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ABSTRACT

Objective: To explore the association of superscan image in technetium 99m-labeled methylene diphosphonate bone
scans with chemical parameters of high turnover bone disease and bone mineral density measurement findings in chronic
peritoneal dialysis patients.

Methods: Technetium 99m-labeled methylene diphosphonate bone scans of 15 chronic peritoneal dialysis patients with
superscan images were matched by their age, gender, dialysis vintage, body mass index, and Kt/V values with 20 patients
with no superscan image. Serum iPTH, Ca, P, 25(0H)D3, 1-25(0H)2D3, total and bone alkaline phosphatases, dual-energy
X-ray absorptiometry-based bone mineral density results were measured.

Results: Serum iPTH levels were significantly higher in superscan patients (587.3+515.9 pg/ml vs 214.8 +224.9 pg/ml,
P=.001) and correlated with the existence of superscan image (P=.007, r=-0.450) in bone scans. Total alkaline phospha-
tase levels were also significantly higher in superscan patients (414.7 +400.6 vs 235.6+117.6 U/L, P=.046). Ca, P, CaXP,
25(0OH)D3, 1-25(0H)2D3, bone alkaline phosphatase levels, and bone mineral densities were not different between groups.
Conclusion: Superscan image in technetium 99m-labeled methylene diphosphonate bone scans correlated well with
serum iPTH and total alkaline phosphatase levels, and therefore, it may be suggestive for high turnover bone disease in
chronic peritoneal dialysis patients. Lack of any difference between groups regarding their bone mineral densities suggests
that the main difference between groups may be a metabolic one, rather than being structural. We believe that superscan
images may be a diagnostic tool for high turnover bone disease, and they may have a role as an excluding tool of a dynamic
bone disease especially before the use of bisphosphonates.
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INTRODUCTION

Disturbances in mineral and bone metabolism are major
the components in the pathophysiology of chronic kid-
ney disease (CKD). The diagnosis, management, and
follow-up of bone problems in CKD patients are differ-
ent from the general population. In CKD patients, indi-
vidualization of both diagnosis and treatment options
for CKD-mineral bone disease (CKD-MBD) is necessary.
Chronic kidney disease in CKD-MBD leads to significant
morbidity and mortality, not only as a major contributor
for bone-related problems like bone fractures and bone
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pain, but also as a major cause of increased cardiovas-
cular mortality and morbidity.*?

Bone-related disturbances seen in CKD-MBD are com-
plex processes affected by a combination of several
parameters, such as pathologic changes in parathor-
mone (PTH), fibroblast growth factor 23 (FGF23), and
levels of calcium (Ca) and inorganic phosphorus (P).
Histopathologic changes in CKD-MBD result in altered
bone microstructure and mineralization. CKD aggravates
abnormal bone physiology through resistance for the
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PTH effect, increasing oxidative stress. There is an increase in P
and FGF23 levels, accompanied by decreased synthesis of active
vitamin D.*CKD-MBD-related metabolic changes such as elevated
levels of FGF23 and serum PTH, start as early as eGFR levels of
slightly below 60 mL/min/1.73 m.>>¢

One of the leading clinical problems at any stage of CKD-MBD
is increased low-trauma fracture risk, which is known to be
closely related with osteoporosis in the general population.™

Although osteoporosis in the non-CKD population is simply
defined as a decrease in bone volume, in CKD patients, it is
only a part of the wider spectrum of metabolic and structural
changes in bone tissue occurring secondary to CKD-MBD.
Therefore, the definition, diagnosis, and treatment of osteopo-
rosis in CKD patients are as yet incompletely understood.?

The measurement of bone mineral density (BMD), as mea-
sured by dual-energy X-ray absorptiometry (DXA), has been
widely used to define osteoporosis, and it has been shown
to predict fracture risk accurately in both CKD and non-CKD
populations.l**? Quantitative computed tomography and heel
ultrasonography techniques are the leading alternatives for
DXA in assessing BMD and evaluating bone microarchitec-
ture, respectively. Newer techniques, such as ultrahigh reso-
lution peripheral quantitative computerized tomography and
micro-magnetic resonance imaging, still remain as investiga-
tional techniques.’*'* Although it is not completely validated
for the CKD population, due to its lower cost, relative accu-
racy, short scan time, and low radiation dose, DXA is the most
widely used method for BMD measurements in CKD patients.
Some studies suggest that in CKD patients with low DXA-based
BMD values, the risk of low-trauma fracture may be increased

Main Points

+ Superscan images in technetium 99m-labeled methylene
diphosphonate (*™Tc MDP) bone scans correlate well with
serum iPTH and total ALP levels, which may be suggestive of
high-turnover bone disease in CPD patients. Evidences from
our biochemistry laboratory and *™Tc MDP bone scan find-
ings suggest that a superscan image may be an additional evi-
dence of chronic kidney disease (CKD)-induced high-turnover
bone disease in chronic peritoneal dialysis (CPD) patients.

