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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 2 Histopathologic examination of bone specimens coupled with bone culture is considered the gold standard for the

diagnosis of osteomyelitis (OM). Despite this, studies have demonstrated interpathologist agreement in the diag-

:g/gv:lirg: nosis of OM as low as 30%, largely stemming from a lack of specific definitions and diagnostic criteria. Review of
diagnostics the literature has provided insight into the lifecycle of OM, illustrating the histologic progression of OM phases
histopathology from acute to chronic, and provides support for defining subcategories of OM. Using an algorithmic histopatho-
infection logic tool consisting of 15 criteria, each with an associated score, we defined 5 categories of OM: (1) acute OM, (2)
involucrum acute and chronic OM, (3) chronic OM, (4) chronic active OM, and (5) chronic inactive OM. We reviewed 462
neutrophil microscopic slides from 263 patients with suspected OM, and for each slide, we determined an algorithm-derived

osteomyelitis

periosteal reaction diagnosis, which was then used to calculate a total histopathologic load score (Jupiter score). Algorithm-derived

diagnoses recapitulated original clinical diagnoses and diagnosed cases as OM that had not been originally diagno-
ses. These novel cases were more likely to have subsequent clinical complications. Finally, pathologic load scores

were assessed for association with the category of OM.

© 2019 by the American College of Foot and Ankle Surgeons. All rights reserved.

Histologic examination of bone specimens coupled with bone cul-
ture is considered the gold standard for the diagnosis of osteomyelitis
(OM), and requests from clinicians for bone examination by a patholo-
gist in cases of suspected OM are not uncommon. The disease itself is
far from rare; up to 25% of patients with diabetes will develop lower
extremity ulcers during their lifetime (1). Depending on the severity of
infection, between 10% and 72% of diabetic foot ulcers are accompanied
by OM (2-5). Under controlled circumstances, bone culture is a highly
reliable diagnostic modality; however, in practice, preprocedural anti-
biotic administration, soft tissue contamination, sampling errors, and
culture failure limit the use of bone cultures (6—10), necessitating that
histologic diagnosis stands alone (11). However, unlike other patho-
logic diagnoses, strict histologic criteria for OM are not well defined,
resulting in significant interpathologist variation in diagnosis.

Few studies have attempted to examine the effectiveness of histopath-
ologic examinations as an independent diagnostic modality. Although a
study by Lipsky et al (12) suggested 95% sensitivity and 99% specificity for
histologic bone examination, a small study by Meyr et al (13) demon-
strated that concordance among pathologists in the diagnosis of OM using
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only histopathologic criteria is as low as 30%. Despite these issues, studies
exploring other diagnostic modalities, such as probe-to-bone test, positron
emission tomography, and magnetic resonance imaging (MRI), have com-
pared results against this “gold standard” (14—17).

These concerns are of great clinical importance, because delay in the
appropriate management of OM significantly increases morbidity and
mortality. For example, 40% to 47% of patients with residual OM in an
amputation margin had nonhealing wounds or further proximal amputa-
tion within 2 years of the initial amputation (18). Amputation is associated
with high mortality; for example, a study demonstrated that there is an
associated 61% 5-year mortality risk after below- or above-knee amputa-
tion in patients with diabetes (19). Coupled with poor patient outcomes
are the significant healthcare costs associated with treatment failure, par-
ticularly in the case of further proximal amputation (20).

Through examination of the salient histopathologic features of OM
in the literature, we illustrate a lifecycle of OM as it progresses from
early infection to end-stage disease and organize those features into a
criteria-based guide to assist pathologists in the diagnosis of OM in the
distal extremity.

Materials and Methods
Literature Review

To guide informed decisions about which pathologic criteria to include in a diagnostic
tool for OM, we searched PubMed for articles concerned with the diagnosis and treatment
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Table 1
Descriptions of histologic features of osteomyelitis in the distal lower extremity

Diagnostic Features/Major Criteria Category Description Differential Diagnosis
(Score 3)
1 Neutrophils AOM/ACOM/CAOM 1 actively destroying bone, or aggregate of 10 or more in Instrumentation, hemorrhage, acute fracture
1 hpf
2 Microabscess AOM/ACOM/CAOM Aggregate of neutrophils and other inflammatory cells Brown tumor, plasma cells, tumor, hematopoeisis
3 Fibrinoid necrosis AOM/ACOM/CAOM Fibrillary, eosinophilic, acellular Fat necrosis, serous atrophy, early fibrosis
4 Bacteria AOM/ACOM Colonies, rods, cocci, filamentous; also yeast with or with- Contamination, necrosis, bone processing debris
out hyphae
5 Sequestrum COM/ACOM/CAOM Sharply angulated, acellular, surrounding inflammation Bone dust, avascular necrosis
6 Involucrum COM/ACOM/CAOM Irregular foci of woven bone in marrow or soft tissues Periosteal reaction
7 Periosteal reaction, rapid growth CAOM/ACOM/COM Woven bone extending from the cortical surface into the Involucrum, adjacent tumor
soft tissues
Supportive Features/ Intermediate
Criteria (Score 2)
8 Fibroplasia COM/ACOM/CAOM Early to late fibrosis usually with plasmacytic Tumor desmoplasia, repair/reactive changes,
inflammation fibrinoid necrosis
General Features/
Minor Criteria (Score 1)
9 Necrotic bone AOM/ACOM/CAOM Avascular necrosis; pale, acellular; usually no tissue Bone dust, sequestrum
reaction
10 Erosion AOM > COM Irregular, “chewed” or scalloped boney surfaces Cortical soft tissue attachments
11 Destruction AOM > COM Bone with “punched out” areas extending from the Sharp-force trauma, postoperative changes
surface (curetting)
12 Remodeling COM > AOM Angulated and rhomboid shaped, usually with increased Periosteal reaction
osteocytes
13 Plasma cells COM > AOM Eccentric nucleus with perinuclear hof Microabscess
14 Granulation tissue All types Foci of increased vascularity, can be thick-walled with Chronic ischemia, normal vessels, atherosclerotic
prominent endothelial cells, often with background or hypertensive changes, adjacent tumor
fibrosis
15 Periosteal reaction, slow growth CIOM/COM Thick, lamellated bone in undulating or onion skinning Repair, sclerosis, ischemia

pattern, extending from cortex into soft tissue

Abbreviations: ACOM, acute and chronic osteomyelitis; AOM, acute osteomyelitis; AOM > COM, more commonly seen in AOM; CAOM, chronic active osteomyelitis; CIOM, chronic inac-
tive osteomyelitis; COM, chronic osteomyelitis; COM > AOM, more commonly seen in COM; hpf, high-power field.

