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Three sisters, each with chondrocakinosis/arthropathy, are de- 
scribed who have the clinical, laboratory and pathologic findlngs 
characteristic of the adult form of hypopMsphatas&. Premature loss 
of adult teeth, arthralgias and pain from bilateral femoral pseudo- 
fractures were associated with subnormal circulating alkaline 
phosphatase levels, phosphoethanolaminuria and osteomalacia 
diagnosed by iliac crest biopsy. A&say of alkaline phosphatase 
activity in the blood of kindred members revealed hypophospha- 
tasemia in one of two younger brothers. Several sublects in sub- 
sequent generations also had sus@ciously low alkalhte phospMase 
activity, but did not have histories of significant dental, bone or joint 
disease. Review of the medical records of the sisters’ parents, aunts 
and uncles revealed normal alkaline phosphatase levels in their 
father and five of his siblings, but consistently low levels in their 
mother and two of her sib!ings. Despite hypophosphatasemia, the 
sisters’ mother and her siblings lived to old age without clinical or 
radiographic evidence of bqne disease. 

Our findings suggest that although adult hypophosphatasia can 
be transmitted as a dominant trait in some kindreds, there Is con- 
siderable variation in the clinical expression of the biochemkal 
defect. One person, generation or family may manifest cllnkal bone 
disease and arthropathy whereas the biochemical defect may be 
present but remain asymptomatk in others. Furthermore, in some 
cases, the adult form of hypophosphatasia may represent a devel- 
opmental disorder with hypophosphatasemia appearlng during 
adulthood. 

Hypophosphatasia, a rare inherited form of rickets or osteomalacia, 
has arbitrarily been classified as occurring in three forms-infantile, 
childhood and adult-depending upon the age at clinical presentation 
[ 11. Each is characterized by subnormal circulating alkaline phos- 
phatase activity (hypophosphatasemia), increased urinary excretion 
of both phosphoethanolamine and inorganic pyrophosphate, and de- 
fective bone mineralization, which can present clinically as rickets 
or osteomalacia [2]. Recently, chondrocalcinosis and arthropa- 
thy-presumed secondary to calcium pyrophosphate accumulation 
in joints-have been reported to complicate the metabolic bone dis- 
ease [3,4]. Whereas, the infantile and childhood forms of hypophos- 
phatasia appear to be inherited as autosomal recessive traits, there 
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are few genetic studies of kindreds with the adult form 
[5,6]. In 1976, we described our detailed clinical, lab- 
oratory and genetic investigation of a large kindred from 
Missouri with adult hypophosphatasia and presented 
evidence for autosomal dominant transmission with 
variable penetrance [6]. We now describe an unrelated 
kindred from Oklahoma with adult hypophosphatasia 
in which three sisters had premature loss of their adult 

teeth and now have osteomalacia with chondrocalcin- 

osis and arthropathy. 

METHODS 

Kindred screening for hypophosphatasemia was performed 
during a family reunion. Following informed consent, blood 
was collected from most of the subjects depicted in Figure 
1 several hours after they had eaten only a light breakfast. 
Specimens were collected on ice and centrifuged in the cold; 
the serum was frozen within 3 hours of venipuncture. Total 
alkaline phosphatase activity was assayed at the Clinical 
Chemistry Laboratory, Barnes Hospital, St. Louis, using the 
procedure of Bowers and McComb [7] adapted for a Cen- 
trifichem System-400 Centrifugal Analyzer (Union Carbide, 
Rye, New York), in which the coefficient of between-assay 
variation was less than 10 percent of alkaline phosphatase 
activity within the normal range. Hypophosphatasemia was 
deemed present if alkaline phosphatase activity was more 
than 2 standard deviations below the mean value for normal 
subjects of similar age and sex. Results of alkaline phos- 
phatase assays from other subjects were obtained from their 
medical records, or assays were requested and performed 
elsewhere (Table I). 

Following the screening study, the proposita (11-2, Figure 
1) and her two affected sisters (II-1 and 11-3, Figure 1) were 
studied as in-patients at the Clinical Research Center, Barnes 
Hospital, in 1978. Each ate a diet that contained 800 mg of 

Figure 1. Variable penetrance for 
dominantly inherited hypophosphatasemia 
is illustrated by this kindred in which three 
sisters in generation II were clinically af- 
fected by hypophosphatasia (premature 
loss of adult teeth, bilateral femoral 
pseudofractures and osteomalacia on iliac 
crest bone biopsy) whereas their mother 
and two of her siblings were hypophos- 
phatasemic yet lived to old age without 
clinically apparent skeletal disease. The 
possibility that adult hypophosphatasia is 
a developmental disorder is suggested by 
the absence of clearly subnormal alkaline 
phosphatase levels thus far in generations 
Ill and IV. 

