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Summary. The article presents the analysis of different method for diagnosis of epiphyseal osteomyelitis, including
radiography, ultrasonography, computed tomography, magnetic resonance tomography, and radioisotope bone scans.
We address the advantages, disadvantages, and possibilities of each method from the standpoint of early diagnosis of
osteomyelitis in children.

Based upon the literature, the most effective and reliable methods for early diagnosis of epiphyseal osteomyelitis
in pediatric patients are magnetic resonance and ultrasound. The present diagnostic methods involve no radiation
exposure. Using an ultrasonic diagnostic method does not require complete immobility of the patient, can be used
from the moment of birth, has widespread availability, and has a relative low cost to allow its use in any medical
institution.
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METOAbI AMATHOCTUKHN OCTPOTO SINMNMOUZAPHOTO
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B crarbe IpefcTaBIeH aHAINM3 PA3TUYHBIX METOLOB AUATHOCTUKY SMU(PU3APHOTO OCTEOMUEINTA — PeHTreHorpadus,
y/IbTPa3ByKOBasl AMATHOCTUKA, KOMIIbIOTepHas: ToMOrpadus, MarHUTHO-Pe30HAHCHasA ToMorpadus, pagronusoTonHas
octeocunHTurpadus. [IpMBOAATCA HETOCTaTKU M IMPEMMYINECTBA, a TaKKe OLIEHUBAIOTCA BO3MOXXHOCTY KaXXJOTO W3
METOMIOB C MO3UULUI PaHHEN JUAaTHOCTUKYM OCTEOMUENINUTA y JIeTel.

ITo maHHBIM MTepaTyphbl, Hanbonee sQpQPeKTUBHBIMYU Y HaJeKHbIMU METONAMM PaHHeN JVAarHOCTUKY 3nuyu3apHO-
TO OCTEOMUENNUTA B IEAMATPUYECKON NPAKTUKE ABAAIOTCA MAarHUTHO-PE3OHAHCHBIN M YIbTPa3BYKOBOJ, Y IpeCTaB-
JIEHHBIX METOMIOB OTCYTCTBYET JIydeBasd Harpyska, B TO >Xé BPeMsd IIPM MCIIOIb30BAHMM YIBTPAa3ByKOBOIO METOfla He
TpebyeTcsl MONHas HEMOJBIDKHOCTD IAIVIEHTa, €T0 MOXXHO IPUMEHATb C MOMEHTa HOBOPOXKIEHHOCTH U B /M060M
KOMMYECTBEHHOM PEXIUMe, a 00ILIelOCTYITHOCTb ¥ OTHOCUTENbHAs HU3Kass CTOMMOCTD YIbTPasBYKOBOI aIIapaTyphl
II03BOJIACT VIMETb €€ B JIOOBIX MeIMLMHCKUX YIPEKIECHMAX.

KiroueBble crmoBa: ocTpbiil anudusapHbIii OCTEOMUENTNUT, peOEeHOK, peHTreHorpadus, yIbTpasByKoBas AMATHOCTHKA,
KOMITbIOTepHast ToMOrpadsi, MArHUTHO-PE30HAHCHAs TOMOTpadus, PafoM30TONHAA OCTEOCIITHTUTPADUIL.
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Acute epiphyseal hematogenous osteomyelitis
occurs in children at an early age and is accompanied
by frequent disability due to development of
various severe orthopedic pathologies. Orthopedic
complications (dislocations, deformities, limb
shortening, contractures, and ankyloses of large
joints) are observed in 31%-71% of cases [1-5], and
early diagnosis and timely treatment can reduce the
number of complications and contribute to complete
recovery in 95% of cases [6]. In this article, we review
the literature on the techniques and methods used
to diagnose epiphyseal osteomyelitis and discuss the
most promising ones that can provide qualitative,
early, and affordable diagnosis as well as reduce the
number of unsatisfactory outcomes.

