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Abstract: Background: Knee osteoarthritis (OA) is a prevalent and disabling condition often man-
aged with physiotherapy or intra-articular injections. However, the comparative effectiveness of
these treatments remains unclear. This systematic review aimed to evaluate and compare the effi-
cacy of physiotherapy and intra-articular injections in managing knee OA. Methods: A systematic
search of PubMed, Scopus, Web of Science, PEDro, and Cochrane Library was conducted. Random-
ized controlled trials (RCTs) comparing physiotherapy and intra-articular injections in knee OA pa-
tients were included. Key outcomes included pain (VAS), function (WOMAC, KOOS), range of mo-
tion (ROM), and quality of life. Data from five studies with a total of 552 participants were analyzed.
Results: Intra-articular injections, particularly botulinum toxin and hyaluronic acid, were found to
provide rapid pain relief, outperforming physiotherapy in short-term pain management. However,
physiotherapy contributed significantly to long-term functional improvements, particularly in
early-stage OA. Combination therapy of injections and physiotherapy yielded the best short-term
pain relief and functional outcomes. Heterogeneity in study designs and follow-up periods limited
the generalizability of findings. Conclusions: Intra-articular injections are effective for immediate
pain control, while physiotherapy plays a crucial role in maintaining joint function, especially for
long-term management. Combining both interventions may offer the most comprehensive benefits.
Further research is needed to determine the long-term efficacy of these treatments.

Keywords: knee osteoarthritis; physiotherapy; intra-articular injections; pain management;
functional recovery

1. Introduction

Osteoarthritis (OA) is a chronic, degenerative joint disease that primarily affects the
synovial joints. The most commonly impacted sites are the knee, hip, spine, and small
joints of the hands and feet. OA is characterized by focal areas of articular cartilage loss
within the joint, accompanied by hypertrophy of subchondral bone (osteophytes and sub-
chondral sclerosis) and thickening of the joint capsule [1-4]. Additionally, nearby soft tis-
sues, such as the synovium, may exhibit inflammatory infiltrates, ligaments may become
lax, and the surrounding musculature may weaken, further contributing to joint
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dysfunction [2,5,6]. The American College of Rheumatology (ACR) classifies OA into two
categories, idiopathic (primary) OA, which affects patients without any pre-existing dis-
eases, and secondary OA, which occurs in association with a pre-existing condition. Idio-
pathic OA can be further subdivided into localized, affecting a single joint, and general-
ized, involving three or more joints simultaneously. OA is more prevalent in countries
with higher socioeconomic status and longer life expectancy [4,7]. However, epidemio-
logical data often rely on radiographic surveys that are less sensitive in detecting early-
stage disease, leading to an underestimation of the actual prevalence [4]. The primary
symptom of OA is pain [8], which typically occurs during movement or after physical
activity and improves with rest. Morning stiffness is also common, lasting for no more
than 30 min [2,9,10]. As the disease progresses, functional limitations develop, which can
significantly impair the activities of daily living.

In advanced cases, joint deformities become visible, particularly in the interphalan-
geal joints of the hands [11-13]. Additionally, some patients report an increase in pain
associated with changes in weather conditions or humidity [14-17]. Several risk factors
contribute to the development of OA, both genetic and mechanical. Age is a critical risk
factor, although the mechanisms underlying its impact remain unclear. Biological
changes, tissue adaptations to biomechanical stress, and reduced joint resilience due to
sarcopenia are thought to play a role [12,18-21]. Gender differences have been noted, with
women, especially post-menopausal women, being at a higher risk of developing knee
OA due to hormonal changes that affect joint health. Other key risk factors include female
gender, particularly after menopause, and genetic predisposition, which may account for
up to 40% of the risk of developing knee OA [22-26]. Mechanical risk factors include obe-
sity [9], which has been strongly linked to an increased risk of OA development, and joint
malalignment, which disrupts normal load distribution across the joint [27,28]. Addition-
ally, joint injuries and certain occupations that involve repetitive strain on the knees, such
as prolonged squatting or heavy lifting, further exacerbate the risk. Knee OA, or gonar-
throsis, is the most common form of OA in the elderly population, with an estimated 250
million people affected globally. There is no significant evidence to suggest that OA affects
the right knee more than the left knee; however, individual cases may vary depending on
factors such as joint use and injury history. The knee is particularly susceptible due to its
role in weight-bearing and frequent use in daily activities, making it more prone to wear
and tear over time.

The disease is characterized by progressive cartilage loss, leading to pain, reduced
range of motion (ROM), and muscle weakness. Diagnosis is typically made through radi-
ographic evaluation, although MRI and CT scans are used to assess soft tissue involve-
ment. In advanced stages, joint deformities such as varus or valgus alignment can occur,
further impairing mobility [29]. Diagnosis is typically made through radiographic evalu-
ation, although MRI and CT scans are used to assess soft tissue involvement. However,
the disease is often detected only in its advanced stages, as early signs are difficult to iden-
tify radiographically [30,31]. There is no definitive cure for OA, and current treatment
strategies focus on alleviating symptoms and slowing disease progression. Treatment op-
tions are typically categorized as either conservative or surgical. Conservative approaches
include physiotherapy [32-39], lifestyle modifications, pharmacotherapy, and intra-artic-
ular injections [40-43] of substances such as corticosteroids, hyaluronic acid, or platelet-
rich plasma (PRP). Surgical interventions, including total or partial knee replacements, are
reserved for patients in advanced stages of the disease when conservative measures fail
to provide adequate relief [44,45]. While physiotherapy and intra-articular injections are
both commonly used in managing knee OA, there remains considerable debate regarding
their relative efficacy. Several studies have explored the impact of these interventions on
pain and functional outcomes, yet there is no consensus on which approach offers supe-
rior benefits. The lack of uniformity in study designs, patient populations, and treatment
protocols adds to the complexity of drawing definitive conclusions from the existing lit-
erature. The objective of this systematic review is to critically assess the effectiveness of
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physiotherapy compared to intra-articular injections in the management of knee osteoar-
thritis. By synthesizing the available evidence, this review aims to provide clearer guid-
ance on the most effective treatment strategies for improving pain, function, and quality
of life in patients with knee OA, thereby contributing to more informed clinical decision
making.

2. Methods

The present scoping review was conducted following the JBI methodology [46,47]for
scoping reviews. The Preferred Reporting Items for Systematic reviews and Meta-Anal-
yses extension for Scoping Reviews (PRISMA-ScR) [48] checklist for reporting was used.

Review question

We formulated the following research question: “Is physiotherapy more effective
than intra-articular injections in reducing pain and improving function and quality of life
in patients with knee osteoarthritis?”

Eligibility criteria

Studies were eligible for inclusion if they met the following Population, Concept, and
Context (PCC) criteria.

Population (P): Adults diagnosed with knee osteoarthritis (gonarthrosis) based on
clinical or radiographic criteria. This includes both male and female patients of varying
ages, typically over 50, who experience symptomatic osteoarthritis in the knee joint.

The severity of knee osteoarthritis could range from mild to severe, as categorized by
the Kellgren and Lawrence grading scale or other accepted diagnostic criteria.

We included patients with either idiopathic (primary) or secondary osteoarthritis,
excluding those with other forms of arthritis (e.g., rheumatoid arthritis).

Concept (C): This review focuses on comparing the effectiveness of physiotherapy
versus intra-articular injections in managing knee osteoarthritis.

Physiotherapy includes various rehabilitation interventions such as exercise pro-
grams (strengthening, stretching, range of motion), manual therapy, electrotherapy, and
patient education aimed at improving joint function and reducing pain.

