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Salvage of a Comminuted Proximal Tibial Polymicrobial
Infected Non-Union with Antibiotic Loaded Bio-Composite
and Intramedullary Nailing: A Case Report

Ciaran Stanley, Robert Woods, Mohammed Hassan, Niall McInerney, Gerard Sheridan

University Hospital Galway, Galway, Ireland

Abstract

Background. Management of open proximal metaphyseal fractures poses a significant challenge and is fraught with
complications. These injuries are severe, often accompanied by extensive soft tissue and vascular damage, leading to high
risks of infection and long-term disability.

Case presentation. A 72-year-old male was severely injured in a road traffic accident. Plain X-rays and CT angiogram
identified a comminuted proximal tibial fracture with transection of the popliteal artery and vein. Initial emergency
treatment included fasciotomies, external fixation, and vascular primary repair. On the 12™ day of admission, the patient
underwent open reduction and internal fixation (ORIF) with dual plate fixation using a two incision technique. A plastic
surgeon performed skin grafting, harvested from the patient’s thigh, to allow closure of his fasciotomy wounds immediately
following ORIF. Four weeks post-operatively, the patient developed a wound breakdown over the lateral fasciotomy site,
exposing the metal plates with a small defect developing on the medial fasciotomy wound in tandem. The patient’s course
was further complicated by persistent polymicrobial infections. Over 6 months of antibiotic regimes, operative intervention
was ultimately required. All of the infected metal implants were removed, the non-union sites were aggressively debrided.
The tibial canal was reamed to prepare for a tibial nailing. An antibiotic loaded bio-composite was then inserted through the
non-union sites into the canal followed by an intramedullary nail. A blocking screw was used to address the procurvatum
deformity in the sagittal plane. The patient currently shows signs of recovery, mobilizing over short distances, weight-
bearing with assistive aids and with healing wounds and early signs of callus formation on recent CT scans and plain
X-rays.

Conclusions. The management of complex tibial fractures with vascular involvement demands an aggressive
multidisciplinary approach and continuous adaptability in treatment plans to address the evolving challenges of such
severe injuries. This case exemplifies the utility of injectable antibiotic-loaded bio-composites in a limb-salvage setting
and their ability to provide high doses of local antibiotics to an infection site which, in conjunction with appropriate
stable fixation and systemic antibiotics, can aid in eradicating and treating fracture-related infections.
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JleueHue MHPULMPOBAHHOIO HECPOCLLEroCsl 0CKOIbYaTOro nepenoma
NPOKCUMManbHOro oTaena 6onbwebepLoBoit KOCTU METOAOM
UHTpaMeayNNspHOro OCTeOCUHTE3a B COMETaHUU

¢ 6MOKOMNO3UTOM, UMNPErHUPOBAHHBIM aHTUOUOTUKOM:
KIMHUYECKUIM Cny4van

K. Crannu, P. Byac, M. Xaccan, H. MakMHepHu, [Ik. llepuman
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Pedepar

AKmyansHocmp. JleueHe OTKPBITHIX TIEPETIOMOB ITPOKCUMAIBHOrO MeTasnubusa 60/blie6epioBoii KOCTY COMPOBOXKIA-
eTCsl CJIOKHOCTSIMM UM UpeBaTO OCIOKHEHMUSIMU. DTU TsDKesible TPaBMbl YACTO COUETAIOTCSl ¢ OBGIIMPHBIM MOBPEKIeHNEM
MSITKMX TKaHell U COCyI0B, UTO MPUBOLUT K BICOKOMY PUCKY MH(DEKIMM U SOATOCPOIHO MHBATUAU3ALIN.

