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Abstract

Introduction: Brodie's abscess is a form of osteomyelitis. Since its first appearance in the medical
literature in 1832, numerous cases have been described. The aim of this article is to provide the first
comprehensive overview of published cases of Brodie’s abscess, and to describe diagnostic
methods, therapeutic consequences and outcomes.

Methods: According to PRISMA guidelines a systematic review of the literature was performed. All
published data in English or Dutch were considered for inclusion with no limitations on publication
date. Data was extracted on demography, duration of symptoms, signs of inflammation, diagnostic
imaging, causative agent, treatment and follow-up.

Results: A total of 70 articles were included, reporting on a total of 407 patients, mostly young
(median age 17) males (male:female ratio 2.1:1). The median duration of symptoms before diagnosis
was 12 weeks (SD 26). Mostly consisting of pain (98%) and/or swelling (53%). 84% of all patients
were afebrile, and less than 50% had elevated serum inflammation markers. Diagnosis was made
with a combination of imaging modalities: plain X-ray in 96%, MRI (16%) and CT-scan (8%).
Treatment consisted of surgery in 94% of the cases, in conjunction with long term antibiotics in 77%.
Staphylococcus aureus was the pathogen most often found in the culture (67,3%). Outcome was
generally reported as favorable. Recurrence was reported in 15,6% of the cases requiring further
intervention. Two cases developed permanent disability.

Conclusion: Brodie's abscess has an insidious onset as systemic inflammatory signs and symptoms
were often not found. Treatment consisted mostly of surgery followed by antibiotics (77%) or only
surgery (17%) and outcomes were generally reported as favourable.
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Introduction

Brodie's abscess is a sub-acute form of
osteomyelitis, presenting as a collection of pus in
bone, often with an insidious onset(1). It's first
description in the medical literature was in 1832 by sir

of severe pain originating from a bony swelling above
the right ankle. Since no other treatment was
successful they decided to amputate the affected limb.
Examination of the amputated specimen showed a

Benjamin Brodie during a lecture held for the Medical
and Surgical Society(2). The first case he described, a
24-year old male, had suffered half his life with bouts

walnut sized collection of pus. This is when Brodie
hypothesized that limb sparing surgery by means of
trephination and thus drainage of the abscess should
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be the cornerstone of treatment. In this pre-antibiotic
era this was the only treatment option available. There
are several etiologies concerning bone infections:
Fracture related bone infection after (open)
trauma(3)(4), exposed bone in diabetic wounds or
haematogenous osteomyelitis(5,6). The primary site of
bacterial spread is often unknown. It is hypothesized
that susceptibility of bone is increased after bone
bruising resulting from minor prior trauma without
open wounds or a fracture. Brodie's abscess is a
contained infection in the myelum, surrounded by a
sclerotic wall. Thus leading to little systematic
inflammatory response.

Other diseases can present similarly to Brodie's
abscess and warrant further investigations, such as
osteoid osteoma, Langerhans cell histiocytosis, chon-
drasarcoma, eosinphilic granuloma or tuberculosis
(7-11).

Treatment of a Brodie's abscess is based on the
preference of the health care professional, as no
publications other than case reports and series are
available. The aims of this article are description of the
clinical characteristics, surgical treatment, outcome
and consequence of Brodie’s abscess based on the
case-reports described in the medical literature up to
now.

Methods

The study was registered in the PROSPERO
database with registration number CRD42018093918.
A priori to execution of this study, the search strategy
and data extraction procedures were defined. No
amendments were made during study execution. We
defined Brodie's abscess as a collection of pus in bone
after suspected haematogenous spread of bacteria,
without a history of open trauma or surgery.

Search strategy and selection criteria

This review was performed according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines(12). Articles
concerning a Brodie’s abscess in patients of all ages
were included. Eligibility criteria for inclusion of
articles were defined a priori. Two reviewers (NN and
DS) independently conducted an electronic systematic
search in PubMed/MEDLINE, Embase, Cochrane
Central Register of Controlled Trials (CENTRAL from
The Cochrane Library) and CINAHL for articles
published up to April 12th 2018. The search syntax is
provided in Figure 1. A clinical librarian was
consulted on the search strategy. Titles and abstracts
of retrieved citations were screened, and both
reviewers read the full text of potentially suitable
studies. Articles were included if written in English or
Dutch language. Case reports have also been

included. Studies were excluded if they concerned
bone infections after surgery, open trauma or caused
by Mycobacterium tuberculosis. Only published data
have been included. Comments, abstracts for
conferences, study protocols, reviews, biomechanical
studies and animal studies were excluded. No further
search restrictions or search filters were applied in the
search. Disagreements in the search were resolved by
discussion with a third, independent reviewer (DV).

