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Abstract: Osteoarthritis is a chronic, progressive disease of the articular joints, and to date, has no cure or effective long-

term treatment. Objective: To determine if bone marrow prolotherapy (BMP), a combined treatment protocol employing 

separate injections of hypertonic dextrose prolotherapy and bone marrow aspirate, would be effective as a means of reduc-

ing joint pain and improving function in osteoarthritic joints. Design: Patients with a clinical diagnosis of radiographic os-

teoarthritis who visited our pain clinic and underwent BMP treatments (N = 24, mean age 64.9) were asked to complete a 

questionnaire assessing their condition before and after treatment. Methods: BMP treatments (average 3.6) were conduct-

ed at 6 to 8 week intervals and involved autologous harvesting and aspiration of the patient’s tibial bone marrow, after 

which a hypertonic dextrose solution was injected at sites in and around the index joint (prolotherapy), followed by injec-

tions of the bone marrow aspirate directly into and around the joint. At 6 months post-treatment, patients were e-mailed a 

questionnaire asking them to rate their condition before and after BMP treatment in terms of pain levels at rest, perform-

ing activities of daily living, and during exercise (Visual Analog Pain Scale), as well as their degree of stiffness, range of 

motion, and level of crepitus. Changes in the self-reported scores of these variables for each patient were analyzed to de-

termine the effectiveness of BMP treatment. Data were obtained by comparing the differences between baseline and post-

treatment scores and analyzed utilizing a two-tailed paired t test. Results: Patient-reported improvements in pain relief and 

joint function were statistically significant (P < .001), as were gains in activities of daily living, exercise ability, and 

range of motion and losses in stiffness and crepitus. No adverse events occurred. Conclusion: Our survey of patient-

reported outcomes supports the use of BMP as an effective therapy for treating osteoarthritis and suggests that BMP has 

potential for enhancing the quality of life of individuals with the disease. 
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INTRODUCTION 

 Osteoarthritis (OA) is the most common joint disease in 
the world, affecting approximately 27 million people in the 
United States alone, and represents the majority of the $128 
billion cost burden Americans incur each year on arthritis-
related health care [1]. The World Health Organization ranks 
OA as the fourth leading cause of ‘years lived with disabil-
ity’ (YLDs), accounting for 3% of total global YLDs, stating 
that 80% of those with OA will experience limitations in 
movement over time, and 25% will be unable to perform 
routine daily activities of life [2, 3]. Overall, an estimated 70 
million people over age 65 will be at risk for OA by 2030, 
according to data released by the Osteoarthritis Initiative 
(OAI), a multicenter, longitudinal, prospective observational 
study of knee OA [4,5]. Due to the aging of America and the 
endemic increase in obesity, these figures are expected to 
grow exponentially in the coming decades. 

Role of Cartilage in OA Pathology 

 OA is a chronic and debilitating disease of the articular 

joints, characterized by a complex disease process, whereby  
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joints undergo recurring cycles of damage through a contin-
uum of events that alter both joint structure and joint mor-
phology. The catalyst for these events is the progressive loss 
of articular cartilage in the joint, beginning at the joint sur-
face and progressing until there is full thickness loss. Once at 
this stage, other joint structures become affected in a dom-
ino-like effect, as joint space narrowing, subchondral bone 
remodeling, varying degrees of synovial inflammation, and 
osteophyte (bone spur or bony overgrowth) formation begins 
to occur, progressing until joint movement becomes noticea-
bly restricted. The appearance of osteophytes has become the 
criterion for advanced OA since they form at the margins of 
joint surfaces and can usually be detected radiographically 
[6] hence, the diagnostic term radiographic OA. 

 When cartilage is healthy, it has a smooth lubricated sur-

face, allowing the joint to slide over bone. Without this sur-

face, the joint loses its gliding motion and becomes limited 

in its movement. This loss also causes the spaces between 

the joint and bone to narrow, exposing the underlying 

subchondral bone and precipitating a process of bone remod-

eling, in which the subchondral bone thickens and a poorly 

mineralized matrix develops. In cases of extensive bone re-

modeling, bone marrow lesions become apparent as the ends 

of bones begin to rub together [7,8]. When the rate of tissue 

breakdown in a joint begins to surpass that of tissue repair, 
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the event disrupts the dynamic equilibrium between the two, 

leading to progressive joint failure and development of OA 

in the joint. The loss of cartilage in OA is characterized by a 

similar imbalance, whereby excessive matrix degradation 

begins to overwhelm matrix synthesis, precipitating full 

thickness loss of the tissue and the development of OA [9-

11]. This theory reflects the importance of articular cartilage 

in joint homeostasis and the tissue’s pivotal role in the path-

ogenesis of OA and its progression.  

