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SUMMARY

Introduction: There is increasing interest in the underlying bone of the paranasal sinuses as
an important player in recalcitrant Chronic Rhinosinusitis. Close inspection of CT scans
often reveals areas of increased bone density and irregular thickening of the sinus walls.
This osteitic bone could at least partly explain, why inflammation of the mucosa persists.
Methods: We searched PubMed for all relevant studies, using the following text words:
chronic rhinosinusitis, sinusitis, bone, osteitis, osteomyelitis, histology, and treatment.
Cited references of retrieved articles were also examined.

Results: Background, available data, potential diagnostic options, treatment implications,
and suggestions for future research are discussed.

Conclusion: Osteitis is associated with CRS, however its role in the pathogenic process is
not well defined. More research is needed.
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INTRODUCTION

Despite the evolution of Endoscopic Sinus Surgery (ESS),
combined with optimal medical therapy, there is still a group
of patients with recalcitrant Chronic RhinoSinusitis (CRS).
The pathophysiology of this therapy-resistant form of CRS is
poorly understood, but seems to be multi-factorial. Over the
years, most CRS research has focused on the sinus mucosa.
The immune response in this layer has been studied extensive-
ly, including the role of cellular infiltrates and local inflamma-
tory markers. However, an overall understanding of the com-
plex interplay of the diverse mucosal factors remains elusive.
A new hypothesis reviewed by Harvey et al. focuses on biofilm
(. Biofilm continually presents antigen, resulting in chronic
inflammation of the mucosa. It might also act as an unsur-
passable barrier for innate host defense mechanisms as well
as preventing antibiotics from reaching the causative micro-
organisms @. These characteristics of biofilm could potentially
explain important clinical features of recalcitrant CRS.
However, beyond mucosa and biofilm, there is increasing
interest in the underlying bone of the paranasal sinuses as an
important player in recalcitrant CRS. This concept is based
not only on the close anatomical relation between the mucosa
and the underlying sinus bone, but also on radiological chang-
es seen in patients with CRS. Close inspection of preoperative
CT scans often reveals areas of increased bone density and
irregular thickening of the sinus walls (see Figure 1). This
osteitic bone could at least partly explain, why removal of
sinus mucosa alone is sometimes not sufficient in the treatment
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of CRS, and why inflammation frequently recurs locally over
the thickened bony areas ¢,

Interested in the role of osteitis in the pathogenesis of recal-
citrant CRS, and surprised by the limited amount of data in
literature, we conducted this review. The main aims were: to
get a better insight in the available data, to identify potential
diagnostic and therapeutic implications, and to put forward
suggestions for future research. We searched PubMed for all
relevant studies, using the following text words: chronic rhi-
nosinusitis, sinusitis, bone, osteitis, osteomyelitis, histology,
and treatment. Cited references of retrieved articles were also
examined.

WHAT IS THE STRUCTURE OF NORMAL BONE?

Before we can address the potential contribution of osteitic
bone in CRS, we need to first consider healthy bone. Although
bone seems to be rigid in structure, it is in a state of constant
change, both in shape and in form, as it reacts to a diversity of
factors. This process known as bone remodeling is not specific
for disease. It occurs continuously in healthy bone throughout
life as well. Remodeling already starts during the embryonic
development. A complex of invaginations of the nasal cavity
into the surrounding bone creates the paranasal sinus system.
Later in life remodeling plays an important role in response
to various stimuli of which mechanical stress, fracture repair,
and chronic inflammation are the most predominant ©. The
remodeling process requires a dynamic interaction between
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Figure 1. Osteitis of the left frontal sinus.

all histological players. A wide range of factors like steroids,
hormones, prostaglandins, leukotrienes, growth factors, and
inflammatory cytokines are all known to influence bone activ-
ity @. However, the exact mechanisms of bone remodeling are
poorly understood.

