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Abstract: We aimed to evaluate potential new treatments for knee osteoarthritis (OA). The National
Institute of Health ClinicalTrials.gov database was searched for “Osteoarthritis, Knee”. We found
565 ongoing interventional studies with a total planned enrollment of 111,276 subjects. Ongoing
studies for knee OA represent a very small fraction of the registered clinical trials, but they are over
a quarter of all knee trials and over two thirds of all OA studies. The most researched topic was
arthroplasty, with aspects such as implant design changes, cementless fixation, robotic guidance,
pain management, and fast track recovery. Intraarticular injections focused on cell therapies with
mesenchymal stem cells sourced from adipose tissue, bone marrow, or umbilical cord. We could see
the introduction of the first disease modifying drugs with an impact on knee OA, as well as new
procedures such as geniculate artery embolization and geniculate nerve ablation.

Keywords: osteoarthritis; knee; arthroplasty; intraarticular injections; mesenchymal stem cells;
platelet rich plasma; clinical trials; pain

1. Introduction

Osteoarthritis (OA) is the end stage degeneration of synovial joints and the knee is the
most common location, with a high prevalence especially in the elderly [1]. The pooled
global prevalence of knee OA is thought to be 22.9% in individuals over 40 years old and
it is higher in females than males [1,2]. Over 1 million joint replacements are performed
each year in the Unites States of America (USA) alone, and the predictions are that this will
continue to increase [1,2].

The pathogenesis involves a complex interplay between genetics, trauma, and in-
flammation but it is not fully understood [1,3-6]. OA affects the entire joint. Cartilage
degradation starts before it is macroscopically evident and progresses until it is completely
lost. The subchondral bone remodels and forms osteophytes and the synovium maintains a
chronic inflammation [1,3-6]. In the OA knees, the infrapatellar fat pad has been shown to
be inflamed, fibrotic, and more vascularized, and it secretes inflammatory molecules [5,6].
Symptoms begin early in the adult life and continue to aggravate. Pain is the most common
reason for seeking medical advice [1,4,7]. Patients experience cartilage thinning, recur-
rent joint effusions aggravated by physical activity, synovial hypertrophy, degenerative
meniscal tears, and bone edema [1,4,7]. These changes may only be evident initially on
magnetic resonance imaging (MRI), but as they progress, they can also be observed on
plain radiographs [1,4,7,8]. End stages lead to limb deformity especially in the coronal
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plane (varus), incomplete extension, decreased range of motion, instability, constant pain,
and serious disability [1,4,7,8].

Current treatments include lifestyle changes, physical therapy, walking aids, non
steroidal anti-inflammatory drugs (NSAIDs), and intraarticular injections (IA). Surgical
procedures are aimed at restoring limb alignment (high tibial osteotomy) or entirely replac-
ing the diseased joint (arthroplasty) [3,7,9-12]. The surgical management for OA of the knee
guideline was developed in 2015. It summarizes the current knowledge and is endorsed by
several societies [9]. Obese patients and those with chronic pain have less improvement in
outcomes with total knee arthroplasty (TKA). Patients with diabetes are at higher risk for
complications after TKA [9]. Peri-articular local anesthetic infiltration, peripheral nerve
blockade, decrease postoperative pain and opioid requirements. Neuraxial anesthesia may
improve selected perioperative outcomes and decrease some complications [9]. Tourniquet
decreases blood loss but increases short term postoperative pain. Tranexamic acid, as with
virtually all major surgeries, significantly reduces blood loss [9]. There appears to be no
difference in outcome, function, or complications between cruciate retaining and posterior
stabilized implants, all-polyethylene or modular tibial components cemented or cementless
fixation, especially on the femur, as well as patellar resurfacing. For OA predominantly of
the medial compartment, unicompartmental arthroplasty has similar outcomes compared
to high tibial osteotomy but more revisions versus total knee replacement [9]. Navigation
and patient specific instrumentation do not improve pain, function, revisions, and perioper-
ative complications in knee arthroplasty. Early postoperative mobilization and supervised
exercise program improve pain, function, and reduce hospital length of stay [9].

