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Abstract

Purpose To discuss a static and permanent spacer in the treatment of chronic periprosthetic knee infection. Methods

In this study, patients who were diagonised with chronic periprosthetic knee infection and not appropriate to undergo revision
operations were included and were treated with static and permanent spacers. Infection recurrence rate was recorded, Visual
Analogue Scale (VAS) score and Knee Society Score (KSS) were used to record patients’ pain and knee function before the
operation and at the final follow-up (minimum 24 months).

Results Fifteen patients were identified for this study. Pain and function were significantly improved at the latest follow-up
evaluation. One patient had a recurrent infection and underwent amputation. No patients had signs of residual instability at
the final follow-up evaluation, and no breakage or subsidence of the antibiotic spacer were identified at the final radiographic
follow-up evaluation.

Conclusion Our study provided evidence that the static and permanent spacer was a reliable salvage procedure to treat

periprosthetic knee infection in compromised patients.
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Introduction

Periprosthetic joint infection (PJI), occurring in 1-3% of
patients, is one of the most catastrophic complications fol-
lowing total knee arthroplasty (TKA) [1]. Though there were
many management options, the outcome still remains unsat-
isfactory with reinfection rate was reported to be up to 23%
[2]. Debates have long existed on effective way of managing
failure of septic revision surgery. Knee arthrodesis, com-
monly achieved by external fixation, compression plating,
or intramedullary nailing, etc., reserved as a limb salvage
strategy for PJI, has shown to be a viable option [3, 4]. Previ-
ous studies [5—-8] have reported a non-union rate of 7-70%,
0-50%, and 0-26% in patients underwent knee arthrodesis
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by external fixation, compression plating, and intramedul-
lary nailing, respectively. The mean limb-length discrepancy
in patients underwent knee arthrodesis by external fixation
or intramedullary nailing was revealed to be approximately
3.2-4.5cm.

Temporary antibiotic-loaded cement spacer, tradition-
ally used as an interim method in two-stage revision, has
advantages in both infection eradication and joint mobiliza-
tion retention. Recently, it was reported that it could also be
retained and functioned as a permanent solution for PJI with
adequate satisfactory rate [9, 10]. Choi et al. [10] described
series of patients who did not receive reimplantation by
unplanned retention of spacer and were followed up more
than 43.8 months, all show no evidence of recurrent infec-
tion, and one of seven failed due to spacer loosening. We
hypothesized if a static spacer could be used in complex
cases as modular and permanent intramedullary nailing,
once it was strengthened. In this study, we presented a new
technique using static spacers for knee arthrodesis that not
only delivered high-dose local antibiotic, but also provided
stability of the knee. Our goal was to determine if such tech-
nique would eradicate infection and improve postoperative
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pain and knee function as effective as it was reported in the
literature.

Materials and methods

We retrospectively reviewed one hundred and three patients
who underwent treatment for infected TKA [11] from Sep-
tember 2019 to July 2020 at our institution. The study was
approved by the Ethics Committee of our hospital. Fifteen
patients (9 females [60%] and 6 males [40%]) who under-
went static spacer implantation were identified and included
in this study. All patients were followed with minimum of
24 months (range, 24-34 months). No patients were lost
to follow-up. The mean age of the patients at the time of
index surgery was 79.5+14.6 years (range, 75-83 years).
All the patients had one or more co-morbidities. Ten patients
(66.7%) had arterial hypertension, nine patients (60%) had
diabetes, eight patients (53.3%) had rheumatoid arthritis,
seven patients (46.7%) had coronary artery disease, seven
patients (46.7%) had cardiac insufficiency, and five patients
(33.3%) had kidney diseases. Twelve patients (80%) had
sinus tract. The diagnosis of PJI was based on the Musculo-
skeletal Infection Society and the Infectious Diseases Soci-
ety criteria [11, 12]. The inclusion criteria were patients with
one or more of the following conditions: refusing repeated
debridement, severe bone loss, extensor mechanism defi-
ciency, too fragile to undergo multiple surgeries, at high risk
of recurrent infection.