calcium and 1,200 mg of phosphorus daily. Blood was col- 
lected at 8 AM after each subject had fasted from midnight. 
Serum total alkaline phosphatase activity was assayed as just 
described. Heat inactivation of the total alkaline phosphatase 
activity was performed at 56’C for 15 minutes to estimate 
the contribution of the bone and liver isoenzyme [8]. Leu- 
kocyte alkaline phosphatase was quantitated histochemically 
after citrate buffer fixation of peripheral blood (Kit #85L-lR, 
Sigma Chemical Co., St. Louis, Missouri). Phosphoethano- 
lamine was assayed (Bioscience, Van Nuys, California) in 
urine and plasma with an automated amino acid analyzer 
(Durrum Corp., Sunnyvale, California). During the initial part 
of their hospitalization, each sister ate a diet that was also 
low in hydroxyproline one day before and during a 24-hour 
urine collection for hydroxyproline. Total urinary hydroxy- 
proline was quantitated (Bioscience, St. Louis Branch) by 
the method of Hosley and co-workers [9]. Photon absorp- 
tiometry of the mid-radial cortex was performed with a Nor- 
land-Cameron Bone Mineral Analyzer (Norland Instruments, 
Fort Atkinson, Wisconsin) [ 10,111. Metacarpal cortical width 
was calculated by the method of Garn [ 121. Following two 
oral courses of oxytetracycline (1 g/day for three days) 
separated by two weeks, each sister underwent transiliac 
crest bone biopsy with a 5 mm diameter trephine. Thin, un- 
decalcified sections were cut, stained and then examined by 
histomorphometric analysis with well established methods 
in our laboratory [ 131. Histomorphometric analysis of iliac 
crest sections from 12 normal women (mean age 49 years, 
range 20 to 80) provided control values. Additional fragments 
of iliac crest bone were fixed in glutaraldehyde and processed 
for electron microscopy [ 141, or were fixed in 30 percent 
ethanol and embedded in glycolmethacrylate for histo- 
chemical analysis of acid and alkaline phosphatase activity 
by a recently developed technique [ 151. The percentage of 
trabecular bone surface exhibiting enzyme activity was 
quantitated by the histomorphometric methods used for light 
microscopy. 
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KINDRED STUDY TABLE I 

Case 1. The proposita (11-2, Figure l), a 62 year old 
Caucasian woman, was told of “rheumatism” at about 
age 11 when generalized aching pain developed. There 
were no deformities or fractures to suggest rickets, and 
the problem resolved over several years. Dental prob- 
lems began when her permanent teeth erupted and 
were noted to be discolored with “no enamel.” During 
adolescence, she was troubled by dental caries; at 
about age 20, her teeth became loose because of 
“deterioration” in the supporting bone. On two occa- 
sions, more than one dozen teeth were extracted by her 
dentist who used “tweezers” and no anesthetic. By age 
22, she was wearing complete dentures. 

Family Member A9a Serum Normal Range AP 
(see Figure 1) (yr) AP (for age & sex) 

Review of her medical records revealed that, at about 
48 years of age, aching pain developed in her heels and 
weight-bearing joints. One year later, she complained 
especially of discomfort in the knees, ankles and sa- 
crum, but radiographic studies reportedly gave negative 
results. At about 52 years of age, painful feet developed, 
and she was treated with bunionectomy with complete 
relief. Radiographic studies at age 53, taken because 
of hip pain, revealed bilateral pseudofractures in the 
proximal femora. Her previous biochemical studies 
included consistently normal serum calcium and inor- 
ganic phosphate levels since age 51, but circulating 
alkaline phosphatase activity was always subnormal. 
Hypophosphatasia was, therefore, diagnosed. Therapy 
with a total of 250,000 units vitamin D2 weekly and daily 
calcium supplementation was begun and apparently 
continued until age 58 when polyuria and polydipsia 
(without documented hypercalcemia or hypercalciuria) 
,responded to discontinuation of the medication. At 59 
years of age, the pseudofracture in the left femur pro- 
gressed to a complete fracture. Healing followed Jewett 
nailing and iliac crest bone grafting. One year later, the 
same procedures were used successfully to treat in- 
creasing pain from the right femoral pseudofracture. 
However, when she was 62, the Jewett nail and screws 
in the left femur became loose and had to be re- 
moved. 

I-1 

l-2 * 

l-3 

l-4’ 

l-5 

l-6’ 

II-1 l 

11-2’ 

11-3’ 

II-4 

II-5 * 
Ill-l 

Ill-2 

ill-3+ 

Ill-4 

M-5+ 

Ill-6 

ill-7+ 

iii-a 

Ill-9 

111-10 

Ill-l 1 

Ill-12 

IV- 1 

IV-2 

IV-3 

IV-4 

IV-5 

IV-6 

IV-7 

w-a 

IV-9 

IV-10 

IV-1 1 

IV-12 

IV-13 

IV-14 

AP = alkaline phosphatase. 

l Hypophosphatasemia. 
+ Probable hypophosphatasia. 
+ Assayed at another institution. 

