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Abstract
Background There are a variety of criteria for defining
successful treatment after two-stage exchange arthroplasty
for prosthetic joint infection (PJI). To accurately assess
current practices and improve techniques, it is important to
first establish reliable, clinically relevant, reproducible
criteria for defining persistent infection and “successful”
outcomes.
Question/purpose Is the proportion of patients considered
to have successful management of PJI after two-stage
resection arthroplasty smaller using 2019 Musculoskeletal

Infection Society Outcome Reporting Tool (MSIS ORT)
criteria than when using a Delphi-based criterion?
Methods Patients were retrospectively identified by Current
Procedural Technology codes for resection arthroplasty with
placement of an antibiotic spacer for infected THA or TKA
between April 1, 2011 and January 1, 2018 at a tertiary aca-
demic institution. The initial review identified 180 procedures
during this time period. Nine patients had documented tran-
sition of care outside the system, 16 did not meet the MSIS
criteria for chronic PJI, and 34 patients were excluded for lack
of documented 2-year follow-up. The mean follow-up dura-
tion of the final cohort of 121 procedures in 120 patients was
approximately 3.7 6 1.7 years. Forty percent (49 of 121) of
the procedures were performed on the hip and 60% (72 of
121) were performed on the knee. The mean time from pri-
mary THA or TKA to explantation was 4.6 years. The mean
age of the patients at the time of explantation was 66 years.
The mean time from spacer placement to replantation was
119 days. The final 121 patient records were reviewed by a
single reviewer and outcomes were subsequently assigned to
“successful” and “unsuccessful” outcomes based on the
MSIS ORT and Delphi-based consensus criterion, two pre-
viously published and validated multidimensional definition
schemes. Chi-squared and t-test analyses were performed to
identify differences between “successful” and “unsuccessful”
outcomeswith respect to patient baseline characteristics using
each outcome-reporting criterion.
Results Overall, the MSIS ORT classified a smaller pro-
portion of patients as having a “successful” treatment
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outcome after two-stage exchange arthroplasty for PJI than
the Delphi-based consensusmethod did (MSIS: 55% [63 of
114], Delphi: 70% [71 of 102]; relative risk 0.79 [0.65-
0.98]; p = 0.03). However, there were no differences when
stratified by hips (MSIS: 55% [26 of 47], Delphi: 74% [29
of 39]; relative risk 0.74 [0.54-1.02]; p = 0.07) and knees
(MSIS: 55% [37 of 67], Delphi: 67% [42 of 63]; relative
risk 0.83 [0.63-1.09]; p = 0.19). Notably, the disease of
16% of the patients (19 of 121) was not classifiable per the
Delphi method because these patients never underwent
reimplantation.
Conclusion The present study demonstrated that theMSIS
criteria detect fewer instances of “successful” infection
management after two-stage resection arthroplasty for PJI
than the Delphi method in this cohort. Based on these
findings, researchers and surgeons should aim for stan-
dardized reporting after intervention for PJI to allow for a
better comparison of outcomes across different studies and
ultimately allow for improved techniques and approaches
to the treatment of PJI.
Level of Evidence Level III, diagnostic study.

Introduction

The definition of success after the treatment of prosthetic joint
infection (PJI) with two-stage exchange arthroplasty is highly
variable. In prior work evaluating the outcomes of such pro-
cedures, success has often been defined as a combination of
laboratory evidence of infection control after replantation and
treatment that does not result in subsequent orthopaedic

procedures of the affected joint [1, 4, 10, 14, 20, 26]. Others
report treatment failure as abnormal laboratory markers
(erythrocyte sedimentation rate, C-reactive protein level, and
aspiration results) or other unanticipated outcomes such as
reoperation or death [26, 29]. Some studies consider long-term
treatment with antibiotic suppression a treatment failure, while
others consider this a success [8]. With such variation in
reporting methods, it is often difficult to compare the clinical
results of different treatment approaches and techniques across
multiple studies.

