
Introduction
The	term	osteomyelitis,	which	literally	means	

inflammation	 of	 bone,	 including	 the	 marrow	
and	 cortex	 (Anderson,	 2016),	 is	most	 commonly	
applied	 to	 bacterial	 or	 fungal	 infections	 of	 bone	
(Budesberg,	 2012;	 Lio	 et al.,	 2012;	 May,	 2002;	
Quinn	et al.;	2011,	Schulz,	2007).	

Acute	 	 osteomyelitis	 is	 rare	 and	 generally	
does	 not	 show	 detectable	 radiographic	 changes	
until	5	to	10	days	after	bone	inoculation.	Chronic	
osteomyelitis	 is	 seen	 as	 a	 complication	 from	
orthopedic	 surgery.	 Osteomyelitis	 can	 mimic	
other	 diseases	 such	 as	 panosteitis,	 hypertrophic	
osteodystrophy,	 and	 neoplasia	 and	 should	
be	 differentiated	 from	 these	 (Callum,	 2006).	
Osteomyelitis	 associated	 with	 fracture	 has	 been	

described	in	dogs	(Johnson	et al.,	1984;	Woodard	
and	 Riser,	 1991).	 Posttraumatic	 osteomyelitis	
is	 one	 of	 the	 most	 serious	 complications	 after	
fracture	treatment	(Soontonvipart	et al.,	2003).

In	 general,	 osteomyelitis	 develops	 focally	 as	
a	 sequela	 to	 penetrating	 trauma	or	 as	 a	 surgical	
complication	(Rabillard	et al.,	2011).	Osteomyelitis	
may	 be	 either	 exogenous	 or	 hematogenous	 in	
origin	 (Budesberg,	 2012;	 Emmerson	 and	 Pead,	
1999;	 Jackson	 and	 Pacchiana,	 2004;	 Siqueira	 et 
al.,	2014;	Soontornvipart	et al.,	2003).	Usually	the	
exogenous	 route	 occurs	 during	 open	 reduction	
of	a	closed	fracture	or	is	associated	with	an	open	
fracture	 (Braden,	 1991;	 Jackson	 and	 Pacchiana,	
2004).	In	these	cases,	the	bacterial	contamination	
is	 the	most	 prevalent	 cause	 of	 osteomyelitis	 and	
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more	 commonly	 associated	 with	 Staphylococcus 
species	 (Budesberg,	 2012;	 Caywood,	 1983;	
Piermattei	 et al.;	 2006,	 Simionato	 et al.,	 2003;	
Siqueira	et al.,	2014;	Soontornvipart	et al.,	2003).

Imaging	 methods	 (radiography,	 computed	
tomography,	 fistulography,	 and	 ultrasonography)	
have	 been	 used	 to	 detect	 signs	 of	 bone	 damage	
caused	 by	 osteomyelitis	 (Braden,	 1991,	 Buttin	
et al.,	 2013,	 	 Caywood,	 1983,	 Fossum	and	Hulse,	
1992,	Siqueira	et al.,	2014).	Dvorak	et al.	 (2000)	
shows	 that	 about	 30%	 of	 40%	 of	 the	 patients	
who	 had	 complications	 after	 osteosynthesis	 had	
abnormal	 radiological	 bone	 healing	 without	 any	
abnormal	clinical	signs.

The	 definitive	 diagnosis	 and	 the	 treatment	
of	 post-traumatic	 osteomyelitis	 is	 based	 on	 the	
microbiological	cultures	and	in	vitro	antimicrobial	
susceptibility	 testing	 (Caywood,	 1983;	 Braden,	
1991;	Jackson	and	Pacchiana,	2004;	Bubenik,	2005;	
Schulz,	2007;	Simionato	et al.,	2003;	Siqueira	et al.,	
2014).	Specimens	for	culture	should	be	obtained	
by	 needle	 aspiration	 or	 bone	 biopsy	 rather	 than	
tract	drainage	(Fossum	and	Hulse,	1992;	Jackson	
and	 Pacchiana,	 2004;	 Piermattei	 et al.,	 2006;	
Schulz,	2007).