Onucanue KJAUHUYECKO20 HAOM00eHUs. B pesynbTaTe NOPOXKHO-TPAHCIIOPTHOTO MPOUCIIECTBUS 72-T€THUI MYyKUMHA
TIOJTyY M TsiKesble TpaBMbl. O630pHast peHTreHorpamMma 1 KT-aHrumorpaMma BhISIBMIM OCKOJIbUATbIN IIepeioM IPOKCU-
MaJIbHOTO OTAesa 60oblIe6epIioBoii KOCTU C MOBPEXIEHMEM ITOIKOIEHHON apTepuy U BeHbI. [lepBUUHOE HEOTIOKHOE
JleueHe BKIOYI0 GaciMoTOMUIO, BHELIHIOW (MKCalyIo M BOCCTAHOBIeHKe COCynoB roieHu. Ha 12-it meHb rocnuta-
JIV3alUY TAlMEeHTy ObUIM BBITIOMHEHBI OTKPBITAs perno3uuusi u BHyTpeHHssT dukcanus (ORIF) mepenoma Gosnbliebep-
LI0BO# KOCTH IBYMSI IUIaCTMHAMMU. Il 3aKpBITHSI paHbl rojieHy nocie ¢paciuoToMum O6blia BbITIOTHEHA Iepecajika KoK
¢ 6enpa. Uepes ueThbIpe HeHeN! MOCIe OMepalui y MalKeHTa MPou30III0 PACXOXKAeHNe KPAaeB paH roJIeHU HaJ, MECTOM
dacumoToMmii: MO JIaTepanbHO CTOpPOHE — C OOHAaKEHMEM METAUIMUECKO! TIACTUHBI; MO0 MeIUaabHON CTOpPOHE —
¢ He6ombIIUM NedeKToM MITKMX TKaHell. TeueHue 3a6GoieBaHUS y MalMeHTa yCYTyGUIOCh MEPCUCTUPYIOLIEH MoMu-
MMKPOOHOI nHpexuneii. HeapdhekTMBHOCTh KOHCEPBATUBHOTO aHTMOAKTEPUATBHOTO JIEUEeHMsI B TeueHue 6osiee 6 Mec.
B KOHEYHOM MTOTe IpuBeja K XMPypPruuyecKoMy BMeIIaTenbCTBY. Bce nHGMLIMPOBaHHbIE MeTa/UIMUeCKe UMILIaHTaThl
ObUTM YAAJIEHbI, HECPOCUIMECS YYACTKU KOCTel GbLIM oumiieHbl. KOCTHOMO3TOBOI KaHal 60/bine6epIioBOii KOCTH ObLT
paccBepiieH [Jisl YCTAaHOBKYM MHTPaMey/IIPHOTO CTEPsKHS. Yepes yuacTKM KOCTHBIX AedeKTOB B 06JIaCTY HeCpalleHus
60/1b111e6epII0BOI1 KOCTU B KaHas ObLT BBeeH 6MOKOMIIO3UT C aHTMOMOTUKOM, 3aTeM YCTaHOBJIEH MHTpaMeLy/ IS pHbIit
CTepyKeHb. [l ycTpaHeHNsI aHTEKYPBAIMOHHOI AedopManyy 60/biie6epoBoit KOCTH GbLT MCTIONb30BaH OTKIOHSIIOIINIA
BMHT. B HacTosiee BpeMs y Mal[MeHTa HabMI0Aat0TCsl TPU3HAKK BbI3TOPOBIIEHNMS, OH MOXET IIePeJBUTaThCst Ha KOPOTKIME
PacCCTOSIHMS, TAKKE Y HETO HAOTIONAeTCs 3aKMBJIEHNE PaH Y BU3YaIU3UPYIOTCS paHHME MPU3HAKM 06pa30BaHMs MO30IU
Ha KT-ckaHax ¥ peHTTeHOrpaMMax.

