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The effect of bone growth stimulators on 
venous congestion in osteoarthritis of the 
knee

•	 These results confirm the effect for the 
reduction of venous congestion with the use of 
bone growth stimulators for osteoarthritis of 
the knee and verify subjective improvement. 
Introduction

The continuing quest for a complete under-
standing of the pathophysiology of osteoarthritis 
of the knee is developing into an intriguing tes-
tament to the process of scientific discovery in 
general, which in this case has only progressed 
with the collaborative efforts of a variety of sub 
disciplines. The classic hallmark diagnostic crite-
ria of joint space narrowing have led to decades 
of treatment directed solely to the cartilage and 
synovial fluid. A breakthrough in understanding 
came with the discovery of the contributions of 
the health of the subchondral bone in the onset 
and progression of osteoarthritis of the knee. We 
now are confident that that this is primarily a dis-
ease of subchondral bone and the joint changes 
are secondary. Despite the undisputed confirma-
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Significance and innovation

•	 This is the second study in the world’s 
literature of treatment of subchondral bone in 
osteoarthritis of the knee in humans. 

•	 This is quite surprising since it is well 
established that osteoarthritis of the knee is 
primarily a disease of subchondral bone and 
the joint changes are secondary. 

•	 A discussion is also presented that provides 
the basis for understanding intraosseous 
venous congestion as the unifying factor in 
the pathophysiology of osteoarthritis of the 
knee.

•	 The role of subchondral bone health in the 
pathophysiology of osteoarthritis of the knee 
makes bone growth stimulators which affect 
bone remodeling a promising treatment 
modality.
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Background: The aim of the present study was to determine if there is an effect to decrease intraosseous 
venous congestion in osteoarthritis of the knee with the use of bone growth stimulators. This is based 
on the understanding that osteoarthritis of the knee is primarily a disease of subchondral bone and 
the joint changes are secondary. Bone growth stimulators are a promising future treatment modality 
because of the effects of bone remodeling.

Methods: WOMAC scores, RAND health survey scores, and intraossous venous congestion were 
measured prior to and after treatment with noninvasive bone growth stimulators utilizing ultrasound 
technology on twenty patients with osteoarthritis of the knee. There were twenty participants in the 
treatment group and ten in the control group.

Results: There was a 100% response rate with a high level of statistical significance with decreased venous 
congestion. The mean intraosseous pressure before treatment was 29.48 mm Hg and after treatment 
was 15.13 mm Hg. There was also a high level of significance for all portions of the two independent 
quality of life scales.

Conclusions:  This is the second study in the world’s literature of treatment of subchondral bone in 
osteoarthritis of the knee. Intraosseous venous congestion is discussed as initiating a cascade of events 
culminating in the constellation of molecular, biochemical and structural changes and is the unifying 
factor leading to impaired nutrition of the subchondral bone and cartilage, micro-fractures and 
alterations of trabecular microarchitecture, subchondral bone stiffening from intraosseous hypertension 
and fibrosis, culminating in the loss of the articular cartilage and in osteophyte formation.
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intraosseous pressure was mainly determined 
by venous congestion and that these changes 
occurred prior to secondary structural damage in 
osteoarthritis of the knee [14-16]. Investigations 
in the 1980’s utilized intraosseous phlebography 
with intraosseous pressure measurements and 
scintigraphy to confirm venous congestion 
and stasis with increased intraosseous pressure 
[17,18]. In the 1990’s investigations continued 
to delineate the venous congestion and included 
imaging the morphology [19,20]. In the early 
2000’s further studies confirmed that venous 
stasis and intraosseous pressure correlate with 
the radiographic stage of osteoarthritis of the 
knee such that the more severe the venous 
congestion and the higher intraosseous pressure, 
the more advanced the stage [21,22]. Increased 
intramedullary pressure continues to be cited 
as one of the main causes of knee osteoarthritis 
[23], and surprisingly, tibial osteotomy is 
still a current treatment option effecting 
vascular decompression of intraosseous venous 
hypertension [22,24-26].

