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ABSTRACT

Purpose: The objective of this study was to examine the effects of intra-articular corticosteroid injection (ICI) on ipsilateral knee flexion/extension, ankle

dorsiflexion/plantarflexion (DF/PF), and hip abduction/adduction (abd/add) during stance phase in people with an acute exacerbation of rheumatoid arthritis

(RA) of the knee joint. The study also assessed the effects of ICI on spatiotemporal parameters of gait and functional status in this group.

Methods: Nine people with an exacerbation of RA of the knee were recruited. Kinematic and spatiotemporal gait parameters were obtained for each

participant. Knee-related functional status was assessed using the Knee injury and Osteoarthritis Outcome Score (KOOS). Spatiotemporal gait parameters

and joint angles (knee flexion, ankle DF/PF, hip abd/add) of the affected side were compared pre- and post-ICI.

Results: Data for eight people were available for analysis. Median values for knee flexion and ankle PF increased significantly following ICI. Gait parameters

of cadence, velocity, bilateral stride length, bilateral step length, step width, double-support percentage, and step time on the affected side also showed

improvement. Pain and knee-related functional status as measured by the KOOS showed improvement.

Conclusions: This study demonstrated a beneficial short-term effect of ICI on knee-joint movements, gait parameters, and knee-related functional status in

people with acute exacerbation of RA of the knee.
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RÉSUMÉ

Objectif : L’objectif de cette étude est de se pencher sur les effets des injections intra-articulaires de corticostéroı̈des (IIC) sur la flexion et l’extension

du genou homolatéral, sur la flexion dorsale et plantaire de la cheville (FD/FP) et sur l’abduction/adduction (abd/add) de la hanche au cours de la phase

d’appui chez les personnes avec exacerbation aiguë de la polyarthrite rhumatoı̈de du genou. L’étude a également évalué les effets des ICI sur les

paramètres spatiotemporels de démarche et de statut fonctionnel chez ce groupe.

Méthode : Neuf personnes avec exacerbation de PR du genou ont été recrutées. Les paramètres cinématiques et spatiotemporels de la démarche ont été

obtenus pour chaque participant. Le statut fonctionnel lié au genou a été évalué à l’aide de l’échelle KOOS (Knee injury and Osteoarthritis Outcome Score ).

Les paramètres spatiotemporels de la démarche et les angles des articulations (flexion du genou, FD/FP de la cheville, abd/add de la hanche) du côté

affecté ont été comparés avant et après les injections.

Résultats : Les données pour huit personnes étaient disponibles pour analyse. Les valeurs médianes pour la flexion du genou et la FP de la cheville ont

grandement augmenté à la suite des injections. Les paramètres de démarche tels que la cadence, la vélocité, la longueur de foulée bilatérale, la longueur

de pas bilatérale, la largeur des pas, le pourcentage de double appui et la durée des pas pour le côté affecté se sont également améliorés. La douleur et le

statut fonctionnel relatif au genou, tels que mesurés à l’échelle KOOS, se sont améliorés.

Conclusions : Cette étude a démontré les effets bénéfiques à court terme des IIC sur les mouvements de l’articulation du genou, les paramètres de la

démarche et le statut fonctionnel relatif au genou chez les personnes avec exacerbation de PR du genou.

395

From the *School of Rehabilitation Science, Faculty of Health Sciences, McMaster University, Hamilton, Ont; †School of Medical Rehabilitation, Faculty of Medicine;

‡Department of Medicine and Immunology, Arthritis Center, University of Manitoba, Winnipeg, Man.

Correspondence to: Barbara L. Shay, School of Medical Rehabilitation, University of Manitoba, R106–771 McDermot Ave., University of Manitoba, Winnipeg,

MB R3E 0T6; fax: 204-787-1227; bshay@cc.umanitoba.ca.

Contributors: All authors designed the study, collected the data, and analyzed and interpreted the data; drafted or critically revised the article; and approved the

final draft.

Competing interests: None declared.

