
Chronic heavy alcohol consumption impairs the ability of demineralized 
allogenic bone matrix to support osteoinduction in alcohol-naïve rats

Russell T. Turner a,c, Amida F. Kuah a, Cynthia H. Trevisiol a, Kathy S. Howe a,  
Adam J. Branscum b, Urszula T. Iwaniec a,c,*

a Skeletal Biology Laboratory, School of Nutrition and Public Health, Oregon State University, Corvallis, OR 97331, USA
b Biostatistics Program, School of Nutrition and Public Health, Oregon State University, Corvallis, OR 97331, USA
c Center for Healthy Aging Research, Oregon State University, Corvallis, OR 97331, USA

A R T I C L E  I N F O

Keywords:
Bone graft
Ethanol
Critical size defect
Microcomputed tomography

A B S T R A C T

Allografts play an important role in treatment of complex bone fractures and deformities. The purpose of this 
study was to test the hypothesis that alcohol consumption impairs graft incorporation and bone healing by two 
mechanisms: (1) by lowering osteoinductive capacity and (2) by suppressing bone formation. We performed 
experiments using a demineralized allogeneic bone matrix (DBM) model in which DBM harvested from donor 
rats fed control or ethanol diet was implanted subcutaneously into recipient rats fed control or ethanol diet. We 
also evaluated the efficacy of intermittent parathyroid hormone (PTH) on bone graft incorporation (DBM from 
donor rats fed alcohol or control diet) using a critical size defect model. Bone formed during osteoinduction was 
measured by micro-computed tomography. Experiment 1: Bone volume was lower in DBM harvested from 
ethanol-consuming donors 6 weeks following implantation into recipients fed control diet, indicating that 
exposure of the donor rats to ethanol lowered osteoinductive capacity. Experiment 2: Bone volume was lower in 
DBM harvested 3 weeks following implantation from ethanol-consuming donors into ethanol-consuming re
cipients compared to DBM harvested from control donors implanted into control recipients or DBM harvested 
from control donors implanted into ethanol-consuming recipients. Experiment 3: Ethanol consumption by donors 
resulted in a tendency for lower DBM bone volume (p = 0.085) whereas PTH treatment resulted in higher DBM 
bone volume in the critical size defect model. Our results suggest that chronic heavy alcohol consumption by 
allograft donors may impair osteoinduction and this negative outcome may be worsened by alcohol intake during 
bone healing. Additionally, PTH has the potential to increase osteoinduction in DBM harvested from both 
abstinent and alcohol-consuming donors.

1. Introduction

Worldwide, there were an estimated 178 million new bone fractures 
in 2019 (Wu et al., 2021). While most fractures heal without incident, 
delayed unions and non-unions make up 2–10 % of fractures and greatly 
increase the likelihood for death or long-term disability (Ekegren et al., 
2018; Volpin and Shtarker, 2014). Fracture healing is a complex process. 
Osteoinduction at the site of injury initiates osteogenesis and plays a 
critical role in supporting early bone repair. Under suboptimal condi
tions (e.g., complex fractures, critical size defects) fracture healing can 
be supported with use of allogenic and/or autologous bone grafts (Sohn 
and Oh, 2019). Specifically, these grafts promote osteoinduction as well 
as osteoconduction (migration of bone cells into the graft) and 

osteointegration (fusion of newly formed bone with the graft).
Nearly 2.2 million procedures involving bone grafts are performed 

worldwide each year (Zhao et al., 2021). While grafts play an important 
role in treatment of patients with complex bone fractures or deformities, 
graft failures, predominantly of unknown cause, are common (Flierl 
et al., 2013; Sohn and Oh, 2019). Previous studies have focused on 
intrinsic factors (e.g., age of donor) influencing the graft’s osteoinduc
tive potential. Few studies have investigated the impact of extrinsic 
factors (e.g., alcohol consumption, smoking, or physical activity of 
donor) on graft incorporation. Because osteoinduction by bone grafts is 
predicated on the release of biologically active growth factors present in 
the graft (Hauschka et al., 1988), it is possible that extrinsic factors such 
as heavy drinking could reduce the concentration of skeletal growth 
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factors deposited into bone matrix, compromizing osteoinductive po
tential of a bone graft.

