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Lower limb proprioception deficits persist following knee
replacement surgery despite improvements in knee extension
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Abstract

Purpose Knee pain and disability can persist following knee
replacement surgery which may place patients at increased
risk of falls. This study investigated the falls risk and the
occurrence of falls of people with knee osteoarthritis (OA)
before and at 12 months following knee replacement surgery.
Method Thirty-five patients with knee OA were tested
prior to undergoing knee replacement surgery and at
12 months following surgery using the short form Physi-
ological Profile Assessment, which incorporates tests of
vision, lower limb proprioception, knee extension strength,
reaction time and postural sway. Physical activity, number
of falls, fear of falling, pain, disability and health-related
quality of life were also assessed.

Results No significant differences were found between
the number of falls pre- and post-surgery (n.s.), with 48.5
and 40% reporting at least one fall in the 12 months before
and following the surgery, respectively. Improvements in
knee strength, reaction time and fear of falling were evi-
dent following surgery, with no improvement in lower limb
proprioception. Self-reported pain, function and stiffness
were significantly improved, but health-related quality of
life deteriorated following the surgery.

Conclusion The number of falls experienced following
knee replacement surgery remained relatively high, which
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may be attributed to the persistence of impaired lower limb
proprioception. Although knee replacement surgery
improves function and alleviates pain, people who undergo
this procedure may need to engage in rehabilitation fol-
lowing the surgery to reduce the risk of falling.

Level of evidence Therapeutic study investigating the
result of treatment on patient outcomes, Level IV.

Keywords Knee replacement - Proprioception - Falls -
WOMAC - Quadriceps strength - Physiological assessment

Introduction

Knee osteoarthritis (OA) is a painful, chronic degenerative
joint disorder affecting a large portion of the older popu-
lation worldwide [26, 40]. Moreover, recent studies have
shown that chronic pain and musculoskeletal conditions,
including knee OA, are independent risk factors for falls
[18-20, 34] with approximately 50% of people with knee
OA reporting one or more falls each year [21, 38]. There is
growing evidence to suggest that pain and the neuromus-
cular deficits (in strength, balance and proprioception)
associated with OA contribute to the increase risk of falling
in this population [10, 19, 20, 31].

Total knee replacement is a common surgical treatment
for severe knee OA, with over 40,000 procedures per-
formed each year in Australia [1]. Although knee
replacement generally improves physical function and
quality of life [7, 13], pain and disability can persist fol-
lowing surgery [2, 4]. Moreover, weakness of the knee
extensors and impaired proprioception following knee
replacement surgery [12] have been also reported, which
can negatively affect functional performance [27, 28, 36,
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37] and may consequently place people at greater risk of
falls following surgery.

Recently, we assessed the risk of falls of patients who
underwent knee replacement surgery before and at
4 months following the surgery using the Physiological
Profile Assessment tool (PPA), which includes clinical
tests of balance, strength, proprioception, vision and reac-
tion time [21]. At 4 months following the surgery, partic-
ipants exhibited deficits in knee extension strength and
lower limb proprioception, which may place them at
increased risk of falls early following the surgery. How-
ever, little is known about the occurrence of falls and risk
factors for falls in people following knee replacement over
a longer period. A recent prospective observational study
reported a significant reduction in the number of falls in the
first, second and fourth post-operative quarters of the first
year following the surgery compared to the pre-operation
quarter [35]. Assessment of physiological risk factors such
as strength and balance 12 months following the surgery,
however, was not investigated.

The purpose of this study, therefore, was to investigate
the falls risk and the occurrence of falls of people with knee
OA before and at 12 months following knee replacement
surgery. Specifically, we compared balance, strength, pro-
prioception and vision, fear of falls, quality of life and
physical activity before and at 12 months following the
surgery. We hypothesised that the falls risk and the
occurrence of falls would be reduced after knee replace-
ment surgery.

