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The use of bone growth stimulators for 
osteoarthritis of the knee

Introduction

Osteoarthritis (OA) is the most common 
type of arthritis found in the United States [1]. 
The knee joint is the most frequently affected 
joint with estimates of 37% of adults over 60 
years of age having radiographic evidence of knee 
OA and 12% having symptoms related to knee 
OA accompanying radiographic findings [2]. 
The incidence and prevalence of this debilitating 
disease combined with lack of effectiveness of 
conservative treatment has led to estimates that 
over half of the adults in the U.S. diagnosed 
with knee osteoarthritis will undergo a total knee 
replacement [3]. These facts provide the basis for 
a need for innovative and effective treatments.

Despite the high prevalence and economic 
burden the pathophysiology of osteoarthritis 
of the knee is incompletely understood [4-
6]. The emerging understanding is that 
osteoarthritis of the knee is primarily a disease 
of subchondral bone and that the hyaline 

cartilage changes are secondary [7]. This has 
led to discussions concerning the reliance of 
cartilage in osteoarthritis on subchondral bone 
health, and the description of subchondral bone 
and cartilage disease as a rediscovered functional 
unit [8,9]. This understanding has led to the 
establishment of subchondral bone as a key 
target for osteoarthritis treatment [10].

The reasoning for treatment of subchondral 
bone for osteoarthritis of the knee is based upon 
the importance of both the shock-absorbing 
and nutrient delivery properties of subchondral 
trabecular bone [10]. The shock absorbing 
properties is a result of the microarchitecture of 
trabecular orientation which is uniquely adapted 
to the mechanical forces imposed across the joint 
[11]. In disease states such as OA of the knee the 
subchondral bone becomes stiffened and with 
alterations of this shock absorbing property, 
increased forces are transmitted to the articular 
cartilage which leads to a cascade of events of 
inflammation and ultimately cartilage loss. This 
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reasoning is based on observed variations in the 
trabecular microstructure in knee OA which 
affects the biomechanical competence of bone 
[12,13]. The scenario of this pathophysiology 
indicates that OA of the knee is primarily a 
disease of subchondral bone and the joint 
changes are secondary.

The nutritional contribution of the health 
of subchondral bone to deliver nutrients to 
the hyaline cartilage is also a critical aspect of 
the disease process. There is evidence for direct 
signaling between subchondral bone and articular 
cartilage with both mechanical and biochemical 
interactions [14]. Under physiologic conditions 
the maintenance of the health and nutrition of 
the joint is dependent upon articular loading 
and unloading of the cartilage and subchondral 
regions [9]. This creates mechanical forces which 
affect fluid dynamics.

This aspect of fluid dynamics is critical to 
nutrient delivery and has led to considerations of 
a vascular contribution to the pathophysiology 
of osteoarthritis of the knee which has now been 
confirmed [15,16]. The condition of venous 
stasis contributes to the disease process because 
the required bone fluid pressure gradients and 
sheer stresses associated with nutrient delivery 
are adversely impacted in the condition of venous 
stasis which leads to bone adaptation [17].

This vascular link has been further confirmed 
with imaging studies which have identified bone 
marrow edema patterns associated with advanced 
knee OA and also correlate bone marrow edema 
with clinical progression of knee osteoarthritis 
[18-20]. Subsequent research has led to the 
term bone marrow lesions (BML’s) for these 
MRI imaging patterns of bone marrow edema 
observed in OA of the knee [21]. These MRI 
patterns have also been correlated with histologic 
findings and fibrosis has been observed to be a 
predominant finding [22,23]. Refinement of 
MRI settings has recently identified significantly 
greater edema, fibrosis and necrosis present in 
BML’s found in OA of the knee [24].

Clinically, these changes in BML’s have 
been associated with fluctuations in knee pain 
in the MOST study such that diminishing size 
of BML’s was associated with resolution of knee 
pain [25]. This has led to the suggestion that 
BML’s may provide a target for interventions in 
knee OA and for monitoring progression [26-
28]. This is particularly promising since these 
MRI patterns are observed prior to radiographic 
evidence of OA of the knee [29]. There is also 

evidence that for all cases where bone marrow 
edema pattern is observed on MRI there is 
subchondral ingrowth of fibrovascular tissue 
and increased bone remodeling [30]. This is 
consistent with the evidence of Type II collagen 
degradation which is also associated with BML’s 
in OA of the knee [31]. This correlation of MRI 
findings with clinical symptom severity has led 
to the WORMS scoring as a semi-quantitative 
scoring method [32].

