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Abstract

Objectives—We describe the histopathology of ossicular grafts and implants so as to provide
insight into factors that may influence functional results after surgery for chronic otitis media.

Methods—Histopathologic observations were made on 56 cases: 50 surgical specimens and 6
temporal bone cases in which the graft was sectioned in situ.

Results and Conclusions—Autogenous malleus, incus, and cortical bone grafts behaved in a
similar manner and maintained their morphological size, shape, and contour for extended periods of
time, at least up to 30 years. These histopathologic observations support the continued use of autograft
ossicular and cortical bone grafts for middle ear reconstruction. Cartilage grafts developed
chondromalacia with resulting loss of stiffness and showed a tendency to undergo resorption.
Synthetic prostheses made of porous plastic (Plastipore, Polycel) elicited foreign body giant cell
reactions with various degrees of biodegradation of the implants. Prostheses made of hydroxyapatite
and Bioglass were enveloped by a lining of connective tissue and mucosal epithelium. The Bioglass
material was broken down into small fragments and partially resorbed by a host response within the
middle ear. These results warrant caution in the use of prostheses made of porous plastic or Bioglass.
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INTRODUCTION

The main goals of tympanomastoid surgery for chronic otitis media (COM) are eradication of
disease, prevention of recurrence, and improvement of hearing. Tympanomastoid surgery for
COM has a high success rate of 80% to 90% in controlling infection. ! However, functional
hearing results continue to be modest, especially when the ossicular chain has to be
reconstructed. For example, long-term closure of the air-bone gap to 20 dB or less occurs in
40% to 70% of cases when the incus is missing and in only 35% to 60% when both the incus
and stapes superstructure are missing.2

A large number of grafts and prostheses have been described for use in the middle ear (ME)
to reconstruct the ossicular chain. These include autograft and homograft struts, as well as a
wide variety of synthetic ossicular replacement prostheses (ORPs). Ossicular grafts and
prostheses are unique in many ways compared with implants placed elsewhere in the body.
Ossicular implants must couple well at their ends to bone (stapes or manubrium) or to soft
tissue (tympanic membrane [TM] or fascial graft), but must remain suspended in air elsewhere
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to avoid unwanted ankylosis (eg, to the promontory or facial nerve canal). They must maintain
their shape, size, and acoustic transmission properties over long periods of time — ideally,
several decades. The recipient ME milieu in COM is hostile as a result of active or arrested
inflammatory disease or negative static pressure in the ME, both of which can predispose an
implant to undergo resorption or extrusion. Finally, homograft and synthetic ossicular implants
are potentially subject to immune-mediated rejection.

Histopathologic study of ossicular implants can provide insight into some of the factors that
determine success after ossicular reconstruction. Two previous reports from our laboratory
have described the histopathology of ossicular grafts and implants. The first report, in 1985,
described the pathologic findings in 25 surgical specimens removed at the time of revision
surgery.3 The second report, in 1994, described an additional 3 cases, including 1 postmortem
temporal bone specimen in which a cartilage graft was sectioned in situ. Since the 1994 report,
we have studied an additional 28 cases, including 5 ears in which the temporal bone specimen
was removed after death and the ossicular graft was sectioned in situ. The availability of in
situ cases is of value as compared to surgical specimens, because the in situ cases are not biased
toward ears with recurrent disease or failed implants. One can also assess the coupling of an
implant to the TM and to the other ossicles, as well as study histopathologic reactions at the
tissue-implant interface. The present report describes our observations in all 56 cases contained
in our temporal bone collection.

MATERIALS AND METHODS

The material available for the present study consisted of 50 surgical specimens and 6 cases in
which the graft was sectioned in situ. The 56 cases included 24 malleus or incus grafts, 7 cortical
bone grafts, 8 cartilage grafts, and 17 synthetic prostheses. All specimens were prepared for
histopathologic study for light microscopy in the standard manner, including fixation in 10%
formalin, decalcification with ethylenediaminetetraacetic acid or trichloracetic acid,
embedment in celloidin, serial sectioning at a thickness of 20 pm, and staining of every Sth or
10th section with hematoxylin and eosin.”