+ The lack of any difference between the 2 groups regarding
their bone mineral density (BMD) suggests that the main
difference may be metabolic, rather than structural.

+ %mTc MDP bone scans possibly can be used along with other
non-invasive tests in the exclusion of adynamic bone disease.
Therefore, there may be a potential for the use of Tc99m bone
scan findings in the diagnosis and decision making process
for the treatment of CKD-mineral bone disease (CKD-MBD).

« We believe that bone scans, especially when they present
as superscan images, may be a potential diagnostic tool for
high-turnover bone disease, and may have a supportive role
in the deciding the treatment approach.
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significantly.****>Therefore, DXA seems to be a reasonable and
practical option to measure BMD and predict fracture risk in
CKD patients. ¥

In CKD patients, the use of bisphosphonates has been reported
safe, with good clinical results in CKD stages 1-3. In patients
with CKD-MBD, coexistence of a decreased BMD and high cel-
lular activity, otherwise known as high-turnover bone disease,
may be an optimal indication for the use of bisphosphonates.
However, the exclusion of low-turnover bone disease is highly
recommended in CKD stages 4 and 5, in order to avoid blocking
bone cellular activity in patients with adynamic bone disease,
which may lead to vicious consequences such as jaw necrosis
and further deterioration in bone strength.'*® Therefore, the
exclusion of adynamic bone disease with a bone biopsy is rec-
ommended as the best tool known for discrimination between
low and high-turnover bone states. Unfortunately, bone biopsy
is a costly and a highly invasive procedure and its evaluation
requires experienced pathological support which is not easily
available everywhere.? Therefore, we still need more accurate
non-invasive evaluation methods based on biochemical mark-
ers, radiological methods, and other available tools such as
bone scintigraphy, in assessing the rate of bone turnover.

Serum PTH level is one of the most decisive parameters of bone
turnover rate, and its interpretation plays a majorrole in assess-
ing bone turnover status in CKD-MBD patients.® However, due
to poor method comparability and method-related differences
among PTH assay techniques, the age and race-related differ-
ences in PTH secretion, the modifying effects of medications
used, and confounding comorbidities like diabetes mellitus
and malignancies, serum PTH level is not a reliable indicator of
bone turnover in many CKD patients. For PTH levels between
2 and 9 times the upper limit of normal, the sensitivity and
specificity of PTH levels in discriminating between low and
non-low-turnover bone diseases were found to be only 65.7%
and 65.3%, and 37.0% and 85.8%, for high and non-high bone
turnover status respectively.’®??* Total alkaline phosphatase
(ALP) and/or bone alkaline phosphatase (bALP) levels are other
promising additional biomarkers used in the assessment of
bone turnover in CKD-MBD.! Sprague et al*® have reported that
in dialysis patients, bone ALP assays were useful in discriminat-
ing both low from non-low and high from non-high bone forma-
tion rates. The clinical values of newer bone biomarkers such
as FGF23, amino-terminal propeptide of type 1 procollagen
(P1INP), PTH 1 receptor, receptor activator of nuclear factor-xB,
sclerostin, and osteoprotegerin are not clearly established yet.!

On the other hand, bone scintigraphy with technetium
99m-labeled methylene diphosphonate (*™Tc MDP) is known
to be an inexpensive, simple, and widely accessible tool in the
diagnostic evaluation of numerous pathologic conditions of
bone tissue. It is known that the late phase of *™Tc MDP uptake
by bone reflects bone turnover, and is known to be intensified in
high bone turnover states such as malignancies, new fractures,
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Figure 1. *"Tc MDP whole-body bone scans with normal and “superscan”
images showing intense symmetric activity in the bones, compared with
diminished soft tissue activity in the superscan image.

and joint problems. However, its clinical value in discriminating
high and/or low-turnover variants of CKD-MBD have not been
studied properly. Increased uptake of *™Tc MDP by bone tis-
sue is reported to be secondary to increased osteoblastic activ-
ity.2 A unique finding, known as “superscan” (SS), is a bone
scintigraphy image that demonstrates unusually increased
bone #“™Tc MDP uptake compared with soft tissues (Figure 1).
If the bone is hypermetabolic, absorption of isotope increases,
as seen in some diseases such as metastatic cancers (prostate,
lung, and breast cancers), metabolic bone diseases (CKD-MBD,
Paget’s disease), and some hematologic diseases (leukemia,
lymphoma, myelofibrosis).?