The principle components of bone are matrix and different
cells. The matrix is composed of collagen, hydroxyapatite, a
small amount of proteoglycans, and non-collagenous proteins.
The matrix also serves as a reservoir for calcium and phospho-
rus with a constant flux in and out of it. There are 3 main cell
types. Osteoblasts, of mesenchymal origin, synthesize organic
matrix components called osteoid (mainly type I collagen),
play a role in the calcification process, and regulate osteo-
clast function. Osteoclasts, which are multinucleated giant
cells derived from the hematopoietic system, are involved in
the resorption of bone tissue. Osteocytes, which are found in
lacunae within the matrix, are terminally differentiated oste-
oblasts. They become encased in the bone matrix during the
process of bone formation. There is now an emerging consen-
sus that osteocytes modulate signals arising from mechanical
loading or inflammation, and by doing so, direct formation or
resorption of bone tissue at a microscopic level. The molecular
signaling pathways of osteocytes include nitric oxide, prostag-
landins as well as cell-to-cell communication via gap junctions.
Osteocytes also possess a diversity of receptors for various
larger molecules like peptides, hormones and cytokines .

Most flat bones of the skull have 2 layers of compact bone
called plates, separated by a layer of spongy marrow.
However, the flat bones lining the paranasal sinuses lack this
marrow space ®19. Adult bone is characterized by the organi-
zation in osteons or haversian systems. These are complexes
of concentric lamellae of bone surrounding a canal containing
blood vessels, nerves, and loose connective tissue. The struc-
ture of bone is classified as either lamellar or woven. Woven
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bone is quickly formed, poorly organized tissue in which
collagen fibers and mineral crystals are randomly arranged.
Lamellar bone is slowly formed, highly organized bone con-
sisting of parallel lamellae, of mineral crystals and collagen
fibers © .

WHAT ARE IMPORTANT FEATURES OF
OSTEITIS IN CRS?

Terminology

Different authors use different terms to discuss the same proc-
ess of bone involvement in patients with recalcitrant CRS.
Osteitis, osteomyelitis, hyperostosis, bone hyperplasia, bone
remodeling, and neo-osteogenesis, all occur in literature. As
there is no marrow space in the flat bones around the sinus,
the term ‘osteitis’ is recommended to describe the process
of involvement of bone surrounding the paranasal sinus in
patients with CRS.

Radiological features

Conventional CT scanning is the most useful way to exa-
mine the paranasal sinuses. Besides demonstration of mucosal
abnormalities, it is an accurate tool to evaluate bony structures
of the paranasal system. On CT scan, osteitis appears as a
thickened, irregular, heterogencous lining of the sinus walls,
which may be localized or affect all sinuses. The prevalence of
the bony changes seen on CT scan varies from 2 to 64% G112,
Lee et al. localized osteitic CT scan findings in their studied
population of 121 CRS patients undergoing ESS, and showed
that the ethmoid sinus was affected in 82%, the sphenoid sinus
in 64%, and the maxillary sinus in 45% of the patients. The
frontal sinus was not evaluated ©. Traditional staging systems
for CRS have focused on the degree of opacification of the
sinuses and obstruction of the ostiomeatal complex, caused by
mucosa or mucus. They do not evaluate changes of the bony
surroundings of the sinuses 134,

Besides the conventional CT scan, the use of other imaging
modalities has been evaluated. MRI is more accurate than CT
in assessing soft tissue, but lacks sufficient details for detecting
bony changes. As such, it is not a modality likely to be use-
ful for the assessment of osteitis 9. Bone *Technetium-MDP
Single Photon Emission Computed Tomography (SPECT
with mTc-MDP radiotracer) has been explored as an imaging
modality in CRS (%19, The radiotracer is thought to absorb
onto the hydroxyapatite of bone. Increased uptake of “mTc-
MDP usually reflects increase in blood flow and bone tissue
turnover 1719, Javer et al. and Nishimura et al. found a posi-
tive correlation between clinical diagnosis of CRS and positive
SPECT scan “¢!7, Jang et al. noted that greater radioisotope
uptake in the ethmoid sinus portended a poorer postoperative
outcome ¥, Catalano et al. were the first to show a correla-
tion between SPECT and CT findings (. Despite these posi-
tive findings, SPECT is not used in routine clinical practice,
because of the time consuming character of this investigation,
exposure to radioactive material, costs and overall poor spe-
cificity.
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Osteitis with CRS 141
Table 1. Osteitis features reported in animal and human studies.
author (year) Material n Periosteal Osteoclast Osteoblast ~ Haversian canal ~ Fibrosis  infiltrate
thickening ~ resorption  neogenesis changes
ANIMAL
Westrin (1992) B.fragilis; 21 + + + R _ l
maxillary sinus
Norlander (1992) S.pneumoniael B.fragilis; 30 + + + R + R
maxillary sinus
Bolger (1997) P.aeruginosa; 33 . + i ) + )
maxillary sinus
Perloff (2000) P.aeruginosa; 19 - + - + + +
maxillary sinus
Khalid (2002) P.aeruginosalS.aureus; 29 - + + + + +
maxillary sinus
Artunes (2007) P.aeruginosa; 26 + + + - R +
maxillary sinus
HUMAN
Tolsdorf (1983) inferior turbinate >200 + + + - + +
Tovi (1992) sinus wall; sequesters 4 + - + _ + +
Biedlingmaier (1996)  middle turbinate 38 + + + - _ +
Kennedy (1998) ethmoid 33 - + + R + +
Giacchi (2001) ethmoid 19 + + + R + +
Lee (2006) ethmoid, maxillary 12 + - + } " )
Cho (2006) ethmoid 39 + + + R + +

