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Implanted cartilaginous grafts following rhinoplasty:
A retrospective histopathological study
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Abstract. To describe histopathological features of rhino-
plasty-related implanted cartilages, 83 cartilages surgically
removed from 42 patients (2 men and 40 women) with a
median age of 28.0 years (range, 21-47 years) following correc-
tion/revision rhinoplasty were examined. These cartilages
included 16 autologous costal cartilages (ACCs), 14 irradiated
homologous costal cartilages (IHCCs), 24 autologous nasal
cartilages (ANCs), 2 irradiated homologous nasal cartilages
(IHNC:), 14 autologous ear cartilages (ECs) and 13 combined
cartilaginous grafts. The median chondrocytic viability in
ACCs (35.9%) was higher than that of IHCCs (0.0%) and ECs
(21.4%) (both, P<0.001), and showed no significant differences
compared with the viability in ANCs (41.3%) (P=0.455). The
median organized rate of chondroid matrix in ACCs, IHCCs,
ANCs and ECs was 2.5, 1.4, 0.9 and 2.0%, respectively, and
there were no significant differences among them (P=0.909).
The present study revealed not only enlarged chondrocytic
lacunae, chondrocytic cloning and binucleated/trinucle-
ated chondrocytes, but also a possible transition between
chondrocytes and fibroblasts in 6 ACCs, 3 ANCs and 1 EC,
lipomembranous fat necrosis (LFN)-like bodies in 15 ACCs,
14 THCCs, 3 ANCs and 5 ECs, and chondrocytic vacuolar
changes in 15 ACCs, 22 ANCs, 2 IHNCs and 16 ECs. A histo-
logical transition between LFN-like bodies and chondrocytic
vacuoles was focally observed in 2 ACCs and 1 ANC. The
present findings suggested that the stability of implanted
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cartilage did not depend on chondrocytic viability only. Viable
chondrocytes preserve implanted chondroid matrix, but also
may, in part, induce organization through their transforma-
tion into fibroblasts. LFN-like bodies are considered to be an
underrecognized form of vacuolar change-related chondro-
cytic necrosis.

Introduction

Rhinoplasty is one of the most commonly performed
plastic/cosmetic surgeries worldwide (1-4). Rhinoplasty is a
repositioning technique of the nasal skeleton and soft tissues
to improve function and/or appearance (1-4). Rhinoplasty
includes septoplasty (1,2,5), septorhinoplasty (6), nasal
reconstruction (7,8), nasal dorsum augmentation (1,2,9,10),
turbinoplasty (1,2),and nasal tip plasty/modification (1,2,4,9,10).
Rhinoplasty frequently uses autologous cartilaginous grafts,
homologous cartilaginous grafts and/or alloplastic/artificial
grafts to correct contour deformities and restore structural
support (1,3.4). Autologous cartilages are harvested from the
6-8th rib, nose, and/or ear of patients themselves (1,5,7-16)
and homologous ones are usually composed of cadaveric
rib (5,11,16). Surgical techniques and management for rhino-
plasty have progressively improved (1,2,9). Nevertheless,
unexpected events or complications can occur (1-3,9-11),
and revision rhinoplasty with removal of implanted cartilage
may be required (9,14,16). Such events or complications
include nasal deformity/deviation/asymmetry, infection, skin
necrosis, bleeding/hematoma and vestibular stenosis (1,2,9).
Pathological examination of the removed cartilaginous
grafts can provide useful information to surgeons. Previous
investigations regarding cartilage implantation have focused
on cartilaginous viability and stability in human (13-15) or
animal models (17-20) although they also have described
calcification/ossification (13,18,19), vascularization or granula-
tion-fibrosis (13-15,17-19), chondrocytic cloning (14), and mild
lymphoid infiltration (15) in implanted cartilages. To date, the
detailed histopathological features/alterations of implanted
cartilages remain poorly understood although cartilaginous
changes are frequently mentioned in osteoarthritic conditions,
rheumatoid arthritis, and some inherited diseases (21-23). In
this study, we examined surgically removed cartilages that had
been implanted during a previous rhinoplasty, and attempted
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to define their histopathological features/changes. To the best
of our knowledge, the present study is the first to describe the
detailed histopathological findings of implanted human carti-
lages in a relatively larger series.