In 1978, at 60 years of age, she and her sisters were 
studied at the Clinical Research Center, Barnes Hos- 
pital. Other significant medical problems included a 
partial hysterectomy with complete salpingectomy and 
partial oophorectomy at age 30, but clinical menopause 
was at about 47 years of age. Estrogen therapy was 
prescribed for only a short while at menopause. Be- 
tween the ages of 25 and 56, she received thyroid ex- 
tract for “anemia.” She reported occasional headaches 
for 10 years. The dietitians obtained a history sugges- 
tive of life-long calcium deficiency. She was a well 

developed (height 154 cm, weight 51 kg), edentulous 

woman whose vital signs were normal. There was 

tenderness to palpation of the distal left thigh and both 
ankles, but the remainder of the physical and neurologic 
examinations was unremarkable. 
Case 2. The proposita’s elder sister (II-l, Figure l), 64 
years of age, recalled being told that her adult teeth 
were “brown as the earth,” had “no enamel” and “just 
crumpled and fell away” in early adulthood. Beginning 
at about age 17 years, intermittent shoulder and knee 
pain developed, and she recalled symptoms of arthritis 
in her knees during her 20s. At about age 30, her elbows 
became intermittently painful and her arthralgias were 
diagnosed as “bursitis.” Following partial hysterectomy 
with oophorectomy at age 3 1, she took estrogen sup- 
plements intermittently until about age 50. At age 57, 

Serum Total Alkaline Phosphatase Activity 
in Kindred Members 

75 

75 

64 

67 

74 

65 

61 

60 

58 

53 

51 

38 

31 

39 

38 

35 

32 

30 

26 

23 

ia 

la 

15 

3 

10 

6 

15 

12 

12 

10 

17 

16 

15 

10 

4 

3 

43+ 

+a+ 

30-85 

30-85 
- 

4.2+ 

57+ 

0.9+ 

9 

21 

10 

40 

26 

51 

40 

33 

5-17 

30-115 

1.4-4.0 

35-95 

35-95 

35-95 

35-95 

35-95 

30-80 

25-75 

25-75 

19+ 15-65 

4a+ o-115 

34 30-80 

40 25-75 

68 25-75 

57 25-150 

45 25-150 

51 25-150 

191 75-250 

202 75-250 

164 75-250 

113 25-150 

206 75-250 
- 

- 

411: 

491 

155 

119’ 

75 

- 

- 

15-180 

15-180 

25-150 

o-115 

75-250 
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TABLE If Laboratory Flndings In Three Sisters wlth Adult Hypophosphatasia’ 

T&l 
Serum AP+ 

Case (35-95 I&L) 

1 14.0 f 1.0 
(n = 5) 

2 8.0 f 1.9 
(n = 5) 

3 6.2 f 0.8 
(n = 5) 

Alkaline Phosphalase 
% Heal 

Resistant+ Leukocyte AP 
(29-28) (11-95 U) 

30 f 5 0 
(n = 5) 
23 f 2 8 
(n = 4) 
32 f 8 6 
(n = 5) 

Urine AP 
((3.5 U/8 hr) 

0.6 

0.5 

0.5 

Phosphoethanolamine Calcium 
U&e’ Plasma Total Serunr Ionized Serum 
(26-101 (Irace-0.3 (9.0-10.3 (4.5-5.0 Urinet* 

( pmoleld) ~mdeldl) wfdl) mgldl) (%I) 

622 2 ‘i32) 5.0 172 f 42 
[n (rl = 6) 

720 2 9.1 4.5 128 f 20 
(n = 2) (n = 4) 

452 Present 9.2 4.6 235 zk 42 
(n = 2) (n = 6) 

l Normal ranges (12 SD mean) given in column headings. 
+ Mean l SD. 
t Expressed per gram creatinine. 

pain in her hips, legs and feet developed, and she 
continued to be troubled by arthralgias in the knees. At 
age 59, pain developed in the right thigh that increased 
with activity. Radiographic studies revealed a pseudo- 
fracture of the proximal right femur. Since hypophos- 
phatasia had recently been diagnosed in Case 1, serum 
alkaline phosphatase and urinary pfrosphoethanolamine 
(BioScience, Van Nuys, California) were assayed and 
found to be compatible with that diagnosis. No therapy 
was attempted. When she was admitted to tf-re Clinical 
Research Center at Barnes Hospital at age 62, dietary 
history revealed poor intake of calcium, phosphate and 
vitamin D during later adulthood. Physical examination 
showed a well developed woman (weight 61.8 kg, 
height 155 cm), without deformity whose vital signs 
were normal. She had only five discolored lower teeth. 
There was crepitus in the major joints of the upper and 
lower extremities, especially the knees, and she could 
walk only 20 feet with a four-point walker because of 
pain in her knees. The remainder of the physical and 
neurologic examinations was unremarkable. 
Case 3. The younger sister of the proposita (11-3, 
Figure l), 60 years of age, did not recall being told of 
abnormal deciduous teeth. However, when her adult 
teeth erupted, they were “black” with “no enamel” and 
caused her so much embarrassment that she “would 
not smile.” She also had many cavities and frequent 
gum abscesses but did not lose her adult teeth spon- 
taneously-they were extracted. Hypophosphatasia 
was documented at age 56 when she learned of the 
disorder in her sisters and was found to have hypo- 
phosphatasemia and phosphoethanolaminuria. She has 
arthalgias in the hands and knees but has not had 
fractures. Four months before her admission to our 
Clinical Research Center at age 58, she underwent 
partial radical mastectomy for ductaf carcinoma and 
received a course of cobalt radiation therapy and thio- 
tepa (N,N’,N”-triethylenethiophosphoramide) chemo- 
therapy. Dietary history suggested marginal intake of 

calcium throughout most of her life. Physical exami- 

nation revealed a well developed woman (weight 53.4 
kg, height 160 cm), with normal vital signs and a right 
mastectomy scar. She was edentulous. There were 
changes consistent with osteoarthritis of the hands, but 
no other deformities. 

