Calcif Tissue Int (2014) 95:132-140
DOI 10.1007/s00223-014-9881-4

ORIGINAL RESEARCH

Tibial and Fibular Mid-Shaft Bone Traits in Young and Older

Sprinters and Non-Athletic Men

Timo Rantalainen - Rachel L. Duckham -
Harri Suominen * Ari Heinonen + Markku Alén -
Marko T. Korhonen

Received: 13 December 2013/ Accepted: 23 May 2014 /Published online: 13 June 2014

© Springer Science+Business Media New York 2014

Abstract High impactloading is known to prevent some of
the age-related bone loss but its effects on the density dis-
tribution of cortical bone are relatively unknown. This study
examined the effects of age and habitual sprinting on tibial
and fibular mid-shaft bone traits (structural, cortical radial
and polar bone mineral density distributions). Data from 67
habitual male sprinters aged 19-39 and 65-84 years, and 60
non-athletic men (referents) aged 21-39 and 65-80 years are
reported. Tibial and fibular mid-shaft bone traits (strength
strain index SSI, cortical density CoD, and polar and radial
cortical density distributions) were assessed with peripheral
quantitative computed tomography. Analysis of covariance
(ANCOVA) adjusted for height and body mass indicated that
the sprinters had 21 % greater tibial SSI (P < 0.001) com-
pared to the referents, with no group x age-group interac-
tion (P = 0.54). At the fibula no group difference or
group X age-group interaction was identified (P = 0.12—
0.81). For tibial radial density distribution ANCOVA
indicated no group x radial division (P = 0.50) or
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group x age-group x division interaction (P = 0.63),
whereas an age x radial division interaction was observed
(P < 0.001). For polar density distribution, no age-
group X polar sector (P = 0.21), group X polar sector
(P = 0.46), or group x age-group X polar sector interac-
tions were detected (P = 0.15). Habitual sprint training
appears to maintain tibial bone strength, but not radial cor-
tical density distribution into older age. Fibular bone strength
appeared unaffected by habitual sprinting.

Keywords Aging - Physical activity - Exercise - Bone
strength - pQCT - Masters athlete

Introduction

Age-related bone loss, especially in the form of osteopo-
rosis is associated with increased fracture risk [1]. Esti-
mates of femoral neck strength based on three-dimensional
data acquired with computed tomography have indicated
that increased fracture risk is partially caused by insuffi-
cient structural strength [2]. Exercise during growth and
into older age has been suggested to be a promising non-
pharmacological means to prevent fractures by preventing
falls and improving bone integrity [3]. Although, exercise
may increase or prevent loss of mineral mass [4, 5], less is
known, however, whether bone gains associated with
lifelong exercise are related to long-term adaptations in
bone structure and strength. This evidence is essential to
inform future prevention of osteoporosis and reduction in
fracture incidence.

Investigations in athletes offer some evidence of long-
term natural loading experiments, which may shed some
light on the potential of exercise in modulating bone traits.
Cross-sectional studies comparing athletes (of all ages) to
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non-athletes have shown >20 % greater bone strength
favouring athletes [6-8]. It is noteworthy, that the differ-
ences between athletes and non-athletes have been more
marked in the weight-bearing tibia than the fibula [8, 9],
indicating that the differences may be related to the loading
environment rather than genetic predisposition and conse-
quent selection bias from cross-sectional examination [10,
11]. Moreover, evidence of the effects of loading inde-
pendent of genes is provided by a study of monozygotic
twins discordant for physical activity, which indicated that
habitual exercise may increase bone strength indices by
~20 % [12], thus the effects on bone attainable exercise
alone seem markedly higher than that achieved through
drug therapy (increases of ~10 %) and may be of suffi-
cient magnitude to prevent fracture if maintained over
long-term.