Materials and methods

Ethics approval. The present study was a retrospective study
performed according to the principles of the Declaration of
Helsinki, and was approved by the Ethical Review Board of
the National Defense Medical College (No. 4804; April 27,
2023).

Patients, removed cartilaginous grafts, and clinicopatho-
logical investigation. Hematoxylin and eosin (H&E)-stained,
Masson trichrome (MT)-stained, periodic acid-Schiff
(PAS)-stained, and elastica van Gieson (EVG)-stained glass
slides of 83 removed cartilaginous grafts were available from
Ginza Sumirenohana Clinic and were examined for pathology.
All grafts were surgically removed from 42 patients (2 men
and 40 women), with a median age of 28.0 years (range,
21-47 years), during correction/revision rhinoplasty at Ginza
Sumirenohana Clinic, Tokyo, Japan, between January 2016
and March 2023. All specimens were fixed with 10-20% buff-
ered formalin, paraffin-embedded, and routinely processed.
Clinical information including time interval between implan-
tation and graft removal, termed implantation time interval
(ITT), was available from the request forms for pathological
examination, and additionally obtained from the attending
physician at the clinic. According to previous investiga-
tions (17,20), we defined chondrocytic viability as nucleated
cell count (%) within chondrocytic lacunae. The organized rate
of chondroid matrix was calculated as the replacement-fibrotic
areas (%) within possible initial chondroid areas. Pathological
changes were graded as follows: 0, none; 1, mild; 2, mild to
moderate; 3, moderate; 4, moderate to marked; and 5, marked.
Histological assessment was performed using an Olympus
BX51 microscope (Olympus, Tokyo, Japan).

Statistical analysis. We analyzed the clinicopathological
differences between cartilaginous types using the chi-square
test, Fisher's exact test, Mann-Whitney U-test with or without
Bonferroni correction, and Kruskal-Wallis H-test. Statistical
significance was set at P<0.05. To compare data among =3
cartilage types, Kruskal-Wallis H-test analysis was applied
first. If there was a significant difference of variables between
them, we further analyzed difference between two cartilage
types using Mann-Whitney U-test with Bonferroni correction.

Results

Clinical findings and histological type of removed cartilagi-
nous grafts. Table I shows a summary of clinical findings. ITI
ranged from 0.3 to 132 months (median, 18.0 months). Main
complaints/reasons for surgery included nasal deformity
(24 patients), nasal discomfort (15 patients), and skin thinning
at the implantation site (10 patients). Based on histological
characteristics (7,24-26), removed cartilages were divided
into articular/costal hyaline cartilages, nasal (hyaline)
cartilages (NCs), and elastic cartilages. Additional clinical

information concluded that articular/costal hyaline cartilages
corresponded to costal cartilages (CCs) composed of autolo-
gous CCs (ACCs) and irradiated homologous CCs (IHCCs).
NCs were subdivided into autologous NCs (ANCs) and irradi-
ated homologous NCs (IHNCs), and all ECs corresponded to
autologous ear cartilages (ECs). CCs were usually triangular or
diced, and contained evenly distributed chondrocytes/lacunae
(Fig. 1A and B). NCs and ECs were frequently elongated
and slightly curved (Fig. 1F and K), and were sometimes
fragmented. Chondrocytes/chondrocytic lacunae in NCs and
ECs were sparse centrally and relatively dense peripher-
ally (Fig. 1G and L). Scattered empty chondrocyte lacunae
indicated chondrocyte necrosis. On H&E-stained sections,
chondroid matrix in CCs and NCs was slightly eosinophilic
and homogeneous, whereas that in ECs was brightly red
(Fig. 1C, H and M). MT stain highlighted unstained chon-
drocytic lacunae, with NC chondrocyte lacunae somewhat
larger than those of CCs and ECs (Fig. 1D, I and N). ECs were
characterized by a dense elastic meshwork (Fig. 10). CCs and
NCs lacked this dense elastic meshwork, but had occasional
EVG-positive fine deposits (Fig. 1E and J). Thirteen grafts
were composed of =2 different types of cartilages and/or
artificial grafts (combined grafts). Consequently, a total of
83 grafts were divided into 14 ACCs only, 16 IHCCs only,
24 ANC:s only, 2 IHNCs only, 14 ECs only, and 13 combined
grafts (Table II). We examined 16 ACCs (14 ACCs only and
2 ACCs in combined grafts), 18 IHCCs (16 IHCCs only and 2
IHCCs in combined grafts), 33 ANCs (24 ANCs only and 9
ANC:s in combined grafts), 2 IHNCs only, and 23 ECs (14 ECs
only and 9 ECs in combined grafts).

