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Case report

Three-step sequential management for knee arthroplasty after severe
ballistic injury: Two cases
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a b s t r a c t
Management of knee bone loss after gunshot trauma requires a multidisciplinary approach. Two cases
of knee arthroplasty after devastating ballistic trauma are reported. Treatment comprised several steps:
sampling, bone resection, reinforced cement spacer, latent sepsis control, and prosthetic reconstruction.
The patients showed no neurovascular disorder and had a functioning extensor mechanism. At follow-up
of at least 2 years, results were satisfactory, with return to unaided walking and mean International Knee
Society (IKS) score improved from 18 to 59 points. In light of these observations, knee reconstruction
arthroplasty using a sequential strategy can provide satisfactory functional outcome after severe ballistic
trauma.
© 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

2. Case reports

Treatment strategy for severe ballistic trauma to the knee is not
described in the literature. We have drawn up a management protocol for this situation in which severe joint destruction [1] requires
surgical reconstruction [2].
A 3-step surgical strategy is implemented after the acute phase.
Step I comprises hardware removal and sampling. Step 2 comprises septic surgery, with bone cuts and positioning a reinforced
cement antibiotic-laden spacer, as widely practiced in implant revision surgery [3,4]. Step 3 is arthroplasty, performed after an interval
of time, when infection control has been achieved. Contraindications to arthroplasty comprise neurovascular disorder and extensor
system tear [5]. Risk of sepsis is high [6,7], and requires bacteriological analysis, with at least 6 weeks’ adapted antibiotherapy
before considering implantation. The 3-step strategy was drawn
up due to this major risk of infection. A second bone cut step limits
risk of sepsis at implantation, delayed until samples prove sterile or antibiotherapy adapted to bacteriological ﬁndings has been
initiated.
We report two cases of knee arthroplasty using the above protocol following severely destructive ballistic trauma.

2.1. Patient no. 1

∗ Corresponding author. Centre Albert-Trillat, CHU Lyon Croix-Rousse, hospices
civils de Lyon, 69004 Lyon, France.
E-mail address: sebastien.lustig@chu-lyon.fr (S. Lustig).
http://dx.doi.org/10.1016/j.otsr.2015.08.014
1877-0568/© 2015 Elsevier Masson SAS. All rights reserved.

A 58 year-old man had a hunting accident in 2009 involving
low-energy ballistic trauma [8], with Cauchoix III open fracture of
the distal right femur.
Initial examination found no neurovascular lesions. Emergency lavage and wound care was performed, with osteosynthesis by external ﬁxator; the bone defect was ﬁlled with
cement. Revision surgery was needed for infection at 3 months
(Fig. 1).
Complete assessment was conducted before considering reconstruction surgery: MRI to check extensor system integrity, and
CT-angiography to check the vascular axes. The external ﬁxator was
removed 9 months post-trauma and samples were taken (Step 1).
Step 2 was implemented 6 weeks later, with bone cuts in healthy
tissue (9 cm femoral and 1 cm tibial resection using a dedicated cut
guide) and insertion of a nonreinforced antibiotic-laden cement
spacer. Postoperative course featured thrombopenia induced by
heparin, with superior vena cava and left common femoral vein
thrombosis, which resolved completely. The patient was reoperated at 2 months for fracture of the spacer, which was replaced by
a reinforced model (Fig. 2).
A rotating hinge reconstruction prosthesis (RHK, OSSTM ,
Biomet® ) was ﬁnally implanted in November 2010, with probabilistic antibiotic-laden cement (Step 3: Fig. 3; Table 1).
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Fig. 1. CT scan: complex fracture of femur and tibia, major bone defect, cement
spacer.

At 5 years’ follow-up, the patient could walk without canes, with
2 cm compensation for lower-limb length discrepancy. Range of
motion was 0–0–100◦ . International Knee Society (IKS) score was
74.
2.2. Patient no. 2
A 62 year-old male sustained a hunting accident in 2012, with
Cauchoix III open fracture of the proximal left tibia.

Fig. 2. a, b: AP and lateral X-ray: reinforced cement spacer to maintain limb length.

