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Abstract
Introduction The acronym SAPHO was introduced in 1987 to
unify the various descriptions of a seronegative arthritis
associated with skin manifestations and to show synovitis, acne,
pustulosis, hyperostosis, and osteitis with and without sterile
multifocal osteomyelitis. The etiology of SAPHO syndrome is
unknown, but an association with infection by semipathogenic
bacteria like Propionibacterium acnes has been suggested. We
conducted an interventional study of SAPHO patients receiving
antibiotics.
Methods Thirty-seven patients met the clinical criteria of
SAPHO syndrome, 21 of them underwent a needle biopsy of
the osteitis lesion, and 14 of them showed positive
bacteriological cultures for P. acnes. Thirty patients (14
bacteriological positive and 16 without biopsy) were treated
with antibiotics for 16 weeks. The activity of skin disease and
osteitis were assessed by a physician using a scoring model
(from 0 to 6). In addition, patients completed a Health
Assessment Score (HAS, from 0 to 6). The erythrocyte
sedimentation rate was determined and a MRI (of the osteitis
lesion, radiologic activity score from 0 to 2) was performed in

Introduction
In 1987 Chamot and colleagues coined the acronym SAPHO
for synovitis, acne, pustulosis, hyperostosis, and osteitis,
which replaced various previously suggested descriptions of
osteoarticular disease associated with skin manifestations
[1,2]. The clinical feature of chronic recurrent multiple osteomyelitis (CRMO) with its typical presentation in the pediatric

week 1 (W1), week 16 (W16), and week 28 (W28, 12 weeks
after antibiotics).
Results Twenty-seven patients continued the medication
(azithromycin, n = 25, 500 mg twice a week; clindamycin, n = 1,
300 mg daily; or doxycycline, n = 1, 100 mg daily) for 16 weeks.
After W16 the scores for MRI (1.5 to 1.1, P = 0.01), skin activity
(3.2 to 1.2, P = 0.01), osteitis activity (4.0 to 2.1, P = 0.02), and
HAS (3.3 to 2.1, P = 0.01) decreased significantly. However,
this was followed by increasing values for MRI scores (1.2 to
1.4, P = 0.08), skin activity (1.2 to 1.7, P = 0.11), osteitis activity
(1.9 to 2.7, P = 0.01), and HAS (2.2 to 3.3, P = 0.02) from W16
to W28. The comparison of the scores in W1 and W28 in these
12 patients showed no significant differences.
Conclusions For the period of application, the antibiotic therapy
seems to have controlled the disease. After antibiotic
discontinuation, however, disease relapse was observed.
SAPHO syndrome thus groups with other chronic inflammatory
arthropathies with a need for permanent therapy.

population justifies the inclusion of CRMO into the same nosologic group as the SAPHO syndrome according to several
authors [3,4].
The etiology of these diseases is still unknown. An association
with infection by semipathogenic bacteria such as Propionibacterium acnes has been suggested, but the role of these

