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LAY ABSTRACT
Osteoarthritis of the knee joint is a chronic disease 
that mainly affects people over 50 years of age. The 
main symptoms include pain and limitation of range 
of motion of the joint, which prevent patients from 
participating in physical activity. Stem cell therapy has 
been developed in orthopaedics in recent years for the 
treatment of gonarthrosis. Rehabilitation is necessary 
after stem cell transplantation in patients with gon-
arthrosis in order to restore the proper range of joint 
mobility, for anti-oedematous action, muscle strength 
improvement, and for elimination of pain. This article 
describes the physiotherapy algorithm used for patients  
after stem cell transplantation. Kinesitherapy and physical  
therapy enabled a more rapid return of the patient to 
physical or professional activity.

Osteoarthritis is a group of multiple overlapping 
pathological conditions that cause destruction of 
articular cartilage and other structures of the joint. 
It is a progressive disease that leads to limitations 
of physical activity. New forms of treatment are 
therefore sought to alleviate the clinical symptoms 
of osteoarthritis and avoid surgery. Stem cell ba-
sed therapy is an emerging field in orthopaedics. 
This study describes the treatment of knee osteo-
arthritis with CD34+ stem cells at the Medical Mag-
nus Outpatient Clinic in Lodz, Poland, together with 
the treatment and rehabilitation algorithm develo-
ped for maximum effectiveness of this procedure. 
The algorithm includes 3 rehabilitation stages: pre-
operative, hospitalization and outpatient periods.
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Osteoarthritis (OA) is a group of multiple overlapping 
pathological conditions that lead to the destruction 

of articular cartilage. OA is one of the most common 
diseases of the musculoskeletal system and is termed a 
civilization disease of the 21st century. The years 2000–
2010 were designated by the World Health Organization 
(WHO) and the United Nations Organization (UNO) as 
the bone and joint decade. The clinical manifestations 
of OA include joint pain, locomotor restriction, pain on 
palpation, joint crepitation, exudates, and inflammation 
without systemic symptoms. OA is a chronic disease 
with periods of exacerbation and remission. The above 
definition of OA was set out by experts of the American 
Academy of Orthopedic Surgeons; National Institute on 

Aging; National Institute of Arthritis and Musculoskeletal 
and Skin Diseases (1). 

Gonarthrosis (GA) is the most frequent form of os-
teoarthritis. Three forms of the disease are distinguished 
according to the location of degenerative changes:
• Lateral: characterized by narrowing of the articular 

space at the level of lateral condyles of the femur and 
the tibia; accompanied by valgus knees;

• Patellofemoral: changes located between the patella 
and the femur; the sensation of “locking” of the knee 
during stair climbing;

• Medial: the most common form, consisting of narrowing 
of the articular space between the condyles of the femur 
and the proximal epiphysis of the tibia on the medial 
side; often associated with bow legs (genu varum) (2). 
Based on the aetiopathogenesis of the disease, primary 

(idiopathic) and secondary forms are distinguished. Ge-
netic factors, hormonal changes (menopause), nutritional 
neglect (a diet lacking vitamin D, C, E and mineral supple-
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ments, excess carbohydrates and trans-fats), previous knee 
injuries, physical (recreational or professional) activity 
involving the knee joints or requiring a forced position of 
the body may contribute to degenerative changes (2, 3). 
The correct biomechanics of the knee joint protects the 
joint against excessive strain. With age, cartilage loses 
the ability to regenerate, resulting in inflammation, pain 
and limitation of joint mobility. Modifications in the sub-
chondral tissue also occur, in which, in the course of GA, 
thickening of the subchondral layers and sclerosis (har-
dening) are observed (4, 5). Age-related chondropaenia 
(glycation of collagen and deposition of pyrophosphate 
crystals) leads to an increase in the susceptibility of car-
tilage to injury. Ageing chondrocytes lose their synthetic 
ability, resulting in the production of irregular aggrecan 
molecules (6–8). Excessive loads cause destruction of 
cartilage tissue, which, over time, leads to apoptosis and 
changes in the cartilage structure. These changes initiate 
a local immune response at the site of injury, leading to 
synovitis and development of degenerative changes (9). 
Unloading, particularly immobilization, the pathogenic 
mechanism of which consists mainly of insufficient 
nutrition of the cartilage, may be an inverse factor in the 
damage. Deficiency of interleukin 10 (IL-10), secreted 
during motion, may also contribute to the pathogenesis of 
degenerative changes in this mechanism (10).

