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The first adult case of the Fanconi syndrome was described by S f o w e r s  
& Dent in 2947 (1) .  The syndrome consists of osteomalacia with hypo- 
phosphatemia, glucosuria, aminoaciduria, and frequently acidosis. 
There is sometimes a defect in the water-retaining ability of the kidney 
as well. Wallis &. Engle (2), who reported on eighteen adult cases of 
the syndrome, clained that multiple familial occurrences are rare in 
adults, whereas a hereditary tendency is common in children with the 
syndrome. 

A condition which shares many features with the Fanconi syndrome 
is renal tubular osteomalacia, in which the serum calcium is usually 
normal, the serum phosphorus always low, and the alkaline phos- 
phatases increased and in connection with which there is no amino- 
aciduria and usually no glucosuria. Familial instances of this disease 
are common but isolated cases also occur. High doses of vitamin D can 
improve the patient’s osteomalacia. The first case of vitamin-D-resist- 
ant osteomalacia is said to have been presented by Albright e f  al. in 
1937 (3)  but the case described by Milkman in 1934 (4)  which had 
osteomalacia, hypophosphatemia and glucosuria probably belongs to 
the group of vitamin-D-resistant osteomalacia with hypophosphatemia. 
Most investigators have found a low tubular reabsorption of phosphate 
in these cases. In children the disorder causes rickets resistant to 
treatment with vitamin D in doses sufficient to cure nutritional rickets 
and is therefore often caned vitamin-D-resistant rickets. In adults, the 
hypophosphatemia causes osteomalacia and these adult disorders have 



h c n  c:illcd pliospliatci tliabctcs, essential hypophosphatcmia, idiopathic 
oslcom:ilaci:i, Milkman’s syndrome elc. 

Thrrc sccnis to be sonic controversy in the literature with regard to 
the classification of the various clinical conditions characlcrized by 
oslcomalacia (or rickets in children) and hypophosphatemia due to 
decreased tubular reabsorption of phosphate. Many textbooks describe 
the Fanconi syndrome and hypophosphatemic osteomalacia in different 
chapters (5,  6 ) .  What seems ultimately to differentiate the Fanconi 
syndrome from hypophosphatemic osteomalacia is the aminoaciduria 
which, according to most authors, is an integral part of the Fanconi 
syndrome. 

Dent ( 7 )  has suggested a classification of clinical conditions with 
“rickets and osteomalacia from renal tubule defects” in six different 
types. According to his classification, type 1 denotes osteomalacia in 
which there is only one human tubular reabsorption defect, namely 
that of phosphate. In typc 2, renal glucosuria occurs, as well. The dif- 
ferent types of the Fanconi syndrome and hypophosphatemic osteo- 
malacia with renal tubular acidosis are classified as types 3-6. In our 
opinion, this classification is very useful from diagnostic, therapeutic, 
and prognostic viewpoints. 

The main problem with vitamin D treatment in hypophosphatemic 
osteomalacia lies in the fact that high doses are required in most cases 
and are accompanied by the constant risk of intoxication with the 
vitamin. It was consequently of great interest when Fraser ( 8 )  re- 
ported in 1957 that intravenous phosphate had a beneficial effect in 
vitamin-D-refractory rickets in children. In 1958 and 1961, Frame et al. 
(9 ,  10) showed that oral phosphate supplement was effective in hypo- 
phosphatemic .oateomalacia and it was further shown in 1963 by Wilson 
& Yendt (11)  that two cases with the adult Fanconi syndrome were 
improved with oral phosphate treatment alone without vitamin D 
supplement. The role of phosphate therapy in hypophosphatemic rick- 
ets and osteomalacia has also been stressed by Rose (12) .  Oral phos- 
phate supplementation is also appealing from the point of view that 
phosphate administration seems to protect against hypercalcemia of 
all etiologies (13)  and, therefore, also against the hypercalcemia due 
to vitamin D intoxication. 

In the present paper we will report on a case of very severe hypo- 
phosphatemic osteomalacia in a man of 27 and the gratifying effect 
of orthopedic correction in combination with long-term treatment with 
high doses of vitamin D and sodium monophosphate. 



240 If.  UOSTRC)M, U. EDCHEN, U. NILSONNE PC P. 0. WESTEIt 

M E T  H 0 1) S 

Phosphorus in serum, urine, feces and food specimens was determined by the 
method of Piske-SubbaRow (14). Calcium in the same media was estimated with 
flame photometry. Alkaline phosphatase was determined by the method of Besseg, 
LoiurU & Brock (15) as modifed by Jacobsson (16). Quantitative analysis of the 
amino acids in the urine was performed by means of an automatic amino acid 
analysor (17) as by Spackman, Moore & Stein (18). Trace element determinations 
were performed with a recently developed ion-exchange technique with subsequent 
y-spectrometry (19) after neutron activation. 

For long periods the patient underwent studies of calcium and phosphorus 
balance. For shorter periods balance studies were also undertaken with respect to 
25 different trace elements. During the balance study the patient was kept on a 
constant daily menu that he had chosen himself. Feces and urine was collected 
during five day periods. Calcium and phosphorus (and, during certain periods, 
trace elements) were determined on aliquots of urine and homogenates of feces. 
The intake of calcium and phosphorus and trace elements was determined by 
analysis of homogenates of duplicates of each day’s meals. Al l  drugs given werc 
added to the model diet before homogenization. The balance data obtained were 
charted as  by Reifenstein et  al. (20). 