The 2021 AAOS guideline for non-arthroplasty management of knee OA found mod-
erate or strong evidence that patient education, self-management, weight loss, exercise,
neuromuscular training, canes and braces, oral and topical NSAIDs and acetaminophen
are adequate and efficient noninvasive treatments [10]. IA corticosteroids offer short term
relief and arthroscopic partial meniscectomy has good outcomes for pain and mechanical
symptoms. For IA HA there is moderate evidence against their utility but this point is
debated [10].

Despite recent progress, there are no disease modifying drugs. Present therapies alle-
viate symptoms with variable efficacy [3,7,10-12]. Future treatments that will impact knee
OA undergo several regulatory approvals before market use [3,7,10-12]. ClinicalTrials.gov
is the largest clinical trials database, run by the United States National Library of Medicine
at the National Institutes of Health [13].

We aimed to evaluate the potential new treatments for knee OA by performing a
prospective review of currently registered trials.

2. Materials and Methods

The National Institute of Health U.S. National Library of Medicine ClinicalTrials.gov
data base was searched on 23 September 2021. We found 2777 registered studies for
“Osteoarthritis, Knee” (Figure 1) with the following current status:

Not yet recruiting 156.
Recruiting 377.

Enrolling by invitation 19.
Active, not recruiting 151.
Suspended 13.
Terminated 129.
Completed 1488.
Withdrawn 72.

Unknown status 364.
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= Not yet recruiting = Recruiting Enrolling by invitation
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Figure 1. Status of registered studies for “Osteoarthritis, Knee”.

We excluded trials that were either finished or with an uncertain status (5-9), a total

of 2066. We further excluded observational studies and those that started for more than
10 years (2007-2012), a total of 146. Trials were then grouped according to the targeted clin-
ical applicability. We followed the PRISMA-ScR (Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews) checklist and the EQUATOR
(Enhancing the QUALlity and Transparency Of health Research) guidelines [14]. Descriptive

statistics were presented using Microsoft Excel (Microsoft, Redmond, WA, USA).

3. Results
There were 565 studies with a total planned enrollment of 111,276 subjects, which

represented 0.5% out of 71,280 interventional studies started on or after 1 January 2013 and
listed as recruiting, not yet recruiting, active not recruiting or enrolling by invitation. For
the same criteria, this was 25.6% of the 2049 knee trials and 68.1% of the 830 OA studies.
Most were from USA and Western Europe, categorized by subject as (Figures 2 and 3):

OHONONONONCNONONONONC)

Behavioral 53.
Biological 62.
Combination product 6.
Device 185.

Diagnostic test 7.
Dietary supplement 13.
Drug 112.

Other 121.

Genetic 1.

Procedure 95.

No specification 26.
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Categories

® behavioral = biological = combination product
device = diagnostic test = dietary supplement

= drug m other m genetic

= procedure m no specification

Figure 2. Interventional trials categories.

Figure 3. Cont.
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Colors indicate the number of studies with locations in that region.
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Figure 3. Geographic distribution of interventional trials (green low-red high).

The trials distribution based on starting year is presented in Figure 4. The majority of
the interventional trials (75%) had a randomized allocation design (Figure 5).
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Figure 4. Starting year.
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Figure 5. Study design.

Based on potential clinical applicability, the trials can be grouped in (Figure 6, Table 1,

Supplemental Materials):

Clinical applicability

B Knee arthroplasty B Intraarticular injections

B PT for knee OA I Drugs

B Behavioral intervention M Other

Figure 6. Clinical applicability distribution.



Appl. Sci. 2021, 11, 11049

7 of 14

Table 1. Clinical trials categorized based on clinical applicability.

Clinical Applicability =~ Number of Studies % of Total Analyzed Number of Subjects

Knee arthroplasty 148 26.2 28,915
Intraarticular injections 114 20.2 15,269
Physical therapy 91 16.1 18,260
Drugs 84 14.9 18,608

Behavioral intervention 55 9.7 7804
Other 74 13.1 24,432

Knee replacement was the most investigated topic. Studies focused on new knee
systems with single radius or anatomic femoral component designs, cementless fixation,
robotic guidance, postoperative pain management using peripheral nerve blocks (adductor
canal). or dexamethasone and outpatient rehabilitation, under the categories:

v’ 79 device.

v’ 18drug.

v' 45 procedure.
v' 6 other.