 Articular cartilage is unique because it contains only one 

cell type the chondrocyte that is responsible for both the syn-

thesis and breakdown of the tissue’s cartilaginous extracellu-

lar matrix. Thus, when full thickness loss occurs, there is no 

cellular base or viable extracellular matrix from which new 

tissue can grow; this is especially true in the tissue’s superfi-

cial zone at the joint surface where changes in cartilage first 

occur [12]. Nonetheless, there has been evidence that under 

some circumstances of chronic injury, such as that seen in 

OA, chondrocytes are capable of demonstrating a significant 

reparative response and can replicate their DNA to form new 

cells [13]. Analysis of cartilage from joints with OA has 

shown an increased number of cells in clones and evidence 

for DNA synthesis by such means as 3H-thymidine metabol-

ic studies, autoradiography, and histological demonstration 

of mitotic figures [14-16]. 

 Articular cartilage is also unique in that it is both avascu-

lar and aneural. Without a blood supply, cartilage tends to 

heal slowly and imperfectly; as long as the chondral lesion 

remains contained within the tissue, there is no involvement 

of the vasculature [17]. Since cartilage lacks a neural net-

work as well, it does not elicit pain itself; instead, the pain in 

OA occurs when there is excessive pressure on the 

subchondral bone subsequent to the loss of cartilage tissue or 

when there are excessive stressors on periarticular structures 

such as ligaments and tendons [8].  

 Despite the myriad of medications and procedural tech-

niques that have been developed over the years, there is still 

no cure for OA or a viable disease-modifying agent available 

[6,9,11]. Exercise, medications, physical therapy, and life-

style modification may decrease symptoms and improve 

mobility, but they do not reverse the disease. The success 

rate for regenerating cartilage tissue for the most part has 

been relatively lackluster. Thus, OA continues to be treated 

symptomatically to relieve pain and improve function.  

 To that end, we took a pragmatic approach and canvassed 

a group of patients from our pain clinic who agreed to un-

dergo bone marrow prolotherapy (BMP), a treatment that 

uses bone marrow aspirate (BMA) injection therapy in com-

bination with hypertonic dextrose prolotherapy, and then to 

provide feedback via a self-reported questionnaire as to 

whether this combined treatment protocol was more effective 

than prolotherapy alone in reducing pain and improving 

function in osteoarthritic joints. The cohort we recruited was 

comprised of 24 patients who had been clinically diagnosed 

previously with radiographic OA by their attending physi-

cian. The results described herein were obtained in accord-

ance with the guidelines of the Declaration of Helsinki. 

METHODS 

Patients 

 Our sample cohort was comprised of 24 adult patients 
(12 M, 12 F) who had a diagnosis of radiographic OA and 
had visited our chronic pain clinic in 2009 for prolotherapy 
treatment to relieve their chronic pain. Patients were asked if 
they would be willing to receive bone marrow prolotherapy 
at prescribed intervals of 6 to 8 weeks and then were given 
an explanation of the combined treatment technique; they 
were also told they would be required to participate in an 
exercise program. In addition, at 6 months after completing 
the BMP treatment protocol, they would be given a ques-
tionnaire and asked to assess a number of variables using a 
numerical scoring system to rate their condition before and 
after treatment. All patients had been previously diagnosed 
with radiographic OA, either of the knee (13 patients), hip (8 
patients), ankle (1 patient), or toe (1 patient), with the excep-
tion of one patient who had lower back pain from OA of the 
facet joints and degenerative disc disease. Average age of 
patients was 64.9, with an age range of 57 to 76. Demo-
graphic data of the study participants are presented in Table 
1.  

 Inclusion criteria for the study were the following: (1) 
established diagnosis of OA by a physician and x-ray or MRI 
evidence of advanced OA of the involved joint(s); (2) dura-
tion of pain greater than 6 months; (3) no other treatments 
specific to OA [eg, use of NSAIDs or corticosteroid injec-
tions, physical therapy]; (4) age of at least 18 years; (5) 
completion of the BMP treatment protocol; (6) compliance 
with a prescribed exercise program; (7) available for follow-
up 6 months post-treatment; and (8) completion of a patient 
questionnaire regarding the results of BMP treatment. Pa-
tients who were diagnosed with other conditions affecting 
the joints or with systemic diseases, who were undergoing 
concomitant therapy, or who were taking over-the-counter or 
prescription medications, NSAIDs, steroid preparations, or 
narcotics were excluded from the study.  

