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In a group of hospital patients with various diseases, the urinary hydroxy
proline-to-creatinine ratio showed a significant correlation (r = 0.63; p <
0.001) with the 5-hr bone-to-soft-tissue ratio for Â°9â€•Tc-pyrophosphate up
take. In patients on chronic hemodialysis, a similar correlation was found
between the 5-hr bone-to-soft-tissue ratio and hydroxyproline levels in
plasma and serum. The findings suggest that 99â€•Tc-pyrophosphate binding
by bone is related to collagen metabolism.
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The usefulness of bone imaging with Â°Â°â€œTc-pyro
phosphate (99@'Tc-PP1) for the recognition of meta
bolic bone disease is well known ( 1) . Increased bone
uptake, measured by the 5-hr bone-to-soft-tissue
ratio (B/ST) , was observed in osteomalacia, hyper
parathyroidism, Paget's disease, and in patients on
chronic hemodialysis. Further investigation suggested
that @ftmTc@PP1has an affinity for immature collagen
(2) . Changes in collagen metabolism are commonly
associated with alterations in the urinary excretion
of hydroxyproline in a variety of diseases. Since
hydroxyproline occurs almost exclusively in collagen,
its excretion can be used as a marker for collagen
breakdown or turnover (3). We have found a sig
nificant correlation between urinary hydroxyproline
excretion and â€œÂ°@â€˜Tc-PP1B/ST ratios in a group of
hospital patients and between the B/ST ratio and
blood hydroxyproline levels in a subgroup of pa
tients on chronic hemodialysis.

MATERIALS AND METHODS

Patients in various general medical wards were
asked to participate voluntarily in the study. Patients
with a clinical diagnosis of neoplastic involvement of
bone, inflammatory arthritis, moderate or advanced
osteoarthritis, or a previously fractured femur were
excluded. A hydroxyproline-free diet was given for
3 days before and during the urine collection period.
This diet was free of any meat products and con
sisted of carbohydrate and lacto-ovovegetarian food.

Forty-nine patients ( 60% ) were able to perse
vere with this dietary regimen. The urine was col
lected for 24 hr, with 25 ml of 6 N HC1 added as a
preservative. Aliquots were stored at â€”4Â°C.Sped
mens with less than 0.8 gm of creatinine per day
were excluded. Twenty-five double and 15 single
24-hr urine specimens were satisfactory and were
used for statistical comparison.

Five hours after intravenous injection of 9OmTc_
PPi, the distal epiphysealâ€”metaphyseal regions of
both femurs were counted using a scintillation cam
era and data processor as previously described (1 ).
The same procedure was used to obtain soft-tissue
counts over the thighs. The 5-hr B/ST ratio was
calculated for each limb and the average of the two
values was used in the final analysis. Two cases with
a large difference ( > 30% ) were excluded because
of the possibility that a unilateral lesion had given
high counts on one side. In three patients technical
difficulties with the scan were reported, and the ra
tios could not be calculated. Eight patients were dis
charged before a scan could be obtained.

Eighteen plasma and I 2 serum samples were ob
tamed from 21 patients on hemodialysis. The free
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and peptide-bound hydroxyproline levels in the sam
pies were correlated with the B/ST ratio. Hydroxy
proline in the urine was determined as total imino
acid using double volumes for reagents and substrates
(4,5). Both the 24-hr excretion of hydroxyproline
and the ratio of hydroxyproline (mg) to creatinine
(gm) were used for statistical evaluation. Plasma
or serum hydroxyproline was measured, as described
previously (6) , after preliminary chromatography.
Biochemical and clinical data were obtained from
the patient's hospital record.

Sixty-nine patients, ranging in age from 20 to 83
years, were included in this study. Twenty-one pa
tients were on chronic hemodialysis, and all of these
had radionuclide studies and blood hydroxypro
line determinations. Urinary hydroxyproline excre
tion and the 5-hr B/ST ratio were determined in the
remaining 48 hospital patients. Of these, 35 had ra
dionuclide studies and 40 had a satisfactory urine
determination. Concurrent determinations in 27 pa
tients were used to explore the correlation between
B/ST ratios and urinary hydroxyproline levels. All
patients were divided according to their clinical diag
nosis:

Group I (control) : No clinical evidence of
bone disease or change in hydroxyproline
excretion expected (n = 6).

Group 2 : Osteoporosis (n = 7).
Group 3 : Primary hyperparathyroidism (n =

6).
Group 4: Chronic renal failure (n = 8) and

chronic hemodialysis (n = 21).
Group 5 : Endocrine, collagen, and miscellane

ous disorders (n = 21).