CRMO: chronic recurrent multiple osteomyelitis; ESR: erythrocyte sedimentation rate; HAS: Health Assessment Score; MRI: magnetic resonance
imaging; SAPHO: synovitis, acne, pustulosis, hyperostosis, and osteitis; TNF: tumor necrosis factor.
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bacteria is discussed controversially [5,6]. Furthermore, a part
of coagulase-negative Staphyloccocus aureus as well as Haemophilus parainfluenzae and Actinomyces were reported to
be associated with SAPHO syndrome [7,8]. Family-based
observations and investigations of genetic variations gave rise
to the hypothesis that genetic factors contribute to the development and course of the disease [9,10]. Moreover, SAPHO
syndrome shows a clear overlap with several inflammatory
rheumatic diseases such as ankylosing spondylitis, psoriatic
arthritis, enteropathic arthritis, reactive arthritis, and undifferentiated spondyloarthritis. In 13 to 52% of SAPHO cases,
radiologic findings show sacroiliitis - as in typical ankylosing
spondylitis [11]. The genetic marker HLA-B27, however, is not
clearly associated with SAPHO syndrome [12,13]. Clinical
symptoms of psoriatic arthritis are comparable with the features of SAPHO syndrome. In some cases, psoriasis vulgaris
has developed after initial typical skin changes in patients with
SAPHO syndrome. The skin manifestation of acne vulgaris is
not typical of psoriatic arthritis, however, and the psoriatic-typical nail dystrophy has not been reported in SAPHO patients.
Although the classification of SAPHO syndrome exists as a
distinct disease entity, the overlap and similarities with other
rheumatic diseases formed the basis for trials investigating
antirheumatic drugs that are the accepted standard for the
treatment of psoriatic arthritis and other spondyloarthritides.
Studies have been published with small numbers of patients
treated with nonsteroidal anti-inflammatory drugs [14], steroids [15,16] and immunosuppressive agents that showed only
partial efficacy. Investigations of methotrexate and azathioprine yielded no convincing results [17,18]. Several reports
presenting promising results obtained with bisphosphonates
[19-21] or biologicals like TNFα-blockers [22,23], however,
have recently been published. With regard to the possible link
to an infectious etiology of SAPHO syndrome, several studies
with small numbers of patients treated with antibiotics
reported contradictory results [24,25]. According to these
studies, the antibiotic agent of azithromycin was suggested as
the most promising agent for treatment of patients with
SAPHO syndrome. We have therefore conducted a prospective interventional study to evaluate the efficacy of antibiotics
in patients with SAPHO syndrome.

Materials and methods
Study design
We conducted a prospective, interventional study in patients
treated at the Rheumatology Departments of the Hannover
Medical School and the Saarland University Medical School,
Germany. The responsible ethics committee of Hannover
Medical School, Germany approved the study. The study was
conducted in accordance with the Declaration of Helsinki, and
each participant gave written informed consent.
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Patients
From October 1998 until February 2007 we screened 37
patients with SAPHO syndrome. All patients fulfilled the criteria of SAPHO syndrome - that is, osteitis of any location with
inflammatory extra-osteoarticular manifestations of palmoplantar pustulosis, psoriasis vulgaris, or acne fulminans, with
or without arthritis and/or CRMO - as defined by Chamot and
colleagues [2] and by Kahn and colleagues [26].

Of 25 patients with dermatological manifestations, one patient
presented with psoriasis vulgaris, 21 patients with pustulosis
palmoplantaris, one patient with acne conglobata, and two
patients with acne papulopustulosa (Table 1). Patients with
axial disease and spondylitis were excluded in order to avoid
the inclusion of patients with ankylosing spondylitis (Bechterew's disease). Twenty-one patients underwent a computed
tomography-guided needle biopsy of the osteitis lesion for histopathological and bacteriological investigation as described
previously [27]. Inclusion criteria were age > 18 years and clinical activity of SAPHO syndrome. Exclusion criteria were antibiotic treatment in the previous 12 weeks, women who were
pregnant or breastfeeding, patients on medication with corticosteroids in a higher dosage than 10 mg prednisolone or
equivalent steroids per day, psychiatric disorders that might
compromise compliance with therapy, and contraindications
for administration of azithromycin, doxycycline, and clindamycin, including a history of allergy to any antibiotics.
We enrolled 37 patients with SAPHO syndrome showing disease activity as determined by a scoring system based on the
erythrocyte sedimentation rate (ESR), MRI findings, skin activity and osteitis activity (see below). All patients except those
with a negative bacteriological finding (n = 7) in the needle
biopsy of the osteitis lesion were offered treatment with azithromycin (alternatively with doxycycline or clindamycin). Thirty
patients agreed to antibiotic treatment (Figure 1). Table 1
presents the demographic and clinical - pathological patient
characteristics of these treated patients.
Treatment regime
Twenty-two out of 30 patients were on antirheumatic medications without antibiotics, with a stable dosage of the respective drugs at least 4 weeks prior to the beginning of this study
(outlined in Table 2). The 27 patients treated with azithromycin
received a loading dose of 500 mg on six successive days, followed by 500 mg twice a week. After needle biopsy of the
osteitis lesion, three patients from the antibiotics group
showed a positive bacteriological culture for P. acnes resistant to azithromycin but sensitive to doxycycline in two patients
and sensitive to clindamycin in one patient. Two patients therefore received doxycyline (100 mg daily) and one patient
received clindamycin (300 mg daily) as the first-line antibiotic
drug. Eight patients were without concomitant antirheumatic
medication.

