
484 Acta Orthopaedica 2019; 90 (5): 484–488

Manipulation under anesthesia after primary knee arthroplasty in 
Sweden: incidence, patient characteristics and risk of revision

Hunbogi THORSTEINSSON 1, Margareta HEDSTRÖM 3,4, Otto ROBERTSSON 1,2, Natalie LUNDIN 3,4,   
and Annette W-DAHL 1,2 

1 Department of Orthopedics, Skane University Hospital, Lund; 2 The Swedish Knee Arthroplasty Register; 3 Department of Orthopedics, Karolinska 
University Hospital, Huddinge; 4 Department of Clinical Science, Intervention and Technology, Division of Orthopaedics and Biotechnology, Karolinska 
Institutet, Stockholm, Sweden
Correspondence: hunbogi1@gmail.com
Submitted 2019-03-01. Accepted 2019-06-01.

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group, on behalf of the Nordic Orthopedic Federation. This is an 
Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
 unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

DOI 10.1080/17453674.2019.1637177

Joint stiffness following knee arthroplasty is a disabling 
complication. One treatment option is manipulation under 
anesthesia (MUA). However, the literature describes no 
clear definition/consensus of stiffness or the indications for 
MUA. Numerous potential risk factors have been reported for 
insufficient knee range of motion (ROM) after knee arthro-
plasty, among others younger age (Issa et al. 2015, Werner et 
al. 2015, Plate et al. 2016, Newman et al. 2018), female sex 
(Gadinsky et al. 2011, Werner et al. 2015), ethnicity (Issa et al. 
2015), high BMI (Gadinsky et al. 2011), smoking (Werner et 
al. 2015, Issa et al. 2015, Newman et al. 2018), comorbidities 
such as diabetes (Plate et al. 2016), warfarin treatment (Desai 
et al. 2014), history of previous knee surgery (Plate et al. 2016, 
Newman et al. 2018), and limited preoperative ROM (Ritter et 
al. 2003, Kim et al. 2004, Keating et al. 2007, Issa et al. 2015, 
Newman et al. 2018).

The incidence of MUA after knee arthroplasty surgery has 
been reported to range from 0.5% to almost 10% (Table 1, 
see Supplementary data). Most were single-center studies 
performed in the United States with relatively few patients. 
2 large US studies (Pfefferle et al. 2014, Werner et al. 2015) 
were based on the PearlDiver database (publicly available 
including private payers and Medicare data) and the Explo-
rys database (commercially available including electronic 
healthcare data) but these showed different MUA incidence 
(1.5% and 4.3% respectively). A Finnish study reported on 
the incidence of MUA in 1 hospital during the first 6 months 
after the primary knee arthroplasty surgery, before and after 
implementing fast-track (Pamilo et al. 2018). They found a 
similar incidence before (2009–2010) and after (2012–2013) 
fast-track (6%). A Danish study on 359 TKAs was also per-

Background and purpose — The incidence of manipula-
tion under anesthesia (MUA) after knee arthroplasty surgery 
has been reported to vary between 0.5% and 10%. We evalu-
ated the incidence of MUA after primary knee arthroplasty 
in Sweden, the demographics of the patients and the risk of 
revision.

Patients and methods — Between 2009 and 2013, 
64,840 primary total and unicompartmental knee arthroplas-
ties (TKA and UKA) were registered in the Swedish Knee 
Arthroplasty Register (SKAR). MUAs performed between 
2009 and 2014 were identified through the in- and outpatient 
registers of the Swedish National Board of Health and Wel-
fare. Pertinent data were verified through medical records 
and patient demographics and revisions were obtained from 
the SKAR.

Results — 1,258 MUAs were identified. Of these, 1,078 
were 1st-time MUAs, performed within 1 year after the pri-
mary knee arthroplasty. The incidence of MUA was 1.7% 
and the incidence varied between hospitals from 0% to 5%. 
The majority were performed after TKA (98%), in younger 
patients (65% < 65 years), women (64%), and relatively 
healthy persons (88% had ASA ≤ 2). The cumulative risk of 
revision at 10 years was 10% (95% CI 8.6–12), similar for 
men and women.