Intraarticular injections were very well represented. Most trials were for cell therapies,
using mesenchymal stem cells (MSCs), sourced from adipose tissue, bone marrow, or
umbilical cord. Platelet rich plasma (PRP) and hyaluronic acid (HA) were much less
studies, as well as several experimental products, under the following categories:

59 biological.
4 combination.
18 device.

21 drug.

9 procedure.

1 other.

ENENENENENE

Physical therapy included devices for electro stimulation and exercise regimens some
performed under blood flow restriction, under the categories:
1 combination.
37 device.
51 other.
2 procedure.

ANENENEN

Drugs. This topic had many items under investigation: Anakinra, Bone Morpho-
genetic Protein 7, Cathepsin K inhibitor, Fasinumab, Lorecivivint, Sprifermin, Tanezumab
and several experimental products (such as adeno-associated virus carrying IL-1 receptor
antagonist):

2 biological.

13 dietary supplement.
67 drug.

1 genetic.

ANENENEN

Behavioral interventions focused on promoting healthy lifestyle and diet, cognitive
behavioral education, mindfulness, and meditation:

v" 50 behavioral.
v 1device.
v' 4 other.

Other. Some trials were difficult to classify as a group. They mainly included genicular
artery embolization, genicular nerve ablation but also high tibial osteotomy, ozone therapy,
spa, and footwear modifications:
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1 biological.

18 device..

2 diagnostic test
3 drug.

26 other.

22 procedure.

2 radiation.

AN N N NN

4. Discussion

In this review, we found that ongoing studies for knee OA represent a very small
fraction of the registered clinical trials but they are over a quarter of all knee trials and over
two thirds of all OA studies. The most researched topic was arthroplasty, with aspects such
as minor implant design changes, a more biologic cementless fixation, robotic guidance,
pain management, and fast track recovery. IA injections research focused on cell therapies
with MSCs sourced from adipose tissue, bone marrow, or umbilical cord. We could see the
introduction of the first disease modifying drugs with an impact on knee OA, as well as
various interesting procedures such as blood flow restriction exercises, geniculate artery
embolization, and geniculate nerve ablation.

4.1. Knee Replacement

In our analysis, knee arthroplasty was the most investigated topic. There were several
trials investigating the differences between single and multi radius femoral component
designs. Current designs have matured over many years with minor adjustments. They
produce 90-95% survival at 15-20% and good clinical outcomes measured by patient
reported outcomes for the majority of the patients (approximately 85%) [15-17]. The multi
radius was introduced many years ago and aims to restore the natural “J” shape of the
femoral condyles. In the normal knee, this functions in synergy with the femoral roll-back
to offer stability, strength, and improved flexion. The single radius places the center of
rotation more distal and posterior. It attempts, at least in theory, to provide more lever
arm for the extensor mechanism and thus improve strength. Current evidence did not
show any significant differences between these two femoral component designs regarding
functional outcomes [18].

Another studied topic was the medial congruence. The natural knee has a stable
medial compartment and a more mobile lateral. Some new implants attempt to replicate
this by using a modified polyethylene design and studies are under way to evaluate
possible benefits.

Cementless fixation lost in popularity, but in our analysis we found a renewed interest.
This is probably generated by younger patients receiving knee replacements and improved
implant manufacturing. Current knee arthroplasty systems use cemented fixation as golden
standard. There is an ongoing debate over the superiority of cementless fixation. There
are many aspects of arthroplasty which contribute towards outcomes and survival in very
large cohorts such as national registries [19,20]. In theory, the roughened, porous surface
of the knee implants may provide optimal bone ingrowth which in turn will produce a
durable fixation. Unfortunately, early cementless implants had many issues which led to
early loss of fixation and subsidence, especially on the tibia, due to poor geometry and
ineffective osteoinductive surfaces [19,20]. A recent meta-analysis found no difference
in revisions and function between cemented and cementless knee replacements up to
16.6-year follow-up, based on current literature [20].