The anatomical features of bone structure and
blood circulation in children of different ages lead
to different localizations of purulent foci of lesions
in various parts of the bone. The autonomy of blood
circulation in each part of the bone and the more
developed network in the epiphysis explains the
prevalence of epiphyseal osteomyelitis in younger
children. Depending on the age and development
of the epimetaphyseal bone, the osteomyelitis
process may be localized in the cartilaginous tissue
of the epiphysis, the focus of ossification, or the
meta-epiphyseal zone [7, 8]. In older children,
blood circulation in different parts of the bone
becomes unified, with a more developed network of
metaphyseal vessels, which explains the predominant
localization of purulent foci in the latter [6-8].

Currently, early diagnostics presents significant
difficulties because the pathomorphosis of the
disease produces subclinical forms of inflammation
[9]. The traditional technique used to diagnose
epiphyseal osteomyelitis in children is radiography
[10], which enables evaluation of the shape,
contours, structure, and relationship between the
bones. Within 24-48 hours from the appearance of
clinical signs, it is possible to determine the increase
in the volume of tissues and abnormalities in the
sharpness of the muscle contours and paraosseous
soft tissues, but these signs are not reliable and are
rarely detected [6, 11]. Additionally, in the early
stages of the osteomyelitic process, it is possible
to identify the signs of regional osteoporosis and
disorders in the trabecula structure of bone [12-
14]. In later periods of the disease (starting from
the 14t day), a periosteal reaction can be detected
on radiographs, which manifests itself in the form

of hypertrophy and thickening of the periosteum,
extensive foci of destruction appear as well as
linear and layered periosteal stratifications, and
sclerosis sites around the destruction zones [15-19].
On the other hand, in young children, when the
process is localized in the epimetaphyseal zone, the
periosteal reaction is weak or not defined at all [20].
According to recommendations of the American
Society of Infectious Diseases [21], if there are no
clear signs of osteomyelitis on the first radiograph,
it is necessary to acquire a second one >2-4 weeks
because the radiological signs appear on average
2-4 weeks after the clinical manifestations, and the
changes in the bone tissue can be visualized on 90%
of the radiographs only by day 28 of the disease
[22]. The accuracy of radiography in the early
diagnosis of osteomyelitis is not >50%-60% [23].
The sensitivity of the method ranges from 43%-
75%, and the specificity is 50% [13, 24]. In addition
to late diagnosis, the drawbacks of this method are
the high-radiation dose, low specificity, and low
resolving power [16].

Computed tomography (CT) can increase the
informative value of X-ray diagnostics of acute
epiphyseal osteomyelitis in children and enables
visualization of less pronounced changes than is
possible by using conventional radiography [15,
16]. CT can provide a clear image of a cortical layer
to assess the condition of surrounding soft tissues,
determine the presence of foci of destruction and
periosteal reaction, and visualize the osteolysis of the
cortical layer and trabeculae of bone in detail [11,
25]. CT is used to determine the signs of epiphyseal
osteomyelitis of bones in composite joints and can
for emergency diagnostics of osteomyelitis [26]. The
sensitivity of CT in the diagnosis of osteomyelitis
is 67%, and the specificity ranges from 75%-83%
[15]. The drawback of this method is the significant
radiation dose and need for general anesthesia in
young children.

In the early stages of the disease, bone scans are
sometimes performed in diagnostically complicated
cases [15]. Scintigraphy with technetium-99 m
can be used to confirm the diagnosis within 24-
48 hours from the beginning of the development of
the infectious process in 90%-95% of patients [27].
When performing scintigraphy with gallium-67, the
radiopharmaceutical agent is accumulated in places
with leukocytes and bacteria accumulation. Gallium
can accumulate in patients with acute epiphyseal
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osteomyelitis in those foci in which there is a normal
or decreased accumulation of masurium (“cold foci”)
[13]; however, when using this technique, a large
number of false-negative and false-positive results
are obtained [15]. Additionally, the disadvantages of
radionuclide studies are their high cost and the long
time required for full processing of the examination
results (in some cases, more than a day).

