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Abstract
Objectives: Chronic liver disease increases the risk for periodontal disease and os-
teoporotic fractures, but its impacts on bone regeneration remain unknown. Herein, 
we studied the impact of liver cirrhosis on peri- implant bone formation.
Material and Methods: A total of 20 male Wistar rats were randomly divided into two 
groups: one with the common bile duct ligated (BDL) and the respective sham- treated 
control group (SHAM). After four weeks of disease induction, titanium mini- screws 
were inserted into the tibia. Successful induction of liver cirrhosis was confirmed by 
the presence of clinical symptoms. Another four weeks later, peri- implant bone vol-
ume per tissue volume (BV/TV) and bone- to- implant contact (BIC) were determined 
by histomorphometric analysis.
Results: Peri- implant bone formation was not significantly different between the 
SHAM and BDL groups. In the cortical compartment, the median percentage of peri- 
implant new bone was 10.1% (95% CI of mean 4.0– 35.7) and 22.5% (13.8– 30.6) in the 
SHAM and BDL groups, respectively (p = .26). Consistently, the new bone in direct 
contact with the implant was 18.1% (0.4– 37.8) and 23.3% (9.2– 32.8) in SHAM and 
BDL groups, respectively (p = .38). When measuring the medullary compartment, 
the new bone area was 7.1% (4.8– 10.4) and 10.4% (7.2– 13.5) in the SHAM and BDL 
groups, respectively (p = .17). Medullary new bone in direct contact with the implant 
was 10.0% (1.2– 50.4) and 20.6% (16.8– 35.3) in SHAM and BDL groups, respectively, 
and thus comparable between the two groups (p = .46).
Conclusions: Bile duct ligation has no significant impact on the early stages of peri- 
implant bone formation.
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1  | INTRODUC TION

Chronic liver disease, and in particular liver cirrhosis, has become a 
public health concern and a known source of morbidity and mortality 
(Schuppan & Afdhal, 2008). Apart from alcohol consumption, hepa-
titis B, C, and fatty liver disease can cause liver cirrhosis. The prev-
alence of cirrhosis in industrialized countries is estimated at 0.3% 
(Scaglione et al., 2015). Regardless of the etiology, cirrhosis doubles 
the risk of pathological fractures (Handzlik- Orlik et al., 2016; Hidalgo 
et al., 2020; Luxon, 2011). Moreover, cirrhotic patients with frac-
tures had significantly higher mortality and hospitalization rate than 
the regular population (Mavilia et al., 2019).

Cirrhosis was also identified being a risk factor for periodon-
tal disease (Chen et al., 2020) and tooth loss (Yoon et al., 2016). 
Considering that osseointegration of dental implants requires 
bone regeneration by intramembranous ossification (Vasak 
et al., 2014), the question of if liver cirrhosis affects peri- implant 
bone formation seems relevant. Liver cirrhosis and immunosup-
pression in liver transplant patients were not identified as being a 
risk factor for implant failure (Gu & Yu, 2011; Paredes et al., 2017; 
Schimmel et al., 2018). Hepatic osteodystrophy induced by a 
choline- deficient diet, however, caused impaired peri- implant 
bone healing (Gorustovich et al., 2003). Whether cirrhosis af-
fects the peri- implant bone formation of dental implants remains 
unclear.

Cirrhosis can be induced by bile duct ligation (BDL) in preclini-
cal models that develops clinical symptoms such as ascites, weight 
and muscle loss, and jaundice caused by high bilirubin levels. This 
model was originally described in 1984 (Kountouras et al., 1984) and 
was established by Dehpour et al. to study the impact of the opi-
oidergic systems on bone loss (Doustimotlagh et al., 2017; Moradi 
et al., 2019), angiogenesis (Faramarzi et al., 2009), and morphological 
changes in the retina (Algazo et al., 2015). There is, however, some 
inconsistency with respect to bone biology as in BDL rats; some 
bone turnover markers were increased (Doustimotlagh et al., 2017, 
2018) but the bone- specific marker, osteocalcin, remained un-
changed (Veidal et al., 2010). Furthermore, BDL supported ortho-
dontic tooth movement (Shirazi et al., 2008), but neither the cortical 
and trabecular thickness (Doustimotlagh et al., 2017) nor the femo-
ral breaking strength was significantly affected one month following 
BDL (Moradi et al., 2019). MicroCT also revealed that six weeks post 
BDL, only minor changes in the trabecular structure become visible 
and the relative bone volume remains unchanged (Xu et al., 2020). 
Thus, a possible impact of BDL- induced cirrhosis on peri- implant 
bone formation cannot be predicted.