The current use of varied outcome definitions has led to
studies reporting success rates after two-stage exchange
arthroplasty for PJI ranging from 66% to as high as 100%
[2, 4, 6, 9, 12, 16, 17, 19-22, 27, 28, 30]. To address this lack
of consistency, Diaz-Ledezma et al. [8] published a defini-
tion based on the Delphi method to outline the successful
treatment of PJI. Their international multidisciplinary con-
sensus definition considered that success was based on in-
fection eradication without clinical evidence of wound
drainage or pain, no reinfection by the same microorgan-
isms, and no reoperations or death related to PJI. More re-
cently, the 2019 Musculoskeletal Infection Society (MSIS)
workgroup proposed the MSIS PJI treatment outcome
reporting tool (MSISORT) to aid standardization in research
[11]. The MSIS ORT uses four “tiers” in which to assign
patients based on their clinical course after the initial oper-
ation for PJI (Fig. 1). To our knowledge, no prior work has
sought to compare reporting methods in the same cohort of
patients undergoing two-stage revision for PJI.

To address areas for improvement and compare differ-
ent treatment approaches to PJI, we must first understand

Fig. 1 This figure shows the 2019 MSIS proposed ORT for PJI treatment [11].
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how we are reporting outcomes and how the method of
reporting affects perceived success rates. The current var-
iability in reporting schemes makes comparison across
studies difficult and limits our ability to draw larger,
meaningful conclusions from the available evidence.
Therefore, we asked: is the proportion of patients consid-
ered to have a “successful” outcome after treatment of PJI
with two-stage exchange arthroplasty smaller using MSIS
ORT criteria than when using the Delphi-based criterion?

Patients and Methods

Patients undergoing resection arthroplasty and antibiotic spacer
placement as the first stage of an intended two-stage exchange
arthroplasty for suspected PJI between April 1, 2011 and
January 1, 2018 at our tertiary academic referral institution
were identified and considered for inclusion in this retrospec-
tive study. The initial cohort was identified based on Current
Procedural Technology codes (27091, 27090, 27122, and
27488) as well as our institutional outpatient program for
parenteral antimicrobial therapy. All procedureswere reviewed
to confirm theywere explantations as part of planned two-stage
resection arthroplasty. Only patients with documented ortho-
paedic or infectious disease follow-up via telephone or in
person at a minimum of 2 years from explantation were con-
sidered for analysis. Patients were excluded if their infection
did notmeet theMSIS criteria for chronic PJI [24], had a spacer
placed for a native joint infection, or had documented transition
of care outside our system after explantation.

The initial database search of Current Procedural
Terminology codes identified 205 patients (206 procedures;
one patient underwent two two-stage exchange arthroplasty
procedures on separate joints during the study period) for
review (Fig. 2). After removal of duplicates and improperly
coded procedures (for example, the procedure was not a
spacer placement or the initial surgery was not a THA,
hemiarthroplasty, or TKA), 180 procedures remained for
evaluation. Nine patients had documented transition of care
outside the system, 16 had infections that did not meet the
MSIS criteria for chronic PJI, and 22% (34 of 155) of the
patients were excluded because they were lost to follow-up
before 2 years. There were no differences in patient baseline
characteristics including age, sex, BMI, laterality, and joint
between the patients whowere included and those whowere
excluded because of a lack of 2-year follow-up (p > 0.05). A
final cohort of 121 procedures in 120 patients undergoing
TKA or THA explantation for PJI as defined by the MSIS
criteria were identified for review. The mean follow-up
duration was approximately 3.7 6 1.7 years. Forty percent
(49 of 121) of the procedures were performed on the hip and
60% (72 of 121)were performed on the knee. Themean time
from the primary THA or TKA to explantation was 4.6
years. The mean age of the patients at the time of

explantation was 66 6 10 years (Table 1). The mean time
from spacer placement to replantation was 119 days.