If there is a suspicion of acute hematogenous
osteomyelitis in early childhood, magnetic resonance
imaging (MRI) can be performed rather than
scintigraphy [28]. With MRI, inflammatory changes
in the bone marrow and soft tissue structures that
develop within 1-5 days after disease onset can be
diagnosed. MRI enables assessment of the area of
the pathological process propagation by visualizing
a clear boundary between the edge of the bone and
zone of soft tissue edema [15]. Damage to joints
also can be assessed by MRI. For diagnosing the
condition of the soft tissue surrounding the bone and
bone marrow, MRI is a more accurate method than
CT. The periosteal reaction is often not visualized
on MRI, but if it is, it will be before the stage of
ossification, so it will be visible earlier on MRI than
on CT [19]. If a more detailed study is needed,
contrast agents containing iron nanoparticles
having superparamagnetic properties can be used.
After introduction into the body, these particles
are captured by the cells of the reticuloendothelial
system and accumulate in macrophages and
fibroblasts in the inflammatory focus. These contrast
agents can help to visualize more clearly the area of
inflammation [29, 30]. The use of contrast agents
with gadolinium enables better visualization of the
changes in the bone marrow as well as disorders
of the blood supply of the bone. Gadolinium
accumulates in the hypovascular regions of the
bone, which enables differentiation of osteomyelitis
from phlegmon of soft tissues or abscess.

Studies with contrast agents enable diagnosis of
epiphyseal osteomyelitis with greater confidence if
there are signs of periosteal edema or edema of soft
tissues on the MR tomogram [31].

A.M. Davies described fat particles in the focus
of inflammation that were associated with either
bone marrow edema or with the presence of linear
or spherical particles of necrotic bone marrow [32].
Visualization of adipose tissue is reasonable because
in an acute process, bone marrow necrosis occurs
and the free fat particles release and form complexes

with pus, which can be detected. Penetration of
fat into soft tissues through Leeuwenhoek canals
is considered an indirect sign of disruption of the
integrity of the bone cortical layer [33].

MRI is the preferred imaging technique because
of its high sensitivity (82%-100%) and specificity
(75%-99%) in contrast to the limited applicability
of CT and ultrasound [9, 13, 34]. If the short tau
inversion recovery sequence is used, MRI is 100%
predictive of a negative result, and the diagnosis
of osteomyelitis can be ruled out if there are no
changes in MR tomograms [13]. The disadvantages
of MRI are the expensive equipment, which is not
always available, high cost of the procedure, artifacts
in the presence of metal implants, and need for
general anesthesia to prevent movements of very
young children during the study.

Among modern medical technologies, ultrasound
diagnostics are increasingly used. A peculiarity of
ultrasound examination of the osteoarticular system
in children is the penetrating ability of ultrasound,
which is greater than in adults and is associated
with the mineral composition of bone tissue and
low density because of the incomplete process of
osteogenesis when the epiphyzes of bones consist
mainly of cartilaginous tissue. These features of
the skeleton structure enable determination of the
degree of development of the foci of ossification
as well as pathological changes in the cartilaginous
epiphyses and adjacent parts of the bones [4, 6, 14-
16]. The changes in bone tissue and surrounding
soft tissues become apparent in the early stages
of the disease [35]. Changes in soft tissues in
epiphyseal osteomyelitis occur with respect to
thickening, echogenicity (often increased), presence
of fluid accumulations located para-articularly, and
enhancement of venous vascular pattern [12, 36].
Changes in adjacent joints involve enlargement of
the joint cavity with a heterogeneous fine effusion
and thickening of the capsule with proliferation
of the synovial membrane. The expansion of the
cavity and change in the capsule are manifested to a
greater extent when the large (hip and knee) joints
are affected. The heterogeneous character of the
effusion is noted in the first week of the disease, with
subsequent transition to a homogeneous anechoic
effusion, which is associated with sanitation of the
purulent cavity during the treatment. The reaction of
the synovial membrane depends on the duration of
the disease; the synovial membrane becomes thicker
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and more echogenic the longer the child is sick
[37]. Increases in the thickness of the capsule and
its echogenicity without joint effusion are possible
[36]. Ultrasound examination of the epiphyseal
sections of bones shows the heterogeneity of the
epiphyseal cartilage in the form of local areas of
increased echogenicity [36].

