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Research Paper
Quantifying Spatial-temporal Parameters During 
Stair Ascent and Descent Among Knee Osteoarthritis 
Populations

Purpose: Knee osteoarthritis (KOA) is a prevalent orthopedic condition that significantly affects 
patients’ well-being. This study investigates the spatial and temporal gait characteristics of 
patients with early-stage KOA during stair ascent and descent compared to healthy individuals.

Methods: A total of 12 individuals diagnosed with KOA and 12 healthy controls participated 
in the study. The diagnosis of KOA was based on the clinical criteria provided by the American 
College of Rheumatology, and disease severity was evaluated using the Kellgren-Lawrence 
grading scale. A thorough inclusion and exclusion protocol ensured that the participants met 
specific criteria. Spatial-temporal variables were measured using a 3D motion capture system 
during stair negotiation. A repeated-measure multivariate analysis of covariance was used for the 
statistical analyses (P<0.05).

Results: Significant differences in spatial and temporal gait variables were observed between 
individuals with KOA and the healthy control group during stair descending and ascending. The 
KOA group exhibited shorter step length (P=0.019), wider step width (P=0.029), shorter step time 
in both directions (P=0.022 for descending, P=0.031 for ascending), increased time in double 
support phase in both directions (P=0.009 for descending, P=0.004 for ascending), prolonged 
total stance time in both directions (P=0.003 for descending, P=0.009 for ascending), and lower 
gait velocity in both directions (P<0.001). During stair ascent, the overall gait velocity decreased 
(P<0.001), step width increased (P=0.039), and more time was allocated to single support 
(P=0.009), double support (P=0.038), and total stance (P<0.001). These findings highlight the 
significant differences in gait variables observed in individuals with knee osteoarthritis during 
stair walking compared to the control group.

Conclusion: These findings provide valuable insights into how KOA impacts gait adaptations 
during stair climbing. The results support the need for targeted treatment and rehabilitation 
programs to improve the quality of life for patients. These findings provide valuable insights 
for healthcare professionals, enabling better diagnosis, treatment, and rehabilitation for KOA 
patients. They also aid in developing assistive devices and assessing disease progression for 
improved patient care.
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Introduction

nee osteoarthritis (KOA) is a prevalent 
orthopedic illness that has a signifi-
cant impact on the overall well-being 
of patients. Its primary manifestation 
involves the degeneration of the articu-
lar cartilage, and it is more commonly 

found among middle-aged and elderly individuals [1]. 
KOA results in a range of difficulties, including discom-
fort, limited joint mobility, significant medical costs, and 
a heightened likelihood of disability [2]. These issues 
are often linked to various factors, such as age, obesity, 
inflammation, previous injuries, and genetic predisposi-
tion [2]. According to previous studies, at least 10% of 
individuals aged 55 years and above suffer from KOA, 
among whom, approximately one-fourth experience dis-
ability [3].

The primary symptoms associated with KOA are pain, 
decreased functionality, and occasional stiffness in the 
joints [4], which restricts individuals’ ability to perform 
tasks, such as standing up from a chair, walking comfort-
ably, or climbing stairs [5]. Moreover, individuals with 
KOA exhibit different movement patterns and muscle 
activation strategies compared to healthy individuals 
when walking or climbing stairs [5, 6]. The alterations 
can impact the knee’s capacity to distribute loads effec-
tively, potentially playing a role in the advancement of the 
condition [6]. Furthermore, patients with knee KOA have 
been found to exhibit specific gait parameters during level 
walking, including slower walking speed, lower stepping 
frequency, shorter stride length, longer stride duration, 
and increased time with both feet on the ground [7].

Various factors, such as reduced joint mobility, weak-
ened muscle strength, and impaired proprioception play 
a role in altering walking patterns among patients with 

K

Highlights 

• Patients with early-stage knee  osteoarthritis (KOA) showed significant differences in stair gait compared to healthy 
individuals, including changes in step length, width, stride length, and velocity.

• KOA patients had altered temporal gait characteristics during stair negotiation, affecting single- and double-support 
time and total support.

