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Background and Purpose. Studies have identified factors that contribute to
functional limitations in people with knee osteoarthritis (OA), including quadriceps
femoris muscle weakness, joint laxity, and reports of knee instability. However, little
is known about the relationship among these factors or their relative influence on
function. The purpose of this study was to investigate self-reported knee instability
and its relationships with knee laxity and function in people with medial knee
osteoarthritis (OA).

Participants. Fifty-two individuals with medial knee OA participated in the study.

Methods. Each participant was classified into 1 of 3 groups based on reports of knee
instability. Limb alignment, knee laxity, and quadriceps femoris muscle strength (force-
generating capacity) were assessed. Function was measured with the Knee Injury and
Osteoarthritis Outcome Score (KOOS) and a stair-climbing test (SCT). Group differences
were detected with one-way analyses of variance, and relationships among variables were
assessed with the Eta2 statistic and hierarchical regression analysis.

Results. There were no differences in alignment, laxity, or strength among the 3
groups. Self-reported knee instability did not correlate with medial laxity, limb
alignment, or quadriceps femoris muscle strength. Individuals reporting worse knee
instability scored worse on all subsets of the KOOS. Self-reported knee instability
scores significantly contributed to the prediction of all measures of function above
that explained by quadriceps femoris muscle force, knee laxity, and alignment.
Neither laxity nor alignment contributed to any measure of function.

Discussion and Conclusion. Self-reported knee instability is a factor that is
not directly associated with knee laxity and contributes to worse function. Further
research is necessary to delineate the factors that contribute to self-reported knee
instability and reduced function in this population.
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Tibiofemoral joint osteoarthritis
(OA) is one of the most com-
mon and disabling medical

conditions in the United States and
worldwide.1–7 Knee OA is responsi-
ble for more chronic disability than
any other medical condition and is
one of the most frequent medical
problems.2,3,8 Within the knee joint,
the medial compartment is the most
often involved.9,10

Studies8,11,12 have identified factors
that contribute to disability and func-
tional limitations in people with knee
OA, and one of the most notable fac-
tors is decreased quadriceps femoris
muscle strength (force-generating ca-
pacity). Quadriceps femoris muscle
weakness is not only associated with
diminished function8,11 but is also an
important predictor of functional de-
cline.13 Quadriceps femoris muscle
strength training, therefore, is typically
recommended for people with knee
OA. However, recent work indicates
that the relationship between quad-
riceps femoris muscle strength and
physical function is not as strong in
people with excessive frontal-plane
knee laxity,14 a common characteristic
in people with knee OA.15,16 Further-
more, the combination of strong quad-
riceps femoris muscles and excessive
mediolateral knee laxity is associated
with higher rates of OA progression.17

This suggests that rehabilitation inter-
ventions that focus on quadriceps fem-
oris muscle strengthening alone may
not be the most effective for all people
with knee OA.

Much attention has been paid to
joint laxity in people with knee OA
due to its prevalence in this popula-
tion15,16 and its reported relationship
with functional limitations.14 Joint
laxity is a clinical sign that is mea-
sured passively; however, it is pre-
sumed that excessive passive motion
in the knee joint automatically leads
to instability during dynamic and
functional activities. Studies have
shown that some individuals with in-

creased anterior knee laxity due to an-
terior cruciate ligament (ACL) defi-
ciency report no symptoms of knee
instability18–21 and use different neu-
romuscular activation strategies com-
pared with the strategies used by
people who do report knee instabili-
ty.22–25 Therefore, neuromuscular con-
trol strategies appear to play a role in
stabilizing the knee even in the face of
impaired passive restraints.

Recent work26–28 has suggested that
self-reported knee instability (the
sensation of shifting, buckling, or
giving way of the knee) negatively
affects the function of people with
knee OA. Fitzgerald et al27 showed
that a substantial number of people
with knee OA report sensations of
knee instability during daily activi-
ties. Furthermore, they found that
self-reported knee instability signifi-
cantly lowers physical function be-
yond the influence of pain, reduced
knee range of motion, and quad-
riceps femoris muscle weakness.27

Other common characteristics of
people with knee OA that have been
associated with worse function, such
as knee laxity14,29 and knee align-
ment,14,29 were not evaluated by Fitz-
gerald et al.27 The relationships among
these factors with self-reported knee
instability and their influences on func-
tion need to be delineated.