Implants made of calcium salts and phosphate (hydroxyapatite [HA] and Bioglass) are difficult
to study by the standard technique, because the process of decalcification dissolves the implant.
To overcome this problem, we placed implants made of HA and Bioglass within a small amount
of brain tissue and then subjected them to decalcification, embedding, and staining. The
surrounding brain tissue “held” the implants in place, permitting us to study the host response
in relation to the implant.

Clinical data gathered in each case included the age of the patient, the duration of implantation,
and the indications for revision surgery in the case of surgical specimens. Histologic sections
were examined under bright field and polarized light. In the case of incus and malleus grafts,
all stained serial sections of each graft were assessed to arrive at approximate quantitative
estimates of the amount of viable bone, the degree of revascularization, and the amount of
fibrous tissue replacement of the graft. Viable bone was identified on the basis of the presence
of osteocytes (cell bodies and nuclei) within the lacunae.3 In each section, the amount of viable
bone in comparison to the total bone was estimated by visual inspection and stratified into bins
(less than 25%, 25% to 50%, 50% to 75%, and more than 75%). The estimates were averaged
across all sections examined. Similarly, the vascularity of the graft was determined by
examining each section and estimating the percentage of haversian canals that contained blood
vessels, followed by averaging across all sections through the graft. A similar analysis was
done for fibrous tissue replacement of the graft, which was judged as the percentage of the
graft that consisted of connective tissue rather than bone. The presence of osteitis was also
noted, defined as resorption of bone and infiltration of bone by inflammatory cells.3
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RESULTS

INCUS AND MALLEUS GRAFTS

Surgical Specimens—We examined 21 ossicular grafts that had been sculpted from the
incus or malleus (Table 1). One of these was a homograft (case 1), and all the others were
autografts. The duration of implantation ranged from 5 months to 25 years. The age of the
patients at the time of surgery varied from 7 to 62 years. The indications for revision procedures
included recurrent or persistent conductive hearing loss, as well as recurrent COM.

These ossicular grafts were found to be covered by a mucosal lining of flat or cuboidal epithelial
cells. The grafts consisted of various amounts of viable bone characterized by the presence of
osteocytes within lacunae (Figs 1 and 2). Such viable bone was typically observed surrounding
revascularized haversian canals within the core of the ossicle and at its periphery. Some grafts
contained virtually no viable bone (less than 5%), whereas other specimens showed viable
bone in 50% or more of the graft. Examination under polarized light showed that areas of viable
and nonviable bone maintained the lamellar arrangement of collagen fibers. There was an
approximate correlation between the degree of revascularization of the graft and the amount
of viable bone. There was no correlation between the duration of implantation and the amount
of viable bone. It is noteworthy that the original shape and size of the ossicle strut was
maintained, even in those cases in which more than 50% of the strut had viable bone (Fig 1).

Many grafts showed small areas of fibrous replacement by expansion of narrow spaces that
did not alter the shape, size, or integrity of the graft. Some grafts showed more extensive areas
of resorption and replacement by connective tissue associated with osteitis resulting from
suppuration within the ME or cholesteatoma. Some grafts also showed an intense basophilic
staining area in which a surgical drill had been used to sculpt the graft (Fig 3). We believe that
this represents thermal trauma that can lead to necrosis and resorption of the graft in some
cases. The single homograft ossicle in our series showed preservation of its architecture, with
minimal new bone formation and no evidence of immune-mediated rejection.