of OM, as well as specific pathologic findings of interest. In addition to the PubMed search
(Supplemental Table 1), we used several pathology textbooks, both general and bone
pathology specific; articles and journals we had previously collected; and references
gleaned from the systematic search. Although our literature search revealed a paucity of
work on grading schemes and a lack of consensus regarding diagnostic criteria for OM,
we were able to identify 15 generally agreed-on histologic features of OM (Table 1). The
search also allowed specification of the association of these criteria with differential diag-
noses and ample evidence of diagnostic categories of OM, including AOM, ACOM, and
COM. Last, we found evidence to support 2 additional, novel, histologic categories of OM:
CAOM and CIOM.

Development of the Diagnostic Algorithm

Guided by the literature, we classified the 15 histologic features above into acute,
chronic, and general components—general components being those found in both
acute and chronic inflammatory processes that are associated with a broader differ-
ential diagnosis. We also weighted the criteria according to their emphasis in the lit-
erature as major, intermediate, and minor criteria. Based on the weighted criteria, we
specifically defined diagnostic categories of OM: if slides from a patient specimen
revealed at least 1 major acute criterion, the patient was diagnosed as having AOM; if
slides from a patient specimen revealed at least 1 major chronic criterion, the patient
was diagnosed as having COM; if slides from a patient specimen revealed at least 1
major acute and at least 1 major chronic criterion and the acute features were as or
more extensive than the chronic features, the patient was diagnosed as having
ACOM,; if slides from a patient specimen revealed at least 1 major acute and at least 1
major chronic criterion and the chronic features were more extensive than the acute
features, the patient was diagnosed as having CAOM; and in the absence of any major
criteria, a diagnosis of NOM, or reactive/repair was rendered. There was 1 caveat to
this diagnostic process: if slides from a patient sample revealed thick periosteal reac-
tion, remodeling, marrow fibrosis, and plasma cell infiltrate, without the presence of
major criterion, the patient was diagnosed with CIOM.

Finally, to determine whether we could establish a rigorous cutoff, or set of cut-
offs, for defining NOM, AOM, COM, ACOM, CAOM and CIOM, we arbitrarily assigned
scores to each criterion: 3 points for each major criterion, 2 points for each interme-
diate criterion, and 1 point for each minor criterion. Each slide could then be assigned
a histologic load score—the sum of the points for the criteria observed on the slide,
which could then be associated with diagnosis.

Patients and Specimens

Using our electronic pathology database, we searched for all bone specimens submit-
ted between January 1, 2012, and July 1, 2013. for suspected OM of the distal lower
extremity, including all foot and ankle biopsies, amputations, and clearance margins, lim-
ited to patients 18 years of age and older at the time the specimen was received. Patient
demographics and comorbidities were recorded, as was whether bone culture or radio-
graphic studies were performed and the use of antibiotics before biopsy. Demographics
included race, sex, and age, and comorbidities included diabetes, neuropathy, peripheral
vascular disease, hyperlipidemia, anemia, and venous stasis. We chose bone specimens
distal to the tibia, because this reduces the differential diagnoses compared with other
areas of the body (21). We thus could focus largely on the bony changes in OM and
changes associated with the diabetic foot. Bone specimens submitted for or with a diag-
nosis of extra digit, neoplasm, synovitis, hammer toe, Charcot reconstruction, or fracture
were excluded, as were any specimens described as coming from above the distal tibia.
Above- and below-knee amputations performed for foot or ankle OM and/or nonhealing
ulceration were also excluded.

Archived glass slides, made from bone tissue fixed in 10% buffered formalin, decalci-
fied with 23% hydrochloric acid decalcifier, paraffin embedded, and stained with hema-
toxylin-eosin (H&E), for these cases were reviewed, and the presence or absence of each
diagnostic criterion was recorded. Adhering to these definitions, we then made a diagno-
sis for each slide. After the diagnosis was rendered, a histopathologic load score was also
calculated for each specimen: this is the total of the scores from all assigned criteria and
is referred to as the Jupiter score.

Finally, we compared the rates of failed treatments between those who were
diagnosed with OM both originally and using criteria and those who were originally
diagnosed with NOM but rediagnosed with OM using criteria (NOM-OM discor-
dance). These failed treatments resulted in a nonhealing wound, and subsequent
proximal amputation, within a year of the original diagnosis. Notably, only 1 sample
was originally diagnosed as OM and criteria diagnosed as NOM; thus, we did not
consider this type of discrepancy.

For the purposes of comparison with original diagnoses to evaluate patient outcomes,
CAOM was treated as ACOM, CIOM was treated as COM, and reactive/repair and other
were treated as NOM. When examining the agreement of diagnoses, we treated each slide
as an individual specimen; however, when looking at treatment failure, many patients
had >1 slide associated with their case. For those patients, we considered only the mar-
gin, regardless of the agreement or disagreement with the other slides associated with
the case, assuming only the margin diagnosis would affect patient outcomes. For the
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same reasons, if a patient had multiple margins, we considered the case had NOM-OM
discordance if there was disagreement regarding any of those margins. This also ensured
that each patient was counted only once in the analysis of clinical outcomes.

