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Introduction. Patients with chronic liver failure (CLF) are faced with many complications, because this organ is involved in various
metabolic activities. Hepatic osteodystrophy is one of the major health issues encountered by this group of patients. The current
study evaluated osteoporosis and bone changes in oral panoramic radiographies of cirrhotic patients. Materials and Methods.
In this study, 138 panoramic views of CLF patients, candidates for liver transplant (65 females, 73 males, aged 19-68 years)
referred to Shiraz University Dental Clinic (Shiraz, Iran) for pretransplant oral examination, were evaluated. Also 138 healthy
individuals (69 females, 69 males, aged 18-70 years) referred to the same clinic were examined. Abnormalities such as osteoporosis,
pathologic radiolucencies, pathologic calcifications, tonsilloliths, condylar degeneration, and other findings in the alveolar bones
were recorded. Results. Osteoporosis was a common finding in CLF patients (p<0.001), and the probability of detecting low
bone density in the panoramic view was 20.37 times higher among patients than healthy subjects. The probability of detecting
pathologic jaw radiolucencies was 8.92 times higher in the case group than in the controls (p<0.001). Other bone abnormalities
such as condylar degeneration and idiopathic osteosclerosis were alsomore prevalent in CLF patients compared to healthy subjects
(p<0.001). Conclusion. Cirrhotic patients are prone to osteoporosis of the alveolar bones. Also, pathologic jaw radiolucencies as a
result of oral infections are more prevalent in this group of patients. Routine oral panoramic views are acceptable and cost-effective
radiographies for use in detecting such abnormalities in the alveolar bones as well as overall dental health. These findings also
support the importance of dental health examinations prior to liver transplantation to reduce the risk of organ rejection.

1. Introduction

Liver disorders are one of the main causes of morbidity and
mortality worldwide. With over one million deaths in 2010,
cirrhosis of the liver is known as a major health burden [1].

Hepatic osteodystrophy is known as osteoporosis and
osteomalacia in patients suffering from liver cirrhosis [2].
Bone density in chronic liver failure (CLF) patients has
been previously evaluated, and all investigations have shown
a decrease in bone density levels [3–5]. Liver dysfunction
is known as the second main cause of osteoporosis or

osteopenia [2]. It is reported that the estimation of bone
density alteration in cirrhotic patients is 12% to 55% [4–7].
As a rule, low bone mass or density may act as significant
risk factors for fracture.The rate of fracture in CLF patients is
reported to be 5% to 20% and highly related to age and stage
of disease [2].

The mechanism behind this bone abnormality is related
to the distinct characteristic of the cause of liver disease.
Nevertheless, the liver is involved in many metabolic activi-
ties; therefore, general factors such as vitamin D and calcium
alterations and the resultant secondary hyperparathyroidism,
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vitamin K deficiency, hormonal dysfunction, cytokines, and
deficiency of insulin-like growth factor 1 (IGF-1) all affect
bone metabolism [2].

The number of patients with chronic liver failure (CLF)
referred to dental health centers is increasing every year [8–
10]. These cases must be persistently examined by a dentist
before going through liver transplant procedures [8, 11].
Oral infections are considered a major cause of treatment
failure in liver transplant recipients [10]. Besides the role of
oral infections in the prognosis of CLF, oral lesions can be
regarded as a diagnostic tool in the evaluation of the general
health of the patient [5, 12]. Moreover, CLF, like many other
systemic diseases (hematologic, endocrine, and metabolic
disorders), can affect both the hard and soft tissues of the oral
cavity [4, 12, 13].

All CLF cases undergo panoramic radiography prior to
transplant in order to detect any source of infection in the
oral cavity [14]. This radiography is inexpensive, extensively
used, and easily performed and has a relatively low dose of
radiation [15]. Furthermore, its use in evaluating bone density
levels has been previously recognized [16, 17]. To the best
of the authors’ knowledge, however, there is no information
about panoramic radiographies and low bone density in CLF
cases. Therefore, this study is designed to assess osteoporosis
and other radiographic changes in the panoramic views of
CLF patients compared with normal individuals to better
understand the hard tissue changes manifested in the alveolar
bones of these patients.

