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Chapter 1

THIS THESIS

General introduction

Osteomyelitis is an inflammation of bone, bone marrow and/or periosteum.™' The word
is derived from the Greek word daTéov (osteon; bone), puehoo (myelos; marrow), and the
word-forming element -ITio (-itis), which denotes inflammation." It may present in all
bones of the body. This thesis studies osteomyelitis of the maxillofacial bone structures,
with focus on a specific type of osteomyelitis: chronic diffuse sclerosing osteomyelitis
(DSO) of the mandible.

Classification of different types of osteomyelitis

Many different (sub)classifications of osteomyelitis have been introduced in the literature
in the last decades. Proposed classifications are based on clinical course, aetiology,
histopathological- and/or radiological features.'57812141621 Many of these classifications
still overlap in the description of different types of osteomyelitis and in nomenclature. In
this thesis, the classification of osteomyelitis of the jaws is based on the Zurich
classification, in which acute osteomyelitis can progress to secondary chronic
osteomyelitis." Chronic Diffuse Sclerosing Osteomyelitis (DSO), proliferative periostitis,

and osteoradionecrosis are other entities (Figure 1).1

Acute osteomyelitis —— Secondary chronic osteomyelitis ‘ Diffuse sclerosing
osteomyelitis / Chronic
4 weeks tendoperiostitis

+ Secondary chronic suppurative
osteomyelitis

« Chronic sclerosing osteomyelitis, focal

« Chronic sclerosing osteomyelitis,
diffuse

« Proliferative periostitis

+ Osteoradionecrosis

Figure 1. Based on the Zurich classification of osteomyelitis of the jaws."

Acute (suppurative) osteomyelitis

In acute osteomyelitis patients present with acute pain, swelling of the cheek, fever,
sometimes with intra- and extra-oral fistulas and/or neurosensory disturbances.?'"20.22
This type of osteomyelitis is usually caused by prolonged odontogenic infections, poor
fracture healing after trauma, infections of internal fixation material, or infections of dental

implants. Bone fragments can become necrotic and sequestration occurs, due to the
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Introduction and aims of this thesis

acute inflammatory process and compromised blood supply.’* On panoramic
radiographs osteolysis and sequestration will be visible after 2-3 weeks of disease
duration.”'923 The treatment of acute osteomyelitis is focused on surgical removal or
treatment of the primary cause, drainage of pus, and antibiotic therapy.?72022

Secondary chronic (suppurative) osteomyelitis

Secondary chronic suppurative osteomyelitis, also known as chronic purulent
osteomyelitis or chronic suppurative osteomyelitis develops following acute osteomyelitis
after a disease duration of more than four weeks.'121420.2224 |t is caused by the same
infectious factors as acute osteomyelitis and clinical symptoms are the same, although
less pronounced. Due to progressive bone resorption, fistula formation may be present,
and pathological fractures may occur.”'?? Treatment is focused on removal of the source
of infection, purulent drainage, and removal of sequesters to establish contact between
well-vascularised soft tissue and the osseous defect to promote revascularisation and

healing.??%22 The surgical procedure is combined with long-term antibiotic therapy.

Chronic sclerosing osteomyelitis, focal

Chronic focal sclerosing osteomyelitis is also known as chronic non-suppurative
osteomyelitis or condensing osteitis.?2232528 |t is usually caused by a mild odontogenic
infection, that causes infection of the pulp and subsequent complaints of the tooth
involved. The condensed bone lesion itself is asymptomatic. A radiograph shows a
radiopaque area surrounding the apex of the tooth involved, with a maximum diameter
of 2cm.?° Endodontic therapy or extraction of the tooth involved should be performed.'*#
In some cases, curettage of the inflammatory tissue is necessary.?® The lesion disappears