USE OF STEM CELLS IN GONARTHROSIS

GA is a progressive disease and new treatments or rehabi-
litation strategies are needed to reduce functional impair-
ment of the joint. Stem cell therapy has been developed 
for treatment of GA and is an alternative to well-known 
pharmacotherapy, surgical methods or physiotherapy. 

Stem cells used for treatment of GA are derived from 
peripheral blood. These cells are drawn from the patient 
prior to the procedure and injected at the site of the injury 
or lesion. CD34+ stem cells are used in the procedure 
because they demonstrate repair capacity. Furthermore, 
these cells have the ability to promote apoptosis; thus, if 
abnormal cells are present the organism itself destroys 
them, thereby protecting the patient against transforma-
tion of the given cell into, for example, a tumour cell. 
The use of CD34+ stem cells primarily helps to relieve 
pain, regenerate articular cartilage, and improve joint 
function, including the range and muscle strength, which 
improves the quality of life of patients and their return 
to daily physical activity. CD34 is currently recognized 
as a marker of many other non-haematopoietic cell ty-
pes, including vascular endothelial progenitor cells and 
embryonic fibroblasts. Structurally, CD34 is a transmem-
brane phosphoglycoprotein, first identified in 1984 (11). 
In general, CD34 is commonly used as a marker of human 
and mouse myocardial cells. The properties of CD34+ 
endothelial cells are often associated with haematopoie-
tic cells, because both types of cell can be isolated from 
peripheral blood using CD34 as an antigen (12, 13). 

Full therapeutic efficacy is achieved with the contribu-
tion of physiotherapy, which includes preoperative, early 
and late inpatient hospital care, and outpatient periods. 
Selected physiotherapy procedures are applied in parti-
cular treatment processes, as determined by the Medical 
Magnus Clinic, Łódź, according to the algorithm of tre-
atment and rehabilitation for knee osteoarthritis with the 
use of CD34+ stem cells (Tables I–III). This algorithm 
was developed on the basis of many years’ experience 
in physiotherapy. Approximately 500 patients with GA 
have already been treated with stem cells. 

Table I. Algorithm of treatment and rehabilitation in degenerative arthritis of the knee with the use of CD34+ stem cells in the 
preoperative period

Preoperative period (duration 2–4 weeks)

Frequency: Physiotherapy performed 1–2 times daily depending on the patient’s efficiency and pain. Location: Physiotherapy performed in a 
hospital ward or outpatient clinic

Physiotherapy Kinesitherapy Other physiotherapy procedures 

• Magnetotherapy/20 min
• Laser therapy (point or scanning)/5–10 

min
• Cryotherapy (liquid nitrogen, carbon 

dioxide)/3 min
• Electrotherapy (TENS, 

interferential currents, muscle 
electrostimulation)/15–20 min

• Light therapy (Sollux lamp with blue or 
red filter)/15 min

• Isometric exercises with the use of: sEMG and Biodex System 4 Pro 
(muscles: quadriceps, biceps, gastrocnemius, gluteal, lower back)/
number of repetitions 30, time of muscle tension 5–8 s, time of muscle 
relaxation 5–8 s/

• Knee joint passive exercises (with the use of CPM device)/15–20 min
• Unloaded knee joint exercises (with gradually dosed resistance or 

without loading)/15 min
• Knee joint active-passive exercises/15–20 min
• Active exercises of knee joint and muscles surrounding the joint with 

the use of cycloergometer, treadmill, stair stepper (escalator), rowing 
machine, Biodex, stepper/approximately 45 min