An inevitable outcome of venous congestion 
is decreased perfusion which manifests with 
metabolic and structural derangements. The 
health of all cells is dependent upon the delivery 
of nutrients and oxygen and the disposal of 
metabolic waste products and these processes 
are mediated through the vascular system. In 
this way venous congestion in a broad sense 
creates a nutritional deficiency in both the bone 
and cartilage [2,19,27,28]. Venous congestion 
has specifically been identified as the source 
of hypoxia, hypercapnia, and acidity in both 
synovial fluid and subchondral bone [18,29,30]. 
The hyaline cartilage is particularly susceptible 
because of the reliance on subchondral bone 
to supply nutrition to the avascular articular 
cartilage [31]. The metabolic changes associated 
with the intrameduallary microcirculatory failure 
caused by venous congestion include altered 
coagulability which leads to micro-hemorrhage, 
and decreased oxygenation and perfusion which 
lead to micro-necrosis [2,19,32]. Osteocytes are 
particularly susceptible and die without nutrient 
exchange for 4 h and bone ischaemia for more 
than 6 h causes significant osteonecrosis [33,34]. 
Osteocytes also lose their ability to detect 
loading from the loss of fluid flow in osteocyte 
lacunae with venous congestion and intraosseous 
hypertension which diminishes their viability 
[35,36].

The loss of the articular cartilage can be 
understood as the culmination of events which 

tion of this truth, to date there has only been one 
article of treatment of subchondral bone in os-
teoarthritis of the knee in humans. This utilized 
bone growth stimulators with several signal mo-
dalities including ultrasound, and this revealed 
improved pain and function in osteoarthritis of 
the knee [1].
There is an important distinction between other 
previous uses of ultrasound for osteoarthritis of 
the knee. There have been many investigations 
using therapeutic ultrasound and these are 
distinct from bone growth stimulators that use 
ultrasound technology. Therapeutic ultrasound 
uses signal characteristics and devices that 
are approved by the FDA under the Code of 
Federal Regulations Part 890, subpart F, section 
890.5860 to generate deep heat within body 
tissues for the treatment of selected medical 
conditions such as the relief of pain, muscle 
spasms, joint contractures and increase local 
circulation, and these are class II devices. Bone 
growth stimulators use different ultrasound 
signal characteristics, have unique effects, and 
are class III medical devices.

The focus of this article is intraosseous venous 
congestion which is unquestionably present 
in and associated with osteoarthritis of the 
knee with a myriad of deleterious effects 
including impaired nutrition of the subchondral 
bone and cartilage, alterations of trabecular 
microarchitecture, development of fibrosis, and 
induced periosteal bone formation. There is 
an abundance of evidence in the literature of 
venous stasis and intraosseous hypertension in 
osteoarthritis of the knee [2].

The interesting history begins with the 
development of advanced imaging techniques 
which led to observations of radiologists who 
are credited with advancing the concept that the 
subchondral bone and hyaline cartilage of the knee 
is a functional unit [3-5]. This functional unit has 
since been confirmed and efforts to understand 
the biochemical and molecular signaling are 
ongoing [6-11]. It can be demonstrated that the 
unifying factor in the disease of osteoarthritis of 
the knee with consideration of this functional 
unit is intraosseous venous congestion.

Intraosseous venous congestion has been known 
to be associated with osteoarthritis of the knee 
since the early 1960’s and at that time was treated 
with osteotomy to relieve venous congestion 
[12-14]. In the 1970’s this was described as 
the intraosseous engorgement-pain syndrome, 
and even at that time it was known that 
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occur subsequent to venous congestion. In 
the normal condition the shock absorbing 
property of the subchondral bone results from 
the microarchitecture of trabecular orientation 
which is uniquely adapted to the mechanical 
forces imposed across the joint [37]. This 
structure provides for the function of the bone 
as the primary shock absorber in the healthy 
state which limits forces that are transmitted 
to the articular cartilage. In the disease state of 
osteoarthritis of the knee a sentinel event occurs 
as the subchondral bone becomes stiffened 
and results in increased forces subjected to 
the articular cartilage leading to a cascade of 
inflammatory events combined with mechanical 
forces deteriorating the joint space [37-40]. This 
sequence of events is supported by observations 
of variations in the trabecular microstructure in 
osteoarthritis of the knee which affects the 
biomechanical competence of  bone [2,41,42]. 
One of these events is the development of micro-
fractures which result from venous congestion 
[19]. Another event is the intraosseous 
hypertension which stiffens the subchondral 
bone [29].

