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Abstract

Objectives This study aimed to assess the effectiveness of Comprehensive Geriatric Assessment (CGA) compared to stan-
dard of care in improving pain, physical function, and stiffness in older adults with knee osteoarthritis (OA) over six months.
Secondary outcomes included multidimensional frailty and quality of life.

Design An exploratory, multicentre, randomized controlled trial (RCT).

Setting Five European geriatric centres in Italy, Germany, Turkiye and the Czech Republic.

Participants Seventy older adults (mean age 76.1+6.8 years; 80% female) with knee OA (Kellgren-Lawrence Grades 1-2)
were randomized into two groups: CGA (n=35) or standard of care (n=35).

Intervention The CGA group underwent a multidimensional geriatric assessment and intervention, identifying impairments
and tailoring interventions accordingly, while the control group received standard of care.

Main outcome measures The primary endpoint was improvement in pain, stiffness, and functional limitations measured
using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) over six months. Secondary out-
comes included changes in multidimensional frailty (Multidimensional Prognostic Index, MPI), quality of life (SF-36), and
adherence to interventions.

Results The CGA group showed a non-significant improvement in total WOMAC scores (-4.49+3.40, p=0.19), with slight
reductions in pain (-1.12+0.96) and functional limitations (-3.26+2.21). MPI slightly improved (-0.02+0.04, p=0.69), but
no significant changes were observed in SF-36 scores. No falls, hospitalizations, or severe adverse events were reported.
Conclusions CGA may offer potential benefits for managing knee OA in older adults, particularly for pain and function,
though statistical significance was not achieved. Larger studies with longer follow-up are warranted to confirm these findings.
Trial registration ClinicalTrials.gov Identifier: NCT05659979.
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Introduction

Osteoarthritis (OA) is the most common form of arthritis, and
is characterized by joint pain and stiffness leading to functional
decline and relevant loss in health related quality of life [1, 2].
The incidence of OA is rising due to the aging population and
an increase in some risk factors [3], such as obesity. Knee OA is
the most common OA localization, and symptomatic knee OA
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is highly prevalent among people aged over 50 years, affecting
more than 250 million people worldwide [4].

Knee OA is a leading cause of pain in older people, and
pain of the hip and knee results in physical disability and
an increased risk of all-cause mortality [2, 5]. Hip and knee
OA together are the eleventh highest contributor to global
disability: the years of life lived with OA-related disability
increased by 64% from 1990 to 2010 reaching 17 million
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[6]. OA is a progressive disorder, with different degrees of
severity, that requires long-term management with various
treatment options over the course of the disease [7]. The
goals of treatment for OA are to reduce symptoms and ulti-
mately slow disease progression, which may in turn reduce
the impact of OA on the patient’s mobility and quality of
life, with consequent reduction in healthcare resource needs.

In 2019, the European Society for Clinical and Economic
Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal
Diseases (ESCEO) published recommendations for the man-
agement of knee OA in the form of a treatment algorithm that
provides practical guidance for the prioritization of interven-
tions and guides physicians through progressive, logical steps
based on the severity of the knee OA signs/symptoms [8].

Currently, the management of knee OA is usually provided
by several specialists, including general practitioners, rheuma-
tologists, orthopedics and finally geriatricians. However, the
exact role of geriatricians in the management of knee OA was
poorly studied, whilst the comprehensive geriatric assessment
(CGA) is widely used for preventing negative consequences
in older people, such as hospitalization [9] or mortality [10].
Moreover, CGA can be used across different settings, from pri-
mary care to hospital, with similar beneficial effects in older
people[11, 12]. Finally, people affected by knee OA are usually
affected by other medical (e.g., dementia [13], cardiovascular
diseases [14], depression [15]) and non-medical (e.g., loneli-
ness [16]) conditions that can limit the adherence to therapeutic
approaches, therefore limiting the efficacy of the interventions
suggested in knee OA. To the best of our knowledge, no ran-
domized controlled trials (RCTs) were conducted about CGA
in older people affected by knee OA, even if CGA could be
useful in people having knee OA, as shown by a systematic
review of our group about this topic [17].

The primary aim of our investigation was to test the
effectiveness of CGA, compared to standard of care, in
improving pain, physical function, and stiffness in older
people affected by knee OA over six months of follow-up.
The secondary outcomes of our study included assessing the
changes of multidimensional frailty and quality of life dur-
ing the follow-up period as well as other negative outcomes
such as hospitalization and mortality.

