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The indication for aseptic revision TKA does not influence 
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Background and purpose — Outcomes following revi-
sion total knee arthroplasty (TKA) may depend on the 
indication for revision surgery. We compared pain, patient-
reported outcome measures (PROMs), and patient satisfac-
tion among different indications for an aseptic TKA revision.

Patients and methods — This was a retrospective 
study of prospective data from an institutional registry of 
178 primary TKAs revised between 2012 and 2020. Patients 
were grouped by the main reason for their revision: loosen-
ing, malposition, instability, or stiffness. Pain during mobili-
zation and at rest (NRS 0–10), physical function (KOOS-PS 
and KSS), and quality of life (EQ-5D) were surveyed preop-
eratively and at 2 months and 1 year postoperatively. Patient 
satisfaction was evaluated through questions related to knee 
function and their willingness to undergo the same surgery 
again at 1-year follow-up.

Results — Pain and PROMs improved in all groups 
and did not differ statistically significantly between the 4 
groups at 1-year follow-up, but equivalence for pain was 
not confirmed between groups. Overall, pain during mobi-
lization improved by 2.4 (95% CI 1.9–3.0) at 1-year follow-
up, which was both clinically and statistically significant. 
Improvements were seen within 2 months of surgery, with no 
further improvements seen 1 year postoperatively. Approxi-
mately 2/3 of patients reported that their knee function had 
improved and would undergo the same surgery again, at 
1-year follow-up.

Conclusion — Statistically significant and clinically rel-
evant improvements in pain and PROMs were seen in all 4 
revision groups 1 year after revision TKA. These results may 
assist clinicians and patients during preoperative counselling.

As the number of total knee arthroplasties (TKA) performed 
per year worldwide increases, so has the demand for revision 
TKA (1). Although the clinical outcomes following revision 
TKA are good, they are inferior to those after primary TKA 
(2). The main goal of both primary and revision arthroplasty 
surgery is a satisfied patient. This goal can be accomplished 
by setting realistic expectations for clinical improvement, 
and achieving an acceptable level of postoperative pain and 
function (3). Preoperative patient counseling on expected 
outcomes is important to setting realistic recovery goals (4,5), 
and is central to the preoperative shared decision-making 
process (6,7). 

Excluding infections and acute events, the main indications 
for revision TKA are implant loosening, instability, pain, poly-
ethylene wear, stiffness, implant failure, and implant malposi-
tion (8). Previous studies have presented different conclusions 
as to whether the reason for a TKA revision influences clini-
cal postoperative outcomes (9-13). Although it is difficult to 
compare studies on revision TKA due to methodological dis-
crepancies and the use of diverse outcome measures, a recent 
review reported a tendency toward revision TKA due to stiff-
ness yielding the lowest outcome scores (14). 

The extent to which the indication for the revision TKA 
influences clinical outcomes is unclear. Therefore, we evalu-
ated the results of several different domains in a standardized 
fast-track clinical setting with a few highly skilled revision 
TKA surgeons. More specifically, we evaluated how pain, 
function, quality of life, and patient satisfaction at 1-year fol-
low-up were related to the indication for an aseptic revision 
TKA using a registry-based cohort at a single large-volume 
hospital department.
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Patients and methods 
Design 
This was an observational cohort study using prospectively 
recorded data from an institutional quality registry for hip and 
knee arthroplasty patients who underwent a fast-track clinical 
course at our orthopedic department. Some of the results from 
the first 16 revision total TKAs included in the registry have 
previously been published in a study that describes the estab-
lishment of the fast-track patient course (15). 2 senior ortho-
pedic surgeons operated or assisted on all revision procedures. 

