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Abstract: Advanced knee osteoarthritis patients” gait usually undergoes alterations leading to de-
creased mobility and lower functional performance, which can result in a worsening of their quality
of life (QoL). While several authors have reported a moderate correlation between gait parameters
and QoL assessed by generic questionnaires, the literature is scarce. This study aimed to explore the
relationship between gait and QoL parameters assessed by a generic and a disease-specific question-
naire in patients with advanced knee osteoarthritis. In this single-centre, prospective, observational
study, 129 patients with advanced knee osteoarthritis scheduled for elective total knee replacement
were selected. The patients’ gait was evaluated by means of a validated wireless device while they
walked 30 m at a comfortable speed. Patient function was also analysed using the Knee Society Score
(KSS). QoL was measured with the EQ-5D and the Knee Injury and Osteoarthritis Outcome Score
(KOOS) questionnaires. Patients showed a mean walking speed of 0.95 &= 0.19 m/s, a mean cadence
of 105.6 £ 9.9 steps/min, and a mean stride length of 1.25 & 0.17 m on both legs. They presented poor
knee status (KSS < 60) and poor QoL, with an EQ-5D of 0.44 -+ 0.24 and a total KOOS of 29.77 + 13.99.
Positive low correlations (r < 0.5, p < 0.5) were found only between the speed, propulsion and stride
age;;‘t?sr length of both legs, and the overall and ADLs subscale scores of the total KOOS questionnaire. In
L . conclusion, several gait parameters have a significant low correlation with the QoL of patients with
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advanced knee osteoarthritis, as assessed by an osteoarthritis-specific questionnaire.
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1. Introduction
Academic Editor:

Knee osteoarthritis is the most common joint disease and one of the leading causes of
poor functional performance in the elderly. It is considered one of the major contributors
Received: 9 May 2023 to patient disability worldwide, thus constituting a significant public health issue, and
Revised: 17 May 2023 its prevalence is estimated to increase by 40% in 2025, due to the widespread ageing of
Accepted: 4 June 2023 the global population, the increase in life expectancy, and the prevalent obesity epidemic.
Published: 8 June 2023 The chief symptom of the disease is knee pain, which results from joint degeneration,

cartilage loss, subchondral bone damage, and changes in soft tissue. The progression of the
disease may lead to irreversible bone destruction and deformity. This usually results in a
worsening of symptoms that have a distinctive and direct influence on multiple factors that
affect the physical and mental well-being of the individual, such as gait and quality of life
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while maintaining a relatively stable cadence, which become more evident as the condition
worsens, which can lead to decreased mobility and lower functional performance. These
gait parameters are considered predictors of the overall health status and life expectancy of
patients, and with the development of more reliable, accessible, and user-friendly analytical
systems, they can be easily measured during clinical practice [1,2,9-17].

Both the symptomatology and the functional limitations in advanced knee osteoarthri-
tis patients can significantly worsen a patient’s QoL, which is defined by the World Health
Organisation as the individual perception of one’s life situation in a broad context, tak-
ing into account cultural conditions, individuals” expectations, and social norms. Being
a multidimensional and subjective concept, it is generally accepted that QoL should be
assessed by considering a patient’s physical, mental, and emotional state, their level of
autonomy, and their social relationships among other factors, by the means of validated
generic, anatomy-specific, or disease-specific questionnaires [1-3,18].

Given that wait times for treatment can be prolonged for various reasons, we believe
it is crucial to gain a better understanding of the factors that may have a stronger negative
impact on our patients’ daily well-being. Some studies have reported a moderate correlation
between the general health of knee osteoarthritis patients, as assessed by the SF-36 Health
survey, and gait parameters, such as single-limb support [19] and the intensity of gait
cycles [17]. Similarly, advanced-stage patients” QoL assessed by EQ-5D has been found to
have a moderate correlation with walking and dynamic balance tests [20]. Due to these
findings and to what we see in our clinical practice, we believe that gait alterations derived
from physical impairment have a highly significant impact on our patient’s activities of
daily living (ADLs) and, therefore, in their overall QoL. The literature on the topic is
rather scarce, and QoL is usually evaluated by generic tools that, although being official
and validated, may lack some assessments that are more closely related to the impact
of the pathology on daily life, which can be measured by knee osteoarthritis-specific
questionnaires.