Materials and methods

This project was part of a larger study that investigated gait
(swing phase mechanics particularly minimum foot clear-
ance), balance and falls risk in people before and after knee
replacement. A power calculation to determine the sample
size, therefore, was based on minimum foot clearance
parameters. At the time of the study design, only limited
published results were available on minimum toe clearance
or the falls risk of patients with knee OA, and therefore the
data from a previous study [6] which investigated the toe
clearance of elderly fallers and non-fallers were used to
determine the number of participants required. A sample
size calculation indicated that for 80% power and a P value
of 0.05 at least 25 participants were required. To mitigate
the possible effect of subject drop out, a total of 35 par-
ticipants for each group were considered to be sufficient.
Thirty-five patients (16 females and 19 males) who were
scheduled for knee replacement surgery participated in the
study [21] and were tested prior to the surgery and at
12 months following their surgery. Mean & SD age,
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height, mass and body mass index of the participants were:
67.4 + 7.3 years, 167.4 &+ 8.6 cm, 84.9 &+ 12.3 kg and
30.4 + 4.9 kg/m?. To be included in the study, participants
from the surgical group needed to be able to walk at least
45 metres independently and were excluded if they had
uncontrolled systemic disease or a pre-existing neurologi-
cal or other orthopaedic condition affecting their ability to
walk. Participants were recruited from the La Trobe Uni-
versity Medical Centre, the Warringal Private Medical
Centre and from an outpatient physiotherapy clinic.
Patients who were scheduled for knee replacement surgery
were informed about the study by the receptionists or the
physiotherapists at the clinic. Patients who were willing to
participate were contacted by the researchers. Patients were
then screened over the phone to identify if they were eli-
gible to take part in the project. Those who met the
inclusion criteria were scheduled time for testing at the gait
laboratory of the Musculoskeletal Research Centre, La
Trobe University. Ethics approval was obtained from the
Faculty of Health Sciences Human Ethics Committee, La
Trobe University. All participants were informed about the
nature of the study and signed a consent form prior to
participation.

Measurements
Quality of life

Quality of life was measured using the self-administered
Assessment of Quality of Life (AQoL) utility instrument,
which assesses quality of life over five domains including
illness, independent living, social relationships, physical
senses and psychological well-being [14]. The utility
scores for each dimension and an overall utility score range
from O to 1, with O representing the worst health and 1
representing perfect health.

Knee pain and function

Physical function, pain and stiffness were assessed using
the Western Ontario and McMaster University Osteoar-
thritis Index (WOMAC) [3]. This index assesses the
severity of the knee pain during 5 daily activities (range
0-500), stiffness (range 0-200) and the severity of
impairment of lower-extremity function during 17 activ-
ities (0-1,700). The items were scored with the use of a
10 mm visual analogue scale, where 0 represents no pain
or difficulty with physical function and higher scores
represent worse functional health. All three subcategories
are summed to give a global WOMAC score (range
0-2,400).
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Physical activity questionnaire

The Incidental and Planned Activity Questionnaire (IPAQ)
for older people was used to assess the physical activity
level of the participants [8]. The IPAQ includes 10 ques-
tions that estimate the physical activity during the last
week and covers the frequency and duration of planned
activity (planned exercise and walks) and incidental
activities (casual day-to-day activities). The score was
derived from multiplying the frequency score and duration
score to create a total duration for incidental and planned
activity as well as an overall total score. Total time spent
was summed across all components and expressed as hours
per week as detailed in Delbaere et al. [8].

Fear of falling

The Short Falls Efficacy Scale International (FES-I)
questionnaire was used to document fear of falling [16].
The FES-I consists of 7 items on Likert scale that score the
participant’s level of concern regarding the possibility of
falling when performing certain daily activities as follows:
(1) when getting dressed or undressed, (2) taking a bath, (3)
getting in or out of a chair, (4) going up or down stairs, (5)
reaching for something above your head or on the ground,
(6) walking up or down slop and (7) getting out to a social
event. The total score ranges from 7 (not concerned) to 28
(severe concern) [16].

Falls history

The number of falls the participants experienced in the
12 months prior to surgery was recorded. Moreover, par-
ticipants were requested to record any falls experienced
during the 12 months following the surgery using a spec-
ialised monthly diary. Participants were asked to record
any falls incidence on the monthly diary, and at the end of
each month, participants return the diary to the researchers.
If the participant sustained a fall, they were asked a series
of questions regarding the severity and circumstances
surrounding the fall.

