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Abstract

Background Bone graft materials are routinely evaluated

for infectious agents; however, data regarding contamina-

tion of bone graft from environmental exposure of the

donors to osteotoxic substances such as lead are not rou-

tinely available. In animal models, stored lead in bone has

been shown to impair fracture healing and osteocyte

function. In clinical studies, lead is linked to skeletal dis-

ease at relatively low concentrations. Presumably the levels

of lead in allografts mirror the level of lead in bone in the

population; however, the degree to which processing might

decrease this and the frequency with which potentially

osteotoxic levels appear in bone grafts have not been

studied.

Questions/purposes (1) Does processing of donor bone

for allografts result in lower concentrations of lead in

commercial allograft when compared with autologous bone

graft; and (2) what proportion of bone grafts contain

potentially osteotoxic levels of lead from[2.0 to 20.0 lg/g

corresponding to environmental exposure?

Methods Allograft from commercial sources and autolo-

gous bone graft materials were examined for lead content

using ICP- atomic absorption spectrophotometric analysis.

We analyzed bone graft specimens from 42 donors,

including 26 corticocancellous tibial specimens from

commercially available bone graft materials and 16 auto-

graft corticocancellous tibial specimens. Lead levels were

determined for the cortical (n = 42) and cancellous (n = 42)

portions of each specimen. For quality control, all instru-

ments, plastic and glassware, were regularly tested for lead

contamination by atomic absorption spectrophotometry

throughout the experiments. In addition, spectrophotometer

calibration was verified using Standard Reference Material

1486 bone meal (NIST, Gaithersburg, MD, USA).

Descriptive statistical analysis was performed using SPSS

20 (SPSS Inc, Chicago, IL, USA). Using these techniques,

a lead level [ 2 lg/g to 20 lg/g corresponds to some

degree of environmental exposure to lead.

Results With the numbers available in the present study,

there were no differences in mean lead level between

commercial bone graft materials and autogenous bone

graft, 2.1 lg/g (95% confidence interval [CI], 1.6–3.3 lg/g)
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versus 2.0 lg/g (95% CI, 1.0–4.5 lg/g; p = 0.86). The

range for all tested samples varied from\0.1 to 5.0 lg/g.

Likewise, there were no differences in mean lead level

between cortical bone grafts, which contained 2.2 lg/g

(95% CI, 1.5–3.7 lg/g), and cancellous grafts, which

contained 1.9 lg/g (95% CI, 1.2–3.4 lg/g; p = 0.58).

Thirty-eight percent (16 of 42) of the specimens had levels

between 2.0 lg/g and 20 lg/g within a range expected for

individuals with known environmental exposure to lead.

Conclusions This study demonstrates that lead is present

in up to one-third of tibial allograft and autograft bone

specimens at potentially osteotoxic levels regardless of the

source or screening. Further research is needed to delineate

the relationship with nonunion or pseudoarthrosis after

procedures in which allograft is used. In addition, further

study would examine concentrations of lead and other

environmental contaminants in other graft types.

Clinical Relevance Comparable levels of lead exposure

have been associated with toxic effects on skeletal tissue.

Further study of bone graft used in fusion procedures and

other procedures is necessary to define the magnitude of

osteotoxic effects in the setting of fracture care or fusion

procedures.

Introduction

Bone graft products are used in more than 500,000 pro-

cedures performed annually in the United States including

treatment of fractures and fusions [1, 7, 9]. The role of

quality or composition of graft materials in failures of

treatments by nonunion is not clear. The mechanism by

which graft material stimulates the formation of new bone

is through resorption of the graft by host osteoclasts and/or

macrophages with the subsequent release of proanabolic

growth factors from the graft [20]. Other substances that

are present in the bone graft are also released during the

resorptive process such as lead or cadmium. Environmental

contamination of graft bone such as lead is present within

the some graft materials in trace quantities. The possibility

that the subset of grafts with higher concentrations of such

substances could be among the factors contributing to the

success or failure of fusions or fracture nonunions is of

clinical interest [7].

Bone allograft materials are routinely evaluated for

infectious agents; however, data regarding contamination

of bone graft from environmental exposure of the donors to

osteotoxic substances are not routinely available. The lead

content of bone from humans exposed to environmental

sources ranges from 2 to 20 ppm [20]. In animal models

and clinical studies, lead has specifically been shown to be

a source of adverse cellular effects resulting in skeletal

disease [3, 5, 20, 22]. The mechanism for the skeletal

effects is thought to be related to release of lead from the

bone compartment with subsequent molecular conse-

quences on key signaling pathways in the osteoblasts [6].