• Understanding the timing and spatial characteristics of gait during stair climbing is crucial for assessing the impact 
of KOA and developing effective treatment strategies.

Plain Language Summary 

This study investigated how knee osteoarthritis (KOA) affects the way people walk up and down stairs compared to 
individuals without the condition. KOA is a common problem that causes pain and stiffness in the knees, making it 
difficult for people to perform daily activities, like walking and climbing stairs. The researchers included 12 individuals 
with KOA and 12 healthy individuals in the study. They used a 3D motion capture system to measure the participants’ 
walking patterns while negotiating stairs. They compared various measures, such as step length, step width, time spent 
in different phases of walking, and overall walking speed between the two groups. The results showed significant 
differences in walking patterns between individuals with KOA and the healthy group during both stair ascent and 
descent. The KOA group had shorter step length, wider step width, shorter step time, increased time in the double 
support phase, prolonged total stance time, and lower walking speed compared to the healthy group. These differences 
highlight the impact of KOA on gait adaptations during stair climbing. Understanding these differences is important 
because it can help healthcare professionals develop targeted treatment and rehabilitation programs to improve the 
quality of life for patients with KOA. It also provides valuable insights for developing assistive devices and assessing 
disease progression for better patient care. For individuals with KOA, these findings emphasize the challenges they 
face when climbing stairs and the need for specific interventions to alleviate their difficulties. The public must be 
aware of these findings as KOA affects a significant number of people, especially older adults. By understanding the 
impact of KOA on stair climbing, individuals with the condition and their caregivers can take appropriate precautions 
to prevent falls and injuries. Overall, this study contributes to enhancing the diagnosis, treatment, and rehabilitation of 
KOA patients, ultimately improving their daily lives.
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KOA [8]. Among different types of movements, navi-
gating stairs poses a significant challenge and risk, with 
approximately 10% of falls resulting in older adults oc-
curring on stairs [9]. Descending stairs can be especially 
dangerous due to the greater stress placed on the joints 
compared to ascending stairs [10]. Falls on stairs are 
more likely to happen during the slow-down phase of de-
scending compared to ascending, with the risk being as 
high as 3 to 1 [11]. Stair climbing demands strength and 
puts greater stress on weight-bearing joints compared to 
regular walking for healthy people [10]. Additionally, it 
involves placing the entire body weight on one leg at a 
time, exerting forces to move the body upward and for-
ward to the next step [12]. 

A recent study reported that patients with KOA develop 
compensatory strategies in the joints near and far from 
the affected knee, which helps them adjust to their im-
paired walking and reduces their ability to climb stairs 
[13]. Although we have noticed variations in joint move-
ments in the lower limbs when comparing individuals 
with KOA and those without, particularly during stair 
climbing, our understanding of how these alterations in 
joint mechanics impact the overall adjustments in gait 
during stair climbing is limited [14]. To gain a com-
prehensive grasp of how KOA impacts an individual’s 
overall functionality during the important daily activity 
of stair climbing, it is crucial to thoroughly examine the 
timing and spatial aspects of gait [14]. This examination 
can provide valuable insights for improving treatment 
and rehabilitation programs and, subsequently, enhanc-
ing the quality of life for these patients [14]. With this in 
mind, this study compares specific spatial variables (step 
length, step width, stride length, and velocity) and tem-
poral variables (time spent in single and double-support, 
and total support) between individuals in the early stages 
of KOA and healthy individuals during both stair ascent 
and descent.

Our hypotheses are twofold. Firstly, we expect that 
individuals in the early stages of KOA will display no-
table variances in spatial gait characteristics (step length, 
step width, stride length, and speed) when compared to 
healthy individuals during both stair ascent and descent. 
Secondly, we anticipate that patients with early-stage 
KOA will exhibit distinct differences in temporal gait 
characteristics (time spent in single and double-support, 
and total support) compared to healthy individuals while 
climbing up and down stairs.