According to McPherson’s classification [13], all patients
identified for this study had infection type II1, all the patients
were systemic host grade C, eleven patients (73.3%) had
local wound grade 2, and four patients (26.7%) had local
wound grade 3. The most common indication for perma-
nent static spacers was compromised patients with severe
bone loss refusing repeated debridements. Each patient had
an average of 2.8 prior procedures (range, 2—6). Joint fluid
and tissue cultures were negative in four patients (26.7%).
The most prevalent organism isolated from infected revi-
sion surgeries were coagulase-negative Staphylococcus (5
patients [33.3%]), followed by methicillin-resistant S. aureus
(3 patients [20%]), and methicillin-sensitive S. aureus (3
patients [20%]). Two patients had extensor mechanism
deficiency. VAS pain score and Knee Society Score were
recorded at preoperation and the most recent follow-up.
Infection control was according to Delphi-based inter-
national multidisciplinary consensus criteria [14]: (a) no
clinical signs of infection, characterized by a healed wound
without sinus tract, drainage, or significant pain; (b) no need
for additional surgeries intervention for infection after spacer
placement; (c) no occurrence of PJI-related mortality; (d)
suppressive treatment of less than 6 months. Stability was
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defined as a clinically stable knee and no radiological sings
of breakage or subsidence of antibiotic spacers.

Surgical technique

The previous incision was used whenever possible. Infected
implants were all removed. Infected tissues were collected
for cultures and microbiological examination, cement, and
bones were meticulously debrided, followed by a complete
synovectomy. The canals were irrigated to remove necrotic
material and infected tissues.

Polymethyl methacrylate (PMMA) was hand-mixed with
antibiotic powder (typically 2 g of vancomycin and 2.8 g of
tobramycin/per 40 g of PMMA). A self-made intramedul-
lary cemented rod was reinforced by two or three 3.5-mm
Steinman pins. In order to tight together the two cement
robs in the following steps, the pins were not completely
covered by cement. The size and length of cemented rod
was made based on the size of the metaphysis cavities of the
femur and tibia. Once the size of intramedullary cement rod
was confirmed and the cement was fully polymerized, the
cement rod was encased by additional bone cement in the
doughy phase, then they separately inserted tightly into the
metaphysis of the femur and tibia. The knee was extended
and the portions of the Steinman pins that were uncovered
by cement were overlapped. The overlapped Steinman pins
were tightened together by wire, and the gap between the
femur and tibia was filled with additional cement. The knee
joint was held at 5° flexion and 5° valgus under maximum
longitudinal tension until the bone cement was fully polym-
erized (Fig. 1). All patients were encouraged to mobilize
early after surgery, no braces were required. Patients were
given intravenous antibiotics postoperatively for two weeks,
then changed to dual oral antibiotics for four weeks accord-
ing to culture results and sensitivities.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.
The Wilcoxon signed-rank test was utilized to compare the
pre-operative knee joint status with the status at the final
follow-up evaluation. Differences with a p-value <0.05 were
considered statistically significant.

Results

Pain at rest and knee function were significantly improved
at the final follow-up evaluation (Table 1). The visual
analogue scale (VAS) score improved from a preopera-
tive median value of 6.4+1.7 points to a median value of
1.740.9 points at the final follow-up evaluation (p=0.032).
The average Knee Society functional score improved
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Fig.1 a. Self-constructed intramedullary cemented rods. b intramed-
ullary cement rods inserted tightly into the femur and tibia. ¢ The gap
was filled with cement. d, e A 79-year-old woman was diagnosed as
chronic knee periprosthetic joint infections, her past medical history
is positive for diabetes and rheumatoid arthritis. She had undergone
twice debridement, presented with sinus tract and knee extensor
failure. Static and permanent cement spacers was implanted. Anter-