Surgical Approaches and Aftercare

The initial first-stage procedures involved removal of all im-
plants and thorough irrigation and debridement. Multiple
intraoperative cultureswere obtained formicrobiology review,

Fig. 2 This flowchart demonstrates the retrospective study
design and application of the inclusion and exclusion criteria
to identify patients who were included in the final cohort.
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Table 1. Baseline demographic characteristics among the study cohort and stratified by success as defined by the Delphi and MSIS criteria

Characteristic All (n = 121)

Delphi MSIS

Unsuccessful (n = 31) Successful (n = 71) p value Unsuccessful (n = 58) Successful (n = 63) p value

Male sex, % (n) 47 (57) 45 (14) 49 (35) 0.87 43 (25) 51 (32) 0.51

Age in years at explantation,
mean 6 SD

66 6 10 64 6 8 65 6 10 0.87 65 6 10 66 6 10 0.87

BMI in kg/m2, mean 6 SD 35 6 9 39 6 11 34 6 8 0.01a 36 6 10 34 6 8 0.31

Right side, % (n) 54 (65) 58 (18) 56 (40) > 0.99 47 (27) 60 (38) 0.18

ASA score, mean 6 SD 2.8 6 0.6 2.8 6 0.5 2.7 6 0.5 0.37 3.0 6 0.6 2.7 6 0.5 0.01a

Static spacer, % (n) 14 (17) 16 (5) 11 (8) 0.74 14 (8) 14 (9) > 0.99

Discharge disposition, % (n) 0.33

Deceased 4 (4) 0 (0) 0 (0) 8 (4) 0 (0)

Home 1 (1) 0 (0) 2 (1) 2 (1) 0 (0)

Home with VNA 21 (21) 28 (7) 22 (13) 18 (9) 24 (12)

Rehabilitation center 14 (14) 20 (5) 14 (8) 12 (6) 16 (8)

Skilled nursing facility 39 (39) 36 (9) 37 (22) 38 (19) 39 (20)

Swing bed 22 (22) 16 (4) 25 (15) 22 (11) 22 (11)

Reinfection with same
organism, % (n)

0.004a < 0.001a

No 12 (14) 23 (7) 9 (6) 22 (13) 2 (1)

Yes 82 (99) 13 (4) 1 (1) 10 (6) 3 (2)

No reinfection 7 (8) 65 (20) 90 (64) 67 (39) 95 (60)

Revision before inplantation, % (n) 40 (49) 45 (14) 38 (27) 0.65 41 (24) 40 (25) 0.99

Follow-up length in years, mean 6 SD 3.7 6 1.67 4.0 6 2.07 3.6 6 1.49 0.26 3.9 6 2.00 3.5 6 1.44 0.23

aStatistically significant; ASA = American Society of Anesthesiologists score; VNA = Visiting Nurse Association.
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and in select patients, intraoperative frozen sections were
obtained. Spacers included prefabricated molded knee im-
plants (StageOne, Biomet), the Prostalac hip spacer system
(Depuy), handmade polymethylmethacrylate spacers, static
polymethylmethacrylate spacers, and hybrid low-friction knee
spacers (an antibiotic-cemented polyethylene tibial component
and antibiotic-cemented femoral component). For the hip
resection arthroplasty procedures, 96% (47 of 49) were artic-
ulating spacers, and 79% (57 of 72) of knee procedures were
articulating spacers. Antibiotics in the cement included
tobramycin, vancomycin, gentamicin, ceftazidime, or most
commonly, a combination of antibiotics. In the present cohort,
the most-common antibiotic combination was vancomycin
and tobramycin (54 spacers), followed by vancomycin,
tobramycin, and gentamicin (27 spacers). Patientswere treated
with a minimum of 4 weeks of antibiotics (with the exception
of one patient in whom the spacer broke and who underwent
replantation before 4 weeks) with co-management by our in-
fectious disease team. The timing of reimplantation as the
second stage was based on clinical improvement and labora-
tory markers, specifically the erythrocyte sedimentation rate
and C-reactive protein level. Aspiration was also used in most
patients before reimplantation to assess for residual microor-
ganisms or an elevated cell count. Reimplantation procedures
involved spacer removal and repeat debridements with sub-
sequent insertion of revision-type THA or TKA components.

Records were retrospectively evaluated to record patient
baseline characteristics including age, sex, BMI, laterality, and
American Society of Anesthesiologists physical status classi-
fication score at the time of the index procedure. The electronic
medical record was used to extract pertinent operative details,
microbiological data, and prior or subsequent procedures.

