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Introduction

The estimated rate of surgical site infections (SSI) in clean
veterinary orthopaedic procedures ranges from 1.3 to
21.3%.1,2 Osteomyelitis and/or septic arthritis are common
sequalae to implant-associated infections,3 with septic ar-
thritis in dogs commonly associated with previous articular
surgery.4 Implant-associated infections remain challenging
to treat due to the formation of a bacterial biofilm that
adheres to the surface of an implant. Bacteria in a biofilm
may be up to 1,000 times more resistant to antimicrobials
than planktonic bacteria.5 Therefore, preventing and treating
SSI remains a major challenge. The use of local antibiotic
medication therapy, either prophylactic or therapeutic, is an
area of increasing interest in veterinary medicine.6,7 Poten-
tial advantages of local antibiotic medication delivery in-
clude increased antibiotic concentration at the surgical site,
increased penetration of biofilms, combined with reduced

systemic absorption and therefore reduced systemic toxici-
ty.8 The delivery of local antibiotic-impregnated therapy in
veterinary patients has been reported using antibiotic-im-
pregnated cements, calcium sulfate beads, hydrogels, and
sponges.7–11

Pancarpal arthrodesis (PCA) is a salvage procedure in
dogs used to treat carpal hyperextension, fractures, luxa-
tions, congenital deformities, neurogenic injury, and severe
osteoarthritis.12,13 PCA is considered a clean, elective, or-
thopaedic procedure. Placement of metallic implants into a
potentially contaminated environment is likely to increase
the risk of infection and the necessity of future implant
removal.14 The purpose of this case report is to describe the
successful short- and long-term outcome of a PCA using
antibiotic-impregnated–impregnated calcium sulfate (AICS)
beads, detailing the surgical technique used for manage-
ment of a destructive septic carpal arthritis and osteomye-
litis in a dog.

Keywords

► local antibiotic
medication therapy

► bioabsorbable beads
► arthrodesis
► septic arthritis
► infection

Abstract A 6-year-old Lurcher dog was referred for evaluation and treatment of a septic carpal
arthritis, associated osteomyelitis of the radius and radial carpal bone and antebra-
chiocarpal luxation following a previous articular surgery 14 weeks prior to presenta-
tion. A staged approached was elected and following removal of the original implants,
a pancarpal arthrodesis was performed using autologous bone graft and gentamicin-
impregnated bioabsorbable calcium sulfate beads. At 12 weeks postoperatively,
lameness had resolved on the operated limb and complete joint fusion was confirmed
on radiographic evaluation. The purpose of this case report is to describe the successful
short- and long-term outcome of a pancarpal arthrodesis using antibiotic medication–
impregnated calcium sulfate beads, providing details about the surgical technique
used for management of a destructive septic arthritis and osteomyelitis.
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Case Report

A 6-year-old, 29-kg, male neutered Lurcher was referred for
treatment of a septic bacterial arthritis of the left carpus
following a previous articular surgical procedure. Fourteen
weeks prior to presentation, the dog underwent surgical
stabilization of a left antebrachiocarpal joint luxation and
comminuted distal ulnar fracture using two temporary
radiocarpal transarticular cross-pins and two ulnar K-wires.
A splinted bandage was applied postoperatively and was
planned to be maintained for 6 weeks. However, implant
migration and partial exposure occurred 12 days postopera-
tively. The exposed implants were removed and cephalexin
(25mg/kg, every 12hours, orally) was prescribed. Clinical
improvement was initially noted, but the dog developed a
fistulous tract and deterioration in lameness 10 days later.
Radiocarpal joint arthrocentesis and bacterial culture iden-
tified a multidrug-resistant Proteus sp. and Staphylococcus
sp. While the Staphylococcus sp. was sensitive to cephalexin,
the Proteus sp. was resistant. Both were sensitive to enro-
floxacin and therefore enrofloxacin (5mg/kg, every 24 hours,
orally) was prescribed with initial clinical improvement.
Following completion of the 14-day course, a fistulous tract
recurred on the dorsal aspect of the carpus and the dog’s
lameness deteriorated, prompting referral of the case.