The rat tibia implantation model not necessarily reflects the 
unique situation of the alveolar bone but is a useful well- established 
model to study basic peri- implant bone regeneration, particularly 
allowing to distinguish cortical and medullary bone formation. This 
model has already been applied by our group to evaluate the effects 
of aging (Mair et al., 2009), diabetes mellitus on anabolic activity of 
PTH (Kuchler et al., 2011; Rybaczek et al., 2015), and to study the im-
pact of vitamin D deficiency on peri- implant bone formation (Dvorak 

et al., 2012). Thus, the overall aim of this study was to evaluate the 
possible effects of BDL- induced cirrhosis on the early stages of peri- 
implant bone formation in the rat tibia.

2  | MATERIAL AND METHODS

2.1 | Induction of liver cirrhosis through ligation of 
bile duct

The present study was conducted at the Experimental Medicine 
Research Center of the School of Medicine, Tehran University of 
Medical Sciences, following the ARRIVE guidelines. Approval of 
the study protocol was obtained by the local ethical committee at 
the Tehran University of Medical Sciences (IR.TUMS.MEDICINE.
REC.1397.655). The animals were treated according to the guide-
lines for animal care with free access to water and a standard 
diet. In brief, 20 male Wistar rats (230– 250 g) obtained from the 
Pasteur Institute of Iran were randomly allocated into two groups: 
(I) Bile duct ligated group (BDL) in which cirrhosis was induced by 
ligation of the bile duct in ten Wistar rats. (II) Sham- operated group 
(SHAM) in which manipulation of the bile duct without any liga-
tion and resection was performed. A standard and highly estab-
lished preclinical model of cholestasis was applied for induction 
of liver cirrhosis (Derakhshanian et al., 2013; Hosseini- Chegeni 
et al., 2019; Rahimi et al., 2018). Briefly, general anesthesia was 
achieved by intraperitoneal injection of 100 mg/kg ketamine hy-
drochloride (Pharmacia & Upjohn) and 5 mg/kg xylazine (Bayer). 
Laparotomy was done for all of the 20 rats of the two groups. 
The manipulation of the common bile duct was performed for the 
SHAM group. Neither ligation nor resection of the bile duct was in-
volved. In the BDL group, the common bile duct was doubly ligated 
with 3– 0 silk thread and then sectioned between the ligatures. The 
incision was closed with absorbable 5– 0 silk thread in two layers. 
Successful induction of liver cirrhosis was confirmed based on the 
clinical symptoms. Four weeks after the surgery, BDL rats showed 
pronounced weight loss, muscle wasting, jaundice, ascites, and 
hepatocellular disintegration.

2.2 | Implant insertion

Insertion of the implants was done four weeks following the SHAM 
and BDL surgeries after successful induction of the liver cirrhosis. 
Preoperatively, all animals received an intraperitoneal injection of 
100 mg/kg ketamine hydrochloride (Pharmacia & Upjohn) and 5 mg/
kg xylazine (Bayer). An incision was made over the proximal metaph-
ysis of the left tibia, and the muscles and periosteum were displaced. 
A hole was drilled 10 mm below the knee joint, and a titanium mini 
screw (Ti6Al4V; hardness 30; diameter 1 mm, length 3 mm; Medos 
Medizintechnik) with a machined surface was inserted. Wounds 
were closed with absorbable sutures (Vicryl 4– 0; Ethicon GmbH). 
After four weeks, the animals were sacrificed via inhalation of CO2 
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gas followed by decapitation. The specimens were fixed in 10% 
neutral- buffered formalin (Sigma- Aldrich).

