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Abstract 

Background: Revision surgery is the most common treatment for patients who develop infection after total knee 
arthroplasty (TKA). Two types of spacers are often used in revision surgery: dynamic spacers and static spacers. The 
comparative efficacy of these two types of spacers on knee prosthesis infections is not well established. Therefore, we 
carried out a systematic evaluation and meta-analysis with the aim of comparing the difference in efficacy between 
dynamic and static spacers.

Methods: We conducted the literature search in PubMed, Web of Science, Cochrane Library, and Embase databases. 
The articles searched were clinical study comparing the difference in efficacy between dynamic spacers and static 
spacers for the treatment of prosthetic infections occurring after total knee arthroplasty.

Results: We conducted a literature search and screening based on the principles of PICOS. Ultimately, 14 relevant 
clinical studies were included in our current study. We use infection control rate as the primary evaluation indicator. 
The KSS knee scores (KSSs), KSS functional scores, bone loss and range of motion (ROM) are secondary indicators 
of evaluation. Thirteen of these included studies reported the infection control rates, with no significant difference 
between dynamic and static shims (RR: 1.03; 95% Cl 0.98, 1.09; P = 0.179 > 0.05). The KSSs were reported in 10 articles 
(RR: 5.98; 95% CI 0.52, 11.43; P = 0.032 < 0.05). Six articles reported the KSS functional scores (RR: 13.90; 95% CI 4.95, 
22.85; P = 0.02 < 0.05). Twelve articles reported the ROM (RR: 17.23. 95% CI 10.18, 24.27; P < 0.0001). Six articles reported 
the bone loss (RR: 2.04; 95% CI 1.11, 3.77; P = 0.022 < 0.05).

Conclusion: Current evidence demonstrates that dynamic spacers are comparable to static spacers in controlling 
prosthetic joint infection. In terms of improving the functional prognosis of the knee joint, dynamic spacers are more 
effective than static spacers.
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Background
For patients with severe knee injuries, total knee arthro-
plasty (TKA) can effectively improve the function of the 
knee joint, relieve knee pain, and improve the quality of 
life of patients. Knee prosthesis joint infection (PJI) is one 
of the most terrible complications after the total knee 
arthroplasty, and it is often the main reason for the failure 
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of the total knee arthroplasty [1, 2]. The probability of 
prosthesis joint infection after primary knee replacement 
varies from 0.4 to 3% [3, 4]. There are many risk factors 
for PJI in knee prosthesis infection. Age, duration of sur-
gery, diabetes, urinary tract infection and rheumatoid 
arthritis are all important risk factors for PJI after TKA 
surgery [5, 6]. Currently, the number of TKA operations 
worldwide is increasing year by year. However, due to the 
trend of aging population and rising obesity rate, the inci-
dence of PJI after TKA is also increasing year by year [7, 
8].

The diagnosis and treatment of infections in artificial 
joint prostheses are still challenging, especially in the 
early stages. The latest diagnosis of knee prosthesis joint 
infection is largely based on the diagnostic criteria pro-
posed by the Musculoskeletal Infection Society (MSIS), 
and PJI is diagnosed when one of the following three 
conditions is met: (1) the presence of a sinus tract that 
communicates with the prosthesis; (2) pathogens iso-
lated from two or more separate tissue or fluid samples 
obtained from the affected prosthetic joint; and (3) four 
of the six criteria identified are met: 1. the elevation of 
erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) concentrations; 2. the elevation of white 
blood cells (WBC); 3. the elevation of the percentage of 
mesophilic polymorphonuclear leukocytes (PMN); 4. 
septicemia: septicemia of the affected joint; 5. isolation 
of microorganisms in cultures in histological analysis 
at 400 × magnification; 6. more than 5 neutrophils pre-
sent in each of the 5 high magnification fields [9–11]. 
Early and definitive diagnosis is the key to treating PJI. 
Once the diagnosis of PJI is made, the treatment options 
include conservative treatment with preservation of the 
joint prosthesis or debridement, and one or two stage 
prosthetic replacement surgery. The two-stage arthro-
prosthetic revisions is the gold standard for the treatment 
of PJI and is the most common treatment in clinical prac-
tice. In the tow-stage of prosthetic revision, the infected 
prosthesis is removed and a joint spacer with antibiotics 
is placed into the joint to provide continuous anti-infec-
tion treatment and then a new prosthesis is reinserted 
once the infection has been controlled. The two-stage 
of prosthetic revision surgery has achieved satisfactory 
results in current clinical practice [12–14].