Comment—We found that autograft incus and malleus struts maintained their contour, size,
shape, and physical integrity for long periods of time, spanning at least 25 years. After
implantation, it is assumed that such grafts become nonviable because of loss of blood sup3péy,
which is characterized histologically by empty haversian canals devoid of blood vessels.”>°~
8 The fate of osteocytes is not entirely known, but the evidence indicates that loss of blood
supply leads to apoptosis and dropout of the majority of osteocytes contained in the graft.7 The
autograft undergoes remodeling of bone surrounding revascularized haversian canals at a very
slow pace, termed “creeping substitution.”3>7 The factors that determine the rate of creeping
substitution in ossicular grafts are unknown at the present time.

The histologic changes observed in our slpecimens are similar to those reported by other
investigators studying ossicular grafts,g’ 3 and are also similar to those seen in bone autografts
used in orthopedic and maxillofacial surgery.6’8 Neo-osteogenesis and remodeling of an
ossicular autograft are not necessary from a functional standpoint. Grafts that predominantly
consist of nonviable bone appear to maintain their morphological structure and integrity and
transmit sound just as well as those consisting of viable bone. In this respect, they differ from
bone grafts used in orthopedic surgery, in which weight-bearing stresses make nonviable bone
grafts prone to fatigue fractures. However, both nonviable and viable ME grafts are subject to
resorption by osteitis when there is recurrent ME suppuration, similar to that observed in
ossicles in COM. They are also subject to resorption when thermal trauma is imparted during
the sculpturing process. The generous use of irrigation is recommended to avoid such trauma.
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In Situ Specimens—There were 3 ears that underwent ossiculoplasty during life for COM
(Table 1; cases 22 to 24). These 3 ears included 2 incus grafts and 1 malleus graft. The ages
of the patients at death ranged from 62 to 87 years. The duration of implantation ranged from
12 to 28 years. In all 3 ears the ossicular grafts were invested by a mucosal epithelium, and
they had maintained their shape, size, and contour (Fig 4). They showed various amounts of
viable bone, characterized by the presence of osteocytes and blood vessels within haversian
canals. The histologic appearance of these grafts was similar to that observed in the surgical
specimens.

The availability of these in situ specimens allowed histologic examination at the interface
between the grafts and surrounding ossicles and other structures. There was often bony fusion
between the ossicle strut and an adjoining ossicle, such as the manubrium or lenticular process
(Fig 5). Bony ankylosis was also observed at points of contact between the ossicle strut and
bone of the fallopian canal or promontory. In the 3 in situ cases there were 8 points of contact
between the ossicle strut and either another ossicle or the bony wall of the tympanic space.
Bony fusion occurred at 5 of the 8 points of contact.

Comment—In general, the histologic changes seen in ossicular struts in the in situ cases were
similar to those in the surgical specimens. Because the in situ cases were not biased toward
ears with recurrent disease or failed implants, we can conclude that our observations made on
surgical specimens, as well as those of other investigators, are valid. The in situ cases showed
a propensity for ossicular struts to undergo ankylosis if the strut came into contact with a bony
surface. Such bony fusion is probably desirable when the strut is in contact with another ossicle
such as the malleus or stapes. On the other hand, the strut can also undergo ankylosis to the
fallopian canal, promontory, etc, with resulting compromise in sound transmission through the
ME. Thus, it is important for the otologic surgeon to reduce the size of autograft struts by
sculpturing before implantation.

CORTICAL BONE GRAFTS

Seven cortical bone autografts were removed after implantation times of 7 months to 10 years
from patients 8 to 62 years of age (Table 2). Revision surgery was performed in 4 cases for
conductive hearing loss and in 3 for recurrent cholesteatoma. Six of the 7 grafts maintained
their shape, size, and integrity, with a healthy covering of mucosa and various amounts of
viable bone containing osteocytes and blood vessels (Fig 6). The overall amount of viable bone
was less than that seen in incus and malleus autografts. One case (case 31) showed extensive
osteitis and resorption as a result of recurrent cholesteatoma.

