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A B STRA    C T

Osteoarthritis (OA) or degenerative joint disease 
(DJD) is more common than all the other types of 
arthritis combined. It is well-established that injury to 
a joint increases the chances that the joint will develop 
osteoarthritis over time. Precipitating causes include 
sudden impact or trauma, overuse or repetitive motion 
injuries, biomechanical abnormalities (congenital 
or acquired), ligamentous injury, joint hypermobility, 
obesity, intra-articular or systemic corticosteroids, 
avascular necrosis, and hereditary factors. Osteoarthritis, 
though the accepted term used to describe degenerative 
joint disease, is misleading because it primarily relates 
to cartilage, not bone, and involves degeneration, 
not inflammation. A lack of understanding about the 
development of osteoarthritis has resulted in a broad 
array of symptom-based treatment options such as rest, 
ice, heat, analgesics, anti-inflammatories, narcotics, 
braces and wraps, physical therapy and exercise, 
chiropractic, viscosupplementation, corticosteroid 
injections, and surgery. While advances have been 
made in joint replacement, cartilage repair, cartilage 
replacement, and spinal procedures, treatments to limit 
or even reverse articular cartilage breakdown have been 
lacking. Being that ligament injury, excess laxity, joint 
hypermobility, and clinical instability are known to be 
major causes of osteoarthritis, any treatment which 
can address restoration of ligament function would 
help reduce the incidence, pain, and dysfunction of 
osteoarthritis.
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with joint injuries. There are intrinsic causes for OA 
(defined as primary OA) which have a genetic and/or 
biomechanical etiology and extrinsic causes (defined as 
secondary OA) which are caused by external factors. 
Secondary OA is caused by sudden impact, direct 
trauma, overuse or repetitive motion injuries, avascular 
necrosis, corticosteroids, obesity, and ligamentous injury 
with resultant joint hypermobility and instability.
 
The ligamentous causes of  OA will be the primary focus 
of  this article. OA can appear in synovial joints, which 
are composed of  cartilage, bone, and joint fluid contained 
within the joint capsule.1, 2 Examples of  synovial joints 
are the knees, hips, shoulders and fingers. (See Figure 1.) 
Osteoarthritis can also be found in the non-synovial joints 
of  the cervical, thoracic, and lumbar spine regions. There 
are no standard treatment options which have been able 
to decrease or eliminate pain due to osteoarthritis, much 
less arrest the development of  the disease. Progression of  
degeneration often eventually leads to joint replacement 
or spinal fusion. As a last resort, surgery is agreed upon 
by surgeon and patient when the pain, disability, and 
imaging studies are determined to be of  sufficient degree 
to warrant it. While many joint and spine surgeries have 

I n t r o d u c t i o n

O steoarthritis (OA) is the most common form 
of  arthritis and is typically found in the older 
population. With the aging of  the active 

“baby-boomer” generation, the number of  people who 
suffer from OA is expected to skyrocket. Also, there 
has been a rise in the number of  reported cases in the 
younger adult populations and it is frequently associated 

Figure 1. A synovial joint. The knee is an example of a synovial 
joint. 
Used with permission from Hauser, R. et al. Prolo Your Sports Injuries Away! Beulah 
Land Press, Oak Park, IL. 2001.
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It is estimated that 15% of  the world’s population also 
experiences pain and joint degeneration due to the 
presence of  osteoarthritis.8 The number of  hospitalizations 
as a result of  osteoarthritis has doubled in the last 15 years. 
In 1993, there were 322,000 hospitalizations, and in 2006 
the number rose to 735,000.9

 
M e d i c a l  C o s t s

The cost of  treatment for osteoarthritis 
can put a large burden on both the 
patient and the health care system 
alike. Medications, even if  effective 
in reducing pain, exact a great cost 
over the long-term, both in the 
costs of  the medications themselves 
but also relative to the side effects, 
complications, and secondary medical 
problems (morbidity and mortality). 
The many treatment options that 
are regularly used to treat OA will be 
discussed later in this article but some 
perspective should be given here as 
to the financial burden associated 
with OA considering both medical/
surgical (direct) costs and work-loss 
(indirect) costs.

One report estimated the total cost 
of  bilateral knee joint replacements 

at over $85,000. This included the hospital stay, surgeon 
fees, anesthesiologist fees, a 5-day stay in an inpatient 
rehabilitation center, and a pathologist visit. However, this 
did not include outpatient physical therapy because the 
length of  treatment is unknown. Luckily for this patient, 
much of  the expenses were covered by insurance.10 The 
cost of  hip and knee replacements have risen from about 
$7,000 in 1997 to an average of  $32,000 for the knee 
and $37,000 for the hip in 2003.11 Another option for 
joint replacement is to travel overseas. Vibrant Medicare 
reported hip joint replacement costs in India to be 
between $5900 and $7300 (US currency), while in the 
UK the costs were between $13,700 and $19,800 (US 
currency). An estimated $7.9 billion were spent on hip 
and knee replacements in the United States in 1997.12

 
The average out-of-pocket expense as a direct result of  
osteoarthritis was approximately $2,600 per person per 
year with a total annual disease cost of  $5,700.13, 14 Job-
related osteoarthritis costs were estimated to be between 

a successful outcome, there are an alarming number 
of  surgeries that aren’t successful, usually not due to 
poor surgical technique, but rather due to an improper 
determination that degenerative joint cartilage and spinal 
discs are the only sources of  a patient’s pain. Much of  
this can be attributed to the surgeon exclusively relying on 
imaging studies, such as X-rays and magnetic resonance 
imaging (MRI), which do not reveal 
the significant pain generators of  
ligaments, joint capsules, muscles, 
and tendons. Therefore, because 
these soft tissues (connective tissues) 
are not considered in the diagnosis 
and alternative interventions are 
not presented in the discussion, 
many unnecessary surgeries are 
performed.

P r e v a l e n c e

The number of  reported cases of  
osteoarthritis have been on the rise 
in the past quarter century. In 1995 
it was projected that approximately 
21 million Americans suffered from 
osteoarthritis. (See Figure 2.) As of  
2005, based on data collected from 
The National Health and Nutrition 
Examination Survey I (NHANES 
I), osteoarthritis affected 27 million 
of  the 46 million people in the United States that suffer 
from arthritis. Also, recent data shows that one out of  two 
Americans are at risk for knee osteoarthritis over their 
lifetime.4 Hip osteoarthritis occurs in 0.7 to 4.4% of  adults 
and knee osteoarthritis occurs in approximately 5% of  the 
American population between the ages of  35 to 54.3, 5-7  

While many joint and 
spine surgeries have 

a successful outcome, 
there are an alarming 
number of surgeries 

that aren’t successful, 
usually not due to poor 

surgical technique, 
but rather due to an 

improper determination 
that degenerative joint 

cartilage and spinal discs 
are the only sources of a 

patient’s pain.

Figure 2. Projected amount of Americans with 
osteoarthritis.
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$3.4 and $13.2 billion per year. Other studies reported 
average annual direct medical, drug, and indirect work 
loss costs were $8,601, $2,941, and $4,603, respectively.15  
Logically, the primary goal going forward for the health 
care field regarding osteoarthritis would be to utilize the 
most effective treatments available that are also the most 
cost-effective.

E t i o l o g y

There are many causes of  joint injury reported in the 
literature as well as associated risk factors which increase 
the likelihood of  joint degeneration. It may be caused by a 
systemic (genetic) predisposition or by local (mechanical) 
factors. For some the cause is known (secondary), but 
for others the cause is unknown (primary). For example, 
a person may have an inherited predisposition to 
develop the disease, but it may only materialize when a 
biomechanical insult (such as a knee injury) has occurred.16 
It should be emphasized at the outset that osteoarthritis 
is primarily a degenerative process, not an inflammatory 
one as the name implies. A more appropriate term would 
be osteoarthrosis or degenerative joint disease.
 
Ligament damage or weakness is one cause of  joint 
degeneration. Joint subluxations, dysplasia, and 
incongruity prevent the normal distribution of  weight 
and stresses on the articular surfaces of  the joint leading 
to cartilage injury and joint degeneration. The disruption 
of  ligaments and joint capsules, causing increased joint 
laxity, increases the risk of  
articular cartilage injury 
because the joint motion is 
no longer stabilized by the 
ligament structure.10 These 
mechanical abnormalities 
cause changes in the areas 
of  contact on opposing 
surfaces and increase the 
intensity of  impact loading 
and shear and compression 
forces on some regions of  
cartilage. (See Figure 3.) The 
mechanical properties of  
articular cartilage depend 
on the macromolecular 
framework consisting of  
collagens and aggregating 
proteoglycans and the water 
within the macromolecular 

framework. The collagens give the tissue its strength, while 
the interaction of  the proteoglycans with water gives the 
tissue its stiffness (resistance) to compression, resilience, 
and durability.18, 19 The cartilage is the thickest in areas 
where contact pressure is greatest. After a ligament injury, 
joint motion becomes greater and may offset the contact 
surface to regions where the cartilage may be thinner 
and less able to support the applied stresses.17 The loss of  
sensory innervations of  the joint and surrounding muscles 
also increases the susceptibility of  joint degeneration 
because of  an increase in the instability of  the joint.18 
When the load is applied slowly, the muscles are able to 
contract and absorb much of  the energy and stabilize the 
joint. However, if  the load is sudden, the muscles do not 
have time to respond to stabilize the joint and decrease 
the forces applied to the cartilage surfaces. Even normal 
levels of  joint use may cause articular surface injury and 
degeneration in unstable, subluxed, or malaligned joints 
and in joints that do not have normal innervation.20 
Genetic hypermobility such as Ehlers-Danlos Syndrome 
and non-genetic hypermobility (Benign Hypermobility 
Syndrome) where trauma or injury is absent increase 
the likelihood of  OA development. Further prospective 
studies are needed to study the effects of  non-traumatic 
hypermobility as it relates to OA.

Direct trauma is a second cause of  joint degeneration 
and is typically associated with athletic participation. The 
articular surface can be damaged by single or repetitive 
impact from a direct blow to the joint or bones that form 

STRAIN ON JOINT

Figure 3. Ligament laxity can cause instability of the joint. The result is stretched ligaments 
and misaligned joints.

LIGAMENT LAXITY
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the joint. It can also be damaged by torsional loading 
resulting from twisting or turning of  joint surfaces that 
are relative to each other. The rate of  loading also affects 
the type of  damage that may be caused by sudden impact 
axial compression or torsional strain. During slow impact 
loading, the movement of  fluid within the cartilage allows 
it to deform and decrease the forces applied to the matrix 
macromolecular framework. In sudden or high impact 
loading, the matrix macromolecular framework suffers 
a greater level of  stress because the loading occurs too 
fast to allow for adequate fluid movement and tissue 
deformation.20 One study performed a 36 year follow-
up of  141 participants that had sustained a hip or knee 
injury after 22 years of  age and found that, due to the 
deleterious effects of  trauma that had compromised 
the structural integrity of  the joint, 96 (68%) of  the 
participants had developed osteoarthritis in the injured 
joint.21 Another study showed that 80% of  American 
football players with a history of  knee injury showed 
signs of  osteoarthritis 10 to 30 years after retiring.22 

Soccer players also have an increased incidence rate of  
osteoarthritis in the lower extremity joints, mainly the 
knee, when compared to a control group of  the same 
age. The most common types of  injuries are sprains 
and strains, which are usually caused by excessive forces 
applied to a joint in an abnormal direction. This leads 
to a high number of  meniscal and ligamentous injuries 
that ultimately translate to an increased instability within 
the joint.23, 24 While direct trauma or compression to the 
cartilage surfaces can alone can cause OA over time, it 
is unquestionably the concomitant ligament injury in the 
majority of  these cases which sets the joint up for OA 
development. When cartilage wear and degradation 
outpace cartilage repair, the wheels are set in motion for 
joint degeneration.

A third cause of  joint degeneration is overuse. This can 
be seen in jobs involving manual labor with repetitive 
motions such as farming, construction work, and lifting 
heavy loads. Heavy manual labor and stresses in the work 
environment were major predictors in development of  
hip osteoarthritis.25 Hip osteoarthritis was diagnosed in 
41 subjects (4.9%) after a 22-year follow-up study of  840 
participants. Baseball players also have an increased risk 
of  developing osteoarthritis in their shoulders and elbows 
due to the repetitive motion of  pitching and throwing.26, 27  
The average Major League Baseball pitcher throws 
over 3,000 pitches per season with little rest between 
games. Excess joint loading forces at the extremes of  
motion repeated many times over contribute to joint and 

connective tissue wear and degeneration. (See Figure 4.) A 
biomechanically sound shoulder and elbow joint, strong 
and well-conditioned muscles, excellent pitching technique 
and mechanics, and adequate rest afford the athlete the 
best case scenario for avoiding overuse injuries leading to 
degeneration. When all of  these things are in place and 
injury still occurs, could it be that subtle, unrecognized 
ligament deficiency is responsible for overuse injuries?
  
Other risk factors for joint degeneration are above-average 
body weight, supported by the fact that for every 1 pound 
increase in weight, the overall force across the knee in 
a single-leg stance increases 2-3 pounds.16, 18 Failure to 
accurately realign fractures, leaving room for abnormal 
movement and deviation;28 car accidents, which subject 
the body to sudden impacts may cause injury to ligaments 
and muscles and lead to pain and weakness in the spine 
and extremities; poor posture, age, abnormal joint 
anatomy or alignment,18 associated diseases, and genetics 
are other considerations leading to OA. Genetic factors 
account for 50% of  cases of  osteoarthritis in the hand 
and hip and a smaller percentage in the knees.16

Figure 4. The pitcher’s nightmare. Most pitchers experience 
this sequence of events to some degree. Shoulder joint laxity is 
the underlying etiology of the pitcher’s shoulder pain.
Used with permission from Hauser, R. et al. Prolo Your Sports Injuries Away! Beulah 
Land Press, Oak Park, IL. 2001.

Common Locations 	
for Osteoarthritis
T h e  K n e e

Knee joints are particularly susceptible to direct trauma 
and ligament injury because they are located between 
the two longest lever arms in the body, the tibia and 
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femur, and they experience high repetitive impact loads.29 

(See Figure 5.) Because of  their inherent vulnerability in 
different planes and joint angles, they are more likely to 
develop osteoarthritis after injury.
 