There is compelling evidence that chronic heavy alcohol intake leads 
to increased fracture rates (Yuan et al., 2023; Cherpitel, 2013; Riuttanen 
et al., 2020). Contributing to this increase are reduced bone mass and 
quality, alcohol-associated comorbidities (e.g., diabetes, pancreatitis, 
liver disease), increased fall frequency, and increased rates of traumatic 
injuries (Santori et al., 2008; Berg et al., 2008). Once a fracture occurs, 
chronic heavy alcohol consumers are more likely to suffer a delayed 
union or non-union fracture (Nyquist et al., 1997; Campenfeldt et al., 
2018; Stavrou et al., 2016; Zura et al., 2017). Although it is well 
established that alcohol abuse impairs post-fracture bone healing, few 
studies have specifically considered alcohol-induced changes in bone 
matrix as a risk factor contributing to impaired fracture healing or bone 
graft failures.

Osteoinduction is mediated, in part, by signaling factors (e.g., TGF-β, 
IGF-1) activated and released from bone matrix during resorption. We 
have shown that heavy alcohol consumption in rodents, in addition to 
suppressing bone formation, suppresses IGF-1 gene expression in bone 
and lowers IGF-1 levels in blood (Maddalozzo et al., 2009; Turner et al., 
1998). While there is evidence that alcohol consumption inhibits the 
generation of skeletal coupling factors by osteoblasts, particularly IGF-1, 
remarkably little work has been performed to establish if this alcohol- 
induced response reduces future osteoinductive capacity.

Osteoinduction can be modeled using demineralized allogeneic bone 
matrix (DBM), a complex of collagen, non-colagenous protein, and 
growth factors which remain after mature bone is demineralized and 
defatted (Cornell, 2004). DBM implanted intramuscularly or subcuta
neously in rodents forms a mature ossicle between 3 and 6 weeks post- 
implantation (Urist and Strates, 1970). The purpose of the current 
studies was to test the hypothesis that alcohol consumption, a risk factor 
for fracture repair, can impair DBM-mediated osteoinduction and DBM- 
facilitated bone healing by two non-mutually exclusive mechanisms: (1) 
by lowering osteoinductive capacity, potentially by reducing deposition 
of growth factors into bone matrix, and (2) by suppressing bone accru
ral. In addition, we evaluated the effects of intermittent parathyroid 
hormone (PTH) as an adjuvant therapy on bone graft incorporation 
using grafts from alcohol-consuming donors. We chose intermittent PTH 
as a countermeasure because we have shown that the bone anabolic 
effects of PTH are not dependent on growth hormone/IGF-1 signaling 
(Schmidt et al., 1995) and that suppression of bone formation in 
growing rats by alcohol can be prevented by treatment with therapeutic 
levels of PTH (Howe et al., 2011).

2. Materials and methods

We performed 3 experiments using 2 osteoinduction models: (1) a 
DBM model in which DBM was harvested from donor rats fed a control 
or ethanol diet and then implanted into recipient rats fed control or 
ethanol diets (Experiments 1 and 2), and (2) a critical size bone defect 

model where DBM was harvested from donor rats fed a control or 
ethanol diet and used to close a critical size defect in fibula of recipient 
rats fed a control diet (Experiment 3) (Fig. 1).

2.1. Experiment 1

The purpose of Experiment 1 was to test the hypothesis that heavy 
alcohol consumption by the donor will reduce the osteoinductive ca
pacity of DBM. The experimental design is depicted graphically in 
Fig. 1A. Femora were harvested from male Sprague-Dawley rats fed (1) 
liquid ethanol diet (Lieber-DeCarli, BioServ, #F1258SP) or (2) control 
isocaloric diet in which ethanol was replaced with maltose-dextran 
(BioServ, #F1259SP) for 3 months (from 1 to 4 months of age). The 
rats in the ethanol group consumed 35 % of their caloric intake as 
ethanol. Control rats were pair fed to ethanol rats. Alcohol consumption 
during rapid growth (1–4 months of age) ensured that a large majority of 
cortical bone matrix harvested for DBM preparation would have formed 
while the rats consumed alcohol. For graft preparation, the femora were 
cleaned of soft tissue and soaked in deionized cold water. The diaphyses 
were separated from the metaphyses and the marrow flushed out using 
deionized cold water. The resulting diaphyseal shafts were demineral
ized overnight in 0.6 N HCl at 4 ◦C with gentle stirring. After rinsing in 
deionized water, the demineralized bone shafts were extracted at 4 ◦C 
with 70 % ethanol for 1 h, 100 % ethanol for 1 h and then overnight in 
chloroform/methanol (1:1). The femoral shafts were then cut into cyl
inders approximately 5 mm in length.