Materials and Methods

Study participants

This nested case-control study involved the participa-
tion of 12 individuals diagnosed with KOA, of whom six 
were male and six were female. In addition, 12 healthy 
controls (six males and six females), were also recruited 
for the study (Table 1). The recruitment of KOA subjects 
was carried out within a large local orthopedic practice, 
while control subjects were enlisted through targeted ad-
vertisements in public places. 

The sample size determination in our study was con-
ducted through a comprehensive power analysis, in-
corporating spatial-temporal data from prior scholarly 
works by Hicks-Little et al. [14] and Asay et al. [15],  
utilizing a standardized mean difference of 1.0 to repre-
sent a clinically significant distinction between our KOA 
and healthy control groups in terms of spatial-temporal 
stair gait variables. A desired statistical power of 0.80 
was set, with a significance level (α) of 0.05.

Inclusion and exclusion criteria

The study outlined clear inclusion criteria for the par-
ticipants as follows. Firstly, individuals aged 45 years or 
older were considered eligible. Secondly, the diagnosis 
of KOA was established based on the clinical criteria 
provided by the American College of Rheumatology 
[16]. Moreover, the severity of the disease was evaluated 
using the Kellgren-Lawrence grading scale, a widely ac-
cepted tool for assessing and classifying radiographic 
features of KOA [16]. Specifically, a Kellgren-Lawrence 
grade greater than one indicated the presence of KOA. 
The patient group consisted of six individuals diagnosed 
with grade two KOA and an additional six individuals 
with grade one KOA. It is crucial to emphasize that a 
qualified physician conducted the clinical evaluation of 
participants with bilateral medial KOA, assessing dis-
ease severity through physical examination and knee 
radiography. The diagnostic criteria for osteoarthritis 
were based on established guidelines and protocols. The 
control group, composed of healthy subjects, was care-
fully selected to ensure the absence of knee joint pain 
and minimal to no radiographic evidence of joint surface 
degradation. These individuals were matched with the 
KOA group in terms of age and demographic character-
istics.

Ebrahimipour E, et al. Quantifying Spatial-temporal Parameters. PTJ. 2024; 14(2):147-158.
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Furthermore, a rigorous exclusion protocol was imple-
mented to ensure the inclusion of only participants who 
met meticulous inclusion criteria in the study. The par-
ticipants excluded from participation if they were older 
than 80 years old, with a history of strokes, uncontrolled 
hypertension, and neuromuscular diseases, such as 
multiple sclerosis or Parkinson disease were excluded, 
as well as those with neurological disorders includ-
ing cerebral palsy, dementia, and vertigo. Additionally, 
participants requiring mobility assistive devices, recent 
treatments, or having a body mass index over 40 kg/m2 

indicating obesity, lower extremity fractures, concurrent 
hip osteoarthritis, awaiting arthroplasty, or having car-
diovascular diseases were also excluded. Furthermore, 
the participants needing assistance to perform stand-
ing or walking tasks, who had undergone any form of 
treatment within the previous two months, or who had 
received rehabilitation or medication treatment during 
the study period were not included. Moreover, partici-
pants who had received injections or undergone surgi-
cal procedures within six months before the study were 
excluded [16, 17].

Study measurements 

Before the commencement of testing, all participants 
were required to complete the modified version of the 
Western Ontario McMaster (WOMAC) osteoarthritis 
index. This well-established assessment tool is widely 
utilized to evaluate pain, joint stiffness, and functional 
limitations in individuals with KOA [18]. The modified 

WOMAC index encompasses a comprehensive evalua-
tion of these three constructs, consisting of 5 pain-relat-
ed items, 2 stiffness items, and 7 functional items.

The study employed a Qualisys 3D motion capture sys-
tem (Qualisys AB, Göteborg, Sweden) comprising eight 
infrared optoelectronic cameras (Miqus M1) to accurately 
capture and analyze spatial-temporal variables associated 
with stair negotiation. The participants were instructed to 
ascend and descend a customized three-step staircase with 
specific dimensions (step height=18 cm, tread length=28.5 
cm). For a comprehensive stair gait analysis, a bilateral 
50-reflective-spherical marker configuration, following 
the OpenSim marker set by Moissenet et al. (2019) was 
employed to cover the lower limbs [19] (Figure 1). 