Comment—Autogenous cortical bone struts had a histologic fate similar to that of autograft
ossicular bone grafts. They maintained their shape, size, and contour and did not show
exuberant new bone formation or excessive bone resorption. Thus, autogenous cortical bone
struts are useful and viable alternatives for ossiculoplasty. Similar findings and conclusions
have been reported by other investigators. 15-17

CARTILAGE GRAFTS

We examined 8 cartilage grafts: 7 surgical specimens and 1 in situ graft (Table 3). The 7 surgical
specimens included 6 conchal cartilage autografts (2 placed as ossicular struts and 4 introduced
as buffers between a total ORP [TORP] and the TM) and 1 septal cartilage homograft strut
placed as an ossicular strut. The cartilage grafts had been in place for 9 months to 14 years,
and the patient ages ranged from 12 to 62 years. The grafts were removed at revision surgery
because of recurrent cholesteatoma in 4 cases, conductive hearing loss in 2 cases, and active
COM in 1 case. On gross examination prior to fixation in formalin, all of the cartilage grafts
from surgical specimens felt rubbery and appeared to have lost some rigidity. On light
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microscopy, all specimens showed characteristic features of chondromalacia, including
pyknosis of cell nuclei, dropout of chondrocytes, and myxoid changes of the ground substance
(Fig 7). Blood vessels and inflammatory cells were often seen to invade the periphery of these
grafts, signifying vascularization and chondritis. The degree of chondromalacia varied from
mild to severe, with the most severe change observed in the specimens that had been in place
the longest (12 and 14 years; cases 39 and 38, respectively). The histologic changes were similar
in both autograft and homograft specimens.

The in situ case was that of a cartilage “boomerang” strut placed between the stapes footplate
and the fascial graft 12 years before death at the time of a canal wall-up mastoidectomy with
tympanoplasty for COM (Fig 8). A remnant of cartilage was seen embedded on the medial
aspect of the fascial graft, and it showed widespread and severe chondromalacia. A small
remnant of cartilage was seen at the stapes footplate, which was devoid of cells and embedded
in fibrous tissue. The remainder of the strut, between the stapes footplate and the fascial graft,
had undergone complete resorption. The ME and mastoid were well aerated, without effusion
or cholesteatoma. The submucosa of the ME and mastoid showed scattered chronic
inflammatory cells.

Comment—The evidence from our small series of cartilage grafts indicated that they
underwent chondromalacia, characterized by ingrowth of blood vessels, dropout of
chondrocytes, and degeneration of ground substance. This resulted in loss of stiffness and
rigidity, and in some cases, it resulted in resorption of the cartilage. Similar findings have been
published by other investigators. Vascularization of cartilage can also lead to
gailciﬁcation of the matrix, rather than resorption, and has been reported previously.12°13’19=

Our observations from this small number of specimens suggest that cartilage struts are likely
to be suboptimal for reconstruction of the sound transmission system, although they are
probably satisfactory as buffers between a synthetic prosthesis and TM grafts or for
reconstruction of surgical defects. Clinical experience has demonstrated that cartilage grafts
used to reconstruct a TM or to serve as buffers over TORPs and partial ORPs (PORPs) can
remain in contact with bony surfaces without inducing new bone formation and without
adversely affecting sound transmission through the ME.!

SYNTHETIC PROSTHESES

We examined 17 synthetic PORPs and TORPs: 7 made of Plastipore (high-density
polyethylene sponge), 2 made of HA (a calcium phosphate compound that has the same
chemical composition as living bone), 2 made of Bioglass (similar to HA in its composition
of calcium salts and phosphate, except that the phosphate is combined with silicon and sodium
salts to create a glass), 2 made of polyethylene, and 1 made of Polycel (thermal-fused high-
density polyethylene sponge). An additional 3 prostheses were composites, consisting of
Plastipore and HA (2 cases) and Plastipore and Teflon (1 case; Table 4). The duration of
implantation ranged from 2 months to 41 years. The ages of the patients ranged from 7 years
to 91 years. Revision surgery was performed for conductive hearing loss in 10 cases, for
cholesteatoma in 4 cases, and for active COM in 1 case.

