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a b s t r a c t

Background: Knee stiffness requiring manipulation under anesthesia (MUA) is an undesirable outcome
following total knee arthroplasty (TKA), but risk factors for, and optimal timing of, MUA remain unclear.
Methods: Primary TKAs performed at a single center were retrospectively reviewed. Clinical variables
were compared between patients who underwent MUA and those who did not; variables that differed
were utilized to identify an appropriately matched control group of non-MUA patients. The MUA group
was divided into early (MUA �6 weeks from index) and late (>6 weeks) subgroups. Flexion values at
multiple time points were compared.
Results: In total, 1729 TKA patients were reviewed; MUA was performed in 62 patients. Patients un-
dergoing MUAwere younger (55.2 vs 65.3 years, P < .001) and had higher rates of current smoking (21.0%
vs 7.3%, P < .001) and prior procedure (59.7% vs 40.4%, P ¼ .002), most commonly arthroscopy; a control
group of patients not requiring MUA, matched on the basis of these variables, was identified. While no
difference in pre-TKA flexion existed across groups, final flexion in the early MUA group (106.7�) was
equivalent to that of controls (115.6�), while final flexion in the late MUA group was not (101.3�, P ¼ .001).
Conclusion: TKA patients undergoing MUAs were younger, more likely to be current smokers, and more
likely to have undergone prior knee surgery. Even in patients with severe initial postoperative limitations
in range of motion, MUA within 6 weeks may allow for final outcomes that are equivalent to those
experienced by similar patients not requiring manipulation.

© 2017 Elsevier Inc. All rights reserved.
Knee stiffness requiring manipulation under anesthesia (MUA)
is an undesirable outcome following total knee arthroplasty (TKA).
Many demographic, clinical, operative, and radiographic variables
have been suggested as potential risk factors, but little consensus
exists in the literature. It has been variously suggested that higher
body mass index (BMI) increases [1e3], decreases [4], or has no
effect [5,6] on postoperative stiffness. Likewise, it is unclear if
younger patients are more likely [4,5], less likely [7], or equally
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likely [1,2] to experience stiffness and/or postoperative manipula-
tion. An intuitive relationship between limited motion preopera-
tively and stiffness postoperatively has been confirmed in some
studies [3,6,8], but not in all [4,5]. Other risk factors posited pre-
viously include pulmonary disease [2,6,9], diabetes [2,10], prior
surgery on the replaced knee [2,3,6,10], shorter hospitalization
following TKA [11], and radiographic and anatomic variables such
as patella baja [4,5,8], decreased femoral component width [4], and
increased anteroposterior joint dimension following surgery [5].

Equally controversial is the impact of manipulation timing on
outcomes. Some authors have suggested that very early MUAs
(within 3 weeks of TKA) result in better final flexion than those
performed much later (after 3 months) [5,12]. Other data suggest
that manipulating before versus after the 90-day mark does not
have a significant effect [13e15]. In one of the few studies reporting
differences in final flexion outcomes between manipulated and

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://dx.doi.org/10.1016/j.arth.2017.08.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arth.2017.08.002&domain=pdf
www.sciencedirect.com/science/journal/08835403
http://www.arthroplastyjournal.org
http://dx.doi.org/10.1016/j.arth.2017.08.002
http://dx.doi.org/10.1016/j.arth.2017.08.002
http://dx.doi.org/10.1016/j.arth.2017.08.002


Table 1
Number of TKAs and MUAs Performed by Each Senior Author.

No. of MUA Patients/No. of TKA Patients (%)

Entire cohort 62/1729 (3.6%)
Surgeon 1 30/1159 (2.6%)a

Surgeon 2 8/221 (3.6%)a

Surgeon 3 24/349 (6.9%)a

a Significant difference across groups, P < .001 (chi-squared test).
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non-manipulated TKA patients, all MUAs were performed within 2
weeks of surgery [7].