Before the test trials, a single static calibration trial 
was performed. The participants were asked to climb 
the stairs barefoot and place one foot on each step while 
maintaining their self-selected pace. The timing of each 
stride event during ascent and descent was expressed as 
a percentage of the stair gait cycle according to Protopa-
padaki et al. (2007) [20]. In the context of stair locomo-
tion, the definition of a complete gait cycle during ascent 
involved the initial contact of the affected extremity on 
the first step, followed by the culmination of the cycle 
with the contact of the same foot on the third step. In 
contrast, a complete gait cycle during descent com-
menced with the affected extremity making contact on 
the second step and concluded with contact on the floor 
[14].

Table 1. Anthropometric variables and subject characteristics

Variables
Mean±SD

P
KOA (n=12) Healthy (n=12)

Age (y) 61.60±6.72 61.42±6.89 0.921

Height (m) 1.67±0.05 1.69±0.07 0.411

Mass (kg) 81.40±14.95 81.93±12.84 0.874

BMI (kg/m2) 29.18±5.37 28.68±5.08 0.895

Modified WOMAC index

Pain 7.18±3.71 0.0±0.0 <0.001*

Stiffness 3.31±1.40 0.0±0.0 <0.001*

Function 9.56±7.00 0.0±0.0 <0.001*

Global 20.10±8.73 0.0±0.0 <0.001*

Abbreviations: SD: Standard deviation; BMI: Body mass index; WOMAC: Western Ontario and McMaster universities osteo-
arthritis index; KOA: Knee osteoarthritis.
*Statistically significant (P<0.05).

Ebrahimipour E, et al. Quantifying Spatial-temporal Parameters. PTJ. 2024; 14(2):147-158.



151

 April 2024. Volume 14. Number 2

Figure 1. Attachment of markers following the opensim model (lower extremity model, OpenSim [19])

To fully assess and describe the stair gait of the partici-
pants, various spatial-temporal variables were measured. 
These variables included step length, step width, stride 
length, velocity, single-support time, double-support 
time, and total support time. Measurements were in cm 
for step length, step width, and stride length, and cm/s 
for velocity. The data collected from each marker was 
sampled at a rate of 120 Hz and filtered using a second-
order zero-lag Butterworth digital filter with a cutoff 
frequency of 6 Hz. The averages from three ascending 
and descending trials were used for data analysis. The 
processed coordinate data was analyzed using the Quali-
sys Track Manager (QTM) software, version 2022.2 and 
Excel to obtain specific spatial and temporal stair gait 
variables of interest.

Statistical analyses

In the initial stage of the study, we computed the 
Mean±SD of demographic variables and spatial-tem-
poral variables for each participant, distinguishing them 
based on their group (KOA vs healthy controls) and stair 
direction (ascent vs descent). Our objective was to assess 
the effects of group and stair direction on spatial vari-
ables, including step length, step width, stride length, and 
velocity, as well as on temporal variables such as single- 

and double-support time, total support, and swing time. 
To achieve this, we conducted a 2×2 repeated-measures 
multivariate analysis of covariance for the spatial vari-
ables, and another 2×2 repeated-measures multivariate 
analysis of covariance for the temporal variables. Sub-
sequently, we employed follow-up univariate F tests to 
individually evaluate the effects of group, direction, and 
the interaction between the independent variables on the 
stair gait outcome variables in both spatial and temporal 
domains. All statistical analyses were performed using 
the SPSS software, version 24 (SPSS Inc, Chicago, Ill).

Results

Table 1 presents the Mean±SD for the characteristics of 
the subjects, anthropometric variables, and the modified 
WOMAC questionnaire scores. According to the results 
of the independent sample t-test, the two groups under 
investigation, namely the KOA and control groups, 
were similar in terms of age (P=0.92), height (P=0.41), 
mass (P=0.87), and body mass index (P=0.87). In con-
trast, following the WOMAC osteoarthritis index, the 
KOA group exhibited higher global scores (P<0.001), 
greater overall pain (P<0.001), increased joint stiffness 
(P<0.001), and reduced function (P<0.001) than the 
healthy matched controls, as anticipated.