Laboratory Findings (Cases 1 lo 3). Results of the 
following studies were unremarkable in Cases 1 to 3: 
complete blood cell count with leukocyte differential; 
routine urinalysis; serum electrolytes, glucose, creati- 
nine, blood urea nitrogen, total protein, albumin, cho- 
lesterol, creatine phosphokinase, lactic dehydrogenase, 
T4, total bilirubin, serum glutamic oxaloacetic and py- 
ruvic transaminases, protein electrophoresis, zinc and 
carotene levels; erythrocyte sedimentation rate; and 
daily urinary excretion of free cortisol. Each had A+ 
blood. Mineral metabolism studies (Table If) showed 
consistent hypophosphatasemia on consecutive 
mornings and deficient leukocyte alkaline phosphatase 
activity. Each sister excreted excessive quantities of 
urinary phosphoethanolamine. Urinary alkaline phos- 
phatase activity, however, was normal. Heat fraction- 
ation studies of circulating alkaline phosphatase activity 
did not suggest predominance of either the bone or liver 
isoenzyme. Despite the abnormality in serum alkaline 
phosphatase activity, blood and urine calcium, inorganic 
phosphate and magnesium levels were normal. 
Radiologic Findings (Cases 1 to 3). Prior radiographs 
of the proposita, bo@ affected sisters and their parents 
were obtained for review. Selected skeletal sites were 
then radiographed at our Clinical Research Center and 
compared with the older studies. Mineral mass was 
assessed by I*? transmission bone densitometry and 
metacarpal cortical width measurement. The radiologic 
findings are summarized as follows. 

Case 7: Many studies between 1970 and 1980 were 
reviewed. These revealed diffuse osteopenia; multiple 
stress fractures; bilateral Looser zones in th proximal 
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Serumt 
(3-5 mg/dl) 

4.7 f 0.4 
(n = 3) 

5.2 f 0.2 
(n = 3) 

4.9 f 0.9 
(n = 3) 

Phosphate 

urinet* 

(ma) 

731 f 170 
(n = 6) 

674 f 82 
(n = 4) 

535 f 111 
(n = 6) 

Tubular 
Reeoqltien 

(%) 

89 

91 

95 

Immunereactive 
Magnesium Paralhyrdd Hormone Hydroxypoline 

Serum Urlnet* serum urine* 
(1.5-2.4 mEq/L) (mEq) (O-10 @Leg/ml) (22-77 mgld) 

1.9 10.5 f 0.9 9 47 
(n = 6) 

2.0 12.0 l 2.1 5 21 
(n = 4) 

1.9 15.8 f 2.4 6 22 

(n = 6) 

lateral femoral cortices; chondrocalcinosis of meta- transverse stress fracture (Figure 2). Following Jewett 
carpophalangeal joints, wrists and knees: bilateral ra- nailing and bone grafting, the fracture healed normally. 
dioscaphoid destructive arthropathy; and many spinal Chondrocalcinosis (Figure 3, left) was present in the 
osteophytes. During this decade, stress fractures were hyaline cartilage of metacarpophalangeal joints, the 
documented in four metatarsals, four ribs, both distal intercarpal joints and the knees. The triangular fibro- 
ulnae and the left radial neck. Some were observed to cartilage of the wrists and the menisci of the knees were 
begin in the cortex, extend across the bone and finally also calcified. Periarticular calcification was found about 
to heal. A Looser zone was present in the lateral sub- several metacarpophalangeal joints, and chondrocal- 
trochanteric region of each femur. The earliest available cinois was present in the pubic symphysis. A distinctive 
film of the left femur (June 1974) showed this lesion. It arthropathy was found in metacarpophalangeal (pri- 
remained stable for the next two years but, in mid-1977, marily the index finger) and radioscaphoid joints (Figure 
slowly extended across the femur and became a 3, right). It was characterized by cartilage loss, attrition 
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Figure 3. Case 1. Left, Posteroanterior view of the second and third metacarpophalangeal joints shows chondrocalcinosis 
(arrows) and a distinctive arthropathy characterized by cartilage loss, subarticular bone attrition and lack of spur formation. 
Right, posteroanterior view of the carpus shows osteopenia. chrondrocalcinosis (arrows) and a similar arthropathy. Destruction 
is predominately in the radioscaphoid joint. 

or partial volume loss of adjacent bone, knobby irreg- 
ularity of the opposing bone surfaces, presence of tiny 
cysts and lack of much sclerosis or spur formation. The 
other joints were spared. Osteopenia was confirmed 
by bone densitometry of 0.44 g/cm2 (normal mean f 
SD for age/sex 0.63 f 0.08) and metacarpal cortical 
width of 2.9 mm (4.85 f 0.68). 