Almost all prior reports of risk factors for postoperative knee
stiffness and/or need for MUA have been uncontrolled case series
[1,10,11,13] or matched case-control studies [2,4,5,8]. This is
particularly problematic for identification of risk factors, as con-
founding and bias likely persist despite matching, and matching on
the basis of variables specified a priori (ie, age, BMI, preoperative
flexion) will obscure any potential impact of those variables on the
outcome of interest. We investigated the risk factors for post-
operative knee stiffness, using MUA as our surrogate indicator,
within a large cohort of consecutive TKA patients. Additionally, we
performed an appropriately matched case-control analysis to
assess the impact of MUA timing (ie, early vs late) on outcomes.

Materials and Methods

This is a retrospective analysis of a consecutive cohort of
primary TKAs, performed by 3 surgeons at a single academic center
from 1997 to 2007. Demographic and clinical data were obtained
through anesthesia databases and/or medical records. Patients for
whom orthopedic follow-up of at least 3 months was unavailable
were excluded, as were patients who underwent uni-
compartmental knee arthroplasty. Two of the 3 surgeons exclu-
sively used posterior-stabilized prostheses, while the third
primarily used implants with cruciate-sacrificing deep dish liners.
Our institution's postoperative protocol during the study time
period included use of a continuous passive motion machine while
in-hospital for all patients, but no continuous passive motion after
discharge except in unusual circumstances. The decision to proceed
with postoperative manipulation was made on a patient-specific,
case-by-case basis.

Cases of MUA for postoperative knee stiffness were identified.
Baseline patient characteristics, perioperative clinical data, and
MUA outcomes were analyzed for all patients with descriptive
statistics: number of observations, mean, and standard deviation
for continuous variables, and frequency and percentage for cate-
gorical variables. Bivariate tests of association were based on
2-sample t-tests or Wilcoxon rank-sum tests for continuous or
ordinal variables, and chi-squared or Fisher's exact tests for cate-
gorical variables. Clinical variables of interest were age, BMI,
diabetes, inflammatory arthropathy, smoking status, prior surgery
on the ipsilateral knee, preoperative American Society of Anes-
thesiologists (ASA) score, simultaneous bilateral TKA, and length of
postoperative hospital stay.

A control group of matched knees that did not undergo
manipulation was then identified, using one-to-one matching on
the basis of variables that differed significantly between patients
who underwent MUA and those who did not within the larger
cohort. Length of postoperative follow-up, and timing and in-
dications for any revision surgeries were recorded for the MUA and
matched control groups. Patients for whom aminimum orthopedic
follow-up of 1 year was unavailable were excluded from matched
case-control analysis, unless further surgery for knee pain and/or
stiffness was undertaken within 1 year, as this was considered
indicative of treatment failure. Cases of reoperation for infection
within 1 year of TKA were excluded. Flexion angles prior to index
TKA (when available) and at final postoperative follow-up (or prior
to any revision procedure in cases in which revision was per-
formed), as documented in clinic notes, were recorded for the MUA
and control groups. Flexion values immediately before and after
manipulation, as recorded in MUA operative notes, were also
collected.

Preoperative and final flexion values were compared between
MUA and control groups. Analysis of postoperative radiographs,
when available, was made to assess for the presence of post-
operative patella baja: the Insall-Salvati (IS) ratio was calculated as
patella tendon length/patella body length, and patella baja was
defined as IS ratio �0.8. Additionally, preoperative narcotic usage,
when noted in themedical chart, was recorded for control andMUA
patients.

In order to assess the impact of timing of MUA on eventual
outcome, the manipulation cohort was divided into early (�6
weeks from index) and late (>6 weeks) MUA groups. Preoperative
and final flexion values were compared among control, early
manipulation, and late manipulation groups. Early and late MUA
groups also were compared on the basis of flexion values imme-
diately before and after manipulation. Between-group flexion value
comparisons were performed using t-tests, Wilcoxon rank-sum
tests, or 1-way ANOVAs (analyses of variance, with post hoc
Tukey’s HSD testing), as appropriate.

