PAS 
stainings). Nasal resistance, 
nasal volume, minimum 
crosssectional area, and 
mucociliary clearance 
improved (acoustic 
rhinometry)

Not reported 3-9 mo [49]

disadvantages of this type of implant[5,32].
Single studies showed application of hydroxyapatite cement, hyaluronic acid, β-

tricalcium phosphate, silastic sheet, carboxymethylcellulose/glycerin gel (Prolaryn), 
autologous bone graft from septal bone, porcine small intestine submucosal xenograft 
for turbinate restoring in ENS patients (Table 1). Small number of enrolled patients 
and drawbacks detected impose restrictions on the use of these implants for ENS 
treatment. Despite meta-analysis[21] showing that implantation of autograft/allograft 
is more effective than foreign graft materials, searching for optimal implant 
biomaterials with good biocompatibility, stability and host tissue integration is still an 
actual task for regenerative medicine in line of ENS treatment. Moreover, none of 
presented surgical or conventional treatments solves all the key issues which underlie 
ENS pathogenesis that results in their low effectivity and/or not sustainable effect, not 
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enough to significantly improve ENS patient’s symptoms. We postulate that new 
developing cell technologies could overcome the existing treatment limitations and 
lead to the significant and stable improvement in quality of life of ENS patients.

Adipose tissue derived extracellular matrix and methylcellulose hydrogels are new 
alternative biomaterials that could be potently used for the inferior turbinate 
reconsctruction. Strong limitation of fat transplantation despite of excellent biocompat-
ibility is its high resorption up to 90% during 5 mo[33]. Decellularized adipose derived 
extracellular matrix (ECM) is a new alternative to fat transplantation. It was shown 
that combination of ECM and methylcellulose hydrogels are promising material for 
injection laryngoplasty for stable vocal fold augmentation. ECM/MC hydrogel did not 
cause inflammation or fibrosis in injection site, but number of collagen fibers and fatty 
granules increased[34]. Other study demonstrated that ECM/MC hydrogels are 
excellent scaffold for injectable stem cell delivery. Transplantation of ADSCs in 
ECM/MC hydrogels in cutaneous would led to rapid re-epithelialization, neovascu-
lation and minimal scar formation[35]. The main advantages of ECM/MC hydrogel 
composition are high biocompatibility, thermosensitivity that allow to inject material 
with minimal traumatization for patients, stability and possibility to combine with 
stem cells.

PERSPECTIVES OF STEM CELL-BASED THERAPY
Stem cells-based therapy belonging to advances therapy medical products is an 
innovative treatment strategy that could give chance for those diseases, where conven-
tional therapies are inefficient. Stem cells application show great potential for 
replacing or regenerating damaged cells, tissues and organs. Different types of stem 
cells, including adult stem cells, derivatives of embryonic and induced pluripotent 
stem cells undergo clinical trials for evaluation of their safety and effectivity[36]. Anti-
aging therapy, wound healing, neurodegenerative diseases, metabolic disorders, 
musculoskeletal system disorders, autoimmune diseases are all targets for stem cells 
application. Taking into consideration ethical, legal and political concerns, tissue-
specific adults stem cells are preferable source for use in regenerative medicine. Due to 
a multilineage differentiation potential, immunomodulatory properties, production of 
large number of soluble or vesicle-bound growth factors, cytokines, and microRNAs, 
multipotent mesenchymal stromal cells (MSCs) become the key player in rapidly 
growing field of cell-based therapy during last 30 years[37]. More than 950 clinical trial 
based on using MSCs were registered worldwide during 2011-2018[37,38]. Significant 
therapeutic effect of MSCs has been shown in treating graft vs host diseases, complex 
perianal fistulas in Crohn's disease, osteoarthritis, type II diabetes, and wound healing
[39-41]. Bone marrow, adipose tissue, umbilical cord and placenta are the most 
abundant sources for MSCs isolation and expansion with the next application in 
regenerative medicine taking into consideration ethical problems, cell source 
availability and quantity of MSCs output[37]. All MSCs types isolated from different 
tissues are characterized by common features: adhesion to plastic, fibroblast-like 
morphology, positive for CD73, CD90, CD105 and negative for CD34, CD45, CD14 or 
CD11b, CD79-α or CD19, HLA-DR cell surface markers, ability multilineage differen-
tiation into adipocytes, chondrocytes and osteocytes in vitro[37,42]. The broad-range of 
MSCs therapeutic potential could be explained by their biological properties[43]. High 
proliferation potential – MSCs proliferate rapidly in vitro allowing biotechnologists to 
expand cells to the appropriate amount for application. (1) Multipotency – ability to 
differentiate into multiple cell types under the appropriate stimuli and replace 
damaged cells; (2) Trophic function – MSCs secrete numerous grows factors (Ang-1, 
EGF, FGF, GDFN, BDNF, HGF, IGF-1, PDGF, SDF-1, VEGF) to support the local tissue 
regeneration[44]; (3) Homing/migration – MSCs are able to migrate to damaged 
tissues after systemic application; they express adhesion molecules (CD44 and 
integrins), chemokines receptors (CCR2, CCR7, CCR10, CXCR4, CXCR5, CXCR6), and 
metalloproteinases (MMP-1, MMP-9); and (4) Immunomodulation function – MSCs 
suppress the proliferation and activity of CD4+ T helper cells, CD8+ cytotoxic T cells, 
proinflammatory macrophages, neutrophils, nature killer cells and B cells. At the same 
time, MSCs stimulate regulatory T and B cells, anti-inflammation macrophages and 
immature dendritic cells. Immunomodulation properties of MSCs are realized be 
secretion of TGF-β, IL-6, IL-10, prostaglandin E2 (PGE2), LIF, TSG-6, inducible nitric 
oxide synthase (iNOS) and indoleamine 2,3-dioxygenase (IDO), etc.[45].