2.3 | Hard tissue sample processing

Following the fixation in neutral- buffered formalin, the tibiae were 
dehydrated in ascending grades of alcohol and embedded in light- 
curing resin (Technovit 7200 VLC + BPO; Kulzer & Co.). Blocks 
were further processed using Exakt cutting and grinding equipment 
(Exakt Apparatebau). Thin- ground sections were prepared along 
the implant axis and the longitudinal axis of the tibia and stained 
with Levai– Laczko dye. The slices were scanned using an Olympus 
BX61VS digital virtual microscopy system (DotSlide 2.4, Olympus) 
with a 20× objective resulting in a resolution of 0.32 μm per pixel 
and then interactively classified using Adobe Photoshop® software 
(Adobe). Histomorphometric analysis was blinded and performed at 
three regions of interest (ROIs), representing the medullary, cortical, 
and periosteal compartments.

2.4 | Histomorphometric analysis

The implant surface in contact with mineralized old and new bones 
referred to as the “bone- to- implant contact” (BIC), was calculated 
as a percentage. “Bone volume per tissue volume” (BV/TV) was de-
termined within a distance of 200 µm immediately adjacent to the 
implant surface and indicated as a percentage (Figure 1). BV/TV was 
calculated by dividing the area of bone volume (BV) by the total tis-
sue volume (TV) present in the region of interest. BIC and BV/TV 
were determined in the medullary, cortical, and periosteal compart-
ments. The medullary region of interest was limited to 1 mm adjacent 
to the cortical region. The periosteal region of interest was limited 
to the 200 µm outside the cortical region. Measurements were per-
formed using Definiens Developer XD 2.7 (Definiens AG). Colors in 
the manually drawn segmentation were thresholded. Measurement 
was then limited to the area within 200 µm of the implant. From the 
borders of the cortical region, the periosteal region was created by 
measuring 200 µm away from the outer border of the cortex. In the 
same way, the medullary region was created by measuring 1,000 µm 
from the inner border of the cortex. Areas were measured by count-
ing the pixels of each class contained in the three different regions. 
Contact length between the implant and the different tissues was 
calculated by measuring a polygonal surface, which was fitted to ap-
proximate the real implant surface.

2.5 | Statistics

Based on the study by Kuchler et al. in which BV/TV was calculated 
as the primary endpoint for 20% with 4% of standard deviation (SD), 
we assumed 15% of BV/TV for cirrhosis. To reach the power of 80%, 
considering a 95% of confidence interval (alpha = 0.05), the total 

number of 20 animals was divided equally into two groups named 
SHAM and BDL. Mann– Whitney U test was applied to compare 
seven animals per group as we excluded three implants per group 
at the level of histological evaluation because of the bicortical and 
metaphyseal position that might have affected the histomorphomet-
ric outcome. The p- values of all tests are indicated in the figures.

3  | RESULTS

3.1 | Bile duct ligation, induction of cirrhosis, and 
side effects

Four weeks after BDL surgery, evaluation of the rats for jaundice, 
ascites, weight, and muscle loss was done to confirm the success-
ful induction of cirrhosis. The BDL but not the SHAM- operated 
group had symptoms of hepatic failure such as the formation of 
ascites accumulate liquid in the abdominal cavity in contrast to a 
normal rat (Figure 2a). In our previous studies, we have confirmed 
that BDL greatly decreased body weight and increase plasma bili-
rubin and liver enzymes such as alanine- , aspartate- , and alkaline 

F I G U R E  1   Regions of interest in the histomorphometric 
analysis. The tissue surrounding the implant was segmented into 
following three regions of interest: the periosteal (blue), the cortical 
(yellow), and the medullary region (green), the latter extending 
1 mm into the bone marrow. In all three regions, we distinguished 
between new and old bone based on the histological staining 
intensity and calculated the “bone volume per tissue volume” (BV/
TV) within the region 200 µm immediately adjacent to the implant 
surface. We also determined the “bone- to- implant contact” (BIC) 
representing the relative coverage of the implant surface with bone
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aminotransferase and g- glutamyl transferase (Doustimotlagh 
et al., 2017; Moradi et al., 2019). Histology of the liver revealed 
cytoplasmic degeneration and pyknotic nuclei in the BDL but not 
in the SHAM group (Ghiassy et al., 2017). Under these conditions, 
the insertion of the implants into the tibia was performed. No ani-
mals died during the surgery and the follow- up period. The healing 
was uneventful, with no wound dehiscence in the SHAM and the 
BDL groups.

