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Abstract. Unilateral osteoarthritis of the knee can be treated by osteotomy. In case of postoperative infection
after high tibial osteotomy, treatment can be challenging and often requires implant removal with the risk of loss

of reduction.

In the presented case, a 47-year old patient suffered postoperative infection after high tibial osteotomy using
an angular stable plate with the need for multiple revision surgeries and anti-infective therapy. Implant exchange
to a silver-coated angular plate led to infection control with undisturbed wound healing and further bone con-
solidation. Full bone consolidation could be achieved radiographically 12 months after the last revision surgery.
One-step implant exchange using silver-coated implants could be a promising approach to address postoperative

infections after high tibial osteotomy.

1 Background

Unilateral osteoarthritis of the knee is a common pathology
which can be treated either non-operatively with analgesics,
intra-articular injections, or orthoses or by operative proce-
dures including cartilage repair, osteotomies, or unicondylar
endoprostheses (Burchard et al., 2018). In case of a defor-
mity around the knee joint with pathological bony angles,
osteotomies are the first choice of treatment. High tibial os-
teotomy (HTO) is an option for surgical therapy of a varus
deformity. Since the evolution of internal plate fixators, open-
wedge procedures with angular stable plate fixation have be-
come a state-of-the-art fixation for HTO (Burchard et al.,
2018).

With an incidence of up to 3 %—5 %, postoperative infec-
tions after HTO are rare but still a burden for patients and
surgeons (Anagnostakos et al., 2013; Jia et al., 2023; Han et
al., 2019). Several options exist to treat an implant-associated
infection. Besides surgical debridement and implant reten-
tion with consecutive antibiotic drug application, implant ex-

change or even conservative treatment are possible alterna-
tives (Anagnostakos et al., 2013).

Early postoperative infections at a stage when the os-
teotomy has not consolidated yet carry the risk of loss of
reduction in the case of removal of the plate (Alt, 2017).
Therefore, implant removal can result in a destabilized leg
axis after open-wedge osteotomy and should be accompanied
by additional fixation methods. In many cases, external fixa-
tion is applied. However, complete consolidation of an open-
wedge HTO can need 12 to 18 months (Alt, 2017). Although
a two-step procedure with a secondary to internal fixation af-
ter recovery from the infection is possible, there is still a risk
of a recurring implant-associated infection (surgical site in-
fection — SSI). For this reason, implants with antimicrobial
activities would be useful. Silver-coated implants were de-
veloped to reduce the perioperative infection risk (Zajonz et
al., 2017). So far, these implants have been used in peripros-
thetic joint infections and with an intramedullary nail for a
fracture-related infection (Fiore et al., 2021; Alt, 2022). To
the best of the authors’ knowledge, no case of a silver-coated
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plate for the treatment of an implant-associated infection af-
ter a HTO has been reported.

2 Case report

A 47-year old male patient (no comorbidities, no former knee
surgery, healthy vascular status) suffering from medial go-
narthrosis combined with a pathological varus alignment and
a corresponding medial tibial head angle of 84° was treated
by HTO using an internal plate fixator (Activmotion S®, Size
2, Newclip GmbH, Augsburg, Germany). The procedure was
performed by a board-certified senior surgeon under single-
shot antibiotic protection by 1.5 g cefuroxime. Postoperative
alignment met Fujisawa’s point, and primary wound healing
was given (Fig. 1a). The patient was instructed to maintain
a 20kg weight-bearing limit for 4 weeks. After a painless
interval and irritation-free wound conditions, the patient pre-
sented with wound secretion and pain in the knee in post-
operative week 7. C-reactive protein (CRP) was highly el-
evated with 19.5mgdL~" (reference <0.5mgdL~"). Due
to the relatively short time of only 7 weeks after the initial
procedure, a surgical revision procedure with implant reten-
tion and with antiseptic lavage (Serasept®, Serag-91, Wiess-
ner GmbH, Naila, Germany) and for soft-tissue conditioning
vacuum-assisted closure was performed. In addition, intra-
venous anti-infective therapy was started with ampicillin and
sulbactame 3 g three times daily. Bacterial culture revealed
the presence of multi-sensitive Staphylococcus aureus. Af-
ter two surgical revision operations, wound closure was es-
tablished and the patient left the hospital with oral antibiotic
therapy with amoxicillin/clavulanic acid 875/125 mg and Ri-
fampicin 450 mg, each two times daily for 6 weeks. Another
20kg weight-bearing limit for 4 weeks was recommended.
Two weeks later the infection recurred. Again, surgical re-
vision with vacuum assistance was performed. Further op-
tions including external fixation or off-label use of a newly
developed silver-coated plate (Loqtec® antibacterial 3.5, aap
Implantate AG, Berlin, Germany), which have not been of-
ficially Conformité Européenne (CE)-marked yet, were dis-
cussed. After informed consent, implantation of the silver-
coated implant was chosen as a therapeutic approach, and
the existing internal fixator was removed and exchanged by
the silver-coated plate (Fig. 1b). After implant exchange the
surgical wound healed uneventfully and the patient could
be discharged to rehabilitation on postoperative day 6. Anti-
infective therapy was again with amoxicillin/clavulanic acid
and Rifampicin orally as used after the first revision surgery
and for a period of 6 more weeks. A 20kg weight-bearing
limit was recommended for an additional 4 weeks. Labo-
ratory infection parameters had returned to normal values.
One year later, the osteotomy had healed completely, and the
painless and satisfied patient returned to have HTO of his
other leg (Fig. 1c).
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Figure 1. Anterior—posterior (a—p) radiograph on postoperative
day 2 after primary osteotomy and osteosynthesis by a plate fixa-
tor (a), radiograph on postoperative day 2 after implant exchange
and osteosynthesis by a silver-coated plate fixator (b), and radio-
graph 1 year after revision surgery with complete healing of the
osteotomy (c). Additionally, lateral views were shown in the same
order as the (a—p) ones (d-f).