The relationship between medial
knee laxity and self-reported knee in-
stability in people with medial knee
OA is unclear. If medial knee laxity
and self-reported knee instability in-
fluence daily function independently,
treatment plans should address both
conditions. If, as current literature24

suggests, self-reported knee instabil-
ity has a greater influence on func-
tion than laxity, then addressing self-
reported knee instability should be
the focus of rehabilitation. There-
fore, in people with medial knee OA,
the aims of this work were: (1) to
investigate the relationship between
self-reported knee instability and me-

dial knee laxity, varus alignment, and
quadriceps femoris muscle force; (2)
to compare the level of function of
participants classified by reports of
knee instability; and (3) to investi-
gate the influences of self-reported
knee instability, medial laxity, varus
alignment, and quadriceps femoris
muscle force on function.

Method
Participants
Individuals with diagnosed medial
knee OA were referred from local
physicians and were recruited from
the community. Participants were in-
cluded if they had grade II or greater
Kellgren and Lawrence (K-L) radio-
graphic changes30 in the medial tibio-
femoral compartment, with grades 0
or I in the lateral tibiofemoral and
patellofemoral compartments. Radio-
graphic changes were determined
from standing bent posterior-anterior
view, lateral view, and sunrise view
radiographs. If a potential partici-
pant had bilateral knee OA that fit
the criteria, the more symptomatic
knee was identified by the individual
and used in the analysis. Participants
were excluded if they had a history
of other orthopedic injuries in the
lower extremities (eg, knee ligament
injuries) or spine, used an assistive
device, had a history of neurologic
injury, had a history of rheumatoid
arthritis, were pregnant, or had un-
dergone a joint replacement or skel-
etal realignment procedure in either
lower extremity. All participants
signed an informed consent state-
ment approved by the Institutional
Review Board of the University of
Delaware.

Participants were classified into
groups based on their reports of
knee instability. Knee instability was
measured using the Knee Outcome
Survey–Activities of Daily Living
Scale31 (KOS-ADLS), which is a self-
report measure of function. One
question from the KOS-ADLS relating
to functional stability of the knee
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(IKOS) was used to classify partici-
pants as having stable or unstable
knees. The IKOS has been shown to
be a reliable measure of self-reported
knee instability in patients with knee
OA.27 Participants rated the severity
of knee instability on a 6-point scale
in response to the question, “To
what degree does giving way, buck-
ling, or shifting of your knee affect
your level of daily activity?” Defini-
tions of the scores are shown in
Table 1. Participants were classified
into 1 of 3 self-reported knee insta-
bility groups: those with no knee in-
stability (I0 group) (IKOS score�5),
those with mild knee instability that
does not affect function (Im group)
(IKOS score�4), or those with knee
instability that affects function (If

group) (IKOS score �3) (Tab. 1).

The sample size estimate for detect-
ing differences in function between
participants with stable knees and
those with unstable knees was based
on a large effect size, which was
found in a previous study in our lab-
oratory of people with medial knee
OA.32 A difference in function scores
between participants with self-
reported knee instability and those
without self-reported knee instability
was 18, which is reported to reflect
clinically meaningful changes in
function for people with knee OA.33

Based on variability measures from
the pilot work, a difference in pop-
ulation means of 18, and an alpha
level of .05, a sample size of 12 par-
ticipants per group was required to
achieve 1–��0.80.

A total of 52 participants were en-
rolled, with at least 12 participants
in each self-reported knee instability
group. Group characteristics are shown
in Table 2. All data were collected over
2 testing sessions. During the first
session, self-assessment questionnaires
were completed, physical function
was assessed, and quadriceps femoris
muscle strength was evaluated. During
the second session, radiographic as-
sessments of tibiofemoral joint align-
ment and frontal-plane laxity were
completed.