C A S E  R E P O R T  

On admission the patient was 26 years old. Up to early 1965 he had worked as a 
mechanic. The patient has two brothers and one sister, all healthy. The father has 
six healthy brothers and sisters, the mother has two healthy brothers and one 
brother who died from an unknown heart disease at the age of 25. 

The patient had developed normally as  a child and there is no history of rickets. 
The symptoms started a t  the age of 16. During 1956-59 there were slowly in- 

creasing skeletal pains in the ribs, lower back, the left knee and the right shoulder, 
but the patient was still able to participate in  football and other vigorous acti- 
vities. In 1959, a t  the age of 19, he called the local hospital and during that year 
several roentgenograms were taken which revealed fourteen Milkman fractures, 
some in  a state of healing, others showing no callus. In late 1959 the patient de- 
veloped pains in  the hip joints. X-rays showed fractures in  the pelvis ring and in 
both tibiae and fibulae. 

In 1959, hypophosphatemia and renal glucosuria were detected and the disorder 
was considered thereafter to  be a Fanconi syndrome. The same year, treatment 
with approximately 50.000 I.U. vitamin D daily was started and was maintained 
during the four years preceding the development in 1963 of gastric ulcer which led 
to a Billroth I1 gastrectomy. Thenceforth, the vitamin D therapy was omitted for 
unclear reasons. During the period between 1959 to  1963, there were no gross 
changes i n  body stature. His body height decreased only slightly during this period 
from 176 to 173 cm. There were constant skeletal pains, however, which were 
especially severe i n  the hip joints. X-ray revealed bilateral Milkman fractures of 
collum femoris. 

During 1964 the patient’s symptoms did not progress despite the lack of vitamin 
D therapy. 
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Figure 1. The patient on admission to the metabolic ward. 

In early 1965, however, the symptoms progressed rapidly and within two or 
three months the patient had developed a severe thoracic kyphosis and the sternum 
was fractured at  a 90" angle. Body height decreased from 173 to 159,5 cm, a 
dramatic change in three months (Figure 1). Severe pains as well as  muscular 
fatigue in the legs and hip joints bound him to the wheelchair. A compound tablet 
containing 4.800 I.U. vitamin D and 600 mg calcium daily was then prescribed but 
the patient had lost all confidence in  doctors and took the tablets only sporadically. 
He was severely depressed. 

The patient was admitted to the metabolic ward, Serafimer hospital, in  January 
1966 with the diagnosis of Fanconi syndrome. He was mentally depressed and 
severely crippled by marked thoracic kyphosis, pidgeon chest, generalized muscular 
weakness, and constant skeletal pain. The pains were alleviated by lying down. 
He could not walk unaided and had, for several months, required analgesics con- 
stantly. 

X-ray showed 36 fractures of the Milkman type of variable age, as illustrated 
i n  Figures 2 and 3. Serum phosphorus was extremely low, whereas serum calcium 
was normal. There was also renal glucosuria but no pathological aminoaciduria. 
As a result of these findings it was suggested that this was a case of hypophos- 
phatemic osteomalacia with glucosuria, thus being a hypophosphatemic osteo- 
malacis of type I1 by the Dent classification (7)  rather than a Fanconi syndrome. 
More detailed information on roentgenographic and laboratory findings is given 
under separate headings later in the text. 

.4fter routine examination the patient was subjected to metabolic balance stu- 
dies during 22 consecutive, 5-day balance periods, i.e. 110 days. During the first 
two control periods he was given the same dose of vitamin D, 4500 I.U., as  pre- 
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Figure 2. The roentgenogram to the l e f t  illustrates the cod-fish vertebra tupical 
for  advanced osteomalacia. Note the  collapse of T6, resulting in a gibbus o f  ap- 
proximatelu 909. The right figure shows the fracture of the sternum causing pid- 

geon chest. 

- 

Figure 3. Roentgenograms showing Milkman fractures in the scapulae and in the 
tibia and fibula before and after metabolic treatment o f  the osteomalaria. Af ter  

treatment the fractures are healed. 

scribed before admission. During the following periods increasing amounts of vita- 
min D,, calcium and phosphate were given. After five months the medication con- 
sisted of, 545.000 units of vitamin D,, 3 g calcium and 15 g sodium monophosphate. 

The patient first noticed a decrease in pain after about four weeks of effective 
treatment. After about two and a half months, the muscular weakness and pain 
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lie l i e d  marlcetl watltlling gait. After :I few ininiitcs of wallting p i n s  would tlcveloli 
in the hips and force him to rest. I n  late April, he was able to he 111) and about for 
several hours during the day ant1 experienced pains only in the afternoon. After a 
little more than five months of a combined regimen of phosphate, calcium, ant1 
vitamin D,, the patient was discharged from the metabolic ward for a ~ilanncd three 
months “summer vacation”. He was fully mobilized with no pain and scarcely any 
waddling gait. The patient was optimistic and his depression had vanished. The 
orthopedic treatment had been quite successful (see under orthopedic treatment), 
the patient’s body height having been increased from 159.5 to 165 cm. 