Physiotherapy Canada 2011; 63(4);395–404; doi:10.3138/ptc.2010-26



Joint arthritis is increasing worldwide and becoming
more prevalent in both developed and developing coun-
tries.1,2 Approximately one in six Canadians aged 15
years and over report having arthritis as a long-term
health condition. Two-thirds of those with arthritis are
women, and nearly three of every five people with arthri-
tis are younger than 65 years of age. It is also estimated
that 6 million Canadians will have some form of arthritis
by 2026.3 In particular, rheumatoid arthritis (RA) is more
prevalent in North America, Europe, and China across
people of all ages.4–7 The costs related to RA are substan-
tial and likely underestimated.8,9

Pain, local joint swelling, stiffness, and difficulties
with activities of daily living (ADL) are the main symp-
toms of RA of the knee. Changes in lower-limb kinema-
tics and deviations in gait pattern—specifically, altered
excursion of movement in major lower-extremity joints
and spatiotemporal parameters during walking10—have
also been observed in this patient group.10–12 It has also
been shown that people with RA of the knee experience
functional difficulties and even premature mortality.13,14

Intra-articular corticosteroid injections (ICI) have tra-
ditionally been used in people with RA experiencing
an acute exacerbation of knee pain and are considered
beneficial in reducing pain and improving functional
status (self-care activities, walking ability, and overall
mobility).15,16 While no study has measured the effect
of ICI on lower-limb joint kinematics in adults with RA
of the knee, previous studies have indicated that ICI is
beneficial in improving lower-limb joint movements
and gait in people with other forms of arthritis. Shrader
and colleagues17 examined the effect of ICI on joint kine-
matics using a three-dimensional (3D) motion-analysis
system during gait and stair climbing in adults with
osteoarthritis (OA) of the knee. Data were collected
before and 15 minutes after ICI in the affected knee joint.
No significant differences were observed in any of the
joint angles at the hip, knee, or ankle during gait, but
gait velocity and cadence increased significantly.17 In
another study, changes in gait pattern were examined
following ICI administered to lower-extremity joints in
children with juvenile idiopathic arthritis (JIA). Lower-
limb kinematics were measured during gait both before
and 8–17 days after ICI. The study demonstrated a bene-
ficial short-term effect of ICI on the kinematics of lower-
extremity joints in children with JIA: knee and ankle joint
movements, as well as gait velocity, improved signifi-
cantly.18 Similarly, Tang and colleagues19 demonstrated
that gait parameters such as velocity and cadence showed
sustained improvement for at least 6 months following
intra-articular hyaluronic injections in participants with
knee OA.

Arthritis has been shown to affect ADL and can have a
disabling impact on daily functions.20,21 Pain and func-
tional status have been examined following intra-articular
injections of corticosteroid22,23 and hyaluronic acid (HA)24

in people with RA of the knee. Bliddal and colleagues22

examined the effects of two different types of intra-
articular injections in people with RA, using the Health
Assessment Questionnaire (HAQ) and visual analogue
scale (VAS) as measures of function and pain intensity.
Their results showed no difference between the two
groups. Chou and colleagues24 used the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC)
to examine the effects of intra-articular injection of HA in
people with RA who also had OA of the knee. Injection of
HA was beneficial in these people, as demonstrated by
improvement in WOMAC scores.24

Patients with RA often seek physiotherapy treatment
for improving their pain and function; individuals with
RA of the knee and hand are those most likely to be
seen at physiotherapy clinics. It is also common for
physiotherapists to treat patients who have had ICI to
the knee in the recent past or who receive ICI while
attending physiotherapy. Therefore, it is important for
physiotherapists to understand the changes in joint
movements, gait parameters, and self-reported function
in these patients following ICI. Because previous studies
have largely focused on assessing the effects of ICI in
patients with OA of the knee, little is known about the
changes in kinematics and gait parameters in patients
with RA of the knee. Patients with OA and RA may have
some common clinical characteristics, but the underly-
ing pathological mechanisms are different; therefore,
the findings of previous studies focusing on the effects
of ICI on patients with OA of the knee are not necessarily
applicable to those with RA of the knee.

The purpose of this study was to examine the effects
of ICI on the movement excursions for ipsilateral knee
flexion/extension (flex/ext), ankle dorsiflexion/plantar-
flexion (DF/PF), and hip abduction/adduction (abd/add)
during stance phase in people with acute exacerbation
of RA of the knee. We also compared pre- and post-ICI
spatiotemporal gait parameters such as cadence, velocity,
bilateral stride length, bilateral step length, step width,
bilateral step time, and percentage of the gait cycle in
ipsilateral single and double support. This comparison
provides a functional context for how these gait parame-
ters relate to the lower-extremity kinematic data during
stance phase. Lastly, we examined changes in pain inten-
sity, measured by the VAS, and self-reported functional
status, measured by the Knee injury and Osteoarthritis
Outcome Score (KOOS), following ICI. We hypothesized
that following ICI there would be improvement in func-
tional status, movement excursions for the selected lower-
extremity movements, and spatiotemporal parameters of
gait.