Materials and methods

Participants

This exploratory RCT was conducted in five different Euro-
pean centres (Bari, Cologne, Istanbul, Palermo, Prague)

with a phase of enrolment between January 2023 and July
2024.
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We considered, for the inclusion in this study, the fol-
lowing criteria: both genders; age>60 years; able to sign
the informed consent; diagnosis of knee OA according to
standardized criteria in Grade 1 (doubtful narrowing of
joint space and possible osteophytic lipping) and Grade 2
(definite osteophytes and possible narrowing of joint space)
Kellgren and Lawrence system [18]. The only exclusion cri-
terion was an estimated life expectancy less than 6 months.

The patients were enrolled among outpatients attending
different ambulatories of geriatric services, such as cogni-
tive disorders, osteoporosis, evaluation for disability or oth-
ers. During a screening visit, their healthy condition was
established by trained medical personnel on the strength
of their medical history, a clinical examination, and routine
biochemical tests.

The study was designed in accordance with the Helsinki
Declaration and was approved by the Ethical Committee
of the Azienda Ospedaliera Universitaria Policlinico Paolo
Giaccone di Palermo (leading center) on Olst July 2022
and, then by Ethics Committees from all participating cen-
tres. All participants were fully informed about the nature,
purpose, procedures, and risks of the study and gave their
written informed consent. Our trial complied with the Con-
solidated Standards of Reporting Trials (CONSORT) state-
ment for randomized trials [19]. The protocol was a priori
registered in Clinical Trials (https://clinicaltrials.gov/study/
NCT05659979).

Randomization, intervention, and allocation

Patients were randomly assigned to one of the two groups,
by using a computer-generated sequence of non-unique,
unsorted numbers with a range from one to two represent-
ing the groups. The lists of randomizations were prepared
before the enrollment by the Principal Investigator (PI)
of the study (NV) and assigned to the Local PI, after the
approval of the local Ethical Committee.

CGA group underwent to a standardized CGA by trained
geriatricians that assessed the needs of older patients
affected by knee OA in terms of disability, cognitive issues,
social and nutritional problems, medications and comorbid-
ities, and risk of pressure sores. All these domains were sys-
tematically assessed using the Multidimensional Prognostic
Index (MPI) [20]. After the clinical assessment, the geriatri-
cians proposed some tailored interventions for the domains
impaired, including strategies for improving adherence to
some background and/or first line medications, as detailed in
the 2019 ESCEO algorithm [8]. The control group received
a standard of care treatment.

The patients were followed up after the enrollment for six
months, with one intermediate evaluation at three months in
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which we assessed the effect of CGA on primary and sec-
ondary outcomes compared to standard care.

Outcomes

The primary endpoint of this study was to assess the effi-
cacy of CGA compared to standard care in improving pain,
physical function, stiffness over six months of follow-
up using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scale [21]. The WOMAC,
that is one of the most used tool in knee OA research, mea-
sures five items for pain (score range 0-20), two for stiffness
(score range 0-8), and 17 for functional limitation (score
range 0-68) [21]. The single items of the WOMAC were
assessed as co-primary outcomes.
For secondary outcomes, we included:

a. A. The presence and severity of multidimensional
frailty evaluated using the MPI [20] that includes:

1. (1) Functional status by Activities of Daily Living
(ADL) index [22];

2. (2) Independence in the Instrumental Activities of Daily
Living (IADL) [23];

3. (3) Cognitive status through the Short Portable Mental
Status Questionnaire (SPMSQ) [24];

4. (4) Co-morbidity, in terms of presence and severity,
examined using the Cumulative Illness Rating Scale
(CIRS) [25] Severity Index (SI);

5. (5) Nutritional status investigated with the Mini Nutri-
tional Assessment (MNA) short form (SF) [26];

6. (6) Risk of developing pressure sores was evaluated
through the Exton Smith Scale (ESS) [27];

7. (7) Number of medications;

8. (8) Social domain was categorized in living alone, in
family (or with other support) and in institution.