3 Discussion

The presented case demonstrated a rare but severe com-
plication after HTO. If implants are involved in infections,
biofilms often develop after a few weeks (Donlan and Coster-
ton, 2002). In these cases, one-step exchange of the implant
entails the risk of an early recurrence of the biofilm (Pinto
et al., 2020). Therefore, in the presented case, a silver-coated
implant was chosen, and a favorable clinical result could be
achieved.

Silver-coated implants were developed to prevent infec-
tion but not for treatment yet (Kuehl et al., 2016). Never-
theless, in this case, due to the recurrent SSI and the lack
of suitable alternatives for the patient, it was decided to use
the silver-coated plate systems, which are currently still un-
der development, for off-label curative use. The off-label use
was discussed in detail with the patient in advance, and the
company was asked to provide the silver-coated implant.

However, there are several risks associated with the use of
silver-coated implants, particularly the possible negative ef-
fect of silver on bone healing. The risk—benefit analysis was
ultimately interpreted in favor of the implant use, also regard-
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ing experimental in vivo studies (Arens et al., 2020). How-
ever, in the case of implant-associated infection after HTO
and a still unstable osteotomy after removal of the implant,
this approach could be considered as an option.

Considering the positive findings in this singular case re-
port, we eagerly await whether an ongoing observer-blinded
randomized prospective study will demonstrate similarly
beneficial results supporting general and broader use of this
kind of silver-coated implant (Schoder et al., 2022).

Data availability. Data are available upon request to the corre-
sponding author.

Author contributions. RB performed the conceptualization of
the presented case report. RB and JAG performed the methodology
and visualization, wrote the original draft, and prepared the editing
of the reviewed manuscript.

Competing interests. The contact author has declared that nei-
ther of the authors has any competing interests.

Ethical statement. Written informed consent for this case report
was obtained from the patient.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Review statement. This paper was edited by Volker Alt and re-
viewed by two anonymous referees.

References

Alt, V.: Antimicrobial coated implants in trauma and orthopaedics-
A clinical review and risk-benefit analysis, Injury, 48, 599-607,
https://doi.org/10.1016/j.injury.2016.12.011, 2017.

Alt, V.: Treatment of an infected nonunion with additional fresh
fracture of the femur with a silver-coated intramedullary
nail: A case report, Trauma Case Rep., 39, 100641,
https://doi.org/10.1016/j.tcr.2022.100641, 2022.

https://doi.org/10.5194/jbji-9-117-2024

Anagnostakos, K., Mosser, P., and Kohn, D.: Infections after high
tibial osteotomy, Knee Surg. Sports Traumatol. Arthrosc., 21,
161-169, https://doi.org/10.1007/s00167-012-2084-5, 2013.

Arens, D., Zeiter, S., Nehrbass, D., Ranjan, N., Paulin, T., and
Alt, V.: Antimicrobial silver-coating for locking plates shows
uneventful osteotomy healing and good biocompatibility re-
sults of an experimental study in rabbits, Injury, 51, 830-839,
https://doi.org/10.1016/j.injury.2020.02.115, 2020.