The bone gains associated with physical activity appear
to be direction specific and are deposited in mechanically
advantageous sites [8, 12—15]. Moreover, the adaptation
seems to be primarily in geometry instead of material
properties (i.e., volumetric bone mineral density, vBMD)
[16]. However, bone loss and bone gain occur with dif-
fering mechanisms. Bone is deposited at the periosteal
surface with exercise [14] and during aging [17, 18], while
bone loss is more pronounced at the endocortical surface
[19, 20]. Much of the age-related bone loss occurs through
increasing cortical porosity [20], which has been shown to
be increased in femoral neck fracture cases compared to
non-fractured age-peers [19]. Age-related bone loss may
thus be expected to modify apparent (i.e., including both
the mineralization of the tissue and the porosity of the
tissue) volumetric bone density more than the geometry of
the bone. However, it is currently unknown, whether
exercise may modulate this age-related cortical porosity
increase.

It is well established that cortical bone density varies
around (polar density distribution) and through (radial
density distribution) the cortex, as well as along the length
of the shaft of the lower limb [7, 16, 17, 19, 21, 22]. Studies
on age-related changes on cortical density distribution have
indicated that radial and polar distributions are changed
with aging [17, 20-22]. For radial distribution, more den-
sity is lost from the endocortical border with age [17, 20],
whereas for polar distribution, more volumetric density is
lost from sections which bear less mechanical load during
locomotion [21, 22]. However, it is currently unclear
whether increased long-term mechanical loading prevents
some of this age-related localized density loss (~ porosity
increase [23, 24] ). In one of the few related studies, Bailey
et al. (2010) reported in 280 men aged 50-79 years char-
acterized by tertiles based on lifelong physical activity that
greater lifetime loading was associated with region-specific
adaptations in cortical bone density [25].

While both the tibia and fibula can be examined from a
single computed tomography measurement, the latter
remains relatively sparsely explored. In untrained people,
age-related bone loss has been reported to be more marked
in the tibia than in the fibula [26] and as mentioned, the
marked differences have been found in the tibia rather than
the fibula between young adult athletes (men and women)
and referents [8, 9]. However, age-loading interaction on
the fibula in the athletes and referents remains unexplored.
Due to the paucity of literature and the important role
cortical bone plays in bone strength [27, 28], the primary
purpose of the present study was to examine the effects of
age and habitual sprinting on tibial and fibular mid-shaft
bone traits (cortical radial and polar bone mineral density
distributions), with a secondary aim to examine the effects
of age and habitual sprinting on fibular bone traits.

Materials and Methods

For the present analysis, a convenience sample of males
aged 19-84 years, 67 habitual athletes and 60 age-matched
referents were acquired from the data collected at the
University of Jyviskyld (Table 1) [17, 29-32]. The
sprinters were recruited by letter from Finnish track and
field organizations and the referents from the Jyviskyld
city area. To qualify for the study, the athletes had to have
a long-term sprint training background, and currently
competing at a national or international level in events
from 100 to 400-m (selection was based on the official
results over the previous few years). The exclusion criteria
included; no current/chronic major cardiovascular, endo-
crinological, musculoskeletal, neurological or psychiatric
illnesses, no use of oral corticosteroids, and no use of
medications for osteoporosis. The referent data were
pooled from three convenient studies previously carried out
in our lab conducted with healthy male participants [30—
32]. The inclusion criteria for the referent subjects varied
slightly between the studies, the age range (between 18 and
35 [30], 31 to 45 [31], and >65 years-of-age [32] ) in
particular, but all studies included physically active healthy
volunteers with regular participation in recreational phys-
ical activities such as ball games and jogging/cross-country
skiing. The health-related exclusion criteria for the refer-
ents were the same as for the athletes in all of the three
studies included. Moreover, the referents were not allowed
to have a history of sprinting training. In addition, one of
the studies excluded participants with a history of com-
petitive sport participation (referents between 31 and
40 years-of-age) [31]. All participants provided written
informed consent. Ethical approval was received from the
local ethical committee and the studies were conducted in
agreement to the Helsinki declaration.