Meniscal tears, which are the result of  traumatic impact 
or torsional loading, are a cause of  osteoarthritis. 
Meniscal tears are believed to cause osteoarthritis 
because of  decreased joint stability and the alteration 
of  biomechanical forces. The primary function of  the 
meniscus is to distribute the forces evenly across the knee 
joint. When significant tears of  the meniscus occur or 
when meniscal tissue is removed with surgery, the contact 
forces increase over a smaller area of  the cartilage leading 
to cartilage loss which is accelerated further by an acquired 
varus or valgus deformity. Research has shown that 13% 
to 43% of  subjects that had meniscal damage and/or 
underwent a partial meniscectomy developed clinical 
symptoms associated with osteoarthritis.30-32 An injury to 
the meniscus during middle-age, defined as a horizontal 
tear, is associated with degeneration and is likely a result of  
an already existent osteoarthritic process in the knee.33, 34  

Osteoarthritis also has a high rate of  incidence in both 
male and female soccer players who had a torn anterior 
cruciate ligament (ACL). One study found that 82% 
of  female soccer players had radiographic changes in 
their knees 12 years after tearing their ACL, and 51% 
of  those individuals met the criteria for radiographic 

Figure 5. Mechanism of anterior cruciate ligament injury in 
agility sports. When trying to pivot around an opponent, an 
athlete decelerates and pivots on a planted foot, causing the 
ACL injury.
Used with permission from Hauser, R. et al. Prolo Your Sports Injuries Away! Beulah 
Land Press, Oak Park, IL. 2001.

knee osteoarthritis.35 Another study found that 78% of  
male soccer players had radiographic changes in their 
injured knees 14 years after a torn ACL, and 41% of  
those individuals had more advanced changes.36 Other 
studies report ranges from 12% up to 50 to 60% of  
patients 5 years post-ACL reconstruction displaying signs 
of  osteoarthritis.37 Instability of  the joint caused by ACL 
tears also increases the chances of  the development of  
osteoarthritis due to changes in the molecular structures. 
Cartilage and synovial fluid samples obtained post-ACL 
injury revealed a rapid onset of  damage to type II collagen 
and an initial increase in proteoglycan content associated 
with osteoarthritis.38 After ACL reconstruction, stability 
may be restored in one plane of  motion, but it may 
not fix it in all other planes of  motion because of  graft 
structure, intra-articular graft placement, and initial graft 
tension.39, 40 The development of  osteoarthritis following 
ACL tear has not been clearly determined, but those 
with chronic ACL deficiency are at a significantly higher 
risk of  secondary meniscal damage.37 The combination 
of  meniscal injuries at the time of  ACL injury is most 
frequently associated with knee osteoarthritis.41

 
Other factors that play a role in the development of  
osteoarthritis in the knee are medial joint laxity, higher 
BMI (Body Mass Index) values, lesser quadriceps femoral 
strength, lesser knee flexion, greater knee adduction, and 
greater co-contraction of  the quadriceps femoris and 
gastrocnemius muscles.42, 43

T h e  H i p

The hip joint is inherently more stable than the knee joint 
due to its ball-and-socket configuration and surrounding 
musculature. High load-bearing with or without joint 
trauma is the primary association with hip osteoarthritis. 
It is commonly associated with heavy manual labor and 
major musculoskeletal injuries. A 22-year follow-up 
study of  adult Finns diagnosed 4.9% of  subjects with 
hip osteoarthritis after working jobs that involved heavy 
manual labor. Men with high exposure to heavy lifting 
were at a higher risk of  developing hip osteoarthritis and 
the risk increased as the weight of  the loads increased. 
Also, a higher risk was associated with lifting heavier 
loads before the age of  30. Occupations of  farming and 
construction work showed increased incidence rates of  
hip osteoarthritis due to superolateral migration of  the 
femoral head.25, 44-46 Similar results were also found in 
women who experienced high levels of  physical work 
in their occupation and at home. Increased risk factors 
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include frequent stair climbing, physically demanding 
tasks outside of  their occupation, and high-intensity 
sports activity.47 Female physical education teachers had 
a higher prevalence of  osteoarthritis in the hip when 
compared to a similar-aged control group.48 Damage 
as a consequence of  musculoskeletal injuries also was 
an independent predictor for the development of  hip 
osteoarthritis.25 Specific risks include high loads, sudden 
or irregular impact, preexisting abnormalities such as hip 
dysplasia, and labral tears.

Athletes are prone to hip injuries and later development 
of  OA. Professional soccer players have a 10-fold risk of  
developing hip osteoarthritis compared to that of  the 
normal population, even with the lack of  an injury.49 
Similar findings emerged among former National Football 
League (NFL) players with 55.6% reporting arthritic 
problems in an NFL Players Association Survey in 2001.50, 51  
Repetitive low-grade impact from sport-related stresses 
can be enough to damage the soft tissue and surrounding 
ligament structure, weakening the joint, and starting the 
arthritic process.52

 
T h e  S h o u l d e r

By virtue of  its shallow socket (glenoid) and great range 
of  motion, the shoulder is very susceptible to connective 
tissue injury and instability leading to osteoarthritis. 
Osteoarthritis seen in the shoulder and elbow can be 
traced back to direct trauma or repetitive usage. Multiple 
studies have shown that repetitive high-stress activities 
involving the throwing arm in youth baseball players have 
led to the development of  osteochondritis of  the head of  
the radius and the capitulum of  the humerus. Because of  
the presence of  loose bodies floating in the joint, pain and 
eventual development of  osteoarthritis can occur.26, 50, 53  
Recurrent dislocations, especially anteriorly, can also 
cause development of  instability and osteoarthritis in the 
shoulder.

The development of  glenohumeral osteoarthritis occurs 
at a point of  maximum joint-reaction force where the 
humeral head meets the glenoid and when the arm is 
abducted 90 degrees. This wear and tear causes the 
glenoid to become flattened and eroded posteriorly and 
may increase the likelihood of  posterior subluxation. 
The combination of  years of  dislocations and surgery 
tighten the joint capsule and produce fixed subluxations 
in the opposite direction of  the dislocations, resulting 
in severe cases of  degenerative arthritis.54 Anterior 

instability has also been associated with the development 
of  osteoarthritis. One study found shoulder osteoarthritis 
in the radiographs of  11.3% of  subjects and CT scans 
revealed arthritic changes in 31.2%.55 The number and 
frequency of  dislocations and/or subluxations were 
significantly higher in the osteoarthritic joints when 
compared to the non-osteoarthritic joints. Rheumatoid 
arthritis, rotator cuff  tears, and Lyme disease also 
increase the chances for development of  osteoarthritis in 
the glenohumeral joint.56

 
T h e  A n k l e

The most common injury to the ankle is the ligamentous 
lesion to the lateral ligament complex as a result of  an 
inversion ankle sprain. Ankle sprains have been shown 
to occur more frequently in individuals with clinical 
instability and are more common in those with previous 
ankle sprains.57 Between 10% and 30% of  patients that 
experience inversion sprains experience chronic ankle 
instability.58, 59 One study from 1979 reported osteoarthritis 
in 78% of  subjects associated with ankle instability after 
10 years, but other research has shown that osteoarthritis 
does not result until 26 years after a single severe sprain 
and 38 years in recurrent ankle sprains.60, 61 Post-traumatic 
osteoarthritis is the cause of  more than 70% of  the arthritis 
cases in the ankles.60 The incidence rates of  osteoarthritis 
in recent years have increased, in part due to an increase 
in sports injuries.

Subtalar instability is believed to be one cause for 
chronic functional instability in the foot and ankle. One 
study reported that damage to the bifurcate ligament 
results in a significant increase in both plantarflexion 
and dorsiflexion, while injury to the inferior extensor 
retinaculum resulted in a significant increase in inversion 
and eversion. Also, dissection of  the calcaneofibular 
ligament increased the degree of  internal and external 
rotation and also produced significant kinematic changes 
in all degrees of  motion in the subtalar joint.62 Other 
contributing factors that result in the development of  
osteoarthritis in the ankle are malleolar fractures, tibial 
pilon fractures, talus fractures, and distal tibial fractures.60 
Poor ankle biomechanics also increase the likelihood 
of  the development of  osteoarthritis. There is a strong 
association of  OA with abnormal pronation and external 
rotation during heel-strike, as well as abnormal supination 
and internal rotation during the acceleration phase during 
the gait cycle.63
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The connection between ankle ligament injury and 
instability with osteoarthritis is clear from these studies 
and, as with other joints, the incidence of  OA is expected 
to increase with the aging of  a more active population.

 
T h e  W r i s t  a n d  H a n d

Osteoarthritis of  the wrist is associated with traumatic 
injuries and is frequently seen in the athletic population. 
Scapholunate interosseous ligament injury is the most 
common form of  carpal instability and is caused by 
excessive wrist extension and ulnar deviation in collision 
and contact sports.64, 65 Without a proficient scaphoid 
ligament, the scaphoid falls into a flexed position that 
alters the articular contact areas and stress patterns within 
the wrist.

Osteoarthritis can also develop in a scaphoid non-
union with advanced collapse because the “hump-back” 
deformity that results over time causes changes in the 
kinematic patterns that result in dorsal instability.50 Distal 
radial fractures also have been linked to the development 
of  osteoarthritis, especially in the younger populations. 
Failure to properly realign distal radial fractures caused 
65% to 68% of  subjects to develop post-traumatic 
osteoarthritis in 7 to 34 years following injury due to 
increased instability and weakness within the joint.28, 50, 66  
There was also an observed relationship between 
the narrowing of  the joint space and extra-articular 
malunion. The reported number of  cases of  OA increases 
significantly when the displacement of  intra-articular 
fractures are greater than two millimeters.67

 
Osteoarthritis is also very common in the joints of  the 
hands, predominately the first carpometacarpal (CMC) 
joint and the distal interphalangeal (DIP) joints. Though 
these are not weight-bearing joints, the first CMC joint, 
in particular, is very mobile and therefore subject to 
cartilage breakdown from overuse or excessive forces. It 
is less clear whether hypermobility apart from injury is 
responsible for OA of  the DIP joints where multiple and 
bilateral involvement is the norm. This would likely focus 
more attention to a genetic or heritable source for OA of  
the hands.

 
T h e  N e ck   a n d  L o w  B a ck

Osteoarthritis can also be found in the cervical spine 
and lumbar spine, which have both synovial and non-
synovial elements. Causes are multifactorial and, like the 

appendicular joints, the axial joints possess many pain 
generators, including the disc annulus, the periosteum, 
the dura, muscles, tendons, ligaments, capsules, and 
the nerves when compressed or stretched. The eventual 
development of  OA in the form of  degenerative disc 
disease (DDD), degenerative facet joint disease (DJD), or 
spinal stenosis is the end-stage of  these unresolved pain 
generators.

Osteoarthritis of  the spine tends to first appear during the 
third decade of  life and can be related to the general aging 
process or related to a person’s type of  work. Gender can 
also affect incidence rates of  osteoarthritis with a higher 
prevalence in post-menopausal women, an indication 
that hormones play a role. Excessive weight also increases 
the likelihood of  development of  the disease because of  
the increased stress the joints must support in the lumbar 
spine. Excessive abdominal weight is almost entirely a 
biomechanical problem since the lordotic configuration 
of  the lumbar spine is further taxed by an anterior shift 
in the center of  gravity. The cycle of  a sedentary lifestyle 
and weakened abdominal and spinal muscles, causes 
further strain on the spine, discs, and facet joint capsules. 
The ligament component of  spinal stability is related to 
the support, health, and proper function of  these tissues 
and often overlooked as a major, if  not the major, source 
of  back pain and ultimate degeneration. The case can be 
made that excess use or even complete dependence on the 
MRI has focused too much attention on the intervertebral 
disc and the vertebrae themselves to the exclusion of  the 
ligaments and facet joint capsules. Ligaments do not 
often show themselves on MRI to be damaged in the 
way a disc would and, therefore, the history and physical 
examination are of  ultimate importance to determine the 
presence of  pain, injury, and dysfunction involving these 
connective tissue structures. (See Figure 6.)

Figure 6. Ligament injury can produce diverse 
symptomatogy.
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The iliolumbar ligament is the ligament of  primary 
importance in the lumbar spine. It is the major stabilizing 
component between the vertebral spine and the pelvis. 
However, it is also the weakest of  the three stabilizing 
ligaments and without an intact iliolumbar ligament there 
would be decreased stability of  the vertebral column in 
relation to the pelvis and excess motion of  both the sacrum 
and the vertebral column. Also, due to its attachment angle, 
this ligament has an increased susceptibility to injury, 
especially during flexion and lateral bending. Repetitive 
microtrauma to the iliolumbar ligament, due to poor 
posture, obesity or faulty physical mechanics, can push 
it past its physiologic limits and induce low back pain.68 
According to George Hackett, M.D., ligamentous laxity is 
caused by acute and/or repetitive trauma and this laxity puts 
tension on the intrinsic nerve fibers, causing pain.69

 
Repetitive strains from accidents, surgery, poor posture, 
and injuries increase the risk of  development of  
osteoarthritis of  the spine. Genetics, such as family 
history of  osteoarthritis and congenital defects of  joints 
and the spine, as well as leg abnormalities, can also play a 
role its development. Spinal osteoarthritis occurs between 
the facet joints in the posterior spinal column, as it does 
in any other synovial joints in the body, and often leads 
to mechanically-induced pain because of  inflammation 
and induced frictional pain.70 One study researched the 
prevalence of  facet joint osteoarthritis in conjunction 
with lower back pain across age groups. The highest 
reported cases of  osteoarthritis were reported in the 60-
69 year old age group with 88.9% of  males and 89.5% of  
females with reported lower back pain also showing signs 
of  osteoarthritis on CT scans.71 (See Figure 7.) The L4-L5 
spinal level had significantly higher levels of  osteoarthritis 
and is commonly associated with degenerative 
spondylolisthesis.72 This may be due to increased stresses 
and forces which the low back is subjected to when 
lifting objects.52 A gender difference was discovered in 
the Kalichman study, showing a significant difference in 
the prevalence of  facet joint osteoarthritis between males 
and females at the L4-L5 level. Women had a higher 
prevalence and were found to be at a higher risk for the 
development of  osteoarthritis in the spine, hands, and 
knees because cartilage is a sex-hormone-sensitive tissue.73 
The L5-S1 level is also vulnerable to facet degeneration 
due to its location at the base of  the spinal column and 
greater angulation. This is also the reason for a greater 
incidence of  degenerative disc disease at the L4-L5 and 
L5-S1 levels.

Figure 7. Incidence of osteoarthritis. Note the frequency of 
osteoarthritis involvement found on post-mortem examination 
in people of different ages. The underlying cause is typically 
ligament injury leading to excessive joint mobility.
Adapted from Osteoarthritis: Is it an Arrestable or Reversable Disease? By John H. 
Bland. Advances in Inflammation Research, Vol. 11, I.O. Merness, Raven Press, NY, 
©1986, pp. 177-187.

Used with permission from Hauser, R. et al. Prolo Your Sports Injuries Away! Beulah 
Land Press, Oak Park, IL. 2001.

A consequence of  spinal instability is the growth of  bone 
spurs (osteophytes) at the entheses. Bone spurs are seen 
by some as part of  the normal aging process and may not 
cause pain, but without question, instability is the most 
common etiology for spurs. These growths of  bone are 
best thought of  as traction spurs whereby repeated traction 
at ligament insertions result in microscopic tearing and 
bleeding. They can appear on the facet joints and on the 
spinal vertebrae and are the body’s attempt to re-stabilize 
the joint. With continued growth they can cause irritation 
and even entrapment of  nerves passing through the spinal 
structure due to foraminal narrowing.70

 
The cervical spine is also at risk for the development of  
osteoarthritis from various mechanisms of  injury, including 
whiplash, fractures, dislocations, sprains and strains, 
repetitive stress, poor posture, all of  which threaten the 
stability of  the cervical spine and its neural contents. (See 
Figure 8.) The causes are similar to injuries of  the lumbar 
spine but vary in degree in that lifting injuries and obesity, 
for example, are less common causes in the neck than the 
low back while motor vehicle accidents (whiplash) causes 
more neck injuries. With over 5.5 million car crashes in 
the United States every year, it is no surprise the most 
common mechanism of  injury is whiplash.
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By using high-speed technology, it was discovered that the 
cervical spine undergoes a sigmoid deformation as it is 
compressed by the rising trunk, with the lower segments 
undergoing extension while the upper segments flex 
around an abnormally located axis of  rotation. There is 
also an observed anterior rotation to the upper elements 
of  the cervical spine and a posterior rotation to its lower 
elements. Instead of  the articular processes gliding by 
one another, the inferior processes chisel into the superior 
articular processes of  the supporting vertebra.74 This 
pattern of  movement may lead to impaction fractures of  
the articular cartilage or articular processes, intervertebral 
discs may be torn or avulsed, and soft-tissue injuries may 
occur due to the abnormal separation of  the vertebrae of  
the cervical spine, causing uneven forces to be applied to 
the surrounding joints. Also, altered joint mechanics and 
collagen fiber disorganization of  and around the cervical 
facet joint capsule may imply ligament damage that has 
the potential to alter nerve fiber signaling and produce 
strained physiologic modifications, leading to pain and 
the development of  osteoarthritis.75

 
C o n c l u s i o n

The relationship of  ligament injury and osteoarthritis 
is a convincing one. When there is insufficient ligament 
support to stabilize joint motion, the resultant increase 
in joint laxity leads to the development and acceleration 
of  articular cartilage injury. The biomechanical 

abnormalities caused by joint instability greatly increase 
impact loading via increased shear and compression 
forces across areas of  contact on opposing cartilage 
surfaces. Even with early recognition of  ligament injury 
and deficiency, traditional medical interventions do not 
treat the etiology of  the disease. It is for this reason that 
the prevalence of  osteoarthritis will increase as will the 
number of  joint replacements. n
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degeneration causing neural foramina encrouchment.
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The Acceleration of Articular Cartilage 
Degeneration in Osteoarthritis by 

Nonsteroidal Anti-inflammatory Drugs

W O N D E R  W H Y ?