In infants, the changes in the cartilaginous
epiphysis are manifested in the form of anechoic
inclusions of 2-3 mm. When studying the focus
of ossification of the epiphyseal bone, a change in
its shape and structure is observed. In this case,
the unevenness of its outer contour, deformity
represented by an irregular shape of the hyperechoic
structure or in the form of the annular shape of
the hyperechoic structure with the presence of an
anechoic region in the center is possible. The focus
of ossification can be fragmented [36]. Echography
can be used to determine the fluid in the joint
cavity with a volume of 0.3-0.5 ml and the nature
of the effusion as well as to assess the condition and
position of the epiphysis, which enables detection
of pathological dislocation present during the acute
period [38].

Thus, with the help of ultrasound, the following
signs of epiphyseal osteomyelitis can be detected:
the heteroehogenicity of the hyaline epiphyseal
cartilage, including anechoic inclusions; deformities;
fragmentation; annular shape; foci of ossification;
deformity and heterogeneity of the metaepiphyseal
zone with the presence of anechoic inclusions in the
epiphysis; and changes in the periosteum and bone
cortical layer [36]. Ultrasound enables diagnosis
of acute epiphyseal osteomyelitis in the first 2-3
days of the disease. In this case, the sensitivity of
echography for diagnosis of epiphyseal osteomyelitis
is 90% and the specificity is 100% [12].

Conclusion

To date, the problems in the diagnosis epiphyseal
osteomyelitis in children at early stages of development
have not been definitively resolved. Ultrasound is the
preferred technique for diagnosis of very early stage
(days) acute epiphyseal osteomyelitis.

1. Ultrasound enables early detection of edema
and infiltrative changes in muscles and soft tissues
as well as accumulation of fluid in the joint. The
method is safe, informative, and can be performed
frequently.

2. MRI is highly informative in the first 10-14
days but requires special equipment and anesthetic
support.

3. Radiography remains the simplest and
most affordable technique at late stages of acute
osteomyelitis (2 weeks after disease onset). Bone
changes are more clearly defined by CT, but, as with
radiography, more than a week must pass before the
changes can be visualized, and the high radiation
dose must be considered.

4. Radionuclide research is successfully used
both for diagnosis of acute epiphyseal osteomyelitis
and for evaluating the efficiency of the therapy in the
postoperative period, but because of age limitations,
this approach cannot be used in young children.

Funding and conflict of interest

The work was performed at Smolensk State
Medical University with the support of the Turner
Scientific and Research Institute for Children’s
Orthopedics of the Ministry of Health of Russia.
The authors declare no obvious and potential
conflicts of interest related to the publication of
this article.

References

1. Axynssuo A.A., Ipe6ues IL.H., ®arsixos 0.V, u ap.
Opromnefuyeckyie OCNTOXKHEHUA OCTPOrO TeMaTOTEH-
HOTO OCTeOMMeNnTa y AeTeil: Te3uchl HOK/IAfiOB CUM-
HO3MyMa IO [ETCKOJ XUPYPIUM C MEXJYHapOZHBIM
y4gactueM. — VbxkeBck. — Ampenn 2006. — C. 14-16.
[Akhunzyanov AA, Grebnev PN, Fatykhov Yul, et al.
Ortopedicheskie oslozhneniya ostrogo gematogennogo
osteomielita u detey: Tezisy dokladov simpoziuma
po detskoy khirurgii s mezhdunarodnym uchastiem.
Izhevsk; Aprel’ 2006:14-16. (In Russ.)]

2. IHamcuer A.M., IOcynos III.A., Maxmyznos 3.M. Xu-
pyprudeckoe jiedeHue IeTeil ¢ OCTPBIM IeMaTOreHHbIM
OCTEOMMENTUTOM KOCTeil, 06pasyolux TazobenpeH-
HbIl cycTaB // Poccuiickmit BeCTHUK JIeTCKOI XUpypru,
aHeCTe3MONoruu u peaHnMatonorun. — 2014. - T. 4. -
Ne 3. - C.86-89. [Shamsiev AM, Yusupov ShA,
Makhmudov ZM. Khirurgicheskoe lechenie detey
s ostrym gematogennym osteomielitom kostey,
obrazuyushchikh tazobedrennyy sustav. Rossiyskiy
vestnik detskoy khirurgi, anesteziologii i reanimatologii.
2014;4(3):86-89. (In Russ.)]