3akntoueHue. JleueHue CJIOXKHBIX TIEPETIOMOB GOJbIIIEGEPIIOBOIT KOCTH C BOB/IEUEHMEM COCYIOB TPEGYET arpecCMBHOTO MEK-
JUCIUIIMHAPHOTO MOAXO0AA U MOCTOSIHHOM aJjanTalyy MIaHOB JIEUeHMs AJIs1 PelIeHMsI MEHSIOLIVXCST TPOGIeM MPYU TaKUX
TSDKEJIBIX TPaBMaX. JTOT CIy4Yail WITIOCTPUPYET MONE3HOCTh MPUMEHEHUS! MHBEKIVOHHBIX GMOKOMIIO3UTOB C aHTUOMO-
TUKaMM TIPU CIIACEHMM KOHEYHOCTU. VX CITOCOGHOCTb 06eCreunBaTh BHICOKME JIOKATbHBIE 103bl aHTUOMOTUKOB B MECTe
MHGbEKIMM B COUeTaHMUM CO CTaOMIbHOI uKcalmeit u CUCTEMHBIMM aHTUOMOTUKAMM IIOMOTA€eT JOCTUYD yCIIexa Mpu Jieue-
HMUM MHDEeKIMIA, CBSI3aHHBIX C IIePeIOMOM.

KimroueBble C/IOBa: OCKOJIbUATHIN Iepejiom 60J1bme6epu0130171 KOCTH, I/[HCl)eKI.lI/[OHHbIe OCJIO’)KHEHMS TiepesioMa, MHTpa-
Me]lyf[f[ﬂprIVI OCTEeOCHHTE3S, MMHperHI/IpOBaHHbIﬁ AHTUOMOTUKOM 6MOKOMITO3UT.

IOnsa outupoBanusi: Ctanmu K., Bync P., Xaccan M., Makuepun H., lllepuman [Ik. JleueHne MHGUIIMPOBAHHOTO
HEeCpPOCIIerocsi OCKOJbUATOTO IMepesoMa MPOKCUMMATbHOTO OTAenaa 60o/biie6epiioBoii KOCTM METOIOM MHTpaMemy/i-
JIIPHOTO OCTEOCHHTE3a B COUETAHUM C 6MOKOMITO3UTOM, UMITPETHUPOBAHHBIM aHTUOVOTUKOM : KIIMHUUECKUIT CITyJaii.
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INTRODUCTION

Management of tibial fractures, particularly open
proximal metaphyseal fractures pose a significant
challenge and are fraught with complications [1, 2, 3].
These injuries are severe, often accompanied by
extensive soft tissue and vascular damage, leading
to high risks of infection and long-term disability
[4, 5, 6, 7, 8]. This report illustrates the critical need
for immediate and effective management strategies
and discusses the subsequent challenges of infection
control and chronic wound management.

CASE PRESENTATION

A 72-year-old male was severely injured in a road
traffic accident, whereby his leg was trapped between
a moving car and stationary vehicle. Plain X-rays and
CT angiogram identified a comminuted proximal
tibial fracture with transection of the popliteal
artery and vein (Figure 1). He presented with severe
hypotension, delayed capillary refill, and an absence
of pedal pulses. Initial emergency treatment included
fasciotomies, external fixation, and vascular primary
repair conducted on the day of admission. Initially

Figure 1. X-rays in the AP and lateral views of the right
knee displaying proximal tibial fracture upon admission

an external fixator was applied to give stability
(Figure 2, 3). The patient was then turned prone and
the popliteal artery was repaired primarily following
a posterior approach. The patient’s post-operative
period in the Intensive Care Unit (ICU) was complicated
by an acute kidney injury due to rhabdomyolysis,
his creatinine kinase at the time was 34.617 U/L
(reference range 39-308). His rhabdomyolysis was
managed by the ICU team with fluid resuscitation and
diuretics, he did not require dialysis.