Histopathological features of removed cartilaginous grafts.
Table I1I summarizes clinicopathological features of the carti-
laginous grafts. Granulation-fibrosis surrounded 11 ACCs, 9
IHCCs, 24 ANCs, and 22 ECs. Mild lymphoid infiltration was
found in 5 ACCs, 6 IHCCs, 11 ANCs, and 7 ECs. Neutrophilia,
suggesting bacterial infection, was not found in any removed
cartilages.

CCs. All 16 ACCs contained viable chondrocytes. IHCCs were
mostly necrotic and 3 IHCCs had a few viable chondrocytes.
Median chondrocytic viability was 35.9% in ACCs and 0.0%
in THCCs. Chondroid matrix was partially organized in all
ACCs and in 16 IHCCs (Fig. 2A and B). The median organized
rate was 2.5% in ACCs and 1.4% in IHCCs. Organizing fibro-
blasts were not stained with PAS, whereas chondrocytes were
PAS-positive. In 6 ACCs, PAS-positive spindle chondrocytes
and PAS-negative fibroblastic spindle cells were intermingled
near the organized areas, indicating a possible transition
between chondrocytes and fibroblasts (Fig. 2C and D). The
median grading score of enlarged chondrocytic lacunae of
both ACCs and THCCs was 3.0. Newly developed minimal
elastic fibers were found (Fig. 2E) in 8 ACCs and 6 THCCs.
Eosinophilic serpiginous membranous bodies (Fig. 2F) were
identified in 15 ACCs and 14 IHCCs. These bodies were red
with MT and PAS stains (Fig. 2F, inset), mimicking lipo-
membranous fat necrosis (LFN) (27,28). The median grading
score of these LFN-like bodies was 1.5 in ACCs and 1.0 in
IHCCs. Chondrocytic cloning, binucleated chondrocytes, and
chondrocytic vacuolar changes (Fig. 2G) were found in 14, 15,
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Table I. Clinical findings in 42 patients who underwent
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Table II. Histological type of 83 cartilaginous graft specimens
removed from 42 patients.

Variable Value Cartilaginous graft type Number
Age range, years (median) 21-47 (28.0) Costal hyaline cartilage only 30
Sex, n (male/female) 2/40 ACC only 14
Range of time interval between 0.3-132.0 (18.0) I[HCC only 16
implantation and the removal of grafts, Nasal hyaline cartilage only 26
months (median) ANC only 24
Complaints/reasons for correction/revision THNC only 2
rhinoplasty, n (%)* Autologous ear elastic cartilage only 14
Nasal deformity 24 (57.1) Combined graft 13
Nasal discomfort 1535.7) ANC + EC 3
Skin thinning at implantation site 10 (23.8) ANC + artificial graft 3
Restriction on laughing movement 3(7.1) EC + artificial graft 3
Suspicious infection at implantation site 2(4.8) IHCC + ANC + EC 2
Nasal cavity hematoma 1(2.4) ACC + ANC 1
ACC +EC 1

*A total of 9 patients had complicated complaints/reasons for correc-
tion/revision rhinoplasty.

and 15 ACCs, respectively, and the median grading score was
2.0, 1.0, and 3.0, respectively. A histological transition between
chondrocytic vacuoles and LFN-like bodies was occasion-
ally observed in 2 ACCs (Fig. 2H). In IHCCs, chondrocytic
cloning, binucleated chondrocytes, and chondrocytic vacuoles
were not observed. Trinucleated chondrocytes were not found
in any of the CCs.

