 The Knee Society

Risk factors for manipulation under
anaesthesia after total knee arthroplasty
Aims

P. Knapp,
L. Weishuhn,
N. Pizzimenti,
D. C. Markel
From Ascension
Providence Hospital,
Southfield and Novi,
Michigan, USA

Postoperative range of movement (ROM) is an important measure of successful and satisfying
total knee arthroplasty (TKA). Reduced postoperative ROM may be evident in up to 20% of all
TKAs and negatively affects satisfaction. To improve ROM, manipulation under anaesthesia
(MUA) may be performed. Historically, a limited ROM preoperatively was used as the key
harbinger of the postoperative ROM. However, comorbidities may also be useful in predicting
postoperative stiffness. The goal was to assess preoperative comorbidities in patients undergoing TKA relative to incidence of postoperative MUA. The hope is to forecast those who may
be at increased risk and determine if MUA is an effective form of treatment.

Methods
Prospectively collected data of TKAs performed at our institution’s two hospitals from
August 2014 to August 2018 were evaluated for incidence of MUA. Comorbid conditions,
risk factors, implant component design and fixation method (cemented vs cementless),
and discharge disposition were analyzed. Overall, 3,556 TKAs met the inclusion criteria. Of
those, 164 underwent MUA.

Results
Patients with increased age and body mass index (BMI) had decreased likelihood of MUA.
For every one-year increase in age, the likelihood of MUA decreased by 4%. Similarly, for
every one-unit increase in BMI the likelihood of MUA decreased by 6%. There were no differences in incidence of MUA between component type/design or fixation method. Current
or former smokers were more likely to have no MUA. Surprisingly, patients discharged to
home health service or skilled nursing facility were approximately 40% and 70% less likely
than those discharged home with outpatient therapy to be in the MUA group. MUA was
effective, with a mean increased ROM of 32.81° (SD 19.85°; -15° to 90°).

Conclusion
Younger, thinner patients had highest incidence of MUA. Effect of discharge disposition on
rate of MUA was an important finding and may influence surgeons’ decisions. Interestingly, use of cement and component design (constraint) did not impact incidence of MUA.
Level of Evidence II: Prospective cohort study.
Cite this article: Bone Joint J 2020;102-B(6 Supple A):66–72.
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Total knee arthroplasty (TKA) outcomes are
closely linked to patient satisfaction. Patients with
lower preoperative functional scores undergoing
hip and knee surgery have been found to have
inferior outcomes and satisfaction.1,2 In addition
to functional scores, preoperative patient expectations have been shown to affect the overall satisfaction and pain scores after arthroplasty.3 In the
postoperative period for TKA, range of movement
(ROM) is also of great importance, as it has been

proposed that patients need about 70˚ of knee
flexion to ascend stairs and stand from a seated
position and up to 90˚ to descend stairs.4,5
While there are surgeon-dependent factors such
as proper axial alignment, implant sizing, and soft
tissue releases that lead to the success or failure
of arthroplasty, there are also patient-specific risk
factors that may influence outcomes. An important
aspect of the preoperative evaluation is an assessment of the patient’s overall bill of health so that
the patient’s health status may be optimized prior
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to surgery. Comorbid conditions proposed as risk factors for
manipulation under anaesthesia (MUA) in TKA include: body
mass index (BMI),6 diabetes, previous knee surgery, pulmonary disease, depression,7 tobacco smoking, high cholesterol,8
and younger age. A recent multicentre study by Newman et al9
showed no increased rate of MUA in patients with higher American Society of Anesthesiologists (ASA) score,10 BMI, diabetes,
or inflammatory arthropathy. Their patients undergoing MUA
were more likely to be younger (mean 55.2 vs 65.3 years of
age, p < 0.001), be smokers (21.0% vs 7.3%, p < 0.001), and/or
possess a history of prior knee surgery.
TKA component design has also been implicated as a potential surgeon-related factor contributing to postoperative ROM.
Yoo et al11 found that there was a difference in the incidence of
MUA in their posterior stabilized (PS) knees (0.4%) compared
with the cruciate retaining (CR) knees (2.3%). There has been
a recent increase in use of cementless implants but the impact
of this design on MUA is unclear. Our goal was to use the
prospectively collected and abstracted data from our hospitals’
Michigan Arthroplasty Registry Collaborative Quality Initiative registry (MARCQI) to assess the impact of preoperative
comorbidities, use of cement, implant design, and discharge
disposition on the incidence of MUA after TKA.
Risk factors such as common comorbidities, BMI, and
smoking were also examined as these remain controversial
throughout the literature.6-9

