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INT RO DUCT IO N

The development of metabolic bone disease that

followed after gastrectomy has been reported many

years ago, but the incidence of bone metabolis m

changes after gastrectomy has tended to have quite

different results according to authors 1- 8 ) . Furthermore, the

mechanisms of these metabolic changes were not

apparent. Either a vitamin D or a calcium deficiency or,

perhaps, even both together, contributes to reduced

bone mass9 ) .

In the past, although numerous measurements have been

used for quantitative methods of bone mass and biochemical

markers of bone metabolism in patients with gastrectomy,

great divergences were reported in the incidences and

results of postgastrectomy bone disease 2 - 8 , 13 , 14 ).

Therefore, we tried to determine what appropriate
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O bje c t iv e s : A b n o rm a lit ie s o f b o ne m e ta b o lis m c o u ld b e f o llo w e d in g as t re cto m ize d
p at ie nt s as a late c o m p licat io n . N o w a d ay s , m a ny b io c he m ic a l a n d ra d io lo g ic
m e as u re m e nts a re a p p lie d to d e te ct t he s e a b no rm a lit ie s . T he a im o f o u r s t u dy is to
d e te rm ine t h e v a lua b le p a ra m e te r as a n a p p ro p ria te s c re e n ing te s t d u ring lo ng -te rm
f o llo w - up p e rio d s a nd d e f ine t he us e f u lne s s o f ne w b io c he m ic a l m a rke rs f o r b o n e
m e ta b o lis m by co m p a ring w it h t ra d it io n a l m a rke rs .

M e t h o d s : Fif t e e n p at ie nt s w h o ha d u nd e rg o ne p a rt ia l g as t re co m y w e re c ho s e n
ra nd o m ly a nd f if t e e n h e a lt hy co nt ro ls w e re c o m p a re d . T he n , s e v e ra l b io c he m ic a l a nd
rad io lo g ic te s t s w e re m e a s u re d . W e e x c lu d e d s u bje ct s w h o p ro v e d to hav e o t he r
c a u s e s o f b o ne m e ta b o lis m a b no rm a lit ie s . T e n p at ie nt s a nd 10 c o nt ro ls w e re f ina lly
s e le cte d .

Re s u lt s : Co m p a ring t he d ata w it h t h o s e o f a c o rre s p o nd ing c o nt ro l g ro u p , t he
lu m b a r b o n e d e ns ity m e a s u re d by q u a nt itat iv e c o m p ute d to m o g ra p hy (QCT ) w a s
s tat is t ic a lly s ig n if ic a nt ly lo w e r in t h e p at ie nt g ro u p (p <0 .0 1) . T he u rina ry
d e o x y py rid ino line , a b io c he m ic a l m a rke r f o r b o ne re s o rp t io n , w a s s ta t is t ic a lly h ig he r
in t h e p at ie nt g ro up (p <0 .0 2 5) . Os te o c a lc in , Pro c o llag e n I C-te rm ina l p e p t id e ( PICP)
a nd Ty p e I c o llag e n C-te rm ina l t e lo p e p t id e ( ICT P) w e re s lig ht ly b ut no t s ig n if ica nt ly
h ig he r in t he p at ie nt g ro up . T he s e ru m p a rat hy ro id h o rm o n e ( PT H) a nd 2 5 - hy d ro x y
v ita m in D le v e ls w e re s im ila r in b o t h g ro up s .

Co nc lu s io n : W e c o s ug g e s t t hat u rina ry d e o x y py rid ino line a nd QCT a re ap p ro p riate
p a ra m e te rs as s c re e n ing te s t s f o r t he d e te ct io n o f b o n e m e ta b o lis m a b no rm a lit ie s in
g a s t re cto m is e d p at ie nt s d u ring lo ng -te rm f o llo w - u p . U rina ry d e o x y py rid ino line m ay
b e a s im p le a nd rap id te s t w h ic h c o u ld re p la ce c u m b e rs o m e 24 -h o u r u rina ry
hy d ro x y p ro line .
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screening tests during long- term follow- up periods might

be valuable for gastrectomized (s ubtotal gastrectomy)

men, comparing with age and a sex- matched control

group, and also to define the usefulness of new

biochemical markers for bone metabolism by comparing

with the old traditional markers .