Ross A. Hauser, MD

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are among the most commonly used drugs in the 
world for the treatment of  osteoarthritis (OA) 

symptoms,1 and are taken by 20-30% of  elderly people 
(defined as people over the age of  64 years) in developed 
countries.2 The worldwide pain management prescription 
drug market totaled approximately $24 billion in 2002 
and passed $30 billion by 2006. Celebrex (celecoxib) led 
the pack with nearly $4 billion in sales in 2002.3 Each year, 

A B STRA    C T

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
among the most commonly used drugs in the world for 
the treatment of osteoarthritis (OA) symptoms, and are 
taken by 20-30% of elderly people in developed countries. 
Because of the potential for significant side effects of 
these medications on the liver, stomach, gastrointestinal 
tract and heart, including death, treatment guidelines 
advise against their long term use to treat OA. One of the 
best documented but lesser known long-term side effects 
of NSAIDs is their negative impact on articular cartilage.

In the normal joint, there is a balance between the 
continuous process of cartilage matrix degradation and 
repair. In OA, there is a disruption of the homeostatic 
state and the catabolic (breakdown) processes of 
chondrocytes. It is clear from the scientific literature that 
NSAIDs from in vitro and in vivo studies in both animals 
and humans have a significantly negative effect on 
cartilage matrix which causes an acceleration of the 
deterioration of articular cartilage in osteoarthritic joints. 
The preponderance of evidence shows that NSAIDs 
have no beneficial effect on articular cartilage in OA 
and accelerate the very disease for which they are most 
often used and prescribed. Some of the effects of NSAIDs 
on the articular cartilage in OA include inhibition of 
chondrocyte proliferation, synthesis of cellular matrix 
components, glycosaminoglycan synthesis, collagen 
synthesis and proteoglycan synthesis.  The net effect of 
all or some of the above is an acceleration of articular 
cartilage breakdown.  

In human studies, NSAIDs have been shown to accelerate 
the radiographic progression of OA of the knee and hip. 
For those using NSAIDs compared to the patients who 
do not use them, joint replacements occur earlier and 
more quickly and frequently. The author notes that 
massive NSAID use in osteoarthritic patients since their 

introduction over the past forty years is one of the main 
causes of the rapid rise in the need for hip and knee 
replacements, both now and in the future.  

While it is admirable for the various consensus and 
rheumatology organizations to educate doctors and 
the lay public about the necessity to limit NSAID use in 
OA, the author recommends that the following warning 
label be on each NSAID bottle:

The use of this nonsteroidal anti-inflammatory 
medication has been shown in scientific studies 
to accelerate the articular cartilage breakdown 
in osteoarthritis. Use of this product poses a 
significant risk in accelerating osteoarthritis joint 
breakdown. Anyone using this product for the pain 
of osteoarthritis should be under a doctor’s care and 
the use of this product should be with the very lowest 
dosage and for the shortest duration of time.

If NSAID use continues, then most likely the exponential rise 
in degenerative arthritis and subsequent musculoskeletal 
surgeries, including knee and hip replacements as well as 
spine surgeries, will continue to rise as well.

Journal of Prolotherapy. 2010;(2)1:305-322.
KEYWORDS: accelerating articular cartilage degeneration, articular cartilage, cox-2 
inhibition, non-steroidal anti-inflammatory medication, NSAID, osteoarthritis, 
prostaglandin. 
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breakdown cartilage matrix) 
including collagenase, the 
suppression of  proteoglycan 
synthesis leading to the 
suppression of  matrix 
synthesis, and ultimately the 
reduction of  the number of  
chondrocytes.15, 16 (See Figure 
2.) IL-1 is a potent inducer of  
prostaglandin (PG) synthesis 
by inducing PGE2 synthesis 
in human chondrocytes. 
The rate-limiting step for 
the synthesis of  PGE2 and 
other prostaglandins is the 
conversion of  arachidonic 
acid to prostaglandin endoperoxide by cyclooxygenase 
(COX), which exists in two isoforms, COX-1 and COX-2. 
All NSAIDs inhibit both COX 1 and 2 enzymes but most 
of  the NSAIDs that have been developed in recent years 
show greater activity of  COX 2 in order to decrease 
gastrointestinal side effects. (See Figure 3.) PGs act (among 
other things) as messenger molecules in the process of  

Figure 2. The catabolic physiology leading to articular 
cartilage breakdown. Interleukin-1 is one of the principle 
cytokines that initiates a cascade that leads to chondrocyte 
cell death and extracellular matrix breakdown. NSAIDs inhibit 
prostaglandins, such as PGE2, from stimulating chondrocyte 
DNA matrix synthesis thereby contributing to articular cartilage 
degeneration.
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over 70 million prescriptions for NSAIDs are dispensed 
in the United States, 20 million in Great Britain and 
10 million in Canada.4-6 These numbers do not include 
the 30 billion over-the-counter tablets sold each year in 
the United States alone.7, 8 The most common over-the-
counter and prescription nonsteroidal anti-inflammatory 
drugs are seen in Figure 1.

Figure 1. Common over-the-counter and prescription 
nonsteroidal anti-inflammatory drugs (NSAIDs).

• Aspirin (Bayer) 
• Celecoxib (Celebrex) 
• Diclofenac (Voltaren) 
• Etodolac (Lodine) 
• Fenoprefen (Nalfon) 
• Ibuprofen (Advil, Motrin)
• Indomethacin (Iddocin)
• Keoprofen (Orudis, Oruvail)

• Ketoralac (Toradol) 
• Nabumetone (Relafen)
• Naproxen (Aleve) 
• Oxaprozin (Daypro)
• Salsalate (Disalcid) 
• Sulindac (Clinoril) 
• Tolmetin (Tolectin)

Treatment guidelines in the United States, Great 
Britain, and Canada recommend NSAIDs as second-
line treatment (after acetaminophen) for mild OA and 
as first-line treatment for moderate to severe OA.9-11 As 
baby boomers age, it is estimated that the number of  
NSAID users will continue to climb, despite the fact that 
over 100,000 people are hospitalized for gastrointestinal 
bleeding and of  those 16,500 people die from NSAID 
toxicity each year.12, 13 In 2006, the Osteoarthritis Research 
Society International formed an international committee 
to review all guidelines and evidence available on OA. 
Based on the evidence of  potentially serious adverse 
reactions to NSAIDs, the committee has advised against 
the long-term use of  NSAIDs to treat OA.14 One of  the 
most serious adverse reactions to NSAIDs, that is little 
appreciated, is that as a class of  compounds they cause 
the breakdown of  articular cartilage, thereby accelerating 
OA, the very disease for which they are most commonly 
prescribed.
 
In the normal joint, there is a balance between the continuous 
process of  cartilage matrix degradation and repair. In OA, 
disruption of  the homeostatic state occurs and the catabolic 
(breakdown) processes of  chondrocytes are increased. The 
principal cytokines linked to the catabolism of  cartilage 
and to the OA process are interleukin (IL)-1, tumor necrosis 
factor (TNF)-a, and IL-6. IL-1 is the prototypic inducer 
of  catabolic responses in chondrocytes. This substance 
causes the increased secretion of  proteinases (which 

Cytokines are signaling 
molecules used 
extensively in cellular 
communications.

Chondrocytes – the 
only cells in cartilage 
tissue responsible for the 
synthesis of collagen 
and proteoglycans that 
makeup the cartilage 
matrix.
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as proteoglycans, collagen, fibronectin, integrins, and 
other adhesive proteins which are needed to maintain 
the high tensile strength and low compressibility under 
load of  the articular cartilage.19, 20 Type II collagen is the 
predominant collagen type in the extracellular matrix 
with proteoglycan (PRG) macromolecules dispersed 
throughout. They contain highly negatively charged 
carboxyl and sulfate groups (keratin and chondroitin 
sulfate) on the glycosaminoglycans, giving them a high 
affinity for water. (See Figure 4.) The nature of  the high 
density of  negative charges imparts the physical properties 
to PRGs. Because of  their attraction and binding of  water, 
PRGs are viscous, making them ideal for lubricating fluid 
in joints. The charges repel each other, which gives them 
an open structure and is space-filling. These biochemical 
traits contribute to the mechanical properties of  PRGs 
in articular cartilage, such as absorption and distribution 
of  compressive weight, protecting structures in the joints 
from mechanical damage.21 The normal synthesis and 
breakdown of  the PRGs and their component molecules, 

Figure 4. The proteoglycan structure of articular cartilage. 
The high content of water in proteoglycans help the cartilage 
act as a shock absorber.
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inflammation. It was hoped that the use of  NSAIDs would 
decrease the catabolic program in OA, thereby having a 
disease-modifying effect. Research, unfortunately is showing 
PGs, like PGE2, stimulate chondrocyte proliferation and 
subsequent synthesis of  cellular matrix components.17 The 
net result of  their blockade and other NSAID effects is the 
acceleration of  articular cartilage degeneration. To show 
how this occurs and to what extent, a basic understanding of  
articular cartilage anatomy is needed.

A r t i c u l a r  C a r t i l a g e  A n a t o m y

Articular cartilage functions as a wear-resistant, 
smooth, nearly frictionless, load-bearing surface. The 
composition and physiochemical properties of  articular 
cartilage, the fundamental organization of  the collagen 
network, and the molecular organization of  collagen and 
proteoglycans all have profound effects on the intrinsic 
mechanical properties of  the extracellular matrix.18 
Cartilage is composed of  a complex extracellular matrix 
of  collagen and elastic fibers within a hydrated gel of  
glycosaminoglycans and proteoglycans. This extracellular 
matrix, which makes up 98% of  the articular cartilage 
volume, is synthesized by the chondrocytes which comprise 
the other 2% of  the cartilage tissue. It is well known that 
chondrocytes can synthesize the extracellular matrix such 

Figure 3. Inhibition of cyclooxygenase 1 and 2 by NSAIDs. 
Studies have shown that, although most NSAIDs inhibit both 
COX-1 and COX-2, it is the inhibition of COX-2 that is responsible 
for the anti-inflammatory effects of NSAIDS. On the other hand, 
inhibition of COX-1 by these agents causes damage to the GI 
tract. This has led to the development of a new generation of 
NSAIDs that specifically inhibit COX-2.
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separation, as long as the inciting issue (NSAID use) 
continues. (See Figure 5.) These changes alter the intrinsic 
mechanical properties of  articular cartilage and produce 
swelling.25 The articular cartilage, having lost some of  its 
compressive ability under load, further degenerates. As 
the surface fibrillation progresses, the articular defects 
penetrate deeper into the cartilage until the cartilage is 
lost. The increased pressure on the subchondral bone 
causes it to thicken. Often bone cysts form deep to the 
eburnated areas. Eventually, bony nodules or osteophytes 
form at the periphery of  the cartilage surface. All of  
these changes account not only for the pathology found 
on radiographs or histologically (findings under the 
microscope), but also for the joint pain, tenderness, loss 
of  motion and stiffness of  OA.26 It is the relief  of  some 
of  these clinical manifestations that accounts for the 
widespread use of  NSAIDs not only in the United States, 
but around the world.

T h e  E x t e n t  o f  t h e  P r o b l e m

In 2006, the Center for Disease Control combined data 
from the National Health Interview Survey years 2003-
2005 Sample Adult Core components to estimate the 
average annual arthritis prevalence in the U.S. population 
aged 18 years and older. Overall, 21.6% (46.4 million) of  
adults reported arthritis or another rheumatic condition 
diagnosed by a doctor, with 27 million Americans having 
osteoarthritis, up from 21 million in 1990.27, 28 By the year 

including glycosaminoglycans, is mediated by the 
indigenous chondrocytes. Glycosaminoglycans turn over 
several times as rapidly as the fibrillar collagen. If  any part 
of  this complex system is disrupted, the normal properties 
of  articular cartilage are jeopardized, leading to joint 
degeneration. It is the extracellular matrix of  articular 
cartilage that is the primary target of  osteoarthritic 
cartilage degeneration and the accelerating effects of  this 
breakdown by NSAIDs.

One of  the earliest features of  the development of  
osteoarthritis is degeneration of  the articulating surfaces 
of  the joint. This is characterized by fibrillation of  the 
articular cartilage, in which the mesh of  collagen fibers 
is disrupted. Degeneration of  type II collagen is seen, as 
well as a decrease in the extracellular matrix.22 Loss of  
proteoglycan from the matrix is characteristic. The loss 
of  aggrecan, the predominant PRG in articular cartilage 
imposes an increasing load on the collagen fibrils, causing 
further breakdown.23 Early in the course of  OA, the tissue 
mounts an attempt at repair. Chondrocytes proliferate 
and there is an increase in matrix synthesis.24 However, 
if  this repair process is disrupted for any reason including 
the use of  NSAIDs, degradative enzymes overwhelm 
the synthetic capability and the repair fails. Particular 
compositional, molecular, and structural changes will 
continue to occur within the articular cartilage including 
decreased proteoglycan and increased water content, 
collagen fibril network disorganization, and proteoglycan 

Figure 5. The pathogenesis of osteoarthritis accelerated by NSAIDs. NSAID use inhibits the body’s repair processes, leading to 
decreased proteoglycan and extracellular matrix content and function, which ultimately leads to articular cartilage breakdown.
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2030, an estimated 67 million (25% of  the projected total 
adult population) adults aged 18 years and older will have 
doctor-diagnosed arthritis with two-thirds of  those with 
arthritis being women. (See Figure 6.) The impact of  this 
arthritis on individuals is significant. Almost 41% report 
severe limitations in their usual activities and 31% report 
being limited in work due to the arthritis.29 (See Figure 7.) 
The average direct cost (medications, assistive devices) of  
OA is approximately $2,600 per year per person living 
with OA, but the total annual cost (including lost wages, 
loss of  productivity) of  OA per person living with OA is at 
the low end $5,700 but in the high end over $10,000.30-32  
The question remains as to why is there this alarming 
increase in osteoarthritis to the point that between 1997 
and 2005 the number of  knee surgeries climbed by 69% 
from 328,800 to 555,800, hip replacements rose 32% from 
290,700 to 383,500, and spinal fusion surgeries increased 
by 73% from 202,100 procedures to 349,400 per year?33

  
Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
one of  the most commonly used classes of  medications. 
Ibuprofen was the first NSAID available by prescription in 
the United States in 1974, under the brand names Motrin 
and Rufen. It rose to be the fifth-largest selling prescription 
drug and in 1984 was the first new entrant in the non-
prescription pain reliever market in nearly 30 years. For 
the last thirty plus years, NSAIDs are among the most 
frequently used drugs in the United States. From 1973 to 
1983, for instance, the number of  NSAID prescriptions 
dispensed by retail pharmacies tripled, rising from 28 
million to around 70 million by the early 1980s. (See Figure 
8.) What are the long-term effects of  this NSAID use? 
Could it be that the massive widespread use of  NSAID 
twenty and thirty plus years ago is the reason that there 
is currently an epidemic of  disabling osteoarthritis 
resulting in a slew of  spine and joint replacement 
operations? By 1983, five of  the 50 drug products most 
often dispensed were NSAIDs, representing over 4% of  
the total prescription market.34 To put a practical visual 
on these numbers in percentage terms, enough NSAIDs 
were purchased in the United States by drugstores and 
hospitals to treat 1.29% of  the entire civilian population 
each day in 1983. The number one use for these NSAIDs 
in 1983 was osteoarthritis. While the prescribing patterns 
for specific NSAIDs have changed over the years, as drugs 
like ibuprofen and naproxen became available over-the-
counter, an NSAID is still the number one medication 

Figure 7. Percent of adults with doctor-diagnosed arthritis 
with ”arthritis attributable” activity and work limitations in 
2002.
Data Source: www.cdc.gov, 2002 National Health Interview Survey.