NCs. All 35 NCs contained viable chondrocytes. Median
chondrocytic viability was 38.8% in ANCs and 25.8%
in IHNCs, with no significant difference between them
(P=0.105; Mann-Whitney U-test without Bonferroni correc-
tion). Median organized rate was 0.9% in ANCs and 0.01%
in IHNCs. Organizing fibroblasts invaded chondroid matrix
in a striated (Fig. 3A) or nested (Fig. 3B) fashion. There was
a possible transition between PAS-positive chondrocytes and
fibroblasts in 3 ANCs (Fig. 3C and D). In 1 ANC, there was
a fibrous nodule containing many PAS-positive spindle cells
(Fig. 3E), suggesting fibrocartilaginous metaplasia of ANC.
The median grading score of enlarged chondrocytic lacunae
was 2.0 in ANCs and 4.0 in IHNC. Elastic fibers were not
observed in NCs. LFN-like bodies were found in 3 ANCs, but
not in IHNCs. The median grading scores of chondrocytic
cloning and binucleated chondrocytes in ANCs were 2.0
and 1.0, respectively, and those in IHNCs were 3.0 and 2.0,
respectively. Trinucleated chondrocytes were observed in 8
ANC:s (Fig. 3F) and in 2 THNCs. The median grading score
of chondrocytic vacuolar changes in both ANC and IHNC was
1.0. Chondrocytic vacuoles and LFN-like bodies were focally
intermingled in 1ANC (Fig. 3G).

ECs. Median chondrocytic viability and median orga-
nized rate of removed ECs were 21.4 and 2.0%, respectively.
Organized areas consisted of neovascularized fibrous tissues
lacking elastic meshwork (Fig. 4A and B). Near organized
areas in 15 ECs, there were patchy degenerated chondroid
areas lacking collagenous matrix blue stained by MT but

ACC, autologous costal cartilage; ANC, autologous nasal cartilage;
EC, elastic cartilage; IHCC, irradiated homologous costal cartilage;
IHNC, irradiated homologous nasal cartilage.

preserving the elastic meshwork (Fig. 4A-C; asterisks). In
1 EC, there was a possible transition between chondrocytes
and fibroblasts (Fig. 4D and E). The median grading score
of enlarged chondrocytic lacunae was 1.0. LFN-like bodies
(Fig. 4F-H) were observed in 5 ECs, and the median grading
score was 0. The median grading scores for chondrocytic
cloning (Fig. 41) and binucleated chondrocytes (Fig. 4J) were
1.0 and 3.0, respectively. Trinucleated chondrocytes (Fig. 4K)
were found in 2 ECs. The mean grading score of chondrocytic
vacuolar changes (Fig. 4J) was 1.0. The histological transition
between vacuolar chondrocytes and LFN-like bodies was
unclear in all ECs.

Statistical analysis of clinicopathological findings of
implanted cartilaginous grafts. The incidence of ossification
in ACC, IHCC, ANC, and EC was 12.5, 11.1, 15.1, and 0%,
respectively (Table III). There was no significant difference
between them (P=0.549, Fisher's exact test). The incidence of
lymphoid infiltration in ACC, IHCC, ANC, and EC was 31.3,
33.3,33.3, and 30.4%, respectively (Table III), and there was no
significant difference between them (P=0.996, nxm chi-square
test). Fig. 5 shows comparisons of other clinicopathological
findings among cartilaginous types. Kruskal-Wallis H-test
revealed no significant difference of ITI or organized rate
between ACC, IHCC, ANC, and EC (Fig. 5A and C) and no
significant difference of grading score for binucleated chondro-
cytes between ACC, ANC, and EC (Fig. 5G). On the other hand,
Kruskal-Wallis H-test demonstrated a significant difference of
grading score for chondrocytic viability, enlarged chondrocytic
lacunae, and LFN-like bodies among ACC, IHCC, ANC, and
EC, (all, P<0.001) and a significant difference of grading score
for chondrocytic cloning and vacuolar change between ACC,
ANC, and EC (both, P<0.001). Chondrocytic viability in IHCC
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Figure 1. Typical examples of removed CC (A-E), NC (F-J) and EC (K-O). (A) CC was triangular, and NC (F) and EC (K) exhibited relatively slender and
slightly curved features. (A, F and K) Scale bar, | mm; H&E staining. CC (B) contained evenly distributed chondrocytes, and NC (G) and EC (L) exhibited
centrally scarce and peripherally dense chondrocytes. (B, G and L) Scale bar, 200 ym; H&E staining. The chondroid matrix in (C) CC and (H) NC was
slightly eosinophilic and homogenous, whereas that in EC (M) was brightly reddish. (C, H and M) Scale bar, 50 ym; H&E staining. Masson trichrome staining
highlighted unstained chondrocytic lacunae, which were somewhat larger in NC (I) than CC (D) and EC (N). (D, I and N) Scale bar, 50 m; Masson trichrome
staining. EVG staining revealed a dense elastic meshwork around lacunae in EC (O), which was different from the occasional, EVG-positive fine deposits in
CC (E) and NC (J). (E, J and O) Scale bar, 50 ym; EVG staining. CC, costal cartilage; EC, ear cartilage; EVG, Elastica van Gieson; NC, nasal cartilage.