or residual sclerosis remains as a bone scar.'%%

Chronic sclerosing osteomyelitis, diffuse

One of the most confusing terms in medical literature is chronic diffuse sclerosing
osteomyelitis (DSO), a variety of denominations can be found, such as primary chronic
osteomyelitis, juvenile mandibular chronic osteomyelitis, chronic sclerosing osteomyelitis,
and non-suppurative osteomyelitis. The true DSO is a rare disease with high morbidity
and abundant use of painkillers.?’#* Characteristics of the disease are recurrent pain and
swelling of the cheek, often accompanied by trismus, and progressive mandibular
deformity.’357111319.24.26-69 There is an absence of pus, fistulae, growth of microorganisms
in cultures or other symptoms of bacterial infection.?7:811:12:27.33,39,41-43,46,5255.60.65-68. The

radiographic characteristics are osteosclerosis or a combination of osteolysis and -
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sclerosis1,2,4,6,8,9,11—13,19,24,26—29,32,33,35—42,44—56,58—60,62,64,66—69 |n patients Wlth Chronic diﬁuse
sclerosing osteomyelitis no infectious cause can be found, and the aetiology and
treatment are Stl” uncertain 7,8,12,17,24,27-30,32,33,36,39-46,48,49,51-56,58,59,61-68,70 ThIS type Of

osteomyelitis will be discussed in more detail in this thesis.

Proliferative periostitis

This type of osteomyelitis is also known as periostitis ossificans, and Garré’s sclerosing
osteomyelitis, because it was first described by the Swiss surgeon Carl Garré in
1893.71420.23.27 The disease usually appears in children and young adults and is clinically
characterised by a nontender, unilateral bony swelling, which is localized in the latero-
inferior parts of the mandible.>4'° Proliferative osteomyelitis is associated with a response
to a low-grade infection, usually a carious lower first molar, which causes a periosteal
inflammatory reaction, resulting in formation of immature new bone outside the normal
cortical layer. Radiographically this can be seen as a focal osteosclerotic lesion with an
‘onion skin’ appearance, with a radiolucency around the apices of the involved tooth.?”’
Treatment of the tooth involved should be performed with extraction or endodontic
therapy.”'*

Osteoradionecrosis

All patients with osteoradionecrosis have a history of radiotherapy of the head and neck
region.5689.11.14537179 |t occurs because of decreased vascularisation of the bone and the
surrounding tissues after radiation therapy, and mostly after trauma, such as tooth
extraction, denture sores, and periodontal disease.”’'737577 Patients have pain and
clinically exposed bone can be seen, often combined with intra- or extraoral fistulae.?”17%
’? Radiographically osteosclerosis and -lysis with sequestrum formation and in advanced
cases pathological fracture can be seen.’?’* In treatment, surgery with removal of
sequestra and primary closure of soft tissues, combined with intravenous antibiotic
therapy is recommended.”!7377.79

Chronic diffuse sclerosing osteomyelitis/tendoperiostitis; the current situation

Chronic diffuse sclerosing osteomyelitis (DSO) of the mandible is a rare disease with an
estimated prevalence of 1/200.000.77” In the literature, it is also known as primary chronic
osteomyelitis, juvenile mandibular chronic osteomyelitis, chronic sclerosing osteomyelitis,

and non-suppurative osteomyelitis.
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Aetiology

The exact underlying pathophysiological mechanism of DSO of the mandible is
Controversia|.7,8,12,17,24,27-30,32,33,36,39-46,48,49,51-56,58,59,61-68,70 Various hypotheses have been
postulated; such as an endogenic infection or an immunological overshoot, that it is part

of a syndrome, or that hyperactivity of the masticatory muscles is the underlying
problem.2—4,6—8,‘|1,12,20,23,24,26—29,32—37,39,41—53,55—67,70,80—89

One hypothesis is that of a low virulent infection which causes periosteal and endosteal
reactions.112:26-29,37,39,42:43,46,49-53,55,58,61,62,64-67.70.8081 However, it has proven difficult to find
micro-organisms in biopsy or culture material other than contamination of the oral flora.*
6.14.27,29,32-34,41,42.48,55,59.8090 Therefore, it is thought that it is a local endogenic infection,
which causes vasculitis with a decrease of circulation, resulting in a perfect environment

for an anaerobic infection to arise.>282?