Self-assessment of Function
The Knee Injury and Osteoarthritis
Outcome Score34,35 (KOOS) was
used as a self-report measure of func-
tion. The KOOS covers 5 separate
dimensions of knee function: Pain,
Symptoms, Activities of Daily Living
(ADL), Sport and Recreation Func-
tion (Sport), and Knee-Related Qual-
ity of Life (QOL). Each dimension, or
subset, is scored separately and eval-
uated independently. The KOOS in-
cludes questions from the Western
Ontario and McMaster Universities

Osteoarthritis Index (WOMAC) and
has been shown to be a valid, reli-
able, and responsive measure of
overall knee joint function in people
with OA.36 On the KOOS, all dimen-
sions are scored from 0 to 4, and
then scores are transformed to a per-
centage score of 0 to 100, with 0
representing extreme knee prob-
lems and 100 representing no knee
problems.34

Performance-Based Assessment
of Physical Function
A timed stair-climbing test (SCT) was
used as a performance-based mea-
sure of function. Participants were
timed with a stopwatch as they as-
cended and descended a set of 12
stairs (18 cm high). The participants
were instructed to perform the task
as quickly as they felt safe and com-
fortable. They were encouraged not
to use the handrail, but were not
prohibited from doing so for safety.
A longer time to complete the SCT
represents worse functional limita-
tions. Excellent test-retest reliability
(Pearson r�.93) was reported for a
similar stair-climbing task in people
with knee OA.37

Radiograph Assessment
Joint alignment. Tibiofemoral joint
alignment was measured from long
cassette anterior-posterior (AP) radio-
graphs that included the hip, knee,
and ankle joints. The x-ray tube was
centered at the knee at a distance of
approximately 2 m. Participants stood
barefoot, with the knees as straight
as possible, and bearing weight on
both lower extremities. They were
positioned with the tibial tubercles
facing anteriorly. Alignment was mea-
sured as the angle formed by the
mechanical axis of the femur and of
the tibia38–40 (Fig. 1). The mechani-
cal axes of the femur and tibia were
defined from lines connecting the
center of the femoral head to the
knee center and connecting the cen-
ter of the talus to the knee center,
respectively (Fig. 1). An angle of less

Table 1.
Self-report Measure of Knee Instability (IKOS) From Knee Outcome Survey–Activities
of Daily Living31 and Frequency of Responses

IKOS Score and Response to the Question:
“To what degree does giving way,

buckling, or shifting of the knee affect
your level of daily activity?” Group

Frequency (%)
of Responses

5 (I do not have the symptom) I0 20 (38%)

4 (I have the symptom, but it does not affect
my activity)

Im 12 (23%)

3 (The symptom affects my activity slightly) If 10 (19%)

2 (The symptom affects my activity moderately) 8 (15%)

1 (The symptom affects my activity severely) 2 (4%)

0 (The symptom prevents me from all daily
activities)

0 (0%)

Sum: 20 (38%)
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than 180 degrees was defined as
varus, and an angle of greater than
180 degrees was defined as valgus.
Measurements were done by one au-
thor (LCS), and the intraclass corre-
lation coefficient (ICC) for repeated
measurements using these methods
was .978.

Frontal-plane knee laxity. Medial
and lateral knee joint laxities were
measured using the “open-space”
technique41 from stress radiographs.
For the radiographs, participants
were positioned supine in a TELOS
stress device* with the knee flexed
20 degrees and the patella facing an-
teriorly to minimize limb rotation.
The x-ray beam was centered ap-
proximately 91 cm above the knee
joint. The TELOS device was used to
apply a 150-N force to the joint line
to produce opening on the opposite
side of the joint (Fig. 2). Radiographs
were adjusted for magnification us-
ing a known distance from the
TELOS device that was visible in ev-
ery image. Joint space was measured

at the narrowest point in the medial
and lateral compartments during
the application of varus and valgus
forces. Joint laxity was calculated by
subtracting the measured joint space
during joint closing from that during
joint opening (Fig. 2). Measurements
were made by one author (LCS), and
ICC values for repeated measure-
ments using these methods were
.978 for medial laxity and .975 for
lateral laxity.