Methods

Institutional Review Board approval was granted through our
institution. Prospectively collected and specifically abstracted
case data from the MARCQI database for our institution’s two
hospitals and 12 surgeons were used for analysis. All surgeons
followed identical institution-wide postoperative pathways that
included preoperative patient education, standardized pain regimens, and physiotherapy sessions. All of the included surgeons
favoured the use of MUA when a patient’s flexion arc was less
than 90˚ to 95˚ at six to eight weeks postoperatively.
Support for the MARCQI is provided by Blue Cross and
Blue Shield of Michigan (BCBSM) and Blue Care Network as
part of the BCBSM Value Partnerships programme. Although
BCBSM and the MARCQI work collaboratively, the opinions,
beliefs, and viewpoints expressed by the author do not necessarily reflect the opinions, beliefs, and viewpoints of BCBSM
or any of its employees.
All uncomplicated primary TKAs performed between
August 2014 and August 2018 were included. Revision
procedures or cases with infection in the postoperative period
were excluded. A total of 3,556 TKAs (3,556 patients) were
included the analysis (Figure 1). All patients were referred
for physiotherapy (PT) postoperatively. We try to standardize
postoperative therapy protocols to focus on strength, active
and gentle passive ROM, and improving gait dynamics.
Unfortunately, we were unable to distinguish how many
of these patients received PT within our own facility or if
they went elsewhere. The indication for a patient to undergo
MUA was variable due to the high number of surgeons
included in the study, but typically MUA was performed if
the patient was unable to reach 90˚ to 95˚ degrees of flexion
VOL. 102-B, No. 6 Supple A, June 2020
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Fig. 1
CONSORT diagram indicating the number of total knee arthroplasties
(TKA) that were pulled from the Michigan Arthroplasty Registry
Collaborative Quality Initiative registry (MARCQI) database and how
many of those received an manipulation under anaesthesia (MUA)
versus non-MUA.

by approximately eight weeks. The undertaking of an MUA
was solely based on the surgeons’ decision. The manipulation
was performed in the hospital or in an ambulatory surgery
centre (ASC) on an outpatient basis. Under anaesthesia, the
knee was then gently brought into deep flexion and terminal
extension in order to break any adhesions which were
preventing a full ROM. The ROM was carefully recorded
at office visits post-procedure in order to monitor the degree
of improvement.
Data were collected using the MARCQI database to find all
selected parameters including sex, race (Caucasian, black, other,
or not specified), age, BMI, preoperative smoking use, ASA score,
prior history of deep venous thrombosis (DVT) or pulmonary
embolism (PE), pre-existing diabetes mellitus (DM), preoperative anticoagulant use, preoperative narcotic medication, total
knee component design (Cruciate Retaining, Posterior Stabilized,
Condylar Stabilized, or Total Stabilized), component fixation type
(Cemented or Press fit/cementless), and discharge disposition.
For some patients, component type and fixation method were not
available through the database. Electronic medical records were
then reviewed manually for ROM data for the MUA patients at
pre-MUA and first, second, and third post-MUA visits. All data
were collected and kept on password-protected computers for the
purpose of patient confidentiality.
Statistical analysis. An experienced statistician examined categorical variables with chi-squared tests where appropriate (expected frequency of 80% of cells > 5); otherwise, Fisher’s exact
tests were used. Age and BMI were examined with independent-
samples t-tests. Odds ratios (ORs) and 95% confidence intervals (CIs) were also calculated. Multivariable logistic regression modelling was conducted to identify potential risk factors
for all-cause readmission. Age, sex, and BMI were adjusted for
in the regression modelling. Other variables were considered
eligible if independent associations with readmission achieved
a p-value ≤ 0.20. ORs and 95% CIs were reported to determine
the strength of the association between demographic and clinical factors and likelihood of readmission. Logistic regression
with MUA as the dependent variable was used for the OR and
95% CI for age, BMI, smoking history, and race. Wald CI was
used for all the other variables. Analysis of variance (ANOVA)
and Tukey’s post hoc tests were run for the analysis of post-
MUA ROM improvements. Statistical significance was defined
as p ≤ 0.05. All analyses were performed with SPSS, v. 23.0
(IBM, Armonk, New York, USA).
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Table I. Comparison of patient and clinical factors between MUA and non-MUA groups.
Variable

Overall

No MUA

Mean age, yrs (SD)