During the summer of 1966, the patient’s subjective well-being continued and 
the serum calcium and phosphorus values were normal. In the middle of August, 
however, there was a bout of hypercalcemia and the patient was therefore im- 
mediately admitted to the metabolic ward. The patient was in excellent condition 
physically (he was now able to run and to jump from 50 cm heights without 
pains) and his muscular strength was normal. The vitamin D, was omitted for 
about one month in order to restore normal calcium values. The patient again 
underwent metabolic balance studies for two and a half months and was dis- 
charged in  late November. Some adjustment of the medication (see under laboratory 
findings) was made subsequently and the patient is currently (August 1967) re- 
ceiving 105.000 units of vitamin D2 and 1 5 g  sodium monophosphate daily. He is 
fully rehabilitated and works as an electronic technician. 

F A  11 I L Y  S T U D  I E S 

No other case of rickets, osteomalacia or other metabolic bone disease is known in 
the patient’s family. Blood and urine specimens from both parents and all siblings 
(2 males and 1 female) were investigated for the presence of glycosuria and amino- 
aciduria and determinations were made of serum concentrations of calcium, phos- 
phorus, creatinine and alkaline phosphatase. A l l  these tests were found to be 
normal. 

E F F E C T  O F  T H E R A P Y  O N  C A L C I U b I  A N D  
P H 0 S P H O  R U S M E T  A B 0 L I S M 

A few days after admission in January 1966, the patient was put on 
a balance diet with an intake of exactly 1000 mg calcium and 1100 mg 
phosphorus. The vitamin D intake was 9,300 I.U., imitating the medica- 
tion he had taken at home. Only two &day control periods were studied 
due to the patient’s poor condition which required treatment. Both 
calcium and phosphorus balances were negative (see Figure 4) ini- 
tially, the calcium loss being 120 to 160 mg per day. The urinary cal- 
cium did not exceed 120 mg per day. The phosphorus balance was 
close to equilibrium and the urinary phosphorus approximately 700 mg 
per day, a rather normal value. 

During the following three balance periods, the vitamin D, dose was 

16’ 
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Figure 4. Balance studies of calcium and phosphorus in the  patient. In take  is 
plotted downwards f r o m  the  base line, ou tput  is  plotted f r o m  the bot tom of the 
in take  upwards. T h e  solid and the  open parts o f  t h e  columns represent urinary 
and fecal excretion, respectively. I n  the case o f  a positive balance all parts of the 
columns are below the base l ine but i f  the balance i s  negative a part o f  the  co- 
l umns  is above the  baseline.-The f igure  also shows the  alterations in treatment 
w i th  v i tamin  D,, oral phosphate, and calcium as well  as variations in  the serum 

calcium, phosphorus,  and alkaline phosphatase. 

increased to 120,000 units. That dose of vitamin D, obviously failed 
to change the phosphorus balance, and the calcium balance did not 
become positive. The patient reported no subjective improvement. 

During balance periods 6 and 7,  sodium monophosphate, 10 g per 
day (corresponding to about 2 g phosphorus), was given orally. The 
salt was given three times a day in fruit juice, and the patient found 
the taste of this mixture to be acceptable (he has taken it for more 
than a year now without serious objections). The pH of the divided 
salt doses in distilled water was 4.8. On the combination of 10 g sodium 
monophosphate and 120,000 units of vitamin D, the phosphorus bal- 



; \ I )  IT l,T NUN 1:A M I 1,I A I\ I1 Y I'O 1'1 10s 1'1 I A'L'I.: hl I A 245 

:itice twc:iriic sl iwtigly positivr, : t i i d  (luring one of Ilic iwo 5-d:iy pvriods 
on ltiis rcgilnc the calcium halnncc was posilivc. 

I)iiring the following six t)aluncr pcriotls Ihr lrc~aliiicnt w;is un- 
chungcd except for :in increase of lhe c:ilcium inlakc from 1000 to 
3300 rng per (lay (Calcium Sandoz, effcrvesccnt tablets). Thereafter, 
Ihe patient was in positive phosphorus and calcium balance. The uri- 
nary calcium never exceeded 200 mg per day on this medication, but 
the urinary phosphorus was very high, 2500 to 2900 mg. 

The serum phosphor'us was low despite of the positive calcium and 
phosphorus balances. The close of vitamin Dz was therefore increased 
from 120,000 to 370,000 units in balance periods 14 and 15 (April) 
while the phosphate and calcium intakes were unchanged. This nor- 
malized the serum phosphorus. The patient was then able to walk 
without support during short periods, and the skeletal pains had de- 
creased. The muscular weakness had improved. 

At the end of the third month (balance period 16) ,  the phosphate 
dose was increased to 15 g per day (corresponding to 3 g phosphorus) 
and with that dose serum phosphorus has been constantly normal. One 
month later (balance period 2, beginning of May), the dose of vitamin 
D, was further increased to 545,000 units a day. By now the patient 
was able to move around without crutches or support, although he 
had a typical waddling gait. After 15 minutes or so of walking, the 
patient developed pains in the hip joints and had to rest. At the end 
of May, hqwever, muscular strength was nearly normal (as was the 
electromyogram) and the patient was completely mobilized. There was 
still a slight waddling gait. The patient left the hospital in the begin- 
ning of June after almost six months in hospital. The patient was now 
in strongly positive calcium and phosphorus balance, retaining about 
1500 mg of calcium and about 1000 mg of phosphorus. The serum 
calcium and phosphorus were normal and the extremely large dose of 
D, (545,000 units) had not produced hypercalcuria. 

