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Abstract
Bone marrow harvested by aspiration contains connective tissue progenitor cells which can be induced to express a bone phenotype in vitro. The number of osteoblastic progenitors can be estimated by counting the colony-forming units which express alkaline phosphatase (CFU-APs). This study was undertaken to test the hypothesis that human aging is associated with a signi®cant
change in the number or prevalence of osteoblastic progenitors in the bone marrow. Four 2-ml bone marrow aspirates were harvested bilaterally from the anterior iliac crest of 57 patients, 31 men (age 15±83) and 26 women (age 13±79). A mean of 64 million
nucleated cells was harvested per aspirate. The mean prevalence of CFU-APs was found to be 55 per million nucleated cells. These
data revealed a signi®cant age-related decline in the number of nucleated cells harvested per aspirate for both men and women
P  0:002. The number of CFU-APs harvested per aspirate also decreased signi®cantly with age for women P  0:02, but not for
men P  0:3. These ®ndings are relevant to the harvest of bone marrow derived connective tissue progenitors for bone grafting and
other tissue engineering applications, and may also be relevant to the pathophysiology of age-related bone loss and post-menopausal
osteoporosis. Ó 2001 Orthopaedic Research Society. Published by Elsevier Science Ltd. All rights reserved.

Introduction
Bone marrow harvested by aspiration contains connective tissue progenitor cells which can be selectively
isolated and induced to express a bone phenotype in
vitro. Many investigators have demonstrated that bone
marrow contains connective tissue progenitors, which
can dierentiate into osteoblast-like cells in vitro
[1,2,10,20,21]. These cells are likely to be responsible for
the ®nding in many bone grafting models that bone
marrow delivered by injection or combined with other
matrix materials signi®cantly improves the bone healing
response [6,7,11,22]. Several clinical reports support the
potential value of bone marrow as a graft material.
Connolly et al. [6] reported the successful treatment of
18 of 20 tibial non-unions using injection of aspirated
bone marrow combined with either use of cast or ®xation with an intramedullary nail. Healey et al. [11] also
demonstrated ®ve of eight non-unions using injections
of bone marrow obtained from iliac crest. Recognizing
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the potential clinical value of cells available from bone
marrow by aspiration, many surgeons have begun using
bone marrow as part of many bone grafting procedures,
despite the fact that no prospective randomized clinical
studies have yet been performed to de®nitively document the ecacy of this practice. Bone marrow has also
been proposed as a potential source of connective tissue
progenitors for a broad range of tissue engineering applications related to connective tissues [26].
The number of potential osteoblastic progenitors can
be estimated by counting colony-forming units which
express alkaline phosphatase (CFU-APs) [18]. Alkaline
phosphatase is an early marker for the osteoblastic differentiation [4,16,25]. In a previous study, we have
shown that the technique of aspiration has a signi®cant
eect on the concentration of CFU-APs harvested from
bone marrow, primarily due to dilution with peripheral
blood [19]. We further found evidence that individuals
diered signi®cantly from one another with respect to
both the cellularity of bone marrow aspirates (the
number of nucleated cells harvested per aspirate) and in
the prevalence of CFU-APs among the nucleated cells
harvested. Though large variation existed between aspirates from a single individual, approximately 70% of
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