3,556

67.1 (9.2)

3,392

67.2 (9.2)

164

64.1 (8.7)

< 0.001

N/A

Mean BMI (SD)

3,556

32.6 (6.5)

3,392

32.7 (6.5)

164

38 (5.5)

< 0.001

N/A

Mean preoperative ASA score (SD)

3,556

2.5 (5)

3,392

2.5 (5)

164

2.4 (5)

< 0.001

N/A

Sex, n (%)

3556

0.128

N/A

0.905

N/A

0.090

N/A

Total, n

MUA

Total, n

Initial statistical Post hoc
test (p-value)
p-value

Total, n

3,392

164

Male

1,151 (32)

1,089 (32)

62 (38)

Female

2,405 (68)

2,303 (68)

102 (62)

Component type, n (%)

2,878

Posterior stabilized
Cruciate retaining
Total stabilized
Condylar stabilized
Fixation type

33 (25)

1,874 (65)

1,786 (65)

88 (68)

17 (01)

16 (1)

1 (1)

179 (06)

171 (6)

8 (6)

2,777
823 (28)

Cemented

139
775 (28)

2,093 (72)
3,556

1

130
775 (28)

2,916

Press fit cementless
Preoperative ASA score, n (%)

2,748
808 (28)

48 (35)

2,002 (72)
3,392

48 (01)

91 (65)
164

44 (1)

0.002*
4 (2)

N/A
0.357

2

1,625 (46)

1,529 (45)

96 (59)

0.001

3

1,867 (53)

1,803 (53)

64 (39)

0

4

16 (0)

Preoperative ASA, n (%)

3,556

16 (0)
3,392

1.0 to 2.0

1,673 (47)

1,573 (46)

3.0 to 4.0

1,883 (53)

1,819 (54)

Race, n (%)

3,556

Caucasian

0 (0)
164

3,392

Black

928 (26)

875 (26)

Other

11 (0)

11 (0)

0 (0)

281 (08)

268 (8)

13 (8)

Mean preoperative BMI, n (%)

3,556

3,392
375 (11)

Overweight (25 kg/m2 to 29 kg/m2)

960 (27)

Obese (30 kg/m2 to 34 kg/m2)

1081 (3)

164
351 (1)

24 (15)

905 (27)

55 (34)

1,031 (3)

25 (15)

Morbidly obese (<40 kg/m2)

468 (13)

458 (14)

10 (6)
164

Never

1,884 (53)

1,783 (53)

Previous

1,388 (39)

1,339 (39)

49 (3)

270 (8)

14 (9)

Current
Preoperative alcohol consumption, n (%)

284 (08)
3,556

3,392
1,324 (37)

1,262 (37)

Yes (≤ one drink/wk)

1,393 (39)

1,326 (39)

67 (41)

568 (16)

539 (16)

29 (18)

Yes (≥ eight drinks/wk)

210 (06)

205 (6)

5 (3)

Yes (amount unknown)

39 (01)

38 (1)

1 (1)

Unknown

22 (01)
3,534

No

22 (1)
3,370

1,324 (37)

Yes (any amount)
Preoperative bleeding disorder, n (%)
No

3,521 (99)

Yes
3,556

No

3,235 (91)

Yes
No

3,556
2,745 (77)

Yes (Type 1)

98 (03)

N/A

0.615

N/A

0.351

N/A

151 (92)

308 (9)
3,392

1.000
1 (1)

164
3,084 (91)

321 (09)

Preoperative diabetes mellitus, n (%)

N/A

163 (99)

34 (1)
3,392

0.927
102 (62)

164
3,358 (99)

35 (01)

Preoperative history of DVT/PE, n (%)

N/A

62 (38)

2,108 (63)
3,392

0.512

0 (0)
164

1,262 (37)

2,210 (63)
3,556

N/A

62 (38)

Yes (two to seven drinks/wk)

Preoperative alcohol consumption, n (%)

0.046
101 (62)

164

No

N/A

50 (3)

647 (19)
3,392

0.010*

53 (32)

672 (19)
3,556

N/A

98 (6)

Severely obese (35 kg/m2 to 39 kg/m2)
Preoperative smoking status, n (%)

0.261

64 (39)
164

2,238 (66)

Normal

N/A

100 (61)

2,336 (66)

Unknown

0.938
< 0.001*

13 (8)
164

2,616 (77)

129 (79)

97 (3)

1 (1)
Continued
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Table I. Continued
Variable

Overall

Yes (Type 2)