The purpose of this study was to find out whether there was a correlation between
a series of gait and QoL parameters assessed by a generic and an osteoarthritis-specific
questionnaire in patients with advanced knee osteoarthritis. The hypothesis of our study
was that gait had a positive correlation with QoL.

2. Materials and Methods

Study design and subjects. This is a single-centre, prospective, observational study of
129 consecutively selected patients who presented at our hospital between 2020 and 2021.
The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of Parc Tauli Hospital Universitari, and all patients gave their
written informed consent during the routine interview with their doctor, at which they
were informed about their treatment options. The inclusion criteria were defined as pre-
senting advanced-stage knee osteoarthritis (Kellgren and Lawrence grade 3 or 4) [21], being
scheduled for total knee arthroplasty at our hospital, and being willing to participate in an
unassisted gait test. Patients with neurological conditions, unresolved spinal conditions,
cognitive impairment, and those scheduled for revision surgery were all excluded from the
study.

We collected patients’ demographic data (age, sex, height, weight, and BMI), as well as
their comorbidities using the Charlson Comorbidity Index, and the laterality and severity of
the pathology using the Charnley classification (A: Unilateral knee arthritis, B1: Unilateral
total knee arthroplasty, opposite knee arthritic, B2: Bilateral total knee arthroplasty, C1: total
knee replacement, but remote arthritis affecting ambulation, C2: total knee replacement, but
medical condition affecting ambulation, C3: unilateral or bilateral total knee arthroplasty
or bilateral total hip replacement) [22].

Gait analysis. Following the protocol of our hospital’s fast-track programme, patients
were called in three months before they were due to undergo surgery to inform them about
the procedure. During the interview, gait was evaluated by means of the BTS G-Walk gait
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analysis system (BTS Bioengineering Corp., Quincy, MA, USA). This is a wireless device
comprising an inertial sensor with a triaxial accelerometer, a magnetic sensor, and a triaxial
gyroscope. Following the manufacturer’s instructions, the triaxial gyroscope was in all
cases fastened to the patients’ spine, at the level of the S1 vertebra, by means of an elastic
belt. The correct placement of the device was checked by a team of nursing staff, who also
ensured that all patients performing the test wore flat closed shoes. Patients were instructed
to walk 30 m along a corridor devoid of any obstacles at a leisurely speed (Figure 1). The
test lasted approximately 5 min and only required the device to be automatically calibrated.
All patients were given explicit instructions on how to perform the test and were allowed
to do a few pre-tests to become familiar with the procedure. The device collected data
that were subsequently transferred via Bluetooth to a computer. By applying the software
provided by the manufacturer, data on speed (m/s), cadence (steps/min), and each leg’s
stride length (m) and propulsion (m/s?) were obtained (Table 1). BTS G-Walk is a validated
instrument for evaluating physical activity. It has been reported to have an inter-instrument
correlation coefficient of 0.9-0.99 and an intra-instrument variation coefficient <2.5% [23].

BTS G-SeNsoR

Figure 1. BTS G-Walk system. (A) The measuring device is attached to the patient’s waistline via an
elastic belt. (B) Patient with the device attached by an elastic belt to vertebra S1. (C) Collection of
data by the BTS G-Walk software.

Functional evaluation. Knee function was evaluated using the official Spanish version
of the Knee Society Score (KSS) (Functional evaluation questionnaire S1). It comprises an
Objective Knee score section (with alignment, instability, joint motion, symptoms, patient
satisfaction, and patient expectations items) and a Functional score section (with walking
and standing, standard activities, advanced activities, and personal activities). Scores range
between 0 and 100. A score between 100 and 80 indicates excellent knee function; a score
between 79 and 70 indicates good knee function; a score between 69 and 60 indicates fair
knee function; and scores below 60 denote poor knee function [24].

Quality of life. To achieve a more comprehensive assessment, patient QoL was eval-
uated by one generic and one knee osteoarthritis-specific QoL assessment questionnaire,
whose items provide complementary information.