Statistical Analysis

Original and criteria-based diagnoses were compared for agreement by using simple
percentages. Characteristics were compared between those with and without discordant
diagnoses by using x? tests. Scores were compared between diagnostic categories by
using analysis of variance (ANOVA). All components of these studies were reviewed and
approved by the Institutional Review Board of Scott & White Medical Center.

Results
Patient Demographics

Before the application of exclusion criteria, we found 427 cases
(patients) of bone specimens from the foot and ankle. Of these, 164 cases
were excluded: 26 cases involved accessory digit, neoplasm, synovitis,
hammer toe, Charcot reconstruction, or fracture; 88 were cases submitted
from outside facilities not connected with our electronic medical records
(extended care and private practice facilities); 39 cases lacked sufficient
clinical information for inclusion; and 11 cases had missing slides. After
the application of exclusion criteria, 263 cases remained for analysis, com-
prising 462 H&E slides from amputations and biopsies.

Eight comorbidities occurred with high frequency: 230 (87.45%)
patients had hypertension, 206 (78.3%) had diabetes mellitus, 154
(58.56%) had peripheral neuropathy, 114 (43.51%) had peripheral vascular
disease, 94 (35.74%) had chronic kidney disease, 187 (71.1%) had hyperlip-
idemia, 112 (42.59%) had anemia at the time of biopsy or amputation, and
18 (6.9%) had venous stasis. Nearly 90% (n=239) of patients had >3 of
these diagnoses. Race and sex demographics were consistent with the sta-
tistical census information for central Texas (22). Eighty-three percent

Table 2
Patient demographics (N =263)
Age,y Mean 60.74
Range 22-94
SD 14.88
Race, n (%) White 166 (63.12)
Hispanic 58 (22.05)
Black 22 (8.37)
Unknown 17 (6.46)
Sex, n (%) Male 160 (60.84)
Female 103 (39.16)
Smoker, n (%) No 194 (74.33)
Yes 67 (25.67)
Preprocedural antibiotics, n (%) No 44 (16.99)
Yes 215(83.01)
Bone culture, n (%) No 211(80.23)
Yes 52(19.77)
Comorbidities, n (%) DM 206 (78.33)
HTN 230 (87.45)
PVD 114 (43.51)
HLD 187 (71.1)
PN 154 (58.56)
Anemia 112 (42.59)
CKD 94 (35.74)
'S 18 (6.9)
Comorbidity counts, n (%) 1+ 261 (99.24)
2+ 252 (95.82)
3+ 239(90.87)
Previous amputation, n (%) 109 (41.44)
Nonhealing wounds, n (%) 141 (53.61)
Further proximal amputation, n (%) 83(31.68)

Abbreviations: CKD, chronic kidney disease; DM, diabetes mellitus; HLD, hyperlipidemia;
HTN, hypertension; PN, peripheral neuropathy; PVD, peripheral vascular disease; VS,
venous stasis.

(n=215) of patients were taking antibiotics before and at the time of bone
biopsy, debridement, and/or amputation (Table 2).

Only 19.77% (n=52) of patients had cultures performed at the time
of biopsy (Table 2), but it is unclear if all of the cultures were bone cul-
tures or if some were soft tissue cultures. There were several cases in
which clinicians documented in their notes that bone culture had been
ordered, but the actual test performed by the microbiology laboratory
was listed as a body tissue culture rather than a bone culture. Some of
those body tissue cultures were performed during wound debridement,
before bone biopsy or amputation, whereas others that were listed as
body tissue cultures had “bone” written in the specimen description.
Our criteria-based diagnoses of the slides yielded 80 diagnoses of AOM,
95 diagnoses of COM, 94 diagnoses of ACOM, 48 diagnoses of CAOM, 37
diagnoses of CIOM, 37 diagnoses of reactive/repair, 67 diagnoses of
NOM, and 4 diagnoses of other (ischemic bone with secondary bacterial
colonization).

Patient Outcomes

When comparing agreement between an original diagnosis of OM
and the criteria-based diagnoses of OM, there were 116 patients with
NOM-OM discordance, representing 44.6% of the patients. Of the
patients with NOM-OM discordance, 65.5% experienced nonhealing
wounds, compared with 43% among patients for whom there was diag-
nostic agreement (p =.00031). Similarly, among patients with NOM-OM
discordance, 37.9% experienced further proximal amputation, com-
pared with 25.7% among patients for whom there was diagnostic agree-
ment (p=.03419).

When comparing agreement for the specific category of OM (AOM,
ACOM, COM, and NOM), the discordance increased to 64%. Importantly,
some of the original pathology reports associated with these patients
contained descriptions of COM, including chronic inflammation and
marrow fibrosis, even though the final diagnoses were NOM. Descrip-
tive diagnoses rarely mentioned the presence of sequestrum (2 cases)
and never mentioned involucrum or periosteal reaction. Table 3 details
the original and algorithm-based diagnoses.

Not surprisingly, the risk of a nonhealing wound and further proxi-
mal amputation increased with increasing number of comorbidities, as
well as with history of previous amputation. Interestingly, patients
with anemia were more likely to have poorer outcomes and were
particularly more likely to require further proximal amputation, with a
relative risk of 1.86 (p =.00077).

Table 3
Agreement

Summary of Diagnoses

OM and NOM oM NOM
Original diagnoses 201 261
Criteria-based diagnoses 354 108
Subcategory AOM ACOM coOM NOM
Original diagnoses 164 17 20 261
Criteria-based diagnoses 80 142 132 108
Agreement
All Subtypes Original Diagnosis
Criteria diagnosis AOM ACOM COM NOM
AOM 54 3 0 23
ACOM 83 14 13 32
COM 20 0 7 105
NOM 7 0 0 101

Abbreviations: ACOM, acute and chronic osteomyelitis; AOM, acute osteomyelitis; COM,
chronic osteomyelitis; NOM, no osteomyelitis; OM, osteomyelitis.