No MUA
707 (2)

673 (2)

6 (0)

6 (0)

Yes (type unknown)
Preoperative diabetes mellitus, n (%)

3,556

No

3,392

No
3,514

No
Yes
3,556

2,784 (83)

0.495

N/A

137 (85)

569 (17)
3,392

N/A

7 (4)
161

593 (17)

Perioperative discharge type, n (%)

0.399
153 (96)

200 (6)

2,921 (83)

N/A

35 (21)

3,141 (94)
3,353

0.647
129 (79)

160

207 (06)

Preoperative narcotics, n (%)

0 (0)

776 (23)
3,341

3,294 (94)

Yes

34 (21)

2,616 (77)

811 (23)

Preoperative anticoagulation medication, 3,501
n (%)

Initial statistical Post hoc
test (p-value)
p-value

164

2,745 (77)

Yes (Type 1 or 2)

MUA

24 (15)
164

< 0.001

*Independent-samples t-test.
ASA, American Society of Anesthesiologists; BMI, body mass index; DVT, deep venous thrombosis; PE, pulmonary embolism; SNF, skilled nursing
facility.
Table II. Summary of patients within manipulation under anaesthesia
(MUA) and non-MUA cohorts with their specific component designs
(n = 2,878 knees) and implant fixation (n = 2,916 knees).

Table III. Multivariable regression analysis of studied risk factors
associated with manipulation under anaesthesia.
Factor

Odds ratio (95% CI)

p-value

Variable

Age

0.96 (0.94 to 0.98)

< 0.001*

BMI

0.94 (0.91 to 0.97)

< 0.001*

ASA score

0.83 (0.58 to 1.2)

0.317

Female (vs male)

0.88 (0.6 to 1.29)

0.514

No MUA, n (%)

MUA, n (%)

Combined

Component type
Posterior stabilized
Cruciate retaining
Total stabilized (hinged)
Condylar stabilized

775 (28)

33 (25)

808 (28)

1,786 (65)

88 (68)

1,874 (65)

16 (1)

1 (1)

17 (1)

CR (vs PS)

1.24 (0.82 to 1.89)

0.311

171 (6)

8 (6)

179 (6)

TS (vs PS)

1.48 (0.18 to 12.24)

0.715

CS (vs PS)

1.06 (0.46 to 2.44)

0.890

Cemented (vs. Press Fit)

0.92 (0.6 to 1.4)

0.692

Current or former smoker

0.68 (0.47 to 0.99)

0.042*

History of DVT/PE

1.14 (0.56 to 2.34)

0.711

Diabetes mellitus (Type 1 or 2)

1.15 (0.72 to 1.84)

0.563

Preoperative anticoagulation use

1.1 (0.44 to 2.74)

0.832

Preoperative narcotics use

0.94 (0.57 to 1.56)

0.811

Home healthcare service (vs. routine
discharge)

0.63 (0.41 to 0.96)

0.033*

Skilled nursing facility/ inpatient
rehabilitation facility (vs. routine
discharge)

0.31 (0.11 to 0.88)

0.027*

Fixation method
Press fit
Cemented

775 (28)
2,002 (72)

48 (35)
91 (65

823 (28)
2,093 (72)

Available details of numbers of the component types used and the
method of fixation is provided in Table II.

Results

There was a total of 3,556 TKAs after inclusion/exclusion
criteria were applied. The characteristics are shown in Table I.
Due to crossover coding information, some of the component
and use of cement information was lost (Table II). Of the 3,556
TKAs, 164 (4.6%) underwent MUA.
The patient characteristics/comorbid conditions age, BMI,
and smoking status were statistically significant related to
a decreased incidence of MUA (Table I). For every one-year
increase in age, the likelihood of MUA decreased by 4% (OR
0.96, 95% CI 0.94 to 0.98; p < 0.001). For every one-unit
increase in BMI, the likelihood of MUA decreased by 6% (OR
0.94, 95% CI 0.91 to 0.97; p < 0.001). Similarly, current or
former smokers were more likely to be in the non-MUA group
(OR 1.47, 95% CI 1.01 to 2.14; p = 0.042).
The following patient characteristics/comorbidities were
not associated with an increased rate of MUA: ASA score (OR
0.83, 95% CI 0.58 to 1.20; p = 0.317, multivariable logistic
regression analysis), female sex (OR 0.88, 95% CI 0.60 to 1.29,
p = 0.514, multivariable logistic regression analysis), history of
DVT or PE (OR 1.14, 95% CI 0.56 to 2.34, p = 0.711, multivariable logistic regression analysis), diabetes mellitus (OR 1.15,
95% CI 0.72 to 1.84, p = 0.563, multivariable logistic regression analysis), preoperative anticoagulation use (OR 1.10, 95%
CI 0.44 to 2.74, p = 0.832, multivariable logistic regression
VOL. 102-B, No. 6 Supple A, June 2020