In the two-stage of the revision surgery, the two types 
of spacers that are frequently used include dynamic spac-
ers and static spacers [15]. For static spacer, it is easier 
to design and the production costs of it are cheaper. In 
addition, static spacers are easier to implant in the joint 
during surgery. However, the mobility of the patient’s 
knee joint will reduce after static spacer implantation. 
Static spacers are also prone to a number of complica-
tions such as causing bone loss and soft tissue damage 

[16, 17]. In contrast, dynamic spacers can improve the 
recovery of patient’s knee function and reduce the inci-
dence of associated complications. The use of spacers can 
provide good flexion and extension after the implantation 
of a new prosthesis. However, dynamic spacers are more 
expensive to produce. And they are not as good as static 
spacers in maintaining joint stability [18, 19]. In terms 
of infection control, some reports suggest that dynamic 
spacers and static spacers are similarly effective, while 
others suggest that dynamic spacers are less effective 
than static spacers in controlling infection [20–22].

In order to further investigate whether there are any 
significant differences between dynamic and static spac-
ers for the treatment of knee prosthesis infections in 
terms of efficacy, complications and functional impact, 
we conducted a comprehensive search of the literature 
and collated the data of inclusion literatures, then we 
did a corresponding meta-analysis and obtained the final 
results.

Methods
Study design and search strategy
We followed the principles of The Population-Interven-
tion-Comparators-Outcomes-Study design (PICOS) 
strictly when conducting our literature search. The 
databases used for literature searches include PubMed, 
Embase, Web of Science and Cochrane library databases. 
The time frame for the search was from database creation 
to 10 March 2022 and the article type were Clinical ran-
domized controlled studies, retrospective case–control 
studies or prospective cohort studies of dynamic spac-
ers and static spacers for the treatment of knee prosthe-
sis infections. The following keywords were used in the 
search process: "static spacer" and "dynamic spacer" and 
"Knee prosthesis infection", "static spacer" and "Articulat-
ing spacer" and "PJI". We had no restrictions on region 
or population, and all study subjects were human. All 
patients included in the studies met the diagnostic cri-
teria for joint prosthesis infection as defined in the 
Infectious Diseases Society of America (IDSA), Musculo-
skeletal Infection Society (MSIS) [23, 24]. All studies that 
did not meet this diagnostic criterion were excluded. The 
specific search process is shown in Fig. 1.

Inclusion criteria
(I) Clinical randomized controlled studies, retrospec-
tive case–control studies or prospective cohort studies; 
(II) the outcome indicators in the article included one of 
infection control rate, KSSs score, KSS functional score, 
ROM or bone loss; (III) complete clinical report; (IV) 
in the clinical grouping, patients in the trial group used 
dynamic spacers and patients in the control group used 
static spacers; (V) there are specific follow-up times in 
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the article and the follow-up times are all over 12 months; 
(VI) all patients included in the study met the diagnos-
tic criteria for joint prosthesis infection as defined by the 
Infectious Diseases Society of America (IDSA), Musculo-
skeletal Infection Society (MSIS).

Exclusion criteria
In addition to the inclusion criteria described above, 
we have also developed exclusion criteria. Articles were 

excluded when one of the following conditions existed: 
(I) only patients using dynamic spacers or static spac-
ers in the article; (II) there was a lack of follow-up 
time in the article or the follow-up time was less than 
12 months; (III) the outcome indicators and statistical 
methods associated with the article were not uniform; 
(IV) literature reviews, case reports or experimental 
animal studies; (V) the diagnostic criteria for subjects 
were not referenced to the Infectious Diseases Society 

Fig. 1 The inclusion process of literature
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of America ( IDSA), Musculoskeletal Infection Society 
(MSIS).

Data extraction and management
After determining the final inclusion literatures, we had 
two researchers responsible for extracting and sum-
marizing the data from the articles, and the inclusion 
and exclusion of literature strictly followed the criteria 
described above. Articles were included and excluded by 
reading the title, abstract and content. If there was a disa-
greement in the screening and data extraction process, a 
third researcher was responsible for negotiating a resolu-
tion. After the inclusion of literatures, data on infection 
control rates, KSS scores, KSS functional scores, bone 
loss, ROM and other relevant indicators were extracted 
from the literature. We extracted and integrated the data 
and then performed a meta-analysis.