All statistical analyses were conducted using R version 3.0.1 (The
R Foundation for Statistical Computing). A P value <.05 was
considered significant for all statistical tests.

Results

Between 1997 and 2007, 1729 patients underwent TKA at our
institution at our institution. MUA for stiffness was performed in 62
patients (65 knees, 3.6%). Rates of MUA differed significantly among
the 3 surgeons, ranging from 2.6% to 6.9% (P < .001; Table 1). Pa-
tients who underwent MUA were significantly younger (55.2 vs
65.3 years, P < .001) and had significantly higher rates of current
smoking (21.0% vs 7.3%, P < .001) and prior procedure (59.7% vs
40.4%, P¼ .002). No significant differences existed between patients
who underwent MUA and those who did not with respect to BMI,
preoperative ASA score, length of postoperative hospital stay, or
rates of diabetes, inflammatory arthropathy, or simultaneous
bilateral TKA (Table 2). A control group of 62 surgeries (68 knees in
59 unique patients) not requiring subsequent MUA was identified,
matched for age, current smoking status, prior procedure, and
attending surgeon (Table 3). Prior procedures among MUA and
control group patients are listed in Table 4; the most common prior
procedure among both groups was arthroscopy (with or without
meniscectomy), followed by intra-articular fracture fixation, open
meniscectomy, and cruciate-ligament reconstruction. Two of the 3
surgeons, accounting for 40 knees in the MUA group and 47 knees
in the control group, exclusively used posterior-stabilized pros-
theses. The third surgeon primarily used implants with cruciate-
sacrificing deep dish liners (MUA: 22 deep dish, 2 posterior stabi-
lized, 1 unknown; control: 12 deep dish, 6 posterior stabilized, 3
unknown).

Follow-up of at least 1 year (unless further surgery for knee pain
and stiffness was undertaken earlier) with documented range of
motion was available for 51 MUA knees (in 49 patients) and 50
control knees (in 42 patients); these cases were included in the
subsequent analysis. Mean final follow-up occurred at 3.2 years
(range 0.3-11.3) among MUA patients and at 3.8 years (range
0.9-10.4) among control patients. ThreeMUA and 4 control patients
included in the analysis underwent revision surgery for knee pain



Table 2
Distribution of Risk Factors Between Groups.

Risk Factor
(Mean ± SD or %)

No MUA (n ¼ 1667) MUA (n ¼ 62) P Valuea

Age 65.3 ± 10.8 55.2 ± 11.0 <.001
Current smoker 7.3% 21.0% <.001
Prior procedure 40.4% 59.7% .002
ASA 2.5 ± 0.5 2.4 ± 0.5 .08
Bilateral surgery 10.7% 4.8% .14
BMI 32.5 ± 7.3 31.5 ± 7.3 .32
Gender (female) 62.30% 67.70% .38
Diabetes 14.5% 11.3% .48
Inflammatory arthropathy 4.7% 3.2% .59
Length of stay 3.7 ± 1.8 3.6 ± 1.7 .66

Variables that differ significantly between no MUA and MUA groups are in bold.
SD, standard deviation.

a P-values obtained from 2-sample t-test, Wilcoxon rank-sum test, chi-squared
test, or Fisher's exact test, as appropriate.

Table 4
Prior Procedures Among MUA and Matched Control Patients.