Available online http://arthritis-research.com/content/11/5/R140

Table 1
Clinical characteristics of SAPHO patients on antibiotics
Clinical parameter

SAPHO patients (n = 30)

Age (years)
Mean ± standard error

51.6 ± 3.3

Median (range)

51 (20 to 72)

Sex (female:male)

16/14 (53/47)

Disease duration (years)
Mean ± standard error

9.4 ± 2.5

Median (range)

11 (1 to 27)

HLA B27-positive

2 (7)

Chronic recurrent multifocal osteomyelitis

4 (14)

Biopsy of osteitis lesion with positive bacterial culture

14 (47)

> 1 osteitis lesion

11 (37)

Psoriasis

1 (3)

Pustulosis palmoplantaris

21 (70)

Acne

3 (10)

Arthritis/oligoarthritis

20 (67)

Data presented as n (%) unless stated otherwise.

Twenty-seven patients completed the 16-week treatment with
antibiotics, and one patient was lost at follow-up. Two patients
dropped out because of intolerance to the antibiotic medication (one patient on azithromycin and one patient on doxycycline). After the end of the antibiotic therapy, only 12 patients
completed the follow-up for a further 12 weeks, during which
they were to continue the same antirheumatic medication - the
study protocol did not allow antibiotics or any change of concomitant medication during this follow-up period. The remaining 15 out of 27 patients who had completed the antibiotic
treatment according to the protocol were lost at follow-up (six
patients) or changed medication (five patients who took additional nonsteroidal anti-inflammatory drugs daily, two patients
who took additional corticosteroids orally, and two patients
who had topic corticoid instillation of osteitis lesion).
Definitions and assessment
In all patients the diagnosis of SAPHO syndrome was confirmed by the diagnostic procedure, including tests for C-reactive protein and the ESR, bone radioisotope scanning with
technetium in two phases and MRI of osteitis lesions. The
scoring system was assessed within 1 week prior to the initiation of the antibiotic therapy, after week 16 and in week 28 (or
12 weeks after ending antibiotic treatment), and included an
elevated sedimentation rate (ESR), MRI of osteitis lesions,
clinical activity of skin lesions and clinical activity of osteitis
lesions as well as a Health Assessment Score (HAS).

The MRI score for the osteitis lesions ranged from 0 to 2 and
was assessed by a radiologist: score 0 was defined as no
bone marrow edema, osteal erosions or synovitis (with or without joint effusion) imaged by T1-weighted and T2-weighted
magnetic resonance technique; score 1 defined as one of theses pathological findings; and score 2 defined as more than
one finding. In cases of more than one osteitis lesion, the
lesion with the highest score was used as reference. The radiologist was blinded to the clinical scores under the treatment
during the follow-up. Both the skin activity score and the osteitis score of the patients (ranging from 0 to 6) were assessed
by the treating physician according to a questionnaire for the
interview and by physical examination. The HAS was evaluated
by the patient and described the subjective disease activity
during the last 7 days before the assessment, using a scale
ranging from 0 (no activity) to 6 (highest activity).
Bacteriological findings
In all investigations the skin above the biopsy area was free of
pustulotic changes. After thorough disinfection, a small surgical skin incision of approximately 3 mm was made under local
anesthesia before the biopsy needle was advanced under
computed tomography guidance. This procedure was supposed to minimise the possibility of specimen contamination
by skin colonisation of P. acnes and other skin saprophytes.
The computed tomography-guided needle biopsies of the
osteitis lesion were inoculated for transport and were referred
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Figure 1

Flow chart from initial study enrollment to study follow-up for the treatment of SAPHO syndrome.
syndrome

to the Department of Microbiology of Hannover Medical
School for further work-up as previously described [27]. The
biopsies were transferred directly after grinding plated on solid
media (Schaedler's agar, chocolate agar; Oxoid Unipath,
Wesel, Germany). Media were incubated for a minimum of 14
days at 35 ± 2°C for detection of aerobic, microaerophilic, and
anaerobic microorganisms, including fastidious microorganisms. Their susceptibility to antibiotics was tested according
to the National Committee for Clinical Laboratory Standard
Protocol. Bone specimens were also sent to the Department
of Pathology of Hannover Medical School for histopathological examination. The histopathological preparation in all specimens excluded malignant cell proliferation.