METHODS

Participants

Formal sample-size calculations were not made; in-
stead, a sample of convenience was used. Nine people
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with an exacerbation of RA of the knee were recruited for
the study. The inclusion criteria were exacerbation of
knee pain on only one side; identification by a rheuma-
tologist as a candidate for ICI; ability to understand and
follow study instructions; and willingness to attend the
follow-up data-collection session. Participants with a
previous history of neurological or other musculoskeletal
condition that affected gait or caused muscle contracture
or deformity in either the lower limbs or spine; those
with exacerbation of RA in multiple lower-limb joints;
and those who used an assistive device for ambulation
were excluded from the study. A research nurse dis-
cussed the basic study details with each participant. Par-
ticipants who agreed to be involved were referred for
data collection, at which point the principal investigator
(SM) obtained informed consent. Characteristics of the
study population are illustrated in Table 1. The data for
joint count and disease duration were only available for
six participants. ICI was administered in the affected
knee using a standardized approach: using sterile tech-
nique, 1 mL of 2% xylocaine and 1 mL of 40 mg/mL tri-
amcinolone acetonide mixed together in a single syringe
were delivered through a 25-gauge needle. The necessary
ethics approval was obtained in advance of the study.

Study Protocol

Participants attended the laboratory for the primary
data-collection session. They were asked to complete the
KOOS questionnaire, basing their answers on their expe-
rience over the past week. Participants also reported
pain intensity over the past 24 hours on a VAS by mark-
ing the point on the scale that best described their pain
intensity. Reflective markers were attached bilaterally
to the lower limbs and pelvis at predefined anatomic
locations. Participants were familiarized with the gait-
capture area by means of one practice trial. They were
told to walk at their normal walking pace. For each trial,
participants walked approximately 8 m. After each gait
trial, a quick scan of the trial was performed to ensure
that the trial was comprehensive and yielded sufficient
data. Five successful gait trials were obtained for every
participant in each session.

After this initial session, participants returned to the
Rheumatology Clinic for ICI in the affected knee joint. A
follow-up session was scheduled in the laboratory within
7 to 10 days. The same data-collection procedures were
repeated at that time.

Instrumentation

Three-dimensional (3D) motion analysis is used to
obtain kinematic data and often to assess changes in
such data following an intervention.25,26 For our study,
kinematic data were obtained using the Vicon 460 video
motion-analysis system (Vicon, Oxford, UK) with six digi-
tal video cameras. The data were sampled at 120 Hz. Re-
flective markers were placed on the endpoints of each
segment according to the Helen Hayes Model,27,28 and
the coordinates were captured via Vicon’s Plug-in-Gait
software. 3D motion analysis has been shown to have
high reliability and low error.29

Spatiotemporal parameters were obtained using a
GAITRite system (CIR Systems Inc. Clifton, NJ). The
GAITRite mat contains embedded sensors that record
footfalls as a participant walks over the mat, processes
these footfall patterns, and computes the spatial and tem-
poral parameters of gait. The reliability of the GAITRite
system has been assessed in previous studies,30,31 which
have indicated excellent test–retest reliability (intra-class
correlation coefficient [ICC] values between 0.84 and
0.97) for spatiotemporal gait parameters at self-selected
walking speed.30 The GAITRite mat was positioned in
the capture area of the Vicon system, and both systems
were triggered simultaneously as participants entered
the capture area and stopped as they left it.

Average pain intensity over the previous 24 hours was
measured using the VAS, a 100-mm vertical line with the
anchors of ‘‘no pain’’ and ‘‘pain as bad as it can be,’’
which is considered a reliable and valid tool for measur-
ing pain intensity.32,33

The KOOS was used to measure participants’ func-
tional status. The KOOS is a 42-item self-report ques-
tionnaire with five sub-scales: Pain, Other Symptoms,
Functions in Daily Living, Sport and Recreation Func-
tion, and Knee-Related Quality of Life. A score of 100
indicates no problems; a score of 0 indicates extreme
problems. The KOOS is an extension of the WOMAC,
which has previously been used with this patient group,24

but has better utility in younger adults (<65 years of age)
who are more active. Previous studies have concluded
that the KOOS is a valid outcome tool for assessing
pain, function, and quality of life in people with knee
arthritis.34,35 Knee-joint girth on the affected side was
also used to examine changes in swelling following ICI.