• Postisometric relaxation (PIR) of muscles surrounding knee joint/
approximately 20 min

• Sensorimotor exercises with the use of Biodex Balance System, 
sensorimotor discs, trampoline, balance trainer/approximately 20 min

• Elastic-resistance exercises with the use of bands, tubes, Terapi 
Master/15 min

• Stretching exercises of ischiocrural muscles/10 min
• Patellar mobilization/15–20 min
• Pool exercises 
• Exercises with the use of biofeedback on Humac 360 devices, 

dynamometric platform/30 min/
• Exercises of proper symmetrical lower limb loading/10 min
• Learning proper gait (also on crutches)

• Lower limb muscles relaxation 
massage/15–20 min

• Kinesio Taping
• Selection and fitting of appropriate 

orthopaedic appliances (e.g. 
crutches, stabilizers, braces, insoles, 
corrective shoes)

• Education of immediate family 

CPM: continuous passive motion; TENS: transcutaneous electric nerve stimulation; sEMG: surface electromyography. 
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The application of preoperative procedures aims at 
improving the strength and endurance of muscles surroun-
ding the knee joint (quadriceps, biceps, gastrocnemius, 
gluteal, and lower back), and isometric and stretching 
exercises for muscles surrounding the knee joint. In ad-
dition, it is necessary to perform exercises to improve 
the elasticity of the articulo-ligamentous apparatus of 
the knee joint. These include passive exercises (with 

the use of a continuous passive motion (CPM) device); 
unloaded knee joint exercises (with gradually dosed 
resistance or without loading); knee joint active-passive 
exercises; active exercises of the knee joint and muscles 
surrounding the joint with the use of cycloergometer, 
treadmill, stair stepper (escalator), rowing machine, and 
stepper lower limb muscle relaxation. Other types of 
exercise aim at increasing the range of knee joint motion: 

Table II. Algorithm of treatment and rehabilitation in degenerative arthritis of the knee with the use of CD34+ stem cells in the 
inpatient period

Early (days 1–3)
Frequency: Physiotherapy performed twice daily. 
Location: Physiotherapy performed on inpatient basis 

Late (days 4–7)
Frequency: Physiotherapy performed twice daily. 
Location: Physiotherapy performed on inpatient basis 

Physiotherapy
Kinesitherapy
(depending on patient’s general state) Physiotherapy

Kinesitherapy
(depending on patient’s general state)

• No treatment at this stage • Positioning therapy of the leg after procedure
• Exercises of the knee joint (with the use of 

CPM-to pain limit)/15 min
• Knee joint active-passive exercises/10 min
• Isometric exercises of the quadriceps m./

number of repetitions: 20, time of muscle 
tension 5 s, time of muscle relaxation 5 s

• Ankle joint active-passive exercises/10 min
• Delicate patellar mobilization/15 min
• Gradual tilting to erect position
• Learning proper gait on crutches
• Total banning of loading the limb subjected to 

the procedure

• No treatment at this stage • Intensification of exercises from the previous 
period 

• Isometric exercises of ischiocrural and gluteal 
muscles/Number of repetitions: 30, time of 
muscle tension 5 s, time of muscle relaxation 
5 s

• Knee joint active exercises/10 min
• Ankle joint active exercises/10 min
• Hip joint active exercises of abduction and 

adduction (bent knee joint)/5 min
• Patellar mobilization/15 min
• Delicate massage of muscles surrounding 

knee joint/15 min
• Total banning of loading the limb subjected to 

the procedure

CPM: continuous passive motion. 

