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Objectives. Our specific aim in 49 patients (42 women, 7 men) with osteonecrosis of the jaw was to determine whether 
thrombophilia (increased tendency to intravascular thrombosis) or hypofibrinolysis (reduced ability to lyse thrombi) were 
associated with this regional avascular necrosis. 
Study design. Determinants of thrombosis and fibrinolysis were compared in healthy controls and in 42 women and 7 
men who had biopsy-proven idiopathic osteonecrosis of the jaw with severe chronic jaw or facial pain syndromes and 
failure to respond to conventional medical and dental treatments. 
Results. Of the 49 patients, 35 (71%) had thrombophilia or hypofibrinolysis and only 14 were normal. Thrombophilia as 
a sole coagulation defect was found in 10 patients, 7 with resistance to activated protein C and 3 with low protein C 
(deficiency of an antithrombotic protein). Hypofibrinolysis with low stimulated tissue plasminogen activator activity and 
high lipoprotein (a) (an atherogenic, hypofibrinolytic lipoprotein) were found as sole coagulation defects in seven and 
eight patients, respectively. Ten patients had mixed defects; 7 of these 10 had thrombophilia with resistance to activated 
protein C. Sinusoidal dilatation was a constant feature in maxillary and mandibular bone biopsies, suggesting venous 
occlusion with intramedullary hypertension. Marrow fibrosis and occasional fibrin plugs were additional microscopic 
features believed to impair venous drainage and to contribute to ischemic necrosis of the alveolar bone. 
Conclusions. Primary thrombophilia and hypofibrinolysis appear to be common, heritable, pathophysiologic risk factors 
for idiopathic osteonecrosis of the jaws. These coagulation defects may also contribute to alveolar neuralgia, atypical 
odontalgia and facial neuralgia, idiopathic trigeminal neuralgia, and to treatment failures so often encountered in patients 
with alveolar osteonecrosis and disabling chronic facial and jawbone pain syndromes. 
(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1996;81;557-66) 
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Her i tab le  th rombophi l i a  ( increased tendency  toward  
in t ravascular  thrombosis )  and  hypof ibr ino lys i s  (re- 
duced abi l i ty  to lyse thrombi)  appear  to be ma jo r  
pa thophys io log ic  causes for id iopathic  and secondary  
os teonecros is  o f  the femora l  head  in adults  and for 
Legg-Per thes  d isease  in ch i ldhood  (pediatr ic  idio-  
pa th ic  osteonecrosis) .  I-7 The  her i table  th rombophi l -  
ias and hypof ibr ino lys i s  are p robab ly  rather  constant  
throughout  adul t  l ife and inc lude  the fol lowingl-7:  

2. L o w  levels  of  s t imula ted  t issue p lasminogen  
act ivator  ( tPA-Fx) ,  the ma jo r  s t imulator  of  f ibr inoly-  
sis, is o f ten  accompan ied  by  h igh  levels  o f  p lasmino-  
gen act ivator  inhibi tor  (PAI-Fx) ,  the ma jo r  inhibi tor  
of  f ibr inolys is  leading  to hypof ibr inolys is .  

2. L o w  levels  o f  the ant i thrombot ic  prote ins  C or  
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S, leading to unopposed prothrombotic effects of 
factors Va and VIIIa (thrombophilia). 

3. Resistance to activated protein C. Activated 
protein C fails to normally bind an abnormally con- 
figured factor Va, leading to unopposed prothrom- 
botic effects of factor Va (thrombophilia). 

4. High levels of the atherogenic, hypofibrinolytic 
lipoprotein, Lp(a). 

In children and adults with osteonecrosis of the hip, 
it has been speculated that thrombophilia and hypofi- 
brinolysis facilitate venous occlusion of the bone by 
fibrin clots, leading to venous (sinusoidal) hyperten- 
sion within the cancellous bone. 1-8 Once the "is-  
chemic threshold" is reached, cellular hypoxia pre- 
sumably gives way to bone and marrow cell death.l-8 
Therapy with stanozolol, an anabolic-androgenic ste- 
roid that can normalize PAI-Fx, tPA-Fx, and Lp(a), 
when given before irreversible segmental collapse of 
the head of the femur may reverse hypofibrinolysis, 
facilitate normal venous drainage, and ameliorate os- 
teonecrosis. 4 

Nem'algia-inducing cavitational osteonecrosis 
(NICO) of the jaw has been previously described 9-12 
and has had no uniformly recognized pathoetiologic 
characteristics. However, on the basis of microscopic 
anatomy and pathologic findings, 9 it has been spec- 
ulated that NICO results from thrombosis and subse- 
quent fibrosis of  veins and sinusoids responsible for 
outflow of  blood from the jaws. Venous thrombosis 
then apparently leads to venous occlusion and an in- 
crease in intramedullary pressure that eventually re- 
suits in hypoxia and bone cell death (osteonecrosis). 9 
This is often compounded by the prothrombotic 
effects of  local odontogenic infection, endodontic 
failures, tooth extraction, or endothelial trauma from 
other alveolar bone surgery. 9 

We studied 49 patients with atypical facial NICO 
of the jaw. Our specific aim was to evaluate whether, 
like osteonecrosis of  the hip 1-7 and thrombophilia and 
hypofibrinolysis were c o m m o n  major pathophysio- 
logic risk factors for regional avascular osteonecrosis 
and fat necrosis of cancellous bone. 