Falls risk assessment

The short form of the PPA was used to assess falls risk and
includes 5 tests (Fig. 1): vision (edge contrast sensitivity),
peripheral sensation (a lower limb matching task for
determining proprioception), lower limb strength (knee
extension), reaction time and balance (postural sway when
standing on a medium density foam rubber mat) [24]. The
PPA is a validated and reliable tool [24] and has been
demonstrated to have a predictive accuracy of 75% for
prospectively documented falls in older people [22, 25].
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Fig. 1 Component tests of the physiological profile assessment.
a Contrast sensitivity, b lower limb proprioception, ¢ knee extension
strength, d reaction time, e postural sway

The PPA uses a discriminant function to compute a
standardised falls risk score. The level of falls risk
according to the overall falls risk score was classified as
follows: <O—Ilow risk, O—1—mild risk, 1-2—moderate
risk and >2—high risk [24].

The individual tests of the PPA were performed as fol-
lows: (1) visual contrast sensitivity was assessed using the
Melbourne Edge Test. The chart had 20 circular 25-mm-
diameter patches containing edges with reducing contrast
with variable orientation as the identifying feature. The
lowest contrast patch correctly identified was recorded as
the participant’s contrast sensitivity in decibel units, where
1 dB = 10 log10 contrast. A higher score indicated better
contrast sensitivity; (2) proprioception was measured dur-
ing sitting by matching the position of the legs on either
side of a clear plastic sheet with the eyes closed. Any error
in matching the limbs was recorded in degrees. After 2
practice trials, the average of 5 trials was recorded; (3) the
strength of the knee extensor muscle group on the painful
leg was measured by pushing isometrically at 90° against
padded straps attached to strain gauges. Three trials were
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Table 1 Differences in the falls

risk scores and health-related Parameters Pre-surgery 12 months post-surgery P value
quality of life pre- and Health-related quality of life
12 months post-surgery
AQoL 0.8 + 0.05 0.7 £ 0.1 0.002%*
IPAQ total 44.3 £ 20.6 372 £ 16.8 0.020*
IPAQ incidental 38.5 £ 19.8 334 £ 16.9 n.s.
IPAQ planned 55+£57 37+38 0.038*
FES-I 11.4 £ 3.0 94 +23 <0.001*
WOMAC pain 192.5 4+ 106.0 156.0 + 247.4 0.010*
WOMALC stiffness 95.4 + 46.7 31.7 +£ 36.4 <0.001*
WOMAC function 609.0 + 325.9 128.3 + 147.3 <0.001*
. WOMAC total 896.9 £ 430.4 316.2 £+ 402.2 <0.001*
AQol assessment of quality of .
life, IPAQ incidental and Falls risk measures
planned activity questionnaire, No. of falls % (n) 48.5% (17) 40% (14) n.s.
FES-I Shoﬁlfaé[llso ;Zicg%scale Overall PPA score —03+09 0.0 + 0.9 n.s.
international, estern . .
Ontario and McMaster Proprioception 1.8 £ 1.0 1.8 £ 1.0 n.s.
University Osteoarthritis Index, Knee extension strength 21.6 £79 34.7 £ 12.1 <0.001%*
PPA physiological profile Reaction time 231.3 £31.7 209.1 £ 31.3 <0.001*
assessment. Values are reported Postural sway (a/p) 320 + 16.1 317 + 11.8 ns.
as mean = SD
Postural sway (m/1) 16.6 £ 14.7 15.7 £ 14.5 n.s.

* P <0.05

recorded and the highest score was used for the analysis.
Knee strength scores were normalised to the participant’s
height and weight to account for differences in body size
using the formula:

strength (kg)

100
[height (m) x weight (kg)] %

normalised strength =

(4) reaction time was assessed using a light as the stimulus.
Depression of a switch by the hand as the response was
measured in ms for 10 attempts and the average of the 10
trials was recorded; and (5) postural sway was measured
using a swaymeter that recorded the sway of the body in
the medio-lateral (M/L) and anterior posterior (A/P)
directions while standing on a medium density foam rubber
mat (70 x 60 x 15 cm thickness) with the eyes open. The
total excursion of the sway in each direction was measured
in millimetres.