Quadriceps Femoris
Muscle Function
Quadriceps femoris muscle force
output (in newtons) was measured
during a maximal voluntary isomet-
ric contraction (MVIC), with electri-
cal burst superimposition to ensure
maximal quadriceps femoris muscle
activation.42 Each participant sat in an
isokinetic dynamometer (Kin Com†)
with the knee flexed to 90 degrees,
the joint axis aligned with the dyna-
mometer axis, and the trunk fully
supported. Chest, hip, and thigh
straps secured the participant to the

chair, and an ankle strap secured the
shank to the dynamometer. Follow-
ing skin preparation, self-adhesive
gel electrodes (7.62�12.70 cm)‡

were secured proximally over the
rectus femoris muscle and distally
over the vastus medialis muscle.
Each participant practiced produc-
ing maximal quadriceps femoris
muscle contractions against the dy-
namometer arm while verbal encour-
agement and visual feedback were

* Austin & Associates, 1109 Sturbridge Rd,
Fallston, MD 21047.

† Isokinetic International, 6426 Morning Glory
Dr, Harrison, TN 37341.

‡ ConMed Corp, 525 French Rd, Utica, NY
13502.

Table 2.
Group Characteristicsa

Variable

I0 Group
(IKOS Score�5)

(n�20)

Im Group
(IKOS Score�4)

(n�12)

If Group
(IKOS Score<3)

(n�20) P

Age (y), mean (range) 65.1 (44–78)* 54.7 (40–71)*,† 62.9 (49–77)† .005*, .025†

Sex

Female 8 4 10 .630

Male 12 8 10

Radiographic grade
(K-L grade)

II 12 5 8 .744

III 5 3 6

IV 3 2 6

Missing 0 2 0

BMI (kg/m2), mean (SD) 31.07 (2.68) 31.33 (5.76) 32.40 (4.46) .587

a I0 group�participants with no knee instability, Im group�participants with mild knee instability that
does not affect function, If group�participants with knee instability that affects function, IKOS�self-
reported knee instability, K-L�Kellgren-Lawrence radiographic changes,30 BMI�body mass index.
Asterisk (*) indicates difference between I0 and Im groups, dagger (†) indicates difference between Im
and If groups.

Figure 1.
Tibiofemoral joint alignment was deter-
mined by the angle formed by the inter-
section of the mechanical axis of the femur
and the mechanical axis of the tibia. The
figure shows an angle of less than 180
degrees, indicating varus alignment.
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provided to maximize volitional ef-
forts. For the test, participants were
asked to produce an MVIC of their
quadriceps femoris muscle, during
which a supramaximal burst of elec-
trical current (100 pulses per sec-
ond, 600-microsecond pulse dura-
tion, 10-pulse tetanic train, 130 V)
from a Grass S48 stimulator§ was de-
livered to the muscle. The burst of
electrical current was used only to
assess whether the participants were
attempting maximum activation of
the quadriceps femoris muscles.42

The MVIC was the highest volitional
force prior to the onset of the elec-
trical burst. Volitional force produc-
tion can be influenced by both limb
length and body mass, which may
limit group comparisons. In our sam-
ple, there was a strong relationship
between height (in meters) and
force produced by the quadriceps
femoris muscle during the MVIC
(r�.67, P�.001). In order to accu-
rately compare group data, quadri-
ceps femoris muscle force was nor-
malized by height (in newtons per
meter).

Data Analysis
Group differences. For all vari-
ables of interest, means and standard
deviations or 95% confidence inter-
vals were calculated for the self-
reported knee instability groups (I0,
Im, and If). One-way analyses of vari-
ance were used to evaluate differ-
ences among the knee instability
groups in age, body mass index
(BMI), radiograph variables, quadri-
ceps femoris muscle force, scores on
KOOS subsets, and time of SCT (de-
pendent variables). Post hoc testing
was done with least significant differ-
ence tests, when appropriate. We
evaluated the frequency distribution
of sex and radiograph severity (K-L
grade II, III, or IV) among the knee

instability groups using chi-square
tests of independence.

Relationships among variables.
Relationships among variables were
assessed with participants from all
groups combined. The Eta2 statistic
was used to evaluate the relation-
ships between self-reported knee in-
stability (a categorical variable) and
medial laxity, limb alignment, and
quadriceps femoris muscle force.
Eta2 is a measure of the strength of
association between independent
and dependent variables and can be
used when one or more variables is

categorical in nature. Eta2 is calcu-
lated as: SSbetween/SStotal, where SS is
sum of squares. Eta2 describes the
amount of variance in the dependent
variable that can be account for by
the independent variable, and it is
interpreted like an R2 value.