Hootman J, et al. Prevalence of doctor-diagnosed arthritis and arthtitis-attributed 
activity limitation–United States, 2003-2005. MMWR. 2006;55(40):1089-1092.

Bolen J, et al. Racial/Ethnic differences in the prevelance and impact of doctor-
diagnosed arthritis–United States, 2002. MMWR. 2005;54(5):119-123.
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prescribed by physicians for osteoarthritis. For instance, 
80% of  rheumatologists noted they frequently prescribe 
NSAIDs for symptomatic hip and knee osteoarthritis, 
while for the same group of  clients, 65% of  primary care 
physicians use an NSAID.35, 36 Even when physicians were 
educated on guidelines based on the European League 
Against Rheumatism, American College of  Rheumatology, 
and The Arthritis Society guidelines for OA treatment, 

Figure 6. Projected prevalence of doctor-diagnosed 
arthritis, in US adults 18 and older, 2005-2030.
Data Source: www.cdc.gov 

Hootman JM, et al. Projections of U.S. prevelance of arthritis and associated activity 
limitations. Arthritis Rheum. 2006;54(1):226-229.

Hootman J, et al. Prevalence of doctor-diagnosed arthritis and arthtitis-attributed 
activity limitation–United States, 2003-2005. MMWR. 2006;55(40):1089-1092.
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T h e  A n i m a l  D a t a  o n  NSAID     s  Acc   e l e r a t i n g  
C a r t i l a g e  D e t e r i o r a t i o n

From observations in animal models of  OA there is 
substantial evidence that NSAIDs are toxic to articular 
cartilage. Drs. Marshall J. Palmoski and Kenneth D. 
Brandt from the Indiana University School of  Medicine 
published several research papers showing that NSAIDs 
suppress chondrocyte proteoglycan (PRG) synthesis. Prior 
to these studies they had already shown that salicylate 
(aspirin), the drug most commonly employed in the 
treatment of  OA at the time, reduced PRG synthesis 
in cultures of  normal articular cartilage by about 30% 
and in cultures of  OA cartilage by up to 99% at levels 
achieved in the serum of  patients treated with salicylate.50 
They also showed that salicylate (aspirin) accelerated 
the development of  structure damage in the OA joint 
in the canine cruciate-deficient model or that caused by 
immobilization, and resulted in more severe pathology 
than that seen in the OA knees of  dogs not treated with 
the drug.51-53 As more clinicians started using ibuprofen 

limiting NSAID use, NSAIDs were still prescribed 
over half  the time for patients with knee OA.37 These 
prescribing patterns are confirmed in the numbers. For 
instance, in 2002, the prescriptions for generic ibuprofen 
and naproxen exceeded 500 million per year, with over 45 
million prescriptions written for cyclooxygenase-2 (COX-
2) inhibitors.38 Realize, these numbers do not include all of  
the over-the-counter NSAIDs that have been consumed 
over the last thirty plus years. According to the National 
Consumers League survey conducted in 2002 on the 
public’s use of  and attitudes toward NSAID medications, 
83% of  the respondents had used an over-the-counter 
pain medication, with 15% using it daily.39 When this 
survey was combined with The Roper National Survey 
of  the over-the-counter pain reliever users, 38% used 
both prescription and over-the-counter pain relievers, 
and 44% consumed greater than the recommended 
dosages. The average length of  the prescription drug use 
was 6.6 years.40 In respondents who had arthritis pain, 
85% used over-the-counter pain relievers. What this data 
means is that 36 million Americans are using over-the-
counter pain medications daily, with roughly 23 million 
using NSAIDs. Other surveys have confirmed that a 
high percentage of  the U.S. population (17% or greater) 
routinely uses over-the-counter NSAID medications.41, 42  
In a study of  2433 patients attending an outpatient 
physical therapy unit, 79% reported using either over-
the-counter or prescription anti-inflammatory pain 
medication during the week prior to the survey.43 In data 
that we have published concerning unresponsive neck, 
knee, hip, and temporomandibular joint pain, the average 
person experienced pain for over five years and was taking 
one or more pain medications at the time of  their first 
Prolotherapy visit.44-47 This epidemic NSAID prescribing 

and consuming for osteoarthritis is seen in most developed 
countries where 20-30% of  elderly people (age>64 years) 
with up to 40% of  some populations receiving NSAIDs.48, 49 
(See Figure 9.) The question begs to be asked, “Could the 
use of  these NSAIDs be the cause of  the incredible rise 
of  osteoarthritis and need for subsequent musculoskeletal 
surgeries, such as knee and hip joint replacements?”

Figure 8. Prescriptions for nonsteroidal antiinflammatory 
drugs dispensed by retail pharmacies from 1973-1983. 
Is it this widespread use of NSAIDs many years ago that has led 
to the current epidemic of disabling osteoarthritis?
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to say that the medications can “induce progressive 
joint degeneration within three to four months.”62 
Animal studies have also shown the effects of  NSAIDs 
on proliferation, cell cycle kinetics, cytotoxicity, and 
cell death of  chondrocytes. In one study the NSAIDs 
indomethacin, ketorolac, diclofenac, piroxicam, 
and celecoxib inhibited thymidine incorporation of  
chondrocytes at therapeutic concentrations. NSAIDs also 
arrested chondrocytes in their cell cycles, thus inhibiting 
chondrocyte cell replication. Upon 24 hour exposure 
to indomethacin, ketorolac, diclofenac, and piroxicam, 
chondrocyte cell death (both apoptosis and necrosis) 
was induced in cell cultures.63 One mechanism by which 
NSAIDs are toxic to chondrocytes is by inhibiting PGE2 
synthesis by chondrocytes.64 PGE2 elicits differentiation of  
chondrocytes and is an important contributor to cartilage 
formation and promotes DNA and matrix synthesis in 
chondrocytes.65, 66 PGE2 has a growth stimulatory effect 
on chondrocytes, thereby increasing chondrocyte DNA 
synthesis.67, 68 NSAIDs inhibit the enzyme cyclooxygenase 
which is responsible for PGE2 release in chondrocytes.69

H u m a n  S t u d i e s

In 1991, Kenneth D. Brandt, MD, one of  the main 
researchers on NSAIDs’ effect on cartilage wrote, 
“No clinical evidence exists today, however, to support 
the contention that NSAIDs favorably influence the 
progression of  joint degeneration in man.”70 While this 
author will not refute this statement, an addition to it is 
warranted …but much evidence exists that NSAID use 
accelerates articular cartilage degeneration. This issue 
is extremely important since 30 billion over-the-counter 
doses of  NSAIDs are sold annually in the United States.71

  
While the condition known as osteoarthritis has other 
names, including degenerative joint disease, the name is 
actually misleading; the words do not accurately describe the 
pathophysiology of  the condition. The term osteoarthritis 
literally means inflammation of  a bony joint but the most 
common clinical presentation of  the condition is one 
of  articular cartilage breakdown without joint swelling, 
heat, or any other markers of  inflammation. The more 
appropriate term for osteoarthrosis or degenerative joint 
disease is understood as a non-inflammatory degenerative 
process. The notion of  treating a non-inflammatory 
condition with an anti-inflammatory medication is bound 
to have long-term detrimental effects.

and other NSAIDs, instead of  aspirin for OA, Drs. 
Palmoski and Brandt studied the effects these drugs had 
on canine articular cartilage. Specifically they found that 
fenoprofen and ibuprofen inhibited net PRG synthesis in 
a concentration-dependent fashion. At concentrations in 
the culture medium comparable to plasma concentrations 
seen in patients after oral administration of  NSAIDs in 
humans, net PRG synthesis in the presence of  these drugs 
averaged 72% and 86% of  the control values, respectively 
(P<0.01).54-56 (See Figure 10.) 
In another study on canine 
articular cartilage, these 
researchers found that the 
inhibitory effect of  the 
NSAID indomethacin was 
greater when the articular 
cartilage was depleted of  
glycosaminoglycans.57 In 
other words, there is a greater 
inhibition of  PRG synthesis 
in osteoarthritic cartilage than normal cartilage. Other 
researchers have confirmed these findings that NSAIDs 
consistently suppress proteoglycan and glycosaminoglycan 
synthesis.58-60 This depletion of  matrix proteoglycans 
has been shown to be one cause of  the increased 
degeneration of  cartilage chondrocytes from the use of  
NSAIDs.61 Taken to the extreme, one researcher put it 
this way, “…depending on dose and at concentrations 
that in many cases correspond to therapeutic plasma 
levels, these drugs may lead to a pronounced reduction 
or complete blockade of  synthesis of  the proteoglycans 
and collagen of  the cartilage matrix.” They went on 

P-value is the sense of 
statistical significance. 
P<0.01 means that 
there is a less than 1 in 
100 (1%) chance that 
the results occurred 
by chance. The lower 
the p-value, the more 
significant the result.

Figure 10. Net synthesis of 35S-glycosaminoglycans by 
normal canine knee cartilage cultured in the presence of 
ibuprofen. Ibuprofen inhibited glycosaminoglycan synthesis 
by cartilage cells at doses that are commonly achieved by those 
taking this medication.
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was measured on 245 osteoarthritic patients and 80 
normal patients’ cartilage organ cultures subjected 
to various NSAIDs. The commonly used NSAIDs 
indomethacin, ibuprofen, and naproxen were shown to 
significantly inhibit (from 40 to 70%) glycosaminoglycan 
synthesis in patients’ cartilage.76 (See Figure 12.) Notice that 
paracetamol (acetaminophen or Tylenol) did not inhibit 
GAG synthesis. The researchers noted that caution must 
be exercised in extrapolation from in-vitro (lab) to in-vivo 
(person) effects of  NSAIDs, but it seems possible that some 
highly effective anti-inflammatory agents may produce 
adverse effects on cartilage integrity when employed 
during long-term treatment.77 Other researchers have 
confirmed NSAIDs’ inhibitory effect on proteoglycan 
synthesis and have commented that “…any drug that 
suppresses proteoglycan synthesis and impairs the ability 
of  the chondrocyte to repair its damaged extracellular 
matrix, could potentially accelerate the breakdown of  the 
articular tissue.”78, 79 

NSAID     s  I n h i b i t  P r o s t a g l a n d i n  S y n t h e s i s

One way in which NSAIDs stop the chondrocytes 
from repairing themselves is by the inhibition of  the 
synthesis of  Prostaglandin E2 (PGE2). Prostaglandins 
(PG) are produced by most human cell types (including 
chondrocytes) and have a variety of  physiologic 
functions. PG synthesis is initiated by the mobilization of  
arachidonic acid from cell membrane phospholipids as 
a result of  the enzyme phospholipase A2. The enzyme 

Figure 12. Some of the most commonly used NSAIDs, 
Indomethacin, Ibuprofen, & Naxopren, were found 
to decrease GAG synthesis, whereas Paracetamol 
(acetaminophen) did not.
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At present no quantitative non-invasive method for 
determining the anabolic (building up) and catabolic 
(breaking down) activity of  NSAIDs on human cartilage 
in vivo exists. Most information on the effects of  
NSAIDs on the turnover 
of  extra-cellular matrix 
macromolecules comes from 
short-term organ culture 
studies. Initial evaluations 
into the pathophysiology of  
osteoarthritis concentrated 
on the effects of  NSAIDs 
on glycosaminoglycan 
synthesis. It was established 
that in all but the most severe cases of  osteoarthritis, the 
chondrocyte response to proteoglycan depletion was an 
increase in glycosaminoglycan synthesis.72, 73 One of  the 
first to show that NSAIDs diminished glycosaminoglycan 
synthesis in aged human cartilage cells (taken during hip 
surgery) in vitro was a research group from the University 
of  Sydney in 1976.74 J.T. Dingle, led several of  the follow-
up studies on the effects of  NSAIDs on human cartilage 
metabolism. The initial studies revealed significant 
declines in glycosaminoglycan synthesis in both normal 
and osteoarthritic human cartilages.75 (See Figure 11.) 
In a follow-up study, the same research group, took 
femoral head articular cartilage from non-arthritic and 
osteoarthritic patients post-operatively after total hip 
replacement. The relative human cartilage metabolism 

in vivo – experimentation 
 using whole, living 
organisms or live 
isolated cells. Once the 
cells are disrupted and 
the individual parts are 
treated or analyzed this 
is known as in vitro.

Figure 11. The effect of NSAIDs on GAG synthesis in 
humans (both non-arthritic and osteoarthritic) is shown. 
Concentrations of NSAIDs are similar to those obtained in 
serum/synovial fluid during treatment.
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other cells at sites of  inflammation. Prostaglandins, 
whose synthesis involves COX-1, are responsible for 
maintenance and protection of  the gastrointestinal tract, 
while prostaglandins, whose synthesis involves COX-2, 
are responsible for inflammation and pain. One of  the 
main prostaglandins involved in this inflammatory 
reaction is PGE2. Researchers have shown that the PGE2 
levels correlate with the amount of  COX-2 expression 
in chondrocytes.92 (See Figure 14.) Also well established is 
that this PGE2 release can easily be inhibited by the use 
of  NSAIDs.93, 94 (See Figure 15.) Since the over expression 
of  the COX-2 protein plays an important role in many 
pathophysiologic states, including inflammation, cancer, 
angiogenesis, Alzheimer’s disease, and several forms of  
inflammatory arthritis, NSAIDs especially those that 

cyclooxygenase along with other enzymes converts 
arachidonic acid to five primary prostaglandins: 
PGD2, PGE2, PGI2 (Prostacyclin), PGF2a, and TXA2 
(thomboxane). (See Figure 13.) These PGs have a variety 
of  functions including the mediation of  inflammation, 
calcium movement, sensitization of  spinal neurons to 
pain, blood clotting, blood pressure, circulation, control of  
blood flow in kidneys, hormone regulation, protection of  
gastrointestinal lining, and the control of  cell growth.80, 81  
Chondrocytes and synovial fibroblasts produce PGE2. 
PGE2 levels are increased to an impact load on articular 
cartilage or during cartilage degeneration.82, 83 PGE2 is 
reported to have anabolic effects on cartilage: increasing 
proteoglycan and DNA and collagen synthesis,84, 85 
stimulating proliferation and proteoglycan aggrecan 
synthesis,86, 87 and, at low concentrations, stimulating type 
II collagen synthesis.88

Human chondrocytes express two forms of  the 
cyclooxygenase enzyme, known as the COX-1 and COX-2 
isoforms. Unstimulated human chondrocytes do not 
contain detectable COX-2.89 COX-1 is present in most 
cells under physiological conditions, whereas COX-2 is 
induced by some cytokines presumably in pathological 
conditions such as joint trauma, degeneration, or 
osteoarthritis.90, 91 Put another way, COX-2 is undetectable 
in most normal tissues, is an inducible enzyme, becoming 
abundant in activated macrophages (immune cells) and 

Figure 14. Correlation analysis of COX-2 expression and 
PGE2 levels by chondrocytes. The isoform COX-2 enzyme levels 
correlate directly with PGE2 levels.
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Figure 15. PGE2 released into culture medium, as a 
function of log-NSAID dose (M). Results are expressed as % 
of control values. l — l ASA; —  TA. NSAIDs at physiologic 
concentrations are potent inhibitors of PGE2 synthesis.
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Figure 13. Biosynthesis of prostaglandins. The enzyme 
cyclooxygenase is the key enzyme in the formation of 
the five primary prostaglandins including PGE2. NSAIDs 
inhibit prostaglandin synthesis by inhibiting the enzyme 
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Figure 16. Chondrocytes produce PGE2 in response to injury. NSAIDs, especially those that block COX-2 inhibit PGE2 synthesis 
in chondrocytes thereby stalling the body’s main inflammatory repair mechanism. Long-term, this will accelerate degenerative 
osteoarthritis of the joint.
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inhibit COX-2, are used for many of  these conditions. 
In regard to joint inflammation, one author notes, “…by 
inhibiting joint conditions, they (NSAIDs) may indirectly 
be beneficial to cartilage, specifically when inflammation 
is primary in the cause of  cartilage damage, as in the 
case for rheumatoid arthritis.” However, in OA, in which 
inflammation may contribute to but is not primarily 
responsible for cartilage damage, adverse direct effects 
of  NSAIDs on cartilage with long-term treatment may 
have an important impact on long-term outcome.”94 In 
other words PGE2 can exert catabolic or anabolic effects 
depending on the microenvironment.95 