OM vs NOM: AOM, COM, and ACOM diagnoses combined as OM.

Subtypes: AOM, COM, and ACOM as separate diagnostic categories; categories of criteria-
based diagnoses were merged as follows for evaluating agreement: CIOM and COM;
ACOM and CAOM,; reactive/repair, other and NOM merged for comparison.
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Table 4
Scores

Score <4 4t06 >6 >9 <11 >12
Slides n Mean n % n % n % n % n % n % n %
ACOM 94 153 0 0.0 0 0.0 0 0.0 94 100.0 92 97.9 10 10.6 84 89.4
CAOM 48 13.6 0 0.0 0 0.0 0 0.0 48 100.0 43 89.6 16 333 32 66.7
AOM 80 9.9 0 0.0 2 25 14 17.5 74 92.5 51 63.8 56 70.0 24 30.0
COM 95 8.8 0 0.0 1 1.1 5 5.3 93 97.9 40 421 88 92.6 7 7.4
CIOM 37 5.2 1 2.7 8 21.6 34 91.9 14 37.8 0 0.0 37 100.0 0 0.0
REA 37 2.9 25 67.6 35 94.6 12 324 0 0.0 0 0.0 37 100.0 0 0.0
NOM 67 1.0 66 98.5 67 100.0 1 1.5 0 0.0 0 0.0 67 100.0 0 0.0
Other 4 43 1 25.0 1 25.0 3 75.0 1 25.0 0 0.0 4 100.0 0 0.0

Abbreviations: ACOM, acute and chronic osteomyelitis; AOM, acute osteomyelitis; CAOM, chronic active osteomyelitis; CIOM, chronic inactive osteomyelitis; COM, chronic osteomyelitis;

NOM, no osteomyelitis; REA, reactive/repair.

Jupiter Score

The average scores in ACOM, CAOM, AOM, COM, CIOM, reactive/
repair, NOM, and other specimens were 15.3 points, 13.6 points, 9.9
points, 8.8 points, 5.2 points, 2.9 points, 1.0 point, and 4.0 points,
respectively (Table 4), significant at p < .00001 on ANOVA. All NOM
slides scored < 4 points, with 98.5% (n=66) scoring < 3 points. Simi-
larly, 94.6% (36) of reactive/repair slides scored < 4 points. The majority
of AOM and COM slides had scores ranging between 6 and 15 points,
86.3% (n=69) and 96.8% (n = 92) respectively, with 93.8% (n=56) of the
AOM slides and 92.5% (n=86) of the COM slides scoring < 12 points.
Only 3% (n=6) of AOM slides and 2% (n=2) of the COM slides scored
< 6 points. The 6 slides of AOM scoring < 6 points—>5 points (4 slides)
and 4 points (2 slides)—were all early AOM, containing focal aggregates
of neutrophils with minimal other changes. The only slide of COM scor-
ing 4 points contained an obvious marrow sequestrum with surround-
ing plasmacytic inflammation and few other changes. The majority of
ACOM and CAOM slides scored > 9 points: 97.9% (n=92) and 89.6%
(n=43), respectively. Even starker, 89.4% of ACOM slides scored > 12
points. The majority of CIOM slides ranged between 4 and 6 points
(91.9%), with 97.3% scoring between 4 and 7 points; however, with 21%
of cases scoring < 4 points, this diagnostic category shows overlap with
reactive/repair, which showed 94.6% (n=35) scoring < 4 points, and
highlights potential diagnostic difficulty differentiating reactive
changes and CIOM.

Discussion
Diagnostic Categories

Our review of the literature revealed a paucity of clear histopatho-
logic definitions and diagnostic criteria for OM. The literature describes
various categories of OM and various histologic appearances, each
caused by specific causative organisms, such as syphilis, tuberculosis,
and fungi (23-25). We also found descriptions of the most common
types of OM affecting the diabetic foot: suppurative (bacterial) OM and
neuropathic OM (23,24). However, in contrast to many non-neoplastic
diseases for which acute or active disease, chronic active disease, and
chronic inactive disease are specifically defined by criteria-based histo-
pathologic findings, we found no such accepted criteria for OM,
although a few incomplete recent attempts to define COM have been
made (26,27).

We encountered 5 distinct diagnostic categories of OM in the
pathology, clinical, and radiology literature: AOM, ACOM, COM, CAOM,
and CIOM (Fig. 1). Of the 5 categories, AOM was the best established in
the literature, both in terms of making a diagnosis and in terms of treat-
ment (4,23,24). ACOM, sometimes called subacute OM or acute and
chronic OM, was actually described as 2 separate entities. The first, sub-
acute OM, is a specific diagnosis, a distinct subtype of hematogeneous

OM, classically associated with Brodie’s abscess and not associated with
the direct extension of a superficial wound to the bone as seen in dia-
betic foot ulceration (28). The second mention of ACOM in the literature
is as a diagnostic category, the intermediary point in the pathologic pro-
gression of AOM to COM (27,29). We focused on the latter, viewing
ACOM as a diagnostic category, rather than as a specific diagnosis. In
histologic descriptions, ACOM contains elements of both COM and
AOM and therefore seems to inhabit its own histopathologic category
(23,30); however, there is an absence of literature to allow a determina-
tion as to whether ACOM should be treated clinically as AOM or COM,
and we found no mention of the specific timeline of the progression
from AOM to ACOM to COM, CAOM, or CIOM.

COM is described throughout the literature as the consequence of
long-standing or untreated AOM and is a controversial diagnostic cate-
gory, from diagnosis to treatment. The definition of “long-standing” is
not well established, as evidenced by 1 author referencing 10 days of
clinical symptoms of AOM, or relapse of previously treated AOM, as
consistent with a diagnosis of COM (31), and in a later article stating
that COM is a poorly defined evolution occurring over months to years
(30).