MATERIAL AND METHODS 
Patients 

The 49 patients (42 women, 7 men) had well-doc- 
umented, biopsy-proven idiopathic osteonecrosis of 
the jaw with concurrent severe chronic jaw or facial 
pain syndromes. At the time their coagulation pa- 
rameters were studied in Cincinnati, all 49 patients 
had failed to respond to conventional medical and 
dental treatments including endodontic therapy, den- 
tal extraction, and surgical curettage of the diseased 
bone. Diagnostic and therapeutic biopsy and curet- 

tage of the diseased bone were carried out after these 
and other surgical procedures (sinus surgery, rhizo- 
tomy, trigeminal nerve block, radiofrequency neurol- 
ysis) had failed to alleviate the disabling facial or jaw 
pain. The patients were referred from the practices of  
three endodontic surgeons and one oral and maxillo- 
facial surgeon who have special interests in the diag- 
nosis and management of typical and atypical facial 
pain. The patients were evaluated in the sequence of 
their referral without selection bias and were com- 
pared to healthy normal controls. 

Study protocol, and clinical and dental evaluation 
At the initial visit, a detailed medical and family 

history was systematically obtained including ques- 
tions focusing on known risk factors for secondary 
osteonecrosis, such as long-term corticosteroid use, 
sickle cell trait, alcoholism, traumatic fracture, 
systemic lupus erythematosus, and dysbaric expo- 
sure.l-3,7, 8 The patients' history of facial pain and 
their medical and surgical therapies for facial and jaw 
pain were systematically recorded. In addition, the 
patients' histories of  dental surgery including endo- 
dontic therapy, extractions, bone biopsies, and treat- 
ment for odontogenic or osseous infections were pro- 
vided by the referring oral and endodontic surgeons. 

Study protocol, laboratory methods 
After an Institutional Research Commit tee-ap-  

proved protocol, signed informed consent was ob- 
tained. After a 12-hour fast and with the patients 
seated for 5 to 10 minutes, blood was drawn from the 
antecubital vein. This was done between the hours of  
8 and 10 AM to minimize circadian influence on 
fibrinolytic activity) 3, 14 After discarding the first 3 
ml, blood was collected in 5 ml 0.13 M (3.8%) sodium 
citrate Vacutainer tubes and immediately placed in 
wet ice for transport to the laboratory. Laboratory 
personnel were blinded as to the severity and duration 
of the patients' osteonecrosis of the jaw. For measures 
of  stimulated tPA-Fx, the major stimulator of  fibrin- 
olysis, blood was collected in 5 ml Stabilyte tubes 
(American Diagnostica, Greenwich, Conn.) contain- 
ing an acidified citrate anticoagulant solution that 
preserves the level of  tPA activityJ 3, 14 

With the patient remaining seated during a standard 
stimulus (10 minutes of  venous occlusion at 100 m m  
Hg with a blood pressure cuff 1, 13, 14), citrated blood 
was again collected (as aforementioned) for measure- 
ment of  stimulated tPA-Fx. Within 60 minutes of  
collection, the blood samples were centrifuged at 
2000g for 20 minutes at 4 ~ C. Platelet-poor plasma 
was snap-frozen and stored at -70  ~ C until processed 
(approximately 1 week). 
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TPA_Fx15, 16 (Biopool Spectrolyse [fibrin], Amer- 
ican Diagnostica) and PAI-Fx 17 (Biopool Spectrolyse 
pL, American Diagnostica), the major inhibitor of  fi- 
brinolysis, were measured by chromogenic assays. 

Protein C 18 (Asserachrom Protein C, American 
Bioproducts, Parsippany, N.J,) and protein S 19 (As- 
serachrom Protein S, American Bioproducts) were 
measured antigenically by enzyme-linked immun- 
osorbent assay. Resistance to activated protein C 21, 21 
(activated human protein C, American Diagnostica, 
and PIT automate, American Bioproducts) was mea- 
sured functionally by clotting technique (ST4 clot 
detection system, American Bioproducts). 

Lp(a) was measured by immunoprecipitin analy- 
sis, 13 and levels -->25 mg/dl were considered high. 
Fasting plasma lipids were measured as previously 
described. 13 

Triglycerides -->250 mg/dl and LDL cholesterol 
>160 mgldl were identified as high, and HDL choles- 
terol <35 mg/dl was identified as low. l 

Laboratory personnel were blinded as to the sever- 
ity and duration of the patient 's pain and the time 
lapsed since osteonecrosis was diagnosed. 