Ebrahimipour E, et al. Quantifying Spatial-temporal Parameters. PTJ. 2024; 14(2):147-158.



152

 April 2024. Volume 14. Number 2

The analysis of the spatial gait variables yielded sig-
nificant findings. Firstly, there was no significant interac-
tion between the group (KOA and healthy groups) and 
direction (ascending and descending stairs), indicating 
that the combined spatial gait variables were not influ-
enced by the relationship between these factors (Wilks 
Λ=0.856, F(7, 27)=0.588, P=0.801). However, significant 
main effects were observed for both the groups (Wilks 
Λ=0.540, F(7, 27)=3.086, P=0.023) and direction (Wilks 
Λ=0.199, F(7, 27)=10.783, P<0.001). Similarly, the analy-
sis of the temporal gait variables revealed no significant 
interaction between the group and direction for the linear 
combination (Wilks Λ=0.672, F(7, 27)=0.613, P=0.911). 
However, notable main effects were found for both 
the group and direction (Wilks Λ=0.455, F(7, 27)=4.010, 
P=0.018), as well as for the direction alone (Wilks 
Λ=0.255, F(7, 27)=8.934, P=0.001).

Further investigation of the individual effects of group 
and direction on each spatial and temporal stair gait 
variable revealed significant differences, as presented 
in Table 2 and Table 3. In terms of stair descending, 
the KOA group displayed distinct stair gait character-
istics compared to the control group. They exhibited 
shorter step length (F(1, 24)=6.002, P=0.019), wider step 
width (F(1, 24)=4.623, P=0.029), shorter stride length (F(1, 

24)=6.098, P=0.022), reduced time in single-support 
time (F(1, 24)=5.551, P=0.011), increased time in double-
support time (F(1, 24)=7.875, P=0.009), prolonged total 
support time (F(1, 24)=9.862, P=0.003), and lower veloc-

ity (F(1, 24)=18.509, P<0.001). Similarly, during stair as-
cending, the KOA group also demonstrated significant 
differences compared to the control group. They exhib-
ited shorter step length (F(1, 24)=5.977, P=0.025), wider 
step width (F(1, 24)=5.333, P=0.029), shorter stride length 
(F(1, 24)=4.796, P=0.031), reduced time in single-support 
time (F(1, 24)=6.798, P=0.017), increased time in double-
support time (F(1, 24)=10.021, P=0.004), prolonged total 
support time (F(1, 24)=13.262, P=0.009), and lower veloc-
ity (F(1, 24)=16.863, P<0.001). These findings highlight 
the significant differences in spatial and temporal gait 
variables observed in individuals with KOA during both 
stair descending and ascending when compared to the 
control group.

Notably, during stair ascent, there was a decrease in 
overall stair gait velocity compared to stair descent (F(1, 

24)=30.411, P<0.001). Additionally, step width was great-
er during stair descent compared to ascent (F(1, 24)=4.013, 
P=0.039), while no significant differences were observed 
for step length (F(1, 24)=0.792, P=0.318) and stride length 
(F(1, 24)=0.344, P=0.571) between the two directions. 
Moreover, during stair ascent, it was found that more 
time was allocated to single-support time (F(1, 24)=7.996, 
P=0.009), double-support time (F(1, 24)=4.112, P=0.038), 
and total support time (F(1, 24)=11.100, P<0.001) com-
pared to stair descent.