MUA
(n ¼ 39 Knees
in 37 Patients)

Control
(n ¼ 39 Knees
in 36 Patients)

Arthroscopy, including meniscectomy 24 17
Intra-articular fracture fixation 4 5
Open meniscectomy 4 4
Cruciate ligament

reconstruction ± arthroscopy
2 4

Patellar instability procedure 2 0
Arthrotomy NOS 0 2
Distal femoral osteotomy 1 1
Quadriceps tendon repair 1 0
ACL reconstruction þ tibial

tubercle osteotomy
0 1

Femoral condyle allograft
reconstruction

0 1

Patellectomy 0 1
Unknown 1 3

Note: List describes all MUA andmatched control patients, including those excluded
from flexion analyses for insufficient follow-up.
ACL, anterior cruciate ligament; NOS, not otherwise specified.
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and stiffness. Revision surgeries among the MUA group included 1
lysis of adhesions,1 lysis of adhesions with liner down-sizing, and 1
liner exchange with patellar resurfacing; 2 of the 3 revision sur-
geries occurred within 1 year of index TKA, and the third occurred
after 1 year. Revision surgeries among the control group included
popliteal tendon release and 3 arthroscopic adhesiolyses; 3 of the 4
revision surgeries occurred at roughly 1 year after TKA, and the
fourth occurred later. Flexion values collected just prior to revision
surgery were used as final flexion values for these patients.

Postoperative radiographs were available for 46 knees in the
MUA group and 21 knees in the matched group. Postoperative
patella baja was present in similar proportions between both
groups: 3 of 21 (14.3%) in the matched group and 7 of 46 (15.2%) in
the MUA group (P ¼ not significant [NS]). Preoperative narcotic
usage was noted in the medical record in 20% (10/50) of control
cases and 37.3% (19/51) of MUA cases (P ¼ .055). Specifically, pre-
operative narcotic usage was noted in 5 of 15 early MUA cases and
14 of 36 late MUA cases.

Pre-TKA flexion did not differ betweenMUA (103.8�) and control
groups (101.8�, P ¼ NS). However, final postoperative flexion was
significantly greater in the control as compared with the MUA
group (115.6� vs 102.9�, P < .001). Within the MUA cohort, 15 knees
(in 15 patients) underwent early manipulation (within 6 weeks of
index procedure), while 36 knees (in 34 patients) underwent late
manipulation. The average preoperative flexion for knees that
underwent early manipulation was 97.7� and preoperative flexion
for those that underwent late manipulation was 106.1�, although
Table 3
Demonstration of Matching of MUA and Control Groups on the Basis of Smoking
Status, Prior Procedure, Age, and Attending Surgeon.

Risk Factor
(Mean ± SD or n [%])

Control (n ¼ 62)a MUA (n ¼ 62)b P Valuec

Age 53.4 ± 13.2 55.2 ± 17.7 .44
Current smoker 12.9% 21.0% .23
Prior procedure 58.1% 59.7% .86
Attending surgeon (n) .45
Surgeon 1 37 30
Surgeon 2 6 8
Surgeon 3 19 24

a Control group: 62 surgeries in 59 unique patients with 68 knees (6 patients
underwent bilateral TKAs, for which both knees were included in the analysis; 3
patients underwent staged bilateral TKAs during the study period, for which both
knees were included in the analysis).

b MUA group: 62 surgeries in 62 unique patients with 65 knees (3 patients un-
derwent bilateral TKAs and subsequent bilateral MUAs).

c P-values obtained from 2-sample t-tests, or 2 � 2 or 3 � 2 chi-squared tests, as
appropriate.
the difference in preoperative flexion across early MUA, late MUA,
and control groups was not statistically significant.

However, there was significant difference across these groups in
final postoperative flexion: control, 115.6�; early MUA, 106.7�; late
MUA, 101.3� (P ¼ .002). Specifically, final flexion was significantly
less in the late MUA as compared with the control group (P ¼ .001),
but no significant statistical difference existed between the early
MUA and control groups. Immediately prior to manipulation, the
early MUA group had less flexion than the late group (early, 59.4�;
late, 73.5�; P ¼ .019), but no difference remained immediately after
MUA (early, 115.3�; late, 115.3�; P ¼ NS; Table 5, Fig. 1).
Discussion