Another hypothesis is a hyperactive or hypoactive humoral immune response in patients
with chronic diffuse sclerosing osteomyelitis of the mandible.”:8:1227:37:39.43,49,50,64-66,62,83

However, a significant defect in (auto-)immune response is never proven in patients with
DSO of the mandible.®

Some authors suggest DSO of the mandible to be part of a spectrum of diseases with
different  types of  chronic, non-infectious  inflammatory  osteomyelitis.
Sternocostoclavicular hyperostosis (SCCH), chronic recurrent multifocal osteomyelitis
(CRMOQ), and synovitis, acne, pustulosis, hyperostosis and osteitis (SAPHO) syndrome are
also part of this spectrum.2468111220.20,29,32:35,39,41,43-45,47 50525557,59,62581.8489 CRMO is a
condition mainly in children with osteomyelitic lesions, occurring in one or more bones in
the body, particularly in the long bones. 27889193 |n SCCH, patients complain of
intermittent mild pain and swelling of the anterior chest wall, and changes of osteitis are
seen on imaging, comparable to DSO and CRMO.#? SAPHO syndrome is characterised
by chronic non-bacterial osteomyelitis, in combination with one of the following: synovitis,
acne, and/or pustulosis palmoplantaris.3>4347.8487.95

Groot et al. stated in his dissertation that DSO/tendoperiostitis is caused by overuse of
the masticatory muscles.?7:811.1223.24,29.33,3637,39,41,43,4648.55,6064-6681 They suggest a non-
infectious origin for DSO of the mandible, because of the chronic recurrent character of
the disease, the bacteriologic findings do not support an infectious origin, and the poor

results of infectious treatment.”8132336,37.414860646667 They showed that specific parts
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corresponding with the attachment-site of masticatory muscles of the mandible were
involved in DSO/tendoperiostitis and that patients with DSO/tendoperiostitis of the
mandible showed excessive activity of the masseter muscle 233664667 Also, treatment of
DSO/tendoperiostitis of the mandible based on relaxation of the masticatory muscles has

23,37,60,64,66,

been shown effective. 81.89 All arguments that overuse of the masticatory muscles

could be the cause of DSO/tendoperiostitis.

Clinical features

DSO of the mandible can appear at any age, however there is a peak in

adolescents/young adults and another after the age of 50.%7:11:12:26.27.29,34,39-41,44,48,57,62.96 |
12,19,26,27,29,30,32,34,39,48,56,57,59,62

occurs more in females than in males.

Figure 2. A 13-year-old patient with a swelling of the cheek at the left side, due to DSO/TP of the
left mandible.

Diffuse sclerosing osteomyelitis typically occurs in the mandible, and not in other facial
bones.712:14.19.27-29,39-41,44,47,48,5052,58,628096 |t ysually occurs unilaterally, but bilateral
involvement is possible as well.'219.27:39444767 Patients present with intermittent episodes
of pain in the region of the affected mandible and also swelling of the cheek at the same

side (Table 1, Figure 2).1:357.11-1319.242669 |n some cases, the complaints are accompanied
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by trismus. On physical examination, patients report tenderness on palpation in the
affected area, tenderness of masticatory muscles, and signs of parafunctional habits and
tooth wear could be seen.?”4¢ Facial asymmetry can occur, due to high periosteal activity
with growth of the involved mandibular area.? No fistulae or signs of infection are seen,
and even no odontogenic origin of the disease.?7/81112:27.3339,41-43,46,52,55,0.65-68 Typyjically,
patients do not present signs of inflammation, like fever or elevated infection parameters,

although sometimes a mild elevation in erythrocyte sedimentation rate or C-reactive
protein IeVeI is fOUnd 2-4,6,7,11,12,27,28,32,39,48,50,53,56,59,60,62,64,66,67