In addition, after identifying the 14 pieces of literature 
included, we assessed and scored the methodological 
quality of each study independently on the Newcastle–
Ottawa Scale (NOS) [25]. We evaluated the quality of 
articles based on the NOS scale for the following items: 
(I) selection of study population (group), (II) comparabil-
ity, and (III) how to determine which spacers to use. With 
a full score of 9 stars, the study is considered to be of high 
quality when the following conditions exist: (I) 3 or 4 
stars in the selection domain, (II) 1 or 2 stars in the com-
parability domain, and (II) 2 or 3 stars in the outcome or 
exposure domain. If the NOS score ≥ 7 stars is consid-
ered high quality, ≥ 4 and < 7 stars is considered medium 
quality, and < 4 stars is considered low quality.

Outcome measurements
Our primary outcome indicator for this meta-analysis 
was the rate of infection control in the dynamic spacer 
and static spacer groups. Secondary outcome indicators 
included KSSs scores, KSS functional scores, bone loss 
and ROM after treatment with the respective spacers.

Statistical analysis and data synthesis
After completing the data extraction and classification 
summary, we used Stata SE-64 to analyze the data and 
finally obtained the corresponding forest plots for each 
group. If P < 0.05 indicates that the results are statistically 
significant and there is a significant difference between 
the two groups. If P > 0.05 indicates that the results are 
not statistically significant and there is no difference 
between the two groups. The variables obtained included 
dichotomous and continuous variables, and the variables 
were assessed so that relative risks (RR) and 95% confi-
dence intervals (CI) were used. In terms of article heter-
ogeneity, we used the  I2 test for analysis. When  I2 < 50% 
indicates little heterogeneity between the literature, 

a fixed effects model (FE) was chosen to analyze the 
data. When  I2 > 50% indicates significant heterogeneity 
between the literature, a random effects model (RE) was 
chosen to analyze the data.

Result
Identification of included studies
After a literature search in PubMed, Embase, Web of Sci-
ence and Cochrane library databases, a total of 353 rel-
evant articles were initially retrieved. We first read the 
titles and abstracts of the articles to eliminate duplicates 
or articles with inconsistent content, leaving 62 articles. 
The content of the remaining 62 articles was carefully 
read by two of our researchers, and after excluding 48 of 
the non-compliant articles, we were left with 14 articles 
that met the requirements of our study [26–39]. The spe-
cific search and selection process for our included arti-
cles is referenced in Fig. 1.

Quality assessment of included studies
We finally included 14 relevant clinical studies. A total of 
799 patients were included in all articles, with a total of 
407 patients in the treatment group using dynamic spac-
ers and 392 patients in the group using static spacers. The 
average follow-up time for patients in both treatment 
groups was more than 12  months. Among the included 
studies, 9 studies were graded as high quality (≥ 7 stars) 
and 5 studies were graded as moderate quality (≥ 4 
and < 7 stars). The specific characteristics and ratings of 
each article are shown in Table 1.

Infection control rate
The control rate of knee prosthesis infection was the 
main evaluation index in this meta-analysis. In total, 13 
of the 14 included literatures had reported the specific 
control rates of knee prosthesis infection [27–39]. From 
the forest plots, we can see that there is no statistical dif-
ference between dynamic spacers and static spacers in 
terms of prosthetic infection control rates. Such results 
suggest that dynamic spacers and static spacers are simi-
lar in controlling prosthetic infection (RR: 1.03; 95% Cl 
0.98, 1.09; P = 0.179), as shown in Fig. 2. Such results sug-
gest that dynamic spacers are no less effective in control-
ling prosthetic infection than static spacers. The funnel 
plot is shown in Fig. 3. The Egger’s test result is P = 0.015, 
suggesting some publication bias. For this reason, we 
assessed this further by using the trim and fill method. 
And the results remained consistent with those obtained 
earlier after including the data from five dummy studies. 
This indicating that the result we derived is steady.
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KSS knee score (KSSs)
Of the included articles, 10 reported on the KSS Knee 
Scores (KSSs) of patients after receiving spacer implanta-
tion [26–31, 33, 37–39]. Based on the results of the forest 

plots obtained, it is known that the dynamic spacer was 
more effective than the static spacer in terms of KSSs 
scores in the knee joint after spacer implantation, with 
a statistically significant difference in treatment effect 
between the two groups (RR: 7.34; 95% CI 1.89, 12.79; 
p = 0.032). A specific forest plot is shown in Fig. 4.