Table 2. Comparative analysis of group-specific spatial and temporal variables during stair descending gait

Variables

Descent

∆ PKOA Healthy

Mean±SD 95% CI Mean±SD 95% CI

SL (cm) 33.91±7.12 (30.34-38.03) 39.80±6.00 (37.48-42.19) -5.89 0.019*

STL (cm) 61.02±7.41 (57.76-63.27) 66.13±5.96 (61.90-68.21) -5.11 0.022*

SW (cm) 15.21±6.00 (13.34-18.17) 12.87±5.13 (10.03-14.31) 2.34 0.029*

SST (% CG) 32.49±7.11 (29.28-35.42) 36.55±4.98 (33.16-40.62) -4.06 0.011*

DST (% CG) 20.01±8.37 (16.91-23.36) 12.67±3.04 (10.79-14.43) 7.34 0.009*

TST (% CG) 65.36±6.59 (62.08-69.35) 60.16±6.45 (58.43-62.93) 5.2 0.003*

VEL (cm/s) 37.12±8.10 (35.47-40.26) 45.87±5.72 (42.33-47.70) -8.75 <0.001*

Abbreviations: SD: Standard deviation; CI: Confidence interval; ∆: The value of progress calculated as (KOA – healthy); SST: 
Single-support time; DST: Double-support time; SL: Step length; SW: Step width; STL: Stride length; VEL: Velocity; TST: Total 
support time; GC: Gait cycle; KOA: Knee osteoarthritis.
*Statistically significant (P<0.05).
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Table 3. Comparative analysis of group-specific spatial and temporal variables during stair ascending gait

Variables

Ascent

∆ PKOA Healthy

Mean±SD 95% CI Mean±SD 95% CI

SL (cm) 32.63±6.11 (30.78-37.31) 39.38±5.60 (37.29-41.88) -6.75 0.025*

STL (cm) 60.94±6.87 (56.95-63.44) 66.82±6.08 (62.17-68.51) -5.88 0.031*

SW (cm) 14.28±5.39 (11.86-17.05) 10.71±4.66 (8.11-12.78) 3.57 0.020*

SST (% CG) 34.86±6.90 (31.88-37.08) 38.36±5.71 (35.93-41.22) -3.50 0.017*

DST (% CG) 22.35±9.08 (17.43-24.00) 14.55±2.92 (10.77-16.68) 7.80 0.012*

TST (% CG) 69.11±7.13 (65.83-72.24) 62.89±5.24 (60.19-66.13) 6.22 0.009*

VEL (cm/s) 30.08±7.19  (27.39-32.47) 41.01±10.12 (35.86-44.10) -10.93 <0.001*

Abbreviations: SD: Standard deviation; CI: Confidence interval; ∆: The value of progress calculated as (KOA – healthy); SST: 
Single-support time; DST: Double-support time; SL: Step length; SW: Step width; STL: Stride length; VEL: Velocity; TST: Total 
support time; GC: Gait cycle; KOA: Knee osteoarthritis.
*Statistically significant (P<0.05).

Discussion

In this study, the researchers compared how patients 
with KOA negotiate stairs in terms of their spatial and 
temporal stair gait, to those of healthy individuals of the 
same age. Our study revealed that patients with KOA 
exhibit certain changes in their walking patterns when 
climbing stairs compared to healthy individuals. These 
changes include narrower step widths, shorter stride 
lengths, slower walking speed, increased time in the 
double-support stance, reduced time in the single-sup-
port stance, and overall, more time spent in the total sup-
port phase compared to the swing phase. These findings 
suggest that individuals with moderate KOA adapt their 
gait during stair climbing due to the presence of joint 
pathology. Our results align with previous research that 
has examined gait characteristics in KOA patients during 
both level walking [5, 7] and stair climbing [10, 14]. 

Individuals with KOA face significant challenges 
when it comes to climbing stairs. Previous studies have 
shown that there are notable differences in how patients 
with moderate to severe KOA climb stairs compared to 
healthy individuals [10, 21]. These variations encom-
pass movements of the trunk, knee extensor moments 
[10], and the hip and ankle joints [21]. Nonetheless, the 
implications of these alterations in movements of lower-
extremity joints on overall gait adjustments, particularly 
during stair ascent and descent, remain poorly compre-
hended. Consequently, our study ascertained whether 

distinct spatial (step length, step width, stride length, 
and velocity) and temporal (single- and double-support 
time, total support, and swing time) gait characteristics 
differ between individuals in the early stages of KOA 
and healthy individuals during the act of climbing up and 
down stairs.