Statistical analysis

Prior to data analysis, all variables were assessed for nor-
mality using the skewness statistic. Data transformation
was performed for parameters which were found not to
normally distribute. Paired ¢ tests were used to assess the
differences between pre- and 12 months post-surgery for
the following variables: the overall PPA score and the PPA
component tests (proprioception, strength, reaction time
and balance), quality of life, physical activity and fear of
falls, WOMAC scores for pain, function and stiffness. The
non-parametric Wilcoxon test was used to compare dif-
ferences between pre- and 12 months post-surgery for the
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proprioception test, and fear of falls as the values were
ordinal. y* test was used to compare the differences in the
number of falls between pre- and post-surgery. All statis-
tical analyses were performed using SPSS Version 18.0
(SPSS Inc, Chicago, IL, USA) and a P value <0.05 was
considered statistically significant.

Results

No significant differences were found between the number
of falls between pre- and post-surgery (n.s.) with 48.5%
reporting at least one fall in the 12 months prior to the
surgery and 40% reporting at least one fall in the
12 months following the surgery (Table 1). A total of 16
falls (2 participants experienced 2 falls) were reported
during the 12 months following the surgery, with 7 due to
trips, 6 due to loss of balance, 2 due to a missed step and 1
due to dizziness. Nine patients had unilateral symptoms, 9
had previous total knee replacement in their contralateral
knee and 17 patients had bilateral symptoms. All 35
patients attended the 12-month post-surgery assessment.

Health-related quality of life and physical activity

Health-related quality of life following the surgery was
significantly reduced (P = 0.002) compared to pre-surgery
status. The participants’ level of physical activity reduced
slightly, both in relation to total physical activity
(P = 0.02) and planned activity (P = 0.03). Self-reported
pain, stiffness and function were significantly improved
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following the surgery with an overall improvement of the
WOMAC total score (P < 0.001) as indicated in Table 1.
Reduction in fear of falling was also evident at 12 months
post-surgery compared to pre-surgery (P < 0.001).

Falls risk measures

The overall PPA score was not significantly different
between pre- and post-surgery (n.s.), nor were lower limb
proprioception (n.s.) or postural sway in the A/P or M/L
direction (Table 1). However, a significant improvement
was observed in knee extension strength and reaction time
(P < 0.001) following surgery.

Discussion

The most important finding of the present study was that
the incidence of falls following knee replacement was not
significantly different compared to the number of falls in
the preceding year, and remained relatively high compared
to the 30-33% reported number of falls in the general
community [5, 9, 30, 32]. This study was the first to
investigate the risk of falls in people with knee OA before
and 12 months following knee replacement surgery using a
validated battery of physiological tests. The overall PPA
score did not differ significantly between pre- and post-
surgery; however, significant improvements were found for
the knee extension strength and reaction time while balance
and lower limb proprioception remained similar to the pre-
surgery values.

A recent observational study reported a reduction in the
number of falls following knee replacement surgery by
comparing the number of falls between the pre-operative
quarter (24.2% fallers) and each quarters of the first year
following the surgery (11.7-11.8% fallers) [35]. The
overall falls rate for the total 12 months following the
surgery was 24.2%; however, the number of falls for
the whole year prior to the surgery was not reported. The
difference between falls rate for the 12 months following
surgery between the present study (40%) and the 24.2%
reported by Swinkels et al. is unclear; however, it may be
related to the different definition of falls used in each study.
Swinkels et al. [35] excluded falls that were a result of a
major intrinsic event while the present study used the
recommendation of the Prevention of Falls Network Eur-
ope group [17] where a fall is defined as “an unexpected
event in which participants come to rest on the ground,
floor, or lower level” [17]. This may also explain the rel-
atively low rate of falls reported by Swinkels et al. com-
pared to the falls rate reported for community-dwelling
older people [5, 9, 30, 32]. The majority of the falls
reported in the present study were due to trips and loss of

balance; however, it is unclear if these falls were directly
related to the operated limb. Falls in older people usually
result from an interaction of multiple factors with both
extrinsic (environmental) and intrinsic (individual-related)
factors contributing. However, due to the presence of pain
and neuromuscular deficits associated with knee replace-
ment, it is possible that these factors may play a greater
role in increasing the risk of falls post-surgery.