We also found that COM is far more difficult to diagnose than AOM,
both clinically and radiologically. Probe-to-bone is frequently used
with some specificity, but poor sensitivity (16) and other clinical diag-
nostic methods, such as persistent nonhealing wound, are even more
limited in their predictive abilities (32). Although MRI seems to be the
most sensitive test for AOM (17), it does not readily differentiate Char-
cot arthropathy from COM, and there is some support of the use of posi-
tron emission tomography-computed tomography for COM diagnoses
(14,15). Additionally, we found that some of the radiology literature
has more specific definitions for features associated with COM (involu-
crum and sequestrum) and that these definitions are not unlike the his-
topathologic descriptions (29,33). Interestingly, we also found some
radiology literature that uses MRI to differentiate between CAOM and
CIOM based on the appearance of periosteal reaction with or without
new involucrum or periosteal reaction, respectively (29,34).

We did find consensus that COM is frequently culture negative, and
despite its reliability in controlled settings, culture can often yield false-
positive results that should be interpreted with caution (31). In our
study, only a minority of patients had cultures performed. Consistent
with the literature, the reliability of those cultures is suspect because of
the inconsistency of the type of culture ordered, because of the testing
of “bone culture” before the patient has a bone biopsy, and because 87%
of our patients were taking antibiotics before the culture. We also found
little agreement on how COM should be treated. Some authors sug-
gested increased duration and variation of antibiotic therapy for COM
as well as antibiotic implants (35), whereas others claimed that surgical
excision was the only effective treatment (36).

Finally, when looking at the pathology literature, we noted that,
until very recently, no attempt had been made to develop a clear
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Fig. 1. Categories of osteomyelitis. (A) Acute osteomyelitis (early): small focus of neutrophils in the marrow space eroding the bone (magnification x4 and x20, hematoxylin-eosin [H&E]
stain). (B) Acute osteomyelitis: abscess formation (black arrow), fibrinoid necrosis (red arrow), bacteria (black arrowhead), necrotic bone (red arrowhead) and bone erosion (asterisk)
(magnification x4, H&E stain). (C) Acute and chronic osteomyelitis: acute inflammation and abscess (right), draining fistula (top) with numerous sequestra and early fibroplasia with
chronic inflammation (bottom left) (magnification x4, H&E stain). (D) Chronic osteomyelitis: involucrum and bony remodeling in a background of marrow fibrosis with plasmacytic
inflammation and granulation tissue (red arrowhead) (magnification x4, H&E stain). (E) Chronic active osteomyelitis: Sequestrum (black arrow) and early involucrum (red arrow) in a
background of dense marrow fibrosis with numerous plasma cells (black arrowhead) and a small aggregate of neutrophils (red arrowhead). (F) Chronic inactive osteomyelitis: undulating,
thick periosteal reaction with dense marrow fibrosis, scattered plasma cells and bone remodeling.

definition for COM. In a study from 2013 by Cecilia-Matilla et al (27),
the authors attempt to provide histopathologic definitions of COM by
documenting the presence of the various features in “histopathologi-
cally proven” cases of OM. The authors describe OM as a progression
from AOM to ACOM to COM, with which we agree. However, the vast
majority of their cases had imaging, probe-to-bone, and cultures that
were positive for OM, meaning that only clinically obvious cases of OM
were used in their study, limiting the generalizability of their study.
The authors determined, based on these observations, that COM should
be defined simply as marrow fibrosis with chronic inflammation, pre-
dominantly plasma cells, without significant sequestra; this is in con-
trast to the majority of the literature. They support this argument by
stating that 78% of their patients with the presence of pure-marrow
fibrosis were culture positive. This last finding is interesting, given that
the majority of reports have demonstrated that COM is typically culture
negative, and positive results are viewed with skepticism (2,32).
Although remodeling was considered in their description of COM,
sequestrum, periosteal reaction, and involucrum were not mentioned
(27).

In a 2016 study by Turi et al (26), the authors define AOM and COM,
but not ACOM. Here, the authors demonstrate that 50% of COM cases
contained portions of necrotic bone surrounded by fibrosis and chronic
inflammation, consistent with the literature. In this study, broad con-
clusions about the importance of histopathologic exam are made; how-
ever, how they reached these conclusions, as well as what their
histopathologic observations were, is unclear, as data-gathering

techniques were not described, nor were any significant associations
with outcomes or literature provided. Again, neither periosteal reaction
nor involucrum was mentioned (26).

Finally, a brief study published in October 2014 developed a com-
plex scoring system with a much smaller sample size than that in the
current study that is dependent on access to clinical, radiologic, and cul-
ture information and for which minimal supporting data were provided
for their conclusions (37).

The Criteria: Major Acute Criteria

Pathologists have historically relied on the presence of neutrophils
actively involving bone, or larger microabscesses in the marrow space,
to render a diagnosis of AOM; in few other disease processes is there
such a reliance on a single histopathologic finding to make a diagnosis.
Throughout the literature, histopathologic descriptions of AOM consis-
tently included neutrophils and microabscesses but also fibrinoid
necrosis and bacteria. Most references include the mention of seques-
trum, when discussing ACOM and COM. Fibrinoid necrosis and bacteria,
present in fragmented biopsy samples from the center of a necrotic OM
lesion, where obvious neutrophils may not be found, can provide
invaluable diagnostic information. The absence of neutrophils in this
setting should not preclude a diagnosis of OM. We thus chose as our
major criterion the presence of at least 1 neutrophil actively destroying
bone (23,38). Alternatively, erring on the side of diagnostic caution,
aggregates of at least 10 neutrophils in at least 1 high-power field in
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Fig. 2. Major acute criteria. (A) Neutrophils: clinging to edges of bone as seen here, or in aggregates of 10 or more per high powered field in the marrow space (magnification x40, hema-
toxylin-eosin [H&E] stain). (B) Abscess: neutrophils admixed with other inflammatory cells forming a vaguely circumscribed aggregate in the marrow space (magnification x2, H&E
stain). (C) Fibrinoid necrosis: acellular, fibrillary, eosinophilic, necrotic debris (magnification x 10, H&E stain). (D) Bacteria: this particular case demonstrates a colony of cocci (magnifica-

tion x100 oil immersion, H&E stain).