using the SPSS statistical package [28]. Quantitative variables are expressed as the mean ± standard error. The scoring
variables outlined in the mean ± standard error were compared using pairwise testing for differences between the
results for scores of weeks 1 and 16, of weeks 16 and 28, as
well as of weeks 1 and 28. Pairwise-testing P < 0.05 was considered statistically significant.

Statistical analysis
The study had two major end points: the change of scores for
the ESR, MRI, the HAS, skin activity and osteitis activity after
16 weeks of antibiotics; and the changing of scores after the
end of the antibiotic treatment period. All data were analysed

Outcome after treatment in week 16
Table 3 presents the results of the SAPHO disease activity in
27 patients before and after the treatment with antibiotics in
week 1 and week 16. After week 16, the scores for MRI (1.5
to 1.1, P = 0.01), for skin activity (3.2 to 1.2, P = 0.01), for
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Results
Baseline characteristics
The demographic and clinical - pathological characteristics of
the 30 patients selected for antibiotic treatment are presented
in Table 1.
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Discussion

Table 2

To the best of our knowledge, this is the first interventional
study to evaluate the efficacy of long-term antibiotic treatment
in patients with SAPHO syndrome. The goal of the present
study was to determine the therapeutic effect of antibiotic
treatment over a period of 4 months. Our results show an
effect of a 4-month treatment with azithromycin (also with doxycycline and clindamycin in one patient each) with respect to
MRI findings and to the activity of skin disease and osteitis.
Three months after the end of antibiotic treatment, however,
these effects had disappeared. The observed changes in the
SAPHO activity scores were so closely associated with the
antibiotic treatment that a placebo effect is rather unlikely.
Studies that include a placebo control group, however, are
required in order to clarify the efficacy of antibiotic therapy of
SAPHO syndrome.

Antirheumatic treatment of SAPHO patients on antibiotics at
baseline
Medication except antibiotics

SAPHO patients (n = 30)

No medication

8 (27)

Nonsteroidal anti-inflammatory
Prednisolone
Dosage (mg/day)

drugsa

10 (33)
2 (7)
5.0 (4.0 to 6.0)

Sulfasalazineb

1 (3)

Methotrexate

8 (27)

Dosage (mg/week)

12.8 (10.0 to 15)

Etanerceptc

3 (10)

Bisphosphonated

3 (10)

Data presented as n (%) or mean (range). aNonsteroidal antiinflammatory drugs in a stable daily dosage: diclofenac, 100 or 150
mg daily; naproxen, 1,000 or 1,500 mg daily; ibuprofen, 800, 1,200
or 1,600 mg daily; celecoxib, 200 mg daily. bSulfasalzine in a dosage
of 2 g daily. cEtanercept in a dosage of 50 mg weekly. dAlendronat in
a weekly dosage of 70 mg.

osteitis activity (4.0 to 2.1, P = 0.02), and the HAS (3.3 to 2.1,
P = 0.01) decreased significantly in the antibiotics group.
Outcome 12 weeks after the end of the antibiotic
treatment
Table 4 presents the outcome 12 weeks after the end of antibiotic treatment (week 28 after beginning of the study) of the
12 SAPHO patients who completed the follow-up for whom
the activity scores were available at that time point. As shown
in the table, compared with week 16, the follow-up scores in
week 28 were increased with the respect to the MRI scores
(1.2 to 1.4, P = 0.08), the skin activity scores (1.2 to 1.7, P =
0.11), the osteitis activity scores (1.9 to 2.7, P = 0.01), and the
HAS (2.2 to 3.3, P = 0.02) from week 16 to week 28 (Figure
2). The comparison of the scores in week 1 and week 28 in
these 12 patients, however, resulted in no significant differences: skin activity scores, 2.5 to 1.7 (P = 0.09); osteitis activity scores, 3.5 to 2.7 (P = 0.15); ESR, 24.8 to 25.7 (P = 0.34);
MRI scores, 1.6 to 1.4 (P = 0.19); and HAS, 3.8 to 3.3 (P =
0.11).