These findings lead to the subchondral 
bone as an interesting target for therapeutic 
interventions in OA of the knee [33]. This 
reasoning is derived from an understanding of 
the events which lead to trabecular bone stiffness 
and ultimately with cartilage loss from excessive 
transferred forces [11,34]. Bone remodeling 
is an inherent aspect of this pathophysiology, 
because normal bone remodeling is a complex 
process where the biomechanical forces on bone 
are sensed by the osteocyte synctium within the 
canalicular network which then coordinates 
osteoclast and osteoblast function with resultant 
implications expressed within the extracellular 
matrix and matrix mineralization [35].

In OA of the knee it is established that there 
exists abnormal subchondral bone remodeling 
[36]. This pathological remodeling of human 
trabecular bone has been studied at the level of 
the basic multicellular unit and the mechanisms 
of the coupling of bone resorption and bone 
formation have been discussed [37]. The basic 
multicellular unit involved with bone remodeling 
has been determined to include the structure 
of a bone remodeling compartment [38]. This 
bone remodeling compartment is known to 
direct the coupling process which depends upon 
local signals, and is intimately involved with a 
circulatory function of bone lining cells [39]. This 
additional vascular role in the pathophysiology of 
OA of the knee associated with the mechanism 
of coupling has been confirmed [40]. 

The sequence of events places venous 
congestion early in the disease process leading 
to fibrosis with subsequent stiffening of the 
subchondral bone. This then leads to the 
escalation of forces transmitted to the hyaline 
cartilage with the associated inflammatory 
cascade leading to the hallmark radiographic 
feature of joint space narrowing. 

The emerging picture of this pathophysiology 
provides compelling evidence that OA of the 
knee is primarily a disease of subchondral bone 
and that the cartilage changes are secondary 
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[41]. If this is true, there are currently a number 
of treatments that are considered to be the 
state of the art, such as injections of steroids, 
hyaluronic, and platelet rich plasma that are 
actually directed to the symptoms related to the 
cartilage deterioration and not the source of the 
problem which is the health of the subchondral 
bone [42]. Surprisingly, there are currently no 
treatments for OA of the knee directed to the 
health of subchondral bone [43].

It is therefore innovative to consider 
new treatment modalities for this purpose. 
Interestingly, OA of the knee can be considered 
to be a result of a cascade of events with 
venous congestion leading to fibrosis leading 
to subchondral stiffening leading to joint space 
inflammation and deterioration. In this scenario 
treatments that can alleviate venous congestion 
and fibrosis would be expected to result in 
improvement in the course and symptoms of OA 
of the knee.

For this reason bone growth stimulators are 
an intriguing investigational modality. Bone 
growth stimulators are treatments that provide 
for bone remodeling in the condition of bone 
fracture non-union. These non-invasive devices 
are capable of changing the fibrous tissue of the 
callus associated with fracture non-union into 
histologically normal bone. It is hypothesized 
that these devices can also induce bone 
remodeling in the condition of OA of the knee 
such that the venous congestion and fibrosis 
can also be treated through the process of bone 
remodeling with the result of normalization of 
subchondral bone health.

There are currently four modalities of 
bone growth stimulators that are approved 
by the FDA for this purpose. These are Pulsed 
Electromagnetic Fields (PEMF’s), Capacitively 
Coupled Electric Fields, Direct Current, and 
Ultrasound (US). Of these technologies, both 
PEMF’s and US have been used in the condition 
of OA of the knee, but neither technology has 
been directed to subchondral bone.

PEMF’s have been shown to have effects on 
both bone and cartilage, and the technical aspects 
of the signaling are distinct. All of the previous 
studies of OA of the knee using PEMF’s have 
been directed to treating the cartilage, and none 
have been directed to treating the bone [44-47]. 
Similarly, the signaling characteristics are distinct 
if the US is directed to treating soft tissue or bone 
[48]. This distinction is a regulatory issue where 
therapeutic US is an FDA Class II device and US 

directed to bone growth stimulation is an FDA 
Class III device [49]. All of the previous studies 
of OA of the knee using US have been directed to 
treating soft tissues, and none have been directed 
to treating subchondral bone [50,51].