Shirtliff	 et al.	 (2002),	 Soontonvipart	 et al.	
(2003)	and	Stein	et al.	(1998)	find	that	at		the	pa-
tients	 at	 high	 risk	 of	 osteomyelitis	 development	
or	 in	 the	 patients	where	 the	 infection	 is	 already	
present,	 it	 is	 important	to	know	hospital-specific	
pathogens	to	select	adequate	complementary	an-
tibiotics.	 	This	emphasizes	the	need	of	epidemio-
logic	studies,	specific	for	each	clinic.

The	 aim	 of	 this	 study	 was	 the	 retrospective	
evaluation	 of	 the	 role	 of	 surgical	 procedures,	
foreign	body	reaction	and	the	effectiveness	of	local	
antimicrobial	 therapy	 in	dogs	with	osteomyelitis	
secondary	 to	 fractures	 registered	 in	 the	 Surgery	
Clinic	 of	 the	 Faculty	 of	 Veterinary	 Medicine	
fromTimisoara	during	2016-2020.	

Materials and methods   
Were	 analyzed	 retrospectively	 the	 medical	

records	of	the	Surgery	Clinic	of	Banat’s	University	
of	Agricultural	Sciences	and	Veterinary	Medicine,	
Timisoara,	Romania	between	2016	and	may	2020	
to	 identify	 dogs	 that	 had	 osteomyelitis	 in	 long	
bones.

The	analysis	was	based	on	the	diagnostic	re-
cords	of	individual	dogs	with	bone	pathology.	The	
criteria	 for	 including	 the	dogs	 in	 the	 study	were	

based	 on	 preoperative	 clinical	 and	 radiographic	
examinations,	 as	 well	 as	 on	 microbiological	 cul-
tures	and	antimicrobial	susceptibility	testing	that	
confirmed	the	diagnosis	of	osteomyelitis	second-
ary	to	fractures.

The	microbiological	cultures	and	antimicro-
bial	 susceptibility	 testing	 were	 done	 in	 the	
Laboratory	 of	 the	 Infectious	 Diseases	 Clinic	
of	 Banat’s	 University	 of	 Agricultural	 Sciences	
and	 Veterinary	 Medicine,	 Timisoara,	 Romania.	
Culture	material	was	obtained	from	bone	biopsy	
specimens,	needle	aspiration	of	the	fracture	site	
or	bone	implants.

Data	recorded	and	analyzed	 for	each	patient	
included:	breed,	age,	body	weight,	sex,	affected	bone	
segment,	 causes	of	 the	 injury	 (fracture),	 fracture	
types	(open,	closed),	the	isolated	microorganisms,	
antimicrobial	susceptibility	profiles,	systemic	and/
or	 local	 antibiotic	prophylaxis	 and	postoperative	
therapy,	 applied	 therapeutic	 management	 (inci-
sion,	 drainage,	 surgical	 debridement,	 type	 of	
surgical	 fracture	 fixation	chosen	(open	reduction	
and	 internal	 fixation	–	ORIF	with	 intramedullary	
pin	 or	 plate,	 or	 liniar	 external	 fixator	 -	 FEL),	 or	
limb	amputation,	and	fracture	healing	time.

Results and discussions   
Total	 	number	of	dogs	admitted	 to	our	clinic	

during	2016	-	2020	was	7271.	Out	of	this	number,	
329	dogs	(0.45%)	represented	cases	with	fractures	
treated	surgically	by	osteosynthesis.	Injuries	were	
caused	 in	 64%	 of	 the	 cases	 by	 a	 motor	 vehicle	
accident,	 and	 in	 18%	of	 cases	 (four	 patients)	 by	
dog	bites.	In	eleven	cases	(3.34%)	was	confirmed	
the	 diagnosis	 of	 osteomyelitis	 secondary	 to	
fractures	repairs,	from	which	3	dogs	were	initially	
treated	in	our	clinic	(27%)	and	8	dogs	in	another	
clinic	 (73%).	 	 Exogenous	 osteomyelitis	 was	 the	
result	of	postoperative	infection	of	open	fractures	
(7/64%)	or	closed	fractures	(4/36%).	 	Fractures	
were	 located	 in	 the	 femur	 (2/18%),	 humerus	
(2/18%),	 tibia	 (5/46%),	 and	 radius	 and	 ulna	
(2/18%).	Fracture	fixation	was	initially	done	with	
intramedullary	 pins	 (3/27%),	 plates	 (4/39%),	
and	FEL	(4/39%).