Searchstring PubMed/MEDLINE (n=172) at 12" April 2018

(Brodie[Title/Abstract] OR Brody[Title/Abstract] OR

Brodie’s[Title/Abstract] OR Brody's[Title/Abstract]) AND

(abscess*[Title/Abstract] OR abscess[MeSH Terms])

Searchstring Embase (n=193) at 12" April 2018

(Brodie:ti,ab OR Brody:ti,ab OR ‘Brodiefs’:tiab OR

‘Brody/s’ti,ab) AND (abscess™ti,ab OR ‘abscess'/exp)

Searchstring CENTRAL (n=49) at 12" April 2018

Brodie OR abscess

Searchstring CINAHL (n=11) at 12™ April 2018

(abscess OR abscess*) AND (Brodie OR Brody OR Brodie’s
OR Brody's)

Figure 1. Search syntax

Quality assessment

No published, peer reviewed and validated
quality assessment tool for case reports or case series
is currently available. Therefore quality assessment
was not performed.

Data extraction

The following data were extracted: first author,
year of publication, country in which the study is
performed, number of included patients, age, sex,
presenting complaints and duration, body tempera-
ture, findings on physical examination, serum
inflammatory markers erythrocyte sedimentation rate
(ESR), White Blood Count (WBC) and C-reactive
protein (CRP), location of Brodie’s abscess, diagnostic
tools (including imaging and cultures), treatment and
outcome at follow-up if reported.

Data analysis

Descriptive statistics were used to display the
means, standard deviations and ranges for all
outcome measures as described in the included
studies. Dichotomous data were presented as
frequencies with percentages or as proportions. Data
were converted into the same units if needed. If a
study had missing data, available case analysis was
performed.
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Results

Search

The electronic searches detected 425 articles.
These papers were screened on title and abstract. In
total, 70 articles could be included. The search results,
reasons for exclusion and selection process is
summarized in the flowchart in Figure 2. All included
articles are referenced in Appendix 1.

PubMed/ Embase CINAHL Cochrane Library
MEDLINE CENTRAL
n=172 n=193 n=11 n=49
Total duplicates removed
(n=425) — titles and abstracts

screened (n = 323)

|

Full-text articles

Full-text articles
assessed for excluded (n=32).
eligibility e Postoperative or open
(n=102) trauma (n=186)
l e Other diagnosis (n=7)

e Review article (n =8)
e Commentary (n = 1)

Included articles
(n =70)

[ included | [ Esigibility | | Screening | [ Identification |

Figure 2. PRISMA flow chart

Baseline characteristics

A total of 70 studies were included dated from
1921 to 2018 including a total of 407 patients.
Publications originated from all over the world,
mostly from the United States of America (n=16), the
United Kingdom (n=10) and India (n=6). The median
age was 17 years (SD11) (n=169; Boriani(13) and
Gillespie(14) did not report on age). Brodie’s abscess
was more common in men (men n=274; female n=131)
with a male:female ratio 2.1:1. (Bogoch(15), Strobel(16)
and Tan(17) did not report the male:female ratio n=8).
A complete overview of the baseline characteristics is
presented in Appendix 1.

Findings

The included studies had a large heterogeneity
on reported items. Listed below are the main findings
of cases that reported on that specific item. The
location of Brodie’s abscesses was reported to be
distributed all over the body, as presented in figure 3.
In those cases describing laterality, the right side was
more often involved than the left, with 68/115 (59%)
cases. The median duration of complaints before the
diagnosis Brodies abscess was established was 12
weeks (SD 26). In 56 cases a history concerning
possible pathogenesis was noted. A history of recent
infection was positive in 12/56 cases, with the location