Statistical methods 
Patients' stimulated tPA-Fx levels were compared 

with those of 29 adult normolipidemic controls who 
were sampled during our recent studies of  Lp(a) and 
fibrinolytic activity. 13 Patients' measures of resis- 
tance to activated protein C were compared with those 
of  27 normal healthy hospital and blood bank per- 
sonnel. Patients' protein C and Lp(a) levels were 
compared with those of 36 and 90 healthy subjects 
(spouses and unrelated family members)  sampled in 
family studies of  Legg-Perthes disease. 3 It was not 
possible to obtain all of  the measures of coagulation 
in a single control group or to match controls versus 
patients, one by one, by age, sex, and race. However, 
age and race distributions of the controls were very 
comparable with those of  the patients. Moreover, in 
adults, the major coagulation measures do not differ 
by age, sex, and race] ,  4 

Chi-squared analyses 22 were used to compare pa- 
tients and controls; p values -<0.05 were considered 
to be statistically significant. 

RESULTS 
Clinical and dental characteristics 

Mean (standard deviation, SD) age of the 49 
patients (42 women, 7 men) was 4 5 _  12 years 
(mean, 45 for women; 46 for men). None of the 49 
patients had historic or clinical evidence for diseases 
that could predispose to secondary osteonecro- 
sis,l, 2, 5, 6, ~3 such as sickle cell trait, alcoholism, sys- 

temic lupus erythematosus. Two patients (4%) had 
major jaw trauma or osteotomy for reconstruction. 
Eight patients (16%) had, however, received long- 
term (>1 month) corticosteroid therapy (>10 mg 
prednisone/day, which could predispose to secondary 
osteonecrosis 1) for a variety of  medical indications 
including asthma (n = 2), allergic rhinitis (n = 4), and 
chronic sinusitis (n = 2). Corticosteroids in these 
eight patients had not been used, however, to treat 
autoimmune disease, which could possibly be asso- 
ciated with elevated anti-phospholipid antibodies. 6 
The corticosteroid therapy had antedated the diagno- 
sis of  osteonecrosis by 15 _+ 12 years and not been 
given as an approach to ameliorate jaw pain in these 
eight patients. None of the patients had received 
long-term chlorpromazine, which may be associated 
with elevated serum antiphospholipid antibodies: 

None of the patients had evidence of suppurative 
osteomyeliti's, although seven had at one time or an- 
other received intravenous antibiotics as therapy for 
presumptive osteomyelitis. None of the patients 
exhibited any signs of active infection at the time that 
we measured their fibrinolytic and thrombophilic 
profiles. 

The mean _+ SD age of onset of severe jaw or 
atypical facial  pain was 40 _+ 13 years. The mean 
(SD) duration of the jaw or atypical facial pain was 
7 _+ 5 years; the range was 1 to 21 years. All patients 
had severe chronic facial and jaw pain syndromes, 
and 80% of  them required long-term pain relief with 
narcotics including oral morphine sulfate and meth- 
adone. Twenty patients (41%) were totally disabled 
by chronic facial or jaw pain. Only 2 of the 49 patients 
had jaw or facial pain relief after repetitive curettage. 
Maxillary sinusotomy with antral curettage of chronic 
inflammatory tissues and polyps had been performed 
on nine patients (18%) (four patients more than once) 
with concomitant chronic sinusitis on the side of their 
facial pain but with only temporary relief. 

Well before the diagnosis of  osteonecrosis of the 
jaw but after development of  chronic jaw and facial 
pain and with the goal to reduce disabling pain, seven 
(14%) patients underwent neurosurgery (alcohol 
blocks, trigeminal branch rhizotomy) without relief of  
pain (five patients more than once). No ischemic side 
effects were reported from these procedures. 

Fourteen (33%) of the 42 women took supplemen- 
tal estrogens; 3 also took progestins. 

Histopathologic findings 
All patients presented with intramedullary disease 

that was visibly or tactually abnormal at surgery. The 
affected marrow was characterized by abundant and 
multifocal reticular fatty degeneration (marrow fi- 
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Fig. 1. Sinusoid/vein is seen to be dilated approximately 8 times normal diameter and contains an intra- 
vascular plug of fibrin/platelets (arrow). Delaminated bone fragments are seen in the upper right hand cor- 
ner, but the fatty marrow is otherwise minimally involved at the light microscopic level. (Original magni- 
fication xl00.) 

Fig. 2. Photomicrograph shows extremely dilated sinusoid filled with calcific necrotic debris and fat glob- 
ules presumably forced into the lumen from degenerating tissues surrounding the vascular channels. Numer- 
ous osteocytes are missing from the trabeculum in the lower portion of the photograph. (Original magni- 
fication xl00,) 

brosis, fibroplasia), with or without small numbers o f  
lymphocytes  and plasma cells. Neutrophils,  eosino- 
phils, and histiocytes were rare. Remaining adipo- 
cytes varied in size but were usually small and sur- 
rounded by an amorphous eosinophilic material in 
addition to the fibrosis. Man 'ow sinusoids were usu- 
ally dilated but not filled with erythrocytes. Marrow 
vessels occasionally contained fibrin/platelet thrombi 
or fat globules (Figs. 1 and 2). Adjacent  bone dem- 

onstrated focal loss o f  osteocytes, much more than 
would be seen in routine preparations of  normal bone, 
microcracking,  actual delamination, and prominent 
reversal (cement) lines. 