Radiographs	showed	signs	of	multiple	areas	of	
trabecular	osteolysis	of	the	long	bones	(osteolytic	
remodeling),	 the	 osteolysis	 around	 the	 screws,	
and	 heterogenous	 radiodensity	 of	 the	medullary	
cavity	along	the	bone	diaphysis	(Figure	1).		
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The	intraoperative	findings	showed	in	all	cas-
es	nonunion,	purulent	material	or	foreign	bodies,	
and	fistulas	(Figure	2).

Eleven	 microbiological	 cultures	 from	 canine	
osteomyelitis	were	evaluated	in	the	present	study.	
From	 the	 total	 number	 of	 samples,	 82%	 were	
cultured	 for	 aerobes	 versus	 4%	 anaerobes,	 and	
4%	were	cultured	for	both	anaerobes	and	aerobes.	
The	 most	 common	 microorganisms	 isolated	
from	 aerobic	 cultures	were	 one	 of	 the	 following	

bacteria:	 Staphylococcus	 spp.,	 Streptoccocus	 spp.,	
and	Escherichia coli	(82%),	followed	by	anaerobes	
cultures	 with	 Bacteroides spp.	 (4%)	 and	 both	
anaerobes	and	aerobes	cultures	with	Escherichia 
coli	+	beta-hemolytic	Staphylococcus	+	Bacteroides 
(4%).	

The	most	effective	drugs	against	isolated	bac-
teria	were	amoxicillin	and	clavulanate	potassium	
(79%)	followed	by	ceftriaxone	(71%).	High-resist-

a b c

Figure 1.	Radiograph	of	osteomyelitis-fracture	treated	with	plate:	femur	
(a),	tibia	-	mediolateral	view	(b)	and	ventrodorsal	view	(c)

a b c

Figure 2.	Intraoperative	images	of	fracture	with	osteomyelitis	after	plate	removal:	femur	
(a	and	b),	tibia	(c)
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ance	rates	were	documented	for	penicillin	(55%),	
and	clindamycin	(45%).

There	is	no	standard	protocol	for	systemic	and	
local	antibiotic	therapy	that	can	be	applied	to	every	
case,	 taking	 into	 account	 that	 antibiotic	 should	
always	 be	 tailored	 to	 antibiotic	 susceptibility	
of	 isolated	 bacteria	 for	 appropriate	 treatment.	
For	 the	329	 cases	of	 dogs	with	 fractures	 treated	
surgically	 by	 osteosynthesis,	 antibiotic	 pro-
phylaxis	 was	 performed	 with	 amoxicillin	 and	
potassium	 clavulanate	 (223/68%),	 with	 ceftri-
axone	 (59/18%)	 or	 with	 ampicillin-sulbactam	
(47/14%).	For	achieving	high	local	antimicrobials	
concentration,	 intraoperatively	 we	 injected	 into	
the	 fracture	 site	 a	 single	 dose	 of	 lincomycin	 (30	
mg/kg).

After	specifying	the	diagnosis	of	osteomyelitis	
in	all	11	registered	cases,	was	performed	removal	
of	the	metal	implants	(pins,	plate	or	FEL)	followed	
by	 surgical	 revision	 of	 the	 fracture	 fixation.	 The	
surgical	 revision	 consisted	of	wide	debridement,	
curretage	of	devitalized	tissues,	removal	of	foreign	
bodies	 and	 osseous	 sequestration,	 reduction	 of	
fracture	or	alignment	of	brocken	ends	of	the	bone	
with	 the	application	of	a	 loocking-plate	with	4-6	
screws	 (9/82%)	 in	 a	 bridging	 fashion	 or	 in	 a	

combined	 intramedullary	 pin	 and	 loocking-plate	
fixation	(1/0.9%)	(Figure	3).