The development of intraosseous fibrosis is 
also a result of venous congestion and is an 
independent contributor to the increased bone 
stiffness. The common pathophysiology of 
venous congestion leading to fibrosis is well 
known and has been reported in the heart, lung, 
liver, kidney, skin, and uterus, and in cystic 
fibrosis [43-50]. In osteoarthritis of the knee 
histopathology has identified predominantly 
fibrous tissue replacing the fatty marrow [51]. 
Studies have mechanistically linked congestion 
to fibrosis not through an inflammation 
mediated pathway, but rather through sinusoidal 
thrombosis and mechanical strain. Sinusoidal 
dilation leads to stretch of adjacent cells and 
stasis promotes intravascular thrombosis with 
fibrin clot formation. Cyclic mechanical stretch 
induces release of fibronectin and both fibrin 
and stretch stimulate fibronectin fibril assembly 
through a β-1 actin-dependent mechanism [46]. 
These changes result in intraosseous fibrosis as a 
result of venous congestion in osteoarthritis of 
the knee.

Another structural condition of osteoarthritis 
of the knee that is a result of venous congestion 
is osteophytes. Osteophytes are independently 
associated with structural progression of 
osteoarthritis of the knee [52], and venous 
congestion is included as one of the many causes 

of osteophytes [53,54]. The development of 
extensive lower extremity periosteal reaction 
secondary to venous insufficiency is well known 
on radiography [55]. It has long been known 
that proliferative bone changes result from 
experimentally induced venous congestion [56]. 
The relationship of increased venous pressure 
to formation of periosteal new bone has been 
studied [57]. The results of this and other studies 
verify that venous stasis stimulates periosteal 
bone growth [30]. The mechanism involves a 
generalized periosteal reaction that initially can 
cause the separation of the periosteum from 
the cortex [58,59]. The precise mechanism 
remains unclear but factors associated with the 
pressurization and stretching deformation of the 
periosteum due to the increased intramedullary 
pressure and/or the metabolic changes due to 
venous congestion, such as oxygen tension, 
carbon dioxide tension, and local pH value, may 
be the signal that triggers the cellular activity that 
results in periosteal bone formation [30].

This summary provides the basis for 
understanding intraosseous venous congestion 
as the unifying factor in the pathophysiology of 
osteoarthritis of the knee. Intraosseous venous 
congestion creates impaired nutrition of the 
subchondral bone and cartilage, micro-fractures 
and alterations of trabecular microarchitecture, 
subchondral bone stiffening from intraosseous 
hypertension and fibrosis, culminating in the 
loss of the articular cartilage and in osteophyte 
formation. This role of subchondral bone in the 
pathophysiology of osteoarthritis of the knee 
makes bone growth stimulators which affect bone 
remodeling a promising treatment modality. The 
purpose of this investigation was to determine if 
bone growth stimulators decrease intraosseous 
venous congestion in osteoarthritis of the knee.

Methods

This study was performed with Investigational 
Review Board oversight and ethic committee 
approval, was published on ClinicalTrials.gov, 
and adheres to CONSORT guidelines. Patient 
consent was obtained for the off label use of 
bone growth stimulators for the treatment 
of osteoarthritis of the knee. Thirty patients 
with confirmed osteoarthritis of the knee were 
included in this study, twenty in the treatment 
group and ten in the control group. Nineteen 
patients used ultrasound technology for bone 
growth stimulation and one patient used Pulsed 
Electromagnetic Fields (PEMF) technology for 
bone growth stimulation. The control group 
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did not receive active bone growth stimulator 
treatment. Sample size was based on a previous 
report using same treatment with statistically 
significant results [1].