Figure 2. Histopathology of removed CC. (A) Partially organized ACC (scale bar, 200 ym; H&E staining). (B) Patchy organized areas (*) containing fibro-
blasts within massively necrotic IHCC (scale bar, 100 gm; H&E staining). (C and D) H&E-stained ACC showing (C) fibroblasts in scattered organized areas
(white arrowheads). (D) These fibroblasts were negative for PAS staining (white arrowheads) and were intermingled with PAS-positive spindle chondrocytes
(arrows), near PAS-positive rounded chondrocytes (black arrowheads). The inset in (D) shows high-power views of PAS-positive spindled chondrocytes. These
features implied a possible transition of chondrocytes into fibroblasts. (C) Scale bar, 100 ym; H&E staining. (D) Scale bar, 100 ym; PAS staining. (D) Inset
scale bar, 10 ym; PAS staining. (E) EVG-positive minimal elastic fibers (arrows) surrounding chondrocyte lacunae in IHCC (scale bar, 50 ym; EVG staining.
(F) H&E-stained IHCC exhibiting eosinophilic membranous bodies (arrows). The inset shows a high-power view of PAS-positive crenulated, serpiginous
membranous changes, mimicking LFN (scale bar, 50 ym; H&E staining; inset scale bar, 10 ym, PAS staining). (G) Chondrocytic vacuolar changes (scale
bar, 50 ym; H&E staining). (H) Intermingled LFN-like body (arrowhead) and vacuolar chondrocyte (arrow). The vacuolar chondrocyte was stained red with
Masson trichrome (inset), closely resembling an LFN-like body. These findings suggested a transition between chondrocytic vacuoles and LFN-like bodies
(scale bar, 10 ym; H&E staining; inset scale bar, 10 ym; Masson trichrome staining). ACC, autologous CC; CC, costal cartilage; EVG, Elastica van Gieson;
THCC, irradiated homologous CC; LFN, lipomembranous fat necrosis; PAS, periodic acid-Schiff.
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Figure 3. Histopathology of removed ANC. (A) Organizing fibroblasts invading the chondroid matrix in a striated fashion (arrows; scale bar, 200 ym; H&E
staining). (B) Large organized chondroid matrix (¥) and small organized areas containing nested fibroblasts (arrows) (scale bar, 50 ym; H&E staining).
(C) Granulation-fibrosis (*) attached to organizing ANC (scale bar, 200 ym; H&E staining). (D) High-power view of transition zones between granula-
tion-fibrosis and ANC [square area in (C)] revealing PAS-positive spindled chondrocytes (arrows) (scale bar, 50 ym; PAS staining). (E) Fibrocartilaginous
nodule (arrows) close to ANC (*), and high-power views (inset) of fibrocartilaginous nodule showing numerous PAS-positive spindled chondrocytes (scale bar,
200 pum; inset scale bar, 30 ym; PAS staining). (F) Binucleated and trinucleated chondrocytes (arrow) in enlarged lacunae (scale bar, 10 ym; H&E staining).

(G) Intermingled eosinophilic membranous bodies (arrow) and vacuolar chondrocyte (arrowhead) (scale bar, 10 pm; H&E staining). ANC, autologous nasal
cartilage; PAS, periodic acid-Schiff.