In	 one	 case	 with	 chronic	 osteomyelitis	 with	
extensive	suppurative	and	osteonecrotic	lesions	of	
the	 radius	and	ulna,	 amputation	of	 the	 limb	was	
needed.

Antibiotic	 treatment	 after	 surgical	 revision	
of	 the	 fracture	 fixation	 consisted	 of	 injection	
of	 ampicillin-sulbactam	 for	 7	 days	 (30	 mg/kg	
IV	 TID)	 and	 continued	 for	 4-6	 weeks	 by	 oral	
administration	(Unasyn,	50	mg/kg	BID)	in	5	cases	
(46%),	ceftriaxone	(25	mg/kg	IV	BID)	 for	7	days	
and	 continued	 for	 2-3	weeks	 once	daily	with	 IM	
administration	 in	 3	 cases	 (27%),	 and	 injectable	
administration	 of	 ampicillin-sulbactam	 (30	 mg/
kg	 IV	 TID)	 +	 metronidazole	 (20	 mg/kg	 IV	 BID)	
for	 7	 days	 and	 continued	 for	 4-6	 weeks	 by	 oral	
administration	(Unasyn,	50	mg/kg	BID)	in	2	cases	
(18%).

All	10	cases	undergoing	surgical	revision	were	
cured	10-17	weeks	after	the	revision	surgery	and	
12-44	weeks	after	the	initial	orthopedic	treatment.

We	 report	 an	 incidence	 rate	 of	 3.34%	 of	
cases	 with	 osteomyelitis	 secondary	 to	 fractures	
repairs,	to	our	knowledge	there	are	no	published	
veterinary	clinical	studies	showing	the	frequency	

a b

Figure 3. Surgical	revision	of	the	fixation	of	fracture-osteomyelitis:		a	loocking-plate	with	5	screws	in	a	
bridging	fashion,	tibia	-	ventrodorsal	and	mediolateral	views,	radiographs	made	at	17	weeks	after	surgery	
(a);	intramedullary	pin	and	loocking-plate	fixation,	femur	-	ventrodorsal	view,	radiographs	made	at	4	

weeks	after	surgery	(b)
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of	 osteomyelitis	 after	 fracture	 treatment.	 In	
human	medicine	in	the	United	States	of	America,	
the	 infection	 rate	 is	 5	 –	 15%	 in	 fracture	 fixation	
devices	(Metsemakers	et al.	2018).

In	 veterinary	 literature	 the	 most	 frequently	
reported	fractured	bones	were	the	tibia	(43.33%	
-	 69.23%	 of	 long	 bone	 fractures),	 followed	
by	 the	 femur	 (26.67%),	 the	 radius	 and	 ulna	
(18.33%	 -	 63.63%)	 and	 the	 humerus	 (11.67%)	
(Soontonvipart	et al.,	 2003,	Dvorak	et al.,	 2000).	
In	our	study	we	 found	some	variance	of	 fracture	
location,	 femur	being	 involved	 less	often,	only	 in	
18%,	and	the	humerus	more	frequently,	in	a	18%,	
but	the	frequency	of	tibial	fractures	is	in	agreement	
with	 those	 found	 in	 the	 literature	 (46%).	 This	
appears	due	to	less	dense	muscle	covering	the	bone	
at	 these	 sites,	 it	was	 found	 that	 infection	 always	
occurred	in	the	tibia	and	the	radius	(Braden,	1991,	
Carek	et al.,	 2001,	Caywood,	1983,	Dvorak	et al.,	
2000,	Johnson,	1994,	Soontonvipart	et al.,	2003).	