Intra-articular injections include treatments such as hyaluronic acid (HA), corticoster-
oids, platelet-rich plasma (PRP), and other injectables designed to alleviate pain, reduce
inflammation, or improve joint lubrication.

The primary outcomes of interest include the following:

e  Painreduction (as measured by the Visual Analog Scale (VAS) or other validated pain
scales).

e Improvement in function (as assessed by standardized measures such as the
WOMAC (Western Ontario and McMaster Universities Arthritis Index) or similar
functional outcome measures).

¢ Quality of life improvements related to knee function and mobility.

Context (C): Studies that evaluated treatments in clinical, outpatient, or rehabilitation
settings wherein patients received either physiotherapy or intra-articular injections for
knee osteoarthritis.

This review considers studies conducted in a variety of geographical locations and
healthcare systems, without restriction to specific countries or regions.

Randomized controlled trials (RCTs), quasi-experimental studies, and cohort studies
were included, provided they directly compared physiotherapy to intra-articular injec-
tions.

The timeframes for follow-up could vary, but studies needed to have reported out-
comes within a defined follow-up period (e.g., 1, 3, or 6 months or longer).

Exclusion criteria

Studies that did not meet the specific PCC criteria were excluded.

Search strategy
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An initial limited search of MEDLINE was performed through the PubMed interface
to identify articles on the topic, and then the index terms used to describe the articles were
used to develop a comprehensive search strategy for MEDLINE. The search strategy,
which included all identified keywords and index terms, was adapted for use in Cochrane
Central, Scopus, PEDro, and Web of Science. In addition, gray literature and reference lists
of all relevant studies were also searched. Searches were conducted on 31 July 2024 with
no date limitation.

PubMed: ((“Osteoarthritis, Knee”[Mesh] OR “knee osteoarthritis”) AND (“Physio-
therapy”[Mesh] OR “Physical Therapy Modalities”[Mesh] OR “Rehabilitation” OR “exer-
cise therapy”) AND (“Injections, Intra-Articular”’[Mesh] OR “Hyaluronic Acid”[Mesh]
OR “corticosteroid injection” OR “Platelet-Rich Plasma” OR “PRP”) AND (“Pain”[Mesh]
OR “pain management” OR “Quality of Life”[Mesh] OR “functional improvement” OR
“function”))

Scopus: (TITLE-ABS-KEY(“knee osteoarthritis” OR “gonarthrosis”) AND TITLE-
ABS-KEY(“physiotherapy” OR “physical therapy” OR “rehabilitation” OR “exercise ther-
apy”) AND TITLE-ABS-KEY(“intra-articular injections” OR “hyaluronic acid” OR “corti-
costeroid injection” OR “Platelet-Rich Plasma” OR “PRP”) AND TITLE-ABS-KEY(“pain
management” OR “quality of life” OR “functional improvement”))

Cochrane: ((“knee osteoarthritis” OR “gonarthrosis”) AND (“physiotherapy” OR
“physical therapy” OR “rehabilitation” OR “exercise therapy”) AND (“intra-articular in-
jections” OR “hyaluronic acid” OR “corticosteroid injection” OR “Platelet-Rich Plasma”
OR “PRP”) AND (“pain” OR “quality of life” OR “function”))

Web of Science: TS = (“knee osteoarthritis” OR “gonarthrosis”) AND TS = (“physio-
therapy” OR “physical therapy” OR “rehabilitation” OR “exercise therapy”) AND TS =
(“intra-articular injections” OR “hyaluronic acid” OR “corticosteroid injection” OR “Plate-
let-Rich Plasma” OR “PRP”) AND TS = (“pain management” OR “quality of life” OR
“functional improvement”)

Pedro: (“knee osteoarthritis” OR “gonarthrosis”) AND (“physiotherapy” OR “phys-
ical therapy” OR “rehabilitation” OR “exercise therapy”) AND (“intra-articular injec-
tions” OR “hyaluronic acid” OR “corticosteroid injection” OR “Platelet-Rich Plasma” OR
“PRP”)

Study selection

The process described involved a systematic approach to selecting studies for a scop-
ing review. Initially, search results were collected and refined using Zotero, with dupli-
cates removed. The screening involved two levels: title and abstract review, followed by
full-text assessment, both conducted independently by two authors and discrepancies re-
solved by a third. The selection adhered to the PRISMA 2020 guidelines, ensuring trans-
parency and reliability. This rigorous methodology aimed to identify relevant articles that
directly address the research question, maintaining a comprehensive and systematic ap-
proach in the review process.

Data extraction and data synthesis

Data extraction for the scoping review was carried out using a form based on the JBI
tool, capturing crucial details like authorship, publication country and year, study design,
patient characteristics, outcomes, interventions, procedures, and other relevant data. De-
scriptive analyses of these data were conducted, with results presented numerically to
show study distribution. The review process was clearly mapped for transparency, and
data were summarized in tables for easy comparison and understanding of the studies’
key aspects and findings.

3. Results

As presented in the PRISMA 2020 flow diagram (Figure 1), from 181 records identi-
fied by the initial literature searches, 176 were excluded and 5 articles were included (Ta-
bles 1 and 2). The quality of the studies was assessed with the PEDro scale and ROB2
(Table 3).
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Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses 2020 (PRISMA) flow
diagram.

Table 1. Main characteristics of included studies and summary of the studies included in the sys-
tematic review comparing the effectiveness of physiotherapy and intra-articular injections in pa-
tients with knee osteoarthritis, detailing study design, country, sample size, participant characteris-
tics, interventions, and outcomes with follow-up periods.

Authorand  Study Sample Size and Intervention and
. Country .. . . Outcomes and Follow-Up
Year Design Participant Characteristics Control
N (M/F) =120 (45/75); Age > All participants
50 years; Group 1 (n=30), followed a daily 30 min .
mean age 70 (6.3); Group2  exercise program. (s nY?c?riza:tll)f, frIfeCs)SS ain
(n =30), mean age 67.7 (7.3); Group 1 (G1): physical ymproms, st , paill
. . ; function in daily activities
Rezasoltani Group 3 (n =30), mean age therapies (20 min of . .
RCT  Tehran, Iran . and sports, quality of life
Z,2020 [49] 66.1 (9.1); Group 4 (n =30), superficial heat, QOF). Follow-up: 3
mean age 64.8 (5.8); transcutaneous nerve months ('T 1.1 weelf .T2' 1
diagnosis of knee stimulation, 5 min of ' N

ks, T3: 3 ths).
osteoarthritis according to  ultrasound); Group 2 weeks months)

ACR criteria (Grade 34 on (G2): single injection of
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the Kellgren and Lawrence botulinum toxin type

scale). A; Group 3 (G3): three
hyaluronic acid
injections (one per
week); Group 4 (G4):
three dextrose
injections (one per
month).