Azithromycin was chosen as the first-line therapy because of a
broad spectrum of antimicrobial activity that has been shown
in vitro to be highly concentrated in various phagocytic cells
and to be active against bacteria within these cells [29]. The
uptake and magnitude of concentrations of the antibiotic in
phagocytes over extended periods of time were therefore supposed to be interesting, particularly for the treatment of osteitis. Furthermore, the accumulation of azithromycin in
phagocytic cells is suggested to contribute to a more effective
eradication of phagocytised bacterial organisms [30]. Moreover, macrolids are known to have a wide range of anti-inflammatory mechanisms besides their antibiotic properties
[31,32]. In line with these results, previous studies demonstrated that clinical isolates of P. acnes were highly susceptible to azithromycin. To what extent the change of SAPHO
activity observed in our study was due to a specific antibiotic
effect or a more antiphlogistic effect of the antibiotics, or both,
cannot be derived from our data [33].
There are only few studies investigating the effect of antibiotic
treatment in a small number of SAPHO patients. Bellara and
colleagues described two patients with SAPHO syndrome
with a positive response to long-term doxycylin treatment [34].
Schaeverbeke and colleagues reported one case of successful treatment of a SAPHO patient with azithromycin [35]. In

Table 3
Activity scores of SAPHO patients in weeks 1 and 16 with antibiotic treatment
Activity score

Week 1

Week 16

P value (95% confidence interval)a

Skin

3.2 ± 0.4 (0 to 6)

1.2 ± 0.3 (0 to 4)

0.01 (1.29 to 2.64)

Osteitis

4.0 ± 0.3 (2 to 6)

2.1 ± 0.3 (0 to 6)

0.02 (1.25 to 2.40)

Erythrocyte sedimentation rate

24.1+-2.6 (9 to 45)

22.8+-3.1 (11 to 38)

0.34+-2.9 (- 0.20 to 0.53)

MRI

1.5 ± 0.1 (0 to 2)

1.1 ± 0.1 (0 to 2)

0.01 (0.24 to 0.88)

Health Assessment Score

3.3 ± 0.8 (0 to 6)

2.1 ± 0.4 (0 to 6)

0.01 (1.43 to 2.49)

Data presented as the mean ± standard error (range); n = 27.

aPairwise

test (value week 1 vs. value week 16).
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Figure 2

Activity scores and erythrocyte sedimentation rate values (mean) of 12 SAPHO patients treated with antibiotics.
antibiotics *differences of the values between
week 1 and week 16: P < 0.05; **differences of the values between week 16 and week 28: P < 0.05; HAS = Health Assessment score; ESR =
Erythrocyte sedimentation rate; MRI = Magnet resonance imaging.

addition, a successful treatment regime of SAHPO syndrome
with sulfamethoxazole/trimetoprim was previously described
[7]. Kirchhoff and colleagues presented data for seven
patients being treated successfully with azithromycin over 5
months [27]. A successful antibiotic treatment with azithromycin was also described for patients with CRMO [24]. For the

time being, these case reports and uncontrolled observations
are consistent with our results.
The treatment regimes of the present study included in most
of the patients a combination therapy of conventional antirheumatic drugs and antibiotics. Based on the specific pharmaco-

Table 4
Activity scores in weeks 1, 16 and 28 for SAPHO patients treated with antibiotics
Activity score

Week 1

Week 16

Week 28

P value (95% confidence interval)

Skin

2.5 ± 0.5 (1 to 6)

1.2 ± 0.5 (0 to 4)

1.7 ± 0.5 (0 to 5)

0.01 (1.31 to 2.77)a
0.11 (-1.43 to -0.24)b
0.09 (-0.17 to 1.84)c

Osteitis

3.5 ± 0.4 (1 to 6)

1.9 ± 0.4 (0 to 4)

2.7 ± 0.5 (0 to 6)