In	 this	 study	 the	majority	 of	 injuries	 (64%)	
were	 caused	 by	 a	 motor	 vehicle	 accident	 and	 a	
lower	 percentage	 by	 dog	 bites	 (18%),	 that’s	 in	
according	 to	 a	 	 study	 published	 by	 Siqueira	 et 
al.	 (2014),	 which	 reported	 in	 78%	 of	 the	 cases	
injuries	caused	by	a	motor	vehicle	accident,	17%	
by	dog	bites	and	5%	by	ascending	infection	due	to	
pododermatitis. 

All	 11	 of	 our	 cases	presented	 exogenous	os-
teomyelitis,	 the	 result	 of	 postoperative	 infection	
associated	with	 open	 fractures	 (64%),	 or	 closed	
fractures	(36%).	Similar	data	were	reported	 b y	
Siqueira	et al.	(2014),	but	after	Kaim	et al.	(2001),	
incidence	 of	 osteomyelitis	 following	 open	 frac-
tures	 are	 2-16%	 depending	 significantly	 on	 the	
grade	of	trauma	and	the	type	of	treatment	admin-
istered.

In	general,	a	single	microorganism	was	more	
frequent	 than	 combined	 infections	 in	 exogenous	
forms	 of	 osteomyelitis,	 with	 predominance	 of	
Gram-positive	 bacteria	 (Jackson	 and	 Pacchiana,	
2004).	 In	the	present	study,	 isolation	of	only	one	
microorganism	 was	 observed	 in	 9	 positive	 cul-
tures	(82%),	whereas	2	(18%)	cultures	had	more	
than	one	type	of	bacterium.	The	microorganisms	
most	frequently	isolated	in	this	study	were	Staph-
ylococcus	spp.	and	Streptococcus	spp.	followed	by	
Escherichia coli,	 and	 anaerobic	 bacteria.	 Similar	
studies	have	also	reported	Staphylococcus	 spp	as	
the	most	common	causal	agent	of	osteomyelitis	in	
companion	animals,	although	other	Gram-positive	

organisms	such	as	Streptococcus and	Gram	nega-
tive	bacteria	including	Escherichia coli,	Pseudomo-
nas	 spp.,	Proteus	 spp.,	Pasteurella multocida,	 and	
Klebsiella	 spp.	were	 isolated	 (Fossum	and	Hulse,	
1992;	 Jackson	 and	 Pacchiana,	 2004;	 Johnson	 et 
al.,	1984;	Johnson,	1994;	Muir	and	Johnson,	1992;	
Piermattei	 et al.,	 2006;	 Simionato	 et al.,	 2003).	
Soontonvipart	et al.	 (2003)	 reported	 a	 high	per-
centage	 of	 the	 bacterial	 isolates	 of	Pseudomonas 
aeruginosa,	stems	resistant	to	cephalosporins.

The	most	effective	drugs	against	isolates	were	
amoxicillin-clavulanate	 potassium	 (79%)	 and	
ceftriaxone	(71%).	Siqueira	et al.	(2014),	and	Sen	
and	Kilic	(2012)	report	simillary	dates.	A	study	in	
dogs	with	osteomyelitis	due	to	exposed	bone,	with	
or	 without	 fractures,	 also	 detected	 that	 Gram-
positive	cocci	were	more	sensitive	to	amoxicillin-
clavulanate	potassium	(Simionato	et al.,	2003).

In	the	329	cases	of	dogs	with	fractures	treated	
surgically	 by	 osteosynthesis,	we	used	 the	 antibi-
otic	 prophylaxis	 with	 amoxicillin	 and	 potassium	
clavulanate	 (68%),	 ceftriaxone	 (18%)	 or	 ampi-
cillin-sulbactam	(14%)	and		intraoperatively,	as	a	
local	antibiotic	prophylaxis,	the	injection	into	the	
fracture	site	of	a	single	dose	of	lincomycin.	An	al-
ternative	 for	 local	 application	of	 antibiotic	 is	 the	
use	of	 carriers.	 Zalavras	et al.	 (2004)	use	antibi-
otic-impregnated	 beads	 whenever	 dead	 space	 is	
present	 and	 reoperation	 is	 needed	 (second-look	
debridement,	soft	tissue	coverage,	bone	grafting).	
Specifically,	if	a	bone	and	soft	tissue	defect	is	pres-
ent	after	debridement,	as	in	severe	open	fractures	
and	osteomyelitis,	they	placed	the	beads	in	the	gap	
area.

