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Abstract
Aim: To evaluate the relationship among alveolar bone loss (ABL), bone status and
calcium-regulating hormones in liver transplantees.

Patients and Methods: Twenty-one liver transplantees underwent a full oral
examination. The correlations among bone densitometry, bone metabolic status and
drug treatment were examined.

Results: Twelve patients had osteopenia, and six were osteoporotic. ABL was
4.33 � 2.32 mm (range 0.67–9.92). Parathyroid hormone (PTH) levels ranged from
14 to 106 (mean 55.2 � 26.4). The mean 25(OH)D3 was 11.68 � 4.7, range
3.5–21.1 ng/ml. Nine patients were vitamin D deficient (o10 ng/ml); none of the
patients had 25(OH)D3 levels X30 ng/ml. No correlation was found between ABL and
current or total glucocorticoids dose, although there was an inverse relation with the
duration of treatment (r 5 � 0.474, p 5 0.03). A positive correlation was found
between ABL, PTH (r 5 0.419, p 5 0.059) and hip bone mineral density (BMD)
(r 5 0.482, p 5 0.027). ABL correlated closely with age, PTH, glucocorticoid
treatment (duration) and hip BMD (r 5 0.810, p 5 0.004).

Conclusions: The majority of liver transplant patients had insufficient 25(OH)D3

serum levels. Changes in calcium-regulating hormones and hip BMD were correlated
with ABL. Therefore, therapeutic intervention aimed at treating vitamin D deficiency
and secondary hyperparathyroidism should be considered in these patients. The
benefits of vitamin D treatment in the management of secondary hyperparathyroidism
and possible decrease in ABL deserve further evaluation in controlled trials.
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In the last two decades, orthotropic liver
transplantation has become an accepted
treatment for a range of acquired and
congenital liver disorders that result in

irreversible hepatic failure. One of the
known sequelae of liver transplantation
is the loss of bone mass (Katz & Epstein
1992). Regardless of the pre-operative
bone density, most liver transplantees
will suffer bone loss, mostly during the
first months after transplantation
(McDonald et al. 1991, Meys et al.
1994, Rodino & Shane 1998). This

bone loss is attributed to the effect of
the transplantation process itself, but the
associated glucocorticoid therapy is also
considered to be a significant contribu-
tory factor (McDonald et al. 1991,
Rodino & Shane 1998). Marked trabe-
cular bone loss has been observed
during the early post-transplantation
period. However, very few studies
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have been performed to elucidate the
long-term impact of liver transplanta-
tion on bone metabolism (Keogh et al.
1999), and the data on alveolar bone loss
(ABL) after liver transplantation are
even scarcer (Oettinger-Barak et al.
2002).

Bone loss may also be the result of
the underlying pre-transplant liver dis-
ease. Cirrhotic patients demonstrate a
significant decrease in bone mass,
reduced bone formation and significant
disorders of bone mineral metabolism
(Diamond et al. 1989, Rodino & Shane
1998).

The pathogenesis of post-transplan-
tation bone disease is only partially
understood. Increased serum intact para-
thyroid hormone (PTH) and decreased
serum 25(OH)D3 levels are among pre-
viously proposed mechanisms (Comp-
ston et al. 1996).

It has long been postulated that alveo-
lar bone density may be affected in a
manner similar to bone mineral density
(BMD) at other sites, as manifested by
decreased BMD and quality (for a
review, see von Wowern 2001).

Data regarding alveolar bone condi-
tion in patients after liver transplanta-
tion are scarce. In our previous
publications, we showed greater ABL
in liver transplantees compared with
matched healthy controls with similar
plaque and gingival indices (Oettinger-
Barak et al. 2002). Furthermore, these
patients also demonstrated greater pock-
eting and attachment loss (Oettinger-
Barak et al. 2001). Hence, we decided
to explore metabolic factors and their
potential effect on the periodontal dis-
ease, as reflected in the ABL.

The aim of the present study was to
evaluate bone metabolic status and
levels of calcium-regulating hormones
in liver transplant recipients and to
correlate them with alveolar bone
measurements.