Mate ria ls a nd Me thods

1. Mate ria ls

We studied 15 male patients , who had undergone

subtotal gastrectomy (with Billroth II anastomosis)

because of peptic ulcers and gastric cancers without

metastasis or local recurrence, by imaging study during

follow- up periods. The patients were referred to our

hospital outpatient department for a routine examination

after informed consent. Fifteen healthy males with a

similar age distribution served as a control group. All

participants in the study had their history investigated,

phys ical examination and 12- panel blood chemistry,

including liver and renal function tests , after 12- hour

fasting periods .

We excluded participants who had any other

endocrine, malignant or metabolic bone disease or who

had received any medication well known to influence

bone metabolis m or had abnormal liver or renal

functions. Finally, 10 patients and 10 controls participated

in our study. All participants had a normal nutritional

status, lived at home, had work and led normal life

styles , including average phys ical activity and sexual

activity. Also, no one had a history of fracture in the

past or present.

2. X-ray & Bone Chemistry

Plain lumber AP and lateral X- ray films were taken.

The bone mineral density (BMD) of the lumber spine

was meas ured by quantitative computed tomography

(QCT) with the single energy technique (80 kVp) using

Gadolinium enhanced computed tomography (GECT)

9800 highlights (software Imagix, Univers ity of California,

San Francisco, U.S.A).

3. Biochemica l ma rkers for bone meta bolis m

Serum Procollagen I C- terminal propeptide (PICP)

and Type I collagen C- terminal telopeptide (ICTP) levels

were determined using a commercially available

radioimmunoassay (RIA) kit (12 5 I- labelled, Orion

Diagnostica, Finland). The levels of intact parathyroid

hormone (PTH) and osteocalcin were determined by a

commercially available RIA kit (12 5 I- labelled, Nichols ,

U.S.A.). The levels of 25- hydroxy vitamin D were

determined by a RIA kit (3 H- labelled, Nichols , U.S.A.).

The spot urinary deoxypyridinoline (DPD) excretion was

measured by a ELISA (Metra biosystems , U.S.A.) without

limitation of diet.

4. Blood che mistry

Blood chemistry parameters , including liver and renal

function tests , calcium, phosphorus and alkaline

phosphatase were measured with routine laboratory

technique (Hitachi 747 automatic analyzer).

5. Statistica l a nalys is

The Student's t- test was used for statistical

evaluation. The data in the text and table are given as

the mean± standard deviation (SD).

RES ULTS

1. S ubjects

The age of patients and controls were 49.3± 9.2

years old and 49.7± 7.7 years old respectively. The

interval since the operation (subtotal gastrectomy) was

113± 23.7 months (78∼151 months). The height was

168.4± 6.13 cm in the patient groups and 168.5± 6.79

cm in the control group. The weight of the two groups

was 61.0± 9.07 kg and 68.7± 7.06 kg, res pectively.

The weight of the patient group was significantly lower

than that of the control group (p<0.025). The body mass

index (BMI) of patients and controls was 21.56± 3.44

kg/m2 and 24.18± 1.92 kg/m2 (Table 1).

Table 1. Co mparis o n of age , he ight, we ig ht a nd BMI*

Patie nt (n= 10) Co ntro l (n= 10)

Age (year)
Height (cm)
Weight (kg)
BMI (Kg/m2)

49. ± 9.2
168.4 ± 6.13
61.0 ± 9.07**
21.56± 3.44***

49.7 ± 7.7
168.5 ± 6.79
68.7 ± 7.06
24.18± 1.92

* : Body mass index ** : p-value < 0.0025 *** : p- value <
0.05
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2. X-ray a nd Bone de ns ity meas ure me nt

There was no evidence of radiologic s igns of

osteopenia. Vertebral bone density measured by QCT

was 107.81± 19.25 mg/cm3 K2 HPO4 in patients and

131.27± 20.44 mg/cm3 K2 HPO4 in controls . The BMD of

gastrectomized patients was significantly lower than that

of the controls (p<0.01) (Table 2)(Figure. 1).