 All patients selected underwent BMP treatment sessions 
(average 3.6) conducted every 6 to 8 weeks and were inter-
viewed about their treatment following the final BMP ses-
sion. Six months after completion of BMP treatment, pa-
tients were sent a questionnaire by e-mail asking them to 
assess their condition before and six months after treatment. 

Treatment Protocol and Procedures 

 Before treatment began, all patients reviewed and signed 
a consent form, which described the inherent benefits and 
risks associated with the combined BMP procedure and were 
asked if they understood the treatment regimen. Vitals for 
each patient were recorded and medical history was obtained 
and documented. All patients were to receive a prescribed 
series of BMP treatments comprised of injections with a hy-
pertonic dextrose solution at a predetermined number of sites 
in and around the index joint per session every 6 to 8 weeks 
and at least two treatment sessions of BMA injections in and 
around said joint, unless the desired clinical response occurs 
earlier.  

 Prolotherapy itself is a technique that is used to aid the 
body in healing by prompting it to create new collagen. A 
solution, usually of hypertonic dextrose, is injected into an 
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injury site to elicit localized inflammation, which is the first 
step in healing the damaged area. The dextrose solution acts 
as a proliferant since the inflammation it causes stimulates 
the fibroblast cells that make collagen, reticular and elastic 
fibers, glycosaminoglycans, and glycoproteins, all of which 
are found in the extracellular matrix. With the addition of 
BMA injections, the goal is to enhance the effects of hyper-
tonic dextrose prolotherapy and improve treatment outcomes 
in patients with advanced osteoarthritic conditions.  

 Combined BMP treatment was carried out as shown in 
Fig. (1), according to the procedure described in the steps 
that follow. 

 For bone marrow harvesting, patients were placed in the 
supine position and the medial tibial area to be aspirated was 
cleaned with a solution of 2% chlorhexadine gluconate and 
70% isopropyl alcohol and then anesthetized with 4 cc of 1% 
procaine solution, which was administered intradermally, 
subcutaneously, and on the periosteum around the aspiration 
site, approximately 5 cm inferior to the tibial plateau and 3 
cm lateral to the midline. The area was cleaned again with 
the chlorhexadine solution. Bone marrow access was ob-
tained using an EZ-IO intraosseous drill with a 45 mm nee-
dle. Once the periosteum was pierced, the stylet was re-
moved and a 12 cc lock syringe containing 3,000 IU of hepa-
rin was used to aspirate 8 cc (X2) of bone marrow, after 
which the syringe was detached; an empty 10 cc syringe was 
attached, and the needle was removed via negative pressure. 
The area was covered with a pressure dressing. Generally, 
only one bone marrow injection is administered directly into 
any given joint; a second aliquot of BMA was injected into 
tissue around the joint.  

 All patients were prepped for BMP injection therapy; 

knee patients were placed in the supine position and hip pa-

tients, in the prone position and then in the supine position. 

The area in and around the joint(s) to be treated was cleaned 

with 4% chlorhexadine gluconate and then anesthetized with 

5% lidocaine cream. After 10-15 minutes, the area was 

cleaned with 3% hydrogen peroxide and then with the 2% 

chlorhexadine gluconate solution. For all prolotherapy 

treatments, the injectant contained 15% dextrose, 0.1% pro-

caine, and 10% sarapin.  

 For knee prolotherapy, patients remained in the supine 

position and 1 cc of 8% procaine was injected intra-

articularly into the index knee, followed by an injection of 4 

cc 1% procaine solution into the primary sites of pain where 

the bone marrow was to be injected. The anterior aspect of 

the joint (right or left knee) was injected with a total of 40 cc 

of the dextrose solution at 24 locations, specifically at the 

site of bony attachments in and around the medial and lateral 

collateral ligaments, patellar ligament, vastus medialis, 

iliotibial tract, and pes anserinus. Following this procedure, 8 

cc of the BMA previously extracted was injected intra-

articularly into the knee joint. A second aliquot of BMA was 

injected into tissue around the joint at areas of pain. 