Table 1 Pre- and post-operative pain and function

Pre-operation Last post-operation P

VAS pain score 6.4+1.7 1.7+0.9 0.032

Knee Society func- 14.5+4.8 32.5+10.5 <0.001
tional score

Knee Society clinical 39.2+8.4 73.3+10.8 <0.001

score

from a preoperative value of 14.5+4.8 points to a value
of 32.5+10.5 points at the final follow-up evaluation (p<
0.001). The average Knee Society clinical score improved
from a preoperative value of 39.2+8.4 points to a value
of 73.3+10.8 points at the final follow-up evaluation (p<
0.001).

oposterior and Lateral view of Radiograph of the spacer at 2.4-year
follow-up. f, g An 80-year-old male was diagnosed as chronic knee
periprosthetic joint infections, his past medical history is positive
for rheumatoid arthritis and atrial fibrillation. There was sever bone
defect during the second debridement. Static and permanent cement
spacers was implanted. Anteroposterior and Lateral view of radio-
graph of the spacer at 2-year follow-up

Six patients died from unrelated causes within one year
postoperatively. One of 15 patients (6.7%) had a recurrent
infection 1.5 years after the index operation and was treated
with an above-the-knee amputation. Other complication was
delayed wound healing in two patients (13.4%).

No patients had signs of residual instability at the final
follow-up evaluation. There was no breakage or subsidence
of antibiotic spacers, and no signs of progressive bone loss
at the final radiographic follow-up evaluation.

Discussion
For patients who had relatively low demand in physical

activity and/or with severe bone loss, especially those too
frail to undergo repeated operations and refusing repeated
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debridement, cement spacer may be a long-lasting con-
struct for knee arthrodesis in compromised patients. Choi
et al. [10] revealed a successful rate of 86% in a cohort of
patients who did not receive reimplantation by unplanned
retention of spacer at mean follow up over 43.8 months,
with one out of seven patients failed due to spacer loosen-
ing. Jan Lesensky et al. [15] reported 11 patients who had
bone tumours of femur and underwent permanent cement
spacer intercalary reconstruction, while only two patients
experienced mechanical failure at mean follow-up of 52
months.

Although static spacer was the preferred option in a
host with poor soft tissues and extensive bone loss [16],
it was associated with relatively high risk of mechanical
complications. Faschingbauer et al. [17] reported in his
study on patients developed chronic PJI after primary TKA
that 10.5% of these patients with static spacer placement
developed mechanical complication, most frequently a
fracture of the tibia or femur. However, it was demon-
strated more stable spacer could be obtained if it could be
strengthened. Sara Scarponi et al. [18] reported no inci-
dence of mechanical complication at minimum follow-up
of two years in their study of PJI patients treated with
static spacer which was strengthened by cementless modu-
lar intramedullary nail to achieve knee arthrodesis. Kotwal
et al. [16] reported in a cohort of 58 medically compro-
mised patients who were treated by similar approach, fol-
lowed up for an average time of 29.4 months, no patient
underwent revision for mechanical complications.

The present study revealed no signs of residual instabil-
ity in any patient and a low recurrent infection rate of 6.6%
(1/15) at the final follow-up. The recurrent infection rate in
our study was lower than the reported results in other stud-
ies using cement with intramedullary nailing [16, 18, 19],
in which recurrent infection rate ranged from 10.5 to 23%.
Potential reasons could be as follows: first, antibiotic-
impregnated bone cement filled serious bone defect and
release more antibiotic to eradicate infections. Second, two
handmade intramedullary cement rods, not only provided
additional stability but also more greater concentration
antibiotic to eradicate infections. These results indicate
this static and permanent spacer could provide satisfac-
tory clinical outcomes and may be an optimal alternative
for patients with recurrent infections who are reluctant to
undergo repeated debridement operations.

There were several limitations in our study, as follows:
first, the sample size was small. PJI is a rare event, and
103 patients underwent treatment for infected TKA in our
institution from September 2019 to July 2020, and only
15 patients were treated with arthrodesis; second, absence
of a control group and the outcomes of patients was com-
pared to the contemporary literature.
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Conclusion

This study shows that this static and permanent spacer
with cement intramedullary nails is a safe and effective
treatment both in controlling PJI and providing satisfac-
tory functional outcomes, which may offer a reliable sal-
vage option to treat PJI of the knee in selected cases.