Case 2: Studies between 1976 and 1979 showed 
diffuse osteopenia, but less severe than that in Case 1. 
Both femora were bowed laterally and had small Looser 
zones in the lateral subtrochanteric regions. No trau- 
matic or stress fractures were ever identified. Although 
no chondrocalcinosis was observed, an early destruc- 
tive arthropathy was present in both patellofemoral 
joints and both elbows (Figure 4). The arthropathy was 
characterized by cartilage loss, mild bone resorption, 
irregularity of at-titular surfaces and the presence of 
small osteophytes. Many spinal osteophytes were also 
noted. Bone densitometry of 0.43 g/cm2 (normal, 0.63 

f 0.08) and metacarpal cortical width of 2.8 mm (4.85 
f 0.68) revealed appendicular osteopenia. 

Case 3: Several studies between 1975 and 1978 
were reviewed. The skeleton did not appear osteopenic 
radiologically, and no Looser zones, stress fractures or 
traumatic fractures were identified. Chondrocalcinosis 
was present in the pubic symphysis and both knees, but 
there was no arthropathy. Several small osteocartila- 
ginous bodies were present in the ulnar prestyloid re- 
cess bilaterally. These did not resemble deposits of 
chondrocalcinosis. Several spinal osteophytes were 
also noted. Bone densitometry of 0.70 g/cm2 (normal, 
0.70 f 0.07) and metacarpal cortical width of 3.9 mm 
(normal, 5.52 f 0.75) revealed greater appendicular 
bone mass than in Cases 1 and 2. 

For all three sisters, technetium 99m pyrophosphate 
bone scans demonstrated focal radionuclide accumu- 
lation in areas of Looser zones, fractures or at-thropathy 
that corresponded to the abnormalities shown by the 

TABLE III Histomorphometry of Iliac Crest Bone from Three Sisters with Adult Hypophosphatasia’ 

Total Relative Total 
Bone Oeteoid Mean Oeteoid Oeteold Osteoblaetlc 
Volume Volume Seam Wldth Surface Osteold 
(%) (%) (pm) (%) (%) 

21.3 f 6.1 1.6 f 2.6 6.8 f 6 11.7 f 16.6 1.26 f 1.76 
Case (4.6-32.5) (O-6.6) (O-32) (0.3-55.7) (O-5.53) 

1 25.3 10.3t: 14 58.5$ 3.83 
2 18.7 19.8t 13 73.1% 0.71 
3 21.4 8.7$ 11 43.7 0.84 

l Control values are given at the column head as mean f 1 SD and observed range for each parameter. 
+ Control value from five women with osteoporosis. 

Relative 
Osteoblaetic 
Actlvlty 

0.12 zk 0.16 
(O-0.46) 

0.06 
0.01 
0.01 
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radiographs. There were no unexpected findings, al- 
though the scans confirmed rib fractures more easily 
than did the radiographs. 
Pathologic Findings. Histomorphometric analysis 
(Table III) of the iliac crest specimens from each sister 
revealed normal quantities of bone tissue and, inter- 
estingly, total bone volume (percentage of marrow 
space occupied by mineralized and nonmineralized 
bone) was greatest in the proposita. However, increased 
unmineralized bone matrix (osteoidosis) was also noted 
for each sister and reflected by an increased relative 
osteoid volume (percentage of trabecular bone tissue 
that was unmineralized, i.e., osteoid) (Figure 5). As the 
mean osteoid seam width in each sister was normal (4 
to 58 pm; mean = 123, increased total osteoidsurface 
(percentage of trabecular bone surface covered by 
osteoid) accounted for the osteoidosis. 

Except in the proposita, histomorphometric param- 
eters that reflect osteoblast function-such as osteo- 
b/as& osteoid (percentage of trabecular bone surface 
lined with osteoid covered by plump “active” cuboidal 
osteoblasts) and relative osteoblastic activity (fraction 
of osteoid-covered trabecular surface lined by active 
osteoblasts)-were relatively low (Figure 6). In tetra- 
cycline-labeling studies, the majority of the osteoid 
seams failed to demonstrate a fluorescent label. Other 
seams exhibited only a wide, diffuse fluorescent pattern 
typical of a mineralization defect, i.e., osteomalacia. 
As distinct double tetracycline labels were absent, the 
cellular rate of mineralization (mean distance between 
the two labels divided by the number of days separating 
each) could not be quantitated. 

Despite the evidence for inactive bone formation, 
each sister’s biopsy specimen revealed peritrabecular 
fibrous tissue-a finding generally regarded as indic- 
ative of rapid bone remodeling [ 161. Furthermore, bone 
resorption-either active and reflected by the osteo- 
c/a&c resorbing surface (percentage of trabecular 
bone surface with Howship’s lacunae containing 
osteoclasts juxtaposed to bone), or past and reflected 
by empty Howship’s lacunae and quantitated by the 
inactive resorping surface (percentage of trabecular 

arthropathy characterized by cartilage loss, mild sclerosis, 
small spurs and some fragmentation. 

bone surface with Howship’s lacunae without osteo- 
clasts)-was prevalent especially in the proposita. 
Osteoblast alkaline phosphatase activity, determined 
by histochemical staining, appeared to be low-normal 
in the proposita, but subnormal in her sisters (Figure 6, 
inset). Acid phosphatase staining of the osteoclasts was 
normal. Electron microscopy revealed normal cellular 
ultrastructure in the osteoblasts and osteoclasts. Matrix 
vesicles were not identified in osteoid or the peritra- 
becular fibrous tissue. 