When examining the step and stride characteristics of 
both groups, several significant dissimilarities were not-
ed. Individuals with KOA demonstrated a broader step 
width but a shorter step and stride lengths in comparison 
to the control group. Furthermore, the participants with 
KOA exhibited a decreased total velocity, indicating a 
slower ascent and descent on stairs. Moreover, individu-
als with KOA spent more time in the double support 
phase and less time in the single support phase when 
compared to the control group. Additionally, the KOA 
group displayed an extended overall support duration 
and a reduced swing duration as opposed to the control 
group. 

The findings about differences in step width and stride 
length were expected since patients with KOA typically 
widen their stance to better manage the position of their 
center of mass over their base of support [22]. Previous 
studies investigating gait in KOA patients during level 
walking have also shown that they tend to have shorter 
strides and step lengths compared to healthy individu-
als [7, 8]. This adjustment in gait is a natural response 
to the pain, stiffness, muscle weakness, and instability 
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experienced by those with KOA, as it allows them to 
better control the position of their center of mass [14]. 
Additionally, research indicates that these alterations in 
gait may also be adaptations to the abnormal loading on 
the knee joint caused by the degenerative disease [23].

Numerous studies investigating walking patterns in 
young and older adults have similarly discovered that 
older individuals typically exhibit wider step widths. 
This observation implies that these modifications serve 
as adaptive mechanisms aimed at preserving balance 
during walking [21, 24, 25]. Additional research sug-
gests that individuals with KOA encounter a reduction in 
stride length and gait velocity. This decline is attributed 
to the impairment of mechanoreceptors in their proprio-
ceptive system, which is a consequence of degenerative 
joint disease [26]. Due to the aforementioned damage, 
people with KOA undergo adaptations in their walking 
techniques to offset the proprioceptive deficiencies in 
their joints. Moreover, modifying step length serves as 
a compensatory kinematic process enabling individu-
als who are overweight to walk with lower knee torque 
compared to their body mass index [27]. However, there 
were no differences in body mass index values between 
the KOA group and the healthy comparison group, al-
though when examining the body mass index values of 
the subjects with KOA in this particular study, the major-
ity were classified as obese.

Both groups also exhibited a wider step width while 
going down the stairs compared to going up. This wid-
ening of step width during descent is attributed to the 
heightened requirement for balance and control com-
pared to ascent [14]. As outlined in the research con-
ducted by Hicks-Little et al. (2012), individuals have to 
counterbalance the effects of gravity and acceleration 
while descending stairs. One effective method to achieve 
this is by widening the step width, which enhances the 
control of the center of mass over the supporting surface 
[14]. There were no significant disparities observed in 
step length or stride length between going up and go-
ing down. This could be attributed to the fact that these 
aspects are to some degree influenced by the characteris-
tics of the staircase itself.

The observed difference in the overall stair climbing 
velocity of both groups is not surprising considering the 
observed deficiencies in step and stride length between 
groups. These combined deficiencies in the timing and 
spacing of their walking steps are a result of the subjects 
attempting to maintain control of their body’s center of 
mass while climbing stairs. To achieve this, they increase 
the time spent in both the double and total support phase, 

inevitably leading to a decrease in their overall gait 
velocity. This adjustment allows them to sustain their 
upright balance throughout the entire walking cycle. 
Additionally, it is suspected that the slower velocity at 
which the subjects with KOA climb stairs is influenced 
by the pain, stiffness, and muscle weakness they experi-
ence. The average reported pain level among these in-
dividuals was 7 out of 20, with stiffness ratings of 3.5 
out of 8, and functional disability indicating difficulty 
with activities that require muscular strength according 
to the WOMAC osteoarthritis index. Numerous studies 
investigating gait in individuals with KOA have consis-
tently reported slower walking velocities, shorter stride 
lengths, longer periods of double support, and increased 
total support time during walking [7, 28-30]. While our 
focus was specifically on stair climbing gait, our findings 
align with research that has investigated various aspects 
of timing and spacing in the gait of patients with KOA 
during level walking.