All prostheses showed an investing covering of mucosa, and some showed a capsule of fibrous
tissue. Plastipore and Polycel are porous when examined by light microscopy (Figs 9 and 10).
In both types of implants, the porous spaces were infiltrated by fibroblasts, round cells, and
foreign body giant cells. The foreign body giant cell response was clearly visible in the
specimen retrieved 2 months after implantation (case 48) and appeared to be most intense in
the prosthesis that had been implanted the longest (case 40). Under polarized light, particulate
matter was visible in the cytoplasm of foreign body giant cells in all cases, suggesting active
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resorption. In 4 cases, biodegradation of the prosthesis had progressed to a significant degree,
with replacement of at least one third of the volume of the implant.

In the case of HA and Bioglass, the prosthesis itself was dissolved by the process of
decalcification. Inferences can be made on the basis of the histologic appearance of the
surrounding tissue. In both cases of HA implants (cases 50 and 51), the prosthesis was
surrounded by a thin capsule of fibrous tissue that consisted of several layers of fibroblasts and
collagen fibers (Fig 11). Foreign body giant cells or inflammatory cells were not evident in
this capsule. Between the capsule and the prosthesis, a few small linear areas of osteoid-like
tissue with scattered calcification were observed in both cases. There was no apparent ingrowth
of tissue into the HA per se.

Both prostheses made of Bioglass had became fragmented in the ME, with fibroblastic
connective tissue growing around and between the pieces of the implant (Fig 12). There were
no obvious foreign body giant cells in this connective tissue. There were a few scattered
histiocytic cells and round cells, suggesting a low level of chronic inflammation. Both
prostheses had become partially resorbed.

The implants made of polyethylene (2 cases) and of Teflon (1 case) remained relatively intact.
There were a few foreign body giant cells within the fibrous capsule, but no significant
degradation of the implants.

Comment—Synthetic implants made of Plastipore and Polycel had a similar histopathologic
appearance, consisting of a host foreign body giant cell and inflammatory response that was
well established as early as 2 months and that continued for the duration of implantation.
Microdegradation of the plastic material occurred and appeared to increase with time. Such a
host response has also been reported by other investigators. 13,22-27 Tpe presence of this
foreign body response is in contradistinction to some reports in the literature indicating that
the porosity of the material would permit ingrowth of host tissue and enhance its
biocompa‘tibility.z&29 Some investigators have abandoned the use of Plastipore and similar
plastic prostheses, predicting eventual implant dissolution and failure,24’25 30,31 \whereas
others have argued that the reaction remains at a microscopic level and that the ME can tolerate
the material for long periods of time.13-22,26,29,32 Although the small number of cases in
our series does not allow for a definite conclusion to be drawn, the intense foreign body reaction
seen in all cases, with significant biodegradation in some cases, does warrant caution in the
continued otologic use of implants made of porous plastic.

Although HA is a commonly used material for ossiculoplasty and thousands of such implants
are used worldwide annually, information about the histopathologic response of the ear to HA
is extremely sparse. Clinical experience suggests that HA is well tolerated in the ME and does
not readily undergo biodegradation or dissolution.33-34 The 2 cases in our collection did not
reveal a foreign body giant cell response, unlike Plastipore and Polycel. Van Blitterswijk and
Grote3> reported on 4 HA prostheses removed 6 to 32 months after implantation. These
prostheses were covered by epithelial and fibrous tissues. Light microscopy revealed small
numbers of macrophages and multinucleated giant cells at the implant-tissue interface, with
implant material in the cytoplasm of cells, indicating microscopic biodegradation. They judged
that such degradation was enhanced by ME infection. They also stated that all 4 prostheses
were intact on gross examination and that they believed the implants performed well even in
the presence of ME infection.