For each domain, a tripartite hierarchy was used, i.e. 0=no
problems, 0.5=minor problems, and 1=major problems,
based on conventional cut-off points derived from the litera-
ture for the singular items [20]. The sum of the calculated
scores from the eight domains was divided by 8 to obtain a
final MPI risk score ranging from 0=no risk to 1=higher
risk of mortality. MPI requires between 15 and 25 min for
its complete execution [28].

b. B. Quality of life was assessed using the short-form 36
(SF-36) [29]. The SF-36 consists of eight scaled scores,
which are the weighted sums of the questions in their
section. Each scale is directly transformed into a 0-100
scale on the assumption that each question carries equal
weight. We used the two aggregated scores, i.e., MCS

(mental health) and PCS (physical health) [29]. The
lower the score, the less quality of life.

c. C. Mortality was assessed using administrative data.
Adverse events and severe adverse events, attributable
to CGA or standard care, were reported in the CRFs of
the patients and were recorded through interviews with
the patients/relatives.

Sample size calculation and statistical analysis

Based on a systematic review about the meaningful change
in WOMAC score [30], for the sample size calculation for
this exploratory RCT, we expected that the group allocated
to CGA-treatment should improve, in mean, § points more
than the group allocated to standard of care based on the
primary outcome (WOMAC) at the main endpoint after six
months of follow-up. With a common between-subject stan-
dard deviation of 14 points, sample size calculations show
that 27 participants in each group are required to detect a
statistical difference (power of 80% and significance level at
0.05 (two-sided). Therefore, a total of 60 participants were
included, figuring out a drop-out rate of 10%.

All descriptive characteristics were reported using the
means (with their standard deviations). Frequencies were
reported as percentages in CGA and in control groups.
Changes from baseline to six months on the primary and
the secondary outcomes were analyzed using a repeated
measure ANOVA (Analysis of Variance) test, including the
change of all these outcomes at three months, comparing
CGA to control group. An intention-to-treat analysis was
proposed in this manuscript. The significance level was set
at p=0.05. Statistical analyses were performed using SPSS,
version 26.0 software.

Results

Figure 1 shows the CONSORT flow diagram of our study.
Among 172 patients initially assessed for eligibility, 102
were excluded mainly because they did not have a diagnosis
of knee OA or a too severe form for our RCT. Finally, we
randomized across the five European centers, 70 patients,
allocating 35 patients to CGA and 35 to the control group.
Table 1 shows the descriptive characteristics of the
patients included, divided by the kind of intervention pro-
posed. Overall, the participants aged a mean of 76.1 years
(SD=6.8, range: 65-96) and they were mainly females
(56/70, 80%). The participants experienced, in mean, a
presence of moderate pain, stiffness and functional limita-
tion according to the WOMAC subscales, having a total
score of 40.2 points indicate moderate osteoarthritis symp-
toms. According to the multidimensional evaluation, fully
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Fig. 1 CONSORT 2010 flow diagram

reported in Table 1, we observed that the patients had mini-
mal impairment in ADL or IADL and in nutritional aspects.
Even if they scored low in CIRS-SI, they consumed, in
mean, 6.4 medications. According to the MPI, 51.4% were
ranked as robust from a multidimensional point of view
(MPI<0.33), 40.0% pre-frail (MPI 0.33-0.66), and 8.6%
frail (MPI>0.66).

As shown in Table 2, During the six months’ follow-
up, five participants for each group were lost, mainly due
to a lack of interest in the study. About the primary out-
comes, we observed that the participants randomized to
CGA had an improvement in WOMAC score (mean dif-
ference=-4.49+3.40 points), even if non-statistically sig-
nificant (»p=0.19). Two WOMAC subscales were improved
in CGA compared to control group (mean difference in
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Analysed (n=30 )

pain: -1.12+£0.96; mean difference in functional limita-
tions: -3.26+2.21), even if these improvements were not
statistically significant between the groups. About mul-
tidimensional evaluation, we observed a small reduction
MPI in CGA compared to control group (mean difference:
-0.02+0.04; p=0.69). No differences were observed about
quality of life estimated with SF-36 MCS and PCS.