When examining the overall walking speed of all par-
ticipants, regardless of the staircase level, it was dis-
covered that they moved at a slower pace while going 
up the stairs compared to going down. This result was 
expected since individuals have to overcome gravity 
while ascending, which decreases their linear momen-
tum. In contrast, when descending, the force of gravity 
accelerates the body downward, resulting in an increased 
linear momentum. The body’s downward acceleration 
demands a more robust dynamic balance from the leg 
supporting the body weight to manage the swinging mo-
tion during the descent [14].

The differences observed in the timing of the walk-
ing phases of the two groups align with previous find-
ings indicating that KOA patients have reduced stabil-
ity in a single support phase and therefore rely more on 
double support to maintain stability [7, 8, 14]. Nadeau 
et al. (2003) have also researched healthy older adults 
and showed similar results to the control group in this 
study [31]. This can be attributed to KOA patients rely-
ing more on the stance phase during walking to enhance 
stability while minimizing the time spent in the swing 
phase to avoid potential balance issues and reduce joint 
pain during the single support phase. Additionally, Lee 
and Chou’s (2007) research has suggested that KOA af-
fects the temporal control of the quadriceps, leading to 
alterations in gait cycle phases [21]; therefore, the pres-
ence of quadriceps muscle inhibition may further con-
tribute to the observed changes in temporal and spatial 
variables compared to the control group. 
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When comparing the act of going up and down stairs 
among all participants, they had longer durations in the 
single support, double support, and total support phases 
during going up than going down. This resulted in a 
shorter duration of the swing phase during ascent com-
pared to descent. These observations correspond to the 
unique physical demands imposed on the body during 
stair ascent and descent. During ascent, muscle energy is 
transformed into potential energy for the body, requiring 
concentric muscle contractions to generate the necessary 
force for lifting each step. Conversely, during descent, 
the muscles must absorb potential energy, necessitat-
ing eccentric muscle contractions to create controlling 
forces and decelerate the body. These disparities support 
our findings that individuals spend more time in the total 
support phase when ascending stairs [14].

Conclusion

The findings of our study indicate that patients with 
KOA demonstrate distinct alterations in their gait pat-
terns while negotiating stairs when compared to healthy 
individuals of the same age. Specifically, individuals 
with KOA exhibited narrower step widths, shorter stride 
lengths, slower walking speed, increased time in the 
double-support stance, reduced time in the single-sup-
port stance, and a greater duration in the total support 
phase relative to the swing phase. These results suggest 
that individuals with early-stage KOA adapt their gait 
during stair climbing in response to joint pathology.

These findings have significant implications for vari-
ous areas. Firstly, they provide valuable insights for 
healthcare professionals, enabling them to understand 
the unique gait alterations in KOA patients during stair 
negotiation. This knowledge can facilitate more accurate 
diagnosis, improved treatment strategies, and custom-
ized rehabilitation programs. Additionally, these findings 
can contribute to the development of assistive devices 
or adaptations in environments such as stairwells to bet-
ter accommodate the specific needs of individuals with 
KOA. Furthermore, the identified gait alterations can 
serve as objective measures for assessing disease pro-
gression and treatment efficacy over time. By monitor-
ing and analyzing these gait parameters, clinicians can 
track the impact of interventions, observe improvements 
or deterioration, and make informed decisions regarding 
therapeutic approaches. Overall, the findings pave the 
way for enhanced patient care and intervention strategies 
tailored towards improving the stair negotiation abilities 
and overall mobility of individuals with KOA.

Study limitations

We should recognize the constraints of our research. 
Firstly, our study included a relatively small number 
of participants, consisting of both males and females. 
While we attempted to mitigate the impact of gender by 
analyzing covariances, future studies need to incorporate 
a larger sample size to attain more robust and conclusive 
outcomes. Additionally, further investigations should 
focus on exploring lower limb joint position sense defi-
cits and muscle strength weaknesses in both patient and 
healthy cohorts. By studying the influence of these vari-
ables on stair gait characteristics, we can gain a deeper 
comprehension of the underlying mechanisms contribut-
ing to the disparities between the two groups.
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