@ Springer



134

T. Rantalainen et al.: Tibial Density Distribution in Sprinters

Table 1 Descriptive characteristics (SD) of the athletes and referents in different age-groups

Age-group [years] <40 >65 ANCOVA (P value)

Group Athletes Referents Athletes Referents Between Between Group x Age-group
N 26 41 35 24 Groups Age-groups interaction

Age [years] 27.4 (5.1) 28.7 (5.8) 72.4 (5.3) 71.6 (4.2) 0.76 < 0.001 0.26

Height [cm] 181 (5) 180 (6) 171 (5) 171 (6) 0.99 < 0.001 0.54

Body mass [kg] 76.7 (5.9) 78.1 (9.6) 70.7 (7.1)* 75.8 (8.6) 0.03 0.006 0.21

Years training [years] 154 (6.2) 35.4 (19.1)

Training/week [hours] 8.5(5.1) 6.1 (3.1)

N number of individuals in each group

* P < 0.05 compared to referents of the same age-group

11 Pericortical ring
6
16 Midcortical ring
1
21 Endocortical ring
26 31

Fig. 1 Illustration of the 36 polar sector divisions, and the three
radial concentric rings analysed in cortical density distribution
analysis. Sector I opens towards fibula, sector 2 lateral, sector 12
anterior, sector 22 medial, sector 31 posterior

The dominant leg (the leg used for the take-off in a one-
footed jump) of the sprinters, whereas either the dominant
or right leg of the referents group was scanned using
peripheral quantitative computed tomography (pQCT,
XCT 2000, Stratec Medizintechnik GmbH, Pforzheim,
Germany). Scout scans were performed over the ankle
joint, with the scanner reference line positioned at the post
proximal aspect of the endplate of the distal tibia. Cross-
sectional pQCT images were acquired proximal to the
reference point at 50 % of the tibial length and included a
0.8 mm in-plane pixel size, a 2.5-mm slice thickness
acquired using a maximum tube voltage of 30 kV with a
20 mm/s scanning speed. The slice was visually inspected
for any possible motion artefact and re-measured if
necessary.

Total cross-sectional area (ToA, mmz), cortical bone
area (CoA, mm?) and cortical vBMD (CoD, mg/cm3) were
derived with a threshold of 710 mg/cm’. Density-weighted
polar section modulus strength strain index (SSI, mm?))
was also derived to estimate diaphyseal bone resistance to
torsional load [33]. In addition, polar cortical vBMD dis-
tribution and endo- and pericortical radii were calculated
for the tibia (Fig. 1) as previously described [17] using the
BoneJ [34] Image] (rsbweb.nih.gov/ij) plug-in. The
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coefficient of variation for the bone variables reported in
the present study range from 0.6 to 6.0 % [17, 30].

Mid-tibial subcutaneous fat (Fat CSA, mm?) tissue was
defined as voxels with a density <40 mg/cm®. Muscle tis-
sue (muscle CSA, mmz) was defined as voxels with a
density >40 mg/cm’ (differentiating muscle from subcu-
taneous fat) and <200 mg/cm? (differentiating muscle from
bone). To determine fat percentage (Fat %), density-
weighted limb area was calculated from the data by
weighing each of the pixels with its pQCT-measured
density. Similarly, density-weighted fat area was calculated
by weighing the fat pixels with their density. Dividing the
density-weighted fat area with the density-weighted limb
area and multiplying by 100 subsequently derived fat %.
The aforementioned BonelJ [34] Image]J (rsbweb.nih.gov/ij)
plug-in was used for soft tissue analyses.

Anthropometric measures height (cm) and body mass
(kg) were assessed using standardized protocols, via a
stadiometer and electronic scales, respectively.

Statistical Analysis

All results are reported as means and standard deviations
(SD) (unless otherwise notes). The data were split into two
age groups (age-group): <40, and >65 years-of age.
Sprinters and referents were compared to each other in
terms of age, height and weight with analysis of variance
(ANOVA) using group (sprinter or referent) and age-group
(<40, and >65) as between subject factors. To assess dif-
ferences in bone densitometric and structural parameters
between athletes and referents Analysis of Covariance
(ANCOVA) with group (sprinter or referent) and age-
group (<40, and >65) as between subjects factors was
performed with height and weight included as covariates
were performed. A group x age-group interaction was
tested using ANCOVA. In addition, the differences
between tibia and fibula were evaluated by adding bone
(tibia or fibula) as a within subject factor. Similarly, polar
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Table 2 Soft tissue results and tibial and fibular bone traits (SD) of the athletes and referents in different age-groups (raw values reported)