N (M/F) =165 (44/121); Age Group 1 (G1): received

>18 years; Group 1 (n=55), three hyaluronic acid
mean age 62.8 (13.2); Group injections (one every

e I WA i
.1); Group : : S function), ROM (flexion

Saccomanno . e
MF, 2016 RCT  Rome, Italy fean age 614©.7) rehabilitation program and extension). Follow-up:
[50] dlagno.51.s of knee. (EB.R) fqr the knee (20 6 months (T1: 1 month, T2:
osteoarthritis (excluding sessions in one month); 3 months, T3: 6 months)
Grade IV on the Kellgren = Group 3 (G3): received T '
and Lawrence scale and both treatments
Iwano system); good (hyaluronic acid
general health conditions.  injections and EBR).
N (M/F) = 60 (26/34); Age All participants
range: 59-72 years; Group 1 ~ followed the same
(n=20), mean age 65.3 exercise protocol (5
(3.52); Group 2 (n=20), sessions per week for 8
mean age 66.4 (3.49); Group weeks); Group 1 (G1,
Bao X, 2018 Shao-Guan, 3(n= 20?, mear‘1 age 66.0 N CF)ntrol): saline WOMAC, VAS (pain), SF-
[51] RCT China (2.09); dla.g'nos1s of knee 1n]e(?t10n; .G.rou'p 2 (G2): 36. Follow-up: 2 months
osteoarthritis (Grade II or single injection of  (T1: 4 weeks, T2: 8 weeks).
higher on the Kellgren and  botulinum toxin type
Lawrence scale); VAS pain A; Group 3 (G3):
score 26 after walking hyaluronate injection
continuously for 100 m on  (once per week for 5
flat terrain. weeks).
HSS knee score (pain,
function, ROM, strength,
N (M/F) =105 (15/90); Mean flexion deformity,
age 56 years; Group 1 (n= Group 1 (G1): received instability, contractures);
52), mean age 57.8 (12.1);  three hyaluronicacid Pain at rest, pain while
Karatosun Prospective  Izmir, Group 2 (n = 51.%), mea.n age inject.ions (one per ' c%imbing stairs, pair}
V, 2009 [52] RCT Turkey 55.3 (13.6); Dlagno's%s of  week); Grqup 2 (G2): (%urmg transfers, walking
knee osteoarthritis progressive knee  distance, ROM. Follow-up:
according to ACR criteria exercise program for 6 18 months (T1: 1 week, T2:
(Grade III on the Kellgren weeks. 2 weeks, T3: 3 weeks, T4: 6
and Lawrence scale). weeks, T5: 3 months, T6: 6
months, T7: 12 months, T8:
18 months).
N (M/F) =102 (0/102); Age> Group 1 (G1):knee VAS, JKOM, OMERACT-
Kawasaki T, Prospective 50 years (post-menopausal ' exerc.ise program OARSI (péil‘\/fl.ll’.lCtiOI‘l),
Japan women); Group 1 (n=52), (isometric exercises and ROM, swelling, joint space

2009 [53] RCT

mean age 71.2 (7.1); Group 2 ROM exercises); Group width (JSW), biochemical
(n=>50), mean age 69.5 (8.4); 2 (G2): hyaluronic acid markers. Follow-up: 6
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diagnosis of medial
femorotibial compartment

knee osteoarthritis
according to ACR criteria.

injection (once per  months (T1: 4 weeks, T2: 8
week for 5 weeks). weeks, T3: 12 weeks, T4:

16 weeks, T5: 20 weeks,
T6: 24 weeks).

Legend: ACR: American College of Rheumatology, ADL: activities of daily living, EBR: exercise-
based rehabilitation, G1: Group 1, G2: Group 2, G3: Group 3, G4: Group 4, HSS: Hospital for Special
Surgery Knee Score, JKOM: Japanese Knee Osteoarthritis Measure, KOOS: Knee Injury and Osteo-
arthritis Outcome Score, PRP: platelet-rich plasma, QOF: quality of life, ROM: range of motion, SF-
36: Short-Form Health Survey, VAS: visual analog scale, WOMAC: Western Ontario and McMaster
Universities Osteoarthritis Index, JSW: joint space width, OMERACT: Outcome Measures in Rheu-

matology.

Table 2. Table of study comparisons showing a comparison of outcomes in different treatment
groups from the studies included in the systematic review on knee osteoarthritis. Each group was
treated with different interventions such as physical therapy, botulinum toxin type A injections,
hyaluronic acid, and dextrose. Results are summarized in terms of pain relief (VAS), function
(WOMAC, KOOS), range of motion (ROM), and other key outcome measures across various follow-

up periods.

Author Group 1(G1) Group 2 (G2) Group 3 (G3) Group 4 (G4)

Comparison

VAS: G3<Gl, G2, G4 (p<0.05); G2>G1 (p =
0.015). KOOS: G3 < G1, G2, G4 (p < 0.05); G2 =

toxin type A Hyaluronic Dextrose VAS  G1 (p =0.254); G4 = G1 (p =0.097). KOOS
+(p <0.001)

subgroups: G2 > G1 (p <0.001 for symptoms,
pain, sport, quality of life (QOF)); G2 > G4 (p <
0.004 for symptoms).

WOMAC pain: G3 > G1 (T1, p = 0.043);
WOMAC stiffness: G2 at T3<G2 at T1 (p <
0.004); G3 at T3 < G3 at T1 (p = 0.001);
WOMAC function: G1 =G2=G3; G2 at T3 <
G2 at T1 (p = 0.025); AROM: G1 =G2=G3.

. Physical Botulinum
Rezasoltani therapy VAS
220049 [ fg’ ooy VAS*(p<  addVAS+
p=t 0.001)
. Exercise-based EBR +
Hyaluronic - .
SaccomannoaCi JWOMAC rehabilitation ~Hyaluronic
ME, 2016 ) (EBR) WOMACacid WOMAC
pain + (p < . .
[50] 0.0001) pain + (p < pain + (p <
' 0.0001) 0.0001)
Saline Botulinum Hvaluronat
Bao X, 2018  injection toxin type A Vz;gll\l/lz Ca+e
[51] WOMAC-  WOMAC + VAS + SF-36

VAS-SF-36 VAS + SF-36

WOMAC/VAS: G2>G1, G2>G3 (T1, p<
0.05); G1=G3 (T1, p > 0.05). WOMAC/VAS:
G2 > Gl1, G3 (T2, p <0.05). SF-36: G2 > G1 (11,
p<0.01); G2>G3 (T1, p<0.05); G1=G3 (T1, p
=0.29); G2>Gl1, G3 (T2, p < 0.01).

Hyaluronic Exercise
acid HSS +; program HSS +;
Pain atrest+; Pain during
Karatosun Pain while transfers + (T1,
V,2009 [52] climbing p=0.042;T2,p
stairs +; Pain = 0.000; T3, p =
during 0.010; T4, p =
transfers + 0.024)

Pain during transfers: G2 > G1 (T1-T4); Pain
during activities: G1 > G2 (T4, p=0.039; T5, p
= 0.001); Walking distance: G1 > G2 (T5, p =
0.012); HSS total score: G1 > G2 (T5, p = 0.023);
Gl =G2 (T6); G2 > G1 (T7).

Exercise Hyaluronic
program VAS acid VAS + —
+JKOM + JKOM +

Kawasaki T,
2009 [53]

VAS: G1=G2 (T6, p=0.171); JKOM: G1 =G2
(T6, p=0.721); OMERACT-OARSI: G1 = G2
(T6, p =0.767); Swelling: G1 > G2 (early OA, p
=0.019); G1 = G2 (advanced OA, p =0.571);
ROM: G1 = G2 (early OA, p=0.879); G1 =G2
(advanced OA, p = 0.094). Biochemical
markers: G1 = G2 (T6).
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3.1. Pain Reduction (VAS—Visual Analog Scale)
e Rezasoltani Z, 2020 [49]:

o

All groups (physical therapy, botulinum toxin type A, hyaluronic acid, and dex-
trose) showed significant reductions in pain as measured by VAS. The botulinum
toxin type A and dextrose groups exhibited the greatest reductions in pain com-
pared to the physical therapy and hyaluronic acid groups. Specifically, Group 3
(hyaluronic acid) had significantly lower VAS scores than Groups 1 (physical
therapy), 2 (botulinum toxin type A), and 4 (dextrose) (p < 0.05). Additionally,
Group 2 (botulinum toxin) showed better results than Group 1 (physical therapy)
(p=0.015).

e Saccomanno MF, 2016 [50]:

e)