Patients (Figure 1, Table 1)
All elective aseptic revision TKA surgeries performed at St 
Olav’s University Hospital between March 2012 and May 
2020 were screened for study eligibility. Inclusion crite-
ria were TKA revisions that required replacement of both 
the tibial and femoral components. TKA re-revisions were 

loosening was defined as loosening without signs of infection 
or polyethylene wear with emerging bone loss. Malalignment 
was defined as the indication if there were a malposition or 
malrotation of 1 or both components. Instability was the main 
indication when patients experienced instability without any 
signs of component malposition. Stiffness was the main indi-
cation if the knee flexion was < 90° without any other reasons 
present, or if the knee flexion was < 70°, even if the stiffness 
was caused by any of the 3 other indications. Patients were 
placed into groups based on the main reason for their revi-
sion. For patients with more than 1 indication for surgery, a 
group of experienced orthopedic knee surgeons discussed and 
agreed on the main indication..

Fast-track clinical pathway
All patients were treated according to a well-established stan-
dardized clinical fast-track patient course. Pain treatment 
consisted of spinal anesthesia, local infiltration, and systemic 
analgesics. For details see Winther et al. (15). 

Table 1. Patient demographics. Values are presented as mean (range) or count  

 	 Aseptic
Factor	 loosening	 Malposition	 Instability	 Stiffness	 Total

Age	 66 (39–90)	 66 (43–86)	 66 (41–83)	 64 (53–80)	 66 (39–90)
BMI	 30 (22–41)	 30 (19–42)	 30 (19–44)	 28 (20–36)	 30 (19–44)
Sex (female/male)	 23/12	 55/31	 29/11	 9/8	 116/62
ASA (I/II/III)	 2/23/10	 10/47/29	 1/31/8	 3/11/3	 16/112/50

Aseptic TKA revisions
n = 254

Excluded (n = 76):
– partial prosthesis revision, 46
– liner exchange, 16
– total re-revision, 10
– soft tissue procedure, 3
– periprosthetic fracture, 1

Included TKA revisions
n = 178

Excluded (n = 3):
– revised for mechanical reasons, 2
– medical reasons not related to 
   the knee, 1

Excluded (n = 5):
– revised for mechanical reasons, 1
– no further follow-up, 3
– personal reasons, 1

Excluded (n = 4):
– revised for mechanical reasons, 1
– no further follow-up, 1
– travel distance, 2

Excluded (n = 4):
– revised for deep infection, 1
– medical reasons not related
    to the knee, 2
– travel distance, 1

Excluded (n = 1):
– personal reasons, 1

Excluded (n = 2):
– revised for deep infection, 1
– soft tissue problems, 1

Excluded (n = 2):
– revised for deep infection, 2

Excluded (n = 1):
– revised for deep infection, 1

Component malposition
n = 86

Instability
n = 40

Aseptic loosening
n = 35

Sti�ness
n = 17

2-month follow-up
n = 83

2-month follow-up
n = 37

Missing (n = 1)

2-month follow-up
n = 32

Missing (n = 1)

2-month follow-up
n = 16

1-year follow-up
n = 78

1-year follow-up
n = 37

1-year follow-up
n = 29

1-year follow-up
n = 12

Figure 1. Patient enrollment. 

excluded. Infections and periprosthetic frac-
tures were not included due to the elective 
nature of the fast-track clinical course.

Patients were allocated into groups based 
on the 4 most frequent indications for aseptic 
revision surgery: loosening, component mal-
position, instability, and stiffness, based on 
previously publicized work (11). We consider 
pain to be a symptom caused by the underly-
ing indication for revision surgery. Aseptic 
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Surgical procedures and implants
Three levels of constrained implants from the same revision 
knee system were used for the revision surgeries (NexGen, 
Zimmer Biomet, Warsaw, IN, USA). Preoperative planning 
included an evaluation of stability demands in order to select 
a posterior stabilized (PS), constrained condylar (LCCK), or 
rotating hinge (RHK) knee. Stem lengths of 100 mm or 150 
mm were combined with both the femoral and tibial compo-
nents. 

Data collection and outcomes 
Data was prospectively collected at the preoperative outpa-
tient clinic, during hospitalization, and twice after discharge: 
at 2-months and 1-year follow-up. The primary outcome was 
pain during mobilization at 1 year, and pain improvement 
from before surgery to 1-year follow-up.