3. Tucax C.H., IllecrakoB A.A., bapanos JI.A., u gp. Co-
BpeMeHHble OCOOEHHOCTV ITUOIATOTeHE3a OCTPOTrO
reMaTOreHHOTO OCTeOMUENNTA y JieTell M ONTMMMU3A-
uusa jgedeHus OOnbHbIX // BeCTHUK HOBBIX MEIUIIMH-
ckmx TexHomormit. — 2012. — T. 19. - Ne 2. - C. 106-
108. [Gisak SN, Shestakov AA, Baranov DA, et al.
Sovremennye osobennosti etiopatogeneza ostrogo

B Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 5.

Issue 2. 2017



LITERATURE REVIEW

63

10.

11.

12.

13.

gematogennogo osteomielita u detey i optimizatsiya
lecheniya bol'nykh. Vestnik novykh meditsinskikh
tekhnologiy. 2012;19(2):106-108. (In Russ.)]

I'mcak C.H., IllectakoB A.A., Beuepkun B.A., n gp.
PaHHss AMArHOCTMKA OCTPOrO TeMAaTOreHHOTO OCTEO-
MIENNTa y JeTell C IeNblo ONTHMMM3ALNU ero jede-
Hua // Jderckaa xupyprua. — 2014. - T. 18. — Ne 5. —
C. 28-32. [Gisak SN, Shestakov AA, Vecherkin VA,
et al. Rannyaya diagnostika ostrogo gematogennogo
osteomielita u detey s tsel'yu optimizatsii ego lecheniya.
Detskaya khirurgiya. 2014;18(5):28-32. (In Russ.)]

lapxasenko I0.E., Ilosmeer A.Il. Opromepu-
yeckas IOMOIb [eTsIM C IIOCIEeJCTBUIMU Te-
MAaTOTeHHOTO OCTeOMMEeINUTa JNAMHHBIX KOCTell
B uHCTUTyTe MM. I.VI. Typuepa // Opronenus, Tpas-
MaTOJIOTMsI M BOCCTAHOBUTE/NbHASI XUPYPIUs [eT-
ckoro Bospacrta. — 2013. - T. 1. - Ne 1. - C. 16-20.
[Garkavenko YuE, Pozdeev AP. Ortopedicheskaya
pomoshch’ detyam s posledstviyami gematogennogo
osteomielita dlinnykh kostey v institute im. GI Turnera.
Ortopediya, travmatologiya i vosstanovitelnaya
hirurgiya detskogo vozrasta. 2013;1(1):16-20. (In
Russ.)]. doi: 10.17816/ptors1116-20.

I0OpxoBckuit A.M., Boponeuxnit A.H. Panuaa pgna-
THOCTMKA OCTEOMUEINUTA Y HeTell, Ipefie/ibl JUarHo-
CTUYECKUX BO3MOXKHocTell // Hosoctu xmpyprum. —
2009. - T. 17. —= Ne 4. - C. 194-199. [Yurkovskiy AM,
Voronetskiy AN Rannyaya diagnostika osteomielita
u detey, predely diagnosticheskikh vozmozhnostey.
Novosti khirurgii. 2009;17(4):194-199. (In Russ.)]

HepxaBun B.M. DunudusapHblil 0CTEOMUENTNUT V Te-
ten. — M.: Mepguuuna, 1965. — 176 c. [Derzhavin VM.
Epifizarnyy osteomielit u detey. Moscow: Meditsina;
1965. 176 p. (In Russ.)]

Axxurutos [ H., IOpgun f.b. TI'emaToreHHBI
octeomumenut. — M.: Memgunnuna, 1998. - 286 c.
[Akzhigitov GN, Yudin YaB. Gematogennyy osteomielit.
Moscow: Meditsina; 1998. 286 p. (In Russ.)]