*Statistically significant.
ASA, American Society of Anesthesiologists; BMI, body mass index;
CI, confidence interval; CR, cruciate retaining; CS, condylar stabilized;
DVT; deep venous thrombosis; PE, pulmonary embolism; PS, posterior
stabilized; TS, total stabilized.

analysis), or preoperative narcotics use (OR 0.94, 95% CI 0.57
to 1.56, p = 0.811, multivariable logistic regression analysis)
(Table III).
No statistically significant differences were seen in the rate
of MUA for type of implant used or for the mode of fixation:
CR implants (vs PS, OR 1.24, 95% CI 0.82 to 1.89; p = 0.311),
TS implants (vs PS, OR 1.48, 95% CI 0.18 to 12.24, p = 0.715),
CS implants (vs PS, OR 1.06, 95% CI 0.46 to 2.44; p = 0.890),
and cemented implants (vs cementless, OR 0.92, 95% CI 0.60
to 1.40; p = 0.692).
The discharge disposition affected the rates of MUA. Of all
patients, 1,867 patients (1,867 knees, 52.5%) were discharged
home with self-care instructions and prescription for outpatient PT, 1,335 patients (1,335 knees, 37.5%) were given home
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Fig. 2
Mean improvement in range of movement (ROM) (°) between pre-
manipulation under anaesthesia and first, second, and third post-
procedure clinic visits. Differences found between visits are reported in
Table IV. Error bars represent SD. POV, postoperative visit.

Table IV. The post-manipulation under anaesthesia range of movement
(analysis of variance with Tukey’s post hoc test).
Comparison

Mean difference, ° (SD)

Adjusted p-value

Preoperative vs POV 1

19.36 (16.21)

< 0.001

Preoperative vs POV 2

30.27 (19.55)

< 0.001

Preoperative vs POV 3

33.62 (20.10)

< 0.001

POV 1 vs POV 2

12.23 (15.98)

< 0.001

POV 1 vs POV 3

15.86 (18.46)

< 0.001

POV 2 vs POV 3

5.22 (18.10)

0.992

POV, postoperative visit.

health care services/therapy, and 353 patients (10%) were sent
to a subacute rehabilitation facility or skilled nursing facility
for further care/therapy. Patients discharged to home health care
were about 60% more likely to be in the non-MUA group when
compared to those with a routine discharge home (OR 1.59,
95% CI 1.04 to 2.44; p < 0.033). Patients discharged to a skilled
nursing facility (SNF) or inpatient rehab (IPR) were over three
times more likely to be in the non-MUA cohort (OR 3.20, 95%
CI 1.14 to 9.01; p = 0.027) (Table III).
ROM data were examined routinely in the postoperative
period in to assess patients’ improvements after MUA. The time
from the index TKA to MUA was a mean of eight weeks (SD
2.09; 0.5 to 12.5). The mean ROM prior to MUA was 77.5°
(SD 17.67°; 25° to 105°). Patients improved by a mean 32.81°
(SD 19.85°; -15° to 90°) from pre-MUA ROM to the third postoperative visit ROM. Mean follow up time from MUA to last
appointment was 20.01 weeks (SD 22.54; 1 to 40). There was a
statistically significant improvement in ROM data at all stages
compared with the pre-procedural ROM, except between the
second and last post-MUA visit (Figure 2, Table IV).

Discussion

The literature has presented inconsistent findings with regard to the
risk factors associated with stiffness after TKA. Risk stratification
Follow us @BoneJointJ