Pain during mobilization and at rest was reported using the 
numeric rating scale (NRS 0–10) (0 no pain, 10 worst pain 
imaginable). Minimal clinically important improvement 
(MCII) is a threshold that defines the minimum improvement 
relevant to the patient. Scores above this limit are considered 
a clinically significant improvement. The patient acceptable 
symptom state (PASS) is the state beyond which the patient 
considers the outcome satisfactory (16). The MCII and PASS 
thresholds for pain were 1.7 and 4.6 based on previous pub-
lications (16). Patients achieving these thresholds are referred 
to as responders. Equivalence tests were performed between 
groups on pain variables to see if the group differences were 
small enough to be considered equivalent in a clinical per-
spective. The specified MCII value of 1.7 was used to define 
the boundaries of equivalence for both pain at rest and pain 
during mobilization.

Secondary outcomes were pain at rest, the disease-specific 
KSS, and KOOS-PS, and the generic EQ-5D. 

Self-perceived satisfaction at 1-year follow-up was evalu-
ated using 2 anchor questions: “How does the leg that was 
operated on work today compared with before surgery?” and 
“Based on your experience to date, would you go through the 
surgery again?”. 

Time from index surgery, surgery time, length of hospital 
stay (LOS), knee flexion, and postoperative complications 
were also registered.

Statistics
A generalized linear mixed model was used to analyze pain 
during mobilization preoperatively and at 2 months and 1 
year after surgery for the 4 revision groups. The time points 
and 4 patient groups were modelled as fixed factors. Based 
on clinical considerations, BMI was included as a covariate 
in the analysis. A random subject intercept was included. The 
data was modelled with an identity link function and histo-
grams were used to verify residual normality. The numbers 
presented for mean pain during mobilization are model esti-
mates with 95% confidence intervals (CI). Statistical analyses 

were performed using SPSS v27 (IBM Corp, Armonk, NY, 
USA). Equivalence between groups was assumed when the 
90% confidence interval of the group differences fell within 
the interval defined by the MCII boundaries. The aseptic loos-
ening group was used as a reference group.

Ethics, data sharing, funding, and conflicts of interest
The study was approved by the regional ethics commit-
tee (REC central) (approval no. 123645) and the National 
Archive and Center for Research Data (approval no. 480820). 
All methods accorded with the relevant guidelines and regu-
lations. Patients were informed about the registry and gave 
written informed consent to allow data related to their knee 
revision surgery to be used for scientific purposes before they 
were included. Grouped data or tables of data without possi-
bility of identification are available. The study did not receive 
any grant or funding and the authors declare that they have no 
conflicts of interests. 

Results
Patients (Figure 1)
178 patients were included, of whom 86 were revised due to 
malposition, 40 for instability, 35 for aseptic loosening, and 17 
due to stiffens. 24 patients had more than 1 reason for failure 
(22 with 2 reasons and 2 with 3 reasons). 156 (88%) patients 
completed the 1-year follow-up. 

Outcomes
Changes in pain during mobilization from preoperatively to 
1-year follow-up (Figure 2)
The mean pain level was statistically and clinically signifi-
cantly reduced in all groups from preoperatively until 1-year 
follow-up by 2.4 (CI 1.9–3.0). The mean reduction by group 
was 3.4 (CI 2.4–4.5) in the aseptic loosening group, 2.4 (CI 
1.7–3.0) in the malposition group, 2.2 (CI 1.2–3.1) in the 
instability group, and 1.8 (CI 0.1–3.5) in the stiffness group. 
Overall mean pain statistically significantly increased by 0.7 
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Figure 2. Descriptive values of pain during mobilization and pain at rest 
of 4 different revision TKA groups preoperatively and at 2-month and 
1-year follow-up. PASS = patient acceptable symptom state.
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(CI 0.1–1.3) from 2 months postoperatively until 1-year fol-
low-up, but no statistically significant within-group increase 
was found (p ≥ 0.05). 