On presentation, the dog was non-weight-bearing on the
left forelimb, with a discharging sinus on the dorsal aspect of
the carpus and a large radiocarpal joint effusion. Orthogonal
radiographs of the left carpus revealed dorsopalmar luxation
of the antebrachiocarpal joint, a heterogenous and lytic
appearance of the distal radius, severe lysis of the cranio-
dorsal aspect of the radial carpal bone, and increased articu-
lar and periarticular soft-tissue opacity of the left carpus. The
remaining implants were migrated but not exposed. Arthro-
centesis of the radiocarpal joint was performed for synovial
fluid cytology examination and bacterial culture. Cytology
examination revealed a predominantly neutrophilic cell
population, supportive of septic arthritis, but bacterial cul-
ture was negative. Remaining implants were removed, and
the joint was irrigated using 500mL of sterile saline via
ingress and egress needles. PCA was advised as a salvage
procedure and the owners were counseled regarding in-

creased risk of infection. Enrofloxacin was continued until
the time of revision surgery 3 weeks later. Weekly clinical
assessments confirmed a progressive reduction of the artic-
ular–periarticular swelling, but persistent non-weight-bear-
ing lameness.

At the time of surgery, the skin had healed over the
previous fistulous tract. The dog was positioned in dorsal
recumbency following aseptic preparation of the limb. The
affected limb was pulled caudally with the shoulder flexed
and the elbow extended. A standard dorsal approach to the
distal radius, carpus, and metacarpi was performed. Marked
thickeningof the joint capsulewaspresent. Debridement and
resection of the abnormal tissue and synovectomy were
performed. The necrotic bone and the articular cartilage of
the antebrachiocarpal, middle carpal, and carpometacarpal
joints were removed via pneumatic burr, bone rongeurs, and
curettage. A sample of cartilage and joint capsule were
submitted for bacterial culture. A 1.5-mm drill bit was
used for osteostixis of the radius, carpal, and metacarpal
bones. A 3.5-/2.7-mm hybrid pancarpal dynamic compres-
sion plate (Veterinary Instrumentation, Sheffield, UK) was
contoured to provide 15 degrees of extension and was
temporarily applied using the central, most proximal and
most distal screws. All the remaining screw holes were
predrilled and then the plate was removed. AICS beads
were aseptically prepared according to the manufacturer’s
instructions (Kerrier, Palm Beach Gardens, FL, United States),
mixing 4mL of gentamicin (20mg/mL) with 15 g of pow-
dered calcium sulfate to form a paste. The paste was spread
into the provided bead mold mat for 3-mm-diameter beads
and allowed to set for 20minutes (►Fig. 1). Autogenous
cancellous bone graft harvested from the greater tubercle
of the left humerus wasmixedwith the AICS beads, acting as
a graft extender, and packed into all joint spaces. The plate
and screws were applied again, without interfragmentary
compression. Further AICS beads were distributed around
the plate (►Fig. 2). The fascia and subcutaneous layers were
closed using 3–0 poliglecaprone; however, due to the
amount of AICS beads and autograft used, closure of the
skin was not possible without tension. Multiple tension-
relieving skin incisions parallel to the surgical wound en-
abled primary closure of the wound with minimal tension.

Fig. 1 (A,B) Intraoperative preparation of the gentamicin-impregnated calcium sulfate bead kit (Kerrier). (C) Mixing with autologous bone graft.
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Orthogonal radiographs revealed appropriate alignment of
the distal limb and implant positioning. The AICS beads were
visible in the joint spaces and surrounding the implants. A
modified, three-layer, Robert Jones dressing was placed to
limit postoperative swelling and protect the tension-relieving
incisions. A sterile, absorbent foam dressing (Allevyn, Smith &
Nephew) was used as the primary layer, providing a moist
environment to favor healing. The dog was discharged 2 days
after surgery with enrofloxacin (5mg/kg oral every 24hours
for 10days), tranexamic acid (10mg/kgoral every8hours for 7
days), and paracetamol (10mg/kg oral every 8hours for 10
days). The dressing was changed daily for the first 2 days, and
then every 3 days until healing of the releasing incisions was

observed at 15 days. No clinical signs of infection were
observed at suture removal 3 weeks postsurgery. Bacterial
culture of cartilage and joint capsule taken at surgery were
negative. Strict exercise restriction was advised for 12 weeks.