Significant reductions in pain were observed in all three groups (hyaluronic acid,
exercise-based rehabilitation (EBR), and combined treatment). The group that re-
ceived both hyaluronic acid and EBR (Group 3) showed the largest reduction in
pain compared to the hyaluronic acid-only group (p = 0.043 at T1). Pain in the
EBR-only group deteriorated at T3 compared to T1 (p < 0.004).

e BaoX, 2018 [51]:

@)

Both the botulinum toxin type A group and the hyaluronate group demonstrated
significant reductions in pain according to VAS compared to the saline injection
control group. Group 2 (botulinum toxin type A) was significantly more effective
in reducing pain compared to Groups 1 and 3 (hyaluronate) at both T1 (p < 0.05)
and T2 (p < 0.05).

e  Karatosun V, 2009 [52]:

e}

Both groups (hyaluronic acid and exercise program) showed significant pain re-
duction, particularly at rest and during transfers. The exercise group (G2) was
significantly better at reducing pain during transfers compared to the hyaluronic
acid group (T1-T4). However, for pain during activities, the hyaluronic acid
group (G1) performed better at T4 (p = 0.039) and T5 (p = 0.001).

e Kawasaki T, 2009 [53]:

o

Both the exercise and hyaluronic acid groups demonstrated significant reduc-
tions in pain (VAS). No significant difference was found between the two groups
at the 6-month follow-up (T6) (p =0.171).

3.2. Function (WOMAC and KOQOS Scores)
e  Rezasoltani Z, 2020 [49]:

o

The KOOS scores (including subdomains of symptoms, stiffness, pain, function
in daily activities, sports, and quality of life) showed improvement in all groups.
Group 3 (hyaluronic acid) had significantly lower KOOS scores compared to
Groups 1 (physical therapy), 2 (botulinum toxin type A), and 4 (dextrose) (p <
0.05). Group 2 (botulinum toxin type A) demonstrated better outcomes in KOOS
subgroups—particularly in reducing symptoms, pain, sports function, and qual-
ity of life—than the physical therapy group (p < 0.001).

e  Saccomanno MF, 2016 [50]:

@)

All groups demonstrated improvements in WOMAC scores (pain, stiffness, and
function). Group 3 (hyaluronic acid + EBR) had better pain outcomes than Group
1 (hyaluronic acid alone) (p < 0.043 at T1). Stiffness in the EBR group (G2) wors-
ened from T1 to T3 (p = 0.026), and the EBR group also saw a deterioration in
function between T1 and T3 (p = 0.025). No significant differences were found in
active range of motion (AROM) between the groups.

e BaoX, 2018 [51]:
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o Both Group 2 (botulinum toxin type A) and Group 3 (hyaluronate) had signifi-
cantly improved WOMAC scores in pain and function compared to Group 1 (sa-
line). Group 2 showed significantly better results in WOMAC pain and function
than Group 3 at T1 (p <0.05) and T2 (p < 0.05). Group 2 also showed significantly
better SF-36 scores for quality of life at both T1 and T2 than the other groups (p <
0.01).

e  Karatosun V, 2009 [52]:

o Significant improvements in function were observed in both groups, as measured
by the HSS knee score. The exercise group (G2) showed better results in transfer
activities than the hyaluronic acid group at T1-T4, but at T5, the hyaluronic acid
group demonstrated better performance in daily activities (p <0.039) and walking
distance (p = 0.012).

e  Kawasaki T, 2009 [53]:

o Both groups (exercise and hyaluronic acid) showed improvements in function as

measured by JKOM (Japanese Knee Osteoarthritis Measure) and OMERACT-

OARSI scores. However, no significant difference was observed between the two
groups at T6 (p = 0.721 for JKOM, p = 0.767 for OMERACT-OARSI).

3.3. Range of Motion (ROM)
e Rezasoltani Z, 2020 [49]:

o No specific ROM measurements were reported, but improvements in function
were noted in the KOOS subdomains, including ROM-related activities like
sports.

e  Saccomanno MF, 2016 [50]:
o Nosignificant changes in active ROM were reported in any of the groups. AROM
remained unchanged across the hyaluronic acid, EBR, and combined treatment
groups (p > 0.05).
e BaoX, 2018 [51]:
o No specific results for ROM were reported, but improvements in function and
daily activities imply some level of ROM enhancement.

e  Karatosun 'V, 2009 [52]:

o Both groups demonstrated significant improvements in ROM, particularly in
knee flexion. However, the hyaluronic acid group showed better ROM improve-
ments at T5 (p = 0.000), and the overall HSS score, which includes ROM, was
higher in this group at T5 (p = 0.023).

e  Kawasaki T, 2009 [53]:

o Both groups (exercise and hyaluronic acid) showed improvements in ROM, par-
ticularly in early stage OA. ROM improvement was not statistically significant
between the groups in advanced OA (p = 0.094), but for early OA, ROM improve-
ments were comparable (p = 0.879).

3.4. Swelling and Joint Space Width (JSW)
e  Kawasaki T, 2009 [53]:

o The exercise group showed significantly greater reductions in joint swelling com-
pared to the hyaluronic acid group in early stage OA (p=0.019). In advanced OA,
no significant differences were observed between the two groups (p =0.571). Joint
space width (JSW) was not significantly different between the groups, indicating
no major structural changes during the 6-month follow-up.
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3.5. Quality of Life (SF-36 and KOOS QOF)
e  Rezasoltani Z, 2020 [49]:
o Group 2 (botulinum toxin type A) showed the best improvement in the quality
of life (QOF) subdomain of the KOOS score compared to the other groups (p <
0.001). Group 2 also outperformed Group 4 (dextrose) in reducing symptoms and
improving quality of life (p <0.004).
e Saccomanno MF, 2016 [50]:

o Quality of life was measured through WOMAC, but specific QOF results were
not separately reported.

e Bao X, 2018 [51]:

o Group 2 (botulinum toxin type A) showed significant improvements in SF-36
quality of life scores compared to Group 1 (saline) and Group 3 (hyaluronate) at
T1 (p < 0.01) and T2 (p < 0.01). Group 2 had the highest SF-36 scores across all
follow-up points.

3.6. Biochemical Markers
e  Kawasaki T, 2009 [53]:

o There were no significant differences between the exercise and hyaluronic acid
groups in terms of biochemical markers. Both groups showed similar results at
T6 for markers of inflammation and cartilage degradation.

Table 3. Quality assessment using PEDro and RoB-2 scales. Quality assessment of six randomized
controlled trials (RCTs) investigating graded motor imagery (GMI) and mirror therapy (MT) in pa-
tients with complex regional pain syndrome (CRPS) using the PEDro and RoB-2 Scales.

RoB-2: Bias Due

PEDro RoB-2: Bias in to Deviations RoB-2: Bias RoB-2: Biasin RoB-2: Bias in Overall
Study Score Randomization Due to Missing Outcome  Selection of the RoB-2 Risk
from Intended .
(Total) Process . Outcome Data Measurement Reported Result of Bias
Interventions
Rezasoltani Z, . . . . . .
08-ott Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
2020 [49]
S S
MaF(iC;) Srllzr[lg(c))] 07-ott Low Risk Some Concerns Low Risk Low Risk Some Concerns Cor(l)(r::fns
Bao X, 201
ao X, 2018 08-ott Low Risk Low Risk Low Risk  Some Concerns Some Concerns Some
[51] Concerns
Karatosun V, . . . Some
06-ott Some Concerns Some Concerns Low Risk Low Risk Low Risk
2009 [52] Concerns
Kawasaki T, . . Some
06-ott Low Risk Some Concerns Low Risk  Some Concerns Some Concerns
2009 [53] Concerns

Legend: PEDro Score: Physiotherapy Evidence Database Score, RoB-2: Risk of Bias 2 Tool.