Fibrous 
Tissue 
Surface 

(%I 

(:I 

Osteoclasts 
(per mm*) 

0.11 f 0.14 

(0.00-0.39) 

Resorbing 

Surlace 

(%I 
0.13 f 0.20 
(0.0-0.55) 

0.95$ 
Present*6 
1.61$ 

1.08$ 0.95% 
0.4oi 0.36 
0.15 0.22 

Inactive 
Resorbing 

Surface 

(%I 
2.05 f 1.27 
(0.49-4.00) 

9.16t 
6.60t 
0.64 

Surface Stainable 
Alkaline Phosphatase 

(% trabecular bone surface) 
63.9 f 9,9t 

(55-78) 

57.5 
41.lf 
42.8x 

i Abnormal value (greater than 2 SD from the mean). 
* Peritrabecular fibrous tissue was noted in glycol methacrylate sections, but not quantitated. 
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Results of Kindred Screening for Hypophosphatas- 
emia. Additional kindred members had deficient serum 
alkaline phosphatase activity (Figure 1 and Table I). The 
proposita’s younger brother (11-5, Figure 1) had alkaline 
phosphatase activity of 26 Ill/liter (normal, 35 to 95). 
His medical records revealed alkaline phosphatase 
activity of 19 IU/liter (normal, 30 to 85) and urinary 
phosphoethanolamine excretion of 160 pmol/day 
(normal less than 101; Bioscience, Van Nuys, Califor- 
nia) two years earlier. He had no history to suggest 
dental or skeletal disease, but we were unable to study 
him. Four other members of the subsequent generations 
had circulating alkaline phosphatase levels that were 

Figure 5. Non decalcified section of 
iliac crest bone from Case 1 shows an 
increased quantity of osteoid (0) along the 
trabecular bone (T) surfaces and peri- 
trabecular fibrous tissue (F) (Goldner 
stain; original magnification X 100, re- 
duced by 35 percent). 

Figure 6. Case 1. Flattened osteoblasts 
(double arrowheads) line an osteoid 
seam (0) that contains entrappedosteo- 
cytes (white arrowheads) (Goldner stain; 
original magnification X 400, reduced by 
35 percent). Inset (bottom): low normal 
alkaline phosphatase reaction product 
(arrowheads) on osteoblasts is located 
along this osteoid seam (0) (Alkaline 
phosphatase reaction, toluidine blue 
counterstain; original magnification X 400, 
reduced by 35 percent). 

at the lower limit of normal. None, however, had a his- 
tory to suggest dental, joint or skeletal disease. 

Detailed medical records of the proposita’s parents 
and their siblings enabled us to explore further the in- 
heritance pattern of hypophosphatasia in this kindred. 
The proposita’s mother (l-2, Figure 1) died at age 79 
from metastatic carcinoma of the breast. Medical rec- 
ords from her last five years of life showed that about 
eight years before her death in 1972, she received small 
doses of glucocorticoids for a “collagen vascular dis- 
order of unknown etiology.” .At age 73, hospital ad- 
mission for syncope included an SMA 12160 analysis 
that revealed hypophosphatasemia (alkaline phos- 

638 April 1982 The American Journal of Medlclne Volume 72 



ADULT HYPOPHOSPHATASIA WITH ARTHROPATHY-WHYTE ET AL. 

phatase of 18 mu/ml; normal 30 to 85). That same year, 
mastectomy revealed metastatic breast carcinoma. At 
age 78, when admitted for congestive heart failure, the 
alkaline phosphatase level determined by SMA 12160 
analysis was unchanged at 18 mU/ml. Two months 
before her death from presumed metastases to the liver, 
her alkaline phosphatase level was once again sub- 
normal at 29 mu/ml (normal 30 to 85). Most of her teeth 
were present when she died; she had never suffered a 
fracture. Radiographs from 1967 to 1972 showed a 
normal skeleton for her age. Her younger sister (l-4, 
Figure 1) also had subnormal alkaline phosphatase level 
(4.2 units; normal 5 to 17) at age 67, but alkaline 
phosphatase assay in another sister (l-5, Figure 1) was 
normal (57 IWliter; normal 30 to 115) at age 74. Her 
younger brother (l-6, Figure 1) had a subnormal serum 
alkaline phosphatase level of 0.9 Bodansky units (nor- 
mal 1.4 to 4.0) in 1968, but low-normal level (45 IU/liter; 
normal 30 to 165) when repeated three years later. 