the marrow space, independent of any hemorrhage or extravasated red
blood cells, also satisfies this criterion (39,40). Hematopoiesis in this
location and age was very rarely encountered. In addition, we included
abscess, fibrinoid necrosis, and bacteria in our major acute criteria. The
bacteria criterion can include fungi as well; however, we did not
observe any cases of fungal OM in our patient samples (Fig. 2).

Major Chronic Criteria: Sequestrum

A sequestrum is defined in the pathology literature as a devascular-
ized, necrotic, presumably infected bone fragment that breaks away
from normal bony structures and is theorized to be responsible for
maintaining chronic infection (30). Sequestra are seen in all types of
OM but are considered one of the most diagnostic features of COM (23).
A sequestrum is surrounded by fibrosis and inflammation (Fig. 3). A
giant cell reaction can also be present. Absence of a chronic inflamma-
tory response and fibrosis around fragments of bone, or fragments of
bone embedded in a microabscess without fibrosis, is more consistent
with bone infarct in AOM, which can be resorbed without inciting
chronic disease; alternatively, the bone may represent artifactual bone
dust. Importantly, if there is a concern that sequestra may represent
bone dust, using the “necrotic bone” criterion instead (see “General Cri-
teria”) will eliminate this finding as a major criterion, and the

examining pathologist must look for additional diagnostic criteria to
make a case for a diagnosis of OM.

Of note, fragments of bone or cartilage embedded in the soft tissues,
absent significant histopathologic changes in the primary bone, is most
consistent with a destructive arthropathy, such as Charcot or rheuma-
toid arthritis (21). Review of clinical history and radiology is essential
before deciding on a diagnosis of COM (21). Although we did not diag-
nose OM if sequestrum was present in the soft tissues in the absence of
an obvious bony lesion, we do recommend mentioning it in the pathol-
ogy report, because of the risk of persistent inflammatory response and
nonhealing wound (30).

Involucrum and Rapid Periosteal Reaction

As previously mentioned, the histopathologic definitions of involu-
crum and periosteal reaction are somewhat controversial. One defini-
tion equates involucrum with a periosteal reaction, where periosteum
has been lifted away from the surface of the bone secondary to suppu-
ration and undergoes periosteal bone growth (34,41). The more com-
mon definition of involucrum is periosteal bone growth around a
sequestrum (Fig. 3) (42). Each definition has a characteristic woven
bone pattern. The former is present circumferentially around the corti-
cal surface of the bone, whereas the latter is found within the marrow
space or soft tissues. Periosteal reaction is periosteal bone growth in
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Fig. 3. Major chronic criteria. (A) Sequestrum: large fragment of necrotic bone with surrounding fibrosis and inflammation (magnification x4, hematoxylin-eosin [H&E] stain). Note the
empty lacunae. (B) Sequestrum: small fragments of necrotic bone with surrounding fibrosis and inflammation (magnification x 10, H&E stain). (C) Involucrum within the marrow space
(magnification x4, H&E stain). (D) Involucrum within the marrow space (magnification x40, H&E stain). For rapid periosteal reaction, see Fig. 4.

response to injury and is nonspecific, with subtle variations in the
appearance that can range from thin to thick, nearly solid, sclerotic, and
onion-skinned, among others. In a 1981 report, Ragsdale et al (34) asso-
ciated “single lamellar periosteal reactions” with active OM, whereas
“undulating” and “lamellated” (onion-skinning) periosteal reactions
were associated with slower processes, such as arthropathy, inactive or
low-grade OM, and fracture (Fig. 4). Other patterns of periosteal reac-
tion were associated with tumors. Most references encountered men-
tion both involucrum and rapid periosteal reaction as being both a
radiologic and a pathologic feature of ACOM and COM when present.

Intermediate Criteria

Fibrosis (marrow fibroplasia) is a common reactive change occurring
in response to many insults. Fibroplasia, like most cellular changes, is a
dynamic process, beginning with early fibroplasia, which is loose,
amphophilic, and less organized, and progressing to dense, organized,
eosinophilic fibrosis (Fig. 5). Fibroplasia is mentioned as an important
component of ACOM and COM (23,43). Although it can be argued that
aggregates of plasma cells in a background of fibroplasia represent
active infection in end-stage COM and should be considered diagnostic
of COM (27), we found insufficient support for this argument. Specifi-
cally, these cases are usually culture negative; it may be that this find-
ing does not represent OM but rather its sequelae. This would explain
why many cases of COM fail antibiotic treatment and ultimately require

complete surgical excision (44). An alternative explanation is that this
might represent a culture-negative infection. Polymerase chain reaction
and other techniques for detecting bacterial DNA or ribosomal RNA
have demonstrated this possibility (45,46). In the absence of other fea-
tures, fibroplasia with plasma cells should place arthropathy and
chronic fracture high on the differential (21).