Marrow necrosis was also a characteristic feature 
o f  the tissue samples, often with the formation o f '  'oil 
cys t s"  and occasionally associated with areas o f  pre- 
sumed microinfarction with numerous extravasated, 
pale-staining, or " g h o s t "  erythrocytes. Calcific fat 
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Table I. Forty-nine patients with osteonecrosis of the jaw 

Patient coagulation 
abnormality group 

Coagulation abnormalities 

Total Alone Mixed APCR 

Coagulation abnormalities admixed with 
primary coagulation defect 

I High Lp(a) I Low tPA-Fx Low C 

Resistance to activated protein C 14 7 7 - -  3 3 2 

High Lp (a) 14 8 6 2 - -  2 2 

Low stimulated tPA-Fx 11 7 4 3 1 - -  0 

Low protein C 7 3 4 2 2 0 - -  

No abnormalities 14 . . . . . .  

necrosis was often seen in aggregated globules that 
contained slivers or shards of  delaminated, resorbing, 
nonviable bony trabeculae (NICO globules); these are 
virtually pathognomonic for ischemic osteonecrosis. 9 
Even when NICO globules were not present, large 
areas of marrow often contained calcific necrotic de- 
tritus. In the typical case, very little normal marrow 
was present. 

Thrombophilic and hypofibrinolytic defects 
Of the 49 patients, only 14 (29%) ( l l  women, 3 

men) had normal values for resistance to activated 
protein C, protein C, protein S, Lp(a), and stimulated 
tPA-Fx, whereas 35 (71%) of the patients had one or 
more coagulation defects (Tables I and II). Of  these 
35 patients, 25 had a single coagulation defect (7 with 
resistance to activated protein C, 3 with low protein 
C, 7 with low stimulated tPA-Fx, 8 with high Lp(a) 
[Tables I and II). Ten patients had mixed coagulation 
defects (Table II). In 7 of  these 10 patients, resistance 
to activated protein C was accompanied by another 
coagulation defect (Table II). 

Of  the 35 NICO patients with thrombophilia/ 
hypofibrinolysis (Table II), 2 had extraosseous evi- 
dence of thrombosis (deep venous thrombosis of the 
legs), none had osteonecrosis of the femoral head or 
other bones. There was a history of thrombosis in 12 
(34%) of the 35 families of  the 35 NICO patients with 
thrombophilia/hypofibrinolysis and a history of os- 
teonecrosis of  the hip in 7 (20%) of these families. 

Resistance to activated protein C 
There were 14 patients with resistance to activated 

protein C (APCR) (Tables I and II), a thrombophilic 
trait that was much more common in patients (29%) 
than in controls (0%), X 2 = 9.46, p = 0.002. Of  the 14 
patients with resistance to activated protein C, 7 had 
this defect as their sole coagulation defect; in the other 
7 patients, APCR was accompanied by low protein C 
in 2, by low stimulated tPA-Fx in 3, and by high Lp(a) 
in 3 (Tables I and II). 

Of  the 14 patients with APCR, 12 were women; 7 

(58%) were taking supplemental estrogens. The 12 
women with APCR were more likely to be taking es- 
trogens (58%) than were the 11 women with no 
thrombophilic/hypofibrinolytic traits (2 of 11, 18%) 
(X 2 = 3.9, p = 0.05), or the 30 woman with osteone- 
crosis who did not have resistance to activated pro- 
tein C (7 of 30, 23%) (X 2 = 4.7, p = 0.03). 

Low protein C 
Seven patients had low protein C, a deficiency of 

an antithrombotic protein that was much more com- 
mon in patients (14%) than in controls (0%) (X 2 = 5.6, 
p = 0.018. Of  the seven patients with low protein C, 
three had this trait as a sole coagulation defect, 
whereas four had low protein C and a second coag- 
ulation defect (two with high Lp(a), two with APCR 
(Tables I and II). 

High Lp(a) 
Fourteen patients, 29% of the osteonecrosis cohort, 

had high Lp(a) (Table I) not significantly greater 
(p > 0.1) than controls (20%). Of these 14, 8 had high 
Lp(a) as a sole coagulation defect, whereas 6 had a 
second coagulation defect (2 with APCR, 2 with low 
protein C, 2 with low stimulated tPA-Fx) (Tables I 
and II). 

Low stimulated tPA-Fx 
Eleven patients had low stimulated tPA-Fx (Table 

I), a hypofibrinolytic trait that was slightly but not 
significantly more common in patients (22%) than in 
controls (7%) (X2= 3.17, p = 0.075). In seven of 
these patients, the low stimulated tPA-Fx was the sole 
coagulation defect, whereas three had concurrent re- 
sistance to activated protein C and one had high Lp(a) 
(Tables I and II). 