Data Analysis

Kinematic data were initially conditioned within the
Vicon software. Gait trials were scanned manually to
ensure that the data were continuous. Up to six missing

Table 1 Patient Characteristics

Parameter Mean and (SD)*

Age, y; n ¼ 8 43.9 (12.9)

Sex (M/F) 0/8

Disease duration, y; n ¼ 6 8.7 (7.8)

Joint count; n ¼ 6

Swollen 2.3 (2.2)

Tender 3.2 (5.4)

Both 2.7 (3.2)

*Unless otherwise indicated.
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data points (a50 ms) were filled in using the Vicon soft-
ware. Bilateral hip, knee, and ankle angles and bilateral
ankle and heel marker trajectories were exported for
analysis. Custom scripts using MatLab v. 7.1 (The Math-
Works Inc., Natick, MA) separated each gait cycle into
swing and stance phases using the z coordinates of ankle
and heel trajectories. The number of stance phases
varied between pre- and post-ICI sessions for each par-
ticipant. Five to eight stance phases were extracted from
the five walking trials for each participant for each ses-
sion. Movement excursions for ipsilateral knee flex/ext,
ankle DF/PF, and hip abd/add were normalized to the
full gait cycle (0–100%). In addition, median values for
ipsilateral knee flexion, ankle DF and PF, and hip abduc-
tion were obtained and compared for the group for the
pre- and post-ICI sessions.

The GAITRite data included 10 gait cycles per session
for each participant. Cadence, velocity, bilateral stride
length, bilateral step length, step width, bilateral step
time, double-support percentage, and ipsilateral single-
support percentage were averaged and compared.

The VAS score was calculated by measuring the dis-
tance (mm) from 0 to the mark the participant made in-
dicating pain intensity. Average scores for all participants
were compared for pre- and post-ICI sessions. KOOS
scores were normalized, and each sub-scale score was
calculated separately for each participant. In order to ob-
tain normalized scores for each sub-scale, the total score
of the sub-scale was divided by the possible maximum
score for that sub-scale.33 The normalized scores for
each sub-scale were averaged and compared across par-
ticipants. Similarly, average knee-joint girth (cm) was
compared for pre- and post-ICI sessions.

Statistical Analysis

Median values for ipsilateral knee flexion, ankle DF
and PF, and hip abduction, as well as spatiotemporal
gait parameters, were compared for pre- and post-ICI
sessions. The Wilcoxon signed-rank test was used for
comparing the joint angles and spatiotemporal parame-
ters; mean values for VAS, KOOS, and knee girth were
compared using paired t-tests. The Wilcoxon signed-
rank test was used for other variables that failed the
test for normality. Sigma Stat v. 3.1 (Systat Software Inc.,
Chicago, IL) was used for statistical analyses. Differences
were considered significant at p < 0.05.

RESULTS
All nine participants recruited for the study were

female. One participant was unable to return for the
follow-up assessment; therefore, pre- and post-ICI data
for eight participants were available for analysis and
comparison.

The knee-flexion angle at initial contact during stance
decreased from 14� (SD 5.7�) to 11.4� (SD 5.9�) following

ICI (p < 0.05). Figure 1 shows knee flex/ext, ankle DF/
PF, and hip abd/add over the full gait cycle for the group
at pre- and post-ICI time points; Table 2 compares these
joint angles. Median values for ankle DF and hip add did
not change post ICI, whereas median values for knee
flexion and ankle PF increased significantly post ICI, as
illustrated in Table 2.

Table 3 summarizes the comparison of spatiotempo-
ral parameters pre and post ICI; the results are described
as median (25th–75th percentile). The spatial parameters
that showed significant improvement were cadence,
velocity, bilateral stride length, bilateral step length, and
step width, which suggests that participants were able to
ambulate faster and cover more distance in the same
number of trials following ICI. With respect to tempo-
ral parameters, both ipsilateral step time and double-
support percentage decreased significantly in the post-
ICI session, while contralateral step time and ipsilateral
single-support percentage remained unchanged. Per-
centage of time spent in single support (affected side)
during the gait cycle also remained unchanged, which
indicates that participants took less time to take steps
on the affected side but that there was no significant
change for the same parameter on the opposite side.