General Criteria

Through our literature review, we discovered that OM is described
and viewed as a dynamic, progressive process that involves background
histopathologic changes that can support a diagnosis of OM. For exam-
ple, the background changes present in AOM tend to involve bony ero-
sion and destruction, as well as bone infarct necrosis, rather than
remodeling. On the other hand, the background changes present in
COM correspond more to bony remodeling, fibrosis, and granulation
tissue than do those in AOM. This is reflected in the notations in Table 1,
in the section of minor criteria. The general criteria include bone ero-
sion, bone destruction, necrotic bone, remodeling, granulation tissue,
plasmacytic inflammation, and thick periosteal reaction (Fig. 6). Each
criterion was selected from histopathologic changes associated with
both general tissue reactions and bone-specific reactive changes (21,23—
25,47,48). The importance of the general criteria is to establish a pat-
tern of background changes that should raise the suspicions of the
pathologist and align with what is observed in major criteria. They
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Fig. 4. Periosteal reactions. (A) Rapid periosteal reaction (single lamellar): thin projections of woven bone encase the cortex in a case of acute and chronic osteomyelitis (magnification
x 10, hematoxylin-eosin [H&E] stain). (B) Lamellated (“onion skin”) type periosteal reaction in a patient with a clinical history of Charcot arthropathy (magnification x4, H&E stain). (C)
Thick periosteal reaction, undulating pattern: irregular, thick, lobulated bone growth extending from the cortex into the soft tissues (magnification x 10, H&E stain).

should also serve to caution the pathologist to consider a broader differ-
ential in their absence. For instance, we diagnosed 4 slides containing
bacteria (see “Major Criteria”) as other rather than AOM. This was done
because bacteria were present but clearly represented secondary colo-
nization in large bone infarcts, evidenced by the absence of all other cri-
teria in the samples. Aggregates of plasma cells in a background of
fibrosis, for some pathologists, is diagnostic of COM (27), although we
did not find enough support in the literature to warrant recommending
these findings alone as being diagnostic. On the other hand, aggregates
of plasma cells present in conjunction with marrow fibrosis, erosion,
vascular proliferation, thick periosteal reaction, and bone remodeling—
each of which is separately nonspecific—collectively point to OM with
destructive arthropathy (Charcot or rheumatoid arthritis) and chronic
fracture in the differential. Despite the nonspecific nature of thick
periosteal reaction, we consider the specific pattern of reaction in the
presence of background changes (fibroplasia and plasmacytic inflam-
mation) associated with OM as being diagnostic of CIOM for this study
(29,34).

Other Criteria Considerations
We identified other non-specific histopathologic findings for which

we felt there was insufficient evidence to warrant inclusion among our
criteria. Among these are osteopenia and narrowing of the bone shaft,
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giant cells, and bone sclerosis. One study suggested that giant cells
were actually displaced, activated osteoclasts, or an osteoclast-like
metaplasia (48). Similarly, we observed osteoclast activation in a num-
ber of cases. Again, thick periosteal reaction with fibrosis and soft-tissue
giant-cell reaction in these cases makes Charcot arthropathy a likely
differential diagnosis (21). Half of our patients were over 61 years of
age, and many had chronic kidney disease, making the presence of
osteopenia as a criterion less significant. We did not include gross find-
ings in our study.

The Life Cycle of OM

In 2011, Myer et al (13) published a small study demonstrating a sur-
prising degree of interobserver variability in the histologic diagnosis of
OM, with agreement as low as 30%, despite previous studies purporting
to show the reliability of histopathologic examination (12). Although this
study was very small, only 2 pathologists were used and they had no
access to clinical or radiologic information; we believe this lack of concor-
dance would be substantiated by larger studies and is due, at least in part,
to an observed overall lack of exposure to inflammatory bone pathology
during pathology training. The myriad histologic changes that can be
identified in wounds, repair, and infections are also limited in their
descriptions in general pathology texts. Through examination of > 400
bone slides with simultaneous correlation with the available literature,

B =5

Fig. 5. Fibroplasia. (A) Early fibroplasia: loosely organized fibrous tissue with scattered plasma cells (magnification x 10, hematoxylin-eosin [H&E] stain). (B) Late fibroplasia: dense and

organized fibrosis with scattered chronic inflammation (magnification x4, H&E stain).
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Fig. 6. General criteria. (A) Erosion: surface of bone shows scalloping (magnification x 10, H&E stain). (B) Destruction: bone demonstrates “punched out” appearance (magnification x4,
hematoxylin-eosin [H&E] stain). (C) Necrotic bone: bone with features of avascular necrosis in a background of fibrinoid necrosis (magnification x4, H&E stain). Note the empty lacunae
and lack of fibrosis. (D) Remodeling: note the prominent osteoblastic rimming (magnification x4, H&E stain). (E) Granulation tissue: proliferation of small blood vessels in a background
of dense marrow fibrosis and inflammation (magnification x 10, H&E stain). (F) Plasmacytic inflammation (magnification x40, H&E stain). For thick periosteal reactions, see Fig. 4.

we were able to observe the spectrum of OM from early infection to end-
stage fibrosis (Fig. 1). Infection of the bone follows a similar course and
results in similar tissue reactions as other tissues of the body, with some
differences that are unique to bone.

OM in the foot and ankle typically begins by direct extension of a
skin infection or, less commonly, by direct traumatic inoculation. Like
other tissues, the presence of foreign organisms and dying cells leads to
release of chemical mediators, beginning a complex cascade of events
facilitating recruitment of the immune response (24). Vasodilation fol-
lowed by migration of neutrophils is the earliest indication of OM. Neu-
trophils begin to superficially erode bone (Fig. 2A, Fig. 6A) where
bacteria have colonized (Fig. 2D), recruiting macrophages. Their com-
bined oxidative burst causes tissue damage, including destruction of
vessel walls, resulting in segmental bone infarcts and the appearance of
necrotic bone fragments. Increased vascular permeability allows fibrin
to pass into the marrow space, creating a fibrinous exudate. This is early
AOM (Fig. 1A).