Age-group [years] <40 >65 ANCOVA (P value)
Group Athletes Referents Athletes Referents Between Between Group x Age-group
N 26 41 35 24 Groups Age-groups interaction
Muscle CSA [cm?] 71.4 (8.2) 70.4 (13.1) 62.7 (9.1)* 58.9 (8.9) 0.005 <0.001 0.13
Fat CSA [cm?] 7.7 (4.1) 12.0 (5.5) 5527 114 (7.1) <0.001 0.57 0.72
Fat % [%] 11.6 (4.3) 15.7 (4.7) 104 (3.1) 17.1 (6.9) <0.001 0.62 0.26
Tibia

ToA [mm?] 588 (53)* 521 (65) 562 (59)* 508 (48) <0.001 0.05 0.82

CoA [mm?] 465 (47)* 399 (46) 423 (41)* 383 (32) <0.001 0.60 0.19

CoD [g/cm’] 1120 (20)* 1130 (20) 1130 (30) 1130 (30) 0.01 0.38 0.60

SSI [mm?] 2860 (400)* 2340 (420) 2640 (370)* 2260 (280) <0.001 0.08 0.54
Fibula

ToA [mm?] 141 (22) 134 (24) 138 (15) 135 (23) 0.07 0.01 0.87

CoA [mm?] 127 (16) 121 (19) 121 (13) 120 (17) 0.08 0.01 0.68

CoD [g/cm’] 925 (36) 917 (35) 884 (44) 876 (33) 0.29 <0.001 0.94

SSI [mm?] 288 (74) 267 (73) 269 (51) 262 (66) 0.12 0.08 0.81

ANCOVA results were adjusted for height and weight. Values reported as mean (SD): ANCOVA, post hoc pairwise comparison with LSD
adjustment (=no adjustment) indicates significant difference (P < 0.05) compared to referents of the same age-group adjusted for height and

weight

ToA total area, CoA cortical area, CoD cortical density, SSIp stress strain index, N number of individuals in each group

? P < 0.05 compared to referents of the same age-group

and radial density distributions were evaluated by includ-
ing sector or division (endo-, mid- or pericortical/sectors 1
through 36) as a within subject factor. Where applicable,
percentage group differences were calculated from esti-
mated marginal means based on the ANCOVA with the
referent group as the denominator. Statistical analyses were
conducted with IBM SPSS version 20 (IBM corporation.)
software and the significance level was set at P < 0.05.

Results

Descriptive characteristics for sprinters and referents in
different age groups are given in Table 1. Univariate
ANOVA comparisons indicated that sprinters were 4.2 %
lighter than the referents (P = 0.03), with height and body
mass significantly differing between the age-groups
(P < 0.001). Both the younger sprinters and referents were
5.3 % taller and 5.6 % heavier than the older sprinters and
referent groups (P = 0.006—P < 0.001). No group x age-
group interaction was observed (P = 0.21-0.54) (Table 1).
Univariate ANCOVA comparisons adjusted for height and
body mass indicated that sprinters had 7.6 % larger muscle
CSA (P = 0.003), 38 % smaller fat CSA and 30 % lower fat
percentage (P < 0.001) when compared to the referents
group. Only muscle CSA differed between the age-groups,
with the younger age-group having 16 % larger muscle CSA
than the older age-group (P < 0.001). No group x age-group
interaction was observed (P = 0.13-0.72) (Table 2).

At the tibia, athletes had significantly greater adjusted
(height and weight) ToA, CoA, and SSI and lower CoD
(P <0.001-P = 0.01) when compared to the referent
groups, but these variables did not differ between age-
groups (P = 0.05-0.60). Sprinters had 12 % larger ToA
(P < 0.001), 15 % larger CoA (P < 0.001), 1 % lower
adjusted CoD (P = 0.01) and 21 % higher SSI (P < 0.001)
than the referents. All findings persisted when muscle CSA
was additionally added as a covariate. No group x age-
group interaction was observed (P = 0.19-0.82) (Fig. 2;
Table 2).

At the Fibula, the younger males after adjustment had
7.8 % smaller ToA and 4.1 % higher CoD (P < 0.001-
P = 0.01) when compared to the older males, however, no
differences were observed between the groups (P =
0.07-0.29). All findings persisted when muscle CSA was
additionally added as a covariate. No group x age-group
interaction was observed (P = 0.68-0.94) (Fig. 3; Table 2).