Table 4 illustrates the results for VAS, KOOS, and
knee-girth measurement. VAS scores decreased, which
suggests an improvement in pain levels following ICI,
while the scores for the five sub-scales of the KOOS im-
proved significantly following ICI. The change in knee
girth following ICI was not statistically significant.

None of the eight participants demonstrated deterio-
ration in any of the measured outcomes following ICI.
All participants but one experienced significant improve-
ments in the kinematic variables and spatiotemporal
parameters during gait; for the remaining participant,
the improvement in these outcomes was not significant.

DISCUSSION
The present study measured kinematic and functional

status changes following ICI in people with acute exacer-
bation of RA of the knee. The results highlight the bene-
fits of ICI for improving knee movement, gait pattern,
and functional ability in these patients. To our knowl-
edge, no previous study has examined the effects of ICI
on lower-limb joint movements, gait, and knee-related
functional status in people with RA.

Although we were able to recruit only nine partici-
pants to the study, we detected statistically significant
differences in joint movement following ICI. Similar
studies with larger participant populations that assessed
the effects of ICI on patients with OA of the knee showed
no changes in lower-extremity joint angles.17,36 Partici-
pants in these studies were over 60 years old on average
and had advanced OA; it was therefore hypothesized that
these participants might not exhibit significant changes
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Figure 1 Normalized gait cycle (0–100%) for knee flex/ext (A), ankle DF/PF (B), and hip abd/add (C) for all participants. Normalized percentages are
represented on the x-axis; angles in degrees are represented on the y-axis. Pre-ICI gait cycles are represented by black lines, and post-ICI gait cycles by
grey lines. The stance and swing phases are separated by the black line at 60% of the normalized curve.
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in joint angles because of the presence of relatively ad-
vanced OA.36 Brostrom and colleagues18 recruited chil-
dren with JIA, and their results indicated significant
changes in knee- and ankle-joint movement following
ICI. Therefore, it would appear that the homogeneity
and younger age (43.9 years on average) of our partici-
pant population may have compensated for the small
sample size.

It has been shown that patients with RA have reduced
movement in hip abduction during swing phase.10 How-
ever, no previous study has measured kinematic changes
at the hip joint in the frontal plane during stance phase.
Although our study found reduced hip abduction follow-
ing ICI, the change was not significant. Step width was
significantly reduced post ICI, however, which suggests
that participants walked with a less ‘‘wide-based’’ gait
after ICI and supports the finding of a reduction in ipsi-
lateral hip-abduction angle. Though post-ICI kinematic
changes for hip adduction on the affected side were not
statistically significant, the possibility of an effect of ICI
on hip adduction cannot be ruled out. Lower-limb kine-
matics vary depending on the severity of arthritis,37,38

and our sample size (n ¼ 8) may have been too small
for us to detect these differences.

It has been shown that decreasing range of motion at
the knee during stance is a strategy used by people with
RA,10 JIA,18 and OA39,40 to stabilize the painful knee joint
and reduce extensor moments, thus avoiding compres-
sive forces. For this reason, we measured the excursion
of joint movements during the stance phase in our study.
The observed increase in knee-joint movement during
the stance phase following ICI was likely due to the
reduced pain intensity observed among participants. As
reported above, the knee-flexion angle during initial con-
tact of stance decreased significantly following ICI; how-
ever, knee flexion at heel strike following ICI was still
greater than that reported in studies of people with knee
OA.41,42 This indicates that participants in our study
landed on the ground with the knee flexed even after
ICI, a gait feature common in people with arthritis.

Abnormalities observed in spatiotemporal gait param-
eters pre ICI were likely due to pain and reduced move-
ment excursion to guard the joint against pain during
stance phase.43–45 Pain was reduced, while movement
excursion increased, post ICI, leading to an increase
in step length. Previous studies have shown that gait
velocity is reduced in people with RA of the knee and
is within the range of 60–100 cm/s when they walk at
their self-selected speed.10,11,43 In our study, the average
gait velocity increased significantly following ICI (from
79 cm/s to 102 cm/s) but was still slower than the self-
selected gait velocity for control participants of similar
age reported in other studies.10,11,43 Like participants in
Brostrom and colleagues’ study,18 our participants also
increased their walking cadence. This result can be
attributed to a reduced step time: participants took
more steps per minute after ICI than before. Contrala-

Table 2 Ipsilateral Joint Angles

Median (25th–75th percentile)

Joint angle, degrees Pre-injection Post-injection p-value

Knee flexion 4.4 (3.7–7.4) 8.1 (6.2–10.5) 0.016*

Ankle dorsiflexion 10.2 (7.8–13) 16.2 (8.4–18.7) 0.148

Ankle plantarflexion 5.1 (3.4–6.5) 9.5 (6.4–10.9) 0.039*

Hip adduction 4.4 (2.6–5.9) 6.7 (3.2–8.5) 0.109

*Significant at p < 0.05.