Stem cells, including MSCs, use different mechanisms to repair injured tissues. 
These are direct cell replenishment by MSCs differentiation, paracrine effect by growth 
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Figure 2 Conception of complex approach in treatment of empty nose syndrome using cell-based technologies and tissue engineering. 
The empty nose syndrome treatment should be complex and solving three main issues: Changes in turbinate anatomy, mucosa tissue dysfunction and nerve sensing 
disruption. Biomaterial implantation may be performed alone or together with encapsulated stem cells to restore turbinate structure and physiological airflow. The 
main function of mesenchymal stem cells injection is directed to decrease inflammation and regenerate nasal mucosa, while neural crest-derived stem cells should 
stimulate neurosensory system sensitivity. ENS: Empty nose syndrome; MSCs: Mesenchymal stem cells; NCSCs: Neural crest-derived stem cells.

factors, cytokines and hormones secretion, and protein/peptide and miRNA transfer 
via MSCs-derived extracellular vesicles[46].

Published data about MSCs application for ENS treatment are limited. Kim et al[47] 
reported that injection of the autologous stromal vascular fraction (SVF) from adipose 
tissue partially improved ENS symptoms. Two of nine enrolled patients felt 
improvement, but totally there was no statistically significant differences in SNOT-25 
score. However, the level of inflammatory cytokines IL-1β and IL-8 in nasal secretions 
decreased after SVF injection[48]. The low effectivity of SVF for ENS treatment could 
be explained by the fact that SVF is a non-cultivated mixture of differentiated and 
progenitor cells with very low percent of real stem cells (up to 3%)[48] which vary 
between the patients. It was shown that the combination of fat particles with adipose 
tissue-derived MSCs led to significantly improved symptoms in ENS patients[49]. The 
potential of MSCs to recover nasal mucosa was confirmed by Friji et al[50] when 
lipoaspirate in combination with PRP was injected to five patients with primary 
atrophy rhinitis. This resulted in mucosal regeneration and improvement of mucosa 
appearance from atrophied mucosa with crusting to normal glistening mucosa[50]. We 
suppose that using more homogeneous and enriched population of MSCs isolated 
from umbilical cord or adipose tissue for ENS management will have more prominent 
regenerative effect (Figures 2 and 3), than lipoaspirate or SVF application.

As mentioned previously, reduction of nasal surface area after turbinate resection 
leads to different level of nerve damage and reduction of TRPM8 thermoreceptors 
number[2] that results in abnormal patient’s sensation. Role of nerve signaling in 
pathophysiology of ENS to find approach for nerve recovery and tissue sensitivity 
renewal. Injection of cell-based products enriched with trophic factors is one of 
possible solutions. Besides already known PRP, SVF, and MSCs we purpose to use 
another stem cell type with high neuroprotective properties and ability to neural 
differentiation that could force nerve regeneration in ENS patients. Adult neural-crest 
derived stem cells (NCSCs) are unique rare population of stem cells found in the hair 
follicle, skin dermis, adipose tissue, bone marrow, palate, nasal mucosa, dental pulp 
etc[51]. Numerous studies demonstrate that NCSCs have wider range of differentiation 
potential compared to MSCs, precisely in neuronal and glial cell lineages[52]. 
Moreover, NCSCs produce rich spectrum of cytokines and growth factors like IL-2Ra, 
IL-3, IL-5, IL-8, IL-16, MCP-1, SDF1a, GM-CSF, M-CSF, VEGF, HGF, bFGF, as well as 
specific neurotrophic factors NGF, NTF3, NTF4, BDNF, GDNF[53]. The trans-
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Figure 3 Realization of stem cells therapeutic potential in management of empty nose syndrome (possible mechanisms). The therapeutic 
effect of stem cell transplantation could be realized by two main ways. The first one is direct differentiation of transplanted stem cells under the impact of specific 
environmental factors, such as hypoxia and inflammation. Mesenchymal stem cells (MSCs) have the ability to transdifferentiate in mucosa epithelial cells, while neural 
crest-derived stem cells (NCSCs) can form peripheral neurons. However, very small amount, around 1-3%, of transplanted stem cells can differentiate. The 95% of 
stem cells therapeutic potential are implemented in indirect way via secreting plethora of paracrine factors and extracellular vesicles. MSCs-derived secretory factors 
promote neovascularization, immunomodulatory anti-inflammatory effect, anti-apoptotic and anti-fibrotic effect, and reduce oxidative stress that create favorable 
environment for mucosa regeneration. NCSCs, in particular, have strong neuroprotective properties, thus local NCSCs injection in empty nose syndrome patients 
could also stimulate nerve recovery by trophic support or direct reintegration in damaged tissue. MSCs: Mesenchymal stem cells; NCSCs: Neural crest-derived stem 
cells.