Primary Study Endpoint

Our primary study endpoint was the comparison of the 2-
year results of treatment based on the MSIS ORT tier versus
Delphi-based consensus definition (Fig. 3). A single ob-
server (TMB) applied these endpoints based on the record
review and outcome definitions with respect to PJI status per
the published criterion. Per the recommendation of theMSIS
workgroup, Tiers 1 and 2 were defined as successful out-
comes. Tiers 3B, 3C, 3D, 3E, 3F, and 4A were defined as
treatment failure that was directly or indirectly related to PJI.
Of note, the MSIS suggested that Tier 3B, defined as septic
revision at more than 1 year from the initiation of PJI
treatment (excluding amputation, resection arthroplasty, and
arthrodesis), should be categorized as a failure that was not
because of the PJI. In evaluating these patients, we believed
these procedures for septic revision more than 1 year from
the initial explantation most often represented failure be-
cause of factors related to the initial infection and were

grouped as such. Failure that was not because of PJI was
therefore classified as Tiers 3A and 4B.

Finally, the Delphi-based method of reporting, which
was established at the international multidisciplinary con-
sensus meeting and published in 2013 [8], was used to
categorize outcomes at 2 years in the present cohort of pa-
tients and procedures. A two-roundDelphimethodwas used
to reach a consensus definition among international experts
in orthopaedic surgery, infectious disease, and clinical re-
search with the goal of creating a standard framework for
future scientific reporting. Based on this method, success
was defined as infection eradication, evidenced by a healed
surgical woundwithout drainage or a fistula, no documented
infection recurrence, no mortality related to PJI (such as
sepsis or necrotizing fasciitis), and no subsequent surgical
intervention for infection after the second stage of the
reimplantation procedure.Of note, 71%of the participants in
the consensus meeting agreed that 2 years was an acceptable
time period after definitive surgery for PJI when considering
short-term results [8].

Ethical Approval

Ethical approval for this study was obtained from the
Dartmouth-Hitchcock Medical Center, Lebanon, NH,
USA (number STUDY00030894).

Statistical Analysis

In each of these outcome-reporting methods, the initial pro-
cedure was assigned to only one final outcome category. t-test
and chi-squared analyses were performed to compare patient
baseline and demographic characteristics. An additional sta-
tistical analysis was performed to compare those with “suc-
cessful” infection management between the two reporting
criteria and calculate the relative risk, using the R environ-
ment (R Foundation for Statistical Computing). Notably,
given need for dichotomous outcomes for the MSIS ORT
cohort for chi-squared analysis comparison to the Delphi-
based criteria, we utilized the proportion of success in relation
to failure directly or indirectly related to PJI.

Results

Overall, the MSIS criteria classified a smaller proportion of
patients as having a “successful” outcome after two-stage
exchange arthroplasty for PJI than the Delphi-based consen-
sus method did (MSIS: 55% [63 of 114], Delphi: 70% [71 of
102]; relative risk 0.79 [0.65-0.98]; p = 0.03)(Table 2)..
However, there were no differences when stratified by hips
(MSIS: 55% [26 of 47], Delphi: 74% [29 of 39]; relative risk
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0.74 [0.54-1.02]; p = 0.07) and knees (MSIS: 55% [37 of 67],
Delphi: 67% [42 of 63]; relative risk 0.83 [0.63-1.09]; p =
0.19).Notably, the infection of 16%of the patients (19 of 121)
was not classifiable per the Delphi method because these
patients never underwent reimplantation.

Other Findings

Forty percent (49 of 121) of the patients who underwent ex-
plantation had a documented prior revision procedure, de-
fined as any procedure in which an implant component was
removed or exchanged, including head and liner exchange
and polyethylene exchange (Table 1). Sixty-seven percent (33
of 49) of the revisions before resection arthroplasty were re-
lated to infection. The BMI of patients undergoing explan-
tation for TKA infection was higher (37 kg/m2) than that of
patients undergoingTHA (32kg/m2) (p= 0.01).Of thosewith
successful treatment per the MSIS ORT, the mean American
Society ofAnesthesiologists scorewas higher in thosewith an
unsuccessful outcome than in those with a successful out-
come (3.0 versus 2.7 points; p = 0.01). In assessing patients
classified using the Delphi-based method, those with an un-
successful outcome had a higher BMI than those with a
sucessful outcome did (39.4 versus 33.9 kg/m2; p = 0.01);
however there was no difference in BMI between the suc-
cessful and unsuccessful groups based on the MSIS criteria
(33.9 versus 35.7 kg/m2; p = 0.31). Nine of the 120 patients
included in the analysis had retained a primary or revision
spacer at 2 years (six hips and three knees).