2. Patients and Methods

2.1. Study Group. This analytical cross-sectional study was
conducted on 138 panoramic views of CLF patients who
were candidates for liver transplant (65 females, 73 males,
aged 19-68 years) and 138 healthy individuals (69 females,
69 males, aged 18-70 years). All cases were referred to Shiraz
University Dental Clinic (Shiraz Dental School, Shiraz, Iran)
for a pretransplant oral examination. A control groupwas also
randomly selected fromhealthy individuals who attended the
same clinic for routine dental care between March 2015 and
August 2017. After obtaining written informed consent from
each participant, dentate patients with acceptable quality
panoramic radiographs were entered into the study. Cases
with a history of anemia, head and neck radiotherapy,
diabetes mellitus, corticosteroid consumption, smoking and
narcotic use, rheumatic disease, pregnancy, tonsillectomy,
or metabolic bone disease (thyroid disorders, hyperparathy-
roidism, Addison’s and Cushing disease) were excluded from
the study. Demographic data collected included gender, age,
and duration of disease.

2.2. Imaging Procedures. Panoramic views were prepared
using a Planmeca XC Proline panoramic machine (Helsinki,
Finland). Exposure factorswere adjusted according to the size
and age of the patient (57-85 kVp, 10 mA), using Agfa PSP
receptors (Germany). The images were observed on a Barco
monitor (China) in a semi-darkened room. All radiographs
were evaluated by an oral and maxillofacial radiologist and
an oral medicine specialist to achieve a capital value of

Figure 1: Osteoporosis in chronic liver failure patients seen as
rarefying of the bone and thinning of cortex.

Figure 2:Multiple apical radiolucencies seen in themandibular and
maxillary dentition of a chronic liver failure patient.

agreement. Osteoporosis and other abnormalities such as
condylar degeneration, pathologic radiolucency, calcifica-
tions, tonsilloliths, and other findings in the jawbone and
temporomandibular joint were recorded.

In the panoramic radiography, osteoporosis was defined
as low bone mass and micro-architectural changes of bone
tissue, rarefying of the bone, thinning of the cortex, and loss
of the lamina dura (Figure 1) [18].

Panoramic radiographs were inspected for the presence
of radiolucent jaw lesions of both odontogenic and nonodon-
togenic origin with different etiologies (reactive, benign, or
malignant) (Figure 2) [10].

Temporomandibular joint disorders (TMD) were con-
sidered as degenerative changes of the articular bone and
presence of osteophytes on the panoramic radiographies
[19](Figure 3).

Idiopathic osteosclerosis (IO) due to increased bone
production in the jaw was found as a round, elliptical, or
irregular radiopaque area [20].

Tonsilloliths usually appear as numerous small and ill-
defined radiopacities located on the ramus and usually super-
imposed over the border of the tongue shadow (Figure 4)
[15, 21].

2.3. Ethical Considerations. The research followed the tenets
of the Declaration of Helsinki. Written informed consent
was obtained from all patients who participated in the
study. All information about individuals was coded and
kept confidential. This study was approved by the Ethics
Committee of Shiraz University of Medical Sciences.
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Figure 3: Condylar degeneration in the left mandibular condyle of
a chronic liver failure patient.

Figure 4: Bilateral tonsilloliths presented as radiopaque lesions
superimposed on the mandibular ramus in a chronic liver failure
patient.

2.4. Statistical Analysis. The data was collected and analyzed
using SPSS software (version 18; SPSS Inc., Chicago, IL, USA).
The chi-square and odds ratio tests (95% confidence interval)
were performed to compare the findings between the case and
control groups. A p value < 0.05 was accepted as significant.

3. Results

A total of 138 panoramic views of patients with CLF (65
females, 73 males, aged 19-68 years) and 138 healthy subjects
(69 females, 69 males, aged 18-70 years) were reviewed in the
Oral and Maxillofacial Radiology Clinic of the University of
Shiraz, Iran.Theduration of the liver disease in the case group
varied between 2 and 223months with a medium duration of
67.3 ± 52.8 months.

Osteoporosis was a common finding in CLF patients
(p<0.001), and the probability of detecting such lesions in
end-stage liver disease was 20.37 times higher in patients than
in control subjects (95% CI=6.14-67.59) (Table 1).

Pathologic jaw radiolucency was more prevalent in CLF
patients than in healthy subjects (p<0.001). In comparison,
the probability of detecting such lesions in the case group was
8.92 times higher than controls (95%CI=2.01-39.58) (Table 1).

Based on the results of the chi-square test, the data
revealed a significant difference between cases and controls in
the presence of condylar degeneration (p<0.001).The chance
of condylar involvement was 4.2 times higher in the case
group than control (95% CI=2.40-7.35) (Table 1).