Initial work-up found no sensorimotor or vascular disorder.
Emergency management comprised lavage and wound care, with
osteosynthesis by external ﬁxator and 4 screws. Negative pressure
therapy was initiated due to loss of cutaneous substance on the
posteromedial exit side (Fig. 4).
Bone cover was achieved by medial gastrocnemius muscle
transfer.

Fig. 3. a, b: AP and lateral whole-knee X-ray in maximal ﬂexion at 5-year follow-up.
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Table 1
Patient no. 1, samples and antibiotherapy.

Aug. 18, 2009: trauma
Sept. 1, 2009: effusion
on pins
Feb. 1, 2010: external
ﬁxator ablation
March 1, 2010: septic
surgery

May 1, 2010: revision
for spacer fracture
Nov. 26, 2010:
reimplantation

Samples

Antibiotherapy

Escherichia coli

Ceftriaxone gentamicin
Ceftriaxone oﬂoxacin

Sterile
Staphylococcus
epidermidis,
Staphylococcus
warneri, Bacillus spp
Sterile

Ceftriaxone teicoplanin
oﬂoxacin vancomycin
fosfomycin rocephin
Teicoplanin
Teicoplanin

Sterile after
therapeutic
window

Teicoplanin then cessation

Imaging assessment on CT and MRI found extensor system
continuity despite anterior tibial tuberosity fracture, and no neurovascular lesions (Fig. 5).
Reconstruction was initiated at 6 months, with external ﬁxator
removal, excision of bone sequester, and sampling (Step 1). Step 2
comprised of septic bone cut in the proximal extremity of the tibia
and insertion of an antibiotic-laden reinforced cement spacer, conserving the extensor system by raising the tibial tuberosity (Fig. 6).
The patient developed jugular and left subclavian vein thrombosis,
which resolved completely under anticoagulation therapy.
Arthroplasty using a rotating hinge reconstruction prosthesis
(RHK, OSSTM , Biomet® ) was performed in 2013, with 3 cm resection
of the distal femur (Step 3). Table 2 shows bacteriology ﬁndings and
antibiotherapy. Postoperative course was simple. At 24 months’
follow-up, the patient could walk without canes, with 3 cm compensation. Range of motion was 0–0–35. IKS score was 44 (Fig. 7).

Fig. 5. MRI: extensor mechanism continuity.

3. Discussion
The main objective of total knee replacement in ballistic trauma
is to restore function. Bone loss secondary to the trauma and
septic resection indicates multi-step surgery with constrained
implants [9]. Results with these prostheses are generally good
[10], with recovery of unaided walking and complete extension.

Fig. 6. a, b: X-rays with cement spacer.

Table 2
Patient no. 2, samples and antibiotherapy.

Dec. 15, 2012: trauma
May 27, 2013: external
ﬁxator ablation
June 17, 2013: septic
surgery
Sept. 9, 2013:
reimplantation

Fig. 4. a, b: preoperative X-rays.

Samples

Antibiotherapy

Staphylococcus aureus,
Enterococcus
Sterile after therapeutic
window
Sterile after therapeutic
window
Staphylococcus
epidermidis after
therapeutic window

Ceftriaxone vancomycin
oﬂoxacin
Ceftriaxone vancomycin
Ceftriaxone vancomycin
Vancomycin
sulfamethoxazole
trimethoprim then
daptomycin then linezolid
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Fig. 7. X-rays at FU with rotating hinge prosthesis.

In devastating ballistic trauma, ranges of motion remain less than
with similar ﬁrst-line or revision implants in a nonseptic context
[11].
Management of ballistic trauma should be multidisciplinary.
Medically, sepsis is inevitable and requires teamwork with infectologists. Knee replacement should be performed only after
bacteriologic analysis and effective antibiotherapy of sufﬁcient
duration [12]. Surgically, skill in plastic surgery (negative pressure,
ﬂap, etc.) is mandatory [13]).
Morbidity nevertheless is elevated [10], with serious complications found in both patients. Prolonged antibiotherapy may prove
toxic in such cases, which should be taken into account in primary
decision-making.
In conclusion, total knee replacement in devastating ballistic
trauma can restore satisfactory function despite restricted ﬂexion, but requires multi-step management and entails a high rate
of complications. Multidisciplinary management is essential.
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