The proposita’s father (l-l, Figure 1) died at age 89 
in 1975 from metastatic carinoma of the prostate. 
Medical records from the last eight years of his life 
showed that he was well until age 78 when prostatic 
carcinoma was diagnosed. Four years later, he received 
diethylstilbestrol following orchiectomy for presumed 
bony metastases. Alkaline phosphatase was assayed 
twice at 85 years of age. The result of the first deter- 
mination was subnormal at 18 mU (normal 20 to 48), but 
normal when repeated two days later by SMA 12/60 
analysis (43 mu/ml; normal 30 to 85). One month and 
then several days before his death, his serum alkaline 
phosphatase level was elevated at 185 and 320 mu/ml, 
respectively, as determined by SMA 12160 analysis. At 
age 85, he was reportedly edentulous and had radio- 
graphic evidence of osteopenia. Radiographs of the 
father’s chest and lumbar spine from 1971 and 1975 
were compared. In 197 1, the skeleton appeared normal 
for his age (85 years). However, in 1975, the skeleton 
was diffusely abnormal due to blastic metastases from 
prostate carcinoma. There was no evidence of a met- 
abolic bone disease. Because one of the father’s four 
alkaline phosphatase assays gave subnormal results, 
we obtained information regarding as many of his eight 
siblings (not shown in Figure 1) as possible. Alkaline 
phosphatase had been assayed at least twice in five 
siblings during the past several years. All results were 
normal or elevated, none was low-normal. 

COMMENTS 

Chondrocalcinosis and Arthropathy in Hypophos- 
phatasia. Although the physiologic role of alkaline 
phosphatase is unknown [ 171, this ubiquitous mem- 
brane-bound enzyme can hydrolyze a variety of sub- 
strates in vitro-including inorganic pyrophosphate 

[ 181. Hypophosphatasia, as an “experiment of nature,” 
suggests that inorganic pyrophosphate is a natural 
substrate for alkaline phosphatase, as Russell and co- 
workers [ 19,201 have demonstrated increased blood 
and urine levels of inorganic pyrophosphate in this 
disorder. In turn, elevated inorganic pyrophosphate 
levels could explain the occurrence of osteomalacia 
in hypophosphatasia since inorganic pyrophosphate 
appears to be an inhibitor of bone mineralization [ 2 11. 
Calcium pyrophosphate deposition disease (CPPD) is 
also a predictable complication of this “inborn error.” 
O’Duffy [3], in 1970, illustrated calcium pyrophosphate 
dihydrate crystals in cartilage from the symphysis pubis 
of a 51 year old woman with hypophosphatasia. She had 
suffered from intermittent monoarthralgia (“pseudo- 
gout”) in the knees and many small joints and had dif- 
fuse articular chondrocalcinosis. On review of the 
medical chart and radiographs of the case of adult hy- 
pophosphatasia reported by Birtwell et al. [22] in 1967, 
O’Duffy found chondrocalcinosis in the hip and knee of 
that patient also. Recently, Eade and associates [4] 
described calcium pyrophosphate arthropathy in two 
cases of hypophosphatasia, in a 23 year old woman 
who had survived the infantile form and in a 53 year old 
man with a history typical of the adult form. Calcium 
pyrophosphate dihydrate and calcium oxylate crystals 
were demonstrated in synovial fluid and tissue of the 
woman. 

Chondrocalcinosis, at-thropathy or both were present 
in our three cases. They were not, however, present in 
our Missouri kindred with adult hypophosphatasia [6]. 
Now that there are seven patients with hypophospha- 
tasia and calcium pyrophosphate deposition disease, 
there should be no doubt that they are related. However, 
the arthropathy in our patients resembles not only that 
seen in patients with calcium pyrophosphate deposition 
disease [ 23,241, but also hemochromatosis [ 251. Both 
disorders have been associated with chondrocalcinosis, 
and both may have an arthropathy characterized by 
cartilage atrophy, subarticular bone attrition, presence 
of small cysts, lack of spur formation and a tendency 
toward articular surface fragmentation. Interestingly, 
chondrocalcinosis and arthropathy may occur inde- 
pendently of one another. Thus, the articular manifes- 
tations of adult hypophosphatasia, calcium pyrophos- 
phate deposition disease and hemochromatosis may 
be very similar. They should all be considered in the 
differential diagnosis of a patient presenting with this 
type of arthropathy. 
Hypophosphatasia: Genetic Aspects. In 1979, we 
described a large kindred from Missouri in which the 
58 year old proposita had the clinical and laboratory 
features of the adult form of hypophosphatasia [6]. 
Family screening revealed a similar degree of hypo- 
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phosphatasemia in four of her six siblings who, despite 
early loss of their adult teeth, had no clinical evidence 
of bone disease and more mild, if any, changes con- 
sistent with osteomalacia on iliac crest biopsy. Several 
other members of subsequent generations-usually 
women-were also hypophosphatasemic but clinically 
well. These findings suggested that the adult form of 
hypophosphatasia could (1) be transmitted in a dominant 
pattern with variable penetrance, and (2) be a devel- 
opmental bone disease that affects women more se- 
verely. As in the Missouri kindred, dominant transmis- 
sion with variable penetrance or sex-limitation in the 
expression of the trait for adult hypophosphatasia was 
suggested in this Oklahoma kindred by finding that one 
of the two brothers of the proposita was also hypo- 
phosphatasemic yet clinically well, and that a few family 
members in subsequent generations had low-normal 
levels of circulating alkaline phosphatase activity yet 
were well. Most importantly, however, in this kindred, 
we were able to review the medical records of the 
proposita’s parents and their siblings (generation I, 
Figure 1). The findings, once again, suggested variable 
penetrance of the trait for adult hypophosphatasia and 
the possibility that this is a developmental disorder. The 
proposita’s mother was noted to be hypophospha- 
tasemic on three occasions during the last six years of 
her life and, remarkably, two months before her death 
when she was believed to have metastatic carcinoma 
to both liver and bone. Despite hypophosphatasemia, 
she lived to age 78, had most of her teeth when she 
died, was without evidence of osteomalacia on radio- 
graphic studies obtained during the last five years of life 
and, according to her daughters, had never had a frac- 
ture or symptoms to suggest osteomalacia. Medical 
records of three of her four siblings included alkaline 
phosphatase assays that suggested at least half were 
hypophosphatasemic, but did not have clinically sig- 
nificant skeletal disease. Review of the medical records 
of the proposita’s father and five of his siblings sug- 
gested that recessive transmission of hypophospha- 
tasemia to the patients in Cases 1 to 3 was unlikely, 
since each had normal alkaline phosphatase levels on 
two or more occasions. Therefore, hypophosphatas- 
emia seemed to be inherited in Cases 1 to 3 from the 
maternal side of their family. The high degree of pen- 
etrance of hypophosphatasemia in generations I and 
II of this Oklahoma kindred, but not generations Ill and 
IV, again suggests that this may be a developmental 
disorder. Hypophosphatasemia may develop in younger 
members during later adulthood and may or may not 
lead to clinically evident dental or bone disease. Routine 
assay of the serum alkaline phosphatase activity during 
the past two decades might disclose whether or not 
adult hypophosphatasia is indeed a developmental 