 For hip prolotherapy, the anterior, lateral and posterior 

regions of the hip were treated. Patients were placed in the 

prone position and the area to be treated was cleaned with 

3% hydrogen peroxide, followed by the 2% chlorhexadine 

gluconate solution. Then, the dextrose prolotherapy solution 

was injected into the following areas in the posterior hip, 

including the greater trochanter, intertrochanteric crest, neck 

of femur, and dorsal ischium: ischiofemoral and iliofemoral 

ligaments; tensor fascia lata; gluteus medius, pyriformis, 

gemellus superior, quadratus femoris, obturator internus, 

gemellus inferior, and vastus lateralis muscles. Then, using 

the lateral approach, 8 cc of BMA was injected intra-

articularly and another 8 cc peri-articularly at areas of pain. 

 

 #1 #2          #3           #4                              #5 

Fig. (1). Procedure for direct bone marrow prolotherapy 

#1 Procaine, or other suitable numbing agent, is injected into the tibia to anesthetize the site of the bone marrow extraction.  

#2 An EZIO drill, is used to pierce the tibial bone for extraction of the bone marrow. 

#3 The bone marrow is drawn from the tibial bone.  

#4 The entire bone marrow aspirate is then injected directly into the knee joint or other injury site.  

# 5 Following the bone marrow treatment, standard prolotherapy is performed around the entire joint to accelerate the growth and repair of 

the surrounding ligaments and tendons. 

*Steps 4 and 5 are intechangeable. 
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Patients were then turned over and placed in the supine posi-

tion. The area to be treated was cleaned with 3% hydrogen 

peroxide, followed by the 2% chlorhexadine gluconate solu-

tion. The following structures were injected with hypertonic 

dextrose prolotherapy solution at their bony attachments 

around the anterior portion of the right greater trochanter and 

hip joint: iliofemoral and pubofemoral ligaments, hip la-

brum, and gluteus minimus muscle. For the two-sided hip 

procedure, a total of 60 cc of solution was used in 42 sepa-

rate injections.  

 Three patients had BMP injections in other areas. Pa-

tients No. 3 and No. 20 had osteoarthritis of the ankle subse-

quent to ankle avascular necrosis of the talus and severe os-

teoarthritis of the left big toe, respectively. Patient No. 3 had 

3 cc of BMA injected into the subtalar and tibiotalar joints 

and another 8 cc of BMA injected into the medial and lateral 

ligament ankle complexes. Patient No. 20 had 1 cc of BMA 

injected into the metatarsophalangeal joint and an additional 

3 cc of BMA injected around the joint. Because the areas to 

be treated in these two patients did not require as much solu-

tion as patients with knee and hip OA, the primary injectant 

was BMA, although patient No. 3 did receive some dextrose 

prolotherapy to areas not treated with BMA—namely, the 

posterior talofibular ligaments and the small ligaments 

around the ankle (eg, talonavicular and plantar calcaneo-

navicular). Patient No. 22 had unresolved low back pain 

from L4-S1 degenerative arthritis (degenerative disc disease 

and facet arthritis or degeneration in those areas bilaterally) 

and had 8 cc of BMA injected into and around the L4-S1 

facet joints and another 4 cc of BMA into each sacroiliac 

joint. In this patient, dextrose prolotherapy (total: 40 cc of 

Table 1. Demographic Data of Study Cohort: Patient Characteristics and Medical History 

Patient No. (N = 24) Age (Mean: 64.9) Diagnosis Prior Recommendation for Surgery  

1 61 R knee OA Partial removal, meniscus 

2 59 R knee, torn medial meniscus post surgery Removal, medial meniscus 

3 60 Avascular necrosis of talus, OA of ankle Pin insertion in ankle, donor cartilage 

4 69 R knee OA Knee replacement 

5 69 L knee OA Knee replacement 

6 76 R hip OA Hip replacement 

7 76 L hip OA Hip replacement 

8 61 L knee OA NA 

9 74 L hip OA Hip replacement 

10 63 R knee OA Knee replacement 

11 63 L knee OA Knee replacement 

12 71 R knee OA  Knee replacement 

13 71 L knee OA Knee replacement 

14 57 R knee OA NA 

15 57 L knee OA NA 

16 57 R hip OA Hip replacement or steroids 

17 57 L hip OA NA 

18 70 L hip OA Hip replacement 

19 70 R hip OA Hip replacement 

20 70 L big toe OA with bone spur Bone fusion 

21 63 R hip OA NA 

22 63 Lower back pain from degenerative disc disease  NA 

23 60 R knee OA Knee replacement 

24 60 L knee OA Knee replacement 
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solution/24 injections) was also utilized to treat the sacroiliac 

and iliolumbar ligaments.  