Separate hierarchical regression anal-
yses were used to predict each of the
KOOS subset scores and scores on
the SCT (dependent variables). The
independent variables of quadriceps
femoris muscle force, limb align-
ment, medial laxity, IKOS score, and
the interaction between medial lax-

§ Grass Instrument Division, Astro-Med Inc,
600 East Greenwich Ave, West Warwick, RI
02893.

Figure 2.
Setup for varus stress radiograph on left lower extremity, with corresponding radio-
graph (top). For the varus stress radiograph (shown), a consistent 150-N force was
applied to the medial knee joint line. For the valgus stress radiograph (not shown), the
force was applied to the lateral joint line. Calculation of medial laxity (bottom).44
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ity and self-reported knee instability
(medial laxity � IKOS score) were
entered one at a time into each re-
gression model. Hierarchical regres-
sion is an incremental approach to
multiple regression in which vari-
ables are entered into the model
based on a priori hypotheses. It can
be performed so that the last variable
entered into the model is the inde-
pendent variable whose relationship
to the dependent variable is un-
known. Based on the literature, rela-
tionships have been demonstrated
between function and quadriceps
femoris muscle strength,8,11,13 knee
alignment,29 and knee laxity.14 In
this study, we were interested spe-
cifically in the influence of self-
reported knee instability (Ikos score)
on the dependent variables. As such,
the Ikos score was entered into the
model last in order to assess the in-
fluence of self-reported knee instabil-
ity after accounting for the influence
of the other independent variables.
Thus, quadriceps femoris muscle
force was entered into the model
first, followed by limb alignment,
then medial laxity, then IKOS score,
and finally the interaction term be-
tween medial laxity and IKOS score.
The interaction term was calculated
by multiplying the Z-scores for me-
dial laxity and IKOS score. This tech-
nique allowed us to determine the
influence of medial laxity, IKOS score
or the interaction between the 2 on

knee function after strength and
alignment had been accounted for.
For all analyses (using SPSS version
13.0�), significance was established
when the alpha level was �.05.

Results
Group Differences
The frequency of Ikos scores is
shown in Table 1. The frequency dis-
tribution of sex and K-L grade within
the self-reported knee instability
groups was not statistically different
(Tab. 2, P�.630 and P�.744, respec-
tively). On average, the Im group was
younger than the other groups
(Tab. 2, P�.025), but there were no
differences among the groups in
terms of BMI (P�.587) (Tab. 2), me-
dial laxity (P�.336), lateral laxity
(P�.357), limb alignment (P�.329),
or quadriceps femoris muscle force
(P�.453) (Tab. 3). The If group took
approximately 4 seconds longer than
the I0 group to complete the SCT,
but this difference was not statisti-
cally significant (P�.114) (Tab. 3).
Significant group differences were
observed for all subsets of the KOOS
questionnaire, as those participants
reporting worse knee instability also
scored worse on the Pain, Symp-
toms, ADL, Sport, and QOL subsets
(P�.05, Fig. 3).

Relationships Among Variables
The IKOS score did not relate to me-
dial laxity (Eta2�0.045, P�.336), limb
alignment (Eta2�0.044, P�.329), or
quadriceps femoris muscle force
(Eta2�0.032, P�.453). Results of hi-
erarchical regressions are shown in
Figure 4. The IKOS score significantly
contributed to the prediction of all
KOOS subset scores, even after con-
trolling for quadriceps femoris mus-
cle force, limb alignment, and medial
laxity (Fig. 4). In fact, the IKOS score
was the only significant predictor of
Pain, Symptoms, QOL, and ADL sub-
set scores. Both IKOS score and quad-
riceps femoris muscle force influ-
enced the prediction of scores on
the Sport subset as well as the SCT.
Medial laxity, limb alignment, or the
interaction between medial laxity
and IKOS score did not significantly
influence the prediction of any func-
tional score.

Discussion
In people with medial knee OA, the
aims of our study were: (1) to inves-
tigate the relationship between self-
reported knee instability and medial
knee laxity, varus alignment, and
quadriceps femoris muscle force;
(2) to compare the level of function
of participants classified by reports
of knee instability; and (3) to inves-
tigate the influences of self-reported
knee instability, medial laxity, varus
alignment, and quadriceps femoris

� SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.