Table III. Algorithm of treatment and rehabilitation in degenerative arthritis of the knee with the use of CD34+ stem cells in the 
outpatient period

Outpatient period

Early (duration: 1–6 weeks)
Frequency: Physiotherapy performed 1–2 times daily depending on 
the patient’s efficiency and pain. Location: Physiotherapy performed 
on outpatient basis

Late (duration: 7 weeks to 3 months)
Frequency: Physiotherapy performed once daily. Location: Physiotherapy 
performed on outpatient basis or in the gym

Physiotherapy
Kinesitherapy
(depending on patient’s general state) Physiotherapy

Kinesitherapy
(depending on patient’s general state) 

• Light therapy (Sollux lamp]
with blue filter)/15 min

• Electrotherapy 
(electrostimulation of 
quadriceps m. 2 weeks after 
the procedure)/15 min

• Intensification of the exercises from the 
previous period

• Knee joint exercises with the use of CPM 
device (to 120°)/15 min

• Isometric exercises with the use of : 
sEMG (muscles: quadriceps, ischiocrural 
group, gluteal, lower back)/number of 
repetitions: 30, time of muscle tension 
5–8 s, time of muscle relaxation 5–8 s

• Isometric exercises of quadriceps m. 
with resistance/number of repetitions: 
30, time of muscle tension 5–8 s, time of 
muscle relaxation 5–8 s

• Exercises with elastic resistance 
(bands, tubes, Terapi Master(adduction, 
abduction, gluteal muscles)/number of 
repetitions: 30, time of muscle tension 
5–8 s, time of muscle relaxation 5–8 s

• Knee joint passive exercises with the use 
of Biodex System 4 Pro/15 min

• Active and self-assisted exercises of joint 
bending and straightening/5 min

• Knee joint non-weight bearing 
exercises/15 min

• Postisometric relaxation (PIR) of muscles 
surrounding knee joint/approximately 
20 min/

• Total banning of loading the limb 
subjected to the procedure

• Light therapy (Sollux lamp with 
blue filter)/15 min

• Electrotherapy 
(electrostimulation of quadriceps 
m.)/15 min

• Continuation and intensification of 
exercises from the previous period

• Learning proper gait with full loading 
(depending on doctor’s recommendations) 

• Unloaded knee joint exercises (with dosed 
resistance)/15 min

• Active exercises of knee joint and 
surrounding muscles with the use of 
cycloergometer, treadmill, stair stepper 
(escalator),rowing machine, weight 
bench, Biodex, stepper, dynamometric 
platform, Humac 360/approximately 45 
min/

• Sensorimotor exercises with the use of 
Biodex Balance System, sensorimotor 
discs, trampoline, balance trainer/
approximately 20 min

• Exercises with the use of biofeedback 
on Humac 360 devices, dynamometric 
platform/30 min

• Exercises of proper symmetrical lower 
limb loading/10 min

• Isokinetic training on Biodex System 4 
Pro/30 min

• Introduction of technical elements of 
individual sports disciplines (in the case of 
sportsmen)

• Pool exercises (with breaststroke 
swimming not allowed)

• Gym work-out (controlled by individual 
trainer)

CPM: continuous passive motion. 
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elastic-resistance exercises with the use of bands, tubes, 
Terapi Master (Redcore, Canada), and stretching exerci-
ses for the ischiocrural muscles. Other exercises restore 
physiological patellar tracking, which enables the patient 
to learn to walk using crutches. These include patellar 
mobilization, sensorimotor exercises with the use of the 
Biodex Balance System (Biodex, Shirley), sensorimotor 
discs, trampoline, balance trainer, and exercises for sym-
metrical lower limb loading. Physiotherapy applied in the 
inpatient hospital care period aims to prevent the effects of 
immobilization of the limb after surgery. This includes the 
introduction of anti-oedematous therapy, exercises that 
increase the range of mobility of the knee joint and the 
force of quadriceps muscle, ischiocrural muscles, gluteal 
muscles, as well as exercises that improve elasticity of the 
articulo-ligamentous apparatus of the knee joint. In this 
period, limb loading is prohibited for 6 weeks following 
surgery. Rehabilitation in the early outpatient period is 
conducted in outpatient settings for 6 weeks, and from 
week 7 to 3 months the patient can continue to be rehabi-
litated on an outpatient basis or, depending on their state 
of health, in the gym. In this period previous exercises 
are continued and attention is paid to the improvement of 
proprioception and to learning proper limb loading, which 
is fostered by exercises with the use of biofeedback on 
Humac 360 devices, dynamometric platform. The therapy 
can be assisted by physical therapy, which parameters are 
included in Tables I and III. 