Interpretation — In Sweden, MUA is a rather uncom-
mon measure after knee arthroplasty, especially after UKA. 
The CRR at 10 years was doubled compared to the general 
knee arthroplasty population. The frequency of the proce-
dure varies between hospitals but in general it is performed 
more frequently in healthier and younger patients.
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formed in a fast-track hospital and found the same incidence 
of MUA (Wied et al. 2015). 

The risk of revision after MUA has been sparsely studied. 
Werner et al. (2015) found that patients who required MUA 
after TKA had an increased risk of revision while Pierce et 
al. (2017) did not find any increased risk in a matched case-
control study including 138 patients. 

We evaluated the incidence of 1st-time MUA performed 
within 1 year after primary total knee arthroplasty (TKA) 
and unicompartmental knee arthroplasty (UKA) surgery in 
Sweden, describe the demographics of the patients and the 
risk of revision. 

Patients and methods

We requested information on the 64,840 primary TKA (n = 
61,835, 95.4%) and UKA (n = 3,005, 4.6%) that were reg-
istered in the Swedish Knee Arthroplasty Register (SKAR) 
between 2009 and 2013 from the Swedish National Board 
of Health and Welfare patient register (PAS). The SKAR has 
registered knee arthroplasties since 1975 and has a high com-
pleteness and correctness of data (SKAR 2018). The PAS con-
tains in- and outpatient care, admission date, discharge date, 
surgical code (NOMESCO), diagnosis code (ICD-10), and 
operating hospital. 

Based on the patient’s personal identification number (that 
includes information on date of birth and sex), contained in 
both registers, we requested information on knee arthroplas-
ties registered in the PAS 2009–2014 with ICD-10 codes 
for joint stiffness (M24.5, M24.6, M25.6) together with the 
NOMESCO code for MUA (NGT19) or the codes for percuta-
neous, arthroscopic and open adhesiotomy (NGH30, NGH31, 
NGH32). 

After receiving information from the PAS, the hospitals 
where the manipulations were performed were requested to 
provide medical records related to the manipulation in order 
to verify the side, diagnosis, NOMESCO code, surgical date, 
length of stay (LOS), and comorbidities. Further we had the 
intention to gather information from the records on the ROM 
before, during, and after the manipulation as well as the care 
after the manipulation. 

Information on patient characteristics, age, sex, BMI, the 
ASA class, and history of prior knee surgery were obtained 
from the SKAR.

As the purpose of the study was to evaluate the incidence 
of MUA, we excluded percutaneous, arthroscopic, and open 
adhesiotomies, MUAs after revisions and reoperations, 
MUAs or primary knee arthroplasties performed outside the 
study period, duplicates, and those not verified as MUA. Fur-
ther we included only the 1st-time MUAs performed within 
1 year after the primary knee arthroplasty. The patients were 
followed-up until December 31, 2018. We use descriptive sta-
tistics and present the data in numbers and proportions. 

Statistics
Cumulative revision rate (CRR) curves were produced using 
the life table method with monthly intervals with 95% con-
fidence intervals (CIs) calculated with the Wilson quadratic 
equation using the Greenwood and Peto effective sample size 
estimates (Dorey et al. 1993). When comparing the risk of 
age (continuous variable), sex, and MUA performed before or 
after 8 weeks from the primary knee arthroplasty, Cox regres-
sion was used to calculate relative risk estimates (RR) with CI. 
The reason for revision was presented as numbers and propor-
tions. 

Ethics, funding, and potential conflicts of interests 
The study was approved by the regional Ethics Committee of 
Stockholm (2015/978-31), and was performed in accordance 
with the Declaration of Helsinki. The study was not financed 
by any external funding. The authors declare no conflicts of 
interest.

Results

We identified 1,258 MUAs of which 1,150 were 1st-time 
MUAs with 1,078 MUAs being performed within 1 year 
of the primary knee arthroplasty. All the hospitals (n = 75) 
responded to our request for medical records but in 40 cases 
(2.6%) a record could not be found (Figure 1).