0.01 (1.30 to 2.63)a
0.01 (-1.43 to -0.24)b
0.15 (-0.31 to 1.81)c

Erythrocyte sedimentation rate

24.8+-3.3 (9 to 45)

23.3+-2.8 (11 to 36)

25.7+-2.4 (12 to 40)

0.43 (-0.13 to 0.30)a
0.35 (-0.33 to 0.13)b
0.34 (-0.20 to 0.53)c

MRI

1.6 ± 0.1 (0 to 2)

1.2 ± 0.1 (0 to 2)

1.4 ± 0.2 (1 to 2)

0.01 (0.44 to 0.89)a
0.08 (-0.54 to 0.04)b
0.19 (-0.15 to 0.65)c

Health Assessment Score

3.8 ± 0.4 (2 to 6)

2.2 ± 0.3 (0 to 6)

3.3 ± 0.4 (1 to 6)

0.01 (1.51 to 2.79)a
0.02 (2.02 to 0.32)b
0.11 (-0.16 to 1.32)c

Treatment finishing in week 16. Data presented as the mean ± standard error (range); n = 12. aPairwise test (value week 1 vs. value week 16).
bPairwise test (value week 16 vs. value week 28). cPairwise test (value week 1 vs. value week 28).
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genetic characteristics of azitromycin, sulfasalazine, and
methotrexate, potential drug interaction was expected. No
specific side effects of these drug combinations were
detected, however, in the present study population of SAPHO
patients. Whether the efficacy of antibiotics was possibly
altered (weakened or increased) cannot be derived from our
data.
Whereas the majority of papers concerning antibiotic therapy
in infectious diseases report a clear association between disease duration and success of antibiotic treatment, the data for
this study population cannot determine such effects because
of the heterogeneity of the disease duration, ranging from 1 to
27 years.
One important result of our present study data is the disappearance of the antibiotic treatment effect after discontinuation of these drugs. Osteitis activity and the HAS increased
statistically significantly, while skin activity and the MRI findings showed a strong trend towards increasing values. The
comparison of the scores in week 28 with week 1 shows no
statistically significant differences, indicating a return to baseline values after the end of antibiotic treatment. SAPHO syndrome, however, can be considered a basically relapsing remitting disease. For this reason the data presented here cannot definitely exclude that a deterioration of the disease activity
after antibiotic discontinuation could also be associated with a
relapse of disease regardless of the antibiotic therapy. Nevertheless, the correlation between the ending of antibiotic therapy and increasing disease activity appears to be plausible.
This correlation is further supported by the fact that 9 out of 27
patients were excluded from the study because of a change in
antirheumatic medication between week 16 and week 28. In
these patients an intensification of antirheumatic therapy was
required to treat the deterioration of SAPHO syndrome activity. Combined, these data place SAPHO syndrome in a range
of chronic inflammatory arthropathies with a potential need for
permanent therapy, and raise the question of whether there is
a need for discussion of how to prevent microbial resistance
and disease escape by periodical drug administration or discontinuation.

Authors' contributions
GA, ADW and HZ conceived and designed the study. GA, JV,
ADW and OK contributed to the acquisition of the samples or
study data by patient interview or chart reviews. GA, JV, ADW,
OK and MP were involved in the interpretation of the clinical
data. TK and HR were responsible for the data interpretation
of the radiological findings. All authors read and approved the
final manuscript.

Acknowledgements
The authors would like to thank the staff and patients of the Department
of Rheumatology, University Saarland Medical School, Homburg, Germany and of the Department of Rheumatology, University Medical
School Hannover, Germany. Furthermore, they thank Dr Mei Fang Ong
(Institute of Medical Biostatistics, Saarland University, Homburg, Germany) for professional support in performing the statistical analyses.

References
1.
2.

3.
4.

5.
6.
7.
8.

9.

10.

Conclusions
For the period of application the antibiotic therapy appears to
control the disease activity of SAPHO syndrome, whereas discontinuation of antibiotic therapy seems to be associated with
disease deterioration. In what way a permanent administration
of antibiotic therapy (beyond 4 months) is a promising treatment option for SAPHO syndrome cannot be derived from our
data.

11.

Competing interests

15.