 Patients tolerated the procedures well and were left to 
rest for 10-15 minutes with moist heat covering the treated 
joint(s), after which the area was cleaned with 3% hydrogen 
peroxide. 

 At follow-up, at least 6 months after completing BMP 
treatment, patients were e-mailed a self-assessment ques-
tionnaire consisting of 27 questions, including those related 
to the severity of their conditions at baseline and after BMP 
treatment, to their level of pain (Visual Analog Pain Scale) 
while at rest, performing activities of daily living (ADL), 
and during exercise, their ability to perform ADL, their daily 
range of motion (ROM), their degree of stiffness, and their 
level of crepitus (crunching). Patients were asked to rate the-
se variables using a scale of 0 to 3 for minimal, 4 to 6 for 
moderate, and 7 to 10 for severe before and 6 or more 
months after BMP treatment. Patients were also asked to 
assess their daily pain level after treatment in terms of lasting 
improvement, given as a percentage. Primary outcome 
measures were improvements in pain levels and joint func-
tion. 

RESULTS 

 Before coming to our pain clinic for treatment, 18 of the 
24 participants (75%) enrolled in the study had already been 
advised to have surgery by another physician, 14 of whom 
had been told they needed knee or hip replacement (see Ta-
ble 1). All data presented herein and in Table 2 are based on 
responses elicited 6 or more months after each patient had 
completed the prescribed series of injection treatments. Out-
come measures were the changes perceived by patients be-
fore and after BMP treatment (average number of sessions, 
3.6) regarding the following: pain levels while at rest, while 
performing ADL, and while doing exercise; degree of stiff-
ness; limitation in ROM; and level of crepitus. Data from 
outcomes were obtained using GraphPad statistical software 
(Prism) and analyzed against baseline utilizing a paired stu-
dent t test, with P = .05 considered as significant. Two pa-
tients who had resolution of the majority of their symptoms 
with only one visit were included in the data analysis; a 
twenty-fifth patient was lost to follow-up and was not in-
cluded in the data analysis.  

Pain Level 

 Participants in the study were asked to rate their pain 
level before and after BMP treatment under three conditions: 
at rest, performing ADL, and during exercise, using a scale 
of 0 to 10 based on the Visual Analog Pain Scale (VAS), in 
which 0 to 3 was minimal pain, 4 to 6, moderate pain, and 7 
to 10, severe pain. Of the 13 patients who had knee OA, 10 
patients (77%) reported having no pain at rest after BMP 
treatment; 9 patients (69%) reported no pain during ADL; 
and 7 patients (54%) reported no pain during exercise. Of the 
8 patients who had hip OA, all 8 (100%) reported having no 
pain at rest after treatment; 7 patients (88%) had no pain 
during ADL; and 6 patients (75%) reported no pain on exer-
cising. Of the 3 patients diagnosed with other types of joint  
 

disease, all 3 patients (100%) reported having no pain at rest 
after BMP treatment; again all 3 patients (100%) reported 
having no pain while performing ADL; and all 3 patients 
(100%) reported having no pain on exercising. The ameliora-
tion of pain at rest, performing ADL, and during exercise 
after BMP treatment was statistically significant (P < .001), 
as shown by two-tailed tests of paired samples comparing 
the differences between baseline and post-treatment scores in 
pain levels (Table 2).  

Degree of Stiffness 

 Patients were asked to describe their degree of stiffness 
before and after BMP treatment on a scale of 0 to 10, with 0 
being no stiffness and 10 being extremely stiff. Of the 13 
knee OA patients, 7 patients (54%) reported having no stiff-
ness after BMP treatment; of the 8 hip OA patients, 4 had no 
stiffness and another 4, minimal stiffness (100%) after BMP 
treatment; and of the 3 patients diagnosed with other types of 
joint disease, 2 patients (67%) had minimal stiffness. The 
amelioration of stiffness after BMP treatment was statistical-
ly significant (P < .001) as shown by two-tailed tests of 
paired samples comparing the differences between baseline 
and post-treatment scores in rating degree of stiffness (Table 
2). 