Orthopaedic examination at 6 and 12 weeks revealed a
continual improvement in lameness, with only a minimal
mechanical gait abnormality present by 12 weeks. No pain
was elicited on palpation of the implants and swelling had
markedly reduced.

Radiographs performed at 6 weeks revealed maintained
alignment of the limb and implant positioning. The AICS
beads were no longer visible, and signs of early joint fusion
were present (►Figs. 3 and 4). By 12 weeks, radiographic

Fig. 2 (A) Intraoperative view of the dorsal aspect of the carpus following debridement and synovectomy. (B) Following application of the 3.5-/2.7-mm
hybrid pancarpal plate (Veterinary instrumentation) andpackingof the joint spaceswithbonegraft andgentamicin-impregnatedbeads. (C) Dorsal aspect of
the carpus demonstrating the tension-relieving incisions parallel to the surgical wound, 2 days postoperatively and (D) 15 days postoperatively.

Fig. 3 Serial mediolateral of the affected carpus prepancarpal arthrodesis and immediate, 6 weeks, 12 weeks, and 28 months postoperatively
and following implant removal. The calcium sulfate beads are evident in the immediate postoperative radiographs and are radiographically
absent by 6 weeks. Advanced joint fusion is observed by 12 weeks postoperatively.
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joint fusion was observed and no implant-related complica-
tions were identified. A gradual return to normal exercise
was advised. Elective implant removal was advised but
declined by the owner.

Twenty-eight months after the PCA, the dog presented to
the primary care practice for evaluation of a small skin
vesicle on the dorsal aspect of the distal left carpus. No
lameness was noted although soft-tissue swelling was pal-
pable over the implants. Radiographs did not identify any
implant-related concerns; however, due to the palpable soft-
tissue swelling and skin vesicle, implant removalwas elected.
Bacterial culture of deep peri-implant tissue was negative.
The surgical wound healed uneventfully, and no lameness
was noted 15 days postoperatively. Examination and radio-
graphic follow-up at 7 weeks confirmed the absence of
lameness and there was no pain on palpation of the limb.
Radiographs confirmed progressive healing of the bony
defects left by removal of the screws, and no further abnor-
malities were noted (►Figs. 3 and 4).

Telephone follow-up with the owner 2 years postsurgery
confirmed that the dog remained free of lameness and there
were not any further complications or signs of recurrent
infection.

Discussion

Septic arthritis is most commonly caused by direct introduc-
tion of bacteria into a joint, such as via articular surgery.4,15

Diagnosis of septic bacterial arthritis is made when analysis
of the affected joint fluid or synovial membrane reveals an
elevated cell count of greater than 3�109 cells/mL with
neutrophils making up greater than 40% and/or a positive
bacterial culture.4 Staphylococcus species are the most com-
monly isolated bacteria in implant-associated infections and

septic arthritis in human and veterinary patients.4,8,16 Septic
arthritis may be treatedwith an extended antibiotic-impreg-
nated course, ideally based on culture and sensitivity results,
sometimes combined with surgical joint irrigation or drain-
age.15 In our case, septic arthritis was associated with
osteomyelitis of the distal radius and radial carpal bone,
likely secondary to the primary surgical intervention. Oste-
omyelitis can be challenging to treat due to presence of
implant-associated bacterial biofilms and impaired vascular
supply, meaning that the efficacy of systemic antibiotic-
impregnateds can be reduced.8 In our case, it is possible
that an extended antibiotic-impregnated course may have
resolved the septic arthritis and osteomyelitis following
removal of the original implants; however, carpal instability
persisted, and further surgical intervention was required.