Carmody O, Cawley D, Dodds M, etal. Acute
haematogenous osteomyelitis in children. Ir Med J.
2014;107(9):269-270.

Van Schuppen J, van Doorn MM, van Rijn RR.
Childhood osteomyelitis: imaging characteristics.
Insights Imaging. 2012;3:519-533. doi: 10.1007/s13244-
012-0186-8.

Florin T, Ludwig St, editors. Netter’s Pediatrics.
Philadelphia: Saunders; 2011.

Mapouxko H.B, Kuna H.I., IIpikoB M.V. 9ddexTns-
HOCTb 9Xorpaduu B AMATHOCTMKE OCTPOTO IeMaTo-
TeHHOTO OcTeoMMenuTa y feteit // JlambHEBOCTOUHBIN
MeIMIMHCKUI XypHan - 2006. - Ne 4, — C. 24-29.
[Marochko NV, Zhila NG, Pykov MI. Effektivnost’
ekhografii v diagnostike ostrogo gematogennogo
osteomielita u detey. Dalnevostochnyy meditsinskiy
zhurnal. 2006;(4):24-29. (In Russ.)]

Pineda C, Espinosa R, Pena A, et al. Radiographic
imaging in osteomyelitis: the role of plain radiography,
computed tomography, ultrasonography, magnetic
resonance imaging, and scintigraphy. Semin Plast Surg.
2009; 23(2):80-89. doi: 10.1055/5-0029-1214160.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Cherry J, Harrison G, Kaplan S, et al. Feigin and
Cherry’s Textbook of Pediatric Infectious Diseases.
Seventh Edition. Philadelphia: Saunders; 2014.

Tpydanos I.E., ®oxun B.A., Vsanos 1.0., u np.
Oco0eHHOCTN TIpPUMEHEHNUsI METOJO0B JIy4eBOIl Jua-
THOCTUKM B IeJMaTpUYecKol IpakTuke // BecTHuk
COBPEMEHHON KIMHMYECKON MeguumHbpl. — 2013. -
T.6. — Ne 6. — C. 48-54. [Trufanov GE, Fokin VA,
Ivanov DO, et al. Osobennosti primeneniya metodov
luchevoy diagnostiki v pediatricheskoy praktike. Vestnik
sovremennoy klinicheskoy meditsiny. 2013;6(6):48-54.
(In Russ.)]

JIydeBast AMATHOCTMKA B NEAMATPUN: HAI[MOHAIbHOE
pykosozpctso / ITop pen. A.IO. Bacunbesa, C.K. TepHo-
Boro. — M.: T'9OTAP-Megua, 2010. — 368 c. [Luchevaya
diagnostika v pediatrii: natsional'noe rukovodstvo. Ed
by Vasileva AYu, Ternovogo SK. - Moscow: GEOTAR-
Media; 2010. 368 p. (In Russ.)]

Kmietowicz Z. Computed tomography in childhood
and adolescence is associated with small increased risk
of cancer. BMJ. 2013;346:£3348. doi: 10.1136/bmj.f3348.

Zacharias C, Alessio AM, Otto RK, et al. Pediatric CT:
strategies to lower radiation dose. AJR Am ] Roentgenol.
2013;200(5):950-956. doi:10.2214/ajr.12.9026.

Kosanuuun B.B., Knemesanukosa K.IO., I>kan4yato-
Ba b.A. JlyueBas muarHocTnka ocreomuennra. // Poc-
CUJICKMIA TIEKTPOHHBII JKYPHa/ Iy4€BOM JAMarHOCTH-
Ku. — 2014. — T. 4. — Ne 3. — C. 66-76. [Kovalinin VYV,
Kleshchevnikova KYu, Dzhanchatova BA. Luchevaya
diagnostika osteomielita. Rossiyskiy Elektronnyy
Zhurnal Luchevoy Diagnostiki. 2014;4(3):66-76. (In
Russ.)]