and patient education are paramount to obtaining satisfactory
outcomes and for managing appropriate patient expectations. We
sought to determine the impact of preoperative comorbid conditions, type of implant, use of cement, and discharge disposition on
the rate of MUA after TKA. The information would provide the
ability to risk-stratify and or provide reasonable expectations to
patients, families, and insurers preoperatively.
The patients who underwent MUA were younger, had lower
BMI, and were either current or former smokers. Other than
smoking, these are patients who normally would have higher
expectations for functional improvement. Factors that were found
to be protective included a discharge to a skilled nursing facility or
home with home health care services. Both of these groups would
typically be associated with lower functioning patients.
Similar to our findings, Parvizi et al12 showed that younger
and lower BMI patients have been found in the literature were
more likely to undergo MUA. More recently, Newman et al9
showed an increase rate of MUA with younger patients. Those
authors postulated that the increased rate in younger patients
may be due to patient expectations and the requirement for
more post-operative flexion in this population. Also contrary
to our findings, Werner et al13 and Issa et al8 both showed an
increased proportion of MUAs with smokers.
Unexpectedly, our patients who were discharged to skilled
nursing facilities had lower rates of MUA than those discharged
home. This seems contrary to past works that have high associations of readmission and complications with extended care
facility (ECF) placement. Several studies have found higher
overall complication rates and readmission rates with ECF
placement compared to routine discharge home,14-16 but these
studies did not assess functional outcomes or stiffness. A select
few studies examined the relationship of discharge location and
stiffness; all showed no difference in functional outcomes and/
or ROM gain between home and non-home discharge.17-19 Only
one of these studies was based on a United States cohort.17 We
were unable to find any previous study specifically evaluating
discharge disposition and rates of MUA.
As mentioned, the literature has shown conflicting data on
the influence of component type with postoperative stiffness.
Our investigation showed no significant difference between
implants with different levels of constraint. This finding was
supported by four previous investigations. These studies
found no difference in postoperative ROM between CR and
PS implants.8,20-22 A few studies have shown a decreased ROM
in CR components compared to PS.23-25 Proposed causes have
been in relation to the intraoperative balancing of the posterior
cruciate ligament during implantation of CR protheses.
Implant fixation was also examined due to increased interest in
cementless prostheses in recent years.26 There has been a paucity
of data examining the evidence for cementless components in a
specific populations. While cemented TKA is still the standard,
there has been evidence of increased aseptic loosening in younger
patients with more active lifestyles27 and in the morbidly obese.26
A recent prospective, randomized trial reported no significant
differences in clinical outcome measures at four to six weeks,
one year, or two years postoperatively, between cementless and
cemented components.28 Our analysis was the first to demonstrate no significant difference in the risk of proceeding to MUA
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between cemented and cementless implants, but this needs to be
corroborated by prospective studies.
Although a certain proportion of patients developed stiffness in
the postoperative period, the overall success of MUA was encouraging. Improvement in ROM was seen at all times after the MUA,
demonstrating that patients did maintain improvement after their
procedures in the short term. Long-
term success of MUA is
controversial with studies showing a potential for only temporary
improvement29 or increased rates of total knee revision.13
This study included patient outcome data from two sister
hospitals across a five-year span, which included a total of 12
surgeons. These surgeons had various levels of experience and
fellowship training. All surgeons followed identical institution-
wide postoperative pathways that included preoperative patient
education, standardized pain regimens and physiotherapy
sessions. A variety of total knee systems were used. These attributes contribute to the generalizability of the study’s results and
this was a significant strength of the analysis.
There were definite limitations of this analysis. While the
data did include patients from 12 surgeons across our institution
with various approaches and level of experience, this allowed
variations in the decision to undertake MUA. In general, all
of the surgeons favoured use of MUA when a patient’s ROM
was less than 90° to 95° at six to eight weeks postoperatively.
Also, there was no assessment of patient expectations in this
study and should be investigated further with a follow-up study.
No patient reported outcomes (PROs) or assessment of patient
expectations were obtained in this study. In addition, there was
no real way to assess if a patient had refused a manipulation
or what the specifics were that caused the surgeon to take the
patient to the operating room.
In conclusion, the at-risk population for MUA after TKA
was younger, thinner patients and those who were either current
or former smokers. Patients discharged to a care facility had
a decreased rate of MUA compared with those who received
routine home care. The constraint of the implant and the use
of cement did not impact the rate of MUA. These data may be
used to counsel patients about their likelihood of being required
to undergo MUA for stiffness postoperatively.
Take home message

-- Assessing for risk factors in the arthroplasty population
provides clinicians the ability to risk-stratify patients in the
preoperative period.
-- Knee stiffness in the total knee arthroplasty (TKA) population can
change the postoperative course of TKA.
-- Younger and thinner patients may need additional education in order
to decrease the chance of stiffness in the postoperative period.