The official Spanish version of the self-administered EQ-5D-5L questionnaire was
used as the generic QoL assessment tool (Generic QoL evaluation questionnaire S2). EQ-
5D-5L includes five dimensions (mobility, self-care, usual activities, pain/discomfort, and
anxiety /depression) that can be scored on five levels, ranging from a perfect health state
(i.e., no problems at all in a dimension) to the worst possible health state (i.e., problems
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in a dimension are extreme or disabling). It also includes a visual analogue scale (VAS) to
assess the respondents’ health status on the day they were interviewed [25].

Table 1. Gait spatiotemporal parameters collected by BTS G-Walk.

Parameter Definition Units
Walking speed Spatial rate at which a person walk§, i.e.,. the m/s
distance covered by a person per unit of time.
Number of steps taken per unit of time,
Cadence using a spontaneous and comfortable steps/min

walking speed.

The distance covered during a complete
Stride length cycle of right or left gait, at a spontaneous m
and comfortable walking speed.

The force generated by the body during
walking to propel the body forward, which
Propulsion provides information on the acceleration of m/s
the patient’s centre of mass forward during
the left and right single support phase.

In addition, the official Spanish version of the Knee Injury and Osteoarthritis Outcome
Score (KOOS) was used as the knee osteoarthritis-specific QoL assessment tool (Knee
osteoarthritis-specific QoL evaluation questionnaire S3). This is a self-administered ques-
tionnaire designed to assess short- and long-term patient outcomes following knee injury
or osteoarthritis. It evaluates pain, symptoms, ADLs, sport and recreation function, and
QoL with several items in each category that are scored according to their frequency of
occurrence (from never to always), severity (from none to extreme), or certainty (from not
at all to totally) [26].

Statistical analysis. The processing of data was carried out using the IBM SPSS Statis-
tics for a Windows software package (IBM Corp., 2017, Version 25.0, Armonk, NY, USA). A
descriptive statistical analysis was made of the patients’ clinical and demographic char-
acteristics, their gait scores, and the results of the different questionnaires. The normality
of the sample was checked using the Shapiro-Wilk test. The correlation between the gait
scores and the results of the functional performance and QoL questionnaires was analysed
using the Pearson correlation coefficient. According to the Hinkle et al. range-based clas-
sification system (2003) [27], the correlations predicted by the Pearson coefficient are as
follows: r < 0.29: no correlation; 0.3 < r < 0.49: low correlation; 0.5 < r < 0.69: moderate
correlation; 0.7 <r < 0.89: high correlation; and 0.9 < r < 1: very high correlation. The
statistical significance for the analysis of correlations was set at a p-value < 0.05.

3. Results

Of the 129 participating patients, 49 (38%) were male and 80 (62%) were female. The
overall mean age was 69.4 years. The rest of the demographic characteristics and those
related with the patients” knee conditions are presented in Table 2.
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Table 2. Patient demographic characteristics and classification of the patients’ conditions. Results are
presented as mean £ SD or n (%). BMI: Body Mass Index.

N =129 Range

Age (years) 694+79 50-87
Sex

Males 49 (38%)

Females 80 (62%)
Height (m) 1.58 +0.09 1.41-1.81
Weight (kg) 84.7 +15.7 40.8-126.3
BMI (kg/m?) 33.6 £5.9 20.5-53.1
Affected side

Left 61 (47.3%)

Right 68 (52.7%)
Charlson Comorbidity Index

Severe 5(3.9%)

Mild 16 (12.4%)

No comorbidities 108 (83.7%)
Charnley classification [22]

A 93 (72.1%)

B1 34 (26.3%)

C1 1(0.8%)

C3 1 (0.8%)

Table 3 details all the gait scores recorded by the BTS G-Walk gait analysis system. The
patients showed a similar stride length and propulsion with both legs.

Table 3. Gait scores obtained by the BTS G-Walk gait analysis system.