Author contributions Material preparation, data collection, and analy-
sis were performed by Shuailei Li; Knee arthrodesis were performed
by Yongqiang Sun. The first draft of the manuscript was written by
Shuailei Li and Jiankang Pan and all authors commented on previous
versions of the manuscript. All authors read and approved the final
manuscrip.

Data availability The authors confirm that the data supporting the find-
ings of this study are available within the article

Code availability Not applicable.

Declarations

Ethics approval This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by the Ethics
Committee of Henan Luoyang Orthopedic Hospital (Henan Provincial
Orthopedic Hospital). Date: September 30, 2019/No.2019-008-01.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent to publish Consent to publish has been received from all par-
ticipants

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Kurtz SM, Ong KL, Lau E, Bozic KJ, Berry D, Parvizi J (2010)
Prosthetic joint infection risk after TKA in the Medicare popu-
lation. Clin Orthop Relat Res 468:52-56. https://doi.org/10.
1007/s11999-009-1013-5

2. Bongers J, Jacobs AME, Smulders K, van Hellemondt GG,
Goosen JHM (2020) Reinfection and re-revision rates of 113
two-stage revisions in infected TKA. J Bone Jt Infect 5:137-
144. https://doi.org/10.7150/jbji.43705


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11999-009-1013-5
https://doi.org/10.1007/s11999-009-1013-5
https://doi.org/10.7150/jbji.43705

International Orthopaedics (2023) 47:2585-2589

2589

10.

11.

Makhdom AM, Fragomen A, Rozbruch SR (2019) Knee arthro-
desis after failed total knee arthroplasty. J Bone Joint Surg Am
101:650-660. https://doi.org/10.2106/jbjs.18.00191

Matar HE, Stritch P, Emms N (2019) Higher failure rate of
two-stage revision for infected knee arthroplasties in sig-
nificantly compromised (host-C) patients. Knee Surg Sports
Traumatol Arthrosc 27:2206-2210. https://doi.org/10.1007/
s00167-018-5051-y

Mabry TM, Jacofsky DJ, Haidukewych GJ, Hanssen AD (2007)
Comparison of intramedullary nailing and external fixation knee
arthrodesis for the infected knee replacement. Clin Orthop Relat
Res 464:11-15. https://doi.org/10.1097/BLO.0b013e31806a9191
Oostenbroek HJ, van Roermund PM (2001) Arthrodesis of the
knee after an infected arthroplasty using the Ilizarov method. J
Bone Joint Surg Br 83:50-54. https://doi.org/10.1302/0301-620x.
83b1.10572

Chalmers BP, Matrka AK, Sems SA, Abdel MP, Sierra RJ, Hans-
sen AD, Pagnano MW, Mabry TM, Perry KI (2020) Two-stage
arthrodesis for complex, failed, infected total knee arthroplasty.
Bone Joint J 102-b:170-175. https://doi.org/10.1302/0301-620x.
102b6.Bjj-2019-1554.R1

Van Rensch PJ, Van de Pol GJ, Goosen JH, Wymenga AB, De
Man FH (2014) Arthrodesis of the knee following failed arthro-
plasty. Knee Surg Sports Traumatol Arthrosc 22:1940-1948.
https://doi.org/10.1007/s00167-013-2539-3

Durbhakula SM, Czajka J, Fuchs MD, Uhl RL (2004) Spacer
endoprosthesis for the treatment of infected total hip arthroplasty.
J Arthroplasty 19:760-767. https://doi.org/10.1016/j.arth.2004.02.
037

Choi HR, Freiberg AA, Malchau H, Rubash HE, Kwon YM
(2014) The fate of unplanned retention of prosthetic articulating
spacers for infected total hip and total knee arthroplasty. J Arthro-
plasty 29:690-693. https://doi.org/10.1016/j.arth.2013.07.013
Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD,
Della Valle CJ, Garvin KL, Mont MA, Wongworawat MD, Zala-
vras CG (2011) New definition for periprosthetic joint infection:
from the Workgroup of the Musculoskeletal Infection Society.
Clin Orthop Relat Res 469:2992-2994. https://doi.org/10.1007/
$11999-011-2102-9

12.