On the 12t day of admission the patient underwent
open reduction and internal fixation (ORIF) with
dual plate fixation using a two incision technique
(Figure 4). After discussion at the multidisciplinary
team meating, ORIF was favoured over external
fixation as it was deemed that external fixation would
not provide adequate ability to reduce the fracture
fragments. In addition, the patient already had
large fasciotomy wounds and so the advantage of a
percutaneous frame had been lost. A plastic surgeon
performed skin grafting, harvested from the patient’s
thigh, to allow closure of his fasciotomy wounds
immediately following ORIF.

n

Figure 2. Three-dimensional reconstruction of images
from CT angiogram demonstrating interrupted flow
of the right popliteal artery

Figure 3. Right lower limb post-fasciotomies
and application of external fixator on the day of initial

surgery
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Figure 4. Departmental X-rays 14 days after fixation with
dual medial and anterolateral plate.

Interfragmentary one-third tubular plates with unicortical
screws had been used to aid reduction

Four weeks post-operatively the patient
developed a wound breakdown over the lateral
fasciotomy site, exposing the metal plates with a
small defect developing on the medial fasciotomy
wound in tandem (Figure 5). Due to the reliance on
the plate fixation to stabilise the fracture and protect
the vascular anastomosis, a decision was made to
leave the plates in situ but aggressive debridement
and washout was performed as has been described in
existing literature in an attempt to salvage the leg
[9, 10, 11]. As a result, the wound was managed
initially with VAC Veraflo therapy.

Diagnostic assessments throughout the treatment
were guided by imaging studies and microbial
cultures, which were essential for monitoring the
progression and effectiveness of the treatment
interventions. The patient’s course was further
complicated by persistent infections with various

organisms cultured from deep tissue sites, including
Enterococcus Faecalis, Staphylococcus Haemolyticus
and Candida Parapsilosis. In light of the severity
of his injuries, poor soft tissue coverage and
polymicrobial infection of metal work, amputation
was considered by a number of orthopedic surgeons,
vascular surgeons and infectious disease colleagues.
A decision was made in conjunction with the patient
to attempt a final salvage procedure.

Over 6 months of antibiotic regimes, which
at various timepoints included 6 antibiotics
(cefuroxime, pip-tazobactam, linezolid, meropenem
and cetazidine) and an antifungal (fluconazole)
as guided by our infectious disease specialists,
operative intervention was ultimately required. In
considering further operative interventions it was
felt a circular external fixator would be ideal given
the fracture configuration and history of infection.
The patient was not deemed a suitable candidate for
frame fixation as it was felt with their poor mobility
baseline and early dementia they would struggle to
cope. The possibility of needing a frame for anything
within 3-6 months was not acceptable to the patient
given the numerous of onerous interventions they
had already been through.

Three months following the injury it was
determined that the diaphyseal component had no
significant union or callus. The patient underwent
removal of all of the infected metal. Extensive
purulence was noted in the medullary cavity
throughout the metaphysis. The non-union sites
were aggressively debrided to bleeding healthy
bone (Figure 6). The tibial canal was then reamed
to prepare for a tibial nail using an infrapatellar
approach so as to avoid inoculating the knee joint
with infected debris. An injectable antibiotic loaded
bio-composite (Cerament V and G — containing
vancomycin and gentamicin) were then inserted
through the non-union sites into the canal followed
by an intramedullary nail (Figure 7). A blocking screw

Figure 5. Intra-operative images of lateral fasciotomy wound breakdown (left) and defect in medial fasciotomy
graft (right) with visible metal in both wounds
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was used to address the procurvatum deformity in
the sagittal plane. A medial gastrocnemius flap and
skin grafting was then performed by plastic surgeons.
Samples from this surgery grew methiillin resistant
Staphylococcus  Aureus (MRSA), Pseudomonas
Aeruginosa, Candida Parapsilosis, Enterococcus
Faecium and Staphylococcus Haemolyticus. Of these
samples the dominant growths were Pseudomonas
(sensitive to Gentamincin), Candida (sensitive to
fluconazole) and MRSA (sensitive to linezolid).
Post-operative antimicrobial treatment included
ceftazidime, linezolid, ciprofloxacin and fluconazole.