Patients and Methods

Twenty-one liver transplant patients,
10 men and 11 women, who were fol-
lowed up in the Liver Diseases Unit of
Rambam Health Care Campus, were
enrolled into this study. A full periodontal
examination was performed in the perio-
dontal unit, including both panoramic
radiographs and clinical measurements
(for detailed description and results see
Oettinger-Barak et al. 2001, 2002). All
the patients in the present study exhibited

moderate-severe chronic periodontitis. A
detailed description of the clinical find-
ings in this patients’ group was published
previously (Oettinger-Barak et al. 2001,
2002). Bone densitometry data and the
results of the bone metabolic status eva-
luation were obtained during an observa-
tional study that was also conducted in
our centre (Segal et al. 2003). The data
were collected during the post-transplan-
tation period.

The mean age was 52.8 � 12 years
(range 32–73 years). The post-liver
transplantation period was 2.5–14.5
years, mean 7.7 � 4 years. Six of the
patients were post-menopausal. None of
the women were on hormone therapy.

The group was heterogeneous with
regard to the underlying pre-transplant
liver disease.

Drug therapy

Information regarding previous and pre-
sent treatment was retrieved from
detailed patient charts at the liver trans-
plant clinic. All the patients were receiv-
ing immunosuppressive treatment with
cyclosporine A or tacrolimus, 10 of
them combined with prednisone. The
duration of prednisone treatment ranged
from 1.5 to 12 years (mean 6.47 � 3.6).
In 11 patients, prednisone treatment had
been stopped 1.5–4.5 years before our
examinations (mean 2.0 years). Calcium
and vitamin D supplementation had
been routinely initiated in all patients
in the Liver Diseases Unit after the bone
status evaluation described in our pre-
vious work (Segal et al. 2003). Compli-
ance with calcium and vitamin D
supplements was not longitudinally
assessed, due to the cross-sectional char-
acter of the study.

Laboratory evaluation

Bone formation was assessed by mea-
suring serum bone-specific alkaline

phosphatase (BAP) by an immunoradio-
metric assay (IRMA; Tandem-R-Ostase,
Beckman Coulter, Fullerton, CA, USA);
bone resorption was assessed using urin-
ary excretion of deoxypyridinoline
(DPD) crosslinks, by Pyrilinks-D
ELISA (Metra Biosystems, Mountain
View, CA, USA); 25(OH)D3 was deter-
mined by 125I-radioimmunoassay (Dia-
Sorin, Stillwater, MN, USA); and intact
plasma PTH was assessed by IRMA
(Nichols Institute Diagnostics, San
Juan Capistrano, CA, USA). Male gona-
dal status was assessed by measuring
serum total testosterone concentration
by an electrochemiluminescence immu-
noassay using a Roche Elecsys 2010
analyser (Mannheim, Germany). Liver
enzymes, liver and kidney function tests
were evaluated using the standard
technique (Hitachi 747, Roche).

Bone densitometry

BMD measurements of the lumbar spine
(LS) and femoral neck (FN) were per-
formed using dual-energy X-ray absorp-
tiometry (Lunar DPX scanner, Madison,
WI, USA). The BMD results were
expressed in comparison with young
adults (T scores).

ABL measurement

The panoramic radiographs were all
digitized and stored electronically.
Next, using computer-based measure-
ment software (X-View Inc., Jerusalem,
Israel), the height of the alveolar bone
crest was measured from a fixed refer-
ence point (the cemento-enamel junc-
tion) proximal to all available teeth,
excluding third molars.

Statistical analysis

Pearson’s correlation coefficient test
was used to assess the correlation bet-
ween ABL and all measured parameters

Table 1. Bone mineral density – WHO criteria

Normal no. (%) Osteopenia no. (%) Osteoporosis no. (%)

Lumbar spine 11(52.4%) 5 (23.8%) 5 (23.8%)
Men 4 (19%) 3 (14.3%) 3 (14.3%)
Women 7 (33.3%) 2 (9.5%) 2 (9.5%)

Femoral neck 8 (38%) 10 (47.6%) 3 (14.3%)
Men 3 (14.3%) 5 (23.8%) 2 (9.5%)
Women 5 (23.8%) 5 (23.8%) 1 (4.7%)