The treatment is based on the cooperation of the thera-
peutic team, which consists of an orthopaedist, specialists 
in rehabilitation medicine, physiotherapist, nurse, and 
psychologist. Each stage of treatment following such a 
procedure requires an appropriate selection of exercises, 
taking into account the patient’s individual capabilities.

USE OF STEM CELLS IN MEDICINE

Stem cells are an important source of information on 
cellular differentiation, molecular processes and tissue 
homeostasis, but also one of the biological tools with 
most potential to treat degenerative diseases. They also 
exhibit high plasticity, i.e. the complex ability to adopt 
the expression profile and functional phenotypes of the 
cells that are typical of other tissues. The plasticity can be 
explained by transcription (direct or indirect) and fusion. 
Transcription consists of the acquisition of phenotypic 
identity of another tissue through the expression of the 
gene pattern (direct) or through the achievement of a 
more primitive state and the successive differentiation 
to another cell type (indirect). By fusion with a cell of 
another tissue, a cell can express a gene and acquire a 
phenotypic element of another parenchyma (14). From 
the physiological point of view, adult stem cells maintain 
tissue homeostasis as they are already partially commit-
ted, whereas embryonic stem cells are pluripotent and can 
generate all specific types of cells; they are derived from 

the placenta, membranes, amniotic fluid, or foetal tissues 
(15). Two sources of stem cells are found in the umbilical 
cord: umbilical epithelium and umbilical cord blood. The 
umbilical cord epithelium expresses a cytokeratin pattern 
similar to the human epidermis and is able to reproduce 
the tissue for dermatological application. In umbilical 
cord blood, hematopoietic and mesenchymal types of 
stem cells can be found, and they are characterized by 
a higher immunological tolerance (16–18). Moreover, 
foetal mesenchymal stem cell (FSCs) demonstrate greater 
expansion potential and differentiation abilities compared 
with stem cells from adult tissues (19). Adult stem cells 
can be obtained from mesodermal tissues of muscles, 
adipose tissue, synovial membranes and periosteum, from 
endodermal tissues of intestines and from the ectodermal 
tissues, such as nerve tissue or skin (20). Multipotent adult 
stem cells have been identified in almost all human organs 
and, for instance, human bone marrow is a reservoir for 
several progenitor stem cells, including haematopoietic 
stem cells (HSC), multipotent stromal stem cells, and 
endothelial stem cells (21). Stem cell therapy is used 
increasingly in many diseases, sometimes giving patients 
the only hope of recovery as, for example, in the case of 
spinal cord injuries. Studies have shown that olfactory 
cells are the source of progenitor stem cells for nerve 
repair. After transplantation, minor improvement was 
achieved in the function of upper limbs in tetraplegia 
and in the function of lower limbs in paraplegia (22, 
23). Furthermore, stem cell therapy is used in autoim-
mune diseases of the central nervous system (CNS), in 
multiple sclerosis (MS) or amyotrophic lateral sclerosis. 
In MS a decrease in inflammation foci with disease sta-
bilization was observed in patients under 40 years of age 
(24), whereas stem cell therapy in amyotrophic lateral 
sclerosis (ALS) is a promising strategy that can combine 
neuroprotection with recovery of neuromotor function 
(25, 26). Beneficial results have also been observed in 
patients with Parkinson’s disease in whom human em-
bryonic brain tissue was implanted unilaterally, resulting 
in improved motor function (27). Promising results have 
been obtained in the treatment of ischaemic stroke. The 
use of a cell suspension consisting of immature nervous  
and haemapoietic tissues in patients with brain stroke 
consequences significantly improved functional activity 
in patients with consequences of brain stroke (28). 