After a period of three months, the patient’s
antibiotics have been discontinued, however he
remains on Fluconazole for at least another 6 months.
Despite these challenges, the patient currently shows
signs of recovery, mobilizing over short distances,
weight-bearing with assistive aids and with healing
wounds and early signs of callus formation on recent
CT scans and plain X-rays (Figure 8, 9, 10). His
inflammatory markers have improved significantly
with a latest C-reactive protein of 14.7 from 250 mg
previously (reference range 0-5) and normal white
cell and neutrophils count.

Figure 6. Intra-operative images demonstrating infected
non-union sites at 3 months

Figure 8. Plain X-rays 3 months after removal of dual plate
fixation with insertion of cerement V and intramedullary
nail showing satisfactory alignment and early callus
formation

Figure 7. Plain X-rays after removal of dual plate
fixation. Cerament V was inserted into canal and then
intramedullary tibial nail was inserted

Figure 9. Wound healing with vacuum therapy
and split-thickness skin graft subsequently over
granulation tissue
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Figure 10. Sagittal, coronal and axial CT images
displaying callus formation at fracture site at 3 months
post-operatively

DISCUSSION

The complexity of this case required a coordinated
approach across multiple specialties, including
orthopedics, plastic surgery, vascular surgery, and
infectious diseases. The initial rapid management of
the vascular injuries was crucial in preventing acute
limb loss, while subsequent aggressive and adaptable
infection management strategies were pivotal in limb
salvage [7, 12, 13, 14, 15]. In the emergency setting,
prompt treatment to provide relative stability to allow
vascular repair of the patien’s vessels was the priority.
Following this, decisions regarding definitive fixation
and how best to achieve this had to be considered.
Ultimately the main options available were circular
frame fixator (which the patient was not agreeable
to), intramedullary nailing (which was likely to be
difficult in the setting of multiple proximal diaphyseal
fragments) and open osteosynthesis. As this patient
had fasciotomy wounds still open at this point, a

decision for open osteosynthesis through these
wounds was made since a plastic surgery was available
to achieve definitive closure.

In terms of the revision fixation, consideration
was again given to circular frame fixation, however
the patient was not a good candidate and was not
agreeable, and to whether removal of metalwork was
required. Ultimately, as the wounds were breaking
down over the metalwork, a decision not to retain them
was felt to be the best option in terms of eradicating
infection and allowing fracture union.

The injectable bio-composite used in this case
was Cerament V and G. This is a useful adjunct in
the treatment of fracture-related infection [16], bone
voids [17] and osteomyelitis [18]. Cerament is a bio-
composite of 40% hydroxyapatite and 60% calcium
sulfate. The producers state this composition allows
the mixture to absorb at a similar rate to new bone
formation and the osteoconductive properties allow
bone to integrate into the solution as it absorbs
[19]. While this has potential advantages, it also has
practical disadvantages. In particular injecting the
solution then inserting the nail may allow the solution
through the screw holes in the nail and make removal
difficult.

This case contributes to the existing literature
by underlining the necessity of aggressive and
multidisciplinary management in severe orthopedic
injuries, especially in elderly patients who present
additional care challenges due to frailty and
comorbidities.

The patient expressed gratitude for the limb-
saving measures and was happy with the decision not
to undergo external fixation.

CONCLUSIONS

The management of complex tibial fractures with
vascular involvement demands an aggressive
multidisciplinary  approach and continuous
adaptability in treatment plans to address the
evolving challenges of such severe injuries. This
case exemplifies the utility of Cerament, or other
injectable antibiotic loaded bio-composites, in a
limb-salvage setting such as this and its ability to
provide high doses of local antibiotics to an infection
site which, in conjunction with appropriate stable
fixation and systemic antibiotics where appropriate,
can aid in eradicating and treating fracture-related
infections.
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