3. Blood che mistry and Bioche mica l pa ra meters of

bone meta bolis m

No difference was found in the serum calcium and

alkaline phos phatase levels between the groups (Table

2). The spot urinary DPD excretion were 6.83± 3.19 nM

DPD/mM creatinine in patients and 4.45± 1.2 nM

DPD/mM creatinine in controls . There was statistically

significant increase in the patient group (p<0.025)(Figure.

2). The serum osteocalcin and PICP levels were s lightly

but not significantly higher in the patient group (Figure. 3,

4). The serum PTH and 25- hydroxy vitamin D levels were

similar in both groups. There was no statistical difference in

the serum ICTP levels in both groups although serum ICTP

levels in patients were higher than in controls (Figure. 5).

DIS CUS S IO N

Metabolic bone diseases have long been associated

with gastric surgery. The incidence of metabolic bone

disease after gastrectomy has been estimated about

1- 42% even though there was great discrepancy

between authors 1- 8 ) . A reduced bone mass has been

reported as occurring 5 or more years after

gastrectomy7 ) . In our study, the average interval since

operation was 113± 23.7 months. Osteomalacia is most

commonly reported, but osteoporosis or combination of

oseteomalacia and osteoporosis , and less

Table 2 . Bioc he mica l data in gas tre ctomiz e d patie nts

Patie nt (n= 10) Co ntro l (n= 10) Norma l va lue

Calcium(mg/dl)
Phosphorus(mg/dl)
Alkaline phosphates(KA- u)
Intact PTH(pg/ml)
25- hydroxyvitamin D(nm/dl)
Oseteocalcin(ng/ml)
PICP(ug/1)
ICTP(ug/ 1)
DPD(nM DPD/mM creatnine)
BMD(mg/cm3K2HPO4)

8.78 ± 0.319
3.12 ± 0.35
5.4 ± 1.6

20.26 ± 7.86
32.74 ± 12.25
4.17 ± 1.25

128.72 ± 61.19
3.99 ± 1.68
6.83 ± 3.19*

107.81 ± 19.25**

9.1 ± 0.386
3.06 ± 0.46
4.4 ± 1.2

18.10 ± 7.97
29.56 ± 10.9
3.40 ± 0.78

118.85 ± 29.7
3.24 ± 0.82
4.45 ± 1.2
131.27 ± 20.44

8.5 - 11.0
2.5 - 4.8
3.0 - 10.0

10.0 - 65.0
25.7 - 15.8
2.3 - 13.8

38.0 - 202.0
1.8 - 5.0
2.5 - 5.0

Age matched

* : p- value < 0.025 ** : p- value < 0.01

Fig . 2 . Urinary DPD in patients and controls . Horizontal
bar ; mean values

Fig . 1. Bone mineral density in patients and controls .
Horizontal bar ; mean values.
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well- characterized forms of osteopenia, have been

described1 ,7 ,8 ) .

In fact, the pathogenesis of osteoporosis has not

been explained as satisfactorily as that of

oseteomalacia7 ) . Osteoporosis is a generalized bone

disorder, characterized by a decrease in the quantity of

bone but no change in quality. It occurs most frequently

in postmenopausal women and the aged. Osteomalacia

is a failure of the organic matrix to mineralize normally.

Therefore, osteoporosis was thought to be present if

there were radiological abnormalities only, particularly if it

was confined to the axial skeleton. If a biochemical

disturbance existed, osteomalacia was diagnosed. In

certain cases, these diagnoses were supported by bone

biopsy.