The US treatment of bone regeneration 
and the utility for fracture non-union has been 
extensively studied [52,53]. Low Intensity Pulsed 
Ultrasound (LIPUS) has confirmed beneficial 
bio effects on tissue regeneration. However, 
the biological response to LIPUS is exceedingly 
complex and involves numerous cell types with 
signaling and activates several pathways. These 
mechano-transduction pathways involved in 
cell responses include MAPK and other kinases 
signaling pathways, gap-junctional intercellular 
communication, up-regulation and clustering of 
integrin, involvement of the COX-2/PGE2 and 
iNOS/NO pathways, and activation of the ATI 
mechanoreceptor [43].

The practical application of these various 
technologies for OA of the knee is based upon 
the commonality of fibrous tissue which is 
present in both the callus of fracture non-
union and in the subchondral bone of OA 
of the knee. This creates the potential for a 
treatment of OA of the knee with bone growth 
stimulators. Since bone growth stimulators are 
able to change fibrous tissue into normal bone 
through the process of bone remodeling, it is 
conceivable that bone growth stimulators can 
remodel the diseased subchondral bone in OA of 
the knee with venous congestion and fibrosis to 
improve biomechanical properties and alleviate 
symptoms.

The aim of the present study was to utilize 
validated and reliable clinical assessment tools 
to determine if there is a benefit for the use of 
Bone Growth Stimulators for osteoarthritis of 
the knee.

Methods

Patient consent was obtained for the off label 
use of bone growth stimulators for the treatment 
of osteoarthritis of the knee. Ten patients 
with confirmed osteoarthritis of the knee were 
included in this pilot study. Eight patients 
used ultrasound technology for bone growth 
stimulation, one patient used combined magnetic 
field technology for bone growth stimulation, 
and one patient used pulsed electromagnetic 
fields technology for bone growth stimulation. 
Each patient’s pain and quality of life were 
assessed on three independent scales before and 
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after treatment with non-invasive bone growth 
stimulators utilizing ultrasound technology. 
Clinical assessments were made at the start of the 
study, and at completion of treatment. Duration 
of treatment was between 3 and 4 months at 20 
min per day. 

Ultrasound frequency specifications were 
1.5 ± 5% MHz Modulating signal burst width 
200 ± 10% microsecond (µs), Repetition 
Rate 1.0 ± 10% kilohertz (kHz), Duty Factor 
20%, Temporal average power 117 ± 30% 
milliwatts (mW), Spatial avg.-temporal avg. 
(SATA) 30 ± 30% mW/cm2, Beam non-
uniformity ratio (BNR) 4.0 maximum, and 
collimated beam type. Patients used the 
device for 20 min daily [54].

Pulsed electromagnetic fields were generated 
by a control unit powered by a 9 V direct current 
power source. The magnetic field waveform 
consists of bursts of triangular (saw-tooth) pulses 
having a pulse frequency of 3.8 kHz, burst 
duration of 5.56 ms, and a burst on-off period of 
67 ms. The resulting burst on-off frequency is 1.5 
Hz. The maximum amplitude of the magnetic 
field was approximately 2 mT (20 G) [55].

Combined magnetic fields were utilized such 
that when the specified current is applied to the 
coil, it generates an extremely low-frequency 
and extremely low-intensity magnetic field that 
has both alternating and direct current (AC and 
DC) components, labeled a combined magnetic 
field (CMF). Specifically, the field oscillates 
sinusoidally at a frequency of 76.6 Hertz with an 
AC component of 40.0 ± 8.0 μT, peak to peak, 
and a DC component of 20.0 ± 2.0 μT and is 
calibrated at a distance of 0.10 m normal to the 
projected plane of the coil. The tolerances for the 
AC and DC fields are applied to the component 
of the MFD, Bz, normal to the plane of the coil. 
It is important to note that specifications based 
on these tolerances (AC: 32.0–48.0 μT, DC: 
18.0–22.0 μT) are not the same as the limits 
of the therapeutic field, which are currently 
unknown [56].

All patients had radiologically confirmed 
osteoarthritis of the knee. Patients were 
excluded from the study if they had received 
intra-articular injections in the joint and/
or attended physiotherapy sessions for the 
affected knee, within the 6 months prior to the 
study. Patients were also excluded if they had a 
known or suspected joint infection or a specific 
condition (neoplasm, diabetes mellitus, paresis, 

osteonecrosis, or recent trauma) or poor general 
health status that would interfere with the 
functional assessments during the study. The use 
of NSAIDs was not permitted during the study 
period; any pre-treatment with NSAIDs had to 
be discontinued 15 days before the start of the 
study.