Penrtrenoguarsoctuka B neguatpun. 1.2 / Ilog pep.
B.®. bakmanosoii, M.A. ®unomkuaa. - M.: Menu-
nuHa, 1988. — 368 c. [Rentgenodiagnostika v pediatrii.
Vol. 2. Ed by V.F. Baklanovoy, M.A. Filyushkina.
Moscow: Meditsina, 1988. 368 p. (In Russ.)]

Pineda C, Vargas A, Rodriguez A, etal. Imaging of
osteomyelitis: current concepts. Infect Dis Clin North
Am. 2006;20(4):789-825. doi: 10.1016/j.idc.2006.09.009.

Wandl-Vergesslich KA, Breitenseher M, Fotter R.
Imaging in Osteomyelitis: Special Features in
Childhood. Der Radiologe. 1996;36(10):805-812. doi:
10.1007/s001170050143.

Saigal G, Azouz EM, Abdenour G. Imaging of osteomyelitis
with special reference to children. Semin Musculoskelet
Radiol. 2004;8(3):255-265. doi: 10.1055/s-2004-835365.

Karmazyn B. Imaging approach to acute hematogenous
osteomyelitis in children: an update. Semin Ultrasound
CT MR. 2010;31(2):100-106. doi: 10.1053/j.
sult.2009.12.002.

Moser T, Ehlinger M, Chelli Bouaziz M, et al.
Pitfalls in osteoarticular imaging: how to distinguish
bone infection from tumour? Diagn Interv Imaging.
2012;93(5):351-359. doi: 10.1016/j.diii.2012.01.021.

Fayad LM, Carrino JA, Fishman EK, et al
Musculoskeletal infection: role of CT in the emergency
department. Radiographics. 2007;27(6):1723-1736. doi:
10.1148/rg.276075033.

B Pediatric Traumatology, Orthopaedics and Reconstructive Surgery.

Volume 5. Issue 2. 2017



64

LITERATURE REVIEW

27. Canale ST, Beaty JH. Preface. Campbell’s Operative
Orthopaedics. 12th ed. St. Louis: Mosby; 2013. doi:
10.1016/b978-0-323-07243-4.00096-7.

28. Copley LA. Pediatric musculoskeletal infection: Trends
and antibiotic recommendations. ] Am Acad Orthop
Surg. 2009;17(10):618-626. doi: 10.5435/00124635-
200910000-00004.

29. Lee SM, Lee SH, Kang HY, et al. Assessment of
musculoskeletal infection in rats to determine usefulness
of SPIO-enhanced MRI. AJR Am ] Roentgenol.
2007;189(3):542-548. doi: 10.2214/ajr.07.2213.

30. Fukuda Y, Ando K, Ishikura R, et al. Superparamagnetic
iron oxide (SPIO) MRI contrast agent for bone
marrow imaging: differentiating bone metastasis and
osteomyelitis. Magn Reson Med Sci. 2006;5(4):191-196.
doi: 10.2463/mrms.5.191.

31. Averill LW, Hernandez A, Gonzalez L, et al. Diagnosis
of osteomyelitis in children: utility of fatsuppressed
contrast-enhanced MRI. AJR Am ] Roentgenol.
2009;192(5):1232-1238. doi: 10.2214/ajr.07.3400.

32. Davies AM, Hughes DE, Grimer R]. Intramedullary
and extramedullary fat globules on magnetic resonance
imaging as a diagnostic sign for osteomyelitis. Eur
Radiol. 2005;15(10):2194-2199. doi: 10.1007/s00330-
005-2771-4.

33. Hui CL, Naidoo P. Extramedullary fat fluid level on
MRI as a specific sign for osteomyelitis. Australas
Radiol. 2003;47(4):443-446. doi: 10.1046/j.1440-
1673.2003.01217 x.

34. Browne LP, Mason EO, Kaplan SL, et al. Optimal imaging
strategy for community-acquired Staphylococcus
aureus musculoskeletal infections in children. Pediatr

Information about the authors

Radiol. 2008;38(8):841-847. doi: 10.1007/s00247-008-
0888-8.