Since normal articular chondrocytes produce very little 
PGE2 and osteoarthritic chondrocytes produce a lot of  it 
through the COX-2 enzyme, it would make sense from 
a traditional medical point of  view to attack arthritis 
pain from this angle. This is especially true since the over 
expression of  the COX-2 protein (and thus increased PGE2 
levels) plays an important role in many pathophysiolgic 
states, including systemic inflammation, fever, cancer, 
angiogenesis, Alzheimer’s disease, and inflammatory 
arthritis.96 Yes, in certain conditions inflammation is 
harmful, but it is a big leap to assume everywhere there 
is PGE2 it is harming tissue. The articular chondrocytes 
make PGE2 in response to injury to stimulate healing. 
Osteoarthritic cartilage spontaneously releases PGE2 in 
levels at least 50-fold higher than normal cartilage and 

18-fold higher than normal cartilage stimulated with 
cytokines and endotoxin.97-100 The inflammation that 
occurs through PGE2 when a normal or osteoarthritic 
joint is injured is the body’s immune system response to 
try and get the joint injury repaired.101 When a person 
uses medications that block this response, while pain may 
be improved, the repair mechanisms for the joint are 
inhibited. The long-term consequences, of  course can be 
an acceleration of  the degenerative osteoarthritic process. 
(See Figure 16.) Long-term NSAID treatment not only 
blocks PGE2 production by direct inhibition of  COX-2 
activity but by down-regulating COX-2 synthesis.102 

NSAID     s  Acc   e l e r a t e  t h e  R a d i o g r a p h i c  
P r o g r e s s i o n  o f  O s t e o a r t h r i t i s  o f  t h e  
K n e e  a n d  H i p

The suggestion that indomethacin accelerates the bone 
destruction in osteoarthritis of  the hip was first made 
by Coke in 1967;103 subsequent reports have been 
numerous that provide further clinical evidence of  the 
damaging effects of  non-steroidal anti-inflammatory 
drugs on osteoarthritic hips.104-107 In one retrospective 
investigation of  the relationship between the use of  non-
steroidal anti-inflammatory drugs on hip destruction in 
primary osteoarthritis of  the hip, 70 hips were studied 
in 64 patients. Cranial acetabular migration, a measure 
of  acetabular destruction, was present in 37 hips and 
absent in 33. Regular intake of  NSAIDs was noted for 
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31 of  the 37 migrating hips. In regard to the other six, 
three took NSAIDs on and off  and only three of  the 37 
did not take NSAIDs. Those patients with serious hip 
destruction when compared with those who did not have 
the acetabular destruction did not differ in sex, age, pain 
grading, or walking ability. The only significant difference 
was the amount of  NSAIDs taken. 
According to the researchers, NSAID 
use was associated with progressive 
formation of  multiple small 
acetabular and femoral subcortical 
cysts and subchondral bone thinning. 
They concluded, “The association 
of  acetabular bone destruction with 
regular NSAID intake in patients 
with osteoarthritis of  the hip adds 
further evidence to the clinical and 
experimental observations on the 
powerful and potentially harmful effects of  
these drugs on cartilage and bone.”108 In this 
study the NSAIDs used regularly and 
associated with acetabular migration 
in this series were indomethacin (14 
hips); ibuprofen (8 hips); naproxen 
(3 hips); sulindac, aspirin, and piroxicam (2 hips each); 
flurbiprofen, azapropazone, diclofenac, fenclofenac, and 
ketoprofen (1 hip each). The authors noted, “This study 
suggests caution in the widespread use of  NSAIDs for 
osteoarthritis of  the hip…” 

Researchers in Norway studied the course of  osteoarthritis 
in 294 hips of  186 patients with radiographs over a three 
year period. The development of  the disease in patients 
treated with an NSAID was compared with that in a 
control group (no NSAID). In the NSAID group the OA 
disease progressed at a level of  statistical significance more 
frequently and severely. Specifically the researchers found 
that in the three year period of  the study, the osteoarthritic 
hips treated with the NSAID had more cysts, altered bone 
structure, and overall hip destruction. The way they put 
it was, “In the present study, loss of  trabecular structure 
in the subchondral bone seems to be a characteristic 
feature in ‘indomethacin joint destruction’ as well as 
disappearance of  normal joint contours and multiple 
small cysts.”109 Solomon reported similar destruction in 
osteoarthritic hip joints as “new events” during treatment 
with NSAIDs. He performed further investigations 
on the extirpated (cut out from surgery) femoral heads 
with examination of  cut surface, slab radiographs, and 

histology. Many of  the heads, and especially those with 
changes attributable to NSAIDs, were found to have 
microscopic fragmentation of  the bony trabeculae giving 
the appearance of  a jammed marrow space.110 To see if  
these sort of  damaging changes occurred with NSAID 
use on osteoarthritic knees the Longitudinal Investigation 

of  Nonsteroidal Anti-inflammatory 
Drugs in Knee Osteoarthritis (LINK) 
study group was formed in England. 
They did a large study to compare 
the rate of  radiographic progression 
in knee osteoarthritis comparing 
indomethacin (NSAID) with placebo. 
The study involved 20 rheumatology 
clinics in the United Kingdom. 
Patients received indomethacin 
25mg three times daily or a placebo. 
The average person in each group 
was around 60 years of  age and had 
osteoarthritis in the knee for over five 
years. The study involved 85 clients in 
the indomethacin group and 85 in the 
placebo group. Radiographic analysis 
was done yearly and the radiographic 

grade was judged by two observers using a six point scale. 
The average length of  follow-up was three years. By 
the third year of  the study, the results were so dramatic 
demonstrating the acceleration of  the degeneration of  
the articular cartilage in the knee osteoarthritic patient 
treated with indomethacin that this part of  the study 
had to be stopped. There were more than twice as many 
patients showing deterioration in the indomethacin 
group as the placebo. The difference between the two 
groups was highly statistically significant (p=0.009). The 
authors noted that the risk of  deterioration within a one 
year period in patients taking indomethacin relative to 
placebo was 2.1 (risk ratio).111 The authors concluded 
firmly, “Our study confirms beyond a reasonable doubt 
that indomethacin increases the rate of  radiological 
deterioration of  osteoarthritic knees.”

What actually happens to patients who take NSAIDs 
on a regular basis? If  NSAIDs, by inhibiting pain and 
inflammation in osteoarthritic joints, cause people with 
OA to overuse a damaged joint, this should result in 
accelerating joint degeneration and joint replacements at 
an earlier time or, alternatively, if  treatment with NSAIDs 
alters cartilage metabolism and inhibits joint healing, an 
acceleration of  articular cartilage degeneration should be 

By the third year of the 
study, the results were so 
dramatic demonstrating 

the acceleration of the 
degeneration of the 
articular cartilage in 

the knee osteoarthritic 
patient treated with 

indomethacin that this 
part of the study had  

to be stopped.
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seen. Numerous studies have shown that non-steroidal 
anti-inflammatory drugs, particularly indomethacin, 
increase the rate of  progression of  osteoarthritis of  the hip 
and knee.112-117 Statistically significant progression of  hip 
radiographs in osteoarthritic patients can be seen within 
one year of  those patients taking NSAIDs. In one study, 
the authors noted, “…a statistically significant correlation 
between the NSAID consumption score and changes in 
the radiological parameter (p=0.0001). This statistically 
significant difference was retained when the percentage 
of  days taking NSAIDs was added (p = 0.0004).”118

In a recent landmark study, Dutch researchers studied 
more than 1600 subjects with hip OA and 635 with knee 
OA. The researchers evaluated radiographs of  the hip and 
knee at baseline and follow-up. The researchers assessed 
the associations between different types of  NSAIDs and 
the progression of  OA. The mean follow-up period was 
6.6 years. They found that long-term use of  the NSAID 
diclofenac was associated with a more than twofold 
increase in radiologic progression of  hip osteoarthritis 
and a threefold increase in progression observed in the 
knee. Ibuprofen use was also shown to be associated with 
a statistically significant increase in progression of  the 
users’ knee and hip OA.119 The interesting point of  this 
study is that the study population was healthy. The authors 
noted that this may have resulted in an underestimation 
of  the reported associations. Their conclusion noted,“…
these data suggest that diclofenac may induce accelerated 
progression of  hip and knee OA. Whether this occurs 
because of  a true deleterious effect on cartilage or because 
of  excessive mechanical loading on a hip or knee following 
pain relief, remains to be investigated.” Another study 
comparing diclofenac with placebo, as seen in Figure 17, 
accelerated OA in knees as evidenced by a greater decline 
in joint space width on X-rays compared to placebo.120 

NSAID     s  I n c r e a s e  t h e  N e e d  f o r  J o i n t  
R e p l a c e m e n t

It is important to remember that pain has a physiologic 
function: if  a joint produces pain when it is used, it is a 
signal for the body to use that joint less or else the structure 
eliciting the pain will be further damaged. One study 
focused on a group of  patients with hip osteoarthritis who 
needed to have a joint replacement in the not-too-distant 
future. They were randomly prescribed an NSAID, aspirin-
like drug, or acetaminophen. Over the next months, the 
patients were asked about their joint pain, and radiographs 
of  their hips were taken. The patients given the NSAID 

had more progression of  their hip radiographs and needed 
to have joint replacements performed in half  the time as 
the group given acetaminophen. The authors speculated 
why this occurred. They noted that the NSAID might 
have prevented normal cartilage turnover and repair, and 
accelerated the joint degeneration; or, more likely, the 
potent medication decreased joint pain and those subjects 
were therefore more active. This has led to the suggestion 
that potent NSAIDs can lead to “analgesic joint,” which 
can develop when pain is relieved by the NSAID, thus 
increasing the joint use and subsequent load on the joint, 
causing accelerated joint degeneration and ultimate need 
for joint replacement, especially if  the excessive joint load 
continues.121 This latter notion has actually been studied: 
patients who take NSAIDs for knee OA put increased joint 
forces on their knees with walking because of  pain relief, 
compared to those who do not have pain relief  taking 
nothing, or just a placebo. As one researcher put it, “Of  
particular concern is the fact that anti-inflammatory or 
analgesic relief  may actually be associated with an increase 
in joint forces.”122, 123 Other researchers have confirmed 
that the same type of  knee joint loads that cause knee 
osteoarthritis are increased significantly during walking 
with NSAID use.124-126 The net effect of  increased pressure 
on the damaged joint would be accelerated osteoarthritis 
and need for knee or hip replacement. One research team 
confirmed that NSAID use increases the risk of  getting 
a hip replacement due to primary osteoarthritis by 50% 
during a two year period.127 These researchers raised the 

Figure 17. Graph of the mean (SD) change in joint space 
width at each 6-month visit in knees with late stage 
osteoarthritis (joint space width <50% of that in normal 
healthy knees) in patients receiving either diclofenac ( ) or 
placebo (l).
Source: Buckland-Wright JC, et al. Quantitative microfocal radiography detects 
changes in OA knee joint space width in patients in placebo-controlled trial of 
NSAID therapy. J Rheumatol. 1995;22:937-43.
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question of  the deleterious effect on cartilage resulting 
from NSAID intake in osteoarthritis. Other researchers 
have also confirmed that NSAID users need total joint 
replacements sooner than those who do not take them.128

O v e r a l l  E f f e c t s  o f  NSAID     s  o n  O s t e o a r t h r i t i c 
J o i n t s

It is clear from the scientific literature that NSAIDs from 
in vitro and in vivo studies in both animals and humans 
have a significant negative effect on cartilage matrix which 
causes an acceleration of  the deterioration of  articular 
cartilage in osteoarthritic joints. The preponderance of  
evidence shows that NSAIDs have no beneficial effect 
on articular cartilage and accelerate the very disease 
for which they are most used and prescribed. While the 
rapid deterioration of  joints after long-term NSAID 
treatment can be from a loss of  proactive pain sensations, 
it is much more likely that it is a direct effect of  NSAIDs 
on cartilage. (See Figure 18.) Some of  these effects can be 
seen in Figure 19 and include inhibition of  chondrocyte 
proliferation, synthesis of  cellular matrix components, 
glycosaminoglycan synthesis, collagen synthesis, and 
proteoglycan synthesis. Clinically this is manifested as an 
accelerated progression of  the knee or hip osteoarthritis 
as seen by standard radiographs. The long-term 
consequence of  the deterioration of  the joint is a need for 
joint replacement. This author notes that massive NSAID 
use in osteoarthritic patients since their introduction over 
the past forty years is one of  the main causes of  the rapid 
rise in the need for hip and knee replacements both now 
and in the near future.

R e c o m m e n d a t i o n s  o n  t h e  U s e  o f  NSAID     s  
i n  O s t e o a r t h r i t i s

The preponderance of  scientific evidence shows that 
NSAIDs damage articular cartilage. Various scientific 
papers and consensus groups have stated that there is no 
convincing data to show that the widely used NSAIDs and 
recommended selective COX-2 inhibitors have favorable 
effects on cartilage.129-131 Even the main consensus paper 
from the International Cartilage Repair Society and 
Osteoarthritis Research Society International stated that 
NSAID use has to be limited to the short term. Specifically 
the recommendation was as follows: In patients with 
symptomatic hip or knee osteoarthritis, non-steroidal 
anti-inflammatory drugs (NSAIDs) should be used at 
the lowest effective dose but their long-term use should 
be avoided if  possible.132 They also noted that NSAIDs 
should not be first-line therapy for joint OA. Other 
groups have raised similar sentiments. The committees of  
the International League Against Rheumatism and the 
World Health Organization came up with guidelines for 
the testing of  new drugs in osteoarthritis. The consensus 
from these meetings resulted in recommendations by The 
European Group for the Respect of  Ethics and Excellence 
in Science (GREES) for governmental registration and 
approval of  new drugs used in the treatment of  OA and 
have added the requirement that the drug not have a 
deleterious effect on the diseased and non-diseased contra 
lateral joint; i.e., no deleterious effect on osteoarthritic or 
normal cartilage.133 If  this latter recommendation were 
followed, the vast majority, if  not all NSAIDs, would be 
immediately taken off  the market and no new ones would 
get approved.

Figure 18. Effects of NSAIDs on articular cartilage. A typical 
X-ray showing cartilage deterioration. Studies have shown that 
taking NSAIDs not only accelerates this process, but makes it 
more likely the person will need a joint replacement.

Figure 19. NSAIDs taken long term have a negative effect 
on joint physiology and ultimately lead to degenerative 
arthritis.

• Acceleration of radiographic progression of osteoarthritis
• Decreased joint space width
• Increased joint forces/loads
• Increased risk of joint replacement
• Inhibition of chondrocyte proliferation
• Inhibition of collagen synthesis
• Inhibition of glycosaminoglycan synthesis
• Inhibition of prostaglandin synthesis
• Inhibition of proteoglycan synthesis
• Inhibition of synthesis of cellular matrix components

The effect of NSAIDs on joints
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While it is admirable for the various consensus and 
rheumatology organizations to educate doctors and the 
lay public about the necessity to limit NSAID use in OA, 
this author (RH) feels the warnings are not enough. Within 
the last year, for instance, the FDA has again implemented 
new rules requiring stronger and more extensive label 
warnings (in addition to the heart disease risks) regarding 
the risk of  liver damage and stomach bleeding for people 
taking common over-the-counter pain relievers. As for 
NSAIDs, the new regulations require front labels to 
instruct users to see new warnings that say, “This product 
contains a nonsteroidal anti-inflammatory drug (NSAID), 
which may cause severe stomach bleeding. The chance 
is higher if  you are age 60 or older, have had stomach 
ulcers or bleeding problems, take a blood thinning or 
steroid drug, take other drugs containing prescription or 
nonprescription NSAIDs, have three or more alcoholic 
drinks every day using this product, take more or for a 
longer time than directed.”134

  
The lay public for whom NSAIDs are prescribed and 
recommended by both health care professionals and drug 
manufacturers should be aware that long-term NSAID 
use is detrimental to articular cartilage. Specifically, be 
informed that NSAIDs will likely worsen the OA disease 
for which it is prescribed. Physicians, allied health care 
professionals, and drug manufacturers should be required 
to inform the lay public that NSAID use can accelerate 
OA articular cartilage degeneration. A strict warning 
label on these medications should read as follows:
 
The use of  this nonsteroidal anti-inflammatory medication has 
been shown in scientific studies to accelerate the articular cartilage 
breakdown in osteoarthritis. Use of  this product poses a significant 
risk in accelerating osteoarthritis joint breakdown. Anyone using this 
product for the the pain of  osteoarthritis should be under a doctor’s 
care and use of  this product should be with the very lowest dose and 
for the shortest possible duration of  time.
 