Total number of MUAs
2009–2014
n = 1,544

MUA
n = 1,258

First-time MUA
n = 1,150

First-time MUA
< 1 year after primary operation

n = 1,150

Excluded (n = 286):
– missing records, 40
– duplicates, 41
– MUA after revision/reoperation, 34
– MUA/primary outside study period, 21
– other, 23
– arthroscopic adhesiotomy, 49
– open adhesiotomy, 78

Excluded reapted MUA (n = 108):
– 2 times, 90
– 3 times, 17
– 4 times, 1

Excluded:
MUA > 1 year after primary operation

n = 72

Figure 1. Flowchart of the study population.
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The incidence of 1st-time MUA within 1 year after knee 
arthroplasty was 1.7% and was similar through the years 
(Figure 2, see Supplemenatry data). The incidence of MUA 
varied between hospitals from 0% to 5% (Figure 3). 

Of the TKAs, 1.7% (n = 1,061) underwent MUA and among 
the UKAs 0.6% (n = 17). Of the 1,078 MUAs, 60% were per-
formed within 3 months after the primary knee arthroplasty. 

The vast majority (n = 1,011, 94%) of the MUA patients 
were treated as inpatients and the median LOS was 2 days 
(0–20) with 95% of the patients staying 0–6 days.

As compared with the general knee arthroplasty population 
in Sweden, the MUA patients were younger (65% < 65 years), 
more often women, somewhat healthier and more often had 
a history of prior knee surgery. The BMI and diagnoses were 
similar (Table 2). 5.5% of the MUA patients were diagnosed 
with diabetes mellitus and 5.5% had warfarin treatment. Cor-
responding figures for the general arthroplasty population are 
not available. 

Among the 1,078 MUAs there were 109 revisions. The CRR 
at 10 years was 10% (CI 8.6–12). 

We found no statistically significant difference in risk of 
revision depending on sex (men hazard ratio [HR] 0.9 [CI 
0.6–1.4]), age (HR 1 [CI 0.98–1]), or if the MUA was per-
formed before or after 8 weeks following the knee arthroplasty 
surgery (< 8 weeks HR 1 [CI 0.6–1.6]). Femoro-patellar prob-
lems were the most common reason for revision (26%) fol-
lowed by loosening and stiffness (Table 3, see Supplementary 
data).

Discussion

To our knowledge, this is the first nationwide study showing 
the incidence of MUA after primary knee arthroplasty surgery. 
All the hospitals answered our requests for medical records 
but 3% of the records could not be found and may have been 

misclassified. All privately run hospitals were represented in 
the PAS so we feel confident that the absolute majority of pro-
cedures were captured. However, unfortunately the medical 
records proved to be insufficient to evaluate the exact ROM 
before, during, and after MUA, regarding the change in ROM 
achieved during or after the MUA, or whether the patients 
were satisfied with the results. 

We found the incidence of a 1st-time MUA within 1 year 
of knee arthroplasty surgery to be 1.7%, i.e., a rather uncom-
mon procedure. Our incidence may be regarded to be low as 
compared with what has most commonly been reported (see 
Supplementary data). The 2 Nordic studies (Wied et al. 2015, 
Pamilo et al. 2018) included patients operated with TKA 
during the same time period as the patients in our study, but 
in fast-track hospitals. These studies showed an incidence of 
MUA of almost 6%, which was comparable to the hospital in 
Sweden with the highest incidence (5%). The SKAR has no 
information on whether the hospitals consider themselves as 
fast-track hospitals or not. On the other hand, we could not see 
a difference in incidence between government and private-run 
or high- and low-volume hospitals. However, the incidence 
varied between hospitals in Sweden in a similar way to the 
incidences from different hospitals in the literature (Table 1). 
This may reflect the highlighted lack of clear indications for 
MUA after knee arthroplasty surgery. 