Commercially available graft materials and substitutes are

subjected to quality measures based on FDA regulations.

Currently there are little available data on known osteo-

toxic substances present in these materials [9]. Graft

material donors undergo screening as well as serologic and

microbiologic testing according to current standards

established by the American Association of Tissue Banks

for bone bank allografts [1]. A detailed inquiry into donor

medical history is performed, which includes the donor’s

history of exposure to toxic substances that may affect

tissues. Blood samples are also taken from the donor to test

for a wide variety of transmissible diseases [9]. Screening

for exposure to toxic substances, including metals such as

lead, is only suggested by available information from the

donor’s medical and social history. No routine objective

analytical measurement of donor exposure to osteotoxic

substances is included in available standard published

testing protocols for bone. Presumably the levels of lead in

allografts mirrors the level of lead in bone in the popula-

tion; however, the degree to which processing might

decrease this and the frequency with which potentially

osteotoxic levels appear in bone grafts have not been

studied.

We therefore sought to determine: (1) Does processing

of donor bone for allografts result in lower concentrations

of lead in commercial allograft when compared with

autologous bone graft? (2) What proportion of bone grafts

contains levels of lead from [ 2.0 to 20.0 lg/g, which

would correspond to high levels of donor environmental

exposure? In addition, comparison was made of cortical

and cancellous bone with regard to concentrations of lead

given differences in bone turnover.

Materials and Methods

Forty-two tibial bone graft specimens consisting of 26

commercially available tibial bone grafts and 16 tibial

autograft specimens were obtained. The allograft materials

were excess corticocancellous tibial bone graft from sur-

gical procedures in which cortical tibial grafts were used.

Autograft specimens tested were fresh-frozen cadaveric

tibial cortical and cancellous bone in adult donors with no

history of malignancy, tibial fracture, or deformity pur-

chased for the study. Both cortical and cancellous bone

graft samples were examined from each specimen in each

group for a total of 42 cortical and 42 cancellous

specimens.
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Contaminant levels were determined using a Perkin-

Elmer A Analyst 600 atomic absorption spectrophotometer

equipped with longitudinal Zeeman background correction

and a transverse heated graphite furnace (Perkin Elmer Life

and Analytical Sciences, Boston, MA, USA). All instru-

ments, plastic and glassware, were tested for lead

contamination by atomic absorption throughout these

experiments before every measurement. In addition, the

accuracy of the atomic absorption technique was verified

using bone meal and standardized calibration with National

Institute of Standards and Technology (NIST) materials

(Standard Reference Material 1486-Bone Meal; NIST,

Gaithersburg, MD, USA).

The lead content of bone from humans exposed to

environmental sources ranges from 2 to 20 ppm [20]. In

animal models and clinical studies, lead has specifically

been shown to be a source of adverse cellular effects

resulting in skeletal disease [3, 5, 20, 22]. The number of

specimens falling within this range was determined for

each of the study groups as well as for cortical and can-

cellous bone specimens. Concentration ranges for groups

with 95% confidence intervals were also calculated. Sta-

tistical analysis was performed using SPSS1 Statistics 20

(IBM1, Chicago, IL, USA) software for descriptive and

comparative statistical analysis [17].

Results

With the numbers available in the present study, there were

no differences in mean lead level between commercial

bone graft materials and autogenous bone graft, 2.1 lg/g

(95% confidence interval [CI], 1.6–3.3 lg/g) versus 2.0 lg/

g (95% CI, 1.0–4.5 lg/g; p = 0.86; Fig. 1). Likewise, there

were no differences with the numbers available in mean

lead level between cortical bone grafts, which contained

2.2 lg/g (95% CI, 1.5–3.7 lg/g), and cancellous grafts,

which contained 1.9 lg/g (95% CI, 1.2–3.4 lg/g; p = 0.58;

Fig. 2).

Sixteen of 42 of the specimens (38%) had levels

between 2 and 5 lg/g, within the range expected for

individuals with known environmental exposure. The

overall lead concentration ranged from the limit of detec-

tion at \ 0.10 lg/g to 5.0 lg/g (Fig. 3) for a greater than

50-fold variation.

Discussion

Lead is a known osteotoxic substance that is preferentially

stored in bone for decades and may impact the quality of

Fig. 1 Lead levels observed in allograft compared with autograft

samples are shown with 95% CIs.

Fig. 2 Leads levels in cortical and cancellous bone are shown with

95% CIs.