Discussion

Infection is one of the most common indications for re-
vision surgery after TKA and THA and is challenging for
both patients and surgeons because of potential compli-
cations and the need to counsel patients on expected out-
comes [3]. Antibiotic spacers as part of the two-stage

Fig 3 This figure shows the MSIS ORT outcomes for all patients undergoing hip and knee
explantation procedures. DAIR = debridement, antibiotics, irrigation, and retention.

Table 2. Chi-square analysis comparing the proportion
of patients with success versus those with failure after
PJI treatment according to the Delphi-based consensus
method [8] and MSIS ORT [11]

Procedure type Delphi MSISa

All procedures (n = 121)

Success, % (n) 70 (71) 55 (63)

Failure, % (n) 30 (31) 45 (51)

Chi-squared = 4.70; p = 0.03

Hip procedures

Success, % (n) 74 (29) 55 (26)

Failure, % (n) 26 (10) 45 (21)

Chi-squared = 3.35; p = 0.07

Knee procedures

Success, % (n) 67 (42) 55 (37)

Failure, % (n) 33 (21) 45 (30)

Chi-squared = 1.78; p = 0.19

aAccording to the MSIS, “failure” is defined as treatment failure
that is directly or indirectly related to PJI (Tiers 3B, 3C, 3D, 3E,
3F, and 4A).
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approach to treating PJI were originally described in 1983
by Insall et al. [13] and remain the preferred treatment for
patients with late chronic infections, usually defined as
occurring at least 4 weeks after the primary operation [5, 7,
18]. Current studies have used a variety of reporting
methods, resulting in inconsistently reported rates of
“success” after two-stage exchange arthroplasty for PJI
[2, 4, 6, 9, 12, 16, 17, 19-22, 27, 28, 30]. The purpose of the
current study was to better understand and perform a
quantitative comparison of the definition of “success” be-
tween two accepted reporting criteria in determining suc-
cess after the treatment of PJI.

Limitations

The present study has a number of specific limitations,
including the small sample size and reliance on a retro-
spective record review, which may not capture all relevant
outcomes or patient characteristics. However, for the
baseline characteristics and follow-up that were analyzed,
all patients had 2-year clinical follow-up, limiting the po-
tential of missing information relevant to the primary
outcomes assessed (reoperations, death, or a retained
spacer). Additionally, of all the patients eligible for anal-
ysis, we had 78% follow-up at 2 years and there was no
difference in age, sex, BMI, or involved joint between
those excluded for lack of 2-year follow-up and those who
were analyzed. Despite the small sample size and assess-
ment of rare outcomes, we were able to find differences
among the groups with respect to baseline characteristics
and the primary outcome of reported “success” of PJI
treatment using the MSIS ORT compared with the Delphi
criterion. A comprehensive record review was performed,
and the primary endpoints were assessed by a single
physician-reviewer. Although this does not allow for an
interobserver evaluation, we believe it does not sub-
stantially limit the study’s findings, because the reporting
tools have been validated through consensus among mul-
tidisciplinary groups and experts in the field with the goal
of reproducible application to research [8, 11]. Another
limitation is that we evaluated for persistent (or recurrent)
infection at 2 years; infection could recur beyond that
timepoint. Nonetheless, we believe our findings are robust
in answering the question of short-term infection eradica-
tion as well as other outcomes such as reoperation, fusion,
or amputation, which are of interest to patients and sur-
geons. Although the study population had a variety of
spacer designs, we believe the findings remain pertinent
with respect to the evaluation of recurrent infection, which
is unlikely to be affected by the mechanical spacer’s de-
sign, althoughmore work is needed in this area [23, 25]. All
spacers in the study were impregnated with one or more
antibiotics. We suspect the variation in the exact antibiotic

dose and design likely represents current practice patterns,
suggesting our findings are more generally applicable
outside our institution [2, 6, 7, 9]. Finally, larger studies
might discover differences, whereas we found none in the
present study. For example, given the rarity of PJI, future
work might involve multiple centers and identify differ-
ences between the TKA or THA two-stage revision co-
horts, as well as between types of spacers, antibiotic
administration, and timing of interventions.