Knee arthroplasty addresses pain, restores range of motion, and corrects limb defor-
mity. The primary prosthetic implants are stabilized by the knee’s envelope of ligaments
and mobilized by the extensor mechanism. Accurate positioning of the implant will lead to
improved function and longer survival [7,9,17]. Classic systems use anatomic guides and
surgeon experience. Navigation and patient specific cutting guides were later introduced
but failed to prove their utility. We now can use 3D preoperative planning, integrate it
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together with intraoperative mapping of the bone contours and have the surgeons assisted
by a robotic arm to make the bone cuts and establish ligamentous balance [9,17]. Several
points have impaired the expansion of robotic surgery in knee arthroplasty. Robotics are
at the beginning but have not significantly improved these numbers. They may improve
rotational and coronal alignment but with added hassle of having the cumbersome robot
in the room, maybe a technician, additional steps for referencing the robot to the patient
and most importantly added costs [17,21-23].

Partial (unicondylar) knee replacements replace just the medial compartment, which
is more often damaged by OA. These prostheses are less invasive to implant and produce
comparable outcomes to total knee replacements in selected patients [9,17]. However, they
were plagued by higher revision rates compared to total knee designs. It may be that by only
partially replacing the joint through a limited approach, the positioning of the components
is not optimal. This is where robotic assistance already shows fewer complications (RR: 0.52,
p =0.036) and lower revision rates (RR: 0.42, p = 0.017) [17,24]. An alternative to unicondylar
knee replacement is the high tibial osteotomy. Total knee replacements are successful for
advanced disease, suitable for the elderly population. For younger patients and those
with mild articular destruction but aggravating pain and disfunction the current treatment
options are less successful [25-27]. This leaves a significant segment of the population with
serious disability and discomfort during physical activities and daily living routine.

Pain management and regional anesthesia for knee arthroplasty are an integral part
of the fast-track recovery trend [9,10,17]. A combination of local infiltration analgesia
(performed by the surgeon) and adductor canal peripheral nerve block (done by the
anesthesiologist) reduce pain and in the early postoperative period and aid functional
recovery initiation. Systemic dexamethasone and local anesthetic infiltration between
popliteal artery and capsule of knee can also contribute [28].

4.2. Intraarticular Injections

IA were very well represented among the future trials. There are several benefits of IA
administration: decreased systemic effects, high local concentrations, ease of access to the
knee, proven placebo effect and very rare adverse events [29]. We found that most trials
were for cell therapies, using MSCs. Orthobiologic products already in clinical practice
include bone marrow aspirates, adipose derived stem cells and PRP (platelet rich plasma).
Ideal candidates should have normal lower limb alignment and no major mechanical
disturbances [30]. Nevertheless, current evidence suggests that progenitor cells relieve
pain by activating mu-opioid receptors and that they have anti inflammatory properties. It
is less likely that they can rebuild tissue [31].

Bone marrow aspirate is harvested from the iliac crest and concentrated by centrifuga-
tion. It contains hematopoietic stem cells which stimulate the regeneration process and
promote wound healing, MSCs and endothelial progenitor cells which support vascular-
ization. It has higher concentration of interleukin 1 receptor antagonist (IL-1ra) compared
to PRP [29-34]. In the USA, bone marrow aspirate concentrate is preferred as opposed
to culture-expanded MSCs because it meets the FDA (Food and drug administration)
standards as a minimally manipulated autologous source MSCs [29,31]. MSCs injection
obtained from bone marrow concentrate may also improve posttraumatic shoulder os-
teonecrosis compared to simple core decompression [31].