Histological features.: animal data

Most animal data on the role of bone in CRS are based on
rabbit studies, because of the ease to surgically access the max-
illary sinuses, the ability to occlude the sinuses, and the relia-
bility to induce infections 422, Westrin et al. used this animal
model to study anaerobic maxillary sinus mono-infections.
They induced infection in the maxillary sinus with Bacteroides
fragilis and demonstrated histological changes of the affected
maxillary sinus bones @”. Other authors modified this rabbit
model, inoculating different pathogens and evaluating histo-
logical features of both mucosa and bone tissue. Animal stud-
ies have revealed the following histological changes in bone
tissue after experimentally induced sinusitis: 1) osteoclastic
bone resorption “2*24; 2) osteoblastic bone deposition *29; 3)
widening of the haversian system **¥; 4) involvement of the
periosteum ?%2429; 5) fibrosis *?!-2); 6) cellular infiltrates *>329,
Results are demonstrated in Table 1.

Besides these osteitis features, animal models have contrib-
uted to other observations that showed involvement of bone
tissue in sinusitis. Bolger et al. demonstrated bony changes
as early as 4 days after infection with Pseudomonas aerugi-
nosa . Perloff et al. were able to show that bone changes
caused by P. aeruginosa infection in the presence of surgical
intervention could spread not only to the adjacent bone, but
also within the bone to the opposite sinonasal complex. They
found that bone, harvested from the inoculated side and trans-
planted to the non-infected side, could induce mucosal infec-
tion. However, they discussed that the bone exposure with
periosteal elevation was more extensive than would occur with
conservative endoscopic procedures and would be more com-
parable to what may happen during an open surgical interven-
tion for CRS @, Two studies observed widening of the spaces
of the haversian system through osteoclastic resorption, fol-
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lowed by increased vascularization during the initial phase of
disease. These changes were also discovered in the non-inoc-
ulated contralateral sinonasal complex, suggesting a potential
route for spread of infection through the enlarged canals.
In contrast to the osteoclastic reaction seen early in disease,
late-stage disease is characterized by subsequent appositional
and intra-membranous bone formation, as well as fibrosis
of the haversian systems “?¥. A possible scenario explaining
the spread of inflammation from the primary infected site to
distant locations is formulated by Khalid et al.: disease of the
sinus mucosa; entrance of the inflammation and infectious
agents into the underlying bone; activation of the remodeling
process; access to the vascular network; spread through the
bone to the contralateral side, possibly via vascular network
or haversian canals 3.

A limitation of all the animal studies is the follow-up period.
In most studies, animals were sacrificed 2-4 weeks after inocu-
lation 2229, Khalid’s study has a follow-up of 7-9 weeks @,
Perloff et al. transplanted a bone fragment in all the animals 6
weeks after inoculation from the infected side to a submucosal
pocket on the control side; after 13 weeks the animals were
sacrificed and samples investigated @.

Histological features: human data

Similar histological findings have been reported in bony speci-
mens obtained from human patients with CRS. Early reports
on human nasal turbinates showed histological changes of
both mucosa and bone. The inflammatory changes of the
turbinate bone have been associated with a possible role in
recalcitrant CRS @27, Tovi et al. presented 4 cases of patients
with symptoms of CRS with suppuration and thickening of the
bony walls of the sinus. Histological evaluation showed perio-
steal reaction along with osteoblast proliferation, new bone
formation and fibrosis ¥.
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Figure 2. Osteitis of the frontal sinus, right maxillary sinus, sphenoid

sinus, and lamina papyracea (clock-wise).