In this study, we aimed to assess the consistency of *™Tc MDP
bone scintigraphy findings, more specifically, “superscan”
images, with biochemical clues of high and non-high bone
turnover states and DXA-based evidences of osteoporosis, in
chronic peritoneal dialysis (CPD) patients.

PATIENTS AND METHODS

This cross-sectional, multicenter study was approved by the
Ethics Board of Akdeniz University Medical School and patients
read and signed a detailed consent form. Eighty-five patients,
(46 female and 39 male) with a mean age of 42 + 11 years (23-
Tlyears) were included in the study. Eighty-five adult patients
who had been treated with continuous ambulatory peritoneal
dialysis (CAPD) (n = 62) or automated peritoneal dialysis (APD)
(n = 23) for at least 3 months, were investigated. Inclusion cri-
teria were having no thyroid disorders, having no active infec-
tions for at least 2 months, and no prior history of steroid use,
parathyroidectomy, organ transplantations, or malignancies.

The patients had been on general CKD-MBD and other CKD-
related treatment protocols, with the recommended doses and
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types of medications indicated by valid guidelines. Tc-99m MDP
bone scans, intact parathyroid hormone (iPTH) (chemilumi-
nescence method, DPC; Diagnostic Products, Los Angeles, CA,
USA), albumin, corrected serum Ca, P, and total and bone ALP
levels were measured by standard clinical techniques.

Patients underwent a Tc-99m MDP whole-body bone scintig-
raphy, along with L2-L4 anteroposterior lumbar spine and
femoral neck bone DXA studies. The t-scores were defined as
numbers of standard deviations below the mean BMD for sex-
matched young controls. Z-scores were defined as the number
of standard deviations below the mean BMD of age- and sex-
matched controls. All bone scans were evaluated by the same
nuclear medicine specialist.

In the study, 15 patients with a superscanimage (group SS) were
matched to 20 patients without a superscan image (group
N) Tc-99m MDP bone scintigraphy. The 2 groups were similar in
terms of their age, gender, body mass index (BMI), dialysis vin-
tage, and Kt/V values.

Among the 35 study patients, the primary renal diseases were
identified as hypertensive nephrosclerosis in 5 patients, amy-
loidosis in 5, tubulointerstitial nephritis in 4, and different types
of biopsy-proven glomerulonephritis in 4 patients. The cause of
end-stage reneal disease (ESRD) was unknown in 17 patients.

All patients had given their written informed consent, after their
physician had explained the study to them. Tourniquet effect
was eliminated.

Statistical Analysis

The results were statistically evaluated, using the Statistical
Package for the Social Sciences (SPSS) version 20.0 (IBM SPSS
Corp.; Armonk, NY, USA). Normal distribution was evaluated by
Shapiro-Wilk’s test. Continuous variables with normal distribu-
tion were expressed as mean + standard deviation, and con-
tinuous variables with abnormal distribution were expressed
as median (minimum-maximum). Categorical variables were
expressed as frequency and percentage. According to the pres-
ence of normal distribution of the parameters, for the analy-
sis of continuous variables, the Mann-Whitney U-test and the
t-test (independent samples t-test) were used. Pearson and
Spearman’s rho tests were used for correlation analysis. A P
value less than .05 was considered to be statistically significant.