One of  the basic tenants of  medicine is stated in the 
Hippocratic oath, “I will prescribe regimens for the good 
of  my patients according to my ability and my judgment 
and never do harm to anyone.”135 For doctors to uphold 
this statement in the treatment of  their OA patients, it 
would necessitate the almost complete banning of  the use 
of  NSAIDs for this condition. If  this does not occur, then 
most likely the exponential rise in degenerative arthritis 
and subsequent musculoskeletal surgeries, including knee 
and hip replacements, as well as spine surgeries, will 
continue for decades to come. n
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“This book tells the true story of a little 
known but highly-effective treatment 
for chronic pain—Prolotherapy.  
An estimated 80% of patients show 
substantial or complete elimination  
of pain.”	
 
- K. Dean Reeves, MD, 
  Clinical Associate Professor, 	
   UNIVERSIT Y OF K ANSAS	
	
	

“For six years I had pain like daggers 
twisting in my knees. After failed  
surgeries, I tried Prolotherapy. Now, I no 
longer have pain! Prolotherapy works!”	
 	
- Alek Jakich, 	
  CHICAGO,  ILL INOIS

The book, The Cure for Chronic 
Pain: End the Pain of Arthritis, 
Sports Injury, and Other Join 
Problems gives you the facts on 
how to get permanent relief from 
crippling back, neck, elbow, knee, 
and other forms of joint and muscle 
pain with Prolotherapy. Activate 
your natural healing process so you	
can enjoy work, sports and life again.	
	

Discover how:		
•	 To take control of your health.	
•	 Prolotherapy treats the causes 	
	 of pain.	
•	 Some drugs and surgeries may	
	 contribute to your pain.	

Nancy S. Moore, 808 NW 9th Street, Redmond, Oregon 97756,  
nancy@www.natural-healing-health.com

Nancy S. Moore, PhD, RN, coauthor of Patient-Focused Healing: Integrating Caring and Curing in Health Care and numerous 
publications on healing and alternative therapies, is a health advocate. Her work with others to promote healthcare that 
heals as well as cures has gained national recognition by the Norman Cousin’s Award, NurseWeek Magazine, the Association	
of Healing Health Care Projects, and others.

ORDER TODAY for just $19.95 

 by calling 541.504.2858, or log onto www.natural-healing-health.com
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results in about 10 days. Now, Luigi could touch his toe to 
the ground and bear a little weight on the leg. Although 
he exhibited mild pain in the hip joint on examination, 
he was no longer favoring the right hind leg and holding 
it off  the ground.
 
Luigi received two more Prolotherapy treatments to the 
hip and knee, after intervals of  two weeks and one month. 
By now, he was able to bear normal weight on the right 
hind, and pain was only evident when the hip was pulled 
back. The joint laxity had resolved and Luigi, clearly in 
better spirits, was able to start a physical rehab program 
that included balancing exercises and long walks on a 
harness. It was very apparent that Luigi was regaining 
muscle strength.
 
Despite Luigi’s progress, the orthopedic surgeon assigned 
to his treatment remained concerned about the little dog’s 
radiographs. (See Figures 1a & 1b.) There was visual and 
clinical evidence of  improvement, but the radiographs of  
his hip remained unchanged. It was determined that an 
FHO (Femoral Head Osteotomy) was necessary, although 
he would still be supported by Prolotherapy treatments. 
As of  writing, Luigi had his first post-surgery Prolotherapy 
treatment. This will be followed up with a course of  Acell, 
the attenuated pig bladder cells that act like stem cells, 
and we will report on his progress.
 
In summary, Luigi received a total of  five Prolotherapy 
sessions two to three weeks apart. The solution injected 
was equal parts of  2% lidocaine, 50% dextrose, vitamin 
B12, and Heel’s liquid Traumeel. A total of  7cc was used 
during the procedure. Luigi was injected at the dorsal 
and lateral aspect of  the hip in four locations into and 
around the articular capsule surrounding the femoral 
head. He was also injected three different times at four 
injections sites: the lateral tibial collateral ligament, under 
the infrapatellar bursa, into the tendon of  long digital 
extensor, and deeply into joint space under the patellar 
ligament.

 

Prolotherapy Case Studies  
from Veterinarians
Babette Gladstein, DVM 
with contributions by Roger L. DeHaan, DVM & Shaun Fauley, DVM

F O U R - L E G G E D  P R O L O T H E R A P Y

J u s t  L u i g i ’ s  l u ck

T hings were going very badly for the tiny, five 
pound poodle. At just under one year-old, Luigi 
had been surrendered to the Humane Society 

because his family could no longer afford the care he 
needed. He had been diagnosed with hip dysplasia and 
was now profoundly lame, unable to bear any of  his 
weight on the right hind leg. Palpation showed that both 
the knee and the hip were implicated. Further physical 
examination found that Luigi had palpable laxity of  the 
right hip as well as moderate draw at the right knee. Both 
areas were extremely painful.
 
Medical staff  at the Humane Society gave the go-
ahead for a course of  Prolotherapy treatment. Luigi’s 
initial course included Prolotherapy treatment started 
at the hip only, along with therapeutic ultrasound 
three times a week, and Adequan® Injections. 
Within 10 days of  starting this program, Luigi was able to 
touch his toe to the ground. It was intermittent, but it was 
a good start. There was also a diminution of  pain at this 
time. Luigi received his second Prolotherapy treatment a 
month after the first, and this time it was administered to 
both the hip and the knee. Again, the treatment produced 

Luigi, a tiny five pound poodle.
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N i n e  S t o r i e s ,  O n e  C a t ’ s  L i f e

In a freak accident, Precious, the cat, fell nine stories 
from her high-rise home and was lucky to survive. 
Unfortunately, another crash—of  the economy—meant 
her family could not provide the medical care she 
needed. She was taken to the Humane Society where she 
was examined and found to have escaped the incident 
without internal injury. Her left front paw, however, had 
obviously taken the brunt of  the impact. It was swollen to 
about two inches in diameter and the metacarpal bones 
looked, on X-ray, like broken crockery in considerable 
disarray. (See Figures 2a & 2b.) Although her injuries could 
have been much worse, it was still a very painful and 
debilitating condition for this domestic shorthair cat. 
Despite receiving excellent acute medical care, the poor 
cat’s pain from the injury persisted, and she remained 
unable to bear weight on the paw for several months. 
About seven months after the fall, those in charge of  her 
care scheduled laser and therapeutic ultrasound for her. 
These treatments were administered three times a week 
with Adequan® injections. After the regimen, Precious 
seemed more comfortable with less swelling in her paw, 
but she was still non-weight bearing on the limb.
 

At her next Prolotherapy session, a month 
later, Precious’ left front wrist and elbow 
were treated, as well as her paw. This time, 
the subsequent improvement seemed more 
pronounced with Precious exhibiting less pain 
on palpation.
 
Precious received two more Prolotherapy 
treatments, each one producing further 
improvements. In fact, after the third follow-
up session, Precious could occasionally 
bear weight on the limb. Radiographs were 
taken three weeks later. These films showed 
improvement and bone healing with the 
exception of  the total non-union of  the 
middle metacarpal.
 
Precious received her most recent Prolotherapy 
treatment 10 months after her fall. Following 
her session, it was apparent her level of  pain 
had dramatically subsided, as had the swelling. 
Her paw was now back to a normal size of  
about one inch in diameter. After another four 
weeks, Precious received injections of  Acell 

Figure 1a & 1b. Luigi’ s before and after Prolotherapy X-rays. Luigi has 
shallow hip sockets and a femoral head luxation, which is more pronounced 
on the right hip. Luxation refers to the misplacement of the top of the femur 
out of the hip socket. Many small dogs are prone to this type of disorder.

Figure 2a. X-ray of Precious’s front paw six months before 
the accident, during an exam.

Figure 2b. X-ray of Precious’s front paw after the accident, 
before treatment. You can see the bones look like broken 
crockery.
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in the paw, wrist, elbow, and shoulder area. On physical 
examination a few days later, Precious was pain free in all 
the injected areas, showed no pain on palpation and had 
no swelling. She was moving freely, coping with stairs and 
jumping up, but not down. She had started to bear full 
weight on the injured paw, although still limped slightly.
 
In total, Precious received five Prolotherapy sessions two 
to four weeks apart. The solution injected was equal 
parts of  2% lidocaine, 50% dextrose, vitamin B12, and 
Heel’s liquid Traumeel. A total of  5cc was used during 
the procedure. Precious was injected in the joint spaces 
between the proximal phalanges and the metacarpal 
bones as well as the joint spaces between the distal carpals 
and the metacarpals and in between the actual metacarpal 
spaces. All injections were done dorsal to palmar. The 
intent was to cause ankylosis, but actual healing did occur 
as seen on X-ray. (See Figure 3.)
 

with very small amounts of  Telazol 0.3 to 0.4ml 
intramuscularly. They were woken up by administration 
of  acupuncture after the procedures.

S u b m i t t e d  b y  R o g e r  L .  D e H a a n ,  DVM 

P et owner John Lee drives his two Bernese 
mountain dogs almost 60 miles one way from his 
Greer, S.C., home to see Dr. DeHaan. He found 

out about DeHaan’s practice as one would a speakeasy 
in the 1920s, through word of  mouth, after dozens of  vet 
visits and thousands of  dollars of  surgery didn’t alleviate 
the genetic hip problem that made it hard for five year-old 
pooch Mack to walk.
 
Mack, who weighs 140 pounds, couldn’t make it up the 
stairs at home and the pain he suffered made it difficult 
to go in and out of  the house to use the bathroom. He 
took medication that masked his pain, and his playful 
personality, but didn’t treat it. So, Lee tracked down 
DeHaan and brought his beloved family pet to A Holistic 
Veterinary Office, where DeHaan utilizes unconventional 
methods like chiropractic, acupuncture, bio-magnetics, 
and Prolotherapy to treat a wide variety of  animal 
issues. During a recent Prolotherapy treatment at A 
Holistic Veterinary Office, Mack sat patiently without the 
slightest bark or whimper as DeHaan injected a non-drug 
Prolotherapy solution at the sites of  pain and weakness.
 
The intent of  the injections was to stimulate the animal’s 
own natural healing mechanism to repair and rebuild 
injured tissue and alleviate pain. “It’s worked for Mack,” 
his owner said. “He’s been getting around a lot better. He’s 
upstairs on a regular basis and he’s much more mobile. 
It’s not cheap—some visits can run in the neighborhood 
of  $150—and some treatments require a significant time 
investment, but it’s worth it,” said Lee. “We want to do 
everything we can non surgically to improve (his) quality 
of  life. If  we can extend his life and make his life more 
comfortable and enjoyable, then that’s what we want to do.”
 
Dr. DeHaan’s Prolotherapy solution consists of  50% 
dextrose diluted down to 15% plus equal amounts of  
lidocaine, vitamin B12, Sarapin and a homeopathic 
German solution named Discus Comp by HEEL. In 
Mack’s case, this was injected into the left ACL as well as 
the first and second lumbar vertebrae, the sacrum, and 
both hip joints.
 

Figure 3. Precious’s X-rays showed that there was normal 
bone healing after the Prolotherapy sessions were started. 
After the last Prolotherapy treatment, all but one metacarpal 
bone had healed. That bone was a classic non-union, which will 
probably never heal.

Precious is back to her old 
self again, thanks in large 
part to Prolotherapy.

Three injections at the 
elbow were done on 
the lateral aspect of  the 
olecranon, two below and 
one above. The shoulder 
was injected at the lateral 
gleno-humeral junction.
 
Precious has made an 
almost complete recovery 
from her traumatic 
experience.
 
Both Luigi and Precious 
were anesthetized for all 
Prolotherapy treatments 
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Response was gradual because the problem was chronic. At 
one year of  age, by X-ray, Mack was diagnosed with 
bilateral hip dysplasia. Months later he dislocated one 
hip so the ball of  the hip joint was surgically removed. He 
also developed arthritis on his left front elbow. Although 
a well built 140 pound dog, one could also say he was 
a bag of  rickety bones, or in professional terms we call 
Mack “ligamentous.” Ligamentous signifies chronic 
ligament degeneration as a result of  genetic and dietary 
predispositions.
 
In Mack’s case, the plan was to give six Prolotherapy 
treatments. The first three were scheduled a week 
apart, and the final three were approximately 
monthly. Supportive treatments were Mega C Plus, a 
form of  buffered vitamin C for ligament health; Thyro 
Plus, a raw thyroid glandular to support his thyroid; 
plus a homeopathic combination for pain, arthritis and 
kidney support, to facilitate detox and regeneration.   
Mack’s recovery was nothing short of  miraculous. 
Immediately he was happier, stronger and more active. 
By the forth treatment, Mack was off  all pain medications 
and was going up and down 13 steps in the home.
 
It is important to treat every pet as an individual. Diet is 
a huge key because the average commercial diet is pro-
inflammatory. In other words, corn, wheat, soy and dairy 
and their by-products are all proven pro-inflammatory 
ingredients that cause or aggravate inflammatory 
conditions. In fact, Mack has more recently been 
transitioned to a “raw” meat BARF diet with benefit.
 
Dr. DeHaan has treated hundreds of  dogs and given 
thousands of  Prolotherapy injections over the past 15 
years. He considers Prolotherapy one of  his “silver-bullet” 
treatments. Because of  the success of  Prolotherapy, clients 
often drive great distances, like Mack’s owner, for relief  
that has evaded them by all other means. 

S u b m i t t e d  b y  S h a u n  F a u l e y ,  DVM 

“Skipper” is a 12 year-old, male, 60 pound, mix-breed 
Shepard with a six month history of  acute lameness on the 
right rear leg. The original vet diagnosed a partially torn 
ACL, discussed surgery, and dispensed anti-inflammatory 
medication. The lameness progressed over the first several 
months then seemed to “level out” over the final two to 
four months before the owner decided to pursue other 
options. Skipper’s owner called my office to discuss the 

benefits of  Prolotherapy. I pinioned that Prolotherapy 
could strengthen the joint capsule sufficiently that a fully-
ruptured ACL could probably be avoided. They agreed 
to try and Skipper was scheduled for his first treatment.
 
To help minimize movement and the mild discomfort the 
Prolotherapy injections may cause, Domitor was used for 
sedation. This was then reversed with Antiseden when 
the procedure was finished and the sedation was quickly 
neutralized. A total of  four procedures were performed 
three to six weeks apart. During each treatment the joint 
capsule was infused with the Prolotherapy solution on 
both sides of  the stifle. By the third treatment, much 
thicker tissue was evident surrounding the joint, which 
one could clearly feel with the syringe as each injection site 
was penetrated. Skipper made great improvement in his 
mobility and endurance by the fourth treatment, with the 
greatest changes noticed after the second and third. My 
experience is that improvements can still happen even 
with the fifth or sixth treatment, but the “jumps” are not 
as great and may not justify the cost.
 
We finished Skipper’s program after the fourth visit, 
at which time he was doing much better with minimal 
discomfort and a much stronger and secure gait. The 
owners understand the ACL could still rupture at any time 
without warning but hopefully we have made that a more 
remote possibility. I still recommend periodic Prolotherapy 
injections to maintain a strong joint capsule and minimize 
recurrence. The owners will check in regularly and we 
will perform injections as needed, but so far Skipper is 
doing quite well. n

Skipper, a 12 year-old, male, 60 pound, mix-breed Shepard.
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This book may be purchased at www.familydoctorpress.com, and by 
calling 818.957.3000  for just $19.95 (plus tax where applicable). Cases 
of  books are available for resale at a reduced price!  