Mean + SD Range
Speed (m/s) 0.95 + 0.19 0.58-1.51
Cadence (steps/min) 105.6 9.9 82.3-134
Right stride length (m) 1.25 £0.17 0.68-1.64
Left stride length (m) 1.25+0.17 0.69-1.64
Right propulsion (m/s?) 534 +1.98 1.9-12.9
Left propulsion (m/s?) 5.43 +1.90 2-11.3

The results of the function and QoL questionnaires are presented in Table 4. The mean
scores on the objective and functional KSS, which were below 60 in all cases, are indicative
of poor knee status. Regarding QoL evaluation, patients showed mean poor scores in both
the overall EQ-5D (0.44 4+ 0.24) and total KOOS (29.77 + 13.99). The mean scores for all
the items of the knee osteoarthritis-specific questionnaire (KOOS) were lower than the
self-reported general health status of the generic questionnaire (EQ-5D VAS). The highest
impact of the pathology on the KOOS questionnaire was related to the sports/recreation
function.

The correlations between the gait scores and the results of the function and QoL
questionnaires are shown in Table 5. All correlations were statistically significant, with
a p-value < 0.05 in all cases. However, the Pearson coefficients were <0.5 in all cases,
which indicates a low level, or even an absence, of correlation. A low positive correlation
(0.3 <r < 0.49) was only found between speed, stride length (both legs), and right leg
propulsion with the overall and ADL subscale scores on the KOOS questionnaire, as well
as between left leg propulsion and the KOOS ADL subscale. No correlation (r < 0.29) was
found between cadence and the other gait parameters, or between the results of the KSS
and EQ-5D questionnaires and the different gait scores.
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Table 4. Functional and QoL questionnaires results.

Questionnaire Mean + SD Range
KSs
Objective 52.81 + 12.67 20-88
Functional 54.12 4= 21.31 5-90
EQ-5D
Overall 0.44 +0.24 —0.46-0.83
VAS 57.85 + 18.55 5-95
KOOs
Symptoms 48.25 1+ 20.48 0-96
Pain 37.51 +19.69 0-89
ADLs 33.80 & 19.64 0-76.47
Sport/recreation function 532 £13.34 0-100
QoL 24.07 £17.31 0-81
Total 29.77 £ 13.99 3-69

Table 5. Correlation between the scores on the different gait parameters and the results of the KOOS,
KSS, EQ-5D, and VAS questionnaires. All results were statistically significant (p < 0.05).

Gait
Parameters KSS KOOS EQ-5D
Objective  Functional Symptoms Pain ADLs Sport/Re.zcreatlon QoL Overall Overall ~ VAS
Function Score
Speed 0.183 0.161 0.257 0.271 0.476 * 0.148 0.240 0.371* 0.245 0.223
Cadence 0.007 0.193 0.025 0.060 0.230 0.113 0.112 0.140 0.039 0.011
nglzrtlgs:ﬂde 0.188 0.084 0.264 0280  0412* 0.119 0212 0343* 0232 0250
Left stride *
0.194 0.085 0.262 0.276 0.410* 0.120 0.215 0.342 0.234 0.247
length
Right
. 0.192 0.145 0.233 0.226 0.445 * 0.147 0.159 0.319 * 0.207 0.191
propulsion
Left. 0.085 0.083 0.131 0.143 0.382 * 0.163 0.130 0.246 0.218 0.175
propulsion

* Indicates that the value is associated with a low correlation. All other values are indicative of a lack of correlation.

4. Discussion

This study of patients with advanced knee osteoarthritis aimed to analyse the potential
relationship between gait, measured by an analytical device while patients performed a
simple walking test, and QoL, measured by two validated questionnaires. As there are few
studies on this topic, and they mostly reported patients” QoL using generic questionnaires,
we found it important to assess our patients by using both a generic (EQ-5D) and a knee
osteoarthritis-specific validated questionnaire (KOOS).

A consensus seems to exist that walking speed > 1 m/s is associated with healthy
ageing and a higher survival rate than may be expected when taking only the individual’s
age and sex into consideration [28]. Unfortunately, and not surprisingly given their poor
medical condition, the patients in this study walked at a slower speed (0.95 m/s) than that
achieved by healthy subjects of the same age, which has been found to range between 1.1
and 1.32 m/s by different authors [29,30]. This slower speed is practically identical to that
reported in other series of patients with knee osteoarthritis [15,31], and even slightly higher
than the 0.85 m/s achieved by the patients treated by Fransen et al. (2022), all of whom
were at advanced stages of the disease [32].

