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approximately 25% of revision causes [3]. Although treat-
ment of PJI generally requires surgical revision and anti-
microbial therapy based on the length of infection and the 
organism that causes PJI, various surgical techniques exist. 
For acute hematogenous and acute postoperative PJIs, 
debridement, antibiotics, and implant retention (DAIR) is 
a valuable treatment option. For chronic PJIs, two-stage 
rTKA still remains the gold standard [4]. First introduced 
by Insall et al. in 1983, two-stage rTKA for PJI was seen to 
be very effective and included a six week antibiotic therapy 
interval already [5]. In the early 2000s the use of articulat-
ing and static antibiotic loaded spacers surged and remained 
the favored techniques to date [3, 4, 6–10]. Although the 
literature state similar reinfection rates for the two surgical 
approaches [3], clinical outcomes are reported to be inferior 
in patients with static spacers [11–14]. Kirschbaum et al. 

Introduction

Periprosthetic joint infection (PJI) has a low incidence of 
0.5–2% in primary total knee arthroplasties (TKA) [1, 2], 
but remains one of the most frightening complications [3]. 
In revision total knee arthroplasty (rTKA) the incidence 
is even higher, with up to 4% [1]. PJI is the second most 
frequent reason for rTKA after aseptic loosening, with 
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Abstract
Background Surgical techniques in two-stage revision total knee arthroplasty (rTKA) include the use of articulating spacers 
and static spacers. Shortening of the patellar tendon could be a reason for inferior functional outcomes in two-stage septic 
rTKA . The aim of this study was to determine if articulating spacers also have negative effects on the extensor mechanism 
in rTKA.
Methods This retrospective study includes 65 consecutive patients (23 women, 42 men, age 71.3 ± 1.2; range, 51.2–88.6 
years) undergoing septic two-stage rTKA using an articulating spacer between 2014 and 2021 in a single orthopedic center. 
For all patients, calibrated true lateral radiographs before total knee arthroplasty (TKA) explantation (T0), directly after 
TKA explantation (T1), shortly before TKA reimplantation (T2) and 6–8 days after TKA reimplantation (T3) were used to 
calculate the modified Insall Salvati ratio (mISR).
Results Overall, the mISR decreased significantly immediately after explantation (T0 vs. T1, p = 0.002) from 1.43 ± 0.03 to 
1.36 ± 0.03 and remained stable until T2 (1.37 ± 0.02, p = 0.74). Following TKA reimplantation, the mISR increased again to 
1.43 ± 0.03 (T3). There were no significant differences between T0 and T3 (p = 0.88). Six out of 65 patients (9%) experienced 
patellar tendon shortening > 10% at T3.
Conclusions Septic two-stage revision TKA using an articulating spacer does not lead to patellar tendon shortening in the 
majority of cases. This study suggests that one reason for the improved range of motion after reimplantation may be the use 
of articulating spacers compared to static spacers. Keywords: revision total knee arthroplasty, articulating spacer, infection, 
PJI, two-stage revision, revision arthroplasty, patellar tendon,
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stated that the reason for inferior range of motion in patients 
who underwent two-stage rTKA using static spacers might 
be due to patellar tendon shortening [15]. This patellar ten-
don shortening could lead to persistent pain and diminished 
functional outcomes after rTKA, which are two of the main 
concerns following this procedure.

There is no known data regarding the use of articulat-
ing spacers in two-stage revision TKA and their association 
with possible patellar tendon shortening. We hypothesize 
that due to the possible motion allowed by the articulating 
spacers during the interval, there is no patellar tendon short-
ening after reimplantation. Consequently, these patients 
might have better clinical outcomes.

The aim of this present study was to determine whether 
articulating spacers are associated with patellar tendon 
shortening in revision TKA or if they don’t lead to patellar 
tendon shortening.

Materials and methods

This retrospective study includes 65 consecutive patients 
(Tables 1 and 23 women, 42 men, age 71,3 ± 1.2; range, 
51.2–88.6 years) undergoing septic two-stage rTKA using 
an articulating spacer for PJI between 2014 and 2021 in a 
single orthopedic center. The explantation surgeries were 
performed by 6 experienced orthopedic surgeons, while 
reimplantation was performed by 3 experienced surgeons.

The study protocol was approved by the local ethics 
committee (approval number: 2022-203-BO-ff). Patient 
data for this study were obtained from the institutional data-
base. Demographic and patient related measures included 
age, sex, initial serum CRP levels at T0, previous implant, 
time from primary TKA to rTKA. Radiographic measure-
ments were performed using IntelliSpace PACS, Version 4.4 
(Philips, Amsterdam, Netherlands).