Patients with neither thrombophilia nor 
hypofibrinolysis 

Fourteen patients (11 women, 3 men) had no coag- 
ulation defects; they had normal APCR, Lp(a), pro- 
tein C, protein S, stimulated tPA-Fx, and PAI-Fx 
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Table II. F o r t y - n i n e  p a t i e n t s  w i t h  o s t e o n e c r o s i s  o f  t h e  j a w  

Age Sex ID 

N o r m a l  range I 3, 5, 6 

APCR Lp (a) PC-Ag tPA-Fx PAI-Fx PS-Ag 
Group >-2.0 <25 mg/dl >70% >2.28 1U/ml <26.9 U/ml >70% 

55 F 9 
45 F 12 
51 F 38 
66 F 42 
36 F 44 
41 F 45 
28 F 49 

45 M 2 
52 F 10 
45 F 19 
49 F 24 
45 F 33 
36 F 36 
41 F 37 
74 F 39 

27 F 1 
38 F 17 
39 F 21 

51 F 15 
29 F 16 
35 F 27 
37 F 28 
34 F 29 
74 M 31 
31 F 34 

37 F 11 
41 F 18 
22 M 22 
48 F 30 
37 F 40 
46 F 41 
63 F 43 
49 M 46 
40 F 47 
58 F 48 

61 F 3 
33 M 4 
60 M 5 
56 F 6 
45 F 7 
24 F 8 
39 M 13 
67 F 14 
38 F 20 
46 F 23 
56 F 25 
41 F 26 
38 F 32 
50 F 35 

APCR 1.590 1 89 2.60 2.90 110 
APCR 1.890 17 81 8.49 15.40 73 
APCR 1.441 1 140 6.10 13.00 100 
APCR 1.980 17 99 14.00 21.60 95 
APCR 1.500 7 130 8.30 9.00 80 
APCR 1.890 6 92 2.40 11.10 79 
APCR 1.530 1 87 3.70 12~30 100 

High Lp (a) 2.041 74 70 6.74 8.80 134 
High Lp (a) 2.294 45 130 10.38 9.40 120 
High Lp (a) 2.667 33 80 10.62 1.90 126 
High Lp (a) 2.970 26 126 11.55 6.50 85 
High Lp (a) 2.300 85 132 6.00 17.60 110 
High Lp (a) - -  38 116 7.32 8.80 120 
High Lp (a) 2.177 46 98 5.59 10.60 87 
High Lp (a) 2.220 35 134 9.70 23.80 170 

Low C 2.474 1 57 11.41 6.70 140 
Low C 2.570 1 60 8.51 7.70 76 
Low C 2.597 14 50 11.90 6.20 85 

Low tPA 2.372 1 88 0.53 40.00 144 
Low tPA 2.571 1 110 0.31 69.00 130 
Low tPA 2.430 10 140 0.37 55.80 130 
Low tPA 2.620 6 140 1.74 18.90 96 
Low tPA 2.750 1 89 1.71 21.40 90 
Low tPA 2.640 14 138 0.31 23.20 160 
Low tPA 2.362 1 77 2.18 3.70 91 

Mixture 2.410 35 67 2.50 1.80 66 
Mixture 1.945 11 53 11.65 8.00 75 
Mixture 1.800 21 60 4.70 12. I 0 80 
Mixture 2.388 94 108 2.19 18.00 80 
Mixture 1.490 11 140 1.30 12.90 126 
Mixture 1.700 27 98 3.30 13.00 130 
Mixture 1.890 1 132 0.90 17.40 140 
Mixture 1.800 56 114 1.50 24.40 156 
Mixture 2.600 45 68 5.70 25.30 100 
Mixture 1.570 39 116 3.70 18.60 100 

Normal 2.560 1 73 9.53 1.80 87 
Normal 2.240 1 91 3.40 39.60 82 
Normal 2.600 18 88 6.33 15.40 120 
Normal 2.080 21 104 6.66 12.20 166 
Normal 2.560 1 90 4.55 11.60 87 
Normal 2.198 1 85 15.06 5.70 92 
Normal 2.810 7 114 9.26 17.40 126 
Normal 2.620 6 89 11.80 7.60 90 
Normal 2.626 12 104 5.80 16.10 140 
Normal 2.960 11 87 2.44 18.40 89 
Norrnal 2.750 18 114 4.64 18.00 140 
Normal 2.559 17 144 7.49 26.40 220 
Normal 2.750 18 104 3.38 7.40 95 
Normal 2.380 10 200 2.44 10.70 198 

Abnormal values in bold. 
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(Tables I and II). These 14 patients did not differ 
(t9 > 0.1) from the 35 patients who had one or more 
coagulation defects with respect to the percentage 
disabled by their osteonecrosis (36% versus 43%), the 
percentage taking narcotics (79% versus 80%), or the 
percentage who had taken corticosteroids >1 month 
(29% versus 25%). Two of the 11 women (18%) with 
neither thrombophilia nor hypofibrinolysis were tak- 
ing estrogens; this is fewer but not significantly less 
than the 13 (42%) of 31 other women with a coagu- 
lation defect who were taking estrogens (X2= 2.0, 
p = 0.16). 

Long-term (>-1 month) corticosteroid therapy 
Of the eight patients who had received corticoster- 

oids for ->1 month (at a dose ->10 mg prednisone/ 
day), a stimulus for secondary osteonecrosis, 1 three 
had APCR or low protein C, three had high Lp(a) or 
low tPA-Fx, and two had no coagulation defects. 
Thus there were no predominant coagulation defects 
(p > 0.1) among corticosteroid users. 