Finally, during the six months of follow-up, we did not
detect any falls, mortality or hospitalization. No severe side
effects attributable to the intervention were recorded.
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Table 1 Descriptive characteristics of the participants

CGA group Control
(n=35) group
(n=35)

Mean age, SD 75.0 (5.8) 77.2(7.5)
Females (%) 85.7 74.3
WOMAC-pain subscale 10.3 (4.3) 10.8 (4.3)
WOMAC-stiffness subscale 49 (2.1 5.2(1.8)
WOMAC-functional limitation 25.5(10.5) 243 (9.2)
subscale
WOMAC-total 40.2 (15.3) 40.3 (14.1)
ADL 4.5(2.0) 4.9 (1.3)
IADL 5.4(2.8) 5.6 (2.6)
EES 16.5(2.4) 163 (2.1)
SPMSQ 1.2 (1.9) 1.5(2.0)
MNA-SF 11.7 (2.2) 11.4 (2.4)
Number of drugs 6.7 (3.7) 6.0 (4.3)
CIRS-SI 0.41 (0.49) 0.36 (0.48)
MPI 0.39(0.17) 0.36 (0.18)
SF-36 MCS 42.4 (11.6) 41.8 (11.2)
SF-36 PCS 45.6 (11.3) 44.3 (11.9)
Abbreviations: CGA — Comprehensive Geriatric Assessment;

WOMAC — Western Ontario and McMaster Universities Osteoar-
thritis Index; ADL — Activities of Daily Living; IADL — Instrumen-
tal Activities of Daily Living; EES — Exton-Smith Scale; SPMSQ
— Short Portable Mental Status Questionnaire; MNA-SF — Mini
Nutritional Assessment — Short Form; CIRS-SI — Cumulative Illness
Rating Scale Severity Index; MPI — Multidimensional Prognostic
Index; SF-36

MCS—Mental Component Summary; PCS — Short Form-36 Physical
Component Summary.

Data are reported as means and standard deviations or as percent-
ages.

Discussion

The findings of this RCT suggest that CGA may provide
some clinical benefits for older adults with knee OA,
although the observed improvements did not reach sta-
tistical significance. Participants who underwent CGA
demonstrated a mean improvement in the WOMAC score
(-4.49+£3.40 points), with specific improvements in pain
(-1.12+£0.96) and functional limitations (-3.26%+2.21),
though these differences were not statistically significant.
Additionally, there was a slight reduction in multidimen-
sional impairment (MPI difference: -0.02+0.04; p=0.69),
but no significant changes in quality of life as measured by
the SF-36. These results suggest that while CGA may have
arole in managing knee OA, further investigation is neces-
sary to confirm its clinical efficacy.

CGA was effective in reducing several negative out-
comes in older people. A recent umbrella review about CGA
showed that, in RCTs, this kind of intervention reduces some
important outcomes typical of older people, such as nursing
home admission and pressure sores in hospital medical set-
ting and the risk of delirium in hip fracture, supported by a

high certainty of evidence [31]. However, all these findings
mainly derive from acute conditions, whilst the evidence of
CGA as intervention in the management of chronic condi-
tions is still limited. One of the key clinical implications of
the findings of our RCT is the potential for CGA to comple-
ment standard OA management among frail older people.
While traditional OA treatment focuses on pharmacologic
and surgical interventions, CGA may incorporate indica-
tions for physical therapy, nutritional guidance, mental
health support, and social considerations [32]. At the same
time, CGA could be important to reduce inappropriate med-
ications [33] or to better tailor some pharmacological thera-
pies, as proposed in the multimodal management of knee
OA [34]. However, given the lack of statistically significant
differences between the intervention and control groups, its
role in delaying the need for invasive interventions such
as total knee replacement remains uncertain. Additionally,
the minimal impact on quality of life measures suggest that
CGA alone may not be sufficient for improving overall well-
being in this population.

Several limitations should be considered when interpret-
ing these findings. First, the relatively small sample size
(n=70) may have limited the statistical power to detect sig-
nificant differences. We calculated, in fact, that this sample
size to have a difference between the two groups of 8 points
in the WOMAC scale, while we observed a mean difference
of approximately 4 points. The short follow-up period of
six months may also have been insufficient to capture long-
term benefits of CGA. Furthermore, a notable proportion
of participants (10 in total) were lost to follow-up, poten-
tially introducing bias, even if we used an intention-to-treat
analysis. Additionally, adherence to CGA recommendations
may have varied, influencing the effectiveness of the inter-
vention. Future studies with larger sample sizes, extended
follow-up periods, and strategies to enhance adherence are
warranted to better evaluate the potential benefits of CGA:
we believe that our exploratory study has also the impor-
tance to underline some methodological limitations in order
to better organize the future RCTs about this important topic.