Table 3.
Average Data (Standard Deviation) by Self-reported Knee Instability Groupa

Variable

I0 Group
(IKOS Score�5)

(n�20)

Im Group
(IKOS Score�4)

(n�12)

If Group
(IKOS Score<3)

(n�20) P

Medial laxity (mm) 4.60 (1.47) 3.72 (1.42) 4.48 (1.94) .336

Lateral laxity (mm) 2.79 (1.20) 2.33 (1.04) 2.29 (1.14) .357

Alignment (°) 175.40 (3.44) 174.25 (3.25) 173.75 (3.74) .329

Normalized MVIC (N/m) 471.52 (130.92) 468.40 (155.20) 413.05 (180.37) .453

SCT (s) 11.35 (4.07) 12.01 (5.88) 15.30 (7.53) .114

a I0 group�participants with no knee instability, Im group�participants with mild knee instability that does not affect function, If group�participants with
knee instability that affects function, IKOS�self-reported knee instability, BMI�body mass index, MVIC�maximal voluntary isometric contraction of
quadriceps femoris muscle, SCT�stair-climbing test.
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muscle force on function. The re-
sults show that self-reported knee in-
stability is not related to medial knee
laxity, mechanical axis, or quadri-
ceps femoris muscle force. The re-
sults also demonstrate that function
is worse in individuals who report
worse knee instability and that func-
tion scores are predicted by self-
reported knee instability, not laxity,
even after accounting for the contri-
bution of quadriceps femoris muscle
force. This study is one of the few
to investigate self-reported knee in-
stability in patients with knee OA,
and our findings suggest that further
investigation of the causes and im-
pact of self-reported knee instability
is warranted.

“Instability” is a term often used clin-
ically to describe the symptom of
buckling, shifting, or giving way of a
joint, such as the knee.43 Instability
is a sensation experienced by the
patient during dynamic activities,
and, in order to evaluate its pres-
ence, clinicians rely on patient re-
ports of buckling, shifting, or giving
way. In the biomedical literature, the
term “instability” often is used inter-
changeably with the term “laxity”;
however, their meanings are not the
same. Laxity represents a clinical
sign that describes the condition of
passive joint structures43 and is as-
sessed in a static position using an
arthrometer or stress device. A posi-
tive finding of increased knee laxity
leads many clinicians to presume
functional instability; however, prior
to this study, this relationship had
not been investigated in people with
knee OA. Our results show no direct
relationship between medial laxity
and self-reported knee instability.
Furthermore, our results show that
the amount of medial knee laxity is
similar between people reporting
knee instability and those without
knee instability.

Self-reported knee instability, or
knee buckling, has been identified

only recently as a significant factor in
people with knee OA,26–28 so studies
of the mechanisms underlying knee
instability have only just begun. Fac-
tors such as increased BMI, liga-
ment laxity, diminished muscle con-
trol, and structural joint changes
could contribute to sensations of
knee instability, hence our inclusion
of these measures in our work. Our
results show no differences among
the self-reported knee instability
groups in terms of medial laxity,
quadriceps femoris muscle strength,
or tibiofemoral joint alignment. Fur-
thermore, our data showed no direct
relationships between severity of
self-reported knee instability and me-
dial laxity, quadriceps femoris mus-
cle force, or alignment. These find-
ings are in contrast to the findings
of Felson et al,26 who showed that
quadriceps femoris muscle weak-
ness and knee pain predicted knee

buckling in people over age 50 years.
It is possible that our sample size
limited the detection of differences
in quadriceps femoris muscle force,
medial laxity, or tibiofemoral align-
ment among the instability groups.
However, the study by Felson et al
included individuals with and with-
out radiographic evidence of knee
OA, so it is possible that different
factors may predict knee buckling in
people with OA. It also is likely that
self-reported knee instability is a
multifactorial problem, and further
investigation of underlying mecha-
nisms is warranted.