In other publications studies can be found on the use of 
stem cells in diseases such as heart failure (29, 30), ocular 
surface disorders (31, 32), and oncological diseases, in 
which stem cell therapy often prolongs life, especially in 
patients with metastases (33–36).

DISCUSSION

The use of stem cells in cell therapy is considered pro-
mising, due not only to the high proliferative capacity 
and the differentiation potential of various cells, but also 
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to their functionality in secreting trophic molecules and 
counteract oxidative stress. To contribute effectively to 
organ repair, stem cells are expected to produce desirable 
therapeutic properties, e.g. minimal side-effects, integra-
tion into host tissue, differentiation to desired cell lines, 
immunomodulation or activation of endogenous repair 
mechanisms. However, although stem cell grafts may 
have therapeutic effects, they also have side-effects. 
Despite the initial enthusiasm for their potential thera-
peutic application, stem cells are associated with several 
problems in clinical practice. Firstly, self-renewal and 
plasticity are properties that primarily characterize cancer 
cells, and it is hypothesized that control could be lost in 
transplanted stem cells, or may act as a substrate for tu-
mour development. Secondly, in case of allogeneic stem 
cell grafts, several cases of immunorejection of the graft 
have been reported despite the necessary immunosup-
pressive treatment to avoid immune response against the 
transplant and the consequent risk of infection (37, 38). 

Modern methods of treating joint diseases in orthopa-
edics include minimally invasive surgery, arthroscopy, 
and biological treatment using stem cells found in the 
body. Stem cells are proliferative, so they can transform 
into the desired tissue, which should be capable of re-
generation and self-repair. Autologous cells are used in 
orthopaedic surgery. For years they have been collected 
from bone marrow, but now they are more often removed 
from adipose tissue. In order to repair chondral or osteo-
chondral defects, stem cells may be able to provide an 
abundant cell source, preventing the iatrogenic damage 
associated with the invasive isolation of chondrocytes 
used in autologous chondrocyte implantation strategies. 

Stem cell therapy cannot be used in all patients. Firstly, 
the therapy works only when the joint is not completely 
damaged; secondly, it requires full involvement of the 
patient in the postoperative rehabilitation process; thirdly, 
existing risk factors for osteoarthritis, i.e. advanced age 
and obesity can affect stem cell properties. Indeed, adult 
stem cells derived from visceral adipose tissue of obese 
patients exhibit decreased cell proliferation, more rapid 
cell ageing and reduced cell differentiation (39).

The application of stem cell treatment in orthopaedics 
is a developing field that may have a significant effect 
on the future of orthopaedic surgery. However, it has 
tremendous potential to change the approach from re-
constructive to regenerative and preventive treatment. 
One motivation for the direct injection of stem cells is 
that their anti-inflammatory function may be effective at 
preventing or delaying OA if delivered at early stages of 
the disease process. Percutaneous injection of mesenchy-
mal stem cells into the knee joint with symptomatic 
and radiogra phic degenerative joint disease resulted in 
decreased pain, increased joint mobility and improved 
cartilage growth (40). Jo et al. injected autologous adi-
pose tissue-derived mesenchymal stem cells into the 
knee joint of patients with GA (40). After 6 months, the 
volume of cartilage in the femoral and tibial condyles 

increased, which contributed to improvement in knee 
joint function and decreased pain. Wakitani et al. were 
the first to report the regeneration of articular cartilage 
after transplantation of autologous MSCs embedded in 
a collagen gel (39). Based on the current state of clinical 
studies related to autologous stem cell therapy for OA 
of the knee, some authors have expressed concern about 
the stem cell type. Therefore, there is a need for a gold 
standard for autologous stem cell therapy for knee OA, 
which will be the goal of future clinical studies.

Conclusion

The use of stem cells is effective in the treatment of 
degenerative knee joint disease, with which the regene-
ration and restoration of cartilage and other periarticular 
structures is possible, enabling return to daily physical ac-
tivity. The entire treatment process is associated with the 
application of an appropriate rehabilitation programme 
that allows the patient to be adequately prepared for stem 
cell transplantation. 
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