RESULTS

Satisfactory 24-hr urine specimens were obtained
from 40 patients. Hydroxyproline concentrations
ranged over 1.3â€”7mg% and showed a weak posi
tive correlation with the 24-hr urinary excretion of
creatinine (r = 0.4, p < 0.025 ). Urine collections
On consecutive days showed no significant differ

ences. Twenty-seven patients ( 15 women and 12
men) also had a satisfactory radionuclide bone study.
Neither the 5-hr B/ST ratio nor the hydroxyproline
to-creatinine ratio showed significant (p < 0.05)
correlation with age, sex, or blood levels of urea
nitrogen, calcium and phosphate, alkaline phospha
tase, or its heat-stable fraction. The B/ST ratio and
urinary hydroxyproline-to-creatinine ratio showed a
significant correlation (r = 0.63, p < 0.001). The
relationship is shown in Fig. 1. A similar relation
ship was obtained between the 5-hr B/ST ratio and
total 24-hr urinary excretion of hydroxyproline (r =
0.67, p < 0.001).
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The mean plasma and serum hydroxyproline levels
in the patients on hemodialysis were 7.5 Â± 1.0
ng/ml and 6.2 Â±0.06 ng/ml, respectively. Signifi
cant correlations were found between the B/ST ratio
and plasma hydroxyproline level (r = 0.61 , p <
0.005 ) and between the B/ST ratio and the serum
level (r = 0.55, p < 0.005 ) . The findings are
shown in Fig. 2. Table 1 shows the mean values for
the 5-hr B/ST and hydroxyproline-to-creatinine ra
tios in the various clinical groups. The hydroxypro
line-to-creatinine ratios found in Group 1 (controls)
were comparable to published normal values (7,8).
Significant elevation was observed in the patients
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FIG. 1. Relationshipbetween@mTc-pyrophosphatebone-to-soft
tissue ratio at 5 hr and urinary hydroxyproline-to-creatinine ratio.
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FIG.2. Relationshipbetween@mTc-pyrophosphatebone-to-soft
tissueratio and plasma and serum hydroxyproline concentrotionsin
patients on chronic hemodialysis.
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with chronic renal failure. The 5-hr B/ST ratio was
significantly elevated in hyperparathyroidism and in
chronic renal failure compared to Group 1 and pub
lished normal values (1).

Results in the miscellaneous group were variable.
Significant increases, greater than two standard de
viations in the 5-hr B/ST ratio and hydroxyproline
to-creatinine ratio, were found in cases of polychon
dritis (n = 2 ) , scleroderma (n = 2 ) , systemic lupus
erythematosus, nephrotic syndrome, chronic pyelo
nephritis, and alcoholic malnutrition. The 5-hr B/ST
ratio appeared to give better separation between nor
mal and abnormal patients than the hydroxyproline
to-creatinine ratio.

DISCUSSION

A variety of neoplastic, metabolic, endocrine, and
bone diseases and disorders of growth are character
ized by changes in hydroxyproline excretion in urine,
thus indicating changes in collagen metabolism. For
example, patients with hyperparathyroidism, Paget's
disease, rickets, osteomalacia, and renal osteodys
trophy all show increased excretion, reflecting col
lagen turnover and the presence of increased amounts
of immature collagen (3,9,10). Urinary hydroxy
proline provides an indirect method of assessing
collagen breakdown or turnover. Derived from both
soluble and mature collagen pools, the hydroxypro
line in urine represents less than 10% of the total
hydroxyproline formed by catabolism in the body.
Diet and indeterminate variations in the rate of syn
thesis, degradation, and conversion of soluble to
insoluble collagen affect the daily excretion of hy
droxyproline.

We have shown previously that 99mTc@PP1binds
not only to mineral, but also to collagen. Increased
binding was found with partial dissolution of the
collagen molecule (2 ) . Since immature collagen is

characterized by fewer inter- and intramolecular
cross-linkages than mature collagen, the former pro
vides a greater number of potential binding sites.
This should lead to increased affinity for o9mTd@PP1
and would explain the increased bone uptake@In ani
mals and humans. .