4. Discussion

The aim of this review was to evaluate the effectiveness of physiotherapy compared
to intra-articular injections in the treatment of knee osteoarthritis (OA). However, the
available literature offers limited direct comparisons between these two therapeutic ap-
proaches. Upon reviewing the selected studies, several issues became apparent, particu-
larly in relation to the variability in participant characteristics, interventions, outcome
measures, and follow-up durations. This heterogeneity complicates the ability to general-
ize findings or draw robust conclusions. The total participant count across all included
studies amounted to 552, with a clear predominance of female subjects (422 women to 130
men). Most studies provided detailed descriptions of the participants’ ages and treatment
groups, and nearly all used the Kellgren and Lawrence classification to specify the severity
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of knee OA among participants, except for one study. This inconsistency further contrib-
utes to the difficulty in comparing results across different interventions and study designs.

A key aspect of the studies was the inclusion of exercise programs, which featured
prominently in most of the interventions. In two studies, all participants engaged in exer-
cise regimens aimed at improving knee function. The exercise protocols varied in intensity
and frequency, with one study prescribing daily isometric quadriceps and gastrocnem-
ius/soleus stretching, while the other study incorporated strengthening and balance exer-
cises over five weekly sessions for eight weeks. The remaining studies assigned exercise
programs only to specific treatment groups, with protocols ranging from isolated exercise
sessions to more comprehensive programs integrated with other treatments, such as hya-
luronic acid injections [40,54]. These variations in exercise intervention approaches high-
light the challenge of standardizing treatment comparisons across studies. When examin-
ing the efficacy of different treatments, the study by Rezasoltani et al. [49] stands out for
its comparison of physical therapy with three different types of intra-articular injections—
botulinum toxin, hyaluronic acid, and dextrose. While all treatments demonstrated effec-
tiveness in managing knee OA, the injection groups, particularly those receiving botuli-
num toxin and dextrose, showed more substantial and sustained pain relief over a three-
month period. This finding suggests that intra-articular injections, especially botulinum
toxin, may provide more immediate and longer-lasting benefits in pain control than phys-
ical therapy [55-57]. However, the broader implications for long-term function recovery
remain unclear, as physical therapy was not as effective in reducing pain but might still
play a role in overall functional improvement. The term ‘long-term’ in this study refers to
follow-up periods extending to 6 months and beyond, as indicated by the included stud-
ies, with one study following patients for up to 18 months. Similarly, in the work of Sac-
comanno et al. [50], the efficacy of hyaluronic acid injections and knee-specific exercise
programs was compared, both separately and in combination. This study further rein-
forces the idea that a multi-modal approach may offer more comprehensive benefits.
While all treatment groups exhibited early improvements in pain and function, the com-
bination of hyaluronic acid injections and exercise yielded the most pronounced short-
term pain relief. However, this effect diminished over time, and by the six-month follow-
up, the benefits had substantially waned. The exercise-only group, in contrast, showed a
notable deterioration in pain and function by the study’s end, underscoring the potential
limitations of exercise when used in isolation. Despite these findings, Saccomanno et al.
concluded that the integrated treatment approach was most effective in achieving short-
term pain reduction, although longer-term effectiveness remained uncertain. Further sup-
porting these findings, Bao et al. [51] focused on the combination of therapeutic exercise
following injections of either botulinum toxin type A or hyaluronate [58-60]. The results
were particularly compelling for the botulinum toxin group, which demonstrated signifi-
cant improvements in both pain and functional outcomes. Bao’s study suggests that re-
ducing pain through injections may facilitate better patient adherence to exercise pro-
grams, as participants experiencing less pain are more likely to engage in and benefit from
rehabilitation. Interestingly, the botulinum toxin group consistently outperformed the hy-
aluronate group in terms of pain relief and functional gains, suggesting that this particular
injection may offer superior benefits for short-term symptom management.

In contrast, Karatosun et al. [52] explored the long-term outcomes of hyaluronic acid
injections versus a progressive six-week exercise program. Although both groups exhib-
ited significant improvements in pain and function, the study’s long-term follow-up (18
months) revealed minimal differences between the two approaches. This suggests that
while short-term variations in treatment efficacy may exist, the long-term benefits of hya-
luronic acid injections and exercise programs may converge. Therefore, Karatosun'’s find-
ings support the use of either treatment modality, particularly for patients seeking symp-
tom relief and functional improvement over an extended period. Finally, Kawasaki et al.
[53] focused on a cohort of post-menopausal women with knee OA, comparing the effects
of hyaluronic acid injections and an exercise program. Both treatments significantly
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reduced pain and improved function, with no major differences between the two groups
at the six-month follow-up. However, Kawasaki’s study introduced an important distinc-
tion between early-stage and advanced OA, demonstrating that exercise was particularly
effective in reducing swelling and improving ROM in patients with early-stage OA, while
the benefits in advanced OA were less pronounced. Hyaluronic acid injections primarily
provide lubrication and cushioning within the joint, whereas botulinum toxin injections
act by reducing muscle spasms and pain. Both can be effective, but botulinum toxin may
offer more immediate pain relief in some cases. This nuanced finding underscores the im-
portance of tailoring treatment strategies to disease severity, with early interventions,
such as exercise, potentially offering greater benefits for long-term joint health and mobil-
ity. While previous studies have explored the effectiveness of physiotherapy and injection
therapy for managing knee osteoarthritis, this study provides a novel approach by directly
comparing the short-term and long-term outcomes of these treatments across multiple
dimensions, such as pain relief, functional recovery, and quality of life, in a broader pop-
ulation. Additionally, the integration of combination therapy (physiotherapy and injec-
tions) in this analysis offers unique insights into its potential for synergistic benefits,
which has been less explored in prior research. The heterogeneity of follow-up durations
and the variability in patient characteristics across existing studies make direct compari-
sons challenging, but this study attempts to standardize these variables, providing a more
robust evaluation of treatment outcomes.

This review highlights several limitations. First, the heterogeneity in the study de-
signs, populations, and interventions across the included studies makes direct compari-
sons challenging. The variation in OA severity, exercise protocols, and injection types in-
troduces confounding factors. Additionally, the studies used different primary and sec-
ondary outcome measures, and follow-up periods varied widely, ranging from 8 weeks
to 18 months, which limits the ability to draw definitive conclusions on long-term efficacy.
The predominance of female participants may also limit the generalizability of the results
to a broader population. Finally, the relatively small sample sizes in some studies and the
lack of blinding in certain trials raise concerns about potential biases in the results.

Implications for Clinical Practice

The findings of this review suggest several important clinical implications for the
management of knee osteoarthritis (OA). Both physiotherapy and intra-articular injections
offer valuable treatment options, but their use should be tailored to the patient’s specific
condition and treatment goals.

1. Intra-articular injections, particularly botulinum toxin and hyaluronic acid, can pro-
vide rapid pain relief, making them suitable for patients with moderate to severe
pain. These injections may also facilitate better patient compliance with subsequent
rehabilitation programs by reducing discomfort during exercise. Intra-articular injec-
tions carry some risks, including infection, bleeding, allergic reactions, and, in rare
cases, damage to the joint. Repeated injections may also contribute to cartilage deg-
radation over time.

2. Physiotherapy, while not as effective for immediate pain control, plays a crucial role
in long-term functional recovery, especially in patients with early-stage OA. Regular
exercise programs that focus on strengthening, range of motion, and proprioception
can help maintain joint mobility and reduce the risk of progression.