3.2 | Histological analysis of the implants 
after healing

Next, we evaluated the impact of cirrhosis induced by BDL on 
peri- implant bone formation at the histological level. The over-
view showing the titanium miniscrews with a turned surface being 
firmly placed in the cortex of the tibia with most of the threads 
inserted in the medullary compartment. A similar picture was ob-
tained when analyzing the SHAM group of implants. The overview 
already exposes the formation of new bone that is indicated by 
the dark purple stain in the cortical and medullary compartments 
(Figure 3). Figure 4 is a higher magnification view highlighting the 
faintly and darker purple staining of the pre- existing and the new 
bone, respectively, that could thus be distinguished in the quan-
titative analysis. The histology shows viable osteocytes and bone 

formation indicated by osteoblast seams, as well as direct contact 
of the new bone with the implant in the SHAM and the BDL group 
(Figure 4).

3.3 | Histomorphometric analysis of the implants 
after healing— the medullary bone

A morphometric analysis of the medullary compartment that indi-
cates almost exclusively new bone formation was performed. When 
measuring the newly formed bone in the medullary compartment, 
the BV/TV was 7.1% (4.8– 10.4) and 10.4% (7.2– 13.5) in the SHAM 
and BDL groups, respectively (p = .165). In line with the amount of 
bone, also the new bone in direct contact with the implant, the BIC, 
was 10.0% (1.2– 50.4) and 20.6% (16.8– 35.3) in the SHAM and BDL 
groups, respectively, and thus comparable between the two groups 
(p = .456). Considering that the medulla of the diaphysis is devoid of 

F I G U R E  2   Bile duct ligation caused the swollen abdominal 
cavity as sign of cirrhosis. Cirrhosis was induced by bile duct 
ligation (BDL) in Wistar rats. Manipulation but not ligation or 
dissection of common bile duct was performed for the SHAM 
group. The confirmation of the successful induction of liver 
cirrhosis was based on the clinical symptoms. Four weeks after 
the surgery, the SHAM group appeared normal while the BDL rats 
experienced the formation of ascites, the accumulating liquid in the 
abdominal cavity

F I G U R E  3   Overview of histological analysis of the implants 
after healing. Histological picture of the implant in the tibia, 
highlighting the region of interest. SHAM operation surgery and 
bile duct ligation were performed four weeks prior to implant 
placement. After another four weeks of healing, thin- ground 
sections were prepared along the implant axis and the longitudinal 
axis of the tibia and stained with Levai- Laczko dye. The cortical 
bone providing the mechanical support of the implant is clearly 
visible. Also, the bone formed on the surface of the implant in the 
medullary compartment is distinguishable based on the darker 
purple staining. In contrast, the pre- existing cortical bone is stained 
faintly purple. The remaining bone marrow appears blue and cell- 
rich. There are no obvious differences with respect to peri- implant 
bone formation when SHAM and BDL groups are compared
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pre- existing bone, the occurrence of pristine cortical bone was neg-
ligible, with BV/TV reaching 1.8% (0.3– 4.7) and 2.7% (1.0– 4.5) in the 
SHAM and BDL groups, respectively (Figure 5). Thus, in the medul-
lary compartment, there was no obvious effect of cirrhosis induced 
by BDL on the early stages of peri- implant bone formation in the rat 
tibia implantation model.

3.4 | Histomorphometric analysis of the implants 
after healing— the cortical bone

When focusing on the amount of newly formed bone in the cortical 
compartment, the median percentage of bone, indicated as BV/TV 
was 10.1% (95% CI of mean 4.0– 35.7) and 22.5% (13.8– 30.6) in the 
SHAM and BDL groups, respectively (p = .259). Consistently, the 
new bone in direct contact with the implant, the BIC, was 18.1 (0.4– 
37.8) and 23.3 (9.2– 32.8) in the SHAM and BDL groups, respec-
tively, and thus comparable between the two groups (p = .383). 
As expected, the overall amount (BV/TV) and thus the BIC of old 
pristine cortical bone were obviously higher than those of the new 
bone, but again, not significantly affected by cirrhosis induced by 
BDL (Figure 6).