The	 results	 of	 this	 study	 indicates	 that	 the	
protocol	of	simultaneous	debridement,	reduction	
and	fixation	of	fractures,	with	the	application	of	a	
locking	plate	in	a	bridging	fashion	or	in	a	combined	
intramedullary	pine	with	the	fixing	of	the	locking	
plate	is	a	satisfactory	method.	In	human	medicine	
for	 the	 treatment	 of	 complicated	 mandibular	
fractures	with	 osteomyelitis,	 Koury	 et al.	 (1994)	
reported	similar	data.

The	high	 incidence	 in	 this	study	of	osteomy-
elitis	after	fractures	fixed	with	plates,	rods	or	FEL	
(3.34%)	does	not	show	a	predisposition	for	bone	
infection	 of	 a	 certain	 type	 of	 fracture	 fixation.	
However,	 it	 is	 known	 that	 due	 to	 compression	
force	applied	between	bone	fragments	to	achieve	
the	 primary	 bone	 healing,	 this	 force	may	 create	
the	 necrosis	 of	 bone	 and	 a	 higher	 risk	 of	 infec-
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tion.	So	it	can	be	explained	how	fixation	with	plate	
and	screw	may	contribute	to	high	risk	of	infection	
(Cordero	et al.,	1994).	Additionally,	 the	compres-
sion	dynamic	plate	(DCP)	will	increase	the	stress	
at	 the	 fracture	 site	 and	 it	may	produce	bone	ne-
crosis.	 Because	 of	 lack	 of	 blood	 vessel	 supply	 at	
the	 fracture	 site,	 the	 cryptic	 infection	may	easily	
become	manifest	(Arens	et al.,	1996).		The	use	in	
the	current	study,	in	the	case	of	surgical	revisions	
of	cases	of	fractures	with	osteomyelitis	secondary	
to	osteosynthesis,	of	the	blocking	plates	in	a	non-
contact	assembly	shows	that	the	above	considera-
tions	can	be	largely	removed,	a	fact	also	reported	
by	studies	in	human	medical	journals	(Eijer	et al.,	
2001,	 Schlegel	 and	 Perren,	 2006,	 Yildirim	 et al.,	
2017).

Similar	data	with	our	records	on	the	incidence	
of	 osteomyelitis	 in	 fractures	 treated	 with	 FEL	
(13.5%)	 are	 also	 reported	 by	 Johnson	 and	
Schaeffer	(2008)	and	in	the	fracture	treated	with	
intramedullary	 pins	 in	 the	 reports	 of	 Muir	 and	
Johnson	(1996),	and	Kaya	et al.	(2011).

This	 study	 shows	 high	 rates	 of	 healing	 of	
implant	related	infection	in	long	bones	in	dogs	(out	
of	11	cases,	10	cured)	which	were	possible	because	
new	 advances	 of	 veterinary	 orthopedics	 surgery	
linked	with	metalic	implant	devices	manufacture,	
together	 with	 careful	 debridement	 that	 reduces	
bacterial	 load	 and	 clean	 the	 bacterial	 biofilm,	
microbiological	 cultures,	 in vitro	 antimicrobial	
susceptibility	 testing	 and	 systemic	 antibiotics	
administrations	 were	 effectively	 combined	 into	
the	treatment	strategy.

Conclusion
The	 results	 of	 this	 study	 indicate	 that	 the	

protocol	 of	 simultaneous	 debridement	 with	
implant	 removal,	 reduction,	 and	 rigid	 internal	
fixation	 of	 fracture	 is	 a	 satisfactory	 method	 for	
revision	 surgery	 in	 treatment	 of	 long	 bones	
fractures	complicated	with	osteomyelitis.

Prospective	 studies	 and	 	 follow-up	 of	 larger	
numbers	of	patients	would	be	necessary.
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