3. Combination therapy, integrating both intra-articular injections and physiotherapy,
appears to offer optimal short-term benefits, particularly in pain reduction and im-
proving quality of life. This approach may be ideal for patients who need immediate
relief but also aim for long-term functional improvements.

4. Early intervention, particularly with exercise-based rehabilitation, is critical in man-
aging early-stage OA. Patients with mild symptoms may benefit more from non-
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invasive physiotherapy interventions, delaying or avoiding the need for injections or
surgical interventions.

5. Conclusions

This review highlights the complementary roles of physiotherapy and intra-articular
injections in managing knee osteoarthritis. Injections, particularly botulinum toxin and
hyaluronic acid, offer effective short-term pain relief, while physiotherapy supports long-
term functional recovery, especially in early stage OA. Combining both treatments may
provide optimal results, but individual treatment should be tailored to the patient’s needs
and disease severity. Further research is needed to explore the long-term efficacy of and
best practices for integrating these therapies in clinical care.

Author Contributions: R.T. and D.P. conceptualized and designed the study and was responsible
for data acquisition. R.T. drafted the manuscript. D.D. provided supervision and guidance through-
out the study. F.G. and T.D. performed the editing of the manuscript. D.P. and F.C. and L.T. re-
viewed the manuscript and curated the methodology. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

Pereira, D.; Peleteiro, B.; Aratijo, J.; Branco, J.; Santos, R.A.; Ramos, E. The Effect of Osteoarthritis Definition on Prevalence and
Incidence Estimates: A Systematic Review. Osteoarthr. Cartil. 2011, 19, 1270-1285. https://doi.org/10.1016/j.joca.2011.08.009.
Felson, D.T.; Lawrence, R.C.; Dieppe, P.A.; Hirsch, R.; Helmick, C.G.; Jordan, ].M.; Kington, R.S.; Lane, N.E.; Nevitt, M.C.; Zhang,
Y.; et al. Osteoarthritis: New Insights. Part 1: The Disease and Its Risk Factors. Ann. Intern. Med. 2000, 133, 635-646.
https://doi.org/10.7326/0003-4819-133-8-200010170-00016.

Ricci, V.; Mezian, K.; Cocco, G.; Donati, D.; Narika, O.; Fari, G.; Ozcakar, L. Anatomy and Ultrasound Imaging of the Tibial
Collateral Ligament: A Narrative Review. Clin. Anat. 2022, 35, 571-579. https://doi.org/10.1002/ca.23864.

Johnson, V.L.; Hunter, D.J. The Epidemiology of Osteoarthritis. Best. Pract. Res. Clin. Rheumatol. 2014, 28, 5-15.
https://doi.org/10.1016/j.berh.2014.01.004.

Tarantino, D.; Forte, A.M.; Picone, A.; Sirico, F.; Ruosi, C. The Effectiveness of a Single Hyaluronic Acid Injection in Improving
Symptoms and Muscular Strength in Patients with Knee Osteoarthritis: A Multicenter, Retrospective Study. . Pers. Med. 2024,
14, 784. https://doi.org/10.3390/jpm14080784.

Tarantino, D.; Mottola, R.; Palermi, S.; Sirico, F.; Corrado, B.; Gnasso, R. Intra-Articular Collagen Injections for Osteoarthritis: A
Narrative Review. Int. |. Environ. Res. Public Health 2023, 20, 4390. https://doi.org/10.3390/ijerph20054390.

O'Neill, T.W.; McCabe, P.S.; McBeth, J. Update on the Epidemiology, Risk Factors and Disease Outcomes of Osteoarthritis. Best
Pract. Res. Clin. Rheumatol. 2018, 32, 312-326. https://doi.org/10.1016/j.berh.2018.10.007.

Tedeschi, R.; Platano, D.; Donati, D.; Giorgi, F. Integrating the Drucebo Effect into PM&R: Enhancing Outcomes through Ex-
pectation Management. Am. . Phys. Med. Rehabil. 2024, 103, e174. https://doi.org/10.1097/PHM.0000000000002544.

Felson, D.T.; Zhang, Y.; Anthony, ].M.; Naimark, A.; Anderson, J.J]. Weight Loss Reduces the Risk for Symptomatic Knee Oste-
oarthritis in Women. The Framingham Study. Ann. Intern. Med. 1992, 116, 535-539. https://doi.org/10.7326/0003-4819-116-7-535.
Messier, S.P.; Legault, C.; Mihalko, S.; Miller, G.D.; Loeser, R.F.; DeVita, P.; Lyles, M.; Eckstein, F.; Hunter, D.]J.; Williamson, ].D.;
et al. The Intensive Diet and Exercise for Arthritis IDEA) Trial: Design and Rationale. BMC Musculoskelet. Disord. 2009, 10, 93.
https://doi.org/10.1186/1471-2474-10-93.

Zhang, Y., Jordan, JM. Epidemiology of Osteoarthritis. Clin.  Geriatr. Med. 2010, 26, 355-369.
https://doi.org/10.1016/j.cger.2010.03.001.

Lespasio, M.].; Piuzzi, N.S.; Husni, M.E.; Muschler, G.F.; Guarino, A.; Mont, M.A. Knee Osteoarthritis: A Primer. Perm. J. 2017,
21, 16-183. https://doi.org/10.7812/TPP/16-183.

Boccolari, P.; Pantaleoni, F.; Tedeschi, R.; Donati, D. The Mechanics of the Collateral Ligaments in the Metacarpophalangeal
Joints: A Scoping Review. Morphologie 2024, 108, 100770. https://doi.org/10.1016/j.morpho.2024.100770.

Hadler, N.M. Knee Pain Is the Malady--Not Osteoarthritis. Ann. Intern. Med. 1992, 116, 598-599. https://doi.org/10.7326/0003-
4819-116-7-598.



J. Pers. Med. 2024, 14, 1077 14 of 16

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Arnoldi, C.C,; Lemperg, K.; Linderholm, H. Intraosseous Hypertension and Pain in the Knee. J. Bone Joint Surg. Br. 1975, 57,
360-363.

Simkin, P.A. Bone Pain and Pressure in Osteoarthritic Joints. Novartis Found. Symp. 2004, 260, 179-186; discussion 186-190, 277-
279.

Akyiiz, G.; Bulak, E. Osteoarthritis and pain. Agri 2007, 19, 31-35.

Yasuda, T. Effects of Birth Weight on Body Composition, Physical Fitness, and Sarcopenia Assessments in Young Japanese
Women. PLoS ONE 2024, 19, e0297720. https://doi.org/10.1371/journal.pone.0297720.

Sarto, F.; Franchi, M.V.; McPhee, ].S.; Stashuk, D.W.; Paganini, M.; Monti, E.; Rossi, M.; Sirago, G.; Zampieri, S.; Motanova, E.S.;
et al. Neuromuscular Impairment at Different Stages of Human Sarcopenia. J. Cachexia Sarcopenia Muscle 2024, 15, 1797-1810.
https://doi.org/10.1002/jcsm.13531.

Fukui, J.; Matsui, Y.; Mizuno, T.; Watanabe, T.; Takemura, M.; Ishizuka, S.; Imagama, S.; Arai, H. Comparison of Gait Analysis
before and after Unilateral Total Knee Arthroplasty for Knee Osteoarthritis. . Orthop. Surg. Res. 2024, 19, 506.
https://doi.org/10.1186/s13018-024-04891-w.