Lipids and lipoprotein cholesterols 
The percentage of patients with high triglyceride 

(->250 mg/dl), low HDL cholesterol (<35 mg/dl), or 
high LDL cholesterol (-->160 mg/dl) did not differ 
(p > 0.1) between the four groups of patients with co- 
agulation defects and those without defects. Overall, 
the prevalence of high triglycerides (12%), low HDL 
cholesterol (8%), or high LDL cholesterol (14%) did 
not differ significantly from that expected, 10% for 
each lipid. 

DISCUSSION 
On the basis of our previous findings 1-6 and those 

of others 7 that thrombophilia and hypofibrinolysis 
appear to be major causes for osteonecrosis of  the hip 
in adults and in children, we speculated that we would 
observe a similar mix of coagulation disorders in pa- 
tients with idiopathic osteonecrosis of the jaw. We 
had previously found coagulation disorders in 87% of 
30 adults with osteonecrosis of the hip. 1 Nine of 12 
patients with idiopathic osteonecrosis had exception- 
ally high levels of the major inhibitor of fibrinolysis, 
PAI-Fx, and could not normally elevate the major 
stimulator of  fibrinolysis, tPA-Fx, after venous oc- 
clusion for 10 minutes at 100 m m  Hg (familial 
hypofibrinolysis). 1 Three of the 12 patients with id- 
iopathic osteonecrosis had both normal PAI-Fx and 
normal stimulated tPA-Fx: These 3 patients and 14 of 
the 18 patients with secondary osteonecrosis I had 
high levels (>20 mg/dl) of  Lp(a), an atherogenic hy- 

pofibrinolytic l ipoprotein) 3, 14 We concluded that 
hypofibrinolysis mediated by high PAI-Fx appeared 
to be a common cause of idiopathic osteonecrosis, 
whereas high Lp(a) apparently played a major etio- 
logic role in secondary osteonecrosis. 1 

Subsequently we studied two groups of children (8 
and 44 patients) with idiopathic osteonecrosis of the 
hip (Legg-Perthes disease). 2, 3,24 In the group of 
eight, 63% of the patients had a coagulation abnor- 
mality; three have low protein C, one had low protein 
S, and one had hypofibrinolysis. 2 In the group of 44, 
we found that 82% of the children had heritable co- 
agulation abnormalities including resistance to acti- 
vated protein C, low protein C or S, high Lp(a), or low 
tPA-Fx with high PAI-Fx. 3, 24 

In the current study, 71% of 49 patients with 
osteonecrosis of  the jaw had coagulation abnormali- 
ties, compared with 87% of adults ~ and 63% and 82% 
of two groups of children with osteonecrosis of the 
hip.2, 3, 24 Of the 49 patients with osteonecrosis of the 
jaw, 29% had resistance to APCR versus 0% in con- 
trols (p -- 0.002), and 14% had low protein C versus 
0% in controls (/9 = 0.018). Hence, two heritable 2, 21 
thrombophilic traits, resistance to activated protein C 
and low protein C, were associated with osteonecro- 
sis of  the jaw. Of  the women with resistance to acti- 
vated protein C, 58% were taking supplemental 
estrogens, a larger percentage than the 18% of women 
with osteonecrosis of the jaw but no coagulation de- 
fect (p = 0.05). Although it is possible that supple- 
mental estrogens might produce acquired APCR, it is 
more likely that thrombophilia in patients with heri- 
table APCR is amplified by concurrent estrogen ther- 
apy. 25 In patients with underlying heritable APCR, 
we speculate that supplemental estrogen may ampli- 
fy25 the APCR-mediated increased tendency to throm- 
bosis, 21 increasing the likelihood of  osteonecrosis and 
other manifestations of thrombosis. 

In our previous studies, We did not have the labo- 
ratory assay for APCR available. Recently, 24 we 
found that 15 (34%) of 44 children with Legg-Perthes 
disease had APCR. APCR was the sole coagulation 
defect in 20% of these 15 children; APCR was often 
accompanied by low protein C, low protein S, high 
Lp(a), and low tPA-Fx. 24 These findings in children 
with Legg-Perthes disease 24 were similar to the cur- 
rent study in which APCR was found in 29% of pa- 
tients with osteonecrosis of the jaw and was often ac- 
companied by low protein C, by high Lp(a), or by low 
tPA-Fx. 