Range of Motion 

 Patients were asked to rate their average daily ROM level 
before and after BMP treatment on a scale of 0 to 10, with 0 
being no lack of ROM and 10 being severe limitation in 
ROM. Of the 13 knee OA patients, 9 patients (69%) reported 
having no ROM problem after BMP treatment; of the 8 hip 
OA patients, 2 patients reported having no ROM problem 
and another 2, only minimal loss in ROM (50%) after BMP 
treatment; and of the 3 patients diagnosed with other types of 
joint disease, 2 patients (67%) reported minimal loss in 
ROM. The improvement in ROM after BMP treatment was 
statistically significant (P < .001) as shown by two-tailed 
tests of paired samples comparing the differences between 
baseline and post-treatment scores in rating daily ROM (Ta-
ble 2).  

Level of Crepitus 

 Patients were asked to rate their average daily level of 
crunching (crepitus) before and after BMP treatment on a 
scale of 0 to 10, with 0 being no crunching and 10 being se-
vere crunching. Of the 13 knee OA patients, 10 patients re-
ported no crunching and 3, minimal crunching (100%) after 
BMP treatment. Of the 8 hip OA patients, 7 patients had no 
crunching and the remaining patient, only minimal crunching 
(100%) after BMP treatment,. Of the 3 patients diagnosed 
with other types of joint disease, all 3 patients (100%) re-
ported having no crunching after BMP treatment. The de-
creased level of crepitus after BMP treatment was statistical-
ly significant (P < .001) as shown by two-tailed tests of 
paired samples comparing the differences between baseline 
and post-treatment scores in rating levels of crunching (Ta-
ble 2). 

 

 



6    The Open Arthritis Journal, 2014, Volume 7 Hauser and Woldin 

Table 2. Self-assessment of Pain and Function in Patients with OA Before and Six months after Bone Marrow Prolotherapy 

Patient No. 

(N = 24) 

No. of Treat-

ments 

Pain*at Rest Pain ADL Pain on Exercise Degree of Stiffness Limitations in ROM Level of Crepitus 

Before After† Before After† Before After† Before After† Before After† Before After† 

Knee (Scale: 0-3. minimal; 4-6, moderate; 7-10, severe) 

1 3 0 0 8 2 10 1 0 0 5 1 2 0 

2a 3 7 2 7 2 9 2 8 2 6 2 7 2 

4 5 4 0 4 0 5 0 3 6 0 0 0 0 

5 5 4 0 4 0 5 0 3 0 6 0 0 0 

8 1 10 0 10 0 10 0 5 0 6 0 6 0 

10 3 10 0 10 0 10 0 10 0 10 0 10 0 

11 3 10 0 10 0 10 0 10 0 10 0 10 0 

12 2 5 0 7 0 9 1 8 1 7 0 6 0 

13 2 5 0 7 0 9 1 8 1 7 0 6 0 

14 5 6 0 3 0 2 0 0 0 0 0 6 0 

15 4 0 0 1 0 0 0 0 0 0 0 3 0 

23 3 6 2 6 2 6 2 8 1 8 1 7 1 

24 3 6 2 6 2 6 2 8 1 8 1 7 1 

Hip (Scale: 0-3. minimal; 4-6, moderate; 7-10, severe) 

6 7 0 0 3 0 4 0 8 1 5 1 0 0 

7 7 0 0 5 0 6 1 8 2 9 3 3 0 

9 4 3 0 5 1 5 1 8 2 8 5 6 1 

16 7 0 0 3 0 4 0 0 0 4 0 0 0 

17 4 0 0 2 0 0 0 0 0 7 0 4 0 

18 1 0 0 4 0 3 0 3 0 7 5 2 0 

19 2 6 0 6 0 8 0 8 0 6 5 4 0 

21 3 9 0 9 0 9 0 9 1 7 5 7 0 

Other joint disease (Scale: 0-3. minimal; 4-6, moderate; 7-10, severe) 