RESULTS

The mean age and dialysis vintage of group SS versus group N
patients were 43.1 + 13.8 years versus 42.9 + 11.5 years, and
84.1 + 22.2 months versus 77.9 + 19.9 months, respectively.
There were also no age, gender, dialysis vintage, body meta-
bolic index (BMI), and Kt/V differences between the 2 groups
(Table 1).
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Table 1. Demographics and Laboratory Parameters of the Study Group’

Correlation With Superscan Image
Group SS,n=15 Group N,n=20 P Existence P/r
Age (years) 43.1+13.8 429+115 .78 A4/0.7
Gender (female/male) 4 (27%)/11 (73%) 5 (25%)/15 (75%) 9 .7/0.35
Dialysis vintage (months) 84.1+22.2 77.9+19.9 .8 .45/0.4
Body mass index (kg/m?) 26.6 +4.9 24.7+5.7 .6 .5/0.3
Intact parathyroid hormone (pg/mL) 565 (92-765) 220 (56-455) .001 .007-0.450
Calcium (mg/dL) 9.8+1.2 9.9+14 4 .4/0.35
Phosphorus (mg/dL) 51+1.6 47+1.4 .35 .6/0.7
CaXP (mg?/dL?) 50.2+16.9 46.5+15.3 2 .4/0.25
Albumin (g/dL) 3.8+0.3 3.7+03 3 .7/0.3
25 (OH)D, (ng/mL) 7.4 (4.5-15) 8.5 (4-27.1) .36 .9/0.45
1-25(0H),D, (pg/mL) 9.3 (3.4-15.4) 10.5 (4.1-22.3) 1 .7/0.35
Total alkaline phosphatase (U/L) 405 (85.5-815) 265 (63-356) .046 .06-0.314
Bone alkaline phosphatase (U/L) 132 (39-396) 89 (41-155) .15 .7/0.4
Kt/V 1.9+03 2.1+05 45 4/0.8

*Results are shown as mean + standard deviation for normal distribution, and median (minimum-maximum) for abnormal distribution.

The values of iPTH, Ca, P, Albumin, 25 (OH) D,, 1-25(0H),D,, ALP,
bALP and Kt/V in the 2 groups are shown in Table 1. No differ-
ences between the 2 groups were observed regarding their
serum Ca, P, CaXP, albumin, 25 (OH) D,, and 1-25(0OH),D, levels.
The levels of iPTH and ALP were significantly higher in the SS
group compared to the N group [565 (92-765) vs. 220 (56-455) pg/
mL; P=.001], and [405 (85.5-815) vs. 265 (63-356) U/L, P =.046],
respectively. The iPTH levels were also correlated with the SS
appearance (P =.007, r = —0.45). ALP values had no correlation
with the superscan finding (P =.06, r= —0.314).

Both lumbar and femoral neck BMD measurements did not
show any difference between the 2 groups. Again, no statistical
significance was found regarding history of fractures between
the 2 groups (Table 2).

DISCUSSION

CKD-MBD may present in different rates of bone turnover, start-
ing from low-turnover or adynamic bone disease up to a high-
turnover bone state, which is also known as osteitis fibrosa
cystica. High-turnover bone disease, specifically, is charac-
terized by an increase in both osteoblastic and osteoclastic
activities along with some degree of fibrosis in bone marrow,
and a diminished bone skeletal mass, as the rate of resorption
exceeds that of formation. However, in ESRD, bone disease is a
dynamic state that changes over time, depending on progres-
sion of the underlying disease, medications used, diet, and
modes of treatment.!® Therefore, before deciding on the treat-
ment plan, assessing the current bone status of the patient is
essential. Although bone biopsy is accepted as the gold stan-
dard of assessing the state of bone turnover, it is invasive, costly,

Table 2. Dual-Energy X-Ray Absorptiometry Results’

Group SS,n=15 Group N,n=20 P Correlation With Superscan Finding P/r
Lumbar vertebra bone mineral density (g/cm?) 0.85+0.34 0.94 +0.15 .33 .3/0.2
Femoral neck bone mineral density (g/cm?) 0.71+0.17 0.72+0.11 .95 .9/0.4
Lumbar vertebra t-score —0.8(—2.6t01.7) | —0.6(—2.2t0 1.4) 75 .2/0.6
Lumbar vertebra Z-score —0.4(-2.1t01.4) | =0.7(-2.5t01.9) .5 4/0.7
Femoral neck t-score —-0.9(-2.5t01.8) | —1.0(-2.1t01.8) .09 .5/0.3
Femoral neck Z-score —1.0(-2.7t01.6) | —0.7 (—2.8t0 1.4) .057 .6/0.4
Number of patients with fractures 4 2 .25 .45/0.34