The authors declare that they have no competing interests.

12.
13.
14.

Rohekar G, Inman RD: Conundrums in nosology: synovitis,
acne, pustulosis, hyperostosis, and osteitis syndrome and
spondylarthritis. Arthritis Rheum 2006, 55:665-669.
Chamot AM, Benhamou CL, Kahn MF, Beraneck L, Kaplan G,
Prost A: Acne - pustulosis - hyperostosis - osteitis syndrome.
Results of a national survey. 85 cases. Rev Rhum Mal Osteoartic 1987, 54:187-196.
Jurik AG, Helmig O, Ternowitz T, Møller BN: Chronic recurrent
multifocal osteomyelitis: a follow-up study. J Pediatr Orthop
1988, 8:49-58.
Kahn MF, Hayem F, Hayem G, Grossin M: Is diffuse sclerosing
osteomyelitis of the mandible part of the synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO) syndrome? Analysis of
seven cases. Oral Surg Oral Med Oral Pathol 1994, 78:594-598.
Pelkonen P, Ryöppy S, Jääskeläinen J, Rapola J, Repo H, Kaitila I:
Chronic osteomyelitislike disease with negative bacterial cultures. Am J Dis Child 1988, 142:1167-1177.
Colina M, Lo Monaco A, Khodeir M, Trotta F: Propionibacterium
acnes and SAPHO syndrome: a case report and literature
review. Clin Exp Rheumatol 2007, 25:457-460.
Rozin AP, Nahir AM: Is SAPHO syndrome a target for antibiotic
therapy? Clin Rheumatol 2007, 26:817-820.
Eyrich GK, Langenegger T, Bruder E, Sailer HF, Michel BA: Diffuse chronic sclerosing osteomyelitis and the synovitis, acne,
pustolosis, hyperostosis, osteitis (SAPHO) syndrome in two
sisters. Int J Oral Maxillofac Surg 2000, 29:49-53.
Ferguson PJ, Bing X, Vasef MA, Ochoa LA, Mahgoub A, Waldschmidt TJ, Tygrett LT, Schlueter AJ, El-Shanti H: A missense
mutation in pstpip2 is associated with the murine autoinflammatory disorder chronic multifocal osteomyelitis. Bone 2006,
38:41-47.
Golla A, Jansson A, Ramser J, Hellebrand H, Zahn R, Meitinger T,
Belohradsky BH, Meindl A: Chronic recurrent multifocal osteomyelitis (CRMO): evidence for a susceptibility gene located on
chromosome 18q21.3-18q22.
Eur J Hum Genet 2002,
10:217-221.
Earwaker JW, Cotten A: SAPHO syndrome or concept? Imaging
findings. Skeletal Radiol 2003, 32:311-327.
Kahn F: Why the 'SAPHO' syndrome? J Rheumatol 1995,
22:2017-2019.
Kahn MF, Khan MA: The SAPHO syndrome. Baillieres Clin
Rheumatol 1994, 8:333-362.
Girschick HJ, Krauspe R, Tschammler A, Huppertz HI: Chronic
recurrent osteomyelitis with clavicular involvement in children:
diagnostic value of different imaging techniques and therapy
with non-steroidal anti-inflammatory drugs. Eur J Pediatr
1998, 157:28-33.
Benhamou CL, Chamot AM, Kahn MF: Synovitis - acne - pustulosis hyperostosis - osteomyelitis syndrome (SAPHO). A new
syndrome among the spondyloarthropathies? Clin Exp Rheumatol 1988, 6:109-112.

Page 7 of 8
(page number not for citation purposes)

Arthritis Research & Therapy

Vol 11 No 5

Assmann et al.