Review of 
FREE YOURSELF from 

Chronic Pain and 
Sports Injuries 

By Donna Alderman, DO

B O O K  R E V I E W S

Mark L. Johnson, MD, FACS

D r. Alderman’s recent book is a “must read” 
addition to the growing body of  literature about 
the medical treatment technique, Prolotherapy 

(also referred to as Regenerative Injection Therapy—
RIT). Drawing on her 15 years of  experience employing 
the technique, her substantial knowledge of  the medical 
literature, and wisdom imparted to her by elders in the 
field, she has produced a book that is accessible and 
informative for both patients and practitioners.
 
This book leaves one with the strong impression that, first 
and foremost, Dr. Alderman cares about her patients. 
She organizes her book around a large number of  actual 
patient stories. While her book has a strong scientific 
basis (heavily footnoted and annotated), she starts with 
real problems in real people to explain why the science is 
important. She does a particularly skillful job of  providing 
enough references to the scientific literature to give a 
practitioner confidence that her viewpoints are solidly 
based on science, while at the same time, not taxing those 
readers who are not trained in the healing arts—those 
who are just trying to find a cure for pain and need a 
layman’s understanding of  Prolotherapy.
 
She thoroughly, but concisely, introduces the reader to 
the basic diagnostic concepts and treatment strategies 
utilized by Prolotherapists. Through the course of  the 
book the diagnostic dilemma posed by pain originating 
in connective tissue is highlighted and explained—many 
patients come to Prolotherapists with one or many 
incorrect “diagnoses.” She highlights various disease 
conditions that can be treated successfully. Dr. Alderman 
explains the technique of  Prolotherapy, again emphasizing 
what a person will actually experience while undergoing 
treatment.

 
She relates her own story—how she was frustrated by 
the lack of  results using “traditional” approaches to 
various joint and body pains, and how exciting it was 
to find a treatment technique that consistently provided 
outstanding results in these same patients. She deals with 
the issue of  skepticism that many people feel examining 
a treatment that is not universally practiced—her own 
mother referred to her as the “voodoo doctor”—until 
Prolotherapy healed her mother’s knee pain.
 
Many people would be helped by this book. It would be 
an excellent resource in a Prolotherapist’s waiting room, 
or a nice gift for any health professional. It would be 
particularly suited for our friends and relatives who are 
suffering needlessly with connective tissue pain. n
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T E A C H I N G  T E C H N I Q U E S

P rolotherapy injections into and around the elbow 
produce very rewarding results with a 90% success 
rate at eliminating or greatly reducing pain. We 

will first review some elbow anatomy.
 
The elbow contains three separate joints; the 
humeroulnar, humeroradial, and radioulnar joints. The 
osseous stability of  these joints is reinforced by the medial 
and lateral ligament complexes. It is the stimulation of  
these ligament complexes with Prolotherapy that is often 
the key to eliminating chronic elbow pain. The medial 
ligament complex, or ulnar collateral ligament complex, 
provides valgus (or medial) stability. The lateral ligament 
complex provides rotational and varus (or lateral) stability. 
The annular ligament encircles the head of  the radius, 
stabilizing it. (See Figures 1a & 1b.)
 
Typically when a patient is referred for Prolotherapy of  
the elbow, they carry the diagnosis of  lateral epicondylitis, 
or tennis elbow. I prefer the term epicondylosis, signifying 
a pain at the lateral epicondyle of  the elbow and the 
lack of  evidence of  inflammation in the area for most 
patients who present with lateral elbow pain. Lateral 
epicondylosis is seven to ten times more common than 
medial epicondylosis; it involves the dominant arm 
75% of  the time.1 In my practice, lateral epicondylosis 
is the single most successfully treated diagnosis. During 
a careful examination of  the elbow, typically the lateral 
epicondyle is very tender along with the annular ligament 
on the radial head.
 
The Prolotherapy technique of  injecting the lateral 
elbow involves first having the patient sit on the edge of  
the exam table with the elbow bent, the palm resting on 
the thigh. Next the lateral epicondyle is identified and 
solution is “peppered” here. While the normal dextrose 
Prolotherapy solution can be utilized, if  needed, the 

Rodney S. Van Pelt, MD

Prolotherapy Injection 
Technique of the Elbow

proliferant may be augmented with sodium morrhuate. 
Depending on the solution used, at least 1cc of  solution 
is utilized at the common extensor tendon attachment at 
the lateral epicondyle. Typically the supra-condylar ridge 
and radial head are also tender and these are injected 
with the same solution. (See Figure 2.) It is important not to 

Figure 1a. Lateral view of elbow.

Radial head

Lateral 
epicondyle Annular ligament

Figure 1b. Medial view of elbow.

Medial epicondyle

Ulnar collateral 
ligament

Site of ulnar nerve



J O U R N A L  of  P R O L O T H E R A P Y  |  V O L U M E  2 ,  I S S U E  1  |  F E B R U A R Y  2 0 1 0 329

T E A C H I N G  T E C H N I Q U E S :  P R O L O T H E R A P Y  I N J E C T I O N  T E C H N I Q U E  O F  T H E  E L B O W

have the needle go superior to the radius, as it is possible 
to hit the radial nerve. Generally, at least 3cc of  solution 
are utilized.*

 
Medial epicondylosis, or golfer’s elbow, is straight forward 
to treat. The area involved, like its lateral counterpart is 
readily identified. The patient, while seated on the edge of  
an exam table, places the palm on the crown of  the head. 
This leaves the elbow bent to 90 degrees with the medial 
epicondyle facing anterior. At least 1cc of  Prolotherapy 
solution is infiltrated at the point of  injury at the common 
flexor tendon attachment onto the medial epicondyle. 
In this area, caution is exercised for the ulnar nerve, 
which runs immediately posterior in the ulnar grove (the 
space between the medial epicondyle and the olecranon 
process). Additionally, the median nerve runs anteriorly to 
the medial epicondyle. As always, the Prolotherapist must 
be familiar with the anatomy of  the region. (See Figure 3.)

Figure 2. Injection to supra-condylar ridge.

Figure 3. Injection of the medial epicondyle.

A less common cause of  pain in the elbow is osteoarthritis. 
To treat this, the patient is put in the prone position 
with the elbow extended, palm down. (See Figure 4.) The 
humeroradial joint is identified and the skin cleansed.** 
The joint is then injected with 2cc of  25% dextrose 
solution. Afterward, the joint is flexed and extended 
several times to distribute the fluid throughout the joint.
 

One of  the main ligaments of  the elbow that frequently 
needs Prolotherapy is the ulnar collateral ligament, which 
runs from the medial epicondyle to the medial edge of  the 
olecranon and coronoid process. The patient is positioned 
as for medial epicondylosis. The fibroosseous junctions 
of  the ligament are peppered with Prolotherapy solution 
again exercising caution regarding the ulnar nerve. On 
the lateral side of  the elbow a similar structure exists, the 
radial collateral ligament. This extends from the lateral 
epicondyle to the annular ligament of  the radius. To 
treat this ligament, the solution is again peppered over 
the injured segments from the lateral epicondyle to the 
annular ligament.
 
In an experienced Prolotherapist’s hands, treatment of  
elbow pain including medial and lateral epicondylosis is 
very successful. Prolotherapy can often get tennis players 
and golfers back on the courts and course very quickly! n

Leach RE, et al. Lateral and medial epicondylitis of  the elbow. 
Clinical Sports Medicine. 1987;6:259-72.

*	 Some physicians will utilize a lot more solution.

**	 It is assumed before all injections that the area is cleaned.

1.

Figure 4. Intra-articular injection of the humeroradial joint.
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I T ’ S  A  W I D E  W I D E  W O R L D :  L I T E R A T U R E  R E V I E W S

Gary B. Clark, MD, MPA

Literature Reviews:  
Prolotherapy for Sports Injuries

I T ’ S  A  W I D E  W I D E  W O R L D

P r o l o t h e r a p y  o f  Sp  o r t s  I n j u r i e s

Case Study: Roy was the stellar center and captain for the local 
University ice hockey team. During the third period of  a particularly 
important intercollegiate game, Roy was forcibly body checked by an 
opposing player and sent crashing into the boards. The result was 
immediate, excruciating pain of  Roy’s left knee bringing him to the 
ice—he was unable to comfortably play out the remainder of  the 
period. His team managed to hold their winning lead through the rest 
of  that final period, but they were hard pressed without Roy’s skating 
skills and leadership.
 
In three weeks, Roy’s hockey team was to play in the season’s final 
league championship game and his teammates desperately needed 
Roy to captain them to a hard-fought season victory.

  
I n t r o d u c t i o n

Sports injuries are a central concern of  any musculoskeletal 
medical specialist. Whether the athlete’s accidental injury 
occurs directly on the playing field or indirectly on an icy 
grocery store parking lot, the resultant laceration, sprain, 
fracture, or concussion can affect that player’s and team’s 
destiny.
 
Prolotherapy, including variations of  the theme such as 
Neural Therapy and Platelet-Rich Plasma (PRP) Therapy, 
can be of  significant importance in returning an injured 
player to the sports arena, field, court, course, or rink. 
The following literature review focuses on the few journal 
articles that currently address Prolotherapy of  sports 
injuries.
 
Our main intention is to familiarize both physician 
and patient with the basic concepts and language of  
Prolotherapy, as well as whatever literature exists that 
provides evidence for its clinical efficacy. We would like 
to stimulate reading and increase the general level of  
understanding of  Prolotherapy of  sports injuries—as 

well as stimulate interest in improving private clinical 
and academic research evidence of  the efficacy of  the 
treatment. Please use Google and the website of  the 
National Library of  Medicine (www.pubmed.gov) to 
access the following and other articles.

G r o i n  a n d  P u b i c  I n j u r i e s

Efficacy of dextrose Prolotherapy in elite male kicking-sport 
athletes with chronic groin pain. Topol GA, et al. Arch Phys Med Rehabil. 
2005 Apr;86(4):697-702.

Treatment of longstanding groin pain in athletes: a systematic 
review. Jansen JA, et al. Scan J Med Sci Sports. 2008 Jun;18(3):263-74.

Treatment of osteitis pubis and osteomyelitis of the pubic 
symphysis in athletes: a systematic review. Choi H, et al. Br J Sports 
Med. 0:bjsm.2008.050989v2.

Ab  s t r a c t  S u m m a r i e s

Topol, et. al. (2005), reported a consecutive case study 
of  dextrose Prolotherapy for treatment of  elite kicking-
sport athletes acquiring chronic groin pain from osteitis 
pubis or adductor tendinopathy. They studied 24 rugby/
soccer players with chronic groin pain. The subjects were 
treated with Prolotherapy, using monthly injections of  
12.5% dextrose/0.5% lidocaine into the tender groin 
areas. Injections were continued until complete resolution 
or non-improvement for two consecutive treatments. A 
mean of  2.8 treatment sessions was required. The mean 
reduction in pain was 6.3 to 1.0 (VAS pain scale) and 
5.3 to 0.8 (NPPS pain scale). At the end of  the study, 20 
of  the 24 patients had no pain and 22 out of  24 were 
unrestricted to degree of  sports activity. (Study design: 
Consecutive case series: Level 4 evidence)
 
Jansen, et. al. (2008), reported a systematic review of  articles 
describing longstanding groin pain in athletes, treated 
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with rest/restricted activity, passive or active physical 
therapy, corticosteroid injection, dextrose Prolotherapy, 
or surgery. Although mentioning Prolotherapy as an 
optional treatment, the report focused on surgical results 
and provided little insight into the effect of  the more 
conservative treatments. (Study design: Systematic review: 
Level 4 evidence)
 
Choi, et. al. (2008), reported a systematic review of  
25 journal articles that consisted of  case reports or 
case series; there were no random controlled trials. 
One hundred and ninety-four athletes were cited as 
being diagnosed with osteitis pubis and treated with 
some combination of  conservative treatment, e.g., rest, 
nonsteroidal anti-inflammatories, physical therapy (six 
case reports); local anesthetic injection; corticosteroid 
injection (four case reports); dextrose Prolotherapy (one 
case series); antibiotic therapy (ten case reports/series 
of  osteomyelitis of  the pubic symphysis); or surgery (six 
case reports/series). Without any clinical studies available 
providing direct comparison of  treatment modalities, the 
authors graded the quality of  evidence at Level 4—they 
could not determine the comparative effectiveness of  the 
various treatments based on the studies currently existing. 
They deemed that further, more scientifically rigorous 
study is necessary. (Study design: Systematic review: Level 
4 evidence)

Ac  h i l l e s  T e n d i n o s i s

Prolotherapy injections and eccentric loading exercises for 
painful Achilles tendinosis: a randomized trial. Yelland MJ, et al. Br J 
Sports Med. Published Online: 22 June 2009. doi:10.1136/bjsm. 2009.057968. 

Ab  s t r a c t  S u m m a r y

Yelland, et. al., compared Prolotherapy of  Achilles 
tendinosis to the efficacy of  eccentric loading exercises 
(ELE). Subjects were randomly selected for one of  three 
groups: 1) a 12-week program of  hypertonic glucose 
Prolotherapy injections (n=14); 2) a 12-week program 
of  ELE (n=15), and 3) a 12-week program of  combined 
Prolotherapy and ELE treatment (n=14). Prolotherapy 
was administered by delivering injections of  hypertonic 
glucose diluted with lignocaine and delivered alongside 
(parallel to) the affected tendon. Long term outcome was 
assessed over the ensuing 12 months by measuring the 
proportions of  participants achieving a minimum clinically 
important change (MCIC) for VISA-A questionnaire 

scores. The symptoms of  pain, stiffness, and limitation of  
activity, along with treatment costs, were also periodically 
assessed over that 12 month period.
 
At 12 months, Prolotherapy (compared to ELE) 
demonstrated earlier reductions of  stiffness and activity 
limitation. Combined treatment demonstrated even earlier 
reductions of  pain, stiffness, and activity limitation—as 
well as lowest incremental cost. (Study design: Single-
blinded, randomized clinical trial: Level 1 evidence)

 
JO  P  C o m m e n t a r y

Currently, there are relatively few clinical reports on the 
use of  Prolotherapy specifically as treatment for sports 
injuries. And ... most of  those reports are at the lowest 
level of  quality of  evidence.
 
Evidence-based medicine has become a cornerstone of  
modern medical practice, attempting to apply the best 
available scientific evidence to medical decision making. 
Good evidence is the fundamental basis upon which 
therapies are judged as most appropriate and necessary 
by the medical community (i.e., clinically effective 
and efficient) and deemed reimbursable by insurance 
programs.1

Existing clinical evidence can be collected and ascertained 
for quality by scientific, engineering, and statistical 
methods. Several evidence grading systems are available. 
One example is that of  the New Zealand Guidelines Group 
(NZGG), which has developed a system for grading the 
quality of  evidence and is often referenced. These levels 
of  evidence (or levels of  confidence) are summarized in 
Table 1.2

If  there were a level 5, it would incorporate anecdotal 
reports that might be based on empirical experience 
but are undocumented, totally hearsay, and subjective, 
providing no weight of  evidence, whatsoever.
 
It has been pointed out by many observers, including the 
National Institutes of  Health Center for Complementary 
and Alternative Medicine,3 that the beneficial effects 
of  Prolotherapy may be much more complex than 
first thought. Aside from the inflammatory stimulation 
of  fibroblastic ligament or tendon regeneration, the 
individual elements of  Prolotherapy may have their 
own specific effects. The needling, itself, may have some 
acupuncture effect on pain. The anesthetic (i.e., procaine, 
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Reliability Level 
of Evidence Source of the Evidence

1. Evidence that 
has a high degree 
of proven reliability 
leaving little 
question to debate.

Trial studies that use well-tested methods (including 
comparable control groups) to make comparisons 
in a fair way and produce results that leave very little 
room for uncertainty.		
Example: Usually Level I evidence is from 1) 
systematic reviews or meta-analyses with consistent 
findings or 2) large, high-quality randomized 
controlled studies.