Each patient’s pain and quality of life were 
assessed on two independent scales before and 
after treatment with noninvasive 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 14 weeks at 20 minutes per day. 
The Exogen 2000+ was used and placed over the 
tibial tubercle and a calendar of patient use was 
recorded.

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 
[60].

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, a 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) [61].

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) that would 
interfere with the functional assessments during 
the study. The use of NSAIDs was not permitted 
during the study period; any pretreatment 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 and RAND health survey [62,63]. 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).

Intraossous venous congestion was measured 
by Intraosseous Pressure (IOP) with a 15 gauge 
intraosseous infusion needle placed adjacent to 
the tibial tubercle under fluoroscopic guidance 
with local anesthesia. Intraosseous pressure 
was measured with sterile arterial pressure 
tubing connected to a pressure transducer. This 
measurement was obtained prior to treatment 
and at the conclusion of the study protocol.

Statistical analyses

SPSS Statistics was utilized to generate paired 
t-tests for the 10 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

The intraosseous pressure measurement and all 7 
quality of life scales were highly significant as seen 
in Figure 1 and Table 1. The mean intraosseous 
pressure before treatment was 29.48 mm Hg and 
after treatment was 15.13 mm Hg, representing a 
49% decrease in venous congestion (p=<0.001), 
and there was 100% response rate with decreased 
intraosseous pressure in all treated participants.

Ten participants were in the control group and 
3 measured bilaterally for 13 control knees. The 
control and treatment groups did not differ 
in initial IOP measurements (p=0.97). The 
control and treatment groups were different after 
treatment using the difference score Independent 
t-test (p=0.002, t=3.442). The initial mean 
intraosseous pressure in the control group was 
23.6 mm Hg and was 25.2 mm Hg 14 weeks 
later.

There was no significant change in SBP or DBP. 
The mean SBP before treatment was 132.89 mm 
Hg and after treatment 135.00 mm Hg or 1.6% 
increase. The mean DBP before treatment was 
75.56 mm Hg and after treatment 75.78 mm 
Hg or 0.3% decrease. 

There were no adverse events. One participant 
was severely injured in an auto accident and did 
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not complete the trial. Of the 18 participants 
who completed the trial who were treated with 
ultrasound technology 5 were treated bilaterally 
for a total of 23 treatment knees. One participant 
was treated with PEMF’s and completed the trial.

For the participant treated with pulsed 
electromagnetic fields the intraosseous pressure 
decreased from 23 mm Hg to 13 mm Hg with 
treatment.

Discussion

We are entering an exciting time with high 
expectations of new treatments which will be 
directed to the health of subchondral bone 
in osteoarthritis of the knee. In 2004 the 
subchondral bone was identified as a particular 
interest in any attempt to determine the nature 
of the factors initiating osteoarthritis [64-68]. 
The evidence for targeting subchondral bone 
for treating osteoarthritis was later summarized 

in 2010, and identified as a key target for future 
treatments in 2012 [69,70]. In 2014 modalities 
specifically targeting  bone  remodeling for 
treatment of osteoarthritis of the knee was 
suggested [9]. Research confirming the concept 
that poor subchondral bone quality is associated 
with osteoarthritis continued in 2015, and 
further calls were made for treatments of 
subchondral bone which may serve as a potential 
therapeutic target for osteoarthritis interventions 
[71,72]. In 2017 the current understanding of 
the connection of subchondral bone pathology 
in OA was reviewed and the subchondral bone 
again identified as a key target for OA of the knee 
[73,74].