Adipose derived products use micro fragmented adipose tissue, stromal vascular
fraction, and cultured adipose derived stem cells. The rationale for using adipose tissue is
mainly that it contains up to 500 MSCs per milliliter than bone marrow concentrate [29,31].
Adipose autograft is harvested in the operating room or less commonly in the office from
the abdomen using a large syringe. Micronized fat only minimally manipulates the tissues
and thus does not separate cells from clusters [29,32]. It is currently the only FDA approved
adipose tissue therapy. A step further is syringe emulsification which uses pressure and
a dense mesh filter. Adipose tissue derived MSCs and stromal vascular fraction improve
WOMAC (Western Ontario and McMaster Universities Arthritic Index) scores, reduce
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pain and improve function in old adults with symptomatic knee OA [33]. Gobbi et al.
administered a single injection of autologous microfragmented adipose tissue to 120 knees
(75 patients) with a mean age of 69.6 years, BMI 28.4 and Kellgren Lawrence grades 2
to 4. They found grade 2 disease had the best results in KOOS—Pain up to 24 months.
Functional and quality of life success was seen in 88.3%, (66 patients) at all follow-up time
points [34].

Umbilical cord products are harvested at birth and saved as potential adjuvants for
future disease such as cancer. It is a highly valuable source of stem cells in general, also
known as Wharton Jelly MSCs [3,7,10,11,29]. There is currently very little data available,
but many clinical trials are under way. Umbilical cord MSCs have shown WOMAC
improvements up to 1 year in patients with diffuse knee pain due to OA. The effect
was superior to HA [35]. For patients receiving high tibial osteotomy, the intraarticular
addition of bone marrow aspirate concentrate or human umbilical cord blood-derived
MSCs provided similar, outcomes in terms of pain relief, functional scores, and quality of
life at a mean follow-up of 33 months [36].

PRP is obtained by collecting peripheral blood and processing it by centrifugation
(usually 5 min at 1500 rpm). It contains platelets, growth factors, white blood cells, and
red blood cells [3,7,10,11,29,37]. Growth factors which promote cartilage healing are trans-
forming growth factor (TGFB-1), insulin like growth factor (IGF-1), fibroblast growth
factor (bFGF), and bone morphogenic proteins (BMP-2). Those which deter are, among
others, vascular epithelial growth factor (VEGEF), insulin like growth factor binding protein
(IGFBP-2 and 3), platelet derived growth factor PDGF-AA, AB, and BB, and endothelial
growth factor (EGF) [3,7,10,11,29,37]. PRPs can be leucocyte rich (pro inflammatory, used
for tendinitis) or poor (anti-inflammatory) which have better results in OA with an in-
flammatory component (morning stiffness, effusion with physical activity) [3,7,10,11,29,37].
Currently there are many products on the market, all of which differ regarding centrifu-
gation parameters, platelet and white cells count, and growth factor concentration. The
efficacy of PRP remains controversial. The major issues are come from the experimental
methods, confusing nomenclature, non standardized preparation methods and lack of
in-depth understanding of mechanisms of action [37].

Treatment of knee OA with PRP may improve clinical outcomes when compared with
HA. HA is a component of normal synovial fluid. In knee OA patients, it contributes to
viscosuplementation and pain relief. In our analysis of prospective studies, HA research
was much less represented [38].

4.3. Physical Therapy

We found ongoing studies on blood flow restriction exercises as well as devices such
as electro stimulation and smart phone applications [39]. People with knee OA have
quadriceps atrophy. Regaining strength and endurance improves function and pain but is
many times difficult because joint damage impedes adequate physical training. Blood flow
restriction exercises are performed using restrictive straps or cuffs similar to Tourniquets on
the proximal thigh [40]. These are used to partially restrict arterial inflow and completely
block venous return. It is unclear what mechanism is triggered by this hypoxic environment.
It may induce quadriceps angiogenesis and hypertrophy. The benefit is that increased
strength and exercise tolerance are obtained more efficiently and with less joint stress
compared to regular exercise [40,41]. Electrical stimulation can also be added. Efficient
neuromuscular electrical stimulation protocols use a frequency between 50 and 75 Hz, a
pulse duration between 200 and 400 us and a treatment duration of at least 20 min [41].