Deguchi, N.; Tanaka, R.; Akita, T. Association Between Sarcopenic Obesity and Frailty Risk in Community-Dwelling Older
Women With Locomotive Syndrome: A Cross-Sectional Survey. Cureus 2024, 16, e64612. https://doi.org/10.7759/cureus.64612.
Fowler, T.J.; Howells, N.R.; Blom, A.W.; Sayers, A.; Whitehouse, M.R. Association between Surgeon Training Grade and the
Risk of Revision Following Unicompartmental Knee Replacement: An Analysis of National Joint Registry Data. PLoS Med. 2024,
21, €1004445. https://doi.org/10.1371/journal.pmed.1004445.

Ramo, S.; Frangakis, S.; Waljee, ].F.; Bicket, M.C. Risk Factors for Persistent Postoperative Opioid Use: An Entity Distinct from
Chronic Postsurgical Pain. Reg. Anesth. Pain. Med. 2024, Sep 11:rapm-2024-105599. https://doi.org/10.1136/rapm-2024-105599.
Luo, H.; Zheng, Z.; Xiong, Y.; Xu, H.; Xue, Q.; Sun, C. Association between Folate Intake and Radiographic Progression, Pain
Function Scores in Subjects with Radiographic Knee Osteoarthritis: Data from the Osteoarthritis Initiative. Int. . Rheum. Dis.
2024, 27, €15333. https://doi.org/10.1111/1756-185X.15333.

Liu, J.; Jin, H.; Yon, D.K; Soysal, P.; Koyanagi, A.; Smith, L.; Shin, ].I; Li, Y.-S.; Rahmati, M.; Zhang, J. Risk Factors for Depression
in Patients With Knee Osteoarthritis: A Systematic Review and Meta-Analysis. Orthopedics 2024, 47, e225-e232.
https://doi.org/10.3928/01477447-20240821-10.

Lisee, C.; Obudzinski, S.; Pietrosimone, B.G.; Alexander Creighton, R.; Kamath, G.; Longobardi, L.; Loeser, R.; Schwartz, T.A.;
Spang, ].T. Association of Serum Biochemical Biomarker Profiles of Joint Tissue Inflammation and Cartilage Metabolism With
Posttraumatic Osteoarthritis-Related Symptoms at 12 Months After ACLR. Am. ]. Sports Med. 2024, 52, 2503-2511.
https://doi.org/10.1177/03635465241262797.

Minoda, Y.; Nakagawa, S.; Ueyama, H.; Warashina, H.; Kato, M.; Matsumoto, T.; Nozaki, M.; Kobayashi, M.; Horikoshi, Y.;
Yasuda, ]. Clinical Outcomes and Radiolucent Line Analysis in Cementless Mobile-Bearing Total Knee Arthroplasty: A Pro-
spective Multicentre Study in Japan. Sci. Rep. 2024, 14, 20902. https://doi.org/10.1038/s41598-024-71806-4.

Tedeschi, R. Biomechanical Alterations in Lower Limb Lymphedema: Implications for Walking Ability and Rehabilitation.
Phlebology 2023, 38, 496-502. https://doi.org/10.1177/02683555231188236.

Castagno, S.; Birch, M.; van der Schaar, M.; McCaskie, A. Predicting Rapid Progression in Knee Osteoarthritis: A Novel and
Interpretable Automated Machine Learning Approach, with Specific Focus on Young Patients and Early Disease. Ann. Rheum.
Dis. 2024, Sep 4: ard-2024-225872. https://doi.org/10.1136/ard-2024-225872.

Yan, M.; Du, M,; Yu, T.; Xiao, L,; Li, Y.; Wang, C.; Li, X.; Ning, C. Concordance of Ultrasound and Dual-Energy CT in Diagnosing
Gouty Arthritis in the Knee Joint: A Retrospective Observational Study. Acad. Radiol. 2024, S1076-6332(24)00605-6.
https://doi.org/10.1016/j.acra.2024.08.041.

D’Agostino, V.; Sorriento, A.; Cafarelli, A.; Donati, D.; Papalexis, N.; Russo, A.; Lisignoli, G.; Ricotti, L.; Spinnato, P. Ultrasound
Imaging in Knee Osteoarthritis: Current Role, Recent Advancements, and Future Perspectives. |. Clin. Med. 2024, 13, 4930.
https://doi.org/10.3390/jcm13164930.

Tedeschi, R.; Giorgi, F. What Is Known about the RegentK Regenerative Treatment for Ruptured Anterior Cruciate Ligament?
A Scoping Review. Man. Med. 2023, 61, 181-187. https://doi.org/10.1007/s00337-023-00953-y.

Tedeschi, R.; Benedetti, M.G.; Berti, L.; Donati, D.; Platano, D. Transcranial Direct Current Stimulation in the Treatment of
Chronic Knee Pain: A Scoping Review. Appl. Sci. 2024, 14, 7100. https://doi.org/10.3390/app14167100.

Tedeschi, R. Adapting RegentK Principles for Nonsurgical Meniscal Tear Management: An Innovative Case Report. Man. Med.
2024. https://doi.org/10.1007/s00337-024-01062-0.

Tarantino, D.; Theysmans, T.; Mottola, R.; Verbrugghe, ]. High-Intensity Training for Knee Osteoarthritis: A Narrative Review.
Sports 2023, 11, 91. https://doi.org/10.3390/sports11040091.

Wei, G.; Shang, Z; Li, Y.; Wu, Y.; Zhang, L. Effects of Lower-Limb Active Resistance Exercise on Mobility, Physical Function,
Knee Strength and Pain Intensity in Patients with Total Knee Arthroplasty: A Systematic Review and Meta-Analysis. BMC
Musculoskelet. Disord. 2024, 25, 730. https://doi.org/10.1186/s12891-024-07845-9.

Bedtger, D.; Simony, C.; Tang, L.H.; Skou, S.T.; Holm, P.M. From Hands to Words-Physiotherapists Experience of Delivering
Online Exercise and Education for Individuals with Knee Osteoarthritis. Musculoskelet. Care 2024, 22, e1938.
https://doi.org/10.1002/msc.1938.

Dieter, V.; Janssen, P.; Krauss, I. Efficacy of the mHealth-Based Exercise Intervention re.flex for Patients with Knee Osteoarthritis:
Pilot Randomized Controlled Trial. JMIR Mhealth Uhealth 2024, 12, e54356. https://doi.org/10.2196/54356.



J. Pers. Med. 2024, 14, 1077 15 of 16

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Song, S.-H.; Lee, S.-K.; Ahn, S.-H. The Effect of Kinesio Taping on Joint Range of Motion and Balance in Total Knee Replacement
Patients. |. Exerc. Rehabil. 2024, 20, 131-136. https://doi.org/10.12965/jer.2442254.127.

Fari, G.; Mancini, R.; Dell’Anna, L.; Ricci, V.; Della Tommasa, S.; Bianchi, F.P.; Ladisa, I.; De Serio, C.; Fiore, S.; Donati, D.; et al.
Medial or Lateral, That Is the Question: A Retrospective Study to Compare Two Injection Techniques in the Treatment of Knee
Osteoarthritis Pain with Hyaluronic Acid. J. Clin. Med. 2024, 13, 1141. https://doi.org/10.3390/jcm13041141.

Goh, S.-L.; Chong, M.W; Ling, J; Jaafar, Z.; Lim, Z.-L.; Yau, M.-Y.; Ong, T.; Richards, J. Semi-Invasive Therapies for Pain in
Knee Osteoarthritis: A Systematic Review and Network Meta-Analysis. Pain Pract. Sep 12. doi: 10.1111/papr.13404. Epub
ahead of print. PMID: 39267256.

Herrero, C.; Wasterlain, A.; Bloom, D.A.; Pham, H.; Weinberg, M.; Dragoo, J.L.; Strauss, E.J. Leukocyte-Poor Platelet-Rich
Plasma as a Treatment for Patellar Tendinopathy A Multicenter, Randomized Controlled Trial. Bull. NYU Hosp. Jt. Dis. 2024, 82,
266-272.