Pain during mobilization at 1-year follow up (Figure 2)
At 1-year follow-up, the overall mean pain was 4.3 (CI 3.7–
4.8). The mean pain by group was 3.4 (CI 2.5–4.4) in the asep-
tic loosening group, 4.5 (CI 4.0–5.1) in the malposition group, 
4.7 (CI 3.9–5.6) in the instability group, and 4.3 (CI 2.8–5.9) 
in the stiffness group. There were no statistically significant 
between-group differences, but the equivalence tests (Figure 
3) indicate clinically meaningful pain difference in favor of the 
aseptic loosening group. 

Overall, the number of MCII responders was similar with 
respect to pain during mobilization vs. pain at rest whereas the 
number of PASS responders was higher for pain at rest than 
pain during mobilization. 

Patient satisfaction at 1-year follow-up (Figure 4)
The overall number of patients who reported improved knee 
function was between 61% and  76%, and 66–82% reported 
that they would have the same surgery again based on their 
experience. 

PROMs (Figures 2, 5–6, see Supplementary data)
Pain at rest, KOOS-PS, KSS knee and function scores, and 
EQ-5D were improved at 1-year follow-up compared with 
preoperative scores. No statistically significant differences 
were noted between the groups in any parameter at 1-year 
follow up, as demonstrated by overlapping CI. However, the 
equivalence tests on pain at rest indicate clinically meaningful 
pain difference in favor of the stiffness group (Figure 3).

Time from primary TKA to revision, surgery time, LOS, 
preoperative, and 1-year follow-up knee flexion and compli-
cations are presented in Table 2.

Discussion

Patient-reported outcomes at 1-year follow-up did not differ 
significantly among the 4 indication groups, but equivalence 
testing on pain variables could not rule out clinically signifi-
cant differences between some groups. Pain was statistically 
significantly and clinically relevantly decreased, and PROMs 
improved substantially throughout the cohort at 1-year follow-
up. Improvements were primarily seen in the first 2 months 
after surgery, with no further improvement at 1-year follow-
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Figure 3. Equivalence plot of pain differences during mobilization and 
at rest for the groups at 12-month follow-up. Mean differences (white 
squares) with 90% confidence intervals (red lines) and 95% confi-
dence intervals (black lines). Green area represents equivalence; dif-
ferences smaller than an effect size considered worthwhile.
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Figure 4. Patient satisfaction related to knee function and willingness 
to have the surgery in the 4 different revision TKA groups at 1-year 
follow-up.

Table 2. Clinical outcomes. Values are presented as mean (range) or count 

Factor	 Aseptic loosening	 Malposition	 Instability	 Stiffness	 Total

Years from index surgery	 6 (0–21)	 5 (0–16)	 6 (1–16)	 7 (1–24)	 5 (0–24)
Surgery time (min)	 144 (93–226)	 128 (80–240)	 133 (87–215)	 151 (108–206)	 135 (80–240)
LOS (days)	 5.1 (2–29)	 3.8 (2–8)	 4 (2–14)	 3.9 (2–8)	 4.1 (2–29)
ROM (flexion°) 					   
 Preoperatively	 103 (75–140)	 110 (70–140)	 115 (85–135)	 79 (45–105)	 107 (45–140)
  1-year follow-up	 116 (90–135)	 115 (90–130)	 118 (100–140)	 105 (75–125)	 115 (75–140)
Complications					   
  Deep infection	 3	 1	 1	 1	 6
  Mechanical/dislocation	 0	 2	 1	 2	 5
  Stiffness	 0	 3	 1	 3	 7
  Rupture/DVT	 2	 2	 1	 0	 5

LOS = length of hospital stay, ROM = range of motion, DVT = deep vein thrombosis.
Complications reported within 1-year follow-up, stiffness; flexion < 90° or extension deficit > –10°. 
1 surgery could be registered with several complications. 

up. The overall mean reduc-
tion in pain scores was above 
the MCII threshold and within 
the PASS level. Our findings 
are similar to those that report 
good results following revi-
sion TKA, although they are 
inferior to outcomes following 
primary TKA (2,4,13,17,18). 