Although not statistically significant, hypofibrin- 
olysis (low stimulated tPA-Fx) was more likely to 
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occur in the patients with osteonecrosis of the jaw 
than in controls (22% versus 7%, p = 0.075). In 3 of 
the 11 patients with low tPA-Fx, low tPA-Fx was ac- 
companied by high levels of PAI-Fx, the major 
inhibitor of fibrinolysis. Two of these 3 patients also 
had high levels of triglyceride (367 and 422 mg/dl), 
compared with those reported by Van Veldhuizen 7 
and consistent with our previous observation that 
triglyceride levels are major independent determi- 
nants of PAI-Fx, and through this relationship, of hy- 
pofibrinolysis. 13 

Fourteen patients had high Lp(a), an atherogenic 
putatively hypofibrinolytic lipoprotein. 13,14 How- 
ever, the patients with osteonecrosis of  the jaw were 
not more likely than controls to have high Lp(a) (->25 
mg/dl, 29% versus 20%). We speculate that the local 
intramedullary hypofibrinolytic effect of Lp(a) might 
be amplified in the closed space of the jawbone or fe- 
mur, 1,2 whereas systemic measures of fibrinolytic 
activity may, therefore, still be normal in patients with 
high Lp(a), 13, 14 

Preliminary studies of anticardiolipin antibodies 
(aCLA) have been completed in 39 of these 49 
patients and in all 14 patients without other thrombo- 
philic or hypofibrinolytic traits. 6 Eight of these 14 
patients (57%) had elevated aCLA (1 with high IgM 
alone, 2 with high IgG alone, 4 with high IgA alone, 
and 1 with high IgA and IgG). 6 Because high aCLA 
are thrombophilic, 6 only 6 (12%) of the 49 patients 
with osteonecrosis of the jaws had neither thrombo- 
philic nor hypofibrinolytic traits. ACLA were high in 
12 (31%) of the 39 patients in whom they were mea- 
sured. 6 

All 49 patients failed to respond to conventional 
endodontic or exodontic therapy, and only 2 had last- 
ing pain relief (> 1 year) after curettage of the diseased 
cancellous bone. We speculate that chronic inflam- 
mation 26-3~ and immunogenic reactions to xenobiot- 
ics  31-33 in jawbones could potentiate the putative in- 
tramedullary thrombophilic or hypofibrinolytic traits 
of our patients. These adverse conditions are not usu- 
ally found in other bones, and when coupled with un- 
derlying coagulation disorders, may amplify throm- 
bosis and hypofibrinolysis thus perpetuating osteone- 
crosis. 

Osteonecrosis of the alveolar bone of the jaw, as in 
the current study, appears to have a close and puta- 
tively causal  association with chronic facial pain9; 
when undiagnosed it can leave the patient with a sense 
of hopelessness and even hysteria. Long-term chronic 
facial pain arising from an osteonecrotic lesion in the 
jaw might induce reactive depression. Severe depres- 
sion and thoughts of suicide were common in this co- 

hort. The pain associated with osteonecrosis of the 
jaws is often medically catastrophic; 41% of our pa- 
tients were totally disabled by chronic jaw and facial 
pain and 80% required daily narcotic therapy for pain 
relief. It is exceptionally difficult to determine how 
much of the chronic facial pain in patients with biop- 
sy-proven osteonecrosis of the jaw is pathoanatomic 
and how much might be related to or caused by de- 
pression, hysteria-conversion reactions, or even ma- 
lingering. 

Although many of our patients had undergone psy- 
chological counseling and psychotherapy before see- 
ing us, we did not require psychiatric evaluation as 
part of our work-up. Psychotherapy and psychologi- 
cal support networks are often necessary for long- 
term comprehensive management when the pain is 
refractory to treatment. 

Long-term follow-up studies m report 73% success 
in relieving the pain associated with osteonecrosis 
when surgical curettage of the diseased jawbone is 
carried out in a prescribed manner. Patients with 
NICO who do not experience pain relief after surgi- 
cal curettage might have a chronic predisposition to  
microcirculatory disturbances because of the afore- 
mentioned risk factors 9 for secondary osteonecrosis, 
or because of an underlying thrombophilia or hypofi- 
brinolysis, as detected in 71% of our patients. In these 
cases, surgical curettage of the jawbone may improve 
the pain temporarily, but as long as there is a systemic 
thrombophilic/hypofibrinolytic risk factor present, 
we speculate that the venostasis is likely to recur as 
the cancellous bone attempts to regenerate. In addi- 
tion, if surgical treatment is performed many years 
after the onset of  symptoms, alterations in the nervous 
system may decrease the likelihood of pain relief 
from surgery. 34, 35 

Our current study demonstrated that thrombophilia 
or hypofibrinolysis or both were present in 35 (71%) 
of 49 patients with ' ' idiopathic" osteonecrosis of the 
jaws, patients whose facial pain was not relieved by 
medical therapy, surgical curettage, and in some cases 
not even by neurosurgical ablative procedures. Of the 
14 (29%) patients who were "normal"  (had no co- 
agulation defects), 8 (57%) were found to have high 
levels of anticardiolipin antibodies (aCLA) in new, 
preliminary data from this cohort. 6 If the high aCLA 
levels are confirmed by follow-up and family studies, 6 
then 43 o f  49 (88%) of this cohort would have 
thrombophilic or hypofibrinolytic traits. We postulate 
that thrombophilic and hypofibrinolytic risk factors in 
osteonecrosis of the jaw function in a fashion similar 
to their role as pathophysiologic risk factors for os- 
teonecrosis of the hip in adults and in children.l-8 In 
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the presence  o f  increased  l ike l ihood  o f  thrombosis  or  
r educed  c lot  lysis ,  it  appears  that  the vascular  net-  
works  o f  the hip  1, 2 or  j aws  are unable  to reini t iate  
normal  b lood  per fus ion  in such a way  as to support  
normal  new bone  format ion.  As  summar ized  by  
Bouquot ,  9 