Either lumbar spine
or femoral neck

13 (61.9%) 12 (57.1%) 6 (28.6%)

Men 5 (23.8%) 6 (28.6%) 4 (19%)
Women 8 (38%) 6 (28.6%) 2 (9.5%)
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(BAP, DPD, 25(OH)D3, plasma PTH,
serum testosterone concentration, liver
enzymes, creatinine, urinary creatinine,
osteocalcin, prednisone years, cyclospor-

ine years, tacrolimus years, cumulative
prednisone, cumulative cyclosporine,
cumulative tacrolimus, hip BMD, LS,
etc.). Multiple regression analysis was

used to determine the association
between bone loss and the markers that
were statistically significant in the uni-
variate analysis. The markers were
forced into the model. Age was also
included, to control for it.

Results

Twelve of the patients had BMD para-
meters conforming to the definition of
osteopenia; six were defined as osteo-
porotic (Table 1). Ten of them reported
previous low-impact fractures and were
defined as having severe osteoporosis.

Fractures included: lumbar vertebrae
(four patients), ankle (three patients)
and others (seven, mostly ribs). Six
patients had a history of more than one
fracture.

Bone turnover markers and calcium-
regulating hormone evaluation results
are presented in Table 2.

Nine patients were defined as being
vitamin D deficient, having 25(OH)D3

levels below 10 ng/ml. None of the
patients had adequate 25(OH)D3 levels
above 30 ng/ml. Data of serum
25(OH)D3 levels are presented in
Table 3. Six patients had secondary
hyperparathyroidism, and 13 had mild
chronic renal failure. All the males had
normal total serum testosterone levels.

The duration of glucocorticoid treat-
ment was 1.5–12 years (mean 6.48 �
3.63 SD) (Table 4).

The mean ABL was 4.33 � 2.32 mm
(range 0.67–9.92 mm) (Table 5).

No correlation was found between the
ABL and the current or total dose of
glucocorticoids. Likewise, we could not
establish an association between age and
ABL (r 5 0.368, p 5 0.101) (Fig. 1),
while a negative correlation was found
between the duration of glucocorticoid
treatment and ABL: r 5 � 0.474,
p 5 0.03 (Fig. 2). A positive correlation

Table 3. 25(OH)D3 serum concentration

Definition of
vitamin D status

25(OH)D3 range
(ng/ml)

No. of patients Alveolar bone loss
(mean � SD) (mm)

Deficiency 410 9 3.80 � 1.4
Insufficiency 10–14.9 7 5.16 � 1.9
Inadequacy 15–29.9 5 4.12 � 3.9
Normal X30 0
Total 21 4.33 � 2.3

Table 4. Immunosuppressive treatment

No. Mean � SD Range Correlation
with

alveolar
bone loss

r p

Duration of
glucocorticoid treatment

21 6.48 � 3.63 1.5–12 � 0.47 0.03

Cumulative cyclosporine A 18 6 � 105 � 5.2 � 105 1.9 � 104–1.5 � 106 � 0.38 0.11
Cumulative tacrolimus 11 7.0 � 103 � 1.1 � 104 720–36,741 NS

Table 2. Calcium regulating hormones and bone turnover markers

No. Normal values Mean � SD Range Correlation with
alveolar bone loss

r p

25(OH)D3 20 10–55 ng/ml 11.69 � 4.8 3.5–21.1 0.105 0.65
Parathyroid hormone (PTH) 21 12–65 ng/l 55.23 � 26.44 14–106 � 0.42 0.06
Urinary deoxypyridinoline

crosslinks (DPD)
19 2.3–7.4 nmol/mmol

Creat (F1M)
11.44 � 6.47 3.7–28 NS

Bone-specific alkaline
phosphatase (BAP)

8 Men 8–16.6 mg/l 18.79 � 8.15 10.8–31.7 NS
3 Women 5.8–11.6 mg/l 13.9 � 3.54 10.9–17.8
6 Women – menopausal

8.5–17.9mg/l
17.48 � 5.7 136–25.7

Table 5. Alveolar bone height measurements

No. Range (mm) Mean (mm) SD (mm)