Complete demineralization was ensured by analyzing 2 randomly 
selected samples by micro-computed tomography (μCT). In addition, 
bone matrix IGF-1, an important osteoinductive factor, was measured in 
5 randomly selected DBM cylinders/group using an enzyme-linked 
immunosorbent assay (American Lab Products Company, Windham, 
NH).

The DBM cylinders were weighed, dried at room temperature, stored 
at − 20 ◦C and transferred to a sterile saline solution prior to implanta
tion. The cylinders were implanted subcutaneously into 3-month-old 
male recipient Sprague-Dawley rats (n = 12). All grafts were placed 
ventrally with each rat receiving 4 grafts: 2 thoracic (from control and 
ethanol diet donors) and 2 abdominal (from control and ethanol diet 
donors). The recipient rats were fed control diet (rodent chow) for 6 
weeks. We have shown that maximum mineralization of DBM matrix 
occurs by 6 weeks post-implantation (Vandersteenhoven et al., 1988).

Bone formed during osteoinduction was measured ex vivo by μCT; 
recovered implants (2/rat/treatment; 1 thoracic and 1 abdominal) were 
scanned using a Scanco μCT 40 scanner (Scanco Medical AG, Basserdorf, 
Switzerland) at a voxel size of 12 × 12 × 12 μm (55 kVp x-ray voltage, 
145 μA intensity, and 200 ms integration time). Filtering parameters 
sigma and support were set to 0.8 and 1, respectively. Bone segmenta
tion was conducted at a threshold of 265 (scale, 0–1000) determined 
empirically. Bone volume/mass (mm3/mg) for 2 DBM implants/rat/ 
treatment was averaged to obtain a mean endpoint value.
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Fig. 1. Schematic representation of the experimental protocols for Experiment 1 (A), Experiment 2 (B), and Experiment 3 (C). The rat icon was adapted from “Rat 
(supine, curved tail)”, by BioRender.com (2025). Retrieved from https://app.biorender.com/biorender-templates.
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2.2. Experiment 2

The purpose of Experiment 2 was to test the hypothesis that heavy 
alcohol consumption following graft implantation will antagonize 
osteoinduction by DBM prepared from donor rats fed control or ethanol 
diet. This experiment was performed in female rats as our previous 
studies were conducted exclusively in male rats (Trevisiol et al., 2007; 
Iwaniec et al., 2008). The experimental design is depicted graphically in 
Fig. 1B. Donor grafts were prepared from rats fed control or ethanol diets 
and implanted, as described in Experiment 1, into 3-month-old female 
recipient Sprague-Dawley rats, with the exception that recipient rats fed 
control diet received 4 implants from donor rats fed control diet. The 
recipient rats were fed a control diet (n = 8) or ethanol diet (n = 9) for 4 
weeks prior to DBM implantation and for 3 weeks following implanta
tion. We have shown that 3 weeks post-implantation is an excellent time 
interval to detect treatment-mediated defects in bone matrix used to 
support osteoinduction (Vandersteenhoven et al., 1988). Bone formed 
during osteoinduction was measured via μCT as in Experiment 1 with 
the exception that bone segmentation was conducted at a threshold of 
245.

2.3. Experiment 3

The purpose of Experiment 3 was to evaluate effects of treatment 
with a clinically relevant dose of PTH on healing of a critical size defect 
in which DBM grafts were prepared from rats fed a control or ethanol 
diet. The experimental design is depicted graphically in Fig. 1C. Bilateral 
~2-mm long critical size defects were created in the fibula mid- 
diaphysis of 2-month-old male Sprague-Dawley rats fed control diet. 
DBM grafts from rats fed control or ethanol diets for 3 months were used 
to repair the defect in the recipient rats. Grafts were prepared as in 
Experiment 1. Each recipient rat was engrafted with an implant from a 
control diet-fed rat and an ethanol diet-fed rat. The recipient rats were 
injected subcutaneously with low dose PTH (5 μg/kg/d; n = 12) or 
vehicle (carrier) (n = 12) immediately following surgery and 5×/week 
thereafter and sacrificed following 6 weeks of treatment. Bone formed 
during osteoinduction was measured via μCT. The fibula was scanned at 
a voxel size of 16 × 16 × 16 μm (55 kVp x-ray voltage, 145 μA intensity, 
200 ms integration time, filtering parameters sigma set to 0.8 and sup
port set to 1). Bone volume was assessed in 100 slices (1.6 mm) of 
implant at a threshold of 245. Examples of a critical size defect and a 
defect 6 weeks following implantation of DBM in fibula are shown in 
Fig. 2A and B, respectively.