During two and a half months at home, the rather heavy medication 
was kept constant (545,000 units of vitamin D,, 3000 mg phosphorus, 
and 2280 mg calcium as tablets). Check-ups of serum calcium, phos- 
phorus and alkaline phosphatase and creatinine were made at  four 
week intervals and the urinary calcium was also determined. Physically 
the patient improved steadily. In the beginning of August, however, a 
high serum calcium value (5.7 mEq/l) was seen for the first time and 
the patient was therefore readmitted to the hospital. 

On admission in August 1966 the serum calcium was high, 5.7-6.0 
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Figure 5.  Serum and urinaru calcium during a period of slight vitamin D ,  
intoxication. 

mEq/l, and the urinary calcium was 294 mg, also a high value. The 
patient’s calcium and phosphorus balances were restudied for fifteen 
5-day periods. Despite the omission of both vitamin D, and calcium 
the urinary calcium was high for three balance periods (Figure 5 ) .  
The serum calcium became normal 1-2 weeks after omission of the 
vitamin (Figure 4). The calcium tablets and all vitamins were omitted 
for about one month and during this period calcium fell to 5.2-5.5 
mEq/l. After four weeks without vitamin D,, a dose of 109,000 units 
was instituted. For the ten following balance periods the calcium and 
phosphorus metabolism was acceptable as judged from the studies of 
balances and blood chemistry and thc patient was discharged for out- 
patient control. 

In December 1966 the phosphate intake was lowered to 10 &day due 
to €he possible interference by oral phosphate with iron absorption 
(see below). This was followed by a new bout of hypercalcemia (Figure 
4 ) .  After 10 days omission of D, and reinstitution of 15 g phosphate/ 
day, a lower dose of 45,000 units of D, was begun. 

E F F E C T  O F  T R E A T M E N T  O N  T R A C E E L E M E N T  
B A L A N C E S  

The balances for the following trace elements were determined be- 
fore (balance period 1) and during (period 22) treatment: As, Ba, Cd, 
Co, Cr, Cs, Cu, Fe, Hg, Rb, Sb, Se and Zn. Among the trace elements 
with known biological function (Figure 6) ,  Co showed a negative bal- 



Figure 6 .  Trace element balances before and during treatment w i th  oral phosphate 
and v i tamin D,  ( f o r  keg see legend to Figure 4 ) .  

ance before and a positive balance during treatment. The balances of 
Cu and Zn were somewhat more positive after treatment than before. 
On the other hand, the Fe-balance was negative before as well as after 
treatment. 

Among the balances of trace elements with suspected biological 
function the Cr, Rb, and Se balances were not changed in any definite 
way by treatment. The Ba-balance was very similar to the Ca-balance 
(Figures 4 and 6). The Cd-balance, like the Ba-balance, was negative 
before and positive after treatment. 

Some trace elements without known biological function were also 
determined. Among these elements the balances of As, Hg and Sb be- 
came positive during treatment while the Cs balance was unchanged by 
treatment. 
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On aclinission, thr hcnioglohiii roncenlralion was 13.2 g pcr 100 nil. 
Since Ihc S C ~ I I I I I  iron was normal (135 p g  per 100 ni l ) ,  litllc atlrntion 
was paid to the slight anemia. Before phosphate administration hcgan, 
thc henioglobin was only 11.0 g per cent and the serum iron was low, 
28 pg per 100 nil. A series of intravenous iron injections (Ferrigen, 5 
nil daily for 10 days) was given. This produced a reticulocytosis, and 
within one month the hemoglobin was 14.5 g per cent. The iron de- 
ficiency was then thought to be secondary to the gastrectomy. After 
six months of phosphate therapy, a significant anemia had developed, 
however, and the serum iron was again low, 25 pg per 100 ml. There 
were no traces of blood in the stools and no ulcer was visible on the 
roentgenograms. 

It was suggested that large doses of oral phosphate might interfere 
with the absorption of iron by causing formation of insoluble iron 
salts. In order to clarify this point, a separate study of iron absorption 
by means of the double isotope technique of Hallberg, Brise & Solve11 
(21) was undertaken. 

The patient was given sodium monophosphate, 15 g, every other 
day for a period of ten days. On each of the five days when phosphate 
was given, the patient took 3.4 pg of 55FeCI, orally and on the other 
five days when no phosphate was given, the same amount of 59FeCI, 
was given orally. The incorporation of the two isotopes into hemoglobin 
was studied 2, 9 and 19 days after the end of the 10-day period of iso- 
tope administration. Almost twice as much of 5gFe as of 55Fe was found 
in the erythrocytes (Figure 7 ) ,  suggesting that the sodium monophos- 
phate can interfere considerably with the absorption of iron. Accord- 
ingly the patient has been given a daily dose of 220 mg iron (Ferromyn 
S ,  6 tablets), and the hemoglobin concentration has remained normal 
on this therapy. 

E F F E C T  O F  T R E A T M E N T  ON S K E L E T A L  
M U S C L E  F U N C T I O N  

Muscular weakness was a very striking symptom on admission. The pa- 
tient was unable to stand without support for more than a few min- 
utes and could not walk unaided. When rising from a chair he 
“climbed” with his hands on his legs. He was unable to rise from the 
floor without supporting himself on a chair or some other piece of 
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furniture. Although the muscle weakness was generalized, it was ob- 
vious that the muscles of the shoulder and the pelvis were most severe- 
ly affected. There were, however, no contractures. 