2. Evidence that has 
significant reliability 
but is still open to 
some debate.

Trial studies that use well-tested methods (including 
comparable control groups) to make comparisons 
in a fair way but where the results leave some room 
for uncertainty. For example, the size of the study 
may be small enough to cause significant losses 
to follow-up or the experimental design precludes 
adequate selection of groups for comparison. 		
Example: Usually Level 2 evidence is from 1) 
systematic reviews without consistent findings, 2) 
randomized controlled trials in which significant 
numbers of subjects are lost, or 3), small randomized 
controlled studies. 

3. Evidence that 
has some weight of 
clinical significance 
but is without a 
high degree of 
proven reliability. 

Trial studies that use an experimental design that 
does not guarantee that fair comparisons can be 
made, thus, producing results that are doubtful.		
Example: Usually Level 3 evidence is from 1) 
systematic reviews of case-control studies or 2) 
individual case-control studies.

4. Evidence that 
has some weight of 
clinical significance 
but is based on 
reports of empirical 
experience without 
any comparable 
groups.

Trial studies that use an experimental design 
without comparable (control) groups that produce 
a high probability of results being due to chance or 
because the groups compared were different at the 
outset of the study. 		
Example: Usually Level 4 evidence is from 1) cohort 
or case-control studies where the groups were not 
really comparable or 2) totally uncontrolled case-
series reports.

Table 1. New Zealand Guidelines Group (NZGG) levels of 
evidence of medical efficacy.2

research clinic. Well-designed case studies can be a very 
beneficial contribution to the total body of  evidence—
though not as weighty as randomized controlled studies.
 
Currently, the body of  Level 1 and 2 evidence of  
Prolotherapy efficacy is still meager. But, the vastly more 
preponderant Level 3 and 4 private-practice therapeutic 
evidence still provides an unwavering weight of  overall 
support for the efficacy of  Prolotherapy in treating injuries 
of  all types, including those that are sport-related.
 
There are many articles on sports injuries of  all types 
that do not address Prolotherapy as a major therapeutic 
consideration. Instead, there is a plethora of  reports 
on failed physical, medical, and surgical treatments 
that permeate throughout the professional channels of  
information. We have to show that Prolotherapy can 
make a difference. However, to prove the truth to the 
medical community at-large and the healthcare insurance 
companies, we need more Level 1 and 2 evidence. The 
work of  Scarpone, et. al., and Rabago, et. al., are most 
recent examples of  the quality of  work that needs to be 
accomplished.4, 5

   
Yelland, et. al., cited earlier, have provided an excellent 
example of  Level 1 evidence for the efficacy of  
Prolotherapy. An “efficacious” treatment, by definition, 
is both therapeutically effective in resolving the cause of  
the patient’s symptoms and, also, therapeutically efficient, 
i.e., cost-effective. As time goes on, there will be more and 
more Level 1 and 2 evidence proclaiming the therapeutic 
efficacy of  Prolotherapy. However, it will take disciplined 
and concerted effort, time, and money to reach the 
needed preponderance of  compelling clinical evidence 
to convince Medicare and private healthcare insurance 
companies to reimburse for Prolotherapy.

Case Study (continued): Over the evening, Roy’s knee had 
been put at rest, iced, wrapped (compressed) and elevated (i.e., 
R.I.C.E. therapy). The very next day following his injury, he visited 
a local musculoskeletal pain specialist for diagnosis and treatment.
 
Physical examination revealed a clearly demarcated, swollen medial 
collateral ligament (MCL), which was exquisitely sensitive to 
palpation at its proximal and distal attachments. There were no 
findings of  meniscal, coronary ligament, cruciate ligament, or other 
structural damage upon specific physical testing. Due to joint stability 
and isolation of  a discrete injury, radiography was not necessary.
 

lidocaine, lignocaine) used for diluting the dextrose and 
other proliferant components may have a Neural Therapy 
effect on local sympathetic enervation and lymphedema.
 
Additionally, we have yet to prove the differences between 
the various proliferant combinations that are in use around 
the country. Varying concentrations of  dextrose (glucose) 
are being used. Other proliferant solution constituents are 
being used, including phenol and glycerin (P2G solution 
is phenol, glucose and glycerin), sodium morrhuate, and 
testosterone. Also, some say that tendons deserve different 
proliferant concentrations and constituents compared to 
ligaments.
 
All of  the variations of  Prolotherapy and their respective 
effects need to be carefully documented and analyzed 
in the private treatment room as well as the academic 
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Initial treatment consisted of  Neural Therapy,6 performing 
intradermal injections of  procaine circumferentially around the edge 
of  the clearly demarcated medial collateral swelling. The edematous 
swelling began to subside during the injections and was essentially 
gone by the time that the injections were completed. Roy reported 
significant pain relief. He was asked to return in one week and urged 
to continue R.I.C.E. as much as possible and crutches until all pain 
had subsided—along with restriction from the skating rink. He was 
placed on a mild physical therapy program to maintain strength and 
range of  motion.
 
At Roy’s second visit the next week, his MCL was nonswollen but 
still slightly tender at both the proximal and distal MCL attachments. 
P2G Prolotherapy was performed at both the proximal and distal 
MCL. Roy was taken off  crutches, continued on a moderate physical 
therapy program, and cautioned to participate in only mild skating. 
Any physical activity was to be limited by the occurrence of  any 
MCL pain.
 

Roy’s team trainer claimed that his recovery was “miraculous!” 
...“What is this Prolotherapy thing?!” Three weeks following the 
accident, Roy played in the final game. The coach saved him for the 
third period. His team broke a tie with Roy’s winning a hat trick 
in the last five seconds. His last clinic visit in the following week 
showed full recovery of  the MCL. n

B I B LIOGRA      P HY
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Introduction of Prolotherapy in the Caribbean

I T ’ S  A  W I D E  W I D E  W O R L D

J. V. A. Humphreys, MD

I n January 2009, I introduced Prolotherapy in the 
twin island state of  Antigua and Barbuda. Optimum 
Health Clinic Ltd. (my private practice), situated at 

Belmont (Surgical and Medical) Complex was the site 
where this dynamic and extremely effective therapy was 
birthed for the first time in the West Indies. (See Figure 
1.) I am happy to report that Prolotherapy is growing in 
popularity on the islands. I will share two success stories 
with you.
 

Pete, a 47 year-old man that I have been working with for 
three years for obesity, diabetes and hypertension, had 
been experiencing moderate to severe left hip pain for 
about two years. Pete worked in the field as a construction 
engineer and fell from a ladder. Pete benefited greatly 
from Prolotherapy, reporting one month after one 
treatment of  Prolotherapy that the pain that had been his 
constant companion for two years is no longer present. 
He remarked that minutes to days after treatment he felt 
“a pulling of  muscles” and greater range of  motion as 
time progressed. Pete was given a solution of  Sarapin 
and dextrose proliferants. A second treatment was given 
within a month. He has continued to be pain free since 
his last treatment a few months ago. Pete has been 
discharged thanks to Prolotherapy. By the way, Pete has 
lost almost 100 pounds and both his hypertension and 

diabetes are under 
control without 
m e d i c a t i o n . 
“Congratulations 
Pete!
 
I have found in my 
experience that 
dextrose does very 
well as a stand 
alone proliferant 
but benefits are 
augmented in some 
instances with the 
addition of  other 
proliferants.
 
Prolotherapy is no 
doubt a valuable 

form of  pain management. It has changed the landscape 
of  medical practice in the Caribbean. Invariably, it has 
proven more effective than oral medication therapy 
(NSAIDs) and steroidal therapy, which studies now show 
hamper the biosynthesis and gene expression of  collagen 
and proteoglycan of  chondrocytes.1 (See Figure 3.)

Figure 1. Optimum Health Clinic Ltd., where Prolotherapy 
recently got its start in the West Indies.

My first patient, Charmaine a 51 year-old perimenopausal, 
primiparous woman, had severe degenerative disease of  
the knees (bilaterally) for a number of  years. The pain was 
refractory to NSAIDs and she had even had local steroid 
injections done; which too was ineffective. Charmaine did 
a course of  Prolotherapy on her knees. (See Figure 2.) One 
day while clearing my post box, I saw Charmaine leaving 
work carrying a pile of  books. She limped slowly across 
the car park. Being concerned, I inquired from her the 
reason for her limp. She smiled and said, “Doc, I have no 
pain. My only problem is that I have to keep reminding 
myself  that I have no pain and that I need to get rid of  
this programmed habit to limp.” She then showed me 
her limp free “stage” walk. With the type of  degeneration 
Charmaine had, she couldn’t fake it, even if  she wanted 
to. I smiled and thought to myself, “Amazing!” This was 
what I needed as a practitioner …a vote of  confidence.
 

Figure 2. Dr. Humphreys performing 
Prolotherapy to the lateral knee.
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Prolotherapy has even 
caused a stir in the 
medical community in 
Antigua and Barbuda with 
increased referrals from 
physicians. As a matter 
of  fact, while preparing 
this article, my medical 
assistant informed me 
that the president of  the 
local medical association 
has made an appointment 
for his first Prolotherapy 
treatment.
  

I must express profound thanks to my Prolotherapy 
instructor, Dr. Ross Hauser, whose remarkable teaching 
skills both theoretically and clinically proved invaluable. 
(See Figure 4.) I commend Dr. Ross Hauser and the staff  
from Caring Medical and the other forerunners in 
Prolotherapy…Antigua thanks you…the Caribbean 
thanks you! n

B i b l i o g r a p h y

Fujii K, et al. Effects of  NSAID on collagen and proteoglycan 
synthesis of  cultured chondrocytes. J-Rheumatol-Suppl. 1989 Aug; 
1828-31. 

ED  i TOR   ’ s  NOTE  

As you will read in this patient’s letter, Antigua is 
already experiencing the power of  Prolotherapy in the 
Caribbean.

A  L e t t e r  o f  t h a n k s  f r o m  p a t i e n t  
t o  D r .  J .  V .  A .  H u m p h r e y s  i n  A n t i g u a 

Hello Dr. Humphreys,
 
It is now four weeks after my first treatment and I would 
like to take this opportunity to thank you for introducing 
me to Prolotherapy treatment.
 
As you know, when I came to your office three months ago 
I complained of  severe back pain, pain radiating down 
my left leg and tingling in my toes of  my left foot.  I have 
had this problem for over six months. I tried chiropractic 
care, acupuncture and massage with no resolution of  my 
herniated disc problems.
  

1.

Figure 3. Prolotherapy brings 
renewed hope for pain 
patients in the West Indies.

Figure 4. Dr. Ross Hauser and Dr. Humphreys at Caring 
Medical, Oak Park, Illinois in 2008.

I was unable to perform any activity, let alone exercise. 
Walking, standing, or sitting in the same place for a long 
period of  time caused an increase in my pain. My doctor 
prescribed several different types of  pain killers, which I 
had to take every day, was the only thing that gave me 
some relief. As you are aware, these medications are 
known stimulators of  connective tissue breakdown and 
cause my condition to get worse.  My doctor also advised 
that I may have to do surgery to cure my herniated disc.  
However, because of  your treatment, I will not have to do 
the surgery.
  
I am happy to report that after three weeks of  my first 
Prolotherapy treatment I am about 90% cured! Two 
weeks before my first treatment I discontinued taking all 
anti-inflammatory drugs and I haven’t taken any since. 
My lower back pain is much better and I don’t have any 
pain radiating down my leg or tingling in my toes. I am 
now able to get back to my usual activities of  walking, 
standing, exercising and dancing!
  
I am so excited about this treatment that I am telling 
everyone I know that is having problems with back pain, 
or any other joint paint, about the Prolotherapy treatment.  
Once again, thank you so much for helping me and 
with the help of  God you will do wonders with this 
procedure.
 
Thank you God bless you,
  
C.T. 
Antigua
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Seminars, Training, & Organizations
S K I L L  E N H A N C E M E N T

American Holistic 
Veterinary Medial 
Association
2218 Old Emmorton Road
Bel Air, MD 21015
Phone: 410.569.0795
Fax: 410.569.2346
www.ahvma.org

The International 
Veterinary Acupuncture 
Society
2625 Redwing Rd. Suite 160
Fort Collins, CO 80526
Phone: 970.266.0666
Fax: 970.266.0777
www.ivas.org

A P RIL    8 – 1 1 ,  2 0 1 0

San Diego, CA
The American College of Osteopathic Sclerotherapeutic Pain 
Management’s Spring 2010 Training Seminar “Prolotherapy; 
A Comprehensive Approach”. This conference will include 
morning lectures on prolotherapy, a 3-D Anatomy lab 
and an intensive 3 day afternoon hands on workshop 
with 20 stations to practice actual injection practice. In 
addition, Neural Therapy, Mesotherapy, PRP and Stem Cell 
injections will be introduced. Finally, billing and coding 
and asset protection will be discussed. 

For more information: http://acospm.com

Notice to meeting organizers: If you are sponsoring a 
Prolotherapy meeting or training session, please email: 
info@journalofprolotherapy.com for a free listing of your 
meeting. 

o r g a n i z a t i o n s

American Association of 
Orthopedic Medicine (AAOM)
600 Pembrook Drive,
Woodland Park, CO 80863
Phone: 888.687.1920
Fax: 719.687.5184
www.aaomed.org

GetProlo.com
Beulah Land Corporation
715 Lake St. Suite 400
Oak Park, IL 60301
Phone: 708.848.5011
Fax: 708.848.8053
www.getprolo.com

The American Academy
of Osteopathy
3500 DePauw Blvd, Suite 1080
Indianapolis, IN 46268
Phone: 317.879.1881
Fax: 317.879.0563
www.academyofosteopathy.org

 

The Hackett Hemwall Foundation
2532 Balden Street,
Madison, WI 53705 USA
www.HackettHemwall.org

American College of Osteopathic 
Sclerotherapeutic Pain
Management, Inc.
303 S. Ingram Ct.
Middletown, DE 19709
Phone: 302.376.8080
Toll Free: 800.471.6114
Fax: 302.376.8081
www.acopms.com

American Osteopathic Academy 
of Sports Medicine (AOASM) 
2810 Crossroads Drive, Suite 3800
Madison, WI 53718
Phone: 608.443.2477
Fax: 608.443.2474
www.aoasm.org

n o v e m b e r  6 – 1 3 ,  2 0 1 0

Guadalajara, Mexico
The American Association of Orthopaedic Medicine is	
offering a Hands-on Prolotherapy Course in Ciudad 
Guzman, Guadalajara in Mexico. This course will 
include daily lectures, instruction in patient evaluation 
and diagnosis, solutions, needle placement, injection 
technique and hands-on patient treatment. 

For more information: http://www.aaomed.org

A P RIL    2 8  –  MAY    1 ,  2 0 1 0

Amelia Island, FL
The American Association of Orthopaedic Medicine 2010 
Annual Conference titled “The Athlete and Orthopaedic 
Medicine” will be highlighted by several nationally 
and internationally renowned orthopaedic medicine 
authorities speaking on a variety of different topics.

For more information: http://www.aaomed.org
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Athletes Do Not Stop Before the Finish Line
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 [ for Doctors & Patients]

 [ J O U R N A L  of  P R O L O T H E R A P Y . C O M ]
 [ 7 0 8 - 8 4 8 - 5 0 1 1 ]

Calling all Prolotherapists! Do you have a Prolotherapy article 

you would like published in the Journal of Prolotherapy? 

We would love to review it and help you share it with 

the world! For information, including submission 

guidelines, please log on to the authors’ section 

of www.journalofprolotherapy.com.

The Journal of Prolotherapy is unique in that it has a target audience of 

both physicians and patients. Help spread the word to other people like 

yourself who may benefit from learning about your struggle with

chronic pain, and first-hand experience with Prolotherapy.

For information on how to tell your story in the Journal of

Prolotherapy, please log on to the contact section of 

www.journalofprolotherapy.com.
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