The pain levels seen in our 
study are in line with prior 
work that discussed revision 
TKA (4,11,17), with clinically 
significant pain reduction and 
an acceptable patient symp-
tom state. A notable finding 
is that the overall mean pain 
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during mobilization statistically significantly increased from 
2 months to 1 year by 0.7. No statistically significant within-
group increases were observed, but equivalence tests indicate 
pain levels during mobilization in favor of the aseptic loos-
ening group. Other work has also found that improvements 
occur in the early phase following revision TKA surgery (11). 
At 8-week follow-up, the patients are still in an early phase 
following surgery, which means that they are less active, some 
might still be using crutches, and some are also probably 
on pain medication. At 1-year follow-up, the activity level 
and expectations concerning pain and function are probably 
higher than at 8 weeks, which might result in a higher self-per-
ceived pain level at 1 year. Stem pain may also be a significant 
activity-related problem due to mechanical stress between the 
intramedullary nail in the tibial and femoral components and 
the bone (19). KSS function increased during the same period, 
hence the increase in pain from 2 to 12 months postoperatively 
might be explained by increased physical activity during that 
period. The pain levels at 1 year correspond well with previ-
ous results after TKA revision surgery but are somewhat better 
for the stiffness group in our study. Other studies suggest that 
patients with stiffness should lower their expectations for pain 
relief after revision surgery, as pain has been found to remain 
high in this group (14,20). 

Functional outcome and pain are important factors related 
to patient satisfaction following TKA, and the latter has been 
found to be the strongest predictor of dissatisfaction (3). The 
PASS threshold has previously been found to correspond 
with satisfaction (21). In our study, 74% of the patients would 
have undergone the surgery again based on their knowledge 
of their 1-year follow-up outcome, and 66% were PASS 
responders when combining pain at rest with pain during 
mobilization. The overall number of MCII responders was 
56% for pain at rest and during mobilization, which is lower 
than the 66% who reported improved function (Figures 4 and 
7). This is similar to previous studies following aseptic revi-
sion TKA (11,13,22). Persistent pain following primary TKA 
is a common reason for patients to consult with an orthopedic 
surgeon regardless of the underlying reason for their failure 
(23), and pain has been proposed to be the most important 
outcome for the patient. 

Several factors might contribute to further improve the 
results following revision TKA: first, it is important to inform 
the patients preoperatively about the expected inferior results 
following revision surgery and to empower the patients so 
that they can take an active part in the decision-making. Also, 
patients should be carefully selected so that patients with minor 
potential for improvement are advised against having the revi-
sion surgery. Decreased time to revision in case of a failed 
primary TKA due to malposition has previously been demon-
strated to yield good results (24). As a part of the follow-up at 
our orthopedic department, we have recently implemented a 
routine to identify all patients who are dissatisfied with their 
outcomes following primary and revision TKA, and thereby 
we might be able to intervene earlier, which could improve the 
outcomes. Shorter time to revision might also be important to 
prevent further deconditioning induced by delayed treatment 
(25), regardless of indication. An early intensive rehabilitation 
protocol could have prevented the vicious cycle of inactivity 
induced by the failed TKA and thus led to improved 1-year 
outcomes following revision TKA. Increased use of hinged 
implants in the case of instability and stiffness combined with 
more coned or shorter stems might also prevent stem pain and 
improve the outcomes (26-28). 

While MCII and PASS evaluate the results of each outcome 
separately, satisfaction reflects the overall patient experience. 
Our findings therefore indicate that patient satisfaction is a 
multifactorial parameter that encompasses more than pain 
and function, and also includes the patient’s expectations 
influenced by their involvement in the preoperative planning. 
Through the fast-track preoperative information, patients 
are motivated to actively participate in the planning, which 
has been found to have a positive impact on the results (29). 
Thereby they are prepared for early mobilization, short LOS, 
and being discharged to their homes as soon as the specific 
discharge criteria are fulfilled. 

Physical function and health-related quality of life scores as 
measured by the KSS, KOOS-PS, and EQ-5D in our study are 
similar to those reported by prior analysis of revision TKAs 
(4,13,14,22,30). Although all groups showed improvements at 
their 1-year follow-up that were above the MCII threshold for 
the outcome scores, neither group reached the PASS level in 
any outcome other than pain at rest and pain during mobiliza-
tion (17,21,31) (Figures 2, 5–6, see Supplementary data). Nev-
ertheless, a high number of patients were satisfied with their 
outcome, which suggests that their expectations were met. All 
patients in the quality registry and hence in our study went 
through the fast-track clinical course with thorough preopera-
tive information (15), which could explain these findings.