of this infection only described in three cases: all
respiratory infections in children <12 years old. A
history of (minor) trauma without fracture or open
wound to the effected limb was described in 25/56
cases. Pain was most frequently described as
presenting complaint, in 141/144 (98%), accompanied
by swelling in 76/144 (53%) of the cases. Only three
times no pain was reported. Once with just a swelling,
twice with a draining sinus tract. In 82/98 of those
cases reporting on temperature the patient was
afebrile. Serum inflammation markers were mostly
normal or slightly elevated: Erythrocyte Sedimenta-
tion Rate <20mm/hr in 51/92, White Blood Cells
count <10x10°/L in 61/87 and <10 mg/dL C-Reactive
Protein in 31/40 of the cases. Diagnostic imaging
consisted of x-ray in 335/350 (96%) cases, most often
combined with magnetic resonance imaging (MRI)
57/350 (16%) and/or computed tomography (CT) in
28/350 (8%) cases. Other modalities were ultrasound
and nuclear imaging techniques. Staphylococcus aureus
was the most frequently found pathogen if cultures
were taken and reported on: 178/264 (67%) cases. Of
these 6 were reported as Methicillin-resistant
Staphylococcus aureus (MRSA). No growth was
reported in 68/264 (25.8%) of the cases. The outcome
of all cultures is presented in Figure 4. Treatment
mostly consisted of surgery (incision and drainage
with or without direct closure and drain, curettage,
percutaneous bone biopsy/washout) and a course of
antibiotics (spanning from 10 days to more than three
months) in 163/212 (77%) cases, surgery alone was
mentioned in 37/212 (17%) of the cases, and only
antibiotic treatment in 11/212 (5%) cases. A total
number of 128/407 (31,5%) cases mentioned both
length of follow-up and results (median 32.7 months,
SD 57). Of these, 106/128 (83%) reported no
recurrence, 20/128 (15,6%) reported recurrence with
need of re-operation and/or antibiotic therapy and
only two cases had ongoing complaints (1x neurologic
deficits due to a collapsed vertebra and 1x leg length
discrepancy).

Discussion

This paper presents a systematic review of
reported Brodie's abscess. To the authors knowledge
this is the first systematic review and comprehensive
summary of all published cases concerning this
disease. We found that Brodie’s abscess was most
frequently encountered in young men. Brodie's
abscess has been described as a subacute presentation
of osteomyelitis (1). We have found a median of 12
weeks of complaints before diagnosis was established.
In line with the original case series presented by
Brodie, the tibia (48.6%) and femur (31.1%) were
mostly involved. Only 56 cases clearly reported on a
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possible etiology, with both recent infection and
(minor) trauma without fracture being present.

The limited benefit of serum inflammation
markers in fracture related infections has been studied
before (18) and our findings in Brodie's abscess are
comparable.

Many imaging techniques have been described
to diagnose Brodie's abscess; conventional x-ray,
CT-scan, MRI and nuclear medicine imaging
modalities. In children, the modality of choice to
distinguish between infection and bone tumors is MRI
(19). Magnetic resonance imaging has also been
proven to be superior then plain x-ray in adults to
diagnose osteomyelitis (20,21).Recent studies also
show that scintigraphy with SPECT/CT or FDG-PET
combined with CT give great diagnostic accuracy in
haematogenous osteomyelitis and for fracture related
infections, but these papers do not specifically address
Brodie's Abscess (22,23). Unfortunately, these
techniques are also not readily available in many
hospitals, especially not in the geographic areas with
higher incidence of osteomyelitis. Therefore
conventional radiographs are still the most utilized
diagnostic imaging modality for most physicians
when considering the diagnosis of Brodie’s abscess. In
line with previous reports (18,19) Staphylococcus aureus
is the dominant pathogen found. Only in six cases
culture showed MRSA to be present. We hypothesize
that this is an underrepresentation due to inadequate
testing or reporting. Salmonella spp. were found in 4
cases, all adults. Since its first reported link to
osteomyelitis in 1982(24), Kingella kingae has been
found in 3 cases. It has been suggested that K. kingae
might be responsible for more bone and joint infection
then was previously known because of improved
diagnostic techniques such as polymerase chain
reaction (PCR)(25). There is also gathering evidence
that faster diagnosis of bone infection is possible
through these techniques (26, 27, 28).

Treatment consisted primarily of surgery (94%)
often in combination with antibiotics (77%). Only 11
cases were treated solely with antibiotics. Overall,
outcome was poorly documented. Less than 1/3rd of
the cases reported both on length of follow-up and the
means used. Of those cases, 15% reported a
recurrence, lower than the 20% recurrence found for
chronic osteomyelitis (29).

When interpreting our findings, the authors
believe that surgery is still the cornerstone of
treatment. After drainage and obtaining material for
culture and cytology/histology, antibiotics should be
administered. The length of antibiotic treatment is
unclear.