There are 4 studies reporting on prospective data of histologi-
cal changes of sinus bone in humans with CRS. The first inves-
tigation was performed by Kennedy et al., using tetracycline
labeling to evaluate remodeling of ethmoid bone. Tetracycline
labeling demonstrated higher bone activity with increased bone
resorption and marked neo-osteogenesis in sinusitis patients
that was not seen in the controls. Histological findings includ-
ing new bone formation, fibrosis, and the presence of inflam-
matory cells, suggested that this increased bone activity could
be associated with CRS ©.

Giacchi et al. found periosteal thickening in all specimens
of ethmoid bone of CRS patients compared with samples of
patients undergoing a cerebrospinal leak repair. They demon-
strated a varying degree of increased osteoblastic-osteoclastic
activity, as shown by the disruption of organized lamellar
bone and formation of immature woven bone. In addition,
the extent of bony remodeling was found to correlate with the
severity of disease, with more advanced bony changes associ-
ated with higher Lund-Mackay scores on CT. More advanced
pathological changes included intralacunar fibrosis @,

Lee et al. found osteitis in 53% in their histology samples.
Interestingly, the incidence of pathologically proven osteitis
was 6.7% in those undergoing primary surgery, but increased
to 58% in patients having revision ESS. They also demonstrat-
ed reactive bone by using light microscopy demonstrating new
bone formation in the form of increased uncalcified matrix
(osteoid) secreted by osteoblasts and woven bone formation ©.
Cho et al. demonstrated periosteal thickening, osteoblast-
ic-osteoclastic activity, and woven bone formation in CRS
patients and compared these results with CT scan findings ©%.

To summarize, the most important features found in human
samples of osteitic bone in sinusitis patients are: 1) periosteal
changes ¢2730; 2) osteoclast proliferation and bone resorption
(327.2930): 3) new bone formation ¢>2-39; 4) fibrosis ¢>2%30; 5) cel-

lular infiltrates ¢-*’-30; see Table 1.
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Figure 3. Osteitis along the skull base.

POSSIBLE MECHANISMS: INFECTION VERSUS
INFLAMMATION

Infection: role of bacteria

Some authors discuss that the rigid, three-dimensional struc-
ture of bone that exists even in the absence of cellular compo-
nents, could become a honeycomb where bacteria may reside
for extended periods of time, out of reach of immunological
cells and antibiotics . On first hand this direct bacterial inva-
sion of bone appears a logic model. It could help to explain
the clinical observation that removal of only the overlying
diseased mucosa frequently results in recurrence and persist-
ence of CRS, whereas debridement of the underlying bone
often resolves disease ®+3). Nair et al. suggested 3 possibilities
on the role of bacteria: 1) bacteria directly destroy the non-
cellular components of bone by liberating acid and proteases,
2) bacteria promote cellular processes that stimulate the de-
gradation of bone, or 3) bacteria inhibit the synthesis of bone
matrix . However, to date no group was able to demonstrate
bacteria in bone of the paranasal sinuses, and whether bacteria
induce bony remodeling because of associated inflammation or
whether they truly infect bone is unknown 22332,

Inflammation: role of virulence factors

Some studies have reported on the intracellular presence of
bacteria in the epithelial cells of the middle meatus mucosa
(339 These intracellular colonies may represent a reservoir for
recurrent episodes of CRS that are protected from host defense
mechanisms and antibiotic treatment. In literature on osteo-
myelitis of the long bones, evidence is emerging that staphylo-
cocci are facultative intracellular pathogens. They have been
demonstrated in the host osteoblasts in chronic osteomyelitis
cases. It is suggested that they also produce exopolysaccharide
networks for protection, which may also explain inaccessibility
to antibiotic treatment ®*37. To date these findings could not
be confirmed in inflamed bone of the paranasal sinuses.
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Biofilms can also serve as a reservoir for bacteria. Secretion
of various soluble inflammatory factors from these reservoirs
could feed the osteitic reaction in the underlying bone. The
release of mediators, particularly those of the arachidonic
acid pathway, has been postulated by Bolger et al. and Caye-
Thomasen et al. to be the stimulus for bone remodeling in
sinusitis animal models by modulating osteoclastic and osteob-
lastic activity 23,