A definite improvement in muscular strength was experienced by 
the patient after he had been in positive calcium and phosphorus bal- 
ances for about one month. After 6-9 months of treatment the mus- 
cular strength could be considered as normal. 

Elect\romyography was performed at three occasions, before treat- 
ment was startkd and after six and nine months of treatment. In the 
first recording, typical signs of myopathy were found. In the second 
there was an obvious improvement but still a slight overrepresentation 
of “thin” action potentials. The third recording, after 9 months of 
treatment, was considered to be normal. 

R E N A L  F U N C T I O N  

Before treatment was started, serum creatinine was 0.75 mg per 100 
ml and the glomerular filtration rate 140 ml/min (endogenous crea- 
tinine clearance). During the first 4 months of hospital treatment, the 
serum creatinine was checked every week and was lower in all instances 
than 0.9 mg per cent. At the peak of hypercalcemia in August the 



wiiic year, Iiowcvcr, (Figure 4)  thc serum crcatininc was 1.2 i n #  per 
100 1111 and the fillration rate 92 ml/min. In April of 1967 renal func- 
tion tests were as follows: serum creatinine 0.8 iiig per cent, endo- 
genous creatinine clearance 88 ml/min, inulin clearance 80 ml/niin. 

A L K A L I N E  P H O S P H A T E S  

On admission the alkaline phosphatase was 3.9 Bessey-Lowry units 
(upper limit of normal- = 2.5 units). It stayed only moderately elevated 
(6-10 units) until the calcium and phosphorus balances had been posi- 
tive for about three weeks, at which time it rose to 16.5 units but fell 
again to a level of around 10 units. After the dose of 545,000 units of 
vitamin D was instituted in May, the alkaline phosphatase reached its 
highest value of 25 units and remained high, around 20 units, for two 
months. When the hypercalcemia occurred in late August of 1966, the 
alkaline phosphatase had dropped to 6 units. Since then, the value has 
been only moderately increased, 5 to 10 units. 

R O E N T G E N O G R A P H I C  F I N D I N G S  

On admittance to the metabolic ward in January 1966, 35 Milkman 
fractures were present in the skeleton in most sites where such frac- 
tures have been described in osteomalacia (22 ) .  The collum femoris 
showed varus position bilaterally. The sternum was fractured at an 
angle of 90". There was a pronounced thoracic deformity with marked 
gibbus of go", pidgeon chest, and cod-fish vertebrae. There was also 
general and severe demineralization of the bone. 

The first roentgenographic evidence of osteomalacia, such as patchy 
rarification of bones and Milkman fractures, were observed in 1959 
after a six month history of low back pain. The roentgenological find- 
ings are summarized in Table 1. 

After five months of treatment with vitamin D,, calchm, and phos- 
phate, there was generally increased callus formation in the fractures, 
and after seven months all of the Milkman fractures had healed com- 
pletely. The low mineralization of the skeleton was still rather evident 
at this time, however. 

M I C R 0 R A D I 0  G R A P H Y 0 F T H E  B 0 N E T I S S U E 

Biopsy of the bone was taken twice, before effective therapy was started 
in January 1966, and after about half a year of treatment, in October 
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1959 
Body height 176 rm 

1960 
Body height 175 cm 

1963 
Body height 173 cm 

1965 
Body height 163 cm 

1966 
Body height 159.5 cm 

Body height 165 cm 

Table 1. 

Fcbr.:  Fractures of transversc processes of I,,, JA3, and I.,. 
with moderate callus formation. Fracture of the right 9th 
rib. Rarefications in the 9th, loth, and 11th ribs on right 
side. Normal X-ray of thc pelvis, hip joints, and upper parts 
of femors. 
Nou.: Additional destruction in the right 8th rib and the 8th 
and 9th ribs on the left side. 
Dec.: Generalized demineralization of the skeleton. “Old” 
fractures bilaterally in  the upper parts of the tibiae and fi- 
bulae and in the fifth right metatarsal, all of them showing 
callus formation. 

March: Fracture without dislocation in  the sacrum at  the 
S, level. Now also fractures in the right superior and in- 
ferior rami of the pelvis, no dislocation. 

Febr., March: Demineralization of the skeleton, more pro- 
nounced than in March 1960. Compression of the thoracic 
vertebrae, which now have a wedge-like appearance. The 
fractures in the pelvic ring are healed relative to  March 1960. 
Fracture of the right femoral neck with slight varus dis- 
location, visible callus. The old fractures in the tibiae and 
fibulae are still visible, but largely healed. 
May: Additional fracture of the right 6th rib. 

Jan.: Marked deformity of the thorax with pidgeon chest. 
The left lateral portion of the rib cage is  pressed medially. 
The thoracic kyphosis has increased to almost SO”, and there 
is a fracture of the sternum with an angulation of 90”. The 
fracture of the right femoral neck is still visible as in 1963, 
but the varus dislocation is more pronounced. There is now 
an almost identical type of fracture in the left femoral neck 
with a similar dislocation. Fracture with callus of the right 
tibia 10 cm below the knee joint. The “old” fractures in  the 
tibiae and fibulae from 1959 are still visible. 

Febr.: The whole skeleton is reexamined, and compared with 
Jan. 1965. None of the fractures are healed. Recent multiple 
fractures in both scapulae. Extensive demineralization of the 
whole skeleton. 