2.4. Statistical analysis

Mean responses on bone volume and IGF-1 were compared using 
independent two-sample t-tests (Experiment 1). Analysis of bone volume 
was performed using the Kruskal-Wallis distribution-free test followed 
by Wilcoxon-Mann-Whitney tests for pairwise comparisons because 
normality was violated (Experiment 2), and bone volume data from the 
2 × 2 factorial design of Experiment 3 were analyzed using two-way 
analysis of variance. Model diagnostics included use of Levene’s test 
for homogeneity of variance, plots of residuals versus fitted values, 
normal quantile plots, and the Anderson-Darling test of normality. The 
Benjamini and Hochberg (Benjamini and Hochberg, 1995) method for 
maintaining the false discovery rate at a maximum of 5 % was used to 
adjust for multiple comparisons. Data analysis was performed using R 
version 4.12.

3. Results

3.1. Experiment 1: DBM harvested from donor rats fed control or ethanol 
diet and implanted for 6 weeks into recipient rats fed control diet

IGF-1 was 45 % lower in bone matrix harvested from ethanol-fed rats 

compared to that harvested from control rats (Fig. 3A). DBM bone vol
ume was 23 % lower in DBM from ethanol-fed donor rats following 
implantation into recipient rats fed control diet (eDonor → cRecipient) 
(Fig. 3B), indicating that exposure of the donor rats to ethanol lowered 
osteoinductive capacity of their bone matrix. The effects can be readily 
appreciated in μCT reconstructions of representative implants (Fig. 3C).

3.2. Experiment 2: DBM harvested from donor rats fed control or ethanol 
diet and implanted for 3 weeks into recipient rats fed control or ethanol 
diet

Bone volume was lower in DBM harvested from ethanol-consuming 
donors implanted into ethanol-consuming recipients (eDonor → eReci
pient) compared to DBM harvested from control diet-consuming donors 
implanted into control diet-consuming recipients (cDonor → cRecipient) 
or ethanol-consuming recipients (cDonor → eRecipient) (Fig. 4A). Sig
nificant differences in bone volume were not detected between DBM 
harvested from control diet-consuming donors implanted into control 
diet-consuming recipients (cDonor → cRecipient) and control diet- 
consuming donors implanted into ethanol-consuming recipients (cDo
nor → eRecipient). The effects can be appreciated in μCT reconstructions 
of representative implants (Fig. 4B).

3.3. Experiment 3: DBM grafts from donor rats fed control or ethanol diet 
engrafted in fibula (critical size defect) of recipient rats fed control diet 
and treated with vehicle or PTH for 6 weeks

Ethanol consumption by donor rats resulted in a tendency (p =
0.085) for lower DBM bone volume whereas PTH treatment resulted in 
higher DBM mineralized volume in the critical size defect model (Fig. 5). 
There was no significant interaction between diet consumed by DBM 
donor rats and intermittent PTH treatment in recipient rats.

4. Discussion

We investigated the effects of chronic heavy alcohol consumption by 

Fig. 2. Representative images of a critical size defect in fibula without (A) and 
with DBM implant (B) 6 weeks following implantation.
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graft donors on graft osteoinductive capacity using two models: 1) 
ectopic bone formation in subcutaneously-implanted DBM grafts, and 2) 
DBM graft-facilitated healing of a critical size bone defect. Chronic 
heavy alcohol consumption by the graft donor impaired ectopic- 
inducted osteoinduction and the impairment was exacerbated by cur
rent alcohol consumption by the graft recipient. The defect in osteoin
duction by DBM from chronic alcohol consumers was associated with a 
decrease in bone matrix IGF-1 level. Chronic heavy alcohol consumption 
by graft donors tended to impair DBM-facilitated healing of a critical 
size defect in the graft recipient. Treatment with intermittent PTH 
ameliorated any negative effects of prior alcohol consumption by donors 
on DBM-facilitated critical size defect healing.