In conclusion, this study provides preliminary evidence
suggesting that CGA may have some beneficial effects in
the management of knee OA, particularly in pain and func-
tional outcomes, though these did not reach statistical sig-
nificance. Future trials should aim to clarify the long-term
benefits, cost-effectiveness, and practical implementation
strategies of CGA to determine its role in standard OA care.
These findings contribute to the ongoing exploration of
multidisciplinary approaches for managing chronic muscu-
loskeletal conditions in geriatric populations.
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Table 2 Mean baseline characteristics and outcomes at follow-up, by group

CGA group Control group Changes

Parameter Baseline 3 months 6 months Baseline 3 months 6 months Between- p-value

group change

(6 months)
WOMAC-pain subscale 10.3 (4.3) 10.1 (4.2) 9.3 (4.5) 10.8(4.3) 11.0(44) 123 (3.9 -1.12(0.96) 0.23
WOMAC-stiffness subscale 45(2.1) 49(2.1) 4.72.3) 5.2(1.8) 5.0(2.1) 54(19) -0.07(0.47) 0.88
WOMAC-functional limita- 25.5(10.5) 23.0(9.6) 23.1(9.7) 243(9.2) 262(9.7) 282(9.7) -3.26(221) 0.15
tion subscale
WOMAC-total 40.2 (15.3) 42.3(149) 459(14.2) 403 (14.1) 379(15.0) 37.2(157) -449(3.40) 0.19
ADL 4.5(2.0) 4.6 (1.7) 4.5(1.8) 4.9 (1.3) 5.0 (1.3) 50(1.1) -0.43(0.35) 0.22
IADL 54(2.8) 5.5(2.5) 5424 5.6 (2.6) 5.8(2.3) 57(2.0) -0.24(0.56)  0.66
EES 16.5 (2.4) 16.5 (2.2) 16.5(2.3) 163 (2.1) 16.5(2.0) 16.4 (2.1) 0.10(0.50)  0.84
SPMSQ 1.2 (1.9) 1.1(1.4) 1.2(1.4) 1.5(2.0) 1.4 (1.8) 1.5(1.6) -0.25(0.35) 0.47
MNA-SF 11.7 (2.2) 11.8 (2.2) 11.7 (1.9) 11424) 11.724) 11.9 (2.1) 0.06 (0.46)  0.90
Number of drugs 6.7 (3.7) 6.8 (3.9) 6.9 (3.9) 6.0 (4.3) 6.0 (4.3) 6.0 (3.9) 0.82(1.06) 0.44
CIRS-SI 0.41(0.49)  0.29(0.45) 0.31(0.45) 0.36(0.48) 0.43(0.50) 0.38(0.46) -0.10(0.12)  0.43
MPI 0.39(0.17)  0.37(0.15) 0.36(0.16) 0.36(0.18) 0.37(0.17) 0.38(0.14) -0.02(0.04)  0.69
SF-36 MCS 42.4(11.6) 41.4(10.8) 42.1(14.2) 41.8(11.2) 42.1(11.3) 41.9(12.0) 0.03(3.2) 0.84
SF-36 PCS 45.6 (11.3)  44.8(10.1) 45.0(11.2) 443 (11.9) 44.1(12.3) 44.0(12.0) 1.00(3.1) 0.54

Abbreviations: Abbreviations: CGA — Comprehensive Geriatric Assessment; WOMAC — Western Ontario and McMaster Universities Osteo-
arthritis Index; ADL — Activities of Daily Living; IADL — Instrumental Activities of Daily Living; EES — Exton-Smith Scale; SPMSQ — Short
Portable Mental Status Questionnaire; MNA-SF — Mini Nutritional Assessment — Short Form; CIRS-SI — Cumulative Illness Rating Scale

Severity Index; MPI — Multidimensional Prognostic Index; SF-36

MCS—Mental Component Summary; PCS — Short Form-36 Physical Component Summary

Changes from baseline to six months on the primary and the secondary outcomes were analysed using a repeated measure ANOVA test, includ-
ing the change of all these outcomes at three months, comparing CGA to control group
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