MSIS Versus Delphi Criteria

The MSIS ORT criteria for successful infection management
identified fewer successful outcomes than the Delphi-based
method did. The purpose of this study was not to report that
one method of reporting is superior to or more accurate than
the other, but rather to acknowledge and quantify the potential
of varied reporting of “success” after treatment for PJI based
on the reporting method. The two schemes evaluated in this
study have been established by consensus and experts in the
field and are multidimensional in order to assess outcomes
beyond simply the eradication of infection. Prior work has
assessed the outcomes of two-stage procedures for PJI, but a
lack of consistent or standardized definitions of success make
interpretation across studies more difficult. Although no prior
work, to our knowledge, has quantified the potential for
varied outcome reporting in a single cohort, previous studies
have demonstrated a lack of consistency in published rates of
outcomes [4, 6, 9, 10, 12, 16, 17, 19-22, 27, 28, 29, 30]. For
example, a retrospective review of patients undergoing two-
stage exchange arthroplasty for infected TKA reported in-
fection eradication in 91% of knees (68 of 75) [30]. However,
an assessment of the initial population and methods of that
study initially identified 16 knees that did not undergo reim-
plantation. A reevaluation of the success proportion including
these patients and defining success as the eradication of in-
fection with a “functional, stable, and painless knee joint”
demonstrated a success proportion of 64% [15]. To appro-
priately compare outcomes such as these across studies, one
must acknowledge the potential for differences in reporting
schemes in order to draw meaningful conclusions regarding
treatment options.

An important component of any study evaluating PJI
management is the time from which to start evaluating.
The Delphi-based international multidisciplinary con-
sensus stated, “originally, we proposed the index PJI
surgery as the time zero to start the follow-up” [8].
However, after receiving survey results and participant
recommendations, the group chose to use the definitive
surgery for PJI (replantation) as the time from which to
examine outcomes. Alternatively, the MSIS multina-
tional, multi-institutional, and multidisciplinary work
group published their ORT, which defined the starting
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point for evaluation as the initial operation for PJI [11].
We sought to better understand outcomes after
resection arthroplasty with antibiotic spacer placement
as part of a planned two-stage revision for PJI; therefore,
we used the explantation procedure as the time from
which the outcomes were measured. The different
starting point accounts for a portion of the differing
success between these two methods, but not entirely. If
the 19 patients who never underwent replantation are
included and the Delphi-based consensus definitions are
used, and assuming those who did not undergo reim-
plantation had failed treatment, the success proportion is
59%, which still remains higher than that obtained with
the MSIS ORT (52% of the entire cohort, 55% when
compared only to failure directly or indirectly related to
PJI). Therefore, although the differences we found in the
proportion of successful outcomes can in part be
explained by the choice of the starting point from which
to begin the analysis, it does not entirely account for the
differences we found. Regardless, researchers must be
aware of these differences when comparing the results of
multiple studies and particularly when performing sta-
tistical analyses across studies (such as meta-analyses).

Conclusion

As surgeons, clinicians, and researchers, we must un-
derstand the potential for varied reporting of treatment
success in current studies and use this knowledge to criti-
cally compare data assessing treatment approaches to PJI.
Researchers must seek standardized definitions of treat-
ment success in order to allow for better communication
and consistency among studies, and ultimately help guide
treatment. Additionally, more work is needed to un-
derstand and incorporate patient-reported outcomes and
patient-perceived “success” into the evaluation of out-
comes after PJI treatment. Finally, studies with larger pa-
tient populations and standardized reporting methods are
needed to better understand the role patient factors play in
the outcome of two-stage resection arthroplasty for PJI in
order to improve outcomes and provide appropriate
counseling to patients with PJI.
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14. Jämsen E, Stogiannidis I, Malmivaara A, Pajamäki J, Puolakka
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