Efficacy parameters

The efficacy criterion utilized the validated 
and reliable clinical assessment tools of the 
WOMAC scores, RAND health survey, and 
Lequesne Index [57,58]. These included 
WOMAC scores for joint pain (WP), joint 
stiffness (WS), physical function (WF), and 
total (WC). The RAND Short Form 36 (SF-
36) health survey questionnaire was utilized to 
generate the Rand quality of life score (RQ), 
Rand pain score (RP), and Rand composite 
score (RC). The Lequesne Index include 
pain (LP), distance (LD), functioning with 
activities of daily living (LF), and composite 
Lequesne score (LC).

Statistical analyses

SPSS Statistics was utilized to generate 
paired t-tests for the 11 measurements. Paired 
samples correlations produced correlation and 
significance values, and paired samples tests 
produced mean, standard deviation, standard 
error mean, 95% confidence intervals, t-values, 
degrees of freedom, and significance (2-tailed). 
The p-value was truncated at 3 decimal points.

Results

All participants completed the trial. There 
were no adverse events. For the eight participants 
who were treated with ultrasound technology, 
nine of the eleven statistical tests which were 
performed on the three scales of WOMAC, 
Rand and Lequesne were highly significant as 
seen in Figure 1 and Table 1.

For the participant treated with pulsed 
electromagnetic fields the percentage 
improvement for the individual tests were, RQ 
92.3%, RP 84.6%, RC 88.5%, LP 85.7%, LD 
100%, LF 100%, LC 92.3%, WP 88.8%, WS 
80%, WF 88.2%, and WC 87.3 %.

For the participant treated with combined 
magnetic fields the percentage improvement for 
the individual tests were, RQ 93.7%, RP 69.2%, 
RC 81.5%, LP 100%, LD 100%, LF 50%, LC 
94.1%, WP 75.0%, WS 100%, WF 83.3%, and 
WC 83.3%.
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Discussion

It has been established that changes in 
subchondral bone are intrinsic to the diagnosis of 
OA of the knee [59]. It has also been established 
that these changes occur prior to degradation of 
the articular cartilage, indicating that it plays a 
role in the pathogenesis of osteoarthritis [60]. 
There has been long standing presumptive 
evidence of this etiology from imaging studies, 
and more recently confirmation from biomarkers 
of subchondral bone turnover which has been 
shown to predict progression of joint space 
narrowing and osteophytes in osteoarthritis [59].

Based on this understanding of the 
pathogenesis of osteoarthritis of the knee it is 
reasonable to consider treating the subchondral 
bone to improve pain and functioning in 
this disease state. The micro-architecture of 
subchondral bone shares commonality with 
bone fracture non-union the presence of fibrous 
tissue. It is hypothesized that this fibrosis in the 
trabecular bone in the subchondral regions in 
osteoarthritis of the knee contributes to altered 
biomechanics that result in transmission of 

forces to the articular cartilage and is a primary 
event in a cascade of events culminating in the 
constellation of molecular, biochemical and 
structural changes that create the progression of 
osteoarthritis of the knee.

A further consideration is that the fibrosis is 
a result of venous congestion in the subchondral 
bone. The condition of venous congestion in OA 
of the knee is clearly established with imaging 
studies, and seen clinically as the symptom of 
stiffness and the quality of a deep ache with 
the first few steps of affected patients following 
prolonged sitting that quickly alleviates with 
walking as the transmitted forces help to dissipate 
the venous engorgement.

Venous congestion leading to fibrosis is 
known to occur in a variety of conditions. For 
instance, progressive fibrosis of the skin and 
subcutaneous tissues induced by chronic venous 
hypertension is referred to as lipodermatosclerosis 
[61]. Chronic passive hepatic congestion 
(congestive hepatopathy) also leads to hepatic 
fibrosis [62]. Fibrosis is also found in pelvic 
congestion syndrome [63]. Myocardial fibrosis 

Table 1. Paired t-test with N=8 and 7 degrees of freedom for ultrasound treatment on 11 scales.
Test t-test p-value

Rand Quality of Life (RQ) -5.416 0.001
Rand Pain (RP) -5.578 0.001

Rand Composite (RC) -6.042 0.001
Lequesne Pain (LP) 11.148 <0.001

Lequesne Distance (LD) 1.579 0.155
Lequesne ADL (LF) 4.861 0.002

Lequesne Composite (LC) 6.583 <0.001
WOMAC Pain (WP) 3.800 0.007

WOMAC Stiffness (WS) 3.473 0.010
WOMAC Function (WF) 4.817 0.002

WOMAC Composite (WC) 4.791 0.002

Figure 1. Percent change for individual reliable and valid clinical assessments.
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and hypertrophic cardiomyopathy are also 
linked to venous congestion and hypoperfusion 
[64]. There is evidence of venous congestion and 
microvascular dysfunction in cystic fibrosis [65]. 
Pulmonary fibrosis is also thought to result from 
venous congestion [66]. Passive hyperemia of 
the spleen has also resulted in idiopathic portal 
hypertension due to fibrosis of the liver in the 
absence of cirrhosis [67].