Total 21 0.67–9.92 4.33 2.32
Maxilla 14 0.66–7.8 3.9 2.13
Mandible 17 1.67–6.23 3.52 1.16

Table 6. Multiple regression analysis for bone loss

Coefficients Standard error Standard coefficients F to remove p

Intercept 1.803 0.605
Age 0.039 0.056 0.202 0.194 0.492
PTH 0.035 0.019 0.393 3.467 0.081
T score hip � 0.6 0.538 � 0.331 1.243 0.281
Prednisone years � 0.346 0.104 � 0.54 11.068 0.004

PTH, parathyroid hormone.
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was observed between ABL and plasma
PTH levels (r 5 0.419, p 5 0.059) (Fig.
3), as well as a decrease in hip BMD,
expressed as T scores (r 5 0.482, p 5
0.027) (Fig. 4). Conversely, 25(OH)D3

did not show significant correlation with
ABL (Fig. 5).

Multiple regression analysis including
the above parameters revealed a strong
correlation (r 5 0.810, p 5 0.004) between
ABL and age, PTH, duration of glucocor-

ticoid treatment (negative correlation) and
hip BMD expressed as T score (Table 6).

Owing to the small sample size
and changes in the drug therapy
over time, we were not able to com-
pare ABL among the patients currently
treated with cyclosporine A or tacroli-
mus. However, no significant correla-
tions were found between ABL and
duration of either immunosuppressive
medication.

Discussion

We found in this study a strong correla-
tion between age, calcium-regulating
hormones and ABL. In our previous
publications, post-liver transplantation
patients exhibited significantly greater
ABL compared with healthy controls
(Oettinger-Barak et al. 2002). The above
parameters could explain 65% of this
bone loss (r2 5 0.65). Currently, there
are scarce data on the relationship
among radiographic ABL and liver dis-
ease, transplantation or immunosuppres-
sive therapy. A decrease in osteoblastic
activity in the alveolar bone was
reported following experimental liver
injury and mechanical stress in rats
(Lassila & Virtanen 1984). Another
possible mechanism for ABL is exces-
sive resorption, stimulated by the
increased levels of serum cytokines
associated with liver cirrhosis (Van
Dyke et al. 1993). Post-transplantation
bone loss might reflect the accumulated
bone loss over the years before the liver
transplantation. In addition, further bone
loss immediately following transplanta-
tion is a well-documented complication
(Rodino & Shane 1998, Oettinger-Barak
et al. 2002). Most studies evaluating the
association between BMD and ABL
show positive correlations (Kribbs
1990, Wactawski-Wende et al. 1996,
2005, Tezal et al. 2000, Hildebolt et al.
2002, Geurs et al. 2003, Mohammad et
al. 2003, Yoshihara et al. 2004). The
observation that intra-alveolar trabecu-
lar bone is affected by the same local
and systemic influences as cortical
bone might explain this correlation
(Choel et al. 2003), although other
studies found no evidence for such a
correlation (Elders et al. 1992, Klemetti
et al. 1993).

In the present study, the positive
correlation found between ABL and
FN bone loss supports the premise that
both processes are influenced by common
factors, and thus anti-osteoporotic treat-
ment might be beneficial for ABL.
Indeed, some studies found improvement
in alveolar bone mass in post-menopausal
women treated with bisphosphonates
(El-Shinnawi & El-Tantawy 2003,
Rocha et al. 2004) and hormone replace-
ment therapy (Lopez-Marcos et al.
2005), and in an animal model using
intermittent PTH injections (Barros et al.
2003).

Digitized panoramic radiographs
were used in this study to measure
ABL. Rohlin et al. (1989) compared
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panoramic and periapical radiographs
in the diagnosis of periodontal bone
loss, and found 66–74% concordant
scores between the two methods for
the maxillary and mandibular arches,
respectively. Likewise, Akesson, using
panoramic radiographs for the assess-
ment of marginal bone loss, reported
high concordance between panoramic
and intra-oral radiographs (Akesson

1991). Similarly, Walsh et al. (1997)
reported good a correlation between
panoramic radiographs and clinical
parameters for the assessment of perio-
dontal disease.