Radiography

The diagnosis diffuse sclerosing osteomyelitis is made on clinical and radiological
findings, and can be supported by histopathological examination. For radiological
examination, panoramic radiographs, (cone beam) computed tomography ((CB)CT)

imaging, and in some cases magnetic resonance (MR) imaging can be
performed 1,4,7,9,11,13,32,35,39,44,48,50,53,56,58,96

.
“5" -u_»-ﬂ»i~$'
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Figure 3. Panoramic radiograph of a patient with DSO/TP of the left side of the mandible, which
shows asymmetry, excessive subperiosteal bone formation, and diffuse sclerosis of the ramus,
angle, and body.

The radiological abnormalities are mostly seen unilateral in the anterior region of the
mandibular angle and posterior part of the mandibular body, but it can also arise from

angle to angle.'348386667 Depending on the stage of the disease, radiographs typically
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show intermingled sclerosis and osteolysis often combined with subperiosteal bone
formation Of the mandible (Table ‘I Figure 3).1,2,4,6,8,9,11-13,‘\9,24,26-29,32,33,35-42,44-56,58-60,62,64,66-69

This periosteal reaction can lead to an onion skin appearance on CT-imaging, on which
the original cortex is still visible (Table 1, Figure 4).19:244464 A shift towards a more sclerotic
pattern with normalisation of the cortical bone can be seen after clinical

improvement.236:12.14.24,27.28,3335,44,51,54.556062 - Nevertheless, mandibular asymmetry can

remain.

Figure 4. CT-image of a patient with DSO/TP of the left side of the mandible with subperiosteal bone
formation which led to an onion skin appearance.

Soft tissue changes can be examined on CT- and MR imaging, which could show

hypertrophic and oedematous changes in the masticatory muscles surrounding the
osseous abnormalities.!"4447.5
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Disease activity can also be examined on bone scintigraphy.'#7:11.13:19.27,29,32,39,40.44,45,48-
3338,6062,66,6780.96 Bone scintigraphy is furthermore used to screen patients for extra-oral
lesions in cases of CRMO, SCCH, or SAPHO syndrome (Table 1, Figure 5).%

Figure 5. Bone scintigraphy of a patient with DSO/TP of the mandible on the right side with an
extra-oral lesion of the sternocostoclavicular joint (SCCH).

Histopathology

The diagnosis of diffuse sclerosing osteomyelitis can be supported by histopathological
examination. This is indicated if the diagnosis is not clear on the basis of clinical and
radiological findings and/or to exclude other disorders (i.e. bacterial osteomyelitis or
malignancy).'346:27:29.34,50,52,56,59.66.67.80 Histological examination usually shows remodelling
of the buccal cortical plate, with subperiosteal bone formation and an increase of

subcortical bone volume (Table ’I).12,19,26—29,33,36,41,42,45,48,50,53,56,58,59,62,64,66—68 Focal Chronic

inflammatory responses are seen, which could be caused by tissue breakdown.

Microbiology

In most cases no growth of microorganisms is found in cultures of bone biopsies (Table
1).68.12,19.24,27,29.33,34,39,42,48,52.53,55,59,62.6667.70.39 Oply three studies report growth of bacteria in
cultures of tissue specimens in patients with diffuse sclerosing osteomyelitis (species of
Actinomyces, Eikenella corrodens, Escherichia coli, Propionibacterium acne,

Staphylococcus epidermidis, and a mixed oral flora).?27.28.34,39.4142,45,48,50,52,58,62,67,80
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However, other papers have reported that these positive cultures could be caused by

skin- or oral flora contamination, depending on how the biopsies were obtained.*
6,14,27,29,32-34,41,42,48,50,53,55,59,67,80