35. Agarwal A, Aggarwal AN. Bone and Joint Infections in
Children: Acute Hematogenous Osteomyelitis. Indian
J Pediatr. 2015;83(8):817-824. doi: 10.1007/s12098-015-
1806-3.

36. 3aBagoBckasa B.[l., IlonkoBHukoBa C.A., Macnukos
B.M. u fp. Bo3MO>XXHOCTU yIbTPa3ByKOBOTO MCCIENO-
BaHMs B JUATHOCTVKE OCTPOTO eMATOTeHHOTO MeTa-
anU@U3apHOro ocTeoMMenuTa y gereit // MepunuH-
ckas Busyanmsanua. — 2013. - Ne 5. - C. 121-129.
[Zavadovskaya VD, Polkovnikova SA, Maslikov VM,
et al. Vozmozhnosti ul'trazvukovogo issledovaniya
v diagnostike ostrogo gematogennogo metaepifizarnogo
osteomielita u detey. Meditsinskaya vizualizatsiya.
2013;(5):121-129. (In Russ.)]

37. Mapouxo H.B., ITeikos M.J., JKnma H.I. Ynbrpassyko-
Basg CEMUOTUKA OCTPOrO reMaTOreHHOTO OCTeOMMENNTa
y meteit // YnbTpasBykoBasA u QYHKIMOHATbHAA [ya-
rHoctuka. — 2006. — Ne 4, — C. 55-66. [Marochko NV,
Pykov MI, Zhila NG. Ul'trazvukovaya semiotika ostrogo
gematogennogo osteomielita u detey. Ul'trazvukovaya
i funktsional’naya diagnostika. 2006;(4):55-66. (In
Russ.)]

38. Mensuynu M.JU., Kornybaes P.C., Adyxos I.B.,
U 1p. MecTo peHTTeHONOINYIeCKOTro U YIbTPasByKOBO-
rO VCCIEOBAHNUII B AMArHOCTMKE OCTPOTO reMaToreH-
HOT'O OCTEOMMENINTA Y JieTell paHHero Bodpacra // Asb-
MaHaX Mojofol Haykm. — 2014. — Ne 3. — C. 34-39.
[Mel’'tsin II, Kotlubaev RS, Afukov IV, et al. Mesto
rentgenologicheskogo i ul'trazvukovogo issledovaniy
v diagnostike ostrogo gematogennogo osteomielita
u detey rannego vozrasta. Al'manakh molodoy nauki.
2014;(3):34-39. (In Russ.)]

Dmitry S. Labuzov — MD, PhD, assistant professor of
the chair of Surgery. Smolensk State Medical University.
E-mail: docyzzz@list.ru.

Anna B. Salopenkova — MD, pediatric surgeon. Smolensk
Regional Clinical Hospital.

Yaroslav N. Proshchenko — MD, PhD, research associate
of the department of trauma effects and rheumatoid
arthritis. The Turner Scientific and Research Institute for
Children’s Orthopedics. E-mail: yar-2011@list.ru.

Omutpuit Cepreesny J/Iaby3oB — KkaHZ. Mef. HayK, HO-
neHT Kadenpsl perckoit xupyprun, PTBOY BO «Cwmo-
JIEHCKUII TOCYHApCTBEHHBIN MEeJUIMHCKUI YHUBEPCUTET»
Munszgpasa Poccyn. E-mail: docyzzz@list.ru.

Anna bopucosna CamoneHkoBa — Bpay JIeTCKUIT XUPYPT,
OTI'BY3 CMmoneHckas obnacTHas KIMHUYECKass OOIbHUIA.

Apocnas Huxomaesuu IIpomenko — XaHJ. MeJl. Hayk,
CTAapLINil HAay4YHbIl COTPYAHUK OT[ENEHMUs IOCIEeNCTBUI
TpaBM 1 peBMmaroupgHoro aprpura OI'BY «HUION
uM. VL. Typuepa» Munsppasa Poccym. E-mail: yar-2011@list.ru.

B Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 5.

Issue 2. 2017