As for BMD measurements, the
regions that are usually measured on
the proximal femur are neck, trochan-
teric, inter-trochanteric and Ward’s
triangle. The first three together form

the ‘‘total hip’’. ‘‘Ward’s triangle’’ is an
unreliable square and is not used for
analysis. The trochanteric region is less
dense because it has more trabecular
bone (similar to the LS). In general,
the DEXA of the hip (either total hip
or FN, where both provide the same
fracture prediction) is the best predictor
of both hip fractures and spine fractures;
thus, it is the best parameter for the
diagnosis of osteoporosis. Lunar densit-
ometers, using older software that was
available to us in this study, provided
trochanter and FN measurements.
Because trochanter BMD is not a sepa-
rate predictor of osteoporosis, we used
the universally accepted FN BMD
(which represents a combination of cor-
tical and trabecular bone) in the correla-
tion analysis (Johnell et al. 2005,
Abrahamsen et al. 2006, Kanis et al.
2006, Siris et al. 2007).

The striking finding was the negative
correlation between the duration of pre-
dnisone therapy and ABL. One would
expect that bone loss would increase
with increased accumulated prednisone
intake (Di Munno & Delle Sedie 2006,
Dovio et al. 2006, Popp et al. 2006). In
our previous publication, a significant
inverse correlation was observed
between the time interval following
liver transplantation (the onset of immu-
nosuppressive therapy) and the extent of
ABL (Oettinger-Barak et al. 2002). It is
therefore suggested that this phenomen-
on might be attributed to either the
restoration of liver function and conco-
mitant reduced cytokine levels (Kita
et al. 1994), or the associated immuno-
suppressive medication, which has also
been shown to affect bone metabolism
via a reduction in IL-Ib (Dawson
et al. 1996, Myrillas et al. 1999), IL-6
(Myrillas et al. 1999) and TNF. Defi-
cient or insufficient vitamin D levels
(Lips 2006, Souberbielle et al. 2006)
contribute to bone loss, and cause sus-
tained elevation of PTH that may further
increase bone loss.

Almost half of our patients (43%) had
vitamin D deficiency (25(OH)D3 serum
levels below 10 ng/ml), and none of
them had reached vitamin D adequacy.
Although data on vitamin D and dental
health outcomes are scarce, available
evidence suggests that serum 25(OH)
D3 concentrations between 36 and
40 ng/ml are desirable and the use of at
least 800 IU of 25(OH)D3 is appropriate
(Bischoff-Ferrari et al. 2006).

The supplement dose used was prob-
ably insufficient to achieve the desirable
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25(OH)D3 concentration, because each
100 IU of vitamin D3 supplementation
usually leads to a 1 ng/ml increase in the
25(OH)D3 serum level (Vieth 2006); an
individually adjusted dose of vitamin D3

based on the severity of vitamin D
deficiency is probably preferable to the
800 IU supplementation that was admi-
nistered in this study.

In conclusion, liver transplant
patients demonstrated substantial ABL.
Elevated plasma PTH and low
25(OH)D3 serum levels could explain
most of this loss and therefore could
serve as risk indicators, or maybe even
as risk factors for ABL (Bischoff-Ferrari
et al. 2006). It is therefore suggested that
full metabolic evaluation, including
levels of calcium-regulating hormones,
should be included in the assessment of
post-transplantation patients examined
for periodontal disease, as part of an
overall evaluation of potential aetiolo-
gical factors for periodontal disease.
The benefits of vitamin D treatment in
the management of secondary hyperpar-
athyroidism and possible decrease in
ABL deserve further evaluation in con-
trolled trials.
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Clinical Relevance

Principal findings: In the present
study of liver transplant patients,
calcium-regulating hormones and
FN bone measurements were shown
to correlate with ABL. Age, plasma
PTH levels, duration of glucocorti-
coid treatment and hip BMD

expressed as a T score could explain
65% of this bone loss. Impaired
vitamin D status was observed in all
patients.
Practical implications: The findings
of our study suggest that routine
assessment of these parameters
should be made. Furthermore, future

preventive strategies within the
research or clinical set-up need to
be encouraged. Finally, raising the
awareness of periodontists to poten-
tially correctable metabolic factors
may improve patient care and
decrease the severity of periodontal
bone disease.
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