3b 4 7 0 9 0 10 0 9 1 9 1 0 0 

20c 3 5 0 5 0 5 0 8 5 8 5 2 0 

22d 3 7 0 7 0 7 0 7 2 7 2 0 0 

Mean 3.63 4.58 0.25 5.88 0.38 6.33 0.46 6 0.83 6.46 1.54 4.08 0.21 

SD  3.51 0.66 2.61 0.77 3.14 0.72 3.56 1.17 2.47 1.98 3.22 0.51 

P Value = .05 P < .001 P < .001 P < .001 P < .001 P < .001 P < .001 

Paired t test: t23
‡ 6.16 10.28 9.38 6.05 7.45 6.41 

Abbreviations: ADL=activities of daily living; ROM=range of motion, SD = standard deviation. 
* Pain level as rated by Visual Analog Pain Scale (VAS). 
† 6 months or longer. 
‡ df. 

a R knee, torn medial meniscus-post surgery. 
b R ankle, avascular necrosis, osteoarthritis. 
c L big toe, osteoarthritis with bone spurs. 
d Lower back pain from degenerative disc disease. 
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Overall Improvement 

 Patients were also asked to rank their daily ability to ex-
ercise symptom-free before and 6 months after BMP treat-
ment, with “a” being no exercising restrictions and “e” being 
totally compromised (letters were transformed to numbers 1 
to 5 for analysis). Average score at baseline before treatment 
was 3.63 (ie, at the high end of being moderately compro-
mised when exercising). After BMP treatment, the average 
score was 1.54 (ie, midway on the scale to having no re-
strictions in exercising). This represents a 2.4 times increase 
inthe ability of patients to exercise symptom-free 6 or more 
months after BMP treatment. Patients were then asked to 
rank their daily sustained improvement overall as a percent-
age in regard to pain levels, stiffness, ROA, and crepitus at 
six months or more after completion of all BMP treatments. 
Of the 13 knee OA patients, 10 reported 100% improvement 
after completing therapy, and the remaining 3, rated it as 
97%, 90%, and 90%, respectively. Of the 8 hip OA patients, 
7 reported 100% improvement and the remaining patient, 
only 75%. All 3 patients diagnosed with other types of joint 
disease reported 100% improvement in their condition after 
treatment. 

DISCUSSION 

 BMP treatment or prolotherapy alone comprises only one 
facet of a comprehensive prescription protocol we follow at 
our chronic pain clinic in order to promote the acceleration 
of the body’s natural response to recovery and achieve reso-
lution of pain and other debilitating symptoms associated 
with OA or cartilage-related conditions. Aside from receiv-
ing all of the full number of BMP or prolotherapy treat-
ments, we educate and advise patients beforehand on life-
style issues to follow—namely, getting the recommended 
amount of sleep, eating a healthy diet, taking supplements 
wisely, refraining from taking NSAID pain medication, ad-
hering to the prescribed ROM and strengthening exercises 
(eg, cycling), and avoiding activities that could cause re-
injury.  

 In the questionnaire patients completed, they were also 
queried on how closely they adhered to this comprehensive 
regimen while undergoing BMP treatment. Of the 24 partici-
pants in the study, 23 said they were 75% or more compliant 
in following the comprehensive prescribed regime, 14 (58%) 
of which said they were 95% to 100% disciplined; only one 
respondent indicated adherence was “not so good”. As to 
overall satisfaction, all participants were asked if BMP met 
their expectations. Of the 24 participants in the study, 23 said 
they were satisfied with the outcome of their treatment; there 
was one non-responder. 

 Patient-reported outcomes from the current study are in 
agreement with those of a similar study we conducted in our 
clinic using BMP injection therapy [18]. In that case series, 
nearly all 7 patients experienced significant gains up to 12 
months after treatment without experiencing adverse events; 
in 5 of the cases, patients reported having gained either con-
siderably more functional improvement or total to almost 
total pain relief. In 3 of the cases, patients who had been 
treated previously with prolotherapy alone but had reached a 
plateau achieved substantial gains again after BMP combina-

tion treatment. In follow-up interviews, patients were unan-
imous in expressing satisfaction with treatment outcomes. 

The Potential of Prolotherapy 

 Prolotherapy is an injections therapy for chronic muscu-
loskeletal pain and is an age-old technique adapted for use 
by mainstream medicine by George S. Hackett, MD in the 
1940s. Although the technique has largely been thought of as 
alternative medicine, a number of studies, including recently 
published randomized controlled trials (RTC) [19-24], are 
bringing prolotherapy to the forefront and demonstrating that 
it does indeed offer benefits in terms of pain relief, regenera-
tive properties, and cartilage repair for people affected by 
musculoskeletal disorders such as OA.  