Inclusion and exclusion criteria

The inclusion criteria were presence of chronic PJI after 
TKA and two stage revision using articulating spacers. 
Patients who underwent more than two stages, periprosthetic 

joint fractures, tibial tuberosity osteotomy in any stage and 
extensor mechanism lesions were excluded from this study.

Surgical technique

The technique is originally based on Hofmann et al. [8]. 
However, within our institution, we adapted and modified 
this technique. At first stage surgical technique included the 
complete removal of prosthetic components and cement, 
debridement of bone and soft tissues, while preserving 
the collateral ligaments. Subsequently, a tibial component 
spacer is made from polymethylmethacrylate (PMMA) 
cement using a mold, loaded with vancomycin and genta-
mycin (Fig. 1). Following that, the spacer was carefully 
placed onto the tibia, and a new femoral component (NFC) 
was introduced onto the femur without the use of cement 
(Fig. 2). For all patients reimplantation was scheduled 
within 6 to 12 weeks after first stage depending on infec-
tion situation. At second stage the explantation of the NFC, 
the tibial cement spacer and debridement of soft tissue was 
performed. A new TKA was then implanted. Weight-bearing 
as tolerated with the requirement for supportive devices if 
necessary was allowed between the stages. After reimplan-
tation full weight bearing was allowed.

Radiographic measurements

For all patients, calibrated true lateral radiographs taken 
before TKA explantation (T0), directly after TKA explanta-
tion (T1), shortly before TKA reimplantation (T2), and 6–8 
days after TKA reimplantation (T3) were used to calculate 

Table 1 Patient demographic data. The data are presented as mean ± 
SD [range]

Study population (n = 65)
Age [years] 71.3 ± 9.3 [51–89]
Sex [female: male] 23:42
Affected leg [right; left] 34:31
Number of previous knee surgeries 1.46 ± 0.79 [1–5]
CRP [mg/dl] at G0 56.3 ± 78.98 [0-381]
Duration of interval [days] 73 ± 29.3 [18–190]

Fig. 1 New femoral component and tibial polymethylmethacrylate 
(PMMA) spacer prepared for implantation
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the modified Insall-Salvati ratio (mISR) (Fig. 3). Two expe-
rienced observers (N.M. and O.T.) independently evaluated 
all radiographs. These observers were not involved in the 
treatment of the included patients. All radiographic measure-
ments were performed using IntelliSpace PACS, Version 4.4 
(Philips, Amsterdam, Netherlands). The mISR was calcu-
lated as the ratio of the distance between the tibial tuberos-
ity and the most distal patellofemoral articulation point (B) 
to the longitudinal diameter of the articulating surface of 
the patella (A) (Fig. 3) [16]. An mISR above 2 indicates 
a patella alta, while an mISR below 1.2 indicates a patella 
baja [17]. Significant patellar tendon shortening is generally 
considered to be a shortening of more than 10% [15]. There-
fore, this subgroup was further analyzed for patients with a 
patellar tendon difference exceeding this threshold between 
all stages to account for possible measurement inaccuracies.

Statistical analysis

Statistical analysis was performed using SPSS, Version 27 
(SPSS Inc., Chicago, IL, USA). Continuous variables are 
expressed as mean ± standard error of mean (SEM) and 
range, while categorical variables are expressed as number 
and percentage (%).

The comparison of parametric data was performed with 
a t-test, and nonparametric data were tested by a Wilcoxon 
signed rank test. Normal distribution was examined using 
the Shapiro-Wilk test. The interrater reliability was assessed 
using Cronbach’s alpha to evaluate the intraclass correlation 
coefficient (ICC), following the interpretation guidelines 
provided by Landis and Koch: ICC values below 0.2 indi-
cate slight agreement, 0.21-0.40 represent fair agreement, 
0.41-0.60 correspond to moderate agreement, 0.61-0.80 
suggest substantial agreement, and values greater than 0.81 
indicate almost perfect agreement. P-values <0.05 were 
considered significant.

Results

We observed a significant decrease in the mISR immedi-
ately after explantation (T0 versus T1, p = 0.002), with val-
ues shifting from 1.43 ± 0.03 to 1.36 ± 0.03. There was no 
significant change in mISR between T1 and T2 (p = 0.737). 
Following reimplantation, the mISR increased again to 
1.43 ± 0.03 (T3). Notably, there were no significant differ-
ences in the mISR observed, when comparing patella height 
between T0 and T3 (p = 0.876) (Fig. 4).

Interobserver reliability (ICC) was 0.90 for radiographic 
measurements and 0.98 for resulting mISR.