Table 1
Disease characteristics of diffuse sclerosing osteomyelitis of the mandible
Symptoms - Recurrent pain and swelling of the cheek
- Trismus
- Mandibular deformity
Radiographic characteristics - (Mixed) sclerosis (and lysis), subperiosteal bone formation,

and/or condylar process deformation of the mandibular bone
on panoramic radiograph and/or CT
- Masticatory muscle changes on CT and/or MRI
- Elevated uptake in the mandibular bone on bone
scintigraphy
Histopathological findings - Reactive bone with subperiosteal bone formation
- Increase of subcortical bone volume
- Small focal collection of inflammatory cells
- No sign of infection with micro-organisms
Microbiological findings - No growth of microorganisms
- In case of growth, contamination of skin- or oral flora

CT = computed tomography, MRI = magnetic resonance imaging

Treatment

Various hypotheses have been reported about the aetiology of diffuse sclerosing
osteomyelitis of the mandible. Likewise, many different treatment modalities have been
reported as well. Non-surgical therapy, such as analgesic drugs, non-steroidal anti-
inflammatory drugs (NSAIDs), antibiotics, corticosteroids, hyperbaric oxygen,
bisphosphonates, and conservative treatment are reported in literature.’?1219.24:2¢-
30,32,33,35,37-41,43,44,46,48-52,54-56,58-65,67-70,80,81,89,90,96 Surgical interventions, Wlth minor and more
invasive surgery are reported as well, such as decortication, saucerisation, and even
Segmenta| resections Of the mandible.2—9,12,17,19,24,26—31,33,35,37—41,43,46,49,50,52,54,55,58—63,65—
70808189909 The treatment of diffuse sclerosing osteomyelitis will be further explored in
this thesis.

Aims of this thesis

Despite decades of research, the cause of chronic diffuse sclerosing
osteomyelitis/tendoperiostitis of the mandible remains unclear. Many different treatment
options have been reported, all without proof of long-term therapeutic effect. In 1995
Groot et al. reported a thesis called "Diffuse sclerosing osteomyelitis of the mandible:
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infection or traction?”, in which the hypothesis arose that DSO/tendoperiostitis could be
caused by overuse of the masticatory muscles (chronic tendoperiostitis; TP) and that it
should be treated accordingly based on relaxation of these muscles.?® In this thesis, the
hypothesis of a mechanical cause of DSO is further explored. Hereby, this thesis attempts
to evaluate the diagnostic examination and long-term therapeutic effect of treatment in
patients with diffuse sclerosing osteomyelitis/tendoperiostitis of the mandible and to
propose a standard of care protocol for clinicians. This could potentially prevent

unnecessary diagnostic examination and harmful extensive (surgical) treatments.

Outline of the thesis

Part | (this part) of the thesis focuses on the general introduction of DSO/tendoperiostitis
of the mandible, classification of different types of osteomyelitis, and the current situation
of DSO of the mandible.

Part Il of this thesis will focus on the diagnostic examination of DSO/tendoperiostitis of
the mandible, with CHAPTER 2 describing an evaluation of the diagnostic examination,
in particular the radiographic characteristics of patients with DSO/tendoperiostitis of the
mandible.

Part Ill focuses on the treatment of DSO/tendoperiostitis of the mandible with a special
emphasis on conservative treatment of these patients.

- A systematic review of the literature, in which all different treatment strategies
are being described and evaluated (CHAPTER 3);

- Evaluation of conservative or non-surgical therapy in children and adult patients
with diffuse sclerosing osteomyelitis/tendoperiostitis of the mandible (CHAPTER
4 and 5);

- Evaluation of bisphosphonate therapy in patients with diffuse sclerosing
osteomyelitis/tendoperiostitis of the mandible (CHAPTER 6);

- The results of remodelling surgery with three-dimensional designed- and -
printed patient specific surgical guides for patients with diffuse sclerosing
osteomyelitis/tendoperiostitis of the mandible, who had complaints about facial
asymmetry caused by mandibular deformity (CHAPTER 7).

Part IV includes a general discussion and summaries in English and Dutch (CHAPTER 8,
9, and 10).
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