The overall PPA score did not differ significantly
between pre- and post-surgery but several individual tests
demonstrated significant improvements, including knee
extension strength and reaction time. Balance and lower
limb proprioception, however, remained similar to the pre-
surgery values. In our previous work, we found reduced
proprioception and knee extension strength for the same
surgical group prior to and 4 months following the surgery
compared to an age-matched control group [21]. The cur-
rent results, therefore, indicate no improvement in propri-
oception at 12 months following the surgery but significant
improvement in knee extension strength. The activity level
of the participants at 12 months following the surgery was
significantly lower than the level of activity reported prior
to the surgery, but still indicated a relatively high level of
physical activity engagement compared to early after the
surgery [21] and to other older people when using the same
scale [8, 21]. The improvement in knee extension strength
may therefore be partly explained by the increase in the
level of physical activity following the surgery. Given that
muscle weakness has been shown to be a risk factor for
falls [22, 23, 29, 39], the improvement in strength may
possibly contribute to the slight reduction in the number
of falls experienced following the surgery. Moreover,
strengthening the knee extensor muscles is also important
for improvement in functional performance and daily
functioning for people following knee replacement surgery
[27, 28].

Adequate sensorimotor function, such as proprioceptive
acuity, is important to ensure accurate limb placement
during functional tasks as well as controlling the degree of
knee movement. Although the literature is inconsistent in
relation to changes in proprioception following knee
replacement surgery [11, 12, 15, 21], we have previously
reported impaired proprioception for the current partici-
pants at their pre-surgery assessment as well as early after
the surgery compared to an age-matched control group
[21]. The current results indicate that proprioception did
not improve 12 months following the surgery. Impaired
lower limb proprioception is a well-recognised indepen-
dent risk factor for falls [22, 25, 33]. Although it is unclear
if the poor proprioception observed following the surgery
was related to the occurrence of falls, it is possible that
inadequate sensorimotor function at the knee affected
movement control, which contributed to loss of balance.
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It is therefore recommended that rehabilitation following
knee replacement surgery should include exercises to
improve knee neuromuscular control as well as knee
extension strength.

Musculoskeletal pain has been shown to be associated
with an increased risk of falls [10, 19, 20]. Persistent pain
and disability are often reported following knee replace-
ment surgery [2, 4]. In the present study, a significant
reduction in pain and stiffness and an improvement in
function were observed at 12 months post-surgery. The
level of pain, however, varied considerably following the
surgery as indicated by the large standard deviation. This
potentially could have affected health-related quality of life
scores, which significantly deteriorated post-surgery. Fear
of falling was significantly improved following the surgery
which may be related to the general improvement in
function and pain reduction, as patients may feel more
confident to use and trust the operated leg.

It is important to acknowledge the limitations of the
study. People who undergo knee replacement surgery may
have a range of other health problems which may not be
related to their operated knee. The occurrence of falls
following knee replacement surgery therefore may have
been related to other factors which were not assessed in the
current study. Further study is needed to investigate the
occurrence of falls in people following knee replacement
and possible interventions to alleviate the risk of falls. The
clinical implication of the study is that patients who
undergo knee replacement surgery should maintain active
involvement in physical activity not just for their general
well-being and better daily functioning but also to reduce
the risk of falls.

Conclusion

People with knee OA demonstrate improvements in pain,
function, fear of falling and knee extension strength at
12 months following knee replacement surgery. Despite
this, the number of falls experienced 12 months following
the surgery remains relatively high, which may be partly
attributed to the persistence of impaired lower limb pro-
prioception. Although knee replacement surgery generally
improves function and alleviates pain, people who undergo
knee replacement surgery should maintain adequate
strength and neuromuscular control through active
engagement in physical activity or exercise rehabilitation
to reduce their risk of falling.
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