Sepf.: Continued low mineralization of the skeleton. All frac- 
tures are healed. 

1966. The specimens were taken from the lateral part of the iliac crest. 
Thus, the material studied was composed mainly of cancellous bone. 
At the first biopsy the bone was very soft and elastic, and was felt by 
the palpating finger as a piece of rubber. The bone specimen could be 
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Figure 8 .  Microradiographu o f  the bone tissue before ( l e f t  f igure)  and af ter  (right 
figure) treatment w i th  phospate, vitamin D,  and calcium. 

For explanation see the text.  

cut out with scissors. At the time of the second biopsy the bone had 
normal hardness and appearance. The specimens were ground to a 
thickness of 40 microns and microradiographs were made in order 
to study the distribution of mineral salts. 

The left part of Figure 8 shows the microradiographic appearance of 
the iliac bone before treatment. The most striking feature is the dis- 
organization of the trabecular system, which is thin and irregular and 
lacks the normal lamellar structure. The trabeculae are separated by 
wide nonmineralized regions, but no distinct resorption cavities can be 
seen. The trabeculae also show marked homogeneity in the distribution 
of mineral salt, the osteons being very few and with small variations 
in mincralization. Thus, the microradiographic pattern before treat- 
ment is mainly that of pronounced inactivity of the remodelling of the 
bone. 

Figure 8, right part, is a microradiogram of the iliac bone tissue 
after treatment. The trabeculae are now course and tightly packed and 
show a typical lamellar structure with a wide variation of the calcium 
content in different areas. The amount of osteons is greatly increased 
as compared with before therapy. Centrally in the trabeculae the degree 
of mineralization is very high. These areas have a homogenous struc- 
ture and distribution of bone salt, analogous to  the only calcified struc- 
tures that were to be seen before treatment. Thus, the microradio- 
graphic picture shows a very varied distribution of the calcification 
indicating both absorption and new deposition of bone-salts in the dif- 
ferent structures. The pattern after treatment is similar to that of the 
callus in fractures (28) or bone-grafts (29). 

. 
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Figure 9. The effect o f  orthopedic and metabolic 
treatment on body stature of  the patient.  Le f t  f i -  
gure: on admission, before effective treatment. 
Right f igure:  a f t e r  3% months o f  therapy includ- 
ing 12 traction treatments. 

0 R T  H 0 P E D I C T R E  A Thl E N T 

A tragical sequel of the long-standing osteomalacia was the severe 
thoracic deformation with the pidgeon chest and marked kyphosis 
(Figure 9 ) .  Between 1959 and 1966 the body height had decreased from 
176 to 159.5 cni. Orthopedic treatment of this deformity seemed worth 
trying and was performed as described in the following. The treatment 
was undertaken early in the vitamin D, and phosphate therapy (Febr.- 
May-66), i.e. while the sltcleton still was in the osteomalacic state. 

Twelve succcssive traction treatments and plaster fixations were 
madc. Traction of the spine was applied with the patient standing and 
a suspension sling around his head. After each extension treatment a 
plaster brace was used to fix the t runk in the resulting position. In  the 
beginning, the procedure had to be performed with considerable haste 
due to the patient’s poor condition and miiscular weakncss. For the 
same reason, measures were taken lo make the plaster brace as  light 
as possihle. Later in the  course of treatment there were no such diffi- 
cul lies. 

Thc therapy resulted in a n  increase in body height from 159.5 to 
165 cni and in some correction of the thoracic kyphosis (Figure 9 ) .  The 
anterior part of the thoracic deformity, the pidgeon chest, was never- 
theless only very slightly improwd. The possibility of surgical correc- 
tion of the sternal deformity was discusscd with the thoracic surgeons. 



The possible gains from such an operation were considered small rda- 
tive to the risk of impairment of respiratory function. 

The loss of body height could not be attributed to the thoracic de- 
formity alone.The fractures of the femoral necks, resulting in a marked 
varus position in both hip joints, caused shortening of the legs which 
could be estimated as 3 to 5 cm. The varus deformity also constitutes 
a risk of future osteoarthritis of the hip joints. Although this possibility 
could be considered an indication for corrective osteotomy of the fe- 
moral necks, the procedure has not been done thus far. Furthermore, 
it was considered unwise to immobilize the patient for another pro- 
longed period by such operations and thus again delay his rehabilita- 
tion. It is possible, however, that orthopedic surgery will have to be 
performed at some time in the future if signs of arthrosis should ap- 
pear in the hip joints. 

D I S C U S S I O N  

The characteristic features of the present case, osteomalacia, hypo- 
phosphatemia, renal glucosuria in the absence of aminociduria, and 
other tubular reabsorption defects fit well with the diagnosis of hypo- 
phosphatemic osteomalacia of Type 11, according to Derzf's ( 7 )  classi- 
fication with the important exception of the absence of a positive family 
history. This particular disturbancy in renal tubular reabsorption must 
be extremely rare. A survey of the pertinent literature has thus far re- 
vealed only six cases (4, 7, 12), comparable with the actual case. In 
at least one of these cases, no family history of metabolic bone disease 
was found. Furthermore the type 11 tubular defect has occurred only 
in adults, in contrast with the more common type I defect which obvi- 
ously is far more common in children than in adults. 