Richter, D.L.; Harrison, J.L.; Faber, L.; Schrader, S.; Zhu, Y.; Pierce, C.; Watson, L.; Shetty, A.; Schenck, R.C. Microfragmented
Adipose Tissue Injection Reduced Pain Compared to a Saline Control among Patients with Symptomatic Knee Osteoarthritis
during One-Year Follow-up: A Randomized, Controlled Trial. Arthrosc. . Arthrosc. Relat. Surg. 2024, Sep 10. doi:
10.1007/510926-024-10234-7. Epub ahead of print. PMID: 39256255.

Cheng, T.J.; Nieuwenhuijsen, K.; Kuijer, P.P.F.M. Does Knee Arthroplasty Have a Beneficial Effect on Return to Work in Patients
with Knee Osteoarthritis Who Receive Long-Term Disability Benefits in The Netherlands? ]. Occup. Rehabil. 2024.
https://doi.org/10.1007/s10926-024-10234-7.

Paez, Y.D.; Brown, M.; Jabri, A.; Lui, G.; Hui, W.-K.; Hernandez, N.; Parks, M.; Della-Valle, A.G.; Goodman, S.; Mandl, L.A; et
al. Training of Peer Coaches to Assist Individuals with Knee Osteoarthritis Prepare and Recover From Total Knee Replacement.
ACR Open Rheumatol. 2024. Sep 10. doi: 10.1002/acr2.11734. Epub ahead of print. PMID: 39254264.

Peters: Joanna Briggs Institute Reviewer’'s Manual, JBI—Google Scholar. Available online: https://scholar-google-
com.ezproxy.unibo.it/scholar_lookup?hl=en&publication_year=2020&author=MD]+Peters&author=C+Godfrey&au-
thor=P+McInerney&author=Z+Munn&author=AC+Tricco&author=H+Khalil&title=Joanna+Briggs+Institute+Re-
viewer%27s+Manual %2C+]BI (accessed on 9 June 2022).

JBI Manual for Evidence Synthesis—]JBI Global Wiki. Available online: https://jbi-global-wiki.refined.site/space/MANUAL (ac-
cessed on 16 September 2024).

Tricco, A.C,; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.; et
al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467-473.
https://doi.org/10.7326/M18-0850.

Rezasoltani, Z.; Azizi, S.; Najafi, S.; Sanati, E.; Dadarkhah, A.; Abdorrazaghi, F. Physical Therapy, Intra-Articular Dextrose
Prolotherapy, Botulinum Neurotoxin, and Hyaluronic Acid for Knee Osteoarthritis: Randomized Clinical Trial. Int. ]. Rehabil.
Res. 2020, 43, 219-227. https://doi.org/10.1097/MRR.0000000000000411.

Saccomanno, M.F.; Donati, F.; Careri, S.; Bartoli, M.; Severini, G.; Milano, G. Efficacy of Intra-Articular Hyaluronic Acid Injec-
tions and Exercise-Based Rehabilitation Programme, Administered as Isolated or Integrated Therapeutic Regimens for the
Treatment of Knee Osteoarthritis. Knee Surg. Sports Traumatol. Arthrosc. 2016, 24, 1686-1694. https://doi.org/10.1007/s00167-015-
3917-9.

Bao, X,; Tan, J.-W.; Flyzik, M.; Ma, X.-C.; Liu, H.; Liu, H.-Y. Effect of Therapeutic Exercise on Knee Osteoarthritis after Intra-
Articular Injection of Botulinum Toxin Type A, Hyaluronate or Saline: A Randomized Controlled Trial. ]. Rehabil. Med. 2018, 50,
534-541. https://doi.org/10.2340/16501977-2340.

Karatosun, V.; Unver, B.; Gocen, Z.; Sen, A.; Gunal, I. Intra-Articular Hyaluranic Acid Compared with Progressive Knee Exer-
cises in Osteoarthritis of the Knee: A Prospective Randomized Trial with Long-Term Follow-Up. Rheumatol. Int. 2006, 26, 277—
284. https://doi.org/10.1007/s00296-005-0592-z.

Kawasaki, T.; Kurosawa, H.; Ikeda, H.; Takazawa, Y.; Ishijima, M.; Kubota, M.; Kajihara, H.; Maruyama, Y.; Kim, S.-G.; Kana-
zawa, H.; et al. Therapeutic Home Exercise versus Intraarticular Hyaluronate Injection for Osteoarthritis of the Knee: 6-Month
Prospective Randomized Open-Labeled Trial. J. Orthop. Sci. 2009, 14, 182-191. https://doi.org/10.1007/s00776-008-1312-9.

Park, M.-].; Ko, 5.-W.; Cho, ].-I.; Lee, S.-H.; Shin, H.-K. Effect of Intra-Articular Atelocollagen Injections for Patients With Knee
Osteoarthritis: A Retrospective Chart Review. Cureus 2024, 16, e68954. https://doi.org/10.7759/cureus.68954.

Qiu, B.; Wang, W.; Tang, G.; Chai, S.; Zhang, X.; Zhou, P.; Ou, Z. Long- and Short-Term Effectiveness of Traditional Chinese
Exercises in Improving the Overall Physical Capacity of Patients with Knee Osteoarthritis: A Systematic Review and Meta-
Analysis. Medicine 2024, 103, €39520. https://doi.org/10.1097/MD.0000000000039520.

Kast, S.; Kemmler, W.; Roemer, F.W.; Kohl, M.; Culvenor, A.G.; Mobasheri, A.; Uder, M.; von Stengel, S. Effectiveness of Whole-
Body Electromyostimulation on Knee Pain and Physical Function in Knee Osteoarthritis: A Randomized Controlled Trial. Sci.
Rep. 2024, 14, 20804. https://doi.org/10.1038/s41598-024-71552-7.

Seow, S.R.; Mat, S.; Teoh, ]J.J.; Mohamad Yusup, A.; Rajab, N.F.; Ismail, 1.S.; Ajit Singh, D.K,; Shahar, S.; Tan, M.P.; Berenbaum,
F. Combined Knee Osteoarthritis and Diabetes Is Associated with Reduced Muscle Strength, Physical Inactivity, and Poorer
Quality of Life. J. Rehabil. Med. 2024, 56, jrm39986. https://doi.org/10.2340/jrm.v56.39986.



J. Pers. Med. 2024, 14, 1077 16 of 16

58.

59.

60.

Yang, Y.; Li, G.; Su, Y. Intraarticular Botulinum Toxin Type A versus Corticosteroid or Hyaluronic Acid for Painful Knee Oste-
oarthritis: A Meta-Analysis of Head-to-Head Randomized Controlled Trials. Toxicon 2024, 241, 107656.
https://doi.org/10.1016/j.toxicon.2024.107656.

He, W.-W,; Kuang, M.-].; Zhao, ].; Sun, L.; Lu, B.; Wang, Y.; Ma, ].-X.; Ma, X.-L. Efficacy and Safety of Intraarticular Hyaluronic
Acid and Corticosteroid for Knee Osteoarthritis: A  Meta-Analysis. Int. ], Surg. 2017, 39, 95-103.
https://doi.org/10.1016/j.ijsu.2017.01.087.

Donati, D.; Brunelli, S.; De Santis, L.; Mariani, G.; Mariani, E.; Perrone, M.; Benedetti, M.G. Do Chronic Pain Syndromes in
Lower Limb Amputees Have an Effect on the Use of Prostheses? NeuroRehabilitation 2022, 50, 123-131.
https://doi.org/10.3233/NRE-210241.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