Several variables have been suggested as potential risk fac-
tors for stiffness requiring MUA, but little consensus exists 
(Kornuijt et al. 2018). The Swedish MUA population was 
more often women, younger, and somewhat healthier but had 
a higher proportion of previous knee surgery compared twith 
the general knee arthroplasty population. Diabetes and war-
farin treatment have been suggested as potential risk factors 
(Issa et al. 2014b, Pfefferle et al. 2014) for joint stiffness 
but that information is not available in the SKAR and we do 
not know if they are over-represented in the Swedish MUA 
population. 

Figure 3. Incidence of MUA/hospital.

Table 2. Characteristics of MUA patients and the general knee 
arthroplasty (TKA and UKA) population 2009–2013 in Sweden

  MUA SKAR
Factor (n = 1,154) (n = 64,840)

Sex female, n (%)    729 (63) 37,490 (58)
Age, mean (SD) 61 (9) 69 (9)
ASA, n (%) a 1,136 63,440
 I    336 (30) 12,345 (19)
 II    671 (59) 41,010 (65)
 III–IV    129 (11) 10,085 (16)
BMI a 1,133 63,347
 mean (SD)      29 (5)        29 (5)
OA n (%) 1,091 (95) 62,042 (96)
Prior knee surgery a 1,125 62,934
 n (%)    406 (36) 12,454 (20)

a Number of cases with data
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The optimal timing of MUA is unknown. Early interven-
tion has been suggested to be favorable (Bawa et al. 2013, 
Issa et al. 2014a, Desai et al. 2014, Ferrel et al. 2015, Van-
lommel et al. 2017, Newman et al. 2018) while others found 
no difference between early and late intervention (Ipach et al. 
2011, Yeoh et al. 2012). However, early intervention has been 
reported to vary from ≤ 6 to 20 weeks in the above-mentioned 
studies.

Werner et al. (2015) found that the risk of revision was less 
common in patients who underwent MUA within 8 weeks 
after the primary TKA (94/2,465 [3.8%]) as compared with 
patients who underwent MUA between 8 weeks and 3 months 
after (99/1,870 [5.3%]), p = 0.02. However, we found no sta-
tistically significant difference in risk of revision depending 
on whether the MUA was performed ≤ 8 or > 8 weeks. The 
reasons may be the difference in the number of MUAs in the 
studies and that our time limit for “late” MUAs was not 3 
months but 1 year. 

Further, we found that the MUA patients had approximately 
double the 10-year CRR of the general knee arthroplasty 
population in Sweden (SKAR 2018). This is in line with the 
findings of Werner et al. (2015), who found that patients who 
required MUA after the primary TKA had increased risk of 
revision (4.8%, within 7 years) as compared with those not 
requiring MUA (2%) (OR 2.4, CI 2.1–2.8). 

Of the 109 revisions, 18 were due to stiffness and the rest 
for other reasons, and may not have had anything to do with 
the stiffness/MUA. We feel confident with the reasons for 
revision as we routinely read all the surgical records and the 
discharge letters at the register. We found that femoro-patellar 
problems comprised the most common reason for revision in 
our MUA cohort (26%) with infection (12%) being the 4th 
most common. Werner et al. (2015) reported only on the fre-
quency of infections as reason for revision and found them to 
account for 16%.

The relatively large variation in the incidence between hos-
pitals in Sweden may indicate that factors other than known 
risk factors such as sex, age, health, and postoperative ROM 
influence the decision to perform MUA. Rather, the decision 
may to a larger extent be affected by the patient’s expectations 
and motivation as well as the surgeon’s expectations and will-
ingness to perform MUA and not least the available resources 
in the hospitals concerned. 

In summary, in Sweden, MUA is a rather uncommon mea-
sure after knee arthroplasty, especially after UKA, and has 
double the CRR at 10 years as compared with the general knee 
arthroplasty population. The frequency of the procedure varies 
between hospitals but in general MUA is performed more fre-
quently in healthier and younger patients.

Supplementary data
Tables 1 and 3 and Figure 2 are available as supplementary data 
in the online version of this article, http://dx.doi.org/10.1080/ 
17453674.2019.1637177
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