plantation of cultured adults NCSCs resulted in the restoration of bone defects[54], 
damaged peripheral nerves[55] and spinal cord[56] in rats. The NCSCs transplantation 
in an experimental model of glaucoma was effective and caused reduction of edema 
and restoration of the cytoarchitectonics of the layers[57]. Application of the NCSCs 
after the experimental orbital trauma stimulated the oculomotor muscles and 
retrobulbar fat tissue recovery[58]. All abovementioned biological properties of 
NCSCs, successful pre-clinical and clinical results of their transplantation together 
with several accessible sources in adult organism make NCSCs attractive candidates 
for regenerative medicine use, especially in field of neurology. NCSCs local injection to 
patients with ENS could lead not only to regeneration of nasal mucosa, but also 
stimulate nerve recovery by trophic support or direct reintegration in damaged tissue 
(Figures 2 and 3).

Efficiency of stem cell-based product application for ENS patients management may 
depend on numerous factors: severity of symptoms, autologous or donor stem cells, 
source of stem cells, their amount and quality etc. Based on our own experimental and 
clinical experiences in stem cells-based treatment of neurodegenerative diseases and 
ENS patients (not published), we suggest using transplantation of NCSCs alone or in 
combination with MSCs to archive more valuable therapeutic results depending on the 
case severity (Figure 2). The local injection of MSCs alone could induce regeneration of 
nasal mucosa epithelium and decrease inflammation, but that is not efficient for 
neurosensory system recovery (Figures 2 and 3). Taking into account the intrinsic 
neuroprotective properties of NCSCs, the following application of high quality 
cultured NCSCs may reconstitute nerve structure and functioning leading to normal 
sensation in ENS patients (Figure 3). Thus, the therapy based on the combination of 
NCSCs and MSCs might improve the proper functioning of epithelial cells of the nasal 
mucosa, reduce inflammation and, consequently, mucosal edema, recover 
neurosensory systems, which will contribute to the regression of ENS symptoms.
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There are some ways to improve stem cell-based therapy. One option is tissue 
engineering approach, thus application of stem cells encapsulated in bioactive 
materials whose chemical and physical properties would support cell survival and 
proliferation. Biomaterials may increase therapeutic potential of stem cells due to 
imitation of physiological niche of the cells allowing to cell interaction with each other 
and with artificial “extracellular matrix” in 3D dimension. Such approach results in 
reducing cells’ stress after transplantation, increased stem cells survival, their 
secretome enrichment, etc.[59]. Thus, depending on ENS severity, MSCs and NCSCs 
encapsulated in biomaterial could be used both to reconstitute the anatomical nasal 
structure and restore mucosa functionality, specifically inhibit inflammation after 
surgical manipulation, reduce edema, stimulate mucosa epithelium regeneration and 
improve local neurosensation. In case of tissue-engineering methods use we expect to 
achieve lifetime positive effect. Such a complex approach may help patients obtain 
long-awaited relief as well as reduce their time and costs.

CONCLUSION
With the advancement of stem cell technologies, the use of this regenerative medicine 
instrument for reconstruction of damaged nasal cavity may greatly improve conven-
tional methods of ENS treatment, gaining not only anatomical structure but returning 
lost function. In recent years, stem cell-based therapies were extensively studied, and 
promising results were acquired for various stem cell types combined with different 
grafts and biomaterials. However, there remain some challenges to be solved, such as 
the low survival rate of transplanted cells and the difficulty of restoring the proper 
volume and normal architecture of the organ tissue.
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