Incidence of osteomyelitis is unevenly distribu-
ted in the world, with developing countries bearing

the brunt (30). Publications are dominantly from
developed countries and could therefore show a
distorted picture. Olasinde et al (31) (N=20) reports
the only series from a developing country, Nigeria.
Another 6 case reports are from India. This most likely
results in a publication bias.
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Figure 3. Anatomical distribution of Brodie's abscess in the included literature
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Figure 4. Reported microbiological results of cultures taken from Brodie's
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The studies of Boriani(13) (n=181) and Gillespie
et al (14) (N=57) are the largest series and therefore
dominant in the outcome of our study. Unfortunately,
they also gave little detail about the presentation of
the patient, causative bacteria, diagnostics, treatment
and effect. Case reports are mostly used to illustrate a
rare disease or a rare presentation of a more common
disease. Thus it is likely that non-traditional
presentations are over-reported, something that large
series would offset. Cases that clearly followed from
non-haematogenous types of bone infection (such as
open fractures or after fracture surgery) were
excluded. Not all authors reported in depth on the
history of their patient, especially in the larger series
history this was not included. Eligibility for inclusion
was based on the authors of the case report to
diagnose Brodie's abscess following imaging and
surgery. No selection protocol was used for the
precise infection diagnosis.

Outcomes were poorly reported on in the larger
series. In the cases that did mention outcome, the
length of follow-up was either not given or a large
variability in length and means of follow-up was
present.

Because of the decrease in incidence in
developed countries we have sought to limit our
exclusion criteria. We have not restricted our search
by publication date and have included all languages
that the authors could read sufficiently. This is a
descriptive study, not measuring an outcome. We
were limited to case reports and case series, all
observational and with large heterogeneity on
reported items. A quality assessment tool for case
reports and series has, to our knowledge, not been
peer reviewed and published.

Two clinical examples of Brodies abcesses are
presented in Figure 5 and 6.

Conclusion

Brodie's abscess has an insidious onset and
mainly presents with localized tenderness, but with
absence of systemic inflammatory signs and

symptoms. Diagnosis can be made with a number of
imaging techniques (x-ray, CT, MRI). The tibia and
femur are mostly affected. Surgical debridement is the
cornerstone of treatment, often in conjunction with
antibiotics. Mostly good outcomes are reported.

Figure 5. Case I: A 14-year old girl with no prior medical or surgical history presented with a chronic wound. She strained her right ankle 6 months prior, with a
non-revealing x-ray of the ankle taken at the local clinic. Previous treatment of the wound by other health care specialists included antibiotics and wound dressings.
On presentation in our clinic a draining sinus tract is seen. Conventional x-ray showed a bone lesion that prompted further imaging with a MRl scan. In the metaphysis
of the distal tibia a cystic lesion with rim enhancement is seen, suggestive of a Brodie's abscess. Surgical debridement was performed followed by insertion of
gentamycin beads and primary closure. Ten days later these were removed and the defect was filled with autologous bone graft. Pus samples sent for microbiology
examination revealed staphyloccus aureus. No further course of antibiotics were prescribed. During the 10 year follow-up she was free from complaints. (A)
Draining sinus on the medial side of the right ankle in a 14-year old girl. (B) AP and Lateral x-ray of the right ankle of a 14-year old girl. Arrow pointing at a lytic lesion
in de distal tibia. (C) MRI with coronal views of the right ankle with Gadolinium of a 14-year old girl. Bone lesion with rim enhancement suggestive of a Brodie's
abscess in the metaphysis of the distal tibia.
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Figure 6. Case 2: A 68-year old man with a history of atherosclerotic disease presented at the clinic with recurrent pain below the right knee. During these pains he
was unable to weight bear, but normally a short course of NSAID would quickly help him back on his feet. This time the pain persisted. Clinical examination showed
a tender, non-fluctuating swelling over the right prox tibia. Serum inflammatory markers were within normal range but the x ray showed cortical widening of the
proximal tibia and sclerotic changes in the medulla. A scintigraphy showed increase uptake in all three phases. A CT scan showed a radiolucent lesion in the proximal
metaphysis of the tibia of 2.5 x 2.6 x 3.5 cm. There was sclerotic thickening of the cortex and a sinus to the anterior tibia with a small sequestrum seen centrally.
Treatment followed with sequestrectomy and surgical debridement of the abscess and sinus tract. He received oral clindamycin for 1 week and was allowed to bear
weight directly. Cultures taking peroperatively came back positive for staphylococci aureus. (A) AP and lateral x-ray of the right proximal tibia of a 68-year old man.
Arrow pointing at lytic lesion. (B) Early and late phase bone scintigraphy of the lower extremities of a 68-year old man. Arrow pointing at heightened uptake located
at the right proximal tibia. (C) Corronal CT image of right tibia of a 68-year old man. Arrow pointing at cystic lesion with sclerotic thickening of the cortex. (D)
Pre-operative photo of a 68-year old man, showing progression of local inflammation around the right proximal tibia. Peri-operative photo of same patient showing

bone window and debridement of Brodie's Abscess.

Supplementary Material
Appendix 1. http:/ / www.jbji.net/ v04p0033s1.pdf
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