In our recent work in patients with
medial knee OA, we identified self-
reported knee instability as an im-
portant predictor of movement and
muscle activation patterns during
walking activities.28,44 In the present
study, our results show that self-

Figure 3.
Markers represent average scores on subsets of the Knee Injury and Osteoarthritis
Outcome Score (KOOS) questionnaire (Pain, Symptoms, Quality of Life [QOL], Activities
of Daily Living [ADL], Sport/Recreation [Sport]), lines represent 95% confidence inter-
vals, brackets indicate significant group differences at *P�.05, circle�If group (partic-
ipants with knee instability that affects function), square�Im group (participants with
mild knee instability that does not affect function), triangle�I0 group (participants with
no knee instability).
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reported knee instability is also an
important predictor of function. We
found that self-reported knee in-
stability significantly influenced func-
tion even after accounting for vari-
ables (ie, laxity, alignment, quadriceps
femoris muscle strength) that previ-
ously had been associated with de-
creased function and disability.8,11,12,29

We utilized the KOOS questionnaire
to measure function because each
subset (Pain, Symptoms, ADL, Sport,
and QOL) is evaluated as an indepen-
dent score. In our sample, individuals
with the worse self-reported knee in-
stability (If group) scored worse on
all 5 subsets. Clinically meaningful
score changes for the KOOS subsets
have not been established. However,
clinically meaningful score changes
have been reported to be 9.7, 9.3,
and 10.0 mm for the WOMAC pain,
physical function, and stiffness sub-
scales, respectively.45 Given the close
association between the KOOS and
the WOMAC, our results indicate that
the difference in scores between the
self-reported knee instability groups
(range�10–27 points) represent clin-
ically meaningful differences in func-
tion and quality of life.

Our findings are consistent with
those of Fitzgerald et al,27 who re-
ported that a large percentage of
people with medial tibiofemoral,
lateral tibiofemoral, and patellofemo-
ral OA report knee instability that
influences function beyond pain,
range of motion, and weakness. Sim-
ilarly, Felson et al26 reported that
people who experienced knee buck-
ling had higher disability scores on
the WOMAC questionnaire indepen-
dent of pain, weakness, age, and
BMI. Our findings, along with those
of Felson et al26 and Fitzgerald et al27

strongly indicate that self-reported
knee instability, or buckling, is an
important factor in people with knee
OA. The collective findings signify
the importance of assessing and ad-
dressing self-reported knee instabil-
ity in people with knee OA in order

Figure 4.
Results of hierarchical regression analysis showing the relative contribution (R2 value) of
each variable (vertical bars) in the prediction of scores on subsets of the Knee Injury and
Osteoarthritis Outcome Score (KOOS) questionnaire (Pain, Symptoms, Quality of Life
[QOL], Activities of Daily Living [ADL], Sport/Recreation [Sport]) and on the stair-
climbing test (SCT). Asterisk indicates that the addition of the independent variable to
the regression yielded a significant change in the R2 value at P�.05. Med Lax�medial
laxity, IKOS score�self-reported knee instability score, MVIC�normalized maximal vol-
untary isometric contraction of quadriceps femoris muscle.
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to maximize functional outcomes.
Felson et al26 recommended that
knee buckling be included in the list
of common symptoms in people
with knee problems or OA in medi-
cal and rheumatology textbooks.

In this study, participants were clas-
sified based on reports of knee insta-
bility during activities of daily living,
so it is not surprising that the If

group scored worse on the ADL and
Sport subsets of the KOOS question-
naire or that self-reported knee in-
stability was involved in the pre-
diction of these scores. We defined
self-reported knee instability as a
sensation of “shifting, buckling, or
giving way” of the knee,31 and none
of these items are addressed by any
dimension of the KOOS. Therefore,
although both instability and func-
tion were evaluated with self-report
measures, we assert that items as-
sessed by the KOOS are separate
and independent from our measure
of knee instability and that group dif-
ferences in function measured by
the KOOS subsets are meaningful.
We used the SCT as a performance-
based measure of function. Although
small, self-reported knee instability
scores significantly contributed to
SCT scores even after accounting
for the large influence of quadriceps
femoris muscle force. The If group
took approximately 4 seconds longer
to complete the task compared with
those participants without self-
reported knee instability (I0 group),
but this difference was not statistically
significant. There are a number of
performance-based measures of func-
tion available to clinicians that were
not used in this study, and further
investigation is needed to understand
the impact of knee instability on
performance-based measures of
function.