KSS functional score
Among the secondary outcome indicators in this meta-
analysis, the KSS functional score was one of the indi-
cators to judge the effect of the spacer implantation on 
the patient’s later functional recovery of the knee. Of the 
14 articles included, a total of 6 articles reported on the 
KSS functional scores of patients after receiving spacer 
implantation [27, 30–32, 38, 39]. According to the for-
est plot we can know that the dynamic spacer was sig-
nificantly better than the static spacer in improving the 
patients’ recovery of knee function, with statistically sig-
nificant results between the two (RR: 11.16; 95% CI 4.18, 
18.13; P = 0.02). The forest plot is shown in Fig. 5.

Fig. 2 Forest plot of the infection control rate

Fig. 3 Funnel plot of the infection control rate
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Bone loos
Bone loss is one of the secondary outcome indica-
tors in this meta-analysis, and it is an indicator of the 
occurrence of bone loss or deficiency in and around 
the joint after spacer implantation. A total of six arti-
cles reported on bone loss after patients received treat-
ment [28, 29, 31, 37–39]. The results suggest that after 
spacer implantation in our patients, significantly fewer 
patients with dynamic spacers experienced bone loss 
than those with static spacers. There was a statistically 
significant difference between the two groups (RR: 2.04; 
95% CI 1.11, 3.77; p = 0.018). The specific forest plot is 
shown in Fig. 6.

ROM
A total of 12 of these articles reported on the ROM of 
the knee joint after patients received spacer implantation 
[27–35, 37–39]. The result of the meta-analysis suggested 
to us that the patients with dynamic spacers had signifi-
cantly better ROM than those with static spacers, (RR: 
18.73; 95% CI 11.67, 25.79; P < 0.0001). The specific forest 
plot is shown in Fig. 7.

Discussion
With the increase of total knee arthroplasty surgery year 
by year, the incidence of prosthetic joint infection is also 
increasing. When a joint prosthesis becomes infected, a 
poorly controlled infection can lead not only to failure of 
the joint arthroplasty, but in severe cases even to amputa-
tion [40, 41]. Two stage revision surgery is the most com-
monly used method in clinical practice and it can offer 
the best results in terms of treatment. In the two stage 
revision surgery, the commonly used spacers include 
dynamic spacers and static spacers and each has its own 
characteristics. The structure of the dynamic spacer is 
match to the anatomy of the knee joint, thus it can reduce 
adhesions and scarring of the soft tissues surrounding 
the knee joint. The dynamic spacer can also improve 
the recovery of knee function after revision surgery and 
reduce the incidence of some complications. However, 
there are also some reports suggesting that dynamic 
spacers are less effective in controlling prosthetic joint 
infection. In contrast, static spacers are less prone to 
dislocation during fixation and it can also provide good 
joint stability. In addition, the static spacer can provide 
a high concentration of antibiotics for better infection 

Fig. 4 Forest plot of the KSSs
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Fig. 5 Forest plot of the KSS functional score

Fig. 6 Forest plot of the bone loose
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control while maintaining limb length. Of course, there 
is still controversy in clinical and related research regard-
ing the difference between dynamic and static spacers in 
controlling prosthetic infection and improving the prog-
nosis of revision surgery. In the current meta-analysis, 
we collected relevant clinically controlled studies and 
performed a meta-analysis of these. Our aim is to further 
investigate the differences between dynamic spacers and 
static spacers in terms of therapeutic effect and impact 
on knee function.