Fig. 3 Measurement of the modified insall Salvati ratio (mISR): the 
distance between (B) the tibial tuberosity and the most distal patel-
lofemoral articulation point and (A) the longitudinal diameter of the 
articulating surface of the patella

 

Fig. 2 Anterior-posterior radiograph after the first-stage surgery show-
ing the mobile spacer in place
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Notably, in the context of primary TKA, studies have 
reported a range of 3–6% for patellar tendon shortening 
exceeding 10% [18, 19]. We found our results to be rather 
comparable to the results of these two studies, opposing 
patellar tendon length changes in rTKA using static spacers. 
As stated in the literature, this similarity might be attributed 
to the possibility of excessive fat pad resection during rTKA 
procedures [20–22].

As indicated in the literature, soft tissue impairment and 
heat damage has been suggested as a potential factor con-
tributing to patellar tendon shortening [15]. Notably, in most 
cases in this cohort, the mISR tends to increase again after 
the second stage. This suggests that the adverse effects of 
the infection may be responsible for these changes. Another 
potential explanation is that the infection could impact the 
function of the quadriceps muscle. Additionally, the surgery 
itself might reduce the pull force of the patellar tendon. 
Lastly, the choice of optimal spacer thickness could also 
play a role, as improper thickness may impair ligament ten-
sion, especially within the extensor mechanism, by creating 
a lever arm that is too long in relation to the provisionally 
restored joint line. Nevertheless, these explanations remain 
speculative.

Pathogens and comorbidities were not recorded for this 
study. However, a previous study showed a weak correla-
tion between pathogen and patella tendon shortening and 
no differences between the groups regarding comorbidities 
[15].

This study should be interpreted considering its limita-
tions. First, this is a single institution retrospective study that 
lacks a comparator group, which limits the generalizability 
of the findings. Second, the study did not include a detailed 
analysis of pathogenes, which could provide additional 
insights into the benefits and drawbacks of using articulat-
ing spacers in specific patient groups. Third, the selection 
of patients for articulating versus static spacers may have 
been influenced by surgeon preference or specific clinical 
indications, such as severe boneloss or ligament instability, 
introducing a potential selection bias. Fourth, while the lit-
erature has shown comparable reinfection rates and promis-
ing clinical outcomes with the use of articulating spacers 
compared to static spacers [10, 23], these aspects were not 
analyzed in the present study. Finally, while the sample size 
was sufficient to identify significant trends, larger stud-
ies are needed to confirm these findings and provide more 
robust conclusions.

Subgroup analysis for patients with major 
shortening

We identified 6 out of 65 patients experiencing patellar 
tendon shortening of more than 10% between T0 and T3. 
Overall, 27 patients (42%) showed patellar tendon shorten-
ing at any follow-up point. Between T0 and T1, 19 patients 
(29%) had patellar tendon shortening of more than 10%, 
and between T0 and T2, 18 patients (28%) had patellar ten-
don shortening of more than 10%. However, by the third 
stage, only 6 out of 65 patients (9%) exhibited patellar ten-
don shortening of more than 10% (Table 2).

Discussion

In this study we evaluated the changes in patellar tendon 
length during septic two-stage revision TKA using articulat-
ing spacers. We found that rTKA using articulating spac-
ers does not lead to patellar tendon shortening in most of 
the cases in this study cohort. In contrast to the findings of 
Kirschbaum et al., who reported significant patellar tendon 
shortening in 33% of cases between the stages with static 
spacers [15], our cohort displayed a notably lower inci-
dence, with only 9% exhibiting patellar tendon shortening 
of 10% or more at T3. Moreover, on average, there was 
no significant alteration in patellar tendon length observed 
within our cohort.

Table 2 Comparison of patients who exhibited major patellar tendon 
shortening (≥ 10%) over time. mISR = modified Insall-Salvati ratio

T1 T2 T3
% of all patients 29.2 27.7 9.2
mISR 1.37 ±0.19

[0.9-2.0]
1.43 ±0.21
[1.02–1.93]

1.36 ±0.20
[0.88-2.00]

Fig. 4 Modified insall salvati ratios (mISR) at timepoints T0 to T3 
displayed as Boxplots. mISR decreased significantly from T0 to T1, 
remained stable until T2 and increased significantly from T2 to T3. 
There was no significant difference observed, when comparing T0 to 
T3. * = significant; ns = not significant
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Conclusions

Septic two-stage revision TKA using an articulating spacer 
does not lead to patellar tendon shortening in the majority 
of cases. These results suggest that the range of motion fol-
lowing reimplantation may be more favorable with the use 
of articulating spacers compared to static spacers.
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