Bioglass is similar to HA in its composition of calcium salts and phosphate, but it also contains
silica. Both Bioglass prostheses in our study showed a host response that had resulted in partial
resorption of the implant and its fragmentation into multiple small pieces.
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DISCUSSION

The findings of the present study are similar in many respects to those described in the previous
2 reports from our laboratory.3 4 The present study differs from the earlier ones in 3 ways.
First, we now have a greater number of specimens. Second, the present study included 6 cases
acquired postmortem in which the implants were sectioned in situ; this practice removes bias
toward ears with recurrent disease or failed implants, and also permits histopathologic
assessment at the tissue-implant interface. Finally, the present study included synthetic
implants made of Polycel, Bioglass, HA, and polyethylene, which were not described in the
previous 2 reports.

The findings indicated that autogenous malleus, incus, and cortical bone grafts behave in a
similar manner and retain their morphological size, shape, and contour for extended periods,
at least up to 30 years and probably much longer. They do not incite formation of exuberant
new bone, nor do they show excessive resorption of bone in the absence of infection. They
demonstrate various amounts of replacement of nonviable bone by new bone through a slow
process of creeping substitution. Sculpturing of such grafts should be done with adequate
irrigation to avoid thermal injury and subsequent resorption. These grafts have a tendency to
undergo ankylosis when they come into contact with another bony surface such as a
neighboring ossicle or the wall of the tympanic cavity. Therefore, autografts should be reduced
in size by sculpturing to avoid unwanted bony fusion to surrounding structures such as the
facial canal or the promontory. These histologic observations support the continued use of
autograft, ossicular, and cortical bone grafts for ME reconstruction. They would be especially
valuable in children and young adults, in whom the grafts are expected to last for several
decades.

Cartilage autograft and homograft implants show a tendency to develop chondromalacia with
a resulting loss of stiffness, and some grafts tend to undergo resorption. These changes appear
to intensify with time. Therefore, cartilage grafts are probably not ideal as struts for ME sound
transmission, but are probably satisfactory as buffers between synthetic prostheses and the TM,
and are also probably satisfactory for reconstructing the TM.

Synthetic prostheses made of porous high-density polyethylene (Plastipore and Polycel) elicit
foreign body giant cell reactions with biodegradation of the implants. The biodegradation can
be significant, resulting in partial dissolution of the implant in some cases. Implants made of
Bioglass can fail because of a host response that can lead to resorption and fragmentation of
the prostheses. These findings suggest that implants made of porous plastic and Bioglass may
not be suitable for ossiculoplasty. The histologic fate of HA, which is a commonly used material
in contemporary otology, needs further investigation. Our study contained only 2 specimens
made of HA, both of which showed encapsulation of the implant by a layer of connective tissue
without any significant foreign body reaction or inflammation.

Our histopathologic observations of human ME implants are based on a small number of
specimens, as are all other similar reports in the literature, especially in comparison with the
thousands of tympanoplasty operations performed annually by otolaryngologists worldwide.
Much research still needs to be done on the histologic fate of materials such as HA and titanium
that are in common use in contemporary otology. Animal studies provide useful information,
but animal results cannot always be extrapolated to humans because of species differences as
well as unique human factors such as eustachian tube dysfunction and the many variants of
COM. Hence, the ultimate test of implant performance still remains the human ME. Research
is also needed to better define the biological basis for extrusion of prostheses. Clinical
experience has shown that extrusion is rare with autograft implants in comparison with
synthetic prostheses.
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The choice of what material to use as an ossicular graft or implant is determined by a number
of factors, including the status of the diseased ossicular chain, the severity and type of infection,
knowledge of the histopathology of ossicular grafts, the cost and availability of implants, and
the personal preferences of the otologic surgeon. When performing ossicular reconstruction
from the stapes head to the manubrium or TM (minor columella), our preference is to use
autografts made of the incus, malleus, or cortical bone. On the other hand, if an ossicular
reconstruction is from the footplate to the manubrium or TM (major columella), we will use a
synthetic TORP, because we find it difficult to fashion an autograft bone strut with precision
for such a reconstruction and because such struts have a risk of delayed ankylosis to the walls
of the oval window niche.