Table 3 Spatiotemporal Gait Parameters

Median (25th–75th percentile)

Spatiotemporal parameter Pre-injection Post-injection p-value

Cadence, steps/min 101.5 (97.2–104.6) 107.4 (103.1–108.8) 0.008*

Velocity, cm/s 79.3 (68.7–98.3) 100.9 (87.4–116.6) 0.008*

Ipsilateral single-support percentage 33.9 (32.7–36.4) 36 (34.8–37.7) 0.100

Ipsilateral double-support percentage 30.2 (29.3–30.9) 29.3 (28.3–29.8) 0.008*

Ipsilateral stride length, cm 93.8 (81.4–115. 5) 114.9 (100.4–127.2) 0.016*

Contralateral stride length, cm 93.8 (81.9–115.5) 114.9 (100.7–126.9) 0.016*

Step width, cm 13.3 (10.9–14.5) 10.3 (8.4–12.3) 0.016*

Ipsilateral step time, s 0.59 (0.59–0.64) 0.56 (0.54–0.58) 0.016*

Contralateral step time, s 0.58 (0.56–0.61) 0.56 (0.55–0.57) 0.195

Contralateral step length, cm 46.0 (39.4–56.5) 58.8 (51.4–63.9) 0.008*

Ipsilateral step length, cm 49.4 (39.6–56.4) 55.6 (48.6–63.1) 0.016*

*Significant at p < 0.05.
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teral step length increased following ICI, which suggests
that participants were able to spend more time in stance
on the affected side, allowing the other leg to take a
larger step. These changes in spatiotemporal gait param-
eters can be considered patient-relevant benefits of ICI.
The ability to walk faster can be an important functional
gain, facilitating increased independence in outdoor mo-
bility.

Investigators have recently begun to focus on assess-
ing gait symmetry rather than spatiotemporal parame-
ters, especially in people with neurological disorders.46,47

It is hypothesized that symmetry in gait reflects better
‘‘control’’ and is associated with energy conservation
during level walking.48 Though gait symmetry has mostly
been assessed in people with neurological disorders,
there is no reason that it cannot also be assessed in peo-
ple with musculoskeletal disorders, such as those with
RA or OA of the knee. Future studies are warranted to
examine the effects of ICI on gait symmetry in people
with RA or OA of the knee.

Participants in our study reported reduced pain inten-
sity in the affected knee following ICI. On average, VAS
scores were reduced by 34 mm. This finding is similar to
those of a previous study, in which the intensity of knee
pain decreased by 39 mm over a 1-week period,49 and
represents a greater change than what others have
observed.22 Bliddal and colleagues22 reported only a
22-mm change in the VAS; it should be noted, however,
that the researchers combined the VAS scores for knee,
wrist, and elbow joints, and thus the reported results
do not reflect change in pain intensity for the knee
specifically.

KOOS scores for our participants increased signifi-
cantly following ICI, which suggests improvement in
functional status. Previous studies have measured gen-
eral function following intra-articular injections in knee
arthritis using the WOMAC;50–52 however, we could find

no study that used the KOOS to measure the effect of ICI
in people with acute exacerbation of RA of the knee. The
KOOS has been used for measuring functional status in
other knee pathologies, such as anterior cruciate liga-
ment injury,53,54 arthroscopic partial meniscectomy,55

patellar fractures,56 and total knee replacement.57 Given
that a younger age group is reported in this study and in
other studies,49,58 the KOOS may be more appropriate to
measure the full spectrum of difficulties experienced by
younger adults.34,35

There was no change in knee-joint swelling following
ICI. It is likely that people with RA usually have swollen
joints (as indicated by the swollen joint count in Table
1), and ICI may have little effect on chronic swelling.
However, considering the improvement in overall func-
tion and activity level, the lack of reduction in knee
swelling appears in no way to negate the benefits of ICI.