 Dumais, et al. [25] report that the use of a dex-
trose/lidocaine solution as regenerative injection therapy 
(RIT) to relieve pain and restore function in patients with 
knee osteoarthritis is associated with a marked reduction in 
symptoms which was sustained for over 24 weeks, as shown 
in a crossover study in which patients were randomly as-
signed to receive RIT in combination with exercise therapy, 
either during the beginning weeks of treatment or during the 
latter weeks. The improvement attributable to RIT alone 
corresponds to an 11.9-point (or 29.5%) decrease in the 
Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) scores.  

 In a 3-arm, blinded, randomized controlled trial, Rabago 
and colleagues [26] report that patients with knee OA who 
were treated with dextrose prolotherapy also had clinically 
meaningful and sustained improvements in pain, function, 
and stiffness scores. WOMAC scores for the intervention 
group improved more (P < .05) at 52 weeks than those for 
the saline or exercise groups and exceeded the WOMAC-
based minimal clinically important difference. 

 In two earlier placebo-controlled double-blind studies, 
prolotherapy was shown to have beneficial effects on OA, 
including evidence of X-ray changes [27,28]. These results 
concur with experience in our own pain clinic, in that we 
were able to show that cartilage regeneration occurred after 
prolotherapy treatment in five knees showing articular carti-
lage degeneration. In all five cases, X-ray findings after 
treatment showed detectable increases in joint space width 
(JSW) in each of the treated knees, signifying the regenera-
tion of articular cartilage. These increases coincided with 
improvements in pain level and function [29]. (See Fig. 2).  

Mesenchymal Stem Cells vs. Direct Bone Marrow 

 Over the last two decades, the use of adult mesenchymal 
stem cells (MSCs) has generated intense interest within the 
medical community due to the cell’s ability to differentiate 
into multiple cell lineages, particularly those of cartilage, 
muscle, and bone. To obtain a sufficient pool of MSCs from 
autologous bone marrow aspirates, centrifugal concentration 
or expansion through in vitro culturing has been the norm. 
However, numerous studies [7, 30-35] have since shown that 
manipulating MSCs to derive a better yield has its draw-
backs and can affect the quality of the pool.  
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 An alternate approach, which has shown promise in pre-
liminary studies [36-42], is to treat diseased joints with au-
tologous chondrogenic bone marrow-derived MSCs 
(BMSCs), prepared as a buffy-coat fraction of bone marrow. 
With the use of direct tibial WBM, it is possible to capture 
elements of regenerative strategies that other therapies do 
not. Because the marrow is not fractionated in WBM, vital 
chondrogenic components in the marrow plasma can be re-
tained in addition to the pool of BMSCs. In essence, WBM 
injections mimic the bone marrow’s natural niche microenvi-
ronment, in that all key cells remain in their natural ratios, 
allowing for better cellular viability and higher proliferative 
and regenerative potentials. Duygulu and colleagues [43] 
have demonstrated histologically the regenerative effects 
achieved with intra-articular administration of autologous 
bone marrow aspirate. 

 Therefore, we theorized that using direct injection of un-
fractionated native whole BMA with dextrose prolotherapy 
would enhance treatment effects. We then surveyed patients 
who had agreed to undergo BMP treatment as described 
herein to determine if such a strategy would be more effec-
tive in alleviating their symptoms. Preliminary results and 
observations of using BMP injection therapy for treatment of 
osteoarthritic joints suggest that the procedure is potentially 
efficacious as well as safe, with no known deleterious effects 
reported to date. Limitations of the study include its small 
size and subjective nature, as well as its lack of a control or 
comparative group, and the absence of radiographic evi-
dence.  

CONCLUSION 

 The results of our study have shown that a combined 
BMP treatment regimen of injections to index sites has an 
enhanced effect on outcomes, as perceived by patients them-
selves, in regard to pain relief and improved joint function 
and has the potential to improve the QoL of individuals with 
radiographic OA. Patients treated with BMP reported signif-
icantly decreased pain and significantly increased function 
(P < .001) in all areas measured, including gains in ADL, 
exercise ability, and ROM, as well as losses in stiffness and 
crepitus. Furthermore, we propose that BMP treatment has 
the potential to slow and possibly reverse progression of OA 

in joints by promoting the regeneration of articular cartilage. 
Should that be the case, a new paradigm in the treatment of 
OA may be possible, but additional research and more highly 
powered studies which include evidence of radiological 
changes are required. 
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