There was no significant relation between the groups in
presence of tonsilloliths (p=0.198, OR=0.42) (Table 1).

Statistical analysis demonstrated a significant correlation
between the detection of idiopathic osteosclerosis (IO) and

liver disease (p<0.001). The chance of the presence of IO
was 12.73 higher in the case group than in the controls (95%
CI=4.40-36.83) (Table 1).

4. Discussion

The organs in the human body have an interdependent rela-
tionship, such that any pathologic condition in one element
can alter the health status in other body parts. One of themain
complications for patients with medical problems is bone
manifestations, especially those affecting the jaws. The main
finding of the current study is that osteoporosis is commonly
detected in the panoramic radiographies of liver cirrhosis
patients. Moreover, pathologic radiolucencies that are mostly
the result of dental infections and poor oral health are more
prevalent in this group of patients.

Digital panoramic radiographs are taken routinely for
the diagnosis and management of individuals referred to
orodental clinics. Generally, intraoral radiographs are more
popular for the detection of dental-related disorders, but they
are not suitable for evaluating bony changes [17]. Advanced
radiography such as cone beam computed tomography
(CBCT) is thought to be superior to panoramic views in
detecting precise changes in bone structure due to the lack
of superimposition and distortion. On the other hand, this
radiography exposes the patient to more radiation and is
more expensive [22]. Furthermore, it is mentioned in the
literature that panoramic radiography is as good as CBCT
in detecting anatomical structures [23]. Bone resorption and
calcifications may easily be detected in this radiography,
and panoramic indices such as thickness of the mandibular
cortex can be used to show osteoporosis [17]. Dual energy X-
ray absorptiometry (DXA) is widely used to evaluate bone
mineral density; however, it is not routinely recommended
because it is not cost beneficial [2, 17]. Moreover, considering
the fact that the accuracy of densitometry is reduced in
patients with ascites because of the superimposition of fluid
both at the lumbar spine and the proximal femur, new
modalities are required as diagnostic options in liver failure
patients [2].

In the current study, panoramic radiographs revealed
osteoporosis in approximately one-third of CLF patients. In
agreement with this, previous studies have reported the infe-
rior mandibular cortex density to be reduced in panoramic
views of CLF patients compared with normal individuals
[14]. This result is also in accordance with studies that have
shown a decrease in bone density as high as 68% in liver
transplant candidates [5]. In 2016, a study was carried out to
evaluate osteopenia and osteoporosis in patients with various
chronic liver diseases. The researchers concluded that low
bone mineral density is highly prevalent in this group of
patients, and vitamin D levels and severity of liver disease
are correlated with low BMD [4].The pathogenic mechanism
underlying this reduction is hypothesized in the literature to
be a decrease in the proliferative capacity of osteoblasts with
increasing bilirubin levels, which is dose dependent [4, 5, 24,
25]. It is noteworthy that vitamin D3 is hydroxylated in the
liver.Themetabolism of calcium and vitaminD is impaired in
liver cirrhosis with the resultant parathyroid hormone (PTH)
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Table 1: Comparison of oral panoramic radiographic findings in chronic liver failure patients with those of the healthy control group.

Radiographic findings
Group

p value∗∗ OR (95% CI)∗∗∗Case Control
No.∗ percentage No. percentage

Osteoporosis Negative 195 68.8% 135 97.8%
<0.001 20.37 (6.14- 67.59)

Positive 43 31.2% 3 2.2%

Pathologic Radiolucency Negative 122 88.4% 136 98.6% 0.001 8.92(2.01- 39.58)
Positive 16 11.6% 2 1.4%

Condylar degeneration Negative 75 54.3% 115 83.3%
<0.001 4.2 (2.40-7.35)

Positive 63 45.7% 23 16.7%

Idiopathic Osteosclerosis Negative 100 72.5% 134 97.1%
<0.001 12.73 (4.40-36.83)

Positive 38 27.5 4 2.9%

Tonsilloliths Negative 135 97/8% 131 94/9% 0.198 0.42(0.11-1.64)
Positive 3 2.2% 7 5.1%

Total 138 138 - -
∗Number; ∗∗chi-square test; ∗∗∗odds ratio (95% confidence interval)

disturbance [2]. Gatta et al. suggest densitometry screening
for osteoporosis for all patients with advanced chronic liver
disease. Moreover, bonemineral density is reduced rapidly in
the first six months after transplantation; thus, bone density
values are very important prognostic factors at the time of
transplantation [7]. Early diagnosis and treatment of this
disorder are of high importance due to its serious complica-
tions. Eliminating risk factors, such as ceasing tobacco and
alcohol consumption; reducing caffeine ingestion; exercise;
supplementation with calcium and vitamin D; and limiting
the intake of drugs such as loop diuretics, corticosteroids, and
cholestyramine constitute the first line of therapy [7].