A total of 14 articles were included in this meta-anal-
ysis, and we grouped one primary and four secondary 
outcome indicators according to the indicators in each 
article. Finally, we did the corresponding meta-anal-
ysis for each of the five outcome indicators. The rate of 
infection control in prosthetic joint infection is the most 
important indicator of the effectiveness of revision sur-
gery treatment. Based on the final results we can find 
that the treatment effect between dynamic spacers and 
static spacers is the same in terms of the main outcome 
indicator of prosthetic infection control, with no signifi-
cant difference between the two groups (p = 0.179). This 
suggests us that dynamic spacers are no less effective 

than static spacers for prosthetic infection control and it 
can also achieve the same clinical outcomes. This result 
is consistent with the results of many current clinical 
studies and further validates the efficacy of joint spac-
ers [42–44]. According to relevant literature reports, the 
concentration of antibiotics and the duration of anti-
infection therapy are important factors in the outcome 
of two-stage revision surgery for prosthetic infections. 
The use of adequate antibiotic concentrations and dura-
tion of anti-infection therapy not only results in more 
satisfactory infection control, but also better reduces the 
recurrence of prosthetic infections [45, 46]. In addition, 
revision surgery at an early stage of prosthetic infection 
can also provide better control of prosthetic infection, 
and early anti-infection treatment is one of the keys to 
treatment and reduces the risk of surgery [47, 48]. There-
fore, not only does the correct use of spacers will influ-
ence the outcome of treatment, but timely and adequate 
anti-infective treatment is also crucial to the success of 
treatment.

Of the four secondary outcome indicators, KSSs 
scores, KSS functional scores and ROM were used to 
evaluate the impact on knee function after patients 

Fig. 7 Forest plot of the ROM
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received spacer implantation, all as an indicator of 
post-operative recovery and efficacy. In the results 
of our meta-analysis, the results for all three indica-
tors were statistically significant (p < 0.05). This indi-
cates a significant difference between the results of the 
dynamic spacer group and the static spacer group in 
these three indicators. In terms of improved prognosis 
for knee function, patients with dynamic spacers had 
significantly better functional scores and knee mobil-
ity than those with static spacers. These results once 
again verified the superiority of the dynamic spacers 
over the static spacers, in comparison, the dynamic 
spacer could better improve the patient’s motion func-
tion and range of motion [49–51]. Bone loss is a com-
mon complication after spacer implantation and the 
patient’s bone loss is a judgment indicator to evalu-
ate the impact of the spacer on the patient’s bone 
health. Therefore, bone loss was also one of the ref-
erence indicators in our current meta-analysis. Based 
on the results of the meta-analysis, it is known that 
the patients with dynamic spacers experienced sig-
nificantly less bone loss than those with static spac-
ers (p < 0.05). There was a significant difference in the 
results between the two groups. This is also in line 
with some current findings that patients using static 
spacers are more likely to experience bone loss [52]. 
Combining these results, we can see that the dynamic 
spacer can achieve similar results to the static spacer 
in terms of infection control of the prosthesis. The 
performance of dynamic spacers is better than that of 
static spacers in improving the prognosis of knee func-
tion and preventing bone loss. For patients requiring 
prosthetic revision surgery, the use of dynamic spacers 
may provide a better prognosis and recovery of joint 
function.

Of course, there are some limitations to our current 
meta-analysis. Firstly, although we included a total of 
14 relevant literatures, the total number of patients 
studied was only 799, which may not be a large enough 
sample size. Perhaps we need more clinical studies with 
larger samples to further confirm our results. Secondly, 
the articles we included were not clinical randomized 
controlled studies, but rather retrospective clini-
cal studies and prospective trials. The use of blinding 
was also not reported for the assessment of outcomes 
and scores related to knee function, which lacks a cer-
tain degree of concealment. In addition, there is a lack 
of uniformity in the assessment and the associated 
results may be influenced by subjective factors. Thirdly, 
the possible influence of relevant factors on the treat-
ment outcomes (e.g., gender, age, height, weight, etc.) 
was not adequately considered in determining patient 
groupings.

Conclusion
Based on the results of the meta-analysis, we finally 
obtained, we can know that there was no significant 
difference in the rate of infection control of the pros-
thesis between the dynamic spacer group and the static 
spacer group, similar results can be obtained with 
both types of spacers. And there are significant dif-
ferences between the dynamic spacer group and the 
static spacer group in terms of knee function related 
scores and ROM. The patients using dynamic spacers 
can achieve better joint mobility and function. There 
is also a significant difference between the two groups 
in terms of bone loss. Patients with dynamic spacers 
experienced significantly less bone loss than those with 
static spacers.
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