Reported suspected or confirmed SSI rates for PCA are
between 17.6 and 66.7%,12,13,17,18 which is considerably
higher than SSI rates reported for other veterinary ortho-
paedic procedures.2 Performing a PCA in the presence of
septic arthritis and osteomyelitis posed a significant chal-
lenge. Local antibiotic-impregnated therapy was chosen as
an adjunctive treatment to allow increased therapeutic
concentrations of the drug at the infected site, while mini-
mizing systemic toxicity.8 Choosing the appropriate antibi-
otic-impregnated for local therapy should ideally be guided
by culture and sensitivity results.6,8 In this case, a multi-
resistant Proteus sp. and Staphylococcus sp. were cultured
prior to removal of the initial implants, and systemic enro-
floxacin was administered based on these results. Subse-
quent bacterial cultures of joint fluid, joint capsule, and
cartilage were negative. Positive bacterial cultures are only
obtained in approximately half of septic arthritis cases.4,19

The dog had been receiving continued systemic antimicro-
bials, which likely contributed to subsequent negative

Fig. 4 Serial dorsopalmar radiographs of the affected carpus prepancarpal arthrodesis and immediate, 6 weeks, 12 weeks, and 28 months
postoperatively and following implant removal. The calcium sulfate beads are evident in the immediate postoperative radiographs and are
radiographically absent by 6 weeks. Advanced joint fusion is observed by 12 weeks postoperatively.
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cultures. Enrofloxacin would have been the preferred choice
for the AICS beads based on the initial culture; however, the
manufacturer stated this antibiotic-impregnated was not
compatible with the preparation kit. In our case, gentamicin
was not a tested antibiotic-impregnated in the original
culture, yet it was chosen based on the broad spectrum of
activity against both gram-positive and gram-negative bac-
teria20 and compatibility with the AICS kit. Due to subse-
quent negative cultures, the antimicrobial benefit of the AICS
in this case remains uncertain. However, riskof infection and
surgical failure was considered too high and the use of AICS
beads was elected for either prophylactic or therapeutic
purposes.

Numerousmethods of local antibiotic-impregnated deliv-
ery havebeen reported.8AICS beadswere chosen due to their
bioabsorbable nature and were radiographically absent by
6weeks. AICS beads have been used as an effective treatment
for chronic osteomyelitis in humans,21 and have recently
been reported in veterinary patients.6,11 Calcium sulfate has
been reported as an effective bone graft substitute and as an
expander when combined with autogenous bone graft.22,23

Calcium sulfate is osteoconductive, providing a scaffold for
new bone formation and a supportive environment for the
ingrowth of new blood vessels and osteogenic cells.24 A
recent human case series has reported successful arthrodesis
using AICS beads, hydroxyapatite, and autograft to manage
infected bone defects.25 Autogenous bone graft is considered
the “gold standard” for enhancing new bone formation via
osteogenesis, osteoconduction, and osteoinduction.26 How-
ever, its use after surgical debridement of osteomyelitis may
be questioned, due to enhanced resorption in infected and
inflammatory environments.27 A combination of autograft
and AICS beads was chosen in this case for sustained antibi-
otic-impregnated release and to enhance osteogenesis as a
graft expander.

Due to the bulk of the implants and AICS beads, primary
closure of the surgical wound was not possible without
tension. Multiple parallel skin incisions were utilized as a
tension-relieving technique. This technique is reported in
extremity limb trauma in humans, known as pressure re-
ducing skin pie-crusting (PRSPC), documenting a significant
reduction in the tension required for wound closure and a
decreased risk of superficial skin necrosis.28,29 Wound clo-
sure with excess tension may compromise blood supply,
leading to a higher risk of wound healing complications,
skin necrosis, and SSI. Suggested reasons for thehigher riskof
SSI in PCA include limited soft-tissue coverage, difficult
wound closure, and therefore an increased risk of wound
dehiscence.12 PRSPC was used in this case to enable wound
closure and allow drainage of edema from the limb. The
surgical wound and relieving incisions healed without com-
plications in 15 days.

Although this is a single case report, it highlights the
successful use of AICS beads for treating septic arthritis and
osteomyelitis in a revision arthrodesis surgery. Successful
joint fusion occurred, suggesting that AICS beads can be
beneficial both as a graft expander and to provide sustained
antimicrobial release. Further research is needed to deter-

mine the efficacy of AICS beads in a larger series of cases, but
this report demonstrates that their use may improve treat-
ment of septic complications in veterinary orthopaedics.
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