~

Figure 4. Histopathology of removed ear cartilage. (A) Organized areas (arrows) lacking an (B) EVG-positive meshwork (arrows), but preserving (C) Masson
trichrome-blue-stained collagens (arrows). (C) Patchy areas exhibiting depletion of collagen blue-stained with Masson trichrome (*) but preserving the
(B) EVG-positive meshwork (*) showing no remarkable changes on (A) H&E-stained section (asterisks) close to striated organized areas (arrowheads).
(A-C) Scale bar, 100 ym. (A) H&E staining. (B) EVG staining. (C) Masson trichrome staining. (D) Organized areas containing spindle cells. (E) On a
PAS-stained section, these spindle cells were composed of PAS-positive spindled chondrocytes and PAS-negative fibroblasts. (D and E) Scale bar, 50 ym.
(D) H&E staining. (E) PAS staining. (F) Scattered eosinophilic membranous bodies (arrows), stained red with (G) Masson trichrome and (H) PAS staining.
(F-H) Scale bar, 10 gm. (F) H&E staining. (G) Masson trichrome staining. (H) PAS staining. (I) Chondrocyte cloning (scale bar, 10 ym; H&E staining).
(J) Vacuolar chondrocyte (arrow) and binucleated chondrocyte (scale bar, 10 ym; H&E staining). (K) Trinucleated chondrocyte (scale bar, 10 ym; H&E
staining). EVG, Elastica van Gieson; PAS, periodic acid-Schiff.

was lower than that in the others (all, P<0.001), and that in  higher than that in ANCs and ECs (Fig. SE). The grading score
ECs was lower than that in ACCs and ANCs (both, P<0.001)  of chondrocytic cloning features in ECs was lower than that of
(Fig. 5B). The grading score of enlarged chondrocytic lacunae ~ ACCs and ANCs (both, P<0.001) (Fig. 5F). The grading score
was lower than that of the others (all, P<0.001) (Fig. 5D). The  of chondrocytic vacuolar changes in ACCs was significantly
grading score of LFN-like bodies in ACCs and IHCCs was  higher than that in ANCs and ECs (both, P<0.001) (Fig. SH).
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Table IV. Relationship between eosinophilic membranous bodies and chondrocytic vacuolar changes in removed cartilaginous
grafts.

Grading scores of viable
chondrocytic vacuolar changes

Histopathological findings 0-1 2-5 P-value
Grading scores of LEN-like bodies in ACC, score 0-1/2-5 (n=16) 5/3 0/8 0.026%°
Grading scores of LFN-like bodies in IHCC, score 0-1/2-5 (n=18) 13/5 0/0 NA

LFN-like bodies in ANC, present/none (n=33) 2/27 1/3 0.330*
LFN-like bodies in EC, present/none (n=23) 3/16 1/3 0.194*

“Fisher's exact test. "Statistically significant. ACC, autologous costal cartilage; ANC, autologous nasal cartilage; EC, ear cartilage; IHCC,
irradiated homologous costal cartilage; LFN, lipomembranous fat necrosis; NA, not applicable.

Table V. Relationship between binucleated chondrocytes and trinucleated chondrocytes.

Grading scores of binucleated chondrocytes

Histopathological findings 0-1 2-5 P-value
Trinucleated chondrocytes in ANC, present/none (n=33) 1/21 7/4 0.0012°
Trinucleated chondrocytes in EC, present/none (n=23) 3/16 1/3 0.486*

“Fisher's exact test. *Statistically significant. ANC, autologous nasal cartilage; EC, ear cartilage.
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Figure 5. Comparison of clinicopathological findings among cartilaginous types. (A) There was no significant difference in the ITI among ACC,IHCC, ANC
and EC (P=0.554)". (B) Chondrocytic viability in IHCC was significantly lower than that in ACC, ANC and EC, whereas that in EC was significantly lower
than that in ACC and ANC*®. (C) There was no significant difference in the organized rate of chondroid matrix among ACC, IHCC, ANC and EC (P=0.909).
(D) The grading score of enlarged chondrocyte lacunae in EC was significantly lower than that in ACC, IHCC and ANC®®. (E) The grading score of LFN-like
bodies in ACC was significantly higher than that in ANC and EC, and that in IHCC was higher than that in ANC*®. (F) The grading score of chondrocyte
cloning in EC was significantly lower than that in ACC and ANC*®. (G) There was no significant difference in the grading score of binucleated chondrocytes
among ACC, ANC and EC (P=0.098)%. (H) The grading score of chondrocytic vacuolar changes in ACC was significantly higher than that in ANC and EC*®.
“P<0.05. *Kruskal-Wallis H-test; "Mann-Whitney U-test with Bonferroni correction. ACC, autologous costal cartilage; ANC, autologous nasal cartilage; EC,
ear cartilage; IHCC, irradiated homologous costal cartilage; ITI, implantation time interval; LFN, lipomembranous fat necrosis.