Twitter

Follow The CORE Institute @CORE_Institute

References

1. Fortin PR, Clarke AE, Joseph L, et al. Outcomes of total hip and knee replacement:
preoperative functional status predicts outcomes at six months after surgery. Arthritis
Rheum. 1999;42(8):1722-1728.
2. Lingard EA, Katz JN, Wright EA, Sledge CB; Kinemax Outcomes Group.
Predicting the outcome of total knee arthroplasty. J Bone Joint Surg Am. 2004;86-
A(10):2179-2186.
3. Gandhi R, Davey JR, Mahomed N. Patient expectations predict greater pain relief
with joint arthroplasty. J Arthroplasty. 2009;24(5):716-721.

VOL. 102-B, No. 6 Supple A, June 2020

71

4. Laubenthal KN, Smidt GL, Kettelkamp DB. A quantitative analysis of knee motion
during activities of daily living. Phys Ther. 1972;52(1):34-43.
5. Scuderi GR. The stiff total knee arthroplasty: causality and solution. J Arthroplasty.
2005;20(4)(suppl 2):23-26.
6. Gadinsky NE, Ehrhardt JK, Urband C, Westrich GH. Effect of body mass index
on range of motion and manipulation after total knee arthroplasty. J Arthroplasty.
2011;26(8):1194-1197.
7. Fisher DA, Dierckman B, Watts MR, Davis K. Looks good but feels bad:
factors that contribute to poor results after total knee arthroplasty. J Arthroplasty.
2007;22(6)(suppl 2):39-42.
8. Issa K, Rifai A, Boylan MR, Pourtaheri S, McInerney VK, Mont MA. Do various
factors affect the frequency of manipulation under anesthesia after primary total
knee arthroplasty? Clin Orthop Relat Res. 2015;473(1):143-147.
9. Newman ET, Herschmiller TA, Attarian DE, Vail TP, Bolognesi MP, Wellman
SSRisk Factors, Outcomes, and Timing of Manipulation Under Anesthesia After
Total Knee Arthroplasty. J Arthroplasty. 2018;33(1):245-249.
10. Lakomkin N, Zuckerman SL, Stannard B, et al. Preoperative Risk Stratification in
Spine Tumor Surgery: A Comparison of the Modified Charlson Index, Frailty Index, and
ASA Score. Spine (Phila Pa 1976). 2019;44(13):E782-E787.
11. Yoo J-H, Oh J-C, Oh H-C, Park S-H. Manipulation under Anesthesia for Stiffness
after Total Knee Arthroplasty. Knee Surg Relat Res. 2015;27(4):233-239.
12. Parvizi T David Tarity, Marla J Steinbeck, Roman G Politi, et al. “Management
of Stiffness Following Total Knee Arthroplasty.”. VO LUM E; n.d;7.
13. Werner BC, Carr JB, Wiggins JC, Gwathmey FW, Browne JA. Manipulation
Under Anesthesia After Total Knee Arthroplasty is Associated with An Increased
Incidence of Subsequent Revision Surgery. J Arthroplasty. 2015;30(9)(suppl):72-75.
14. Gholson JJ, Pugely AJ, Bedard NA, Duchman KR, Anthony CA, Callaghan
JJ. Can We Predict Discharge Status After Total Joint Arthroplasty? A Calculator to
Predict Home Discharge. J Arthroplasty. 2016;31(12):2705-2709.
15. Keswani A, Tasi MC, Fields A, Lovy AJ, Moucha CS, Bozic KJ. Discharge
Destination After Total Joint Arthroplasty: An Analysis of Postdischarge Outcomes,
Placement Risk Factors, and Recent Trends. J Arthroplasty. 2016;31(6):1155-1162.
16. Bini SA, Fithian DC, Paxton LW, Khatod MX, Inacio MC, Namba RS. Does
discharge disposition after primary total joint arthroplasty affect readmission rates?
J Arthroplasty. 2010;25(1):114-117.
17. Rissman CM, Keeney BJ, Ercolano EM, Koenig KM. Predictors of Facility
Discharge, Range of Motion, and Patient-Reported Physical Function Improvement
After Primary Total Knee Arthroplasty: A Prospective Cohort Analysis. J Arthroplasty.
2016;31(1):36-41.
18. Mahomed NN, Davis AM, Hawker G, et al. Inpatient compared with home-
based rehabilitation following primary unilateral total hip or knee replacement:
a randomized controlled trial. J Bone Joint Surg Am. 2008;90-A(8):1673-1680.
19. Tiwari V, Park CK, Lee SW, Kim MJ, Seong JS, Kim TK. Does Discharge
Destination Matter after Total Knee Arthroplasty? A Single-
Institution Korean
Experience. Knee Surg Relat Res. 2018;30(3):215-226.
20. Kim Y-H, Choi Y, Kwon O-R, Kim J-S. Functional outcome and range of motion
of high-
flexion posterior cruciate-
retaining and high-
flexion posterior cruciate-
substituting total knee prostheses. A prospective, randomized study. J Bone Joint
Surg Am. 2009;91-A(4):753-760.
21. Misra AN, Hussain MRA, Fiddian NJ, Newton G. The role of the posterior cruciate
ligament in total knee replacement. J Bone Joint Surg Br. 2003;85-B(3):389-392.
22. Chaudhary R, Beaupré LA, Johnston DWC. Knee range of motion during the first
two years after use of posterior cruciate-stabilizing or posterior cruciate-retaining
total knee prostheses. A randomized clinical trial. J Bone Joint Surg Am. 2008;90-
A(12):2579-2586.
23. Bawa HS, Wera GD, Kraay MJ, Marcus RE, Goldberg VM. Predictors of range
of motion in patients undergoing manipulation after TKA. Clin Orthop Relat Res.
2013;471(1):258–263.
24. González Della Valle A, Leali A, Haas S. Etiology and surgical interventions for
stiff total knee replacements. HSS J. 2007;3(2):182-189.
25. Seon J-K, Park J-K, Shin Y-J, Seo H-Y, Lee K-B, Song E-K. Comparisons of
kinematics and range of motion in high-flexion total knee arthroplasty: cruciate
retaining vs. substituting designs. Knee Surg Sports Traumatol Arthrosc.
2011;19(12):2016-2022.
26. Sinicrope BJ, Feher AW, Bhimani SJ, et al. Increased Survivorship of Cementless
versus Cemented TKA in the Morbidly Obese. A Minimum 5-
Year Follow-
Up.
J Arthroplasty. 2019;34(2):309-314.
27. Kwong LM, Nielsen ES, Ruiz DR, Hsu AH, Dines MD, Mellano CM. Cementless
total knee replacement fixation: a contemporary durable solution-affirms. Bone Joint
J. 2014;96-B(11 Supple A):87–92.