4.4. Drugs

Disease modifying drugs are currently lacking. The present knowledge on OA patho-
physiology is growing and has created new possibilities for potential therapeutic targets
currently being investigated in randomized controlled trials [3,7,10-12]. Emerging solu-
tions target matrix-degrading proteases, cartilage metabolism, bone remodeling, inflamma-



Appl. Sci. 2021, 11, 11049

110f 14

tion and Wnt signaling. Furthermore, nerve growth factor inhibitors could address OA
pain [11,12,42].

Inhibition of specific cytokines may slow OA progression. Anakinra inhibits IL-1 had
encouraging results in animal models and is currently investigated on humans [3,7,10-12,42].
Bone Morphogenetic Protein 7 is a growth factor which also has an anabolic effect on
cartilage. Cathepsin K inhibitor slows down bone degradation [3,7,10-12,42]. Lorecivivint
modulates Wnt signaling which induces cartilage breakdown and osteophyte formation.
Preclinical development produced encouraging results of chondrocyte regeneration, carti-
lage protection, anti-inflammatory activity and improved joint health. It could be a first
disease modifying agent for OA [11,42]. IA Sprifermin (Human-Recombinant Fibroblast
Growth Factor 18) may support chondrocyte proliferation, collagen expression and matrix
production. It is currently investigated for IA injection [11,42]. Monoclonal antibodies
have improved receptor selectivity and are already being used in several diseases. Sub-
cutaneous Tanezumab and Fasinumab have shown improvements in pain and patient
reported outcomes in patients with knee OA. Gene therapy includes IA administration of
adeno-associated virus carrying IL-1 receptor antagonist [3,11,42].

4.5. Behavioral Interventions

These aim to reshape the patients’ lifestyle by using aerobic exercise, pain education,
dietary changes, gait retraining, and meditation. An integral part is cognitive behavioral
therapy, an intervention which addresses pain, depression, and insomnia. It targets specific
individual needs to encourage social engagement and reduce chronic fatigue and pain
catastrophizing [43].

4.6. Other

Genicular artery embolization is a novel strategy for addressing knee OA pain. The
inflammatory component in the pathogenesis is associated with increased angiogenesis [44].
Small vessels can be temporarily or permanently obliterated by interventional radiology
embolization. Several embolic particles can be used, and the palliative procedure appears
safe and efficient as measured by patient reported outcome scores [44].

Nerve ablation uses radiofrequency (heat) to damage sensory nerves and interrupt
transmission of pain signals. Radiofrequency energy causes oscillation of ions in the tissues
and the resulting friction creates heat [45,46]. Lesions begin at 43 degrees C, but the target
temperature is 80. Cooled probes circulate water to dissipate heat at the tip of the probe and
thus allow for more energy to be transferred beyond the tissue tip interface [45,46]. This in
turn will produce more volume in which nerves can be damaged. Anatomical studies have
identified key geniculate sensory nerves which innervate the joint capsule and transmit
pain in osteoarthritic patients. These branches have high variability but are concentrated in
specific regions. These are identified using radioscopy or ultrasound guidance [45,46].

Our research has several shortcomings. Literature reviews generally have a retrospec-
tive design and perform a systematic analysis of completed studies with reported results.
We performed a prospective review of ongoing trials. This enabled us to overview what
is currently being investigated. Unfortunately, many of these projects have incomplete
public data, lack details of investigational products and do not have results. In addition,
we included trials from a single registry. By using a relatively broad topic—Knee OA, the
collected data was difficult to structure because of the high number of studies and their
heterogeneity. Our analysis aimed to provide a perspective of future directions on knee
OA, a subject with potentially great impact on aging populations worldwide.

Knee OA is a topic of interest among orthopedic ongoing trials. Arthroplasty topics are
implant design, cementless fixation, robotic assistance, or pain management. Intraarticular
injections focus on cell therapies with mesenchymal stem cells sourced from adipose
tissue, bone marrow, or umbilical cord. Future research includes disease modifying drugs,
as well as various procedures such as blood flow restriction exercises, geniculate artery
embolization, and geniculate nerve ablation.
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