16. Schultz C, Holterhus PM, Seidel A, Jonas S, Barthel M, Kruse K,
Bucsky P: Chronic recurrent multifocal osteomyelitis in children. Pediatr Infect Dis J 1999, 18:1008-1013.
17. Handrick W, Hörmann D, Voppmann A, Schille R, Reichardt P,
Tröbs RB, Möritz RP, Borte M: Chronic recurrent multifocal
osteomyelitis - report of eight patients. Pediatr Surg Int 1998,
14:195-198.
18. Kalke S, Perera SD, Patel ND, Gordon TE, Dasgupta B: The sternoclavicular syndrome: experience from a district general hospital and results of a national postal survey. Rheumatology
(Oxford) 2001, 40:170-177.
19. Marshall H, Bromilow J, Thomas AL, Arden NK: Pamidronate: a
novel treatment for the SAPHO syndrome? Rheumatology
(Oxford) 2002, 41:231-233.
20. Kopterides P, Pikazis D, Koufos C: Successful treatment of
SAPHO syndrome with zoledronic acid. Arthritis Rheum 2004,
50:2970-2973.
21. Just A, Adams S, Brinkmeier T, Barsegian V, Lorenzen J, Schilling
F, Frosch P: Successful treatment of primary chronic osteomyelitis in SAPHO syndrome with bisphosphonates. J Dtsch Dermatol Ges 2008, 6:657-660.
22. Olivieri I, Padula A, Ciancio G, Salvarani C, Niccoli L, Cantini F:
Successful treatment of SAPHO syndrome with infliximab:
report of two cases. Ann Rheum Dis 2002, 61:375-376.
23. Wagner AD, Andresen J, Jendro MC, Hülsemann JL, Zeidler H:
Sustained response to tumor necrosis factor alpha-blocking
agents in two patients with SAPHO syndrome. Arthritis Rheum
2002, 46:1965-1968.
24. Schilling F, Wagner AD: Azithromycin: an anti-inflammatory
effect in chronic recurrent multifocal osteomyelitis? A preliminary report. Z Rheumatol 2000, 59:352-353.
25. Wagner AD, Andresen J, Huelsemann J, Zeidler H: Long-term
antibiotic therapy successful in patients with SAPHO-syndrome [abstract]. Arthritis Rheum 1997, 40:S62.
26. Kahn MF, Bouvier M, Palazzo E, Tebib JG, Colson F: Sternoclavicular pustulotic osteitis (SAPHO). 20-year interval between skin
and bone lesions. J Rheumatol 1991, 18:1104-1108.
27. Kirchhoff T, Merkesdal S, Rosenthal H, Prokop M, Chavan A, Wagner A, Mai U, Hammer M, Zeidler H, Galanski M: Diagnostic management of patients with SAPHO syndrome: use of MR
imaging to guide bone biopsy at CT for microbiological and
histological work-up. Eur Radiol 2003, 13:2304-2308.
28. SPSS Statistical Package
[http://www.statistik-in-dermedizin.de/?gclid=CKfGgfSkupYCFQtWtAod93puLw]
29. Gladue RP, Bright GM, Isaacson RE, Newborg MF: In vitro and in
vivo uptake of azithromycin (CP-62,993) by phagocytic cells:
possible mechanism of delivery and release at sites of infection. Antimicrob Agents Chemother 1989, 33:277-282.
30. Wildfeuer A, Laufen H, Zimmermann T: Distribution of orally
administered azithromycin in various blood compartments. Int
J Clin Pharmacol Ther 1994, 32:356-360.
31. Gaynor M, Mankin AS: Macrolide antibiotics: binding site,
mechanism of action, resistance. Curr Top Med Chem 2003,
3:949-961.
32. Mankin AS: Macrolide myths. Curr Opin Microbiol 2008,
11:414-421.
33. Peters DH, Friedel HA, McTavish D: Azithromycin. A review of its
antimicrobial activity, pharmacokinetic properties and clinical
efficacy. Drugs 1992, 44:750-759.
34. Ballara SC, Siraj QH, Maini RN, Venables PJ: Sustained
response to doxycycline therapy in two patients with SAPHO
syndrome. Arthritis Rheum 1999, 42:819-821.
35. Schaeverbeke T, Lequen L, de Barbeyrac B, Labbé L, Bébéar CM,
Morrier Y, Bannwarth B, Bébéar C, Dehais J: Propionibacterium
acnes isolated from synovial tissue and fluid in a patient with
oligoarthritis associated with acne and pustulosis. Arthritis
Rheum 1998, 41:1889-1893.

Page 8 of 8
(page number not for citation purposes)