The method to measure venous congestion is 
the measurement of intraosseous pressure. This 
is because intraosseous pressure is determined 
by venous congestion and is due to poor venous 
drainage from the marrow [14,18,19,22,23-
25,30,64,65]. Venous congestion increases 
the pressure in the system which causes the 
extravascular pressure to rise because bone is a 
relatively rigid compartment [2]. Pressure in the 
marrow cavities rises when venous congestion 
impedes blood flow away from the bone and 
always falls when venous congestion is alleviated 
[66]. Bone marrow and medulllary venous 
pressure have been determined to be nearly 
equal and mutually interdependent and venous 
congestion is the primary determinant of bone 
marrow pressure [67]. The normal intraosseous 
pressure has been reported as 15 mm Hg 
compared to 44 mm Hg in osteoarthritis of the 

 
Figure 1. Percent change for intraosseous pressure, blood pressure and individual reliable and valid clinical 
assessments. 

Table 1. Paired t-test with N=23 and 22 degrees of 
freedom for Ultrasound Treatment for intraosseous 
pressure measurement. Paired t-test with N=18 and 
17 degrees of freedom for Ultrasound Treatment 
on 7 quality of life scales and blood pressure 
measurements.
Test t- test p- value
Intraosseous Pressure 5.24 <0.001
Systolic Blood Pressure (SBP) -0.617 0.545
Diastolic Blood Pressure (DBP) -0.131 0.898
Rand Quality of Life (RQ) -6.693 <0.001
Rand Pain (RP) -7.77 <0.001
Rand Composite (RC) -9.351 <0.001
WOMAC Pain (WP) 6.714 <0.001
WOMAC Stiffness (WS) 6.153 <0.001
WOMAC Function (WF) 9.475 <0.001
WOMAC Composite (WC) 9.228 <0.001
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knee [17]. The SBP increased 1.6% and the DBP 
decreased 0.3% in this study and these were 
not statistically significant, so the intraosseous 
pressure is a valid measurement of venous 
congestion.

Our previous study on the use of bone growth 
simulators for osteoarthritis of the knee provided 
subjective evidence of benefit (1). The present 
study confirms these results and adds objective 
measurements. It also responds well to specific 
recommendations in 2017 to address what is 
described as an urgent clinical need to develop 
effective regimens to alleviate intraosseous 
hypertension and venous congestion for the 
treatment of osteoarthritis of the knee (23). 
These results confirm the effect for the reduction 
of venous congestion with the use of bone 
growth stimulators for osteoarthritis of the knee. 
It is intuitively obvious that alleviating venous 
congestion would be effective with the discussion 
of venous congestion as the unifying factor in 
the pathophysiology of osteoarthritis of the knee 
which initiates  a cascade of events that result 
in subchondral bone stiffening, the  loss of the 
articular cartilage and in osteophyte formation.

Video evidence was obtained of pre and post 
treatment intraosseous pressure measurements to 
verify lack of bias and future studies are planned 
with an independent assessor.

Conclusions

We found the mean intraosseous pressure before 
treatment to be 29.48 mm Hg after treatment 
was 15.13 mm Hg, representing a 49% decrease 
in venous congestion, with a 100% response 
rate with decreased venous congestion in all 
treated participants. The small increase in venous 
congestion in the control group is felt to be due 
to progression of the disease.

This is the second study in the world’s literature of 
treatment of subchondral bone in osteoarthritis 
of the knee in humans. This is quite surprising 
since it is well established that osteoarthritis of the 
knee is primarily a disease of subchondral bone 
and the joint changes are secondary. The role of 
subchondral bone health and an understanding 
of intraosseous venous congestion as the unifying 
factor in the pathophysiology of osteoarthritis of 
the knee makes bone growth stimulators which 
affect bone remodeling a promising treatment 
modality. A third study is in progress recruiting 
180 veterans in a double-blind, randomized, 
sham-controlled trial using the Exogen 2000+ 
Bone Growth Stimulator.

Modalities of bone growth stimulators that 
are approved by the FDA include PEMF’s, 
Capacitively Coupled Electric Fields, Combined 
Magnetic Fields, Direct Current, and Ultrasound. 
We found decreased venous congestion using 
PEMF’s as well, so these results do not appear 
to be specific to ultrasound as the technology for 
bone growth stimulation.
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