Another finding suggestive of osteoporosis in the pano-
ramic radiographs of the present study was condylar degen-
eration, which was significantly more common in the case
group. As reported in previous studies, the mandibular
condyle can be a biomarker in panoramic views of patients
for the early detection of osteoporosis [26].The fibrocartilage
of the temporomandibular joint is located above the bone of
themandibular condyles; thismakes the bone very vulnerable
to inflammatory damage due to systemic disease and a
valuable model for studying arthritic bony changes [27]. Also
it is mentioned in the literature that psychological stress
is correlated with temporomandibular disorders (TMDs)
[28]. Compromised systemic patients are faced with many
psychological and emotional stresses when dealing with their
illness. Osteoporosis in conjunction with psychological stress
can be the main cause of condylar degeneration in this
group.

Panoramic radiographs also identified pathologic radi-
olucencies as a cause of apical periodontitis and other patho-
logic causes (nonodontogenic) in almost 12% of the evaluated
cases in this study. This finding was significantly more
common in liver cirrhosis patients than in healthy individ-
uals. PTH disturbances and secondary hyperparathyroidism
can cause radiolucent jaw lesions referred to as “Brown
Tumors” [29]. Although vitamin D levels are decreased in
liver cirrhosis patients, secondary hyperparathyroidism is
found to be relatively uncommon [30]. Furthermore, apical

radiolucency is most often the result of necrotic dental pulp
which develops when oral bacteria reach the dental pulp
through large and deep caries lesions of the teeth [10, 31].
Therefore the causes of radiolucent lesions are mainly tooth-
related, as has been seen in other studies examining the
presence of tooth apical radiolucencies in liver cirrhosis
patients [10, 11]. In 2016, researchers found this lesion in 46%
of their cases. They also revealed that patients with peri-
apical radiolucencies had a higher prevalence of cirrhosis-
related complications such as ascites, hepatic encephalopathy,
and/or variceal bleeding, although neither cirrhosis etiology
(alcoholic versus nonalcoholic) nor severity (model of end-
stage liver disease (MELD) score) was a predictor for the
prevalence of jaw radiolucencies. [10]. Other studies support
this finding, showing that the etiology of chronic liver
disease and the severity of the disease are associated with
oral health status; the higher the MELD score is, the more
undesirable the dental health condition is [11]. Moreover,
the oral health of candidates of solid organ transplants is an
important matter due to the permanent immunosuppression
they face after transplantation [12]. In the United States, a
study was carried out in 294 transplant centers, of which 38%
showed a spread of infection after transplantation due to a
dental source. At least one case of posttransplantation sepsis
with a possible odontogenic source was recorded in 27% of
treatment centers [32]. These lesions can precipitate systemic
inflammation activation in both healthy and compromised
patients [31]. Idiopathic sclerosis was also more prevalent
in the case group. This lesion must be distinguished from
remnants of a past infectious lesion [20]. Thus, the need for
a more thorough oral examination in order to eliminate any
source of dental infection or a workup to detect secondary
hyperparathyroidism is also supported in the cases of this
study.

Shiraz University of Medical Sciences is the main center
for referral of CLF patients in Iran. Therefore, the cases were
easy to access, and a good number of patients were evaluated.
However, further evaluations on a larger number of cases are
suggested.
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5. Conclusion

Panoramic views are relevant radiographies for the detec-
tion of osteoporosis in the alveolar bones of liver cirrhotic
patients. This can reduce the need for expensive and invasive
workups to detect low bone density in these compromised
cases. Pathologic alveolar radiolucencies as a result of tooth
infection or secondary hyperparathyroidism are also more
prevalent inCLF patients. Panoramic radiographs are feasible
and cost-effective instruments that help with the overall
health of the patient by detecting such lesions. Radiolucent
bone pathologies need further assessment, because they can
represent sources of infection after liver transplantation. The
study findings also reveal that cirrhotic patients are more
likely to have poorer oral health than healthy individuals;
thus, the current study supports a thorough dental screening
and close monitoring for dental infections in candidates of
liver transplantation.
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