The present case was complicated by a bleeding ulcer that necessi- 
tated gastric resection four years after the onset of symptoms of meta- 
bolic bone disease. It is quite clear from the hospital records that the 
disease progressed rapidly after the gastric resection. Two main fac- 
tors seem to have contributed to this, namely the lowering of the vita- 
min D, dose (for unknown reasons) from 50,000 to 5,000 units/day 
and the patient's dislike for dairy products which seems to have de- 
creased his postoperative calcium intake to about 500 mg/day. The 
gastrectomy did not seem to cause any significant malabsorption since 
the daily fecal fat excretion was found to be within normal limits. 

Compared to most reported cases of osteomalacia, the generalized 
skeletal destruction observed in this case, including a very rapid thor- 
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:rcic tlcforiiialion in Lhr coitrs(’ of  l1i1.c~: nioiiths, w:ts rcn~:~rk:iI~lc. Ncvcr- 
Ihclcss, thc rcsulls of conihincd therapy with vitamin D2, oral phosplialc 
ancl calciiiin, and orlhopcdic trcatnicnL was vcry gralifying and rc- 
sultcd in a total rehabililation of the paticnt in lrss than onc ycar. 

Most caws of ~ ~ y j ~ o y h o s p h a l e ~ ~ i ~ c  ostromalacia haw,  until now, bccn 
successfully treated with large doses of vitamin D and frequently with 
calcium supplements. In many cases this can bring about not only 
healing of fractures, but also normalization of serum phosphorus (23, 
24) .  In this case 109,000 units of D2 did not normalize the scr im phos- 
phorus. In view of the risks of vitamin D intoxication by higher doses 
as well as the protective effect of oral phosphate against hypercalcemia 
of all etiologies (13) ,  it was decided to give oral phosphate in large 
amounts. Further support for the use of phosphate therapy was ob- 
tained from the papers by Frame et al. (9 ,  10) and Rose (12) .  

The course of the combined D, and phosphate treatment was fairly 
uncomplicated in spite of the fact that more than 500,000 units of vita- 
min D, were given for several months. Exceptions were two bouts of 
moderate hypercalcemia, one after 7 months of treatment with very 
Iarge doses of vitamin D, (Aug., Figure 4)  and the second during the 
administration of a moderate vitamin dose in connection with an at- 
tempt to lower the phosphate dose (Dec., Figure 4) .  The second episode 
of hypercalcemia offers some support for the abovementioned hypo- 
thesis that phosphate is of value in minimizing the risk of vitamin D- 
induced hypercalcemia. The question can be raised of whether, in this 
case, phosphate treatment alone could have produced the same good 
result, healing of fractures and rehabilitation of the patient, without 
the risk of vitamin D intoxication. In fact, two cases of the adult Fan- 
coni syndrome ?re described where this has been tried, evidently, with 
good results (11 ) .  This type of therapy has been reported to be of little 
value in children with vitamin D-resistant rickets, however (25). The 
mentioned therapy was not systematically investigated in the present 
study. 

In spite of the fact that only two short periods of moderate hyper- 
calcemia occurred during the treatment, a slight impairment of glome- 
rular filtration was induced by the therapy. A plausible explanation 
for this undesirable effect is the well-known vitamin D intoxication. 
It cannot be ruled out, however, that the phosphate treatment per se  
carries the risk of inducing renal injury. Some authors (5) have, in 
fact, reported unfavourable results with phosphate administration in 
renal tubular osteomalacia and they claim that it may cause renal in- 
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jury. The documentation for this is scarce, however. Of considerable 
interest in this connection is the recently published experimental study 
by Herbert e t  al. (26) indicating that the mechanism for the calcium- 
lowering effect of phosphate seems to be a decreased solubility of cal- 
cium in the body fluids. 

The alkaline phosphatase was checked frequently during treatment. 
Starting from a slightly elevated level, the value increased markedly 
during the first four months of treatment and was roughly correlated 
with the calcium retention as judged from the balances, possibly re- 
flecting increased osteoblastic activity. So far, (August 1967), after 
more than one year of treatment, the alkaline phosphatase has not 
been normalized. The most probable explanation for this is that full 
mineralization of the bone has not yet been achieved in spite of the 
complete clinical recovery. 

On admission, the patient had a pronounced and generalized mus- 
cular weakness, and EMG recordings showed signs of myopathy. The 
symptoms disappeared completely on treatment and the EMG also be- 
came normal. Generalized myopathy of this degree is uncommon in 
osteomalacia a1 though a slighter degree of muscular involvement caus- 
ing the well-known waddling gait has often been reported in this group 
of diseases. The myopathy is difficult to explain as being caused by 
immobilization and skeletal pains alone. The mechanism for the devel- 
opment of the myopathy in osteomalacia is, however, unknown as is 
the often remarkable and rapid improvement seen with adequate treat- 
ment. 

The microradiographic pattern of the bone tissue was interpreted 
as showing marked inactivity of the remodelling of bone before treat- 
ment. After treatment the bone tissue showed pronounced increase both 
of absorption and new deposition of bone salts. This view differs from 
the one of Engfeldt et al. (1956, 30) ,  who in their cases of vitamin D 
resistant rickets came to the conclusion that there was “intense ab- 
sorption and new deposition of mineral salts in both untreated and 
treated patients”. Maybe the difference can be explained by the fact 
that their patients were young children from 3 to 6 years of age, our 
patient a grown-up person. 