The histopathologic observations presented in this study, as well as our clinical experience,
lead us to conclude that there is probably a place for both biological and synthetic materials in
ME surgery. The choice of implant material is an important contributor to the functional success
of tympanoplasty. Other factors that also contribute to the success or failure of tympanoplasty
include the skill of the otologic surgeon, the biomechanics of the reconstructed ossicular chain,
and the pathological state of the ME.
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Fig 1.

(Case 17) Incus autograft implanted for 2 years. Nearly complete remodeling of graft is seen
in this particular section, as evidenced by presence of osteocytes throughout graft. Note that
overall shape and size of strut has remained unchanged despite extensive remodeling.
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Fig 2.
(Case 18) Incus autograft implanted for 11 years. There are very few osteocytes within bone
strut.
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Fig 3.

(Case 3) Incus autograft implanted for 1 year 6 months. There is intense staining of area in
which drill had been used to create facet for stapes head. This presumably resulted from thermal
injury. In another section (not shown), this area of devitalized bone had undergone full-
thickness resorption with replacement by fibrous tissue.
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Vessel Stapes
Head

(Case 24) In situ temporal bone specimen. Incus autograft placed 28 years before death. A)
Low-power view shows graft to be in good position between stapes and reconstructed tympanic
membrane. B) Higher-power view of graft, same section as in A. Graft has maintained its shape
and is covered by healthy middle ear mucosa. There are no areas of active bone resorption or
new bone formation. New blood vessels are evident in its core. Notch drilled for stapes head
is at some distance from stapes in this section. There is better alignment between stapes head
and notch in other sections (not shown).
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Fig S.

(Case 23) In situ temporal bone specimen. Autograft was shaped from head of malleus and
placed onto stapes head 26 years before death. There is bony fusion between autograft and

manubrium. Tympanic membrane (TM) is retracted onto autograft.
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(Case 25) Autograft cortical bone strut implanted for 9 months. Graft has maintained its shape,
size, and contour and is invested by thin covering of mucosa. Very few osteocytes are evident
within graft.
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Fig 7.

A) (Case 35) Cartilage autograft implanted for 3 years 5 months as buffer between prosthesis
and tympanic membrane shows chondromalacia evidenced by loss of chondrocytes, faint
staining of matrix, and vascularization of graft (arrow). B) Normal cartilage shown for
comparison. Matrix stains darkly in normal case.
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(Case 39) In situ temporal bone specimen. L-shaped cartilage strut had been placed between
tympanic membrane (TM) and stapes footplate 12 years before death. That part of strut between
TM and footplate is missing because of resorption. Middle ear is healthy, without active
inflammation or infection.
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Fig 9.

(Case 43) Plastipore prosthesis implanted for 14 years. A) Dense capsule of fibrous tissue
surrounds prosthesis. Outline of prosthesis is no longer circular because of partial resorption
at its periphery. B) Higher-power view of implant with numerous foreign body giant cells that
are causing microdegradation of Plastipore material.
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Fig 10.
(Case 54) Polycel prosthesis implanted for 11 months. Material is porous, similar to Plastipore.
There is foreign body giant cell response with microscopic biodegradation of Polycel.
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Fig 11.
(Case 51) Hydroxyapatite prosthesis implanted for 4 years 7 months. Prosthesis is surrounded
by capsule of healthy connective tissue without any significant inflammation or foreign body
giant cells. Also seen is piece of cartilage used as buffer between prosthesis and tympanic
membrane.
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(Case 53) Bioglass prosthesis implanted for 14 years. Prosthesis has become fragmented. Host
response consists predominantly of connective tissue with few scattered inflammatory cells.
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