3.5 | Histomorphometric analysis of the implants 
after healing— the periosteal bone

Finally, we evaluated bone formation within the periosteal region 
of interest. Figure 7 shows that the newly formed bone in the peri-
osteal compartment, the BV/TV, was 20.1% (6.7– 41.6) and 3.9% 
(−3.9– 32.2) in the SHAM and BDL groups, respectively (p = .20). 
The new bone in direct contact with the implant, the BIC, was 0 
(−2.9– 30.2) and 0 (−1.5– 6.2) in SHAM and BDL groups, and thus 
comparable between the two groups (p = .57). As summarized in 
Figure 7, there was a high variation within each group and no clear 
trend on an association with cirrhosis induced by BDL in the peri-
osteal compartment.

4  | DISCUSSION

There are many reasons why metabolic changes that are caused by 
liver cirrhosis could have an impact on the early stages of osseoin-
tegration. Cirrhosis is a risk factor for osteoporotic fractures sug-
gesting an effect of cirrhosis on bone metabolism that may extend 
toward bone regeneration (Handzlik- Orlik et al., 2016; Hidalgo 
et al., 2020; Luxon, 2011). Also, the frequency of oral mucosal le-
sions in patients with chronic liver failure was higher compared 
with the control group (Zahed et al., 2020). However, neither liver 
cirrhosis nor immunosuppression in liver transplanted patients was 
identified as risk factor for implant survival (Gu & Yu, 2011; Paredes 
et al., 2017; Schimmel et al., 2018; Wychowanski et al., 2020), even 
though liver disease is a risk factor for periodontal disease (Chen 
et al., 2020) and tooth loss (Yoon et al., 2016). Based on these data, 
it might be assumed that early peri- implant bone formation is not 
necessarily impaired in liver cirrhotic patients with their higher 
risk for osteoporotic fractures and periodontitis. Also, the BDL 
rat model shows no consistent changes in bone turnover markers 
(Doustimotlagh et al., 2017, 2018; Veidal et al., 2010) and the im-
pact of BDL on the bone structural parameters is moderate to low 
(Doustimotlagh et al., 2017; Moradi et al., 2019; Xu et al., 2020). 

F I G U R E  4   Detailed histological analysis of the implants 
after healing. High magnification images of the thin- ground 
sections stained with Levai– Laczko dye provide insights into 
the three regions of interest, the periosteal, cortical, and 
medullary compartments. Four weeks after SHAM and BDL 
operation surgeries, implants were placed, and after another four 
weeks of healing, histological analysis was performed. (I) In the 
periosteal region, old pre- existing bone and new bone that can 
be distinguished by its strong purple hue from the faintly stained 
old bone can be observed. Also, noticeable are the characteristic 
large osteocytes lacunae of immature woven bone that is laid 
down on the surface of the old bone. (II) The cortical compartment 
revealed mainly old cortical bone but also areas of new bone 
formation. Signs of remodeling that has replaced the old with new 
bone are visible in the SHAM and BDL groups. (III) The medullary 
compartment shows the cell- rich matrix characteristic for the 
marrow space that surrounds the new bone laid down onto the 
surface of the titanium screws. Also fragments of old bone which 
were formed during implant placement surgery are visible. Again, 
no obvious differences are visible when comparing the images 
of the SHAM with those of the BDL group
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Surprisingly, the implication of liver cirrhosis on aspects of bone 
regeneration, with osseointegration of dental implants being one 
indication, has not yet been studied.

We show here the histologic and histomorphometric data of 
peri- implant bone formation in BDL rats. In agreement with previ-
ous studies based on a rat tibia implantation model, we observed 

F I G U R E  5   Histomorphometric analysis of the implants after healing— the medullary bone. Cirrhosis was induced by bile duct ligation 
in Wistar rats (BDL) while manipulation but not ligation and dissection were considered SHAM surgery. Four weeks later, implants were 
inserted in the tibia, and following another four weeks of peri- implant bone formation, histomorphometric analysis was performed. This 
figure shows results for the medullary region reaching 1 mm into the bone marrow compartment. New and old bone were distinguished 
based on staining intensity, and “bone volume per tissue volume” (BV/TV) within the region of 200 µm immediately adjacent to the implant 
surface calculated. “Bone- to- implant contact” (BIC) is a measure for the implant surface covered with bone. Statistical analysis comparing 
the SHAM and the BDL group was performed using Mann– Whitney U test and the p- valued indicated