This retrospective review of 1729 TKA patients performed at a
single institution found that patients who underwent post-
operativeMUAwere younger, more likely to smoke, andmore likely
to have undergone prior ipsilateral knee surgery. Those variables
that were found to differ significantly between MUA patients and
the rest of the cohort (age, smoking status, history of prior pro-
cedure, and surgeon) were then utilized to identify a matched
control group of non-MUA patients; this allowed for a true “apples-
to-apples” assessment of the impact of MUA, and MUA timing, on
final (�1 year) outcomes.
Table 5
Preoperative, Pre-MUA and Post-MUA, and Final Follow-Up Flexion Values, by
Group.

Flexion (�) Control
(n ¼ 50)

Early MUA
(n ¼ 15)

Late MUA
(n ¼ 36)

P Value

Preop 101.8 ± 21.6 97.7 ± 10.7 106.1 ± 16.7 NS
Pre-MUA e 59.4 ± 17.4 73.5 ± 14.4 .019a

Post-MUA e 115.3 ± 10.1 115.3 ± 8.1 NS
Final follow-up 115.6 ± 15.4 106.7 ± 15.4 101.3 ± 22.3 .002b

Bold values indicate statistical significance.
NS, not significant.

a Immediate pre-MUA flexion values differed significantly between early and late
MUA groups (P ¼ .019, Wilcoxon rank-sum test).

b Preoperative and final follow-up flexion values for early MUA, late MUA, and
control groups compared with 1-way ANOVAs. Significant variation existed across
the 3 groups for final flexion values (P ¼ .002). Post hoc analysis (Tukey's HSD)
demonstrated that the lateMUA group (P¼ .001)dbut not the early MUA group (P¼
NS)dexperienced significantly lower final flexion values as compared with the
control group.
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Fig. 1. Preoperative, pre-MUA and post-MUA, and final follow-up flexion values, by
group. *Immediate pre-MUA flexion values differed significantly between early and
late MUA groups (P ¼ .019, Wilcoxon rank-sum test). **Preoperative and final follow-up
flexion values for early MUA, late MUA, and control groups compared with 1-way
ANOVAs. Significant variation existed across the 3 groups for final flexion values
(P ¼ .002). Post hoc analysis (Tukey's HSD) demonstrated that the late MUA group (P ¼
.001)dbut not the early MUA group (P ¼ not significant)dexperienced significantly
lower final flexion values as compared with the control group.
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Preoperative flexion did not differ significantly between MUA
and control patients. As compared with patients undergoing later
manipulation, those treated with “early” MUA within 6 weeks of
index procedure had significantly worse premanipulation flexion,
as well as worse (although not significantly so) pre-TKA flexion.
Despite this, final flexion for the earlyMUA group was equivalent to
that of the control group, while final flexion for the late group was
not. This suggests that, for patients with significant postoperative
stiffness, manipulation within 6 weeks of index procedure may
“salvage” results similar to those seen in patients who do not
require MUAs.

Our large cohort analysis identified several baseline patient
variables associated with the need for postoperative MUA,
including prior history of knee surgery. Likewise, in their review of
33 stiff knees, of which the majority underwent MUA, Scranton [10]
reported that 77% had undergone knee surgery in the past. Fisher
et al [2] found that TKA patients with postoperative pain or stiffness
were nearly 2.5 times more likely to have a history of ipsilateral
knee arthroscopy, and nearly 5 times more likely to have a history
of knee arthrotomy, than matched controls with successful post-
operative outcomes. Those authors cited adhesion formation,
sensitization, and causalgia as possible explanatory factors. In this
study, multiple patients had undergone prior fracture fixation,
open meniscectomy, or other procedures requiring open arthrot-
omy, but arthroscopy, with or without meniscectomy, represented
the most frequent type of prior procedure among MUA patients (in
24 of 39 knees). This perhaps speaks to the potential for accelera-
tion of joint degeneration as a sequela of meniscectomy, even if
performed arthroscopically; alternatively, patients in this cohort
may simply have undergone arthroscopic debridement for already-
existent arthritis. Regardless, patients with prior knee surgeries
may be more likely to have aberrant anatomy as a result of injury,
pathology, or iatrogenesis, increasing the technical difficulty of
restoring physiologic alignment, balance, and rotation. They may
also be simply more willing to undergo orthopedic procedures.