Burchard, R., Katerla, D., Hammer, M., Pahlkoétter, A., Soost, C.,
Dietrich, G., Ohrndorf, A., Richter, W., Lengsfeld, M., Christ,
H. J., Graw, J. A., and Fritzen, C. P.: Intramedullary nailing
in opening wedge high tibial osteotomy-in vitro test for val-
idation of a method of fixation, Int. Orthop., 42, 1835-1843,
https://doi.org/10.1007/s00264-018-3790-5, 2018.

Donlan, R. M. and Costerton, J. W.: Biofilms: survival mechanisms
of clinically relevant microorganisms, Clin. Microbiol. Rev., 15,
167-193, https://doi.org/10.1128/cmr.15.2.167-193.2002, 2002.

Fiore, M., Sambri, A., Zucchini, R., Giannini, C., Donati, D. M.,
and De Paolis, M.: Silver-coated megaprosthesis in prevention
and treatment of peri-prosthetic infections: a systematic review
and meta-analysis about efficacy and toxicity in primary and re-
vision surgery, Eur. J. Orthop. Surg. Traumatol., 31, 201-220,
https://doi.org/10.1007/s00590-020-02779-z, 2021.

Han, S. B., In, Y., Oh, K. J, Song, K. Y, Yun, S. T,
and Jang, K. M.: Complications Associated With Medial
Opening-Wedge High Tibial Osteotomy Using a Locking
Plate: A Multicenter Study, J. Arthroplasty, 34, 439-445,
https://doi.org/10.1016/j.arth.2018.11.009, 2019.

Jia, G.,, Sun, C., Xie, J., Li, J, Liu, S., Dong, W., and
Yu, X.: Incidence and risk factors for surgical site infec-
tion after medial opening-wedge high tibial osteotomy us-
ing a locking T-shape plate, Int. Wound J., 20, 2563-2570,
https://doi.org/10.1111/iwj.14124, 2023.

Kuehl, R., Brunetto, P. S., Woischnig, A. K., Varisco, M., Ra-
jacic, Z., Vosbeck, J., Terracciano, L., Fromm, K. M., and
Khanna, N.: Preventing Implant-Associated Infections by Sil-
ver Coating, Antimicrob Agents Chemother, 60, 2467-2475,
https://doi.org/10.1128/aac.02934-15, 2016.

Pinto, R. M., Soares, F. A., Reis, S., Nunes, C., and Van Di-
jck, P.: Innovative Strategies Toward the Disassembly of the
EPS Matrix in Bacterial Biofilms, Front. Microbiol., 11, 952,
https://doi.org/10.3389/fmicb.2020.00952, 2020.

Schoder, S., Lafuente, M., and Alt, V.: Silver-coated versus un-
coated locking plates in subjects with fractures of the distal tibia:
a randomized, subject and observer-blinded, multi-center non-
inferiority study, Trials, 23, 968, https://doi.org/10.1186/513063-
022-06919-0, 2022.

Zajonz, D., Birke, U., Ghanem, M., Prietzel, T., Josten, C., Roth,
A., and Fakler, J. K. M.: Silver-coated modular Megaendopros-
theses in salvage revision arthroplasty after periimplant infection
with extensive bone loss — a pilot study of 34 patients, BMC
Musculoskelet. Disord., 18, 383, https://doi.org/10.1186/512891-
017-1742-7, 2017.

J. Bone Joint Infect., 9, 117-119, 2024



https://doi.org/10.1016/j.injury.2016.12.011
https://doi.org/10.1016/j.tcr.2022.100641
https://doi.org/10.1007/s00167-012-2084-5
https://doi.org/10.1016/j.injury.2020.02.115
https://doi.org/10.1007/s00264-018-3790-5
https://doi.org/10.1128/cmr.15.2.167-193.2002
https://doi.org/10.1007/s00590-020-02779-z
https://doi.org/10.1016/j.arth.2018.11.009
https://doi.org/10.1111/iwj.14124
https://doi.org/10.1128/aac.02934-15
https://doi.org/10.3389/fmicb.2020.00952
https://doi.org/10.1186/s13063-022-06919-0
https://doi.org/10.1186/s13063-022-06919-0
https://doi.org/10.1186/s12891-017-1742-7
https://doi.org/10.1186/s12891-017-1742-7

	Abstract
	Background
	Case report
	Discussion
	Data availability
	Author contributions
	Competing interests
	Ethical statement
	Disclaimer
	Review statement
	References