F I G U R E  6   Histomorphometric analysis of the implants after healing— the cortical bone. Four weeks after BDL and SHAM surgeries, 
implants were inserted in the tibia and after another four weeks histomorphometric analysis performed. “Bone volume per tissue volume” 
(BV/TV) within the region of 200 µm immediately adjacent to the implant surface and “bone- to- implant contact” (BIC) were determined. 
Statistical analysis comparing the SHAM and the BDL group was performed using Mann– Whitney U test and the p- value indicated

F I G U R E  7   Histomorphometric analysis of the implants after healing— the periosteal bone. Four weeks after BDL and SHAM surgeries 
and another four weeks of peri- implant bone formation, histomorphometric analysis was performed. “Bone volume per tissue volume” 
(BV/TV) within the region of 200 µm immediately adjacent to the implant surface and “bone- to- implant contact” (BIC) were determined. 
Statistical analysis comparing the SHAM and the BDL group was performed using Mann– Whitney U test and the p- value indicated
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peri- implant bone formation of titanium screws in the cortical 
bone. In support of this claim, the medullary bone formation re-
sembles one of previous studies; for example, BV/TV was around 
20% (Kuchler et al., 2013), only slightly higher than the 10% in the 
present study. The cortical bone formation was approximately 90% 
in previous studies (Kuchler et al., 2011, 2013), now also reach-
ing 90% when combining new and old bone. Under these condi-
tions, BDL had not caused a significant and relevant change of the 
standard parameters of peri- implant bone formation— the BV/TV 
and BIC. Somehow unexpected was the observation that the BDL 
group even showed a trend toward a higher BV/TV in the medullary 
compartment than the SHAM group. Taken together, if we relate 
our findings to those of others, it is obvious that the early stages of 
peri- implant bone formation are not considerably affected by liver 
cirrhosis induced by BDL.

The clinical relevance of the data leaves room for speculation. 
We have to state the four- week BDL causes the cardinal symptoms 
of cirrhosis including the formation of ascites accumulate liquid in 
the abdominal cavity, but not necessarily represents the long- term 
effects that cirrhosis might have on bone healing, a complex pro-
cess that requires angiogenesis to deliver bone- forming osteoblasts 
(Sivaraj & Adams, 2016). Even though BDL rats have impaired angio-
genesis (Faramarzi et al., 2009), this may not have led to impaired 
peri- implant bone formation in small defects. However, clinical im-
plant dentistry involves the filling of extraction sockets upon imme-
diate implant placement (Groenendijk et al., 2017) and the possible 
need for bone augmentation procedures (Thoma et al., 2019). Our 
findings should not be extrapolated toward large defects. Moreover, 
the four- week peri- implant bone formation period is considered 
early as the remodeling in rodents has been started but not reached 
a steady level; therefore, a possible negative balance on bone re-
modeling that weakens peri- implant bone formation is not denoted 
by our model.

Considering that this is a pioneer study linking cirrhosis and peri- 
implant bone formation, numerous limitations have to be raised. 
First, the tibia model only moderately represents the situation of 
the jaw with its unique immunologic situation and the lack of func-
tional loading of implants. Second, our study is a pilot as we have 
only selected one observation period based on previous studies 
with PTH (Kuchler et al., 2011; Mair et al., 2009), colitis (Kuchler 
et al., 2013), and vitamin D deficiency (Dvorak et al., 2012). Future 
studies should consider the long- term effects of liver cirrhosis on os-
seointegration. Third, the implants used were titanium screws with 
a turned surface and it is a rougher surface that might better reflect 
the clinical scenario. Forth, the impact of ursodeoxycholic acid being 
one of the first- line therapeutic medications used in the treatment 
of cholestatic liver disease and taurocholic acid, a conjugation of 
cholic acid with taurine, both with shown anti- inflammatory prop-
erties (Talebian et al., 2020; Talebian et al., 2020) on bone regener-
ation remains to be determined. Finally, it would be interesting to 
understand how the deregulation of insulin- like growth factor- 1 in 
BDL rats affects peri- implant bone in the long- term setting (Tarcin 
et al., 2008).

The present study should be a motivation for additional pre-
clinical and clinical researches to learn more about liver cirrhosis 
being a possible risk factor in implant dentistry. In conclusion, the 
presented study shows that cirrhosis induction by BDL has no sig-
nificant impact on the early stages of peri- implant bone formation 
in the cortical and medullary compartments in a rat tibia implan-
tation model.
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