Alcohol consumption by male graft recipients was previously shown 
to decrease osteoinduction by subcutaneously implanted DBM from 
alcohol-naïve donor rats (Trevisiol et al., 2007; Iwaniec et al., 2008). 
This finding was not surprising because high blood levels of alcohol are 
known to inhibit endochondral ossification, intramembranous 

ossification, and bone remodeling (Roper et al., 2016; Pandini et al., 
2022; Turner et al., 2001). We now extend this prior research by 
showing that osteoinduction induced by subcutaneously-implanted 
DBM bone grafts is impaired in alcohol-naïve rats when the bone ma
trix is acquired from rats that consumed alcohol. These data strongly 
support the conclusion that alcohol consumption alters the properties of 
bone matrix, reducing its osteoinductive capacity. Because osteoinduc
tion plays an important role in fracture healing, it is plausible that a 
reduction in osteoinductive capacity of bone matrix contributes to 
impaired fracture healing often noted in chronic alcohol abusers 
(Albrektsson and Johansson, 2001). This possibility will require addi
tional investigation but is suggested by our finding of a tendency (p =
0.085) for reduced DBM-facilitated critical size defect healing when 
DBM was acquired from alcohol-consuming donors.

While the goal of this investigation focused on assessment of 
osteoinduction during injury repair, it is important to appreciate that 
osteoinduction plays a key role in bone remodeling balance (Daponte 

Fig. 3. Effect of donor diet (control or ethanol) on implant IGF-1 levels prior to implantation (A) and DBM bone volume 6 weeks following implantation into male 
recipient rats fed control diet (B). μCT reconstructions of representative implants are shown in panel C. Data are mean ± SE. N = 12/group. aDifferent from control, P 
≤ 0.05.

Fig. 4. Effect of donor diet (control or ethanol) on DBM bone volume 3 weeks following implantation into female recipient rats fed control or ethanol diet (A). μCT 
reconstructions of representative implants are shown in panel B. Data are mean ± SE. N = 8–9/group. aDifferent from control diet-consuming donors implanted into 
control diet-consuming recipients, P ≤ 0.05. bDifferent from control diet-consuming donors implanted into ethanol diet-consuming recipients, P ≤ 0.05.

R.T. Turner et al.                                                                                                                                                                                                                               Bone Reports 25 (2025) 101836 

4 



et al., 2024). Specifically, factors present in bone matrix released during 
bone resorption are critical to coupling bone formation to resorption. 
We and others have noted that cessation of drinking in skeletally mature 
rats prevents further bone loss but does not restore lost bone (Sibonga 
et al., 2007). Restoration of bone loss requires a positive bone remod
eling balance which might be difficult to achieve if prior alcohol con
sumption had lowered the concentration of critical skeletal coupling 
factors in bone matrix. If this interpretation is correct, the negative 
impact of chronic alcohol consumption on fracture repair may persist 
during abstinence.

In previous studies, the bone that was formed from alcohol-fed DBM 
donor rats, although lower in quantity, was shown to mineralize nor
mally; no changes were detected in the concentration of Ca, P, Mg, Mn, 
Fe or Cu (Trevisiol et al., 2007; Turner et al., 2012). The presence of 
normal mineral concentrations implies that the alcohol-induced 
impairment of osteoinduction does not involve changes in the extra
cellular skeletal ground substance required for mineralization. As 
mentioned, the osteoinductive capacity of DBM is believed to be medi
ated by skeletal growth factors that are deposited into bone matrix prior 
to its mineralization. These proteins are also believed to play an initi
ating role in bone repair following fracture as well as coupling bone 
formation to bone resorption during bone remodeling (Bolander, 1992; 
Cornell, 2004). We hypothesize that the reduced osteoinductive capac
ity of bone matrix may contribute to alcohol-induced skeletal pathol
ogies and may delay the ability of bone to recover following alcohol 
withdrawal. We have performed whole genome and candidate gene 
expression evaluation in distal femur of rats fed alcohol for 1 h to 7 days 
and have shown that acute and chronic exposure to alcohol decreases 
mRNA levels for IGF-1 but not for TGF-β1, TGF-β2, TGF-β3, IGF-2, 
IGFBP4, IGF-BP5, BMP1, BMP2, BMP3, BMP6, BMP7, or LTβ (Turner 
et al., 1998). In the current study, chronic alcohol consumption was 
shown to decrease the concentration of IGF-1 in bone matrix.