There is an increasing number of inflammatory factors
known to play a role in normal bone remodeling and osteitis.
These factors can be divided into circulating or local factors.
Examples of circulating factors are: parathyroid hormone
(PTH), 1,25-dihydroxy vitamin D, calcitonin, estradiol, and
other hormones. Local factors are prostaglandins, leukotrienes,
pro-inflammatory cytokines like IL-1, IL-6, Tumor Necrosis
Factor (TNF-a), and growth factors. Another division can
be made between host and bacterial factors. Bacterial factors
are diverse and include LPS, teichoic acids, and other cell wall
components 7. A third attempt to make a division, is based on
the effect of the factors on bone. Bone resorption is known to
be stimulated by cytokines like IL-1, IL-6, IL-11, TNF-a, and
PTH, 1,25-dihydroxy vitamin D, and Prostaglandin-E (PGE).
Bone apposition is triggered by calicitonin, 1L-4, IL-13, IL-18,
INF-y, and Osteoprotegerin (OPG) ®*40. A problem with
this classification is that a number of molecules have both
capacities. Ishino et al. performed studies in ethmoid bone
of patients with CRS. They found that osteoclast differentia-
tion and activity was controlled by a wide range of molecules
(IL-1B, IL-6, IL-8, TNF-a, Macrophage Colony-Stimulating
Factor (M-CSF) and specific proteins like Receptor Activator
of Nuclear Factor (NF)-kB Ligand (RANKL), and OPG)
#1492 Bone Morphogenetic Protein (BMP) also seems to play
an important role “¥. The BMP family has originally been
described, as the name suggests, in relationship to bone mor-
phogenesis and again this could well be related to the sinonasal
changes in bone formation seen in CRS and nasal polyposis.
This paragraph is not intended to be complete. Much remains
to be learned about the role of the diverse factors in bone, par-
ticularly in humans.

WHAT TO DO IN PATIENTS WITH CRS AND OSTEITIC
BONE?

Imaging

The CT scan is the modality of choice to evaluate sinusitis
and osteitis features in patients with CRS. Osteitis is in most
cases a radiological diagnosis. However, both otorhinolaryn-
gologists and radiologists tend to overlook CT scan evidence
of bone changes in chronic osteitic sinusitis. Differentiating
these changes from other bone diseases such as Paget’s disease
or metabolic bone disease may not be possible in the absence
of relevant clinical data. Comparable abnormalities of bone
can also be observed after sinus surgery or radiation therapy
@9, Although correlations between sinonasal complaints of
patients and mucosal abnormalities seen on CT are weak or
have failed “, there are reports showing that patients with
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bony changes on CT scan may have a poorer surgical outcome
than those without these bony changes 2.

Medical therapy

Evidence of concurrent osteitis in CRS patients has led to the
introduction of new therapeutic approaches. Some authors
have advocated the use of long-term intravenous antibiotics
in an attempt to eradicate bone involvement, analogous to
the treatment for osteomyelitis. Tovi et al. treated the osteitis
of their CRS patients with surgical debridement followed by
3 - 8 weeks of culture directed intravenous antibiotics. They
reported favorable outcomes @. A problem of systemic, medi-
cal treatment could be the relatively avascular and ischemic
conditions of the infected region, which makes antibiotic pen-
etration into the osteitic bone difficult. In addition, fibrosis of
the haversian canals can obstruct distribution of medication
in the later phase of disease. While nearly all antibiotics pen-
etrate bone, actual bone levels are usually low, approximately
10 - 30% of the serum level. Serum bactericidal titers need to
be several times higher than minimal bactericidal concentra-
tion for susceptibility in the bone infection. This has resulted
in an axiom in the management of osteomyelitis of the long
bones that a serum bactericidal titer of 1:8 constitutes effective
antimicrobial therapy “®. It is assumed that a similar increase
in dosage is needed to effectively treat osteitis in recalcitrant
CRS, but there are no sufficient data in literature to support
this.