13.

15.

16.

17.

18.

Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W, Steck-
elberg JM, Rao N, Hanssen A, Wilson WR (2013) Executive sum-
mary: diagnosis and management of prosthetic joint infection:
clinical practice guidelines by the Infectious Diseases Society of
America. Clin Infect Dis 56:1-10. https://doi.org/10.1093/cid/
cis966

McPherson EJ, Woodson C, Holtom P, Roidis N, Shufelt C, Pat-
zakis M (2002) Periprosthetic total hip infection: outcomes using
a staging system. Clin Orthop Relat Res:8-15

Diaz-Ledezma C, Higuera CA, Parvizi J (2013) Success after
treatment of periprosthetic joint infection: a Delphi-based inter-
national multidisciplinary consensus. Clin Orthop Relat Res
471:2374-2382. https://doi.org/10.1007/s11999-013-2866-1
Lesensky J, Mavrogenis AF (2021) Cement intercalary recon-
struction after bone tumor resection. Orthopedics 44:¢593-e599.
https://doi.org/10.3928/01477447-20210618-23

Kotwal SY, Farid YR, Patil SS, Alden KJ, Finn HA (2012)
Intramedullary rod and cement static spacer construct in chroni-
cally infected total knee arthroplasty. J Arthroplasty 27:253-259.
e254. https://doi.org/10.1016/j.arth.2011.04.021

Faschingbauer M, Bieger R, Reichel H, Weiner C, Kappe T (2016)
Complications associated with 133 static, antibiotic-laden spacers
after TKA. Knee Surg Sports Traumatol Arthrosc 24:3096-3099.
https://doi.org/10.1007/s00167-015-3646-0

Scarponi S, Drago L, Romano D, Logoluso N, Peccati A, Meani
E, Romano CL (2014) Cementless modular intramedullary nail
without bone-on-bone fusion as a salvage procedure in chroni-
cally infected total knee prosthesis: long-term results. Int Orthop
38:413-418. https://doi.org/10.1007/s00264-013-2232-7

. Hipfl C, Winkler T, Janz V, Perka C, Miiller M (2019) Manage-

ment of chronically infected total knee arthroplasty with severe
bone loss using static spacers with intramedullary rods. J Arthro-
plasty 34:1462—1469. https://doi.org/10.1016/j.arth.2019.03.053

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.2106/jbjs.18.00191
https://doi.org/10.1007/s00167-018-5051-y
https://doi.org/10.1007/s00167-018-5051-y
https://doi.org/10.1097/BLO.0b013e31806a9191
https://doi.org/10.1302/0301-620x.83b1.10572
https://doi.org/10.1302/0301-620x.83b1.10572
https://doi.org/10.1302/0301-620x.102b6.Bjj-2019-1554.R1
https://doi.org/10.1302/0301-620x.102b6.Bjj-2019-1554.R1
https://doi.org/10.1007/s00167-013-2539-3
https://doi.org/10.1016/j.arth.2004.02.037
https://doi.org/10.1016/j.arth.2004.02.037
https://doi.org/10.1016/j.arth.2013.07.013
https://doi.org/10.1007/s11999-011-2102-9
https://doi.org/10.1007/s11999-011-2102-9
https://doi.org/10.1093/cid/cis966
https://doi.org/10.1093/cid/cis966
https://doi.org/10.1007/s11999-013-2866-1
https://doi.org/10.3928/01477447-20210618-23
https://doi.org/10.1016/j.arth.2011.04.021
https://doi.org/10.1007/s00167-015-3646-0
https://doi.org/10.1007/s00264-013-2232-7
https://doi.org/10.1016/j.arth.2019.03.053

	Novel, static, permanent spacers to treat chronic knee periprosthetic joint infections
	Abstract
	Purpose 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Surgical technique
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