abnormality. Review of medical records of an affected 
individual might reveal a decrease of the alkaline 
phosphatase level to subnormal levels during adulthood. 
If not, prospective study of kindreds such as those we 
have encountered in Missouri and Oklahoma should 
provide an answer to this question. 
Histopathologic Observations. By routine light mi- 
croscopy, each of the sisters we studied showed the 
major histopathologic finding in hypophosphatasia, i.e., 
a bone mineralization defect characterized by osteoid- 
osis and abnormal tetracycline labels [2]. A previously 
unreported histologic finding, however, was the pres- 
ence of peritrabecular fibrous tissue, which is usually 
found in disorders associated with accelerated bone 
remodeling such as hyperparathyroidism and thyro- 
toxicosis or secondary hyperparathyroidism [ 161. At 
present, we cannot explain this observation in hypo- 
phosphatasia. All three sisters had normal results of 
thyroid function studies and normal circulating immu- 
noreactive parathormone levels. 

Histochemical studies have not been reported pre- 
viously for the adult form of hypophosphatasia. Enzyme 
histochemical studies in our patients revealed reduction 
of stainable alkaline phosphatase activity on the os- 
teoblast cell membrane. Interestingly, circulating al- 
kaline phosphatase activity appeared to reflect the 
presence of morphologically active-appearing osteo- 
blasts and histochemical alkaline phosphatase activity. 
These histochemical studies are in accord with our 
study of the Missouri kindred with adult hypophospha- 
tasia in which we noted a reduction in the circulating 
levels of both bone and liver alkaline phosphatase 
isoenzyme activity [26]. 
Pathophysiology of Hypophosphatasia. Whether or 
not hypophosphatasia in this kindred reflects a true 
inborn error of metabolism or an abiotrophy of osteo- 
blasts [6] is not known. Active-appearing osteoblasts 
were observed infrequently; however, this finding is 
noted in several forms of osteomalacia 1271. In support 
of a cellular defect was our failure on electron mi- 
croscopy to observe matrix vesicles, the osteoblast 
membrane “buds” where bone mineralization begins 
[28]. However, we have noted these structures in two 
infants with hypophosphatasia [29], and such mem- 
brane budding is very difficult to identify in adult tra- 
becular bone. Since quantitative analysis of the circu- 
lating alkaline phosphatase isoenzymes in the Missouri 
kindred [26] showed reductions in both liver and bone 
isoenzyme levels, this would suggest that adult hypo- 
phosphatasia either represents a generalized defect in 
alkaline phosphatase-producing cells and not an abio- 
trophy of osteoblasts alone, or could be due to a quali- 
tative defect in the alkaline phosphatase molecule it- 
self. 
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In conclusion, our study of a large Oklahoma kindred 
suggests that the adult form of hypophosphatasia may 
be transmitted as a dominant trait, but with considerable 
variability in its clinical manifestations. Some hypo- 
phosphatasemic subjects may never be troubled by 
clinically apparent skeletal disease, whereas others 
may suffer premature loss of teeth: osteopenia with 
Looser zones, stress fractures and recurrent traumatic 
fractures that heal slowly; and one or more freatures of 
calcium pyrophosphate deposition disease. Pathologic. 
studies of three clinically affected sisters revealed os- 
teomalacia associated with peritrabecular fibrosis and 
a paucity of osteoblasts. We did not, however, establish 
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7. 

8. 

9. 
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11. 

12. 
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whether the adult form of hypophosphatasia in this 
kindred was a true “inborn error of metabolism” that 
expressed itself clinically in adulthood, or was due to 
an abiotrophy of alkaline phosphatase-producing 
cells. 
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