Based on the correlation of venous 
congestion and fibrosis in the heart, lung, liver, 
kidney, spleen, skin, and uterus, as well as in 
cystic fibrosis, this same pathophysiology would 
be expected to be present in OA of the knee.

The correlation with venous stasis has been 
identified as early as the 1960’s and at that time 
was called ‘congestive pain’ in patients with OA 
of the knee and treated with osteotomy [68]. 
The effect of venous stasis with the cascade 
of events to include increased intraosseous 
pressure, decreased arteriovenous pressure 
difference, leading to malnutrition of the bone 
and disease progression was also suggested in 
the 1960’s [69]. This concept endured through 
the 1970’s with this sequence described as an 
increase of resistance to venous flow with venous 
congestion in cancellous bone marrow leading to 
deterioration of nutritive capillary blood flow. 
The time course was also noted to be long and 
gradual from identification of these changes 
to subsequently observed secondary structural 
damage in OA of the knee and eventually to the 
clinical evaluation of pain [70]. Also in the 1970’s 
this was described as intraosseous engorgement-
pain syndrome [71].

Subsequent studies of intraosseous 
phlebography with intraosseous pressure 
measurements and scintigraphy confirmed 
venous congestion and stasis with increased 
intraosseous pressure. These identical findings 
with all three methods of investigation in 
patients with the intraosseous engorgement-pain 
syndrome and osteoarthritis suggest a common 
pathomechanism [72]. Significantly and more 
recently is the discovery of a correlation of 
venous stasis and intraosseous pressure with the 
radiographic stage of OA of the knee. The higher 
the intraosseous pressure, the more advanced the 
stage [73]. This is also consistent with associated 
studies which have identified erythema and 
capillary hyperaemia as associated with synovial 
fibrosis in Behçet disease of the knee [74].

The common pathomechanism which links 

venous congestion, intraosseous hypertension 
and disease progression of OA of the knee is 
now known to be the presence of fibrosis. This 
is supported by the identification of subchondral 
venous congestion with fibrosis in experimental 
models of OA of the knee [75,76].

It is therefore intriguing to consider 
bone growth stimulators as an innovative 
treatment for OA of the knee. This concept is 
fundamentally based on the knowledge that the 
changes observed in subchondral bone precede 
the changes observed in the cartilage [77]. The 
rationale for this treatment also logically follows 
from the facts of these discussions of the cascade 
of events that lead to OA of the knee. Finally, 
the commonality of the presence of fibrosis in 
the subchondral region of the bone in OA of 
the knee and in the callus of fracture non-union, 
combined with the evidence that bone growth 
stimulators are able to produce bone remodeling 
through the mechanism of histologically 
changing fibrous tissue into a continuum of 
normal bone, presents an opportunity to evaluate 
the effects of the use of bone growth stimulators 
in OA of the knee.

It is hypothesized that remodeling of the 
subchondral bone in OA of the knee results 
in decreased venous congestion, decreased 
intraosseous pressure, decreased fibrosis, 
improved capillary flow, improved nutrition, 
and decreased pain. It is further hypothesized 
that since bone growth stimulators use a 
variety of signal patterns to achieve the same 
outcome in treatment of fracture non-union, 
the various specific technologies utilized 
for bone growth stimulations would all be 
expected to achieve similar results for use in 
OA of the knee.

This report is the first clinical use of bone 
growth stimulators for OA of the knee. These 
results are highly encouraging. It is remarkable to 
obtain such a high level of statistical significance 
with such a small sample size. Limitations of the 
current study and confounding variables include 
small sample size, lack or stratification of initial 
severity at initiation of treatment, and a range of 
treatment duration.

There are many directions for future study 
that can be investigated. These include larger 
sample sizes, more rigorous inclusion of the 
various technologies of bone growth stimulators, 
imaging correlation, concurrent biomarker 
measurements, and mechanistic studies.
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