the similarity between NICO and ischemic osteone- 
crosis is so strong as to lend considerable credence 
to the theory that NICO also results from poor vas- 
cular circulation of the jaws, albeit often com- 
pounded by a local odontogenic infection . . . .  There 
is evidence that chronic odontogenic infections 
� 9  can initiate intraosseous ischemia via increased 
intraosseous edema and collapse of venous drainage 
vessels, in addition to other local damage from the 
release of inflammatory mediators . . . .  There is also 
evidence that chronic intraosseous ischemia pro- 
duces the initial compromised state and a superim- 
posed odontogenic infection promotes a more active 
necrosis of the bone. 9 

Bet ter  recogni t ion  of  the  h i s topa tho log ic  f indings  
o f  os teonecros is ,  as in this and other  36 studies,  should 
s t imula te  d iagnost ic  evaluat ion  of  th rombos is  and fi- 
br inolys is .  

I f  we p resume that  th romboph i l i a  and hypof ibr in-  
olysis  are part  o f  the e t io logic  f r amework  for N I C O  
as wel l  as for adul t  and pediat r ic  id iopathic  os teone-  
crosis,  1-7 it may  be poss ib le  to extrapola te  f rom the 
very  l imi ted  exper ience  with  os teonecros is  of  the hip  4 
and to reverse  the Lp(a) ,  h igh PAI ,  o r l o w  protein  C 
media ted  coagula t ion  defects  with stanozolol .  In the 
ear ly  stages of  osteonecrosis ,4 s tanozolol  therapy m a y  
normal ize  f ibr inolysis ,  and hence  faci l i tate  resump-  
tion o f  normal  venous  drainage,  reduct ion of  in- 
t ramedul la ry  venous  hyper tens ion,  normal  osseous 
oxygenat ion ,  and cessa t ion  of  bone necrosis.  In cases  
of  long durat ion,  s tanozolol  therapy 4 may  prove to be  
an impor tan t  adjunct  to j a w  surgery i f  taken for sev- 
eral  months  before  and after local  curet tage or b lock  
resect ion of  the c o m p r o m i s e d  bone. Because  res is-  
tance to ac t iva ted  pro te in  C can be t reated with war-  
farin sod ium (Coumadin) ,  21 it m a y  be  poss ib le  to 
prevent  or  amel iora te  os teonecros is  of  the j aw  in 
pat ients  with this her i table  trait  and to encourage  
normal  regenera t ion  o f  bone.  In aggregate,  these 
medica l  therapies  might ,  speculat ively ,  reduce the 
ex t raord inary  chronic  severe  j a w  and facial  pain  syn- 
dromes  exper ienced  by  pat ients  wi th  NICO.  In addi-  
t ion to s tanozolol  4 or Coumad in  21 when  indicated,  
addi t ional  consul ta t ion with a neurosurgeon  or  oral  
surgeon ski l led in d iagnos t ic  local  anesthet ic  b locks  
should help de te rmine  on which  t r igeminal  nerves to 
pe r fo rm a local  a lcohol  b lock,  cryotherapy,  or pe-  

r ipheral  neurectony.  Careful  cons idera t ion  of  r isk and 
benef i t  should  be  given to neurosurgery  procedures  
that denerva te  a l ready vascular ly  compromised  
t r igeminal  t issues because  o f  the poss ib i l i ty  of  en- 
larging the i schemic  zone, 37-39 

The in t ramedul la ry  envi ronment  o f  the j aws  is 
unique in the human  skele ton because  of  the presence 
o f  teeth and their  support ing structures. The fact  that 
the j aw  contains  large sensory nerve trunks and mar-  
row tissues that  are c o m m o n l y  infected by  a wide  va- 
r ie ty of  pa thogenic  mic roorgan i sms  adds further to its 
uniqueness .  Dis t inct  regions  of  a lveo la r  bone  may  
undergo os teonecros is  as the i schemic  threshold  is 
exceeded  in the cel lular  e lements  of  the cancel lous  
bone.9, to Both  sys temic  a n d  loca l  r isk factors may  
interfere  with the microc i rcu la t ion  and nutr i t ion of  the 
t rabecular  bone  and the sensory nerve trunks encased  
within. P r imary  os teonecros is  is often te rmed idio- 
pathic when the cause for  the avascular  necrosis  is 
unknown.  Our  current  s tudy suggests  that thrombo-  
phi l ia  and hypof ib r ino lys i s  may  have  an e t io logic  role  
for  the id iopathic  os teonecros is  seen in many  pat ients  
with NICO in a fashion s imi lar  to their  role as patho-  
phys io log ic  r i sk  factors for  id iopathic  femora l  head 
necrosis  in adul ts  and children,  a-s Thromboph i l i a  and 
hypof ib r ino lys i s  may  contr ibute  not  only to the gen- 
esis of  a typical  facial  neura lg ia  but  also to the treat- 
ment  fai lures so often encountered  in such patients.  
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