Although the etiology of postgastrectomy bone

disease remains unclear, e ither a vitamin D or a calcium

deficiency or, perhaps, even both together, contribute to

a reduced bone mass9 ) . Proposed causes of a vitamin D

or a calcium deficiency have included malabsorption of

vitamin D or calcium7 ) , a decreased intake of vitamin D

or calcium1 1) , inadequate contact between nutrients and

their absorptive s ites (either because of altered anatomy

or rapid transit)2 3 ) and reduced exposure to s unlight2 3 ) . In

our study, all participants had a normal nutritional status,

lived at home, had work and led normal life styles ,

including average physical activity and sexual activity. On

the basis of the above facts , it is difficult to assume that

either reduced exposure to sunlight or a decreased

intake of vitamin D or calcium contributed to a vitamin D

or a calcium deficiency. Also no patient has complained

of steatorrhea or indigestion or other gastrointestinal

symptoms to suggest malabsorption syndrome clinically.

Therefore, the loss of gastric acid secretion necessary

for solubilization of dietary calcium or the by- pass of the

critical absorption surface of the duodenum could be

respons ible 12 ) .

An apparent relations hip between bone mass and

body weight indicates that a poor nutritional state

contributes to the condition2 4 ,2 5 ) . In our study, weight and

BMI in the patient group are significantly lower than

those of the control (Table 1). According to Korean

statistics2 6 ) , BMI in the normal weight group ranges from

20 to 25 and lean group is definded when BMI is less

than 20. We compared 4 patients whose BMI are less

than 20 with patients whose BMI are above 20. We

could not find any difference in blood chemistries and

biochemical parameters of bone metabolis m.

Furthermore, bone densitometry using QCT did not

reveal any difference between the two groups. Therefore,

lean body weight in 4 out of 10 patients did not

influence low bone density in the patient group.

Biochemical parameters of bone metabolism were

divided into bone formation (osteoblastic activity) and

Fig . 3 . Serum Osteocalcin levels in patients and controls
Horizontal bar ; mean values.

Fig . 4 . Serum PICP levels in patients and controls .
Horizontal bar ; mean values

Fig . 5 . Serum ICTP levels in patients and controls .
Horizontal bar ; mean values.
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bone resorption (osteoclastic activity) markers . The

serum alkaline phosphatase has been a sensitive marker

for bone formation in the past. Serum calcium and

phosphorus values seldom lead to detection of

postoperative bone disease or indicate s pecific types of

osseous lesion2 7 ) . However, serum alkaline phos phatase

levels , reasonably good as screening tests for

osteomalacic bone disease, reported as being elevated

in 10 to 30% of affected persons and are a more

reliable index to postgastrectomy bone disease2 7 ) . In our

study, whereas serum calcium was slightly lower in the

patient group, phosphorus, alkaline phos phatase, intact

PTH and 25- hydroxy vitamin D were slightly higher than

the control. However, there was no statistical s ignificance

between the two groups in terms of mean serum

calcium, phosphorus, alkaline phos phatase, intact PTH

and 25- hydroxy vitamin D.

It is difficult to state whether vitamin D deficiency in

our study contributed to osteopenia because 25- hydroxy

vitamin D is higher in the patient group. Slightly high

PTH in the patient group could be a compensation for

low calcium. Therefore, we can speculate that reduced

bone mass in the patient group could be attributed to a

combination of osteoporosis , induced by slightly

increased PTH overactivity in compensation for relative

calcium deficiency, and osteomalacia on the basis of

slightly elevated alkaline phosphatase.

In recent times, new markers for bone metabolism

introduced. The serum levels of osteocalcin

bone- specific protein have become a most sensitive and

specific test for osteoblastic activity5 ) . Type I collagen

accounts for about 90% of the organic matrix of

mineralized bone. The synthetic rate of type I

procollagen can be assessed by measuring the serum

concentration of its carboxy terminal propeptide, PICP.

The serum PICP levels reflect the synthesis of type I

collagen and osteoblastic activities5 , 15 ) . In our study,

serum osteocalcin levels were slightly increased in the

patients , but there was no statistical difference (Figure.

3). Serum PICP levels , in general, tended to be

increased in gastrectomized patients5 , 15 ) . Our patients

also had slightly increased PICP levels than the controls

but there were not statistically significant (Figure. 4).