Progressive infection leads to further bone damage, which takes on a
punched-out appearance (destruction) (Fig. 6B). Additional recruitment
of immune factors and tissue damage leads to abscess formation
(Fig. 2B), and suppurative inflammation composed of neutrophils,
fibrin, and dead cellular material (fibrinoid necrosis) (Fig. 2C, Fig. 6C),
particularly in cases of pyogenic bacteria, like Staphylococcus aureus
(the most common causative organism in OM) (Fig. 2D) (24). This is ful-
minant AOM (Fig. 1B) (23). The continued release of inflammatory
mediators by neutrophils and macrophages results in recruitment of
plasma cells (Fig. 6F) and activation of fibroblasts, which begin laying
down collagen in the marrow space, leading to progressive marrow

fibrosis (Fig. 5A, B) (24). Histologically, we begin seeing the features of
early ACOM (Fig. 1C).

As the acute inflammatory onslaught continues, subperiosteal
abscesses and further vascular destruction lead to fragmentation of
necrotic bone into the soft tissues and marrow space (sequestrum)
(Fig. 3A, B) and draining fistulae into the soft tissues (Fig. 2B). Simulta-
neous with the lifting of the periosteum, the living periosteum around
fragments of sequestra undergoes rapid, reactive growth (involucrum
and rapid periosteal reaction) (Fig. 3C, Fig. 4A). Inflammatory mediators
and bone destruction activate osteoclasts, which begin the process of
bone remodeling (Fig. 6D). Release of calcium from bones for immune
modulation results in local osteopenia. Ischemia and fibroblasts signal
vascular endothelial growth factor, and neovascularization accelerates
(granulation tissue) (Fig. 6E) (24). At this point, the biopsy sample will
show fulminant ACOM (Fig. 1C).

The acute inflammatory reaction eventually fades, and neutrophils
are replaced by plasma cells (Fig. 6F) and osteoclastic giant cells, and
the marrow is replaced by fibrosis of increasing density (Fig. 5B) (24).
Histologically, this is CAOM (Fig. 1D), which eventually becomes COM
after the complete resolution of neutrophils, abscesses, and fibrinoid
necrosis (Fig. 1D—E). As the infectious organism is eliminated or enters
osteoblasts, the initial acute periosteal reaction slows and thickens,
resulting in various patterns of thick, circumferential lamellae (Fig. 4B,
C), whereas progressive remodeling leads to irregular, dense bone
thickening with abnormal cement lines (Fig. 34, Fig. 6A) (34). Damaged
cortical bone becomes sclerotic, and fracture calluses appear at the sites
of fractures and fistulae. Soft tissue and marrow sequestra are resorbed,
osteoclastic giant cells disappear, and plasma cells decrease to a mild
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infiltrate. This is histologically and radiologically consistent with CIOM
(Fig. 1F) (29).

Chronically damaged, scarred tissues and chronic disease states, such
as diabetes, peripheral neuropathy, and peripheral vascular disease,
increase the risk of reinfection or reactivation of low-grade, intracellular
infections after antibiotic cessation. This would appear as COM, with
patchy foci of neutrophils, fibrinoid necrosis, microabscesses, and rapid
periosteal reaction. Histologically and radiologically, this is CAOM (34).

Jupiter Score

The score provides a guide for the pathologist to make more consis-
tent diagnoses by providing specific criteria to reduce the use of descrip-
tive diagnoses and by considering the various pieces of a pathologic
assessment in their totality, independent of access to culture or radiology
results. Importantly, only those cases falling between a score of 4 and 6
points should result in descriptive diagnoses, and then, assuming no
mass lesion is identified by radiology, a specific list of differential diagno-
ses is preferable (reactive/repair, CIOM, treated low-grade OM, neuro-
pathic arthropathy, and chronic fracture). Finally, clinicians can easily
understand the scoring system: initial results indicate that a score of > 6
means that there is histopathologic evidence of OM, whereas a score of <
4 means the sample is likely not OM. A score of 5, although harder to
understand, should be given a nonspecific/descriptive diagnosis with a
list of differential diagnoses, such as those described in earlier sections of
the discussion. Although there is room for improvement and addition of
further criteria to improve discrimination between the various types of
OM, this study provides evidence of the utility of our score as a diagnostic
tool that could significantly improve communication between patholo-
gists and clinicians through clarity and simplification.

Study Limitations

Our study does have several limitations. First, as with any literature
search, we may have missed references of interest. Second, we have
data from only 1 center, and diagnostic patterns may be different at dif-
ferent institutions. However, we did not control for variability in diag-
noses between pathologists at our institution. Strengths of the study
include large sample size and allowing examination of suspected OM
rather than being restricted to confirmed cases. Future work guided by
this initial report will include replicating the study using other institu-
tions’ data. Further, the ability of pathologists to reliably and repeatably
apply the algorithm needs to be assessed.

In conclusion, we have developed a histopathologic scoring system
that demonstrates the potential to improve accuracy and consistency in
the diagnosis of OM, improve interpathologist agreement, and assist
pathologists in diagnostically challenging cases. We do, however, rec-
ommend a multidisciplinary approach to the diagnosis of OM that
incorporates microbiology studies, radiology, and clinical findings. In
that regard, our scoring system may be exceedingly useful in conjunc-
tion with other scoring systems that take into account a multidisciplin-
ary approach. Anemia may play a more significant role in the
progression of OM and have a negative impact on patient outcomes.
Additional research into the role of anemia in these processes is needed.
Finally, we have defined specific histopathologic criteria for diagnosis of
5 categories of OM: AOM, ACOM, COM, CAOM, and CIOM. Using pure
fibroplasia with plasmacytic inflammation is insufficient to render a
diagnosis of COM, which we have defined as the presence of seques-
trum and/or involucrum with marrow fibroplasia, bone remodeling,
and plasmacytic inflammation. In the absence of involucrum or seques-
trum, a diagnosis of CIOM can be rendered but listed in a specific differ-
ential that should include neuropathic arthropathy and repair.
Consensus among experts is required to determine the use of CAOM
and CIOM as pathologic diagnostic categories.
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