Without evidence of an active bacterial infection in the sinus
bone, the use of prolonged antibiotics is difficult to justify.
Assuming that the inflammatory pathway and not the infec-
tious one is more important in the bone involvement in CRS,
other medical regimes like long-term systemic steroids or mac-
rolide treatment could be considered. Macrolides are antibiot-
ics known to have anti-inflammatory properties, besides their
bacteriostatic effects. Several studies have shown macrolides
to inhibit interleukin gene expression for IL-6 and IL-8, and to
inhibit the expression of intercellular adhesion molecule, essen-
tial for the recruitment of inflammatory cells ®-53. Placebo-
controlled studies should be performed to further establish
the efficacy of macrolides in CRS and the effects on osteitis.
Studying long-term administration of antibiotics, the possibi-
lity of pathogen resistance should always be kept in mind.

The role of topical application of antibiotics is still under dis-
cussion. Few studies have explored the therapeutic role of topi-
cal nasal antimicrobials in patients with CRS. Several uncon-
trolled studies indicate that the topical application of antibiot-
ics has a beneficial effect ?*3+57, Others have found that nasal
irrigation is useful, but addition of antibiotics represents no
supplementary advantage ©%). Goh and Goode and Elliott et
al. reviewed the limited data. Their overall conclusion was that
the role of nasal antimicrobial therapy, although promising,
was not established 6263,
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Table 2. Examples of CT grading systems for severity of osteitis.

Biedlingmaier et al.

Osteitis is defined as rarefaction and/or demineralization; loss of
trabeculae; cortical destruction; focal sclerosis; loss of expected
structures or landmarks

1= normal

2= findings suggestive of osteitis, but polyps make osteitis
indeterminate

3= interpretation limited due to dental artifact

4= osteitis

Lee et al.

Osteitis thickness measurement

Mild: 3 mm

Moderate: 4-5 mm

Severe: >5 mm

Table 3. Three-point radiology scale.

Kim et al.

1 Maxillary sinus: posterolateral bony wall in the axial
setting with the greatest dimension of maxillary sinus.

2 Mean bony thickness of 3 randomly selected ethmoid
septa.

3 Mid-point of middle turbinate in the axial section show-

ing the largest middle turbinate.

The radiologist registered hyperostosis when he measured values
> 3 standard deviations beyond the range of normal reference data.

Table 4. Examples of histological grading systems.

Biedlingmaier et al.

0 normal

1 periosteal thickening

2 periosteal thickening, osteoblastic-osteoclastic activity,
bone resorption and/or remodeling

3 periosteal thickening, osteoblastic-osteoclastic activity,
bone resorption and/or remodeling and wide osteoid
seams

4 frank osteomyelitis, leukocytes and bone destruction

Cho et al.

0 normal

1 minimal periosteal thickening

2 mild periosteal thickening with osteoblastic-osteoclastic
activity

3 moderate periosteal thickening with wide osteoid seam
and osteoblastic-osteoclastic activity

4 severe periosteal thickening and marrow formation

Antunes et al.

no inflammation

mild periosteal thickening

moderate periosteal thickening and osteoblastic rimming
periosteal thickening, osteoid seams, osteoblastic rim-
ming

W= O
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Surgery

In Messenklinger’s original teaching, the primary goal of rees-
tablishing ventilation and drainage through natural sinus ostia
was based on the expectation that even extensive pathological
mucosa change would reverse itself with the reestablishment
of normal drainage. This seems insufficient in resolving the
problem of recalcitrant CRS with osteitis. Remnants of di-
seased bone may serve as a constant nidus for inflammation,
inducing recurrent edema and hypertrophy of the overlying
mucosa. The aim of surgery in these recalcitrant cases should
be the removal of all the diseased bone and granulation tissue,
and the facilitation of adequate perfusion of the sinuses with
antibiotics administered systemically ®Y. Our group reported
symptom reduction of a group of therapy resistant patients
after Denker’s procedure ¢, Rhinorrhea, nasal obstruction,
as well as facial pain and quality of life improved. Radical sur-
gery does not seem to be of great benefit when the main com-
plaints are reduced olfactory perception or asthma. Discussion
about the removal of landmarks like the middle turbinate is
ongoing. But at the end what is the need of an inflamed land-
mark being a nidus of disease? When studying radical surgery
in recalcitrant CRS, we should always be aware of the fact
that radical surgery itself can also be a trigger for osteitic bone
reaction 49,