Recently developed serum ICTP, which is a carboxy

terminal telopeptide of type I collagen, cross- linked via

pyridinoline cross- links and liberated during the

degradation of type I collagen and serum ICTP level,

which reflects the activity of bone resorption may be of

use in the diagnos is and follow- up of the metabolic

status of the bone, especially in states associated with

increased lysis of the bone (such as multiple myeloma,

osteolytic metastasis , rheumatoid arthritis , immobilization

and osteoporos is)17 ) .

The 24- hour urinary hydroxyproline excretion in the

fasting state was widely used as a marker of bone

resorption till now5 ,7 ) . The hydroxypyridinium derivatives

pyridinoline (PYD) and deoxypyridinoline (DPD) are

trifunctional crosslinks found exclusively in mature fibrillar

collagens of skeletal tissues. Urinary DPD is considered

to be derived from only skeletal collagens. In contrast to

hydroxyproline as a conventional bone resorption marker,

the pyridinium crosslinks are released during the

breakdowm of mature collagen and, therefore, are

excreted without interference from newly synthesized or

intermediate products . Furthermore, urinary concentration

appears not to be influenced by the effects of diet or

physical exercise . Therefore, pyridinium crosslinks have

also been used as a marker of bone resorption18 - 2 0 ) . In

our study, urinary DPD excretion and serum ICTP were

measured. Although the ICTP level was slightly higher in

the patient group, there was no statistical s ignificance

(Figure. 4). However, urinary DPD excretions of

gastrectomized patients were significantly more increased

than those of controls ( p<0.025 )(Figure. 1).

Roentgenologic differentiation of osteomalacia from

osteoporosis in a patient without pseudofractures may

be imposs ible . It is an accepted concept that at least

30-50% of the bone must be demineralized before

detection is possible2 8 ) . No patient in our study showed

osteopenia by plain lumbar X- ray AP and lateral view.

Therefore, detection of osteopenia needs bone

densitometry. The fact that the degree of osteopenia

tends to increase with the length of time after surgery

points to the need for long- term surveillance 14 ) .

Noninvasive methods measuring bone mass are

radiologic photodensitometry, s ingle or dual photon

absorptiometry, QCT and dual energy X- ray

absorptiometry (DEXA). Invasive method is a bone biopsy

in the iliac crest2 1 ,2 2 ) . There are two kinds of QCT, i.e .

s ingle energy QCT and dual energy QCT. Dual energy

QCT may measure most accurately bone mineralization,

because vertebral trabecular bone measurements are

s ummed with adjacent calcium deposits in the cortical

bone, osteophytes, compress ion fracture and other

factors . The X- ray source used in DEXA has several

advantages over the isotope source used in DPA, which
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has led to discontinuation of DPA in favor of DEXA in

recent years . DEXA has better image resolution and a

faster scanning speed2 9 ) . DEXA and dual energy QCT

were not available in our institution during this study. In

our study, we used single energy (80kVp) QCT with the

addition of a mineral calibration phantom (K2 HPO4 ). Us ing

this technique, the bone mineral density of gastrectomy

patients was significantly lower than that of controls

(p<0.01)(Figure. 1).

In conclus ion, markers for bone metabolism and bone

densitometry are necessary in order to detect metabolic

bone diseases after gastrectomy, because routine

biochemical chemistry and routine lumbar spine X- ray

failed to detect these diseases. Therefore, we suggest

that urinary DPD and bone densitometry like QCT are

appropriate parameters for screening tests for the

detection of bone metabolism abnormalities in the

gastrectomized patient during a long- term follow- up

period es pecially after 5 years .

Urinary DPD is, specially, a simple and rapid test

which can replace the cumbersome 24- hour urinary

hydroxyproline. Also, prophylactic administration of

supplemental calcium and/or vitamin D, if indicated with

monitoring of serum calcium, 25- hydroxy vitamin D and

24- hour urinary calcium might be reasonable after

gastric s urgery.
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