The higher grading scores of LFN-like bodies in ACCs were  ECs (Table IV). A close relationship between the presence of
closely associated with higher grading scores of chondrocytic  trinucleated chondrocytes and increasing binucleated chondro-
vacuolar changes (P=0.026), but this was not found in ANCsor  cytes was found in ANCs (P=0.001), but not in ECs (Table V).
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Discussion

The present histological examination could distinguish NCs
and elastic cartilages from articular cartilages/CCs. However,
because of close histological similarities, discrimination of
CCs from articular cartilages is challenging and would require
additional clinical information. NCs are known to be hyaline
cartilages containing elastin elements (24,29). However, in
the present NCs, elastic fibers were not found. On the other
hand, in 14 of 34 CCs (32.4%), possibly newly developed
elastic fibers were observed although they were focal and
minimal. Radiation induces chondrocytic necrosis, which
would be a hallmark for irradiated history. Indeed, in this
study, chondrocytic viability of IHCC was significantly lower
than that of ACC. However, there was no significant differ-
ence of chondrocytic viability between IHNCs and ANCs.
Sinclair and Walsh (30) measured chondrocyte numbers per
square millimeter of IHCCs ranging from 591 and 281, which
is higher than chondrocytic viability in the current IHCCs.
These findings would be accounted for by the difference in
radiation dose. In the present study, chondrocyte viability in
IHNC was high and this was attributed to low radiation dose.

Cartilages are nourished by diffusion or permeation
from surrounding tissues or fluid, without direct vascular
supply (19,25,26,31). A previous investigation (19) suggested
that smaller implanted cartilages are more viable than larger
ones because smaller cartilages can receive richer diffusion
nourishment. Greater chondrocyte viability avoids organiza-
tion or absorption of chondroid matrix, which would play a
critical role in the stability of implanted cartilages on rhino-
plasty (13-15). In the current study, however, chondrocytic
viability of ECs was significantly lower than ACCs, ANCs,
and ECs, but there was no significant difference of organized
rate among them. Vila et al (11) also reported no difference
in absorption rate between IHCCs and ACCs. These findings
suggest that the stability of implanted chondroid matrix does
not depend on only chondrocyte viability. Furthermore, the
current study revealed a possible transition between chon-
drocytes and fibroblasts. Dedifferentiation or fibroblastic
transformation of chondrocytes can occur in osteoarthritic
articular cartilages (23). These findings indicate a possibility
that viable chondrocytes not only preserve chondroid matrix
but also transform into fibroblasts, inducing organization.
In the present study, such possible transition between chon-
drocytes and fibroblasts was not rare (37.5% of ACCs, 9.1%
of ANCs, and 4.3% of ECs). The molecular mechanism
regarding the transition of chondrocytes into a fibroblastic
phenotype remains poorly understood, although the transi-
tion is related to decreased gene expression of SOX9 and
COL2A1, suppressed production of aggrecan, and increased
expression of COLIAI (32,33). Such transition would lead to
a mechanically weak chondroid matrix (33), possibly resulting
in provoking unexpected degeneration and/or resorption of the
implanted cartilaginous graft. In fact, in one ANC, a possible
fibrocartilaginous metaplasia was found. However, the current
study failed to reveal pathogeneses determining whether chon-
drocytes avoid or induce organization or fibrocartilaginous
metaplasia. The association of chondrocyte dedifferentiation
with the stability of implanted cartilages is unclear. To eluci-
date these points, further investigations are required.

The current study identified unique LFN-like bodies in
93.8% of ACCs, 77.8% of IHCCs, 9.1% of ANCs, and 21.8%
of ECs. To our knowledge, LFN-like bodies in cartilages have
not been mentioned previously in any cartilaginous conditions,
including osteoarthritis, rheumatoid arthritis, or metabolic
diseases (21-23). We initially predicted LFN-like bodies as
sclerotic changes of chondrocytic lacunar ‘capsules’ (25).
However, in 2 ACCs and 1 ANC, an occasional histological
transition between LFN-like bodies and chondrocytic vacuoles
was observed. There was a statistically significant relation-
ship between chondrocytic vacuolar changes and LFN-like
bodies in ACCs. These findings suggest that LFN-like bodies
are a vacuolar change-related necrotic form of chondrocytes
themselves. Chondrocytic vacuolar changes can occur in the
hypertrophic zone of the maturing epiphyseal growth plate (23)
and in achondrogenesis (21,23) and fibrochondrogenesis (23).
Chondrocytic vacuoles in achondrogenesis indicate some
metabolic abnormalities in chondrocytes (21). The presence of
implanted chondrocytic vacuoles may imply similar metabolic
abnormalities.