This study identified a significantly higher rate of smoking
among MUA patients as compared with the cohort at large. Several
previous reports have associated pre-existing pulmonary [2,9] and
cardiac disease [8] with increased risk for postoperative stiffness
and/or MUA. Smokers are more likely to have underlying pulmo-
nary pathology and physiologic deconditioning, and perhaps are
less likely to be able to pursue vigorous postoperative physical
therapy. Regardless of the underlying mechanism, our results
suggest that tobacco use in a TKA patient ought to raise concerns for
the possibility of postoperative stiffness.

Interestingly, we did not find other medical comorbidities to be
associated with higher rates of MUA. Specifically, ASA score, BMI,
and rates of diabetes and inflammatory arthropathy were equiva-
lent among patients who underwent MUA and those who did not
within the cohort at large. Although this may simply reflect a lack of
granularity of available clinical data, it might also underscore the
relative importance of surgical factors, as opposed to general
medical conditions, in the development of postoperative stiffness.

Daluga et al [5] reported an average age of 66 years among
patients undergoing manipulation in their cohort, as compared to a
control group with an average age of 70 years; likewise, Parvizi et al
[4] found that younger age was significantly correlated with post-
operative knee stiffness in a case-control study. Among patients in
our large cohort, those who underwent MUA were, on average, 10
years younger than those who did not. This may be the result of
intrinsic biologic factors (more exuberant scar tissue formation, for
example) or age-specific differences in expectations for post-
operative function. Additionally, the relatively young age of
patients in our cohort undergoing MUA (55 vs 65 years in the
cohort at large) suggests that the underlying knee pathology in
these patients may not simply have been degenerative gonarth-
rosis. Indeed, the higher rate of prior knee surgery among our MUA
patients suggests that younger patients with prior traumadiatro-
genic or otherwisedlikely represent a subgroup of TKA patients at
high risk for postoperative stiffness. Prior surgical history, unlike
smoking status and, to a certain extent, patient age, is not a
modifiable patient attribute. Regardless, an understanding of pre-
operative risk factors may help to guide surgeons in tempering
patient expectations and in identifying those patients most in need
of early, intense postoperative physical therapy.

Timing of manipulation is perhaps the only postoperative vari-
able that lies completely within the surgeon's control, but evidence
by which to guide practice is limited. It has been suggested that
very early manipulation may improve outcomes. In a study by Fox
and Poss [7], who performed all MUAs within 2 weeks, manipu-
lated and non-manipulated patients had equivalent final flexion
values, a result which has not been borne out in subsequent reports
[5,13]. Daluga et al [5] reported that patients manipulated within 3
weeks of TKA had an average final flexion of 104�, significantly
better than the 97� final flexion among those with MUAs after 3
months. Similarly, Yercan et al indicated patients for early (<3
weeks) manipulations if they failed to achieve flexion to 75� by
postoperative day 10, and “late”manipulations if flexion to 95� was
not achieved within the first 3 months; their early versus late
groups, therefore, were similar to ours in terms of premanipulation
motion. Those authors found significantly greater final flexion (121�

vs 112�) in the early versus late MUA groups [16]. Two previous
studies reporting no difference in outcome between early and late
MUAs used 3 months as the cut-off [13,15], as opposed to 6 weeks
in our study. Additionally, the patient group reported by Yeoh et al
[15] was composed almost entirely of patients with primary
arthritis, thus differing from our cohort with a significant propor-
tion of patients with prior procedures.