SUGGESTIONS FOR FUTURE RESEARCH

Pitfalls

There is an increasing pressure on medical practitioners to
use evidence-based measures. Concerning the role of osteitis
in recalcitrant CRS there is a lot of research still to be done.
Although it is tempting to extrapolate scientific results from
limited studies to the patient, this would be premature at
present. All investigations represent an oversimplification
of reality. Only a very limited group of pathogens has been
studied in rabbit models. Bone was exposed to bacteria dur-
ing sinus occlusion and harvesting, which means substantial
manipulation. We only found 7 reports on human bone mate-
rial. Only 3 were placebo controlled. When designing studies
we always should choose the most optimal control tissue.
Rinia et al. discuss the importance of useful control tissue in
their review on nasal polyps, and put a question mark to the
use of inferior and middle turbinate mucosa as a control for
nasal polyps ©?. This is also an important reminder in the
choice of a useful control in osteitic bone research. Is a mid-
dle or inferior turbinate useful control tissue, or is the bone
structure and histological reaction significantly different from
the sinus wall? Ideal control tissue would be bone tissue of
the same paranasal area from patients undergoing surgery for
non-inflammatory disease like adenoma of the pituitary gland
or repair of a cerebrospinal leak. Further experimental studies
should be designed to identify the best control tissue.

Definition

To date no uniform osteitis definition is available. It is not
part of the CRS definition of the American Academy of
Otolaryngology and Head and Neck Surgery, nor is it part of
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the latest version of the EPOS? document %, Without a defi-
nition, including both radiological and histological features,
results are hard to compare, and scientific conclusions are hard
to draw.

Radiological staging

As mentioned before, radiologic staging systems tend to focus
on mucosal changes and do not incorporate changes seen in
the surrounding bone (%134 Biedlingmaier et al. and Lee et al.
were the first to define radiologic osteitis as mentioned before
(see Table 2) 27, Cho et al. developed a method to determine
bone density on CT in patients with CRS, using a line profile
through the ethmoid bulla and quantifying bone density using
the Hounsfield scale ¢%7. Air is assigned a value of -1000,
water a value of 0 (zero) and bone of + 1000. They found a
correlation between bone changes and the Lund-MacKay
score and they concluded that CT densities could be used as
an objective parameter of bone remodeling in patients suffer-
ing from CRS. More research needs to be done to evaluate if
the Hounsfield unit is of value in staging osteitis in recalcitrant
CRS. Another attempt to objectify osteitic changes on CT
was performed by Kim et al. *», They measured 3 standard-
ized reference points on CT (see Table 3) and the radiologist
registered hyperostosis when he measured values > 3 standard
deviations beyond the range of normal, self-obtained reference
data. A possible combination of osteitic characteristics with
the use of millimeter measurements or Hounsfield-Units, could
make a osteitis grading system more objective. When develop-
ing a grading scale, more questions remain. For example do we
evaluate every sinus separately, like Lund-Mackay, and which
locations of the sinus bone do we measure?

Histological exploration

In favor of histological research, microscopic findings should
also be more defined. The investigating groups use different
ways to fixate samples, diverse methods of decalcification and
varying protocols for tissue embedding. Most groups used
H&E staining to identify inflammation, bone cells, while dif-
ferentiation between woven and non-woven bone is possible
by means of polarization microscopy. In our opinion, the most
useful histological grading system used so far is that described
by Biedlingmaier et al. (see Table 4) 7,

The following aspects in histological research on osteitic
bone in CRS should incorporate at least the following items:
changes of the periosteum, number of osteoblasts, numbers of
osteoclasts, changes seen in the haversian system, and fibrosis.
Furthermore determination of cell types in the leukocytic infil-
trates appears to be useful, but has not been attempted so far.
These microscopic findings could be combined with investiga-
tions on inflammatory markers like TGF-f3 which is one of the
important growth regulatory factors in bone matrix. A long list
of other factors worthwhile to investigate could be: 1L-1, IL-4,
1L-6, IL-8, TNF-a, M-CSF, RANKL, alkaline phosphatase
(ALP), OPG, fibroblast growth factor (FGF), MCP-1, par-
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athyroid hormone, 1,25(OH)2 vitamin D, calcitonin, glucocor-
ticoids, cortisol, oestrogens, PGE2, IFN-y, insulin like growth
factor-1, LPS, teichoic acids, lipid A associated proteins, cell
wall components, nitric oxide, MCP-1, TGFa, TGF, platelet-
derived growth factor, collagen type I and osteocalcin %4270,
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