*Results are shown as mean + standard deviation for normal distribution, and median (minimum-maximum) for abnormal distribution.
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and may not be available. Therefore, biochemical bone markers
such as levels of PTH, bone or total ALPs, bone radiology, DXA,
and heel ultrasound have been used to evaluate the degree of
bone loss, rate of turnover, bone structure, and the possible his-
tological type of CKD-MBD.04

Bone turnover, which is the main predictor of the histological
type of CKD-MBD, is directly influenced by serum PTH levels.
Increased presence of PTH augments both bone formation,
by increasing osteoblastic activity, as well as bone resorption,
through stimulating osteoclasts.>*? Increased levels of serum
bALP also provide useful information regarding the increased
rate of bone turnover in dialysis patients.?*’

On the other hand, low-turnover bone disease is characterized
by low PTH levels associated with a diminished rate of bone for-
mation, decreased osteoblastic and osteoclastic activities, and
increased incidence of soft tissue calcifications. The diagnosis
of adynamic low-turnover bone disease is supported by low
serum PTH and ALP levels.*

Unfortunately, none of these tools provide a clear-cut definition
of bone turnover. Anterior iliac crest bone biopsies of 84 hemo-
dialysis patients have shown significant differences for the same
boneturnoverlevel,indicatinga poor diagnostic performance of
the 5 different iPTH measurement techniques available. At 80%
specificity, the cut-off values of the 5 available (as of 2009) iPTH
assays for low bone turnover varied from 165 to 550 pg/mL, and
for high bone turnover from 404 to 1.003 pg/mL. Sensitivities at
these cut-off values also remained at less than acceptable stan-
dards.?®?% |n another study, iPTH, whole PTH, and bone ALP
measurements were found to be able to discriminate low from
non-low bone formation rates, whereas iPTH and bALP were
able to discriminate high from non-high rates of bone forma-
tion.'® More recently, in 630 dialysis patients, PTH levels were
found to be a predictor of high bone turnover in both Black and
White patients, and of low bone turnover in White but not Black
patients.”® PTH, bone ALP, and bALP isoform Blx have been
shown to have similar diagnostic accuracy in distinguishing low
from non-low bone turnover. The presence of B1x was diagnos-
tic of low bone turnover, whereas elevated bALP and PTH levels
were useful for the diagnosis of non-low bone turnover.1%*

Therefore, the diagnostic accuracy of biochemical markersin dis-
tinguishing different turnover rates of CKD-MBD is not reliable,
and there is room for more reliable and practical diagnostic tools
in assessing the rate of bone turnover in CKD patients. When
possible, it might be helpful while making critical diagnostic and
treatment decisions, especially the ones regarding the initiation
of antiresorptive treatment modalities such as use of bisphos-
phonates, teriparatide, raloxifene, or denosumab against osteo-
porotic bone loss in patients with CKD stages 3a-5d.*

At that point, bone scintigraphy with *™Tc MDP, may provide
an additional inexpensive, simple, and widely accessible tool,
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already used in the diagnostic evaluation of numerous patho-
logic conditions of bone tissue. The late phase of *™Tc MDP
uptake by bone reflects bone turnover, and is known to be
intensified in high bone turnover. Increased uptake of *"Tc MDP
by bone is mainly secondary to increased osteoblastic activity.

Although the first bone scintigraphic examinations in CKD
patients date back to the 1960s, bone scintigraphy has not been
afrequently used diagnostic toolin CKD patients. Sy et al.,* have
described the major bone scintigraphic abnormalities seen in
14 hemodialysis patients as increased activity in the calvarium,
mandible, vertebrae, and pelvis, which were all well correlated
with higher serum ALP activity. In other studies, it was con-
firmed that CKD patients with high-turnover bone disease and
osteitis fibrosa have presented with increased bone activities
in the calvarium, mandible, acromioclavicular areas, sternum,
and vertebrae, along with reduced soft tissue uptake, promi-
nent costochondral junction, and the “tie” sign in the sternum.
On the other hand, decreased uptake of Tc-99m is expected in
low-turnover, adynamic bone disease.?®** Quantitative meth-
ods and whole-body retention of *"Tc-methylene diphospho-
nate have also been described.®

A unique finding known as “superscan” is a bright bone scin-
tigraphic image that demonstrates unusually augmented bone
®mTc MDP uptake compared with soft tissue (Figure 1). The SS
image may be seen when bone tissue is hypermetabolic, as
seen in diseases such as metastatic prostate, breast, and lung
cancers, leukemia and lymphomas, myelofibrosis, Paget’s dis-
ease, and finally, CKD-MBD.?® In CKD-MBD-induced hyperpara-
thyroidism, increased radionuclide uptake occurs throughout
the skeleton, causing the characteristic SS appearance.