With their 105.7 steps/min, our patients exhibited a cadence between 110.9 and
112.8 steps/min, which is lower than what is considered normal for healthy subjects of
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the same age [29,30]. These values are equivalent or slightly higher than those reported
for other patients with knee osteoarthritis (101.3-106.5 steps/min) [15,33]. Moreover,
stride length, which was 1.25 cm for both legs, was shorter than the reference values
for individuals of the same age, which typically range between 1.33 and 1.47 cm [29].
Nevertheless, the stride length in our patients was longer that that reported in the different
articles on patients with knee osteoarthritis that we reviewed, where values ranged between
0.82 and 1.13 cm, depending on the patient’s sex and the extent to which the disease had
progressed [15,31,34].

Although we do not know whether there are statistically significant differences be-
tween those normative results and our patients’ results, our patients seemed to present
gait alterations in line with those reported in the literature, as they decreased their walking
speed and shortened their strides to minimise the impact on their affected lower limb.

The poor results obtained in the objective and functional KSS scores, 52.81 and 54.12,
respectively, although better than those reported previously for elderly Spanish individuals
with knee osteoarthritis (27.4 on the objective KSS and 40.4 on the functional KSS) [35],
confirmed a loss of knee function. Consequently, the results of the EQ-5D questionnaire
and its VAS scale measuring overall health status, as well as the results of all the KOOS
subscales, were indicative of a lower QoL than that enjoyed by healthy individuals of
the same age [36,37], and by other series of patients with knee osteoarthritis [38,39]. The
functional limitations experienced by patients in advanced stages of knee osteoarthritis can
impede the performance of simple tasks such as walking, climbing stairs, squatting, and
other movements that compromise the execution of ADLs. Furthermore, symptoms may
occur more frequently and even during periods of rest due to severe joint damage, which
can alter the patient’s sleep patterns, times, and quality, thereby diminishing their overall
QoL [5,8,40].

Regarding the correlations analysed, it is difficult to make comparisons with the
findings in the literature given the disparate use made by different authors of the different
instruments available to analyse QoL. The strongest correlation observed in the present
study was that between speed and the KOOS ADL subscale scores, for which a Pearson
coefficient of 0.476 was obtained, indicative of a low positive correlation. This finding,
together with the low positive correlation between speed and the overall KOOS score, are
in line with the low positive correlation reported by other authors between speed and the
general health scores of the SF-36 [41], WOMAC, and SF-12 questionnaires in patients with
knee conditions [42]. At the same time, a low positive correlation was found in previous
studies between cadence and the scores on the WOMAC and SF-12 questionnaires [42],
whereas this study found no correlation whatsoever between cadence and the other QoL
parameters. On the other hand, while our patients showed a low positive correlation
between the stride length of both legs and the overall and ADL subscale scores of the
KOOS questionnaire, previous studies found a complete absence of correlation between
cadence and the WOMAC and SF-12 questionnaires [42]. The lack of correlation between
the EQ-5D questionnaire and the other parameters studied is in line with the lack of
correlation reported for a series of patients with knee osteoarthritis that analysed the same
gait parameters as this study [20].

Although it might initially seem reasonable to presume that a decreased QoL is
associated with gait impairment due to the biomechanical and functional effects of knee
osteoarthritis, the present study found no statistical correlations between QoL and the gait
parameters analysed that were strong enough to support such a hypothesis, following our
Pearson coefficient categorisation [27]. These results, although not directly comparable
with those of other studies given the different methodologies used, seem to be in line with
some of the described findings in the literature.

Other authors have previously reported moderate correlations between different gait
parameters from those collected in our study and the outcomes of generic QoL question-
naires. However, some of their Pearson correlation coefficients were lower than those
obtained in our study. Debi et al. (2011) [19] considered the correlation between SE-36
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general health and single-limb support as moderate (r = 0.36), while Chul et al. (2016) [20]
seemed to have adopted a similar categorisation by considering that the EQ-5D and the
dynamic balance test their patients performed presented a moderate correlation (r = 0.38).
Following these examples, at least all our KOOS ADLs correlations with gait parameters,
except for cadence, would be considered moderate, being r > 0.38. In the same way, most
of the analysed variables would present a low correlation instead of a lack of correlation,
which previous studies seem to associate with r = 0. Since there is no official categorisation
of correlation based on the Pearson coefficient, we chose a more conservative approach
than those of our colleagues, since theirs were unfortunately not properly stated in their
articles.