Stiffness has been associated with the worst outcomes fol-
lowing revision TKA (11,12,14). We did not find any statisti-
cally significant between-group differences, but equivalence 
tests indicate pain levels at rest in favor of the stiffness group. 
Even though surgery was a reasonable option for most patients 
with a stiff knee, its benefits have been found to be modest 
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Figure 7. Proportion of MCII- (left) and PASS- (right) responders at 
1-year follow-up. Results are stratified into the 4 different revision TKA 
groups.
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(14,20). The present study reported better pain, KSS functional 
scores, and patient satisfaction compared with previous stud-
ies that evaluated revision due to stiffness (13,14,20). Further, 
a mean knee flexion of 105° at 1 year is higher than previ-
ously reported range of motion, and only 50% of the articles 
included in a recent review reported average knee flexion of 
over 90° at final follow-up in patients revised due to stiffness 
(14). Knee flexion has previously been found to have impor-
tant functional implications that impact patient satisfaction 
(20), which is supported by our findings. From the fast-track 
setting, all patients are well informed about risks and post-
operative outcomes. This has especially been emphasized 
for patients experiencing a stiff knee. The patients are well 
prepared and motivated to have the revision surgery with 
the concomitant effort required to make a full recovery. It is 
highlighted that they must take an active part in the recovery 
and that their effort is important in order to optimize the out-
come. It is emphasized that a lot of work is required in order 
to regain acceptable function and flexibility, which might have 
improved the results.

There are limitations to our study. First, more than 1 indica-
tion for the revision TKA was present in 24 of the 178 sur-
geries. Second, the stiffness group is rather small, including 
only 17 patients. Third, formal tests of equivalence have been 
conducted only on the pain variables and, consequently, the 
generalizability of the other PROMs is uncertain. The strength 
of the study is that a small number of highly experienced 
orthopedic surgeons performed or assisted on all revisions at 
a single large-volume hospital department with a standardized 
fast-track patient course (15). Fast track has previously been 
demonstrated to improve outcomes following both primary 
and revision TKA through optimized evidence-based treatment 
in all aspects of the pathway, from preoperative information 
until follow-up (29,32). In our orthopedic department, all elec-
tive aseptic revisions are implemented on the fast-track patient 
course, which could explain our findings of a relatively high 
number of satisfied patients with acceptable pain levels. A wide 
range of PROMs were also included to provide an extensive 
description of outcomes following TKA revision in several 
dimensions. We also had a high response rate of 71–93% in 
all groups at 1-year follow-up, which is above the acceptable 
response level of 60–70% when reporting PROMs (4). 

Our findings support the importance of increased knowledge 
through patient counselling, which is the foundation of the 
informed shared decision-making process and may improve 
patient satisfaction given the higher likelihood of satisfying 
their expectations.

In conclusion, all revision TKA groups had statistically sig-
nificant and clinically relevant improved pain, function, and 
quality of life at 1-year follow-up. Mean pain after revision 
TKA was below the PASS limit, and 2/3 of patients reported 
that they were satisfied with their outcome. These results 
could be useful in the shared preoperative decision-making of 
patients who are considering revision TKA.

All authors contributed to study planning and data interpretation. TE and 
OSH performed the surgeries. GL and SBW contributed to data registration. 
JK and OF performed the data analyses. All authors contributed to revising 
the draft manuscript written by SBW.
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Figure 5. Descriptive values of the KSS knee score and functional 
score in the 4 different revision TKA groups preoperatively and at 
2-month and 1-year follow-up. PASS = patient acceptable symptom 
state.

Figure 6. Descriptive values of the KOOS-PS and EQ-5D in the 4 dif-
ferent revision TKA groups preoperatively and at 2-month and 1-year-
follow-up. PASS = patient acceptable symptom state.
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