Growth hormone is an important physiological regulator of bone 
metabolism (Bouillon, 1991). IGF-1, levels of which are largely deter
mined by growth hormone status, mediates most of the skeletal actions 
of growth hormone (Carrascosa and Audi, 1993; Locatelli and Bianchi, 
2014). Heavy alcohol consumption reduces IGF-1 levels in rat serum 
(Sibonga et al., 2007). Similar findings have been reported in non- 
human primates and humans (Ilias et al., 2011; de la Monte et al., 
2008; Sattgast et al., 2022; Sibonga et al., 2007). Additionally, alcohol 
was shown to antagonize the skeletal response of hypophysectomized 
rats to growth hormone and disturb the positive relationship between 
plasma IGF-1 and osteocalcin, a marker of global bone formation, in 
non-human primates (Sattgast et al., 2022; Turner et al., 2010). Thus, 
alcohol may reduce IGF-1 levels as well as impair its function.

Intermittent PTH is under preclinical and clinical investigation as 
adjunctive therapy to promote fracture healing. To date, clinical studies 
have shown that PTH may be valuable to reduce risk for delayed unions 
and non-unions but much work remains to determine the specific in
dications (Orbeanu et al., 2022; Wagner et al., 2019; Johansson, 2016; 
Peichl et al., 2011). Intermittent PTH enhances fracture healing in ani
mal models (Ellegaard et al., 2010). However, these data must be 
interpreted with care because the dose-dependent effects of PTH on 
bone are bone-compartment specific and many preclinical studies were 
performed at dose rates (e.g., ≥40 μg/kg/d) that are unlikely to be 
clinically relevant (Komatsu et al., 2009). Intermittent PTH increased 
cancellous bone formation at a dose rate of 1 μg/kg/d but had no effect 
on cortical bone formation or on DBM mineralization (Trevisiol et al., 
2007; Iwaniec et al., 2008). Dose response studies suggest that a higher 
dose (≥3 μg/kg/d) may be required to enhance fracture repair (Komatsu 
et al., 2009). In the present study, treatment with intermittent PTH at a 
dose rate of 5 μg/kg/d was effective in enhancing DBM-mediated (DBM 
sourced from alcohol-naïve or alcohol consuming donors) healing of a 
critical size bone defect.

This study has several limitations. The research specifically focused 
on chronic heavy alcohol consumption, but it is possible that other 
lifestyle factors (e.g. smoking, physical activity) influence osteoinduc
tion. The critical size defect study was only performed in male rats and 
we cannot rule out the possibility that sex hormones influence the 
skeletal response to DBM during fracture healing. Based on the similar 
response of males and females to subcutaneously-implanted DBM grafts 
this is unlikely but should be investigated in future studies. While evi
dence to date supports decreased matrix IGF-1 as a strong candidate for 
alcohol-impaired bone healing, we acknowledge that additional unde
fined factors in bone matrix or in circulation are likely to be important 
mediators of alcohol’s bioactivity. Because multiple classes of systemic 
factors influence bone, including hormones, chemokines and cytokines 
(Johnson et al., 2022; Gonzalez-Reimers et al., 2014; Maurel et al., 2012; 
Mercer et al., 2015), understanding the precise mechanisms will require 
additional research.

In summary, our findings demonstrate that lifestyle factors may in
fluence fracture healing and graft incorporation by altering the 
osteoinductive capacity of bone matrix. Specifically, our results suggest 
that (1) a history of heavy alcohol consumption by a donor may impair 
osteoinduction in allografts and (2) this negative outcome may be 
worsened by alcohol intake during graft incorporation and bone healing 
in the recipient. Mechanistically, our results suggest that decreased IGF- 
1 levels in bone matrix contribute to the reduction of osteoinduction by 
DBM harvested from alcohol consumers. Additionally, intermittent PTH, 
a bone anabolic agent, has the potential to increase osteoinduction in 

Fig. 5. Effect of donor diet (control or ethanol) and intermittent PTH administration on DBM bone volume 6 weeks following engraftment in fibula (critical size 
defect) in male recipient rats fed control diet. Data are mean ± SE. N = 10–12/group.
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DBM harvested from both alcohol-naïve and alcohol-consuming donors.
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