It is extremely complex to determine the exact causes and chronology of the pro-
gressive decrease in the QoL of knee osteoarthritis patients. Firstly, the worsening of
symptoms—especially pain—is usually accompanied by an increase in compensatory gait
actions and a decrease in the patient’s well-being. This often leads to less physical activity
due to purely physiological or psychological reasons. Inactivity is estimated to lead to a
decline in muscular strength of between 5 and 15%, eventually making a return to physical
activity more challenging. All of this can result in a loss of autonomy and personal free-
dom, affecting both ADLs and social, work, and leisure activities, which in turn further
deteriorates the patient’s emotional status [4,8,40,43].

With the aggravation of symptoms, pain may also start to present itself during rest
time, once again taking a toll on their QoL. Agata et al. (2022) found that symptoms
such as pain, stiffness, and functional disability in patients with knee osteoarthritis had
a negative correlation with their QoL. The greater the intensity of the pain they suffered,
the lower their QoL and the greater the impact on their perception of well-being, which is
associated with mental health and mood. A negative state of mind sustained over time, the
feeling of incapacity, and the natural tendency to think about pain may lead to an increased
perception of it. This cycle could be broken with surgical treatment, but unfortunately, this
may be delayed or not even suitable for some patients [11,40].

Despite not finding a high interconnection between the two of them in our study,
other researchers have reported a direct and individual influence of pathology on both QoL
and gait. One of the key determining factors in knee impairment appears to be physical
activity, as patients with compromised physical activity levels tend to exhibit lower general
well-being. Our patients had a compromised physical activity status, as shown in their KSS
and Sport/recreation function KOOS scores, due to their restricted functional capacity and
avoidance behaviors aimed at managing pain, leading to a more sedentary lifestyle that
could ultimately contribute to muscle weakness due to lack of exercise [4,8,40,43].

As mentioned before, the incidence of knee osteoarthritis is likely to escalate in the
next few years. Future research should expand the scope of the correlation analysis between
gait characteristics and QoL in advanced knee osteoarthritis patients, identifying the key
changes in gait patterns as the disease progresses. With the advancement of technologies,
such as finite element modelling, it would be interesting to use these digital biomechanical
analysis methods to further clarify how the mechanical stress and load changes of an
abnormal gait may affect a patient’s pain and, therefore, their QoL. Such research could
help identify strategies to mitigate these factors and improve patients” well-being while
they await effective treatments, as well as aiding in the selection of treatment plans [44].
In the field of orthopedics, recent studies have been conducted involving computational
simulations of loads on the lower limbs for various purposes, such as defining the risk of
ulceration in the diabetic foot based on foot loads during gait [45], optimising footwear
to reduce plantar and metatarsal stress when running [46], and analysing mechanical
stresses associated with the treatment of knee osteoarthritis patients using proximal fibular
osteotomy [47], all of which show promising results.

The chief limitation of this study is related to the fact that gait was analysed in a simple
manner as patients walked at a comfortable speed along a 30 m stretch. Although this
method allowed an accurate determination of gait scores using the BTS G-Walk system,
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we did not evaluate gait parameters over long periods of time and while patients were
performing their ADLs, such as walking up and down stairs, sitting down, and standing
up, and other common tasks that may be particularly challenging for patients with knee
osteoarthritis. Moreover, we could not statistically compare our patients” QoL and gait
patterns with a control group, and thus, we could only present a descriptive comparison
with previous results reported in the literature. Overall, there is still much to be learned
about the relationship between gait patterns and QoL in knee osteoarthritis patients, and
continued research has the potential to greatly improve patient outcomes.

This study has demonstrated a significant low positive correlation between several gait
parameters that have a significant low correlation with the QoL of patients with advanced
knee osteoarthritis, as assessed by an osteoarthritis-specific questionnaire.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jfmk8020077 /s1, Functional evaluation questionnaire S1: Knee
Society Score (KSS) questionnaire, Generic QoL evaluation questionnaire S2: EQ-5D-5L questionnaire,
Knee osteoarthritis-specific QoL evaluation questionnaire S3: Knee Injury and Osteoarthritis Outcome
Score (KOOS).
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