P. Knapp, L. Weishuhn, N. Pizzimenti, D. C. Markel

72

28. Nam D, Lawrie CM, Salih R, Nahhas CR, Barrack RL, Nunley RM. Cemented
Versus Cementless Total Knee Arthroplasty of the Same Modern Design:
A Prospective, Randomized Trial. J Bone Joint Surg Am. 2019;101-A(13):1185-1192.
29. Ritter MA, Harty LD, Davis KE, Meding JB, Berend ME. Predicting range of
motion after total knee arthroplasty. Clustering, log-linear regression, and regression
tree analysis. J Bone Joint Surg Am. 2003;85-A(7):1278-1285.

Author information:
P. Knapp, DO, Resident Physician, Ascension Providence Hospital
Orthopaedic Residency, Novi, Michigan, USA.
L. Weishuhn, DO, Resident Physician, Beaumont Hospital Orthopedic
Residency, Farmington Hills, Michigan, USA.
N. Pizzimenti, MS, The CORE Institute, Novi, Michigan, USA.
D. C. Markel, MD, Attending Physician, Ascension Providence Hospital
Orthopaedic Residency, Novi, Michigan, USA; The Core Institute, Novi,
Michigan, USA.
Author contributions:
P. Knapp: Primary author, Collected the data.
L. Weishuhn: Secondary author, Collected the data.
N. Pizzimenti: Secondary author, Performed the statistical analysis.

Follow us @BoneJointJ

D. C. Markel: Secondary author, Edited the manscript.
Funding statement:
The author or one or more of the authors have received or will receive
benefits for personal or professional use from a commercial party related
directly or indirectly to the subject of this article. In addition, benefits
have been or will be directed to a research fund, foundation, educational
institution, or other non- profit organization with which one or more of the
authors are associated.
ICMJE COI statement:
N.Pizzimenti declares grants/grants pending from Stryker, unrelated to this
study. D. C Markel declares personal fees from Stryker and Halyard, and
grants/grants pending from Stryker, all unrelated to this study.
Acknowledgements:
Joseph Nguyen and Patrick Ercole at Sansom Consulting.
Ethical review statement:
This study did not require ethical approval.
This article was primary edited by G. Scott.
This paper was presented at The Knee Society 2019 Members Meeting
in Cape Neddick, Maine, USA.

The Knee Society Supplement to the bone & joint journal