Iron balance studies performed before and during treatment showed 
that the iron balance was negative in both conditions. By means of a 
double isotope technique, data was obtained suggesting that oral phos- 
phate in the dose used (15 g/day) might cause significant reduction in 
iron absorption from the intestine. It is possible that insoluble iron 



s:ills :ire forriictl tl iat :ire :itisort)ctl poorly. ’I’his pliciioriiciioii might be 
overcoIiie by an :idcqii:iLc sii~~plciiic~iil:itioii o f  iroii :is W:IS clone in the 
present c:isc. 

’l’hc trace eleiiienl stiitlics pcrforiiictl showed t l iut  Lhc paticnt had 
negative balance of iiiariy trace cleincnts before Lrc:itmcnt, e.g.  As,  Ba, 
Cd, Co, Hg and Sb. The clinical significance of these findings must, 
however, await a more coniylete understanding of the physiological and 
inetabolic role of these clcnients. Only recently have methods been 
made available which p’ermit a systematic study of the full balances of 
various trace elements in selected cases of metabolic disorders (27, 
28) .  

Orthopedic trcatriicnt has lhus far been limited to extension and 
plaster fixation in a partly successful attempt to correct the thoracic 
deformity and improve the posture of the patient. Other types of cor- 
rection which could be indicated have been postponed thus far.-On 
the basis of the experience acquired from the present case, the follow- 
ing statement seems justified. The orthopedic treatment of severe cases 
of osteomalacia with skeletal deformities of physiological or cosmetic 
significance should be carefully planned and synchronized with the 
metabolic treatment of the patient. This is necessitated by the fact that 
some of the orthopedic procedures ( e . g .  extension treatment) should be 
performed while the skeleton of the patient is in the soft and malleable 
osteomalacic state. It might even be desirable, in certain cases, to with- 
hold treatment until maximal effect of the orthopedic procedures have 
been obtained. Other methods for orthopedic corrections, e.g.  correc- 
tive osteotomies, should not be used until full metabolic control of the 
mineralization process and a partial or complete remineralization have 
been achieved in order to facilitate fixation and healing of the osteoto- 
mies. 

For similar reasons, the physical rehabilitation by systematic train- 
ing must be synchronized with the metabolic treatment of the patient. 

S U M M A R Y  

A case of very severe hypophosphatemic nonhereditary osteomalacia 
with renal glucosuria complicated by gastric resection is described in 
a 27-year old man. The first symptoms appeared at the age of 18. At 
26 the patient was severely crippled after the loss of 16.5 cm in body 
height, the development of a thoracic deformity, and a marked prox- 
imal myopathy. After one year of treatment with high doses of vitamin 
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I1 cst dCcrit un cas trbs grave d’osteonialacie hypophosphatkmique non- 
hCrCditaire, avec glucosurie rknale, compliquke de resection gastriquc 
chez un jeune homme de 27 ans. Les premiers symptbmes se sont mani- 
fest& h ]’Age de 18 ans. A 26 ans, le malade Ctait gravemcnt invalide 
aprbs une perte de hauteur du corps de 16,5 cm, le dkveloppement 
d’une deformit6 thoracique et une myopathie proximale marquke. 
Aprbs un an de traitement avec de fortes de vitamines D,, de phosphate 
et de calcium, il Ctait entibrenient remis. Au moyen d’un traitement par 
extension orthopkdique pratiquCe durant I’ktat ostkomalacique, une 
certaine correction de la deformit6 thoracique a Ctk obtenue avec une 
rCcup6ration de 5,5 cm de la hauteur du corps. Les mktabolismes du 
calcium, du phosphore et d’un nomhre d’autres elkments ont Ctk C t u -  
dies avant et pendant le traitement et sont discutCs. L’expCrience ac- 
quise de ce cas soutient le point de vue que le phosphate oral a une 
place dans le traitement de l’ostkomalacie hypophosphatbmiquc. 

Z I: S A XI hI 13 N F A S S IT X C  

Ein Fall von schwerer hypophosphstamischer, nichterblicher Osteo- 
malazie mit einer renalen Glykosurie, kompliziert mit Ventrikelresek- 
Lion bei einem 27 jahrigen Mann, wird beschriehen. Die ersten Symp- 
tome erschienen im Alter von 18 Jahren. Mit 26 Jahren war der Patient 
nach dem Verlust von 16,5 cm an Korperhohe, der Entwicklung einer 
thorakalen Deformitet und einer ausgesprochenen, proxinialen Myo- 
pathie schwer invalidisiert. Nach einer einjahrigen Behandlung mit 
hohen Dosen von Vitamin D,, Phosphat und Calcium war er vollstandig 
wiederhergestellt. Mittels orthopedischer Streckung, die wahrend des 
osteomalazischen Zustandes ausgefiihrt wurde, konnte eine gewisse 
Korrektur der Thoraxdeformitet erhalten und eine Zunahme der Kiir- 
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pcrhiihc iiiii  5,s ciii gewoiiiicii wcrtlrn. I)ir Wcrtc I’iir Calciuni, I’hophor 
untl cincr Aiizahl v o n  Spurclciiicnlc~n wiirtleii vor untl wlhrcnd tler 
Hehandlung untcrsucht iind wcrdrn bcsprochcn. I)ie ISrfahrung aus 
diesern Falle unterstiitz die Ansicht, class orale I’hosphatbehandlung 
einen Platz in der Behandlung von hypophosphatlinischer Osteornlazie 
hat. 
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