We have noted anecdotally that, from the surgeon's perspective,
manipulation feels “easier,” with less force required, at earlier
postoperative time points. The possibility that intra-articular scar
tissue is less dense and more amenable to the indirect adhesiolysis
of manipulationwithin the first 6 weeks of surgery seems intuitive,
although a rigorous histologic evaluation would be required to
confirm this.

It should be noted that, although the findings presented here
suggest that performance of manipulation prior to 6 weeks has a
statistically significant (beneficial) impact on final outcomes, the
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potential clinical significance of these results should be interpreted
with some caution. The final flexion of 106.7� observed in the early
MUA group might not meaningfully differ from the 101.3� flexion
observed in the late MUA group, even though the former was sta-
tistically equivalent to the control group's final flexion (115.6�)
while the latter was not. Simple statistical comparisons were cho-
sen over more complex ones (ie, power analyses), because this is a
small, case-controlled review. However, it can reasonably be
concluded from these data that patients with very severe arthro-
fibrosis in the early postoperative period may experience satisfac-
tory outcomes if manipulated within 6 weeks of index procedure.
Of course, patients with very early manipulations were likely those
with more severe stiffness; the natural history of these patients, if
not treated with early MUA, could be the focus of future research.

The most important weakness of this study is its retrospective
design. As data were extracted from clinic and operative notes, we
cannot assure that range of motion estimates and other clinical
information were initially collected in a standardized or rigorous
manner. Preoperative flexion was not interrogated as a potential
MUA risk factor because it was not available for all patients,
although the potential clinical significance of a positive (or nega-
tive) result would likely be minimal, and the relationship between
preoperative and post-MUAmotionwas explored through the case-
control analysis. Additionally, while this study included MUA
patients with a minimum follow-up time of only 1 year, final
follow-up times were variable across the cohort. However, other
reports have suggested that the gains in range of motion achieved
with manipulations persist at an average follow-up of 4 [17] to 7.5
[15] years after index procedure.

Another potential weakness is the selection of MUA as a sur-
rogate outcome for stiffness in the large cohort review. The decision
for post-TKA MUA is influenced by multiple variables, including
postoperative range of motion, patient motivation and pain toler-
ance, and patient and surgeon expectations. It is for this reason,
however, that manipulation is perhaps an outcome of greater
clinical significance than the measurement of postoperative flexion
alone: the decision to undergo manipulation likely signifies the
(perception of) impending failure of arthroplasty, and therefore an
understanding of its predisposing factors and eventual outcomes is
of benefit to both the surgeon and the patient.

Along those lines, it should be acknowledged that the decision
to proceed with MUA at our institution is not guided by a uniform
algorithm or standard definition of “unacceptable” postoperative
stiffness, but rather by patient input and surgeon judgment. This
was reflected in the significant differences among surgeons with
respect to rates of manipulation. While this certainly allows for the
possibility of confounding, we feel that the analysis presented here
is a pragmatic one.

Finally, it should be acknowledged that there was no stan-
dardized, multimodal postoperative pain management protocol in
place at the time that these TKAs were performed, and no reliable
data were available regarding postoperative pain regimens for the
studied patients. A trend toward increased preoperative narcotic
usage among manipulated as compared with control patients was
noted; given the matched study design, this should not be attrib-
utable to differences in age, history of prior surgical procedure, or
other studied preoperative patient variables. Future investigation
into a potential link between postoperative pain control and sub-
sequent need for manipulation might prove enlightening.

In addition to the large size of the cohort, the most important
strength of this study is its utilization of identified MUA risk factors
to establish an appropriately-matched control. This allowed for a
more accurate, side-by-side assessment of the final outcomes after
early versus late manipulation, as compared with the outcomes of
non-MUA patients with similar baseline risk factors. This analysis
suggests that, for patients with severe postoperative limitations in
range of motion, MUAwithin 6 weeks may allow for final outcomes
that are similar to those seen in patients not requiring
manipulation.
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