Fig. 3 The distribution of measured lead levels in bone graft

materials is shown.
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bone used as graft materials from donors with a history of

exposure [2, 4, 14]. Lead has been shown to have delete-

rious effects on bone formation and cellular remodeling at

concentrations as low as 2 parts per million [6, 18, 20]. In

children, exposure results in impairment in skeletal

development, reduced chest circumference, diminished

stature, and can be assessed with blood tests for markers of

bone turnover in this population [5, 6, 10–12]. The mech-

anism and toxicology of lead in bone formation, resorption,

and healingis well known being mediated by impairment of

the cellular pathways regulating osteoblast and osteoclast

function [3, 4, 6, 8, 15, 16, 18, 20, 22]. Presumably the

levels of lead in allografts mirror the level of lead in bone

in the general population; however, the degree to which

processing might decrease this and the frequency with

which potentially osteotoxic levels appear in bone grafts

have not been studied. We examined if processing of donor

bone for allografts resulted in lower concentrations of lead

in commercial allograft when compared with autologous

bone graft and what proportion of bone grafts contained

levels of lead from [ 2.0 to 20.0 lg/g corresponding to

donor environmental exposure with potential for associated

toxicity. In addition, comparison was made of cortical and

cancellous bone with regard to concentrations of lead given

differences in bone turnover.

There are limitations to general application of the results

of this study alone to all bone graft products. These limi-

tations include the moderate number of specimens from

two regional sources, because important geographic dif-

ferences in lead levels may be present, and so our findings

should be corroborated by other studies drawing from

additional populations. Lead exposure varies across the

country by region and by patient age, which may make any

one group of samples nonrepresentative of the population

as a whole. An additional study limitation is the relatively

limited available history for the individual donors from

which bone grafts were acquired outside of published

screening protocols for the commercially available allo-

grafts [1, 9].

Even so the results are consistent with levels from other

studied populations with a lack of observed difference

between screened bone products and nonscreened bone

suggesting that these findings identify an opportunity for

further study to improve graft quality [13, 19].

In the present study population, no reduction in lead

levels from the processing of donor bone for allografts

bone products was observed. There are no additional

studies available comparing screened and unscreened bone

materials for lead concentration. The specific relationship

between a concentration of lead in bone graft materials

resulting uniformly to nonunion or failure of fusion is not

well defined. Limited data on bone graft supplements and

osteotoxicity of lead should not be taken to mean that there

are no published data. Population-based studies, animal

studies, and cellular studies have found evidence of prob-

lematic effects of lead at the levels reported in a proportion

of specimens in both screened and unscreened groups of

specimens in this study [5, 6, 12, 18, 20]. Understanding

the role of screening for higher concentrations of lead

composition incommercially available bone graft materials

and potential benefits with regard to reduced nonunion or

pseudoarthrosis requires further study.

More than one-third of our specimens had levels greater

than 2 lg/g, indicating some degree of environmental

exposure. Again although it is known that lead in bone can

compromise the normal functioning of osteoblasts and

osteoclasts, the implications of compositional variation in

bone graft materials from donor environmental exposure

are not well understood. This study demonstrates that

environmental exposure to osteotoxic substances results in

contamination levels measurably present in bone graft

regardless of the source. Animal studies have suggested

that comparable degrees of lead exposure have toxic effects

on skeletal tissue and fracture healing [3, 4, 6, 15, 16, 18,

20–23]. In addition, clinical studies are present in the lit-

erature demonstrating deleterious effects on bone healing,

bone remodeling, and skeletal development [5, 12, 14]. The

concentrations of lead reported in 38% of our specimens

have been shown to be osteotoxic in some studies and

related to clinical variation in bone health in patients in

development and in the setting of fracture healing. Our

laboratory has identified deleterious effects on osteoblast

and osteoclast function as well as fracture healing at similar

concentrations in cellular studies and a murine tibia frac-

ture model [6, 10, 20–22]. This study may identify a unique

opportunity to improve the osteoconductive properties of

commonly used bone graft materials commonly used in the

care of our patients. Additional study of composition of

bone graft used in fracture care, fusions, and other proce-

dures is needed.

In conclusion, commercially available bone graft

materials tested in this study had a 50-fold variation in the

concentration of lead. This variation demonstrates that the

idea that each piece of bone or graft is the same is incorrect

whether autograft or allograft. One piece of bone may be

dramatically different from another in terms of composi-

tion when taken from different individuals. In the samples

examined in this study, there was no difference between

lead levels in autogenous graft and commercial allogeneic

bone graft materials, suggesting that in these present study

samples, screening for commercial use did result in a

measurable change in lead concentrations.
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