LIMITATIONS
The small and exclusively female participant group is

the main limitation of the present study. Moreover,
sample-size calculations were not performed, since this
was an exploratory study. One reason that we could re-
cruit only a small participant group may be that we
sought individuals with exacerbation of their RA in one
knee joint only, whereas most individuals with RA tend
to experience exacerbation in multiple lower-extremity
joints. The fact that all participants were female may be
explained by the fact that the impact of RA, the overall
pain experience, and the resulting work limitations are
greater for women than for men.59–61 It is also known
that 80% of people with RA are female.6,59 Previous studies
that assessed the effects of ICI in people with RA49,58 and
OA17,36 also reported greater recruitment of female par-
ticipants. However, because the reports of these studies
did not separate results by gender, we are unable to
determine whether the effects of ICI on lower-limb kine-

Table 4 Pain, Knee Girth, and KOOS

Mean and (SD)*

Parameter Pre-injection Post-injection p-value

KOOS Sub-scale

Pain (/100) 32.9 (15.5) 69.1 (23.9) 0.005†

Symptoms (/100) 33.0 (17.9) 65.2 (23.9) 0.01†

ADL (/100) 32.9 (19.7) 70.4 (23.5) 0.002†

Sports and recreation (/100) 11.4 (18.6) 44.3 (23.2) 0.005†

QOL (Median (25th–75th percentile)) 12.5 (0–21.9) 34.37 (9.4–53.1) 0.047†

VAS (mm) 65 (7.9) 31.2 (9.2) 0.003†

Knee girth (cm) 11.6 (0.9) 11.2 (0.6) 0.14

*Unless otherwise indicated.

†Significant at p < 0.05.

KOOS ¼ Knee injury and Osteoarthritis Outcome Score (0 ¼ extreme problems, 100 ¼ no problems); ADL ¼ Activities of daily living; QOL ¼ quality of life;

VAS ¼ visual analogue scale (0 ¼ no pain, 100 ¼ pain as bad as it can be).
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matics and spatiotemporal parameters of gait are con-
sistent across genders or whether gender affects these
measurements in people with RA of the knee.

The participants were assessed at two time points, 7
to 10 days apart; the changes in lower-limb joint kine-
matics, gait characteristics, and functional status were
not examined over a longer period. Moreover, there is a
possibility that the kinematics of pelvis and lumbar spine
would also change following ICI, but these were not ana-
lyzed in our study. Lastly, we did not measure changes
in muscle-activation patterns and kinetics of the lower-
extremity joints, which would have provided a more
comprehensive picture of the effects of ICI in people
presenting with an acute exacerbation of RA of the knee.
Notwithstanding these limitations, however, the results
of this study are expected to help physiotherapists under-
stand the effect of ICI on knee-joint movements and gait
parameters in people with RA of the knee.

CONCLUSION
The present study provides objective outcome meas-

urements for a commonly used intervention in patients
with RA of the knee. The findings demonstrate positive
short-term effects of ICI on lower-extremity joint kine-
matics, spatiotemporal gait parameters, and function in
people with an acute exacerbation of knee RA. Given the
small sample recruited for the study, these results should
be considered potential trends rather than definitive
findings. Future studies exploring similar research objec-
tives should recruit a greater number of participants and
examine the long-term effects of ICI on both lower-
extremity and spine kinematics. Electromyography assess-
ment of muscle-contraction patterns and joint kinetics
would provide a more comprehensive explanation of the
benefits of ICI for people with RA of the knee.

KEY MESSAGES

What Is Already Known on This Topic

People suffering from rheumatoid arthritis (RA) of the
knee experience pain, functional difficulties, and im-
paired kinematics and gait patterns. Intra-articular corti-
costeroid injection (ICI) is commonly used in treating
exacerbation of RA of the knee to reduce pain and im-
prove function in this patient group. Previous research
has shown that ICI improves the kinematics of the lower
limbs and spatiotemporal parameters of gait in people
with osteoarthritis of the knee and juvenile idiopathic
arthritis.

What This Study Adds

To our knowledge, this is the first study to examine
the effect of ICI on movement excursion of the affected
knee joint, spatiotemporal parameters of gait, pain in-
tensity, and functional status in people with an exacer-
bation of knee RA symptoms. Our results are consistent
with those of previous studies that measured the effect

of ICI in other forms of arthritis and indicate that ICI is
beneficial in improving kinematics of the affected knee
joint, gait characteristics, and functional status. These
findings contribute to a better understanding of the
overall effects of ICI in people with RA of the knee and
lay the groundwork for further research examining these
effects.
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