In our 15 patients with SS image, the mean iPTH levels were
found to be significantly higher than in 20 patients with normal
®mTc MDP uptake. Additionally, the presence of an SS finding
in bone scans was correlated with iPTH levels. As we have dis-
cussed above, high PTH levels are a known predictor of high
bone turnover in CKD-MBD patients. Based on our findings, we
believe the SS image may have a predictive value for high-turn-
over state in patients with CKD-MBD. Total ALP level was also
significantly higher in the SS group, supporting that idea. We
were not able to find any significant differences for Ca, P levels,
and CaXP between our 2 patient groups.

Osteoporosis is also a part of bone disturbances observed dur-
ing CKD-MBD, and also a topic of significant controversy. In CKD
patients, the etiology and pathogenesis of osteoporosis is dif-
ferent from that in the non-CKD population, and may be more
complicated. However, in CKD patients, osteoporosis-induced
impairment in bone strength and bone fragility predisposes to
increased risk of low-trauma bone fractures. Bone scintigraphy
has been useful in investigating different types of metabolic
bone disease, determining the age of vertebral fractures, and
evaluating the response to osteoporosis treatment, although
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its use as a diagnostic tool for osteoporosis is not common.
Osteoporosis is manifested as areas of diminished activity and/
or vertebral collapse on bone scans.®***33|n patients with osteo-
malacia, bone scan and BMD were shown to be of value in the
assessment of bone status. A bone scan may also provide some
additional information in determining non-visible pseudo frac-
tures, compared to conventional radiology.*

The number of studies in which bone scan has been used as
a diagnostic tool for osteoporosis in patients with CKD-MBD is
limited.*”. Technetium 99m uptake in cortical bone has been
shown to have a linear relationship with PTH levels in hemodi-
alysis patients, although findings in trabecular bone have been
conflicting.?"37:%

Patients in the early stages of CKD may share the typical risk
factors of osteoporosis with the non-CKD community, such
as age, gender, and malnutrition, and after excluding and
treating abnormalities specific to CKD-MBD-related to bone
metabolism, these people may be diagnosed as having osteopo-
rosis and be offered standard treatments, including biphospho-
nates.**°*1 However, on the other hand, the value and standards
for use of antiresorptive treatments such as bisphosphonates
in CKD 4-5 patients is controversial. The use of bisphospho-
nates and denosumab is still considered to be risky in patients
with overt adynamic bone disease, due to the potential risk of
decreasing bone turnover further. In case of any uncertainty
with the turnover status of CKD-MBD, exclusion of adynamic
bone disease with bone biopsy is still recommended.’ Bone
biopsy is not a widely available technique in most clinics, and
therefore, CKD-MBD, patients with bALP <20 ng/mL and iPTH
<100 pg/mL may be directly considered as having low bone
turnover and may be deprived from antiresorptive therapies.*

Although femoral neck Z-scores in the SS group were numeri-
cally lower, the difference between the 2 groups did not any
reach statistical difference in our study. Lumbar and femoral
neck Z-scores, t-scores, and bone mineral densities between
the 2 groups were all comparable. There was also no statisti-
cally significant correlation between the existence of the SS
image and DXA-based lumbar or femoral neck Z- and t-scores.
Similarly, BMDs were not different between the SS and normal
bone scan groups, suggesting that the main difference between
the 2 groups may be metabolic, rather than structural. Patients
with superscan had histories of 4 fractures, and the non-super-
scan group had histories of 2 fractures, also a difference which
was not statistically different.

In conclusion, our results suggest that the ®™Tc MDP bone scan
may provide some additional information about both bone
turnover and possibly also BMD status in CKD-MBD. Our bio-
chemistry laboratory and Tc99m bone scan finding-based evi-
dences suggest that the superscan image may be an additional
evidence of CKD-induced high-turnover bone disease in CPD
patients. ®“"Tc MDP bone scans possibly can be used along with
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other non-invasive tests in the exclusion of adynamic bone dis-
ease. Therefore, there may be a potential for the use of Tc99m
bone scan findings in the diagnostic and treatment decisions of
CKD-MBD. However, there is a need for new studies with refer-
ence to histological data.
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