Declines in function in people with
knee OA have been attributed to
both frontal-plane laxity and knee
alignment.14,29 However, we did not

find any relationship between medial
laxity or varus alignment with any
measure of function. Several meth-
odological differences may explain
the varying results. Work by Sharma
and colleagues14 showed that total
frontal-plane laxity was related to de-
creased function in individuals with
medial tibiofemoral, lateral tibiofemo-
ral, and patellofemoral OA. In the
present study, we included only indi-
viduals with medial tibiofemoral OA,
so the more homogeneous sample
may have influenced the ability to find
a relationship between frontal-plane
laxity and knee function. We mea-
sured laxity using stress radiographs
during which we applied a 150-N
force to the knee joint line with the
knee flexed approximately 20 degrees
and the femur and tibia stabilized in a
TELOS device. Sharma et al14 used a
custom-designed device that stabilized
the thigh, and they produced varus-
valgus motion by applying a 40-N
force to the foot, which may have re-
sulted in different frontal-plane laxity
measurements. In the present study
and in the study by Lewek et al,46

stress radiographs were used to allow
the medial and lateral sides of the joint
to be assessed separately. It often is
presumed that excessive frontal-plane
motion is the result of ligament strain
on the lateral side of the joint and car-
tilage erosion on the medial side.
Lewek et al46 demonstrated, however,
that lateral laxity is no different in peo-
ple with medial knee OA, whereas me-
dial laxity is greater than that in age-
and sex-matched control subjects. It is
important to identify the source of in-
creased frontal-plane motion in this pa-
tient population.

In our sample, those participants
who reported knee instability (Im

and If groups) reported worse knee
symptoms, such as clicking/grinding
and swelling, than those who never
experience knee instability. This find-
ing may suggest that patients with
worse instability also have more-
severe OA, based on clinical presen-

tation. Clinical severity of knee OA
does not always correlate with radio-
graphic severity of the disease, and
we did not find any differences
among the groups in terms of fre-
quency of radiographic severity of
OA. However, joint instability can be
associated with higher shear forces
in the knee that are particularly dam-
aging to articular cartilage.47,48 Lon-
gitudinal investigations with larger
sample sizes are necessary to further
understand the relationship between
self-reported knee instability and joint
integrity.

Our sample was inclusive of individ-
uals with only medial knee OA of an
idiopathic origin. We do not know
whether the disease course of idio-
pathic (or primary) OA differs from
that of secondary OA, so we ex-
cluded those individuals who re-
ported a history of a possible liga-
ment injury in order to ensure a
more homogeneous sample. Idio-
pathic knee OA is more prevalent in
women49; however, this was not re-
flected in the distribution of men and
women in our sample. Our inclusion
of individuals with only medial knee
OA may have altered the expected
distribution of male and female par-
ticipants. Although the exact nature
of self-reported knee instability in
this patient population is unknown,
we chose to exclude potential par-
ticipants with patellofemoral joint
disease in order to limit the possi-
bility of instability arising from the
patellofemoral joint. Despite the ho-
mogeneity of our sample, these find-
ings may provide insight into the
influence of self-reported knee insta-
bility for individuals with knee OA in
other or multiple compartments.

Conclusion
This study showed that in people
with medial knee OA, self-reported
knee instability is a problem that
does not have a direct association
with medial laxity, quadriceps femo-
ris muscle weakness, and varus align-
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ment. In addition, self-reported knee
instability can influence function
over and above that explained by
laxity, weakness, and malalignment.
We acknowledge that there are sev-
eral other factors that may con-
tribute to function that were not
included in this study. Although
our work is preliminary, the find-
ings indicate that self-reported knee
instability, or the factors that contrib-
ute to knee instability, may need to
be addressed in rehabilitation of peo-
ple with medial knee OA in order to
maximize function. We have shown
that self-reported knee instability sig-
nificantly influences movement and
muscle activation patterns during
walking activities.28,44 Further inves-
tigation of self-reported knee insta-
bility and neuromuscular control of
the knee may expound the multi-
factorial nature of self-reported knee
instability. Further investigation also
is necessary to reproduce these find-
ings with larger sample sizes and to
evaluate the long-term consequences
of self-reported knee instability on
joint integrity.
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