The current study of implanted cartilages also detected
other histological features, such as enlarged chondrocytic
lacunae, chondrocytic cloning, increased binucleated chondro-
cytes, and trinucleated chondrocytes. Enlarged chondrocytic
lacunae represent degenerative changes of chondroid matrix.
Chondrocytic cloning is associated with possible intrinsic
cartilaginous repair or regeneration in osteoarthritic articular
cartilages (22,23). Therefore, both chondrocyte cloning and
more binucleated chondrocytes in implanted cartilages may
indicate chondrocytic reactive proliferation, although binucle-
ated chondrocytes are common in normal articular (23) and
nasal septal (13) cartilage. Trinucleated chondrocytes would
not be recognized in normal cartilages, but can occur in atelo-
steogenesis (23). The presence of trinucleated chondrocytes
in the present ANCs was statistically associated with more
binucleated chondrocytes. However, this tendency was unclear
in ECs and trinucleated chondrocytes were not found in ACCs
despite frequent binucleated chondrocytes. These findings
suggest differences of chondrocytic natures or responses
among CC, NC, and EC. In this study, the grading score of
chondrocyte cloning in ECs was significantly lower than that
in ACCs and ANCs. Similarly, the grading score of enlarged
chondrocyte lacunae in ECs was lower than that in ACCs,
IHCCs, and ANCs. These differences would contribute to
the amount of elastic fibers in the chondroid matrix. Elastic
fibers in ECs are more prominent compared with those in
CCs and NCs, and tightly surround the chondrocytes and their
lacunae. Therefore, chondrocytes are less likely to form clones
and lacunae would be less prone to enlarge. The relationship
between these histopathological differences and the outcomes
of implanted cartilages remains unclear in the present study.
However, further studies would provide histopathological
markers that predicts unexpected graft resorption and future
weakening of cartilaginous quality in rhinoplasty.

In 15 ECs, near organized areas, there were patchy
degenerated chondroid areas, where the elastic meshwork
was preserved but collagenous elements were depleted.
These degenerated features may be another pathogenesis
that contributed to absorption of implanted elastic cartilages.
Unfortunately, these chondroid degenerated lesions could
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not be assessed in detail in this study. Additional Safranin-O
staining detecting the amount of proteoglycan (13,17,34) may
be useful to evaluate these lesions. Further immunohisto-
chemical examination using antibodies against alpha-smooth
muscle actin and S-100 protein may provide effective evidence
of transition between fibroblasts and chondrocytes although
paraffin-embedded specimens were not available in the
present study.

Another limitation of the current study is using symp-
tomatically removed cartilages. Asymptomatic implanted
cartilages were not removed, and their histological changes
were not examined. Therefore, the true incidences of the
histopathological changes in cartilaginous grafts including
asymptomatic ones remain unknown. Histopathological
findings of original cartilaginous grafts at the time of initial
rhinoplasty, such as original graft size, initial chondrocytic
viability, and degrees of chondrocyte cloning, were not avail-
able and comparative analyses were not performed. In addition,
the present study examined not only one cartilage type, but
also combined cartilaginous grafts composed of =2 different
types of cartilages. Unknown interrelationships between these
complicated cartilages may occur, and the histopathological
data regarding each cartilaginous type in the present study
would be heterogeneous. Furthermore, for a control study,
the surgical pathology files of the Department of Laboratory
Medicine, National Defense Medical College Hospital (from
2010 to 2023), were searched for cases of surgically removed
CC, NC, and EC. Unfortunately, however, sufficient specimens
for a control study were not available because the excision
of these cartilages was rare in the usual surgical treatment
setting. Nevertheless, we believe that the present study reveals
the detailed histopathological findings of implanted cartilagi-
nous grafts.

In conclusion, the present study classified removed carti-
laginous grafts into ACCs, IHCCs, ANCs, IHACs, and ECs,
and demonstrated their histopathological changes, including
underrecognized LFN-like chondrocytic necrosis and a
possible transformation of implanted chondrocytes into fibro-
blasts. We believe that further collected data of these features
could provide useful information evaluating implanted carti-
lages not only in rhinoplasty but also in other body regions.
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