In an effort to study further the high oomTc@PP1
bone uptake in certain disease states, we examined
the relationship between urinary hydroxyproline and
DnmTcpp1 bone deposition in a relatively unselected

hospital population. Since the 24-hr urinary hydroxy
proline level represents a highly variable fraction of
the total collagen turnover, one should not expect
a perfect relationship between the two variables.
Blood hydroxyproline levels are subject to similar
variation, particularly since the contributions from
the various collagen pools are unknown. Further
variability may result from diurnal changes not con
sidered in this study (1 1) . However, our results do
show a significant relationship between urinary hy
droxyproline and oomTc@PP1uptake in bone, and also
between blood hydroxyproline and the bone uptake.

One explanation in keeping with the usual under
standing of O9mTc.pp1 kinetics is that, under condi
tions of increased breakdown of organic bone matrix
and raised hydroxyproline levels, osteoblastic activ
ityincreases.TheOOrnTc@PP1wouldthenbe adsorbed
onto growing bone crystals. This would explain those
cases of renal osteodystrophy with predominant os
teitis fibrosa where increases of immune-reactive
parathyroid hormone activity correlate positively
with bone resorption and formation. However, the
changes of osteomalacia lack a correlation between
active bone-formation surface and osteoid surface
and appear to be independent of osteoblastic activity
(12) . Defective mineralization and defects in crystal
growth would require an alternative explanation for
the high bone uptake in those patients with osteo
malacia.

The 5-hr B/ST ratio was high in all patients on
chronic hemodialysis. This increase in oomTc_PP1 up
take could be explained by the presence of hyper
parathyroidism or osteomalacia with a disturbance
of collagen metabolism. However, the 5-hr B/ST
ratio was not increased in most of the patients with
hyperparathyroidism and, furthermore, the ratio does
not change after parathyroidectomy (unpublished
data) . In both osteomalacia and renal osteodystro
phy, increased amounts of immature collagen are
present, accompanied by increased excretion of hy
droxyproline (3,10). In addition, OOmTc..pP1shows
increased affinity for immature collagen (2) . There
fore, the correlation between the hydroxyproline-to
creatinine and 5-hr B/ST ratios is consistent with
the view that n9mTc.pP1uptake by bone is predomi

TABLE 1. 5-HR 09@'Tc..pP1BONE-TO-SOFT-TISSUE
AND URINARY HYDROXYPROLINE-TO

CREATININE RATIOS IN VARIOUS
CLINICAL GROUPS (mean Â± s.c.)

1. Control
2. Osteoporosis
3. Hyperpara.

thyroidism
4. Chronic

3.56 Â±0.2 (n 6)
3.34 Â± 0.3 (n 6)

40.8 Â± 5.3 (n 6)
41.7Â± 3.9 (n=6)

5.35Â± 1.1'(n4) 51.8Â±18.7 (n4)

renal
failure

* p < 0.005, relative to control.
t p < 0.001, relativeto control.

6.99Â±O.6t(n26) 75.9Â± 3.lf(n4)
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nantly related to collagen metabolism. Compared
with the urinary hydroxyproline level, 9omTc@PP1
bone uptake appears to provide an equally useful
marker of collagen metabolism.

So far, the exact binding site of the fbmTc_PP1
complex remains to be determined. If preferential
binding to immature collagen were to be confirmed,
the uptake would provide a simple, sensitive, and
reliable method of assessing the presence of imma
ture collagen. The observed correlation between hy
droxyproline and 99mTc@PP1B/ST ratio might then
be explained by the extent to which they both denote
the presence of immature collagen.
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INTERNATIONALSYMPOSIUMON COMPUTER-ASSISTEDTOMOGRAPHY

An international symposium on â€œComputer-AssistedTomography in Nontumoral Diseases of the Brain,
Spinal Cord, and Eye,â€•sponsored by the National Institute of Neurological and Communicative Disorders
and Stroke, is announced. The meeting will be held at the Clinical Center on the campus of the National In
stitutes of Health, Bethesda, Maryland, on October 12â€”15,1976, under the chairmanship of Giovanni Di
Chiro, M.D.

The topics will include the physics, technologies (various devices and modalities), and the clinical (mor.
phologic and functional)aspectsof transmissionand emissioncomputer-assistedtomography of the brain,
spinal cord, and eye, with emphasis on nontumoral diseases.

Investigators are invited to submit detailed and documented abstracts (with data and illustrations). In
clusionin the programwill be establishedsolelyon scientificcriteria.Thedeadlinefor submissionof abstracts
is August 1, 1976.

Scientific and technical exhibits are planned.

For further information, please contact:

Giovanni Di Chirio, M.D.
National Institutesof Health
Section on Neuroradiology
Clinical Center
Room 2D13
Bethesda,Md. 20014