A bone x group (P < 0.001) and bone x age-group
(P < 0.001) interaction was observed in the comparison
between the adjusted tibial and fibular bone traits, whereas
no bone x group X age-group interaction was observed
(P = 0.55).

Repeated measures ANCOVA adjusted for height and
body mass indicated that there was no group X sector
(P = 0.46), age-group x sector (P = 0.21), or group X
age-group x sector (P = 0.15) interactions in the tibial
mid-shaft polar density distribution. In pairwise compari-
sons, the sprinters had 1.5 % lower mean cortical density
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Fig. 2 Percent difference (95 % confidence interval) between the
athletes and the referents within age groups for tibial mid-shaft bone

traits calculated from estimated marginal means from ANCOVA with
height and weight as covariates

40
30

20 A O<40yr

0,
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0+

-10d ToA CoA CoD SSI

Fig. 3 Percent difference (95 % confidence interval) between the
athletes and the referents within age groups for fibular mid-shaft bone
traits calculated from estimated marginal means from ANCOVA with
height and weight as covariates

than the referents (P < 0.001) (Fig. 4). The same test for
radial density distribution indicated no group x division
(P = 0.50) or group x age-group x division interaction
(P = 0.63), but a significant age-group x division inter-
action (P < 0.001) (Fig. 5).

Discussion

The results from this study add to the increasing evidence
that there are positive benefits to the skeleton though life-
long exercise, moreover, these benefits seem to still be
evident in older adulthood. While bone strength index of
the tibial mid-shaft was superior in the young and older
sprint-trained athletes (21 % higher), when compared to
the age-matched referents, the generic pattern of either
polar or radial density distribution did not differ between
groups. Indicating that although benefits in bone strength
may be maintained with exercise, it is unlikely that age-
related cortical bone ’quality’ deterioration can be

@ Springer
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Fig. 4 Tibial mid-shaft polar cortical density distributions (95 %
confidence interval) from ANCOVA estimated marginal means
adjusted for height and body mass for the athletes (solid line -) and
referents (dashed line - -). Sector 1 opens towards fibula, sector 2
lateral, sector 12 anterior, sector 22 medial, sector 31 posterior.
a younger group. b older group

prevented with exercise into old age. Furthermore, as
previously indicated [8, 9], the current findings show that
the differences in the bone densitometry and structural
properties between groups (sprinters versus referent) are
larger at the tibia (12-21 % difference) than those seen at
the fibula (5-8 % difference, n.s.).

As no group x age-group x division interaction was
detected in the current study in radial density distribution
of mid-tibia it would seem that habitual lifelong sprint
training does not prevent the age-related bone ’quality’
deterioration manifested with increasing cortical porosity
particularly at the endocortical border [19, 20]. The
sprinters in the current study who maintained high levels of
physical activity through aging, exhibited markedly higher
bone strength indices (up to 21 %) than their age-matched
referents, consequently, the implication is that any possible
decrease in endocortical vBMD (indicating increased



T. Rantalainen et al.: Tibial Density Distribution in Sprinters

137

A 1300
o
g
o 1200
g
e— Sprinters < 40 yr
= =Referents <40 yr
1100 T T ]
Endocortical Midcortical Pericortical
Radial division
1300 4
)
o 1200+
)
)
Sprinters > 65 yr
== =Referents > 65 yr
1100 . T .

Midcortical Pericortical

Radial division

Endocortical

Fig. 5 Tibial mid-shaft radial cortical density distributions (95 %
confidence interval) from ANCOVA estimated marginal means
adjusted for height and body mass for the athletes (solid line -) and
referents (dashed line - -). a younger group. b older group

porosity [23, 24] ) in older adults compared to younger
individuals may be part of the normal aging process. In this
context, however, it needs to be pointed out that in the
present study, even though the age-group x division
interaction indicated that the pattern of radial density dis-
tribution differs between the age-groups, the older group
did not have significantly lower endocortical density
compared to the younger group (adjusted for height and
weight, younger group had 0.8 % higher endocortical
vBMD [P = 0.17] than the older group) and no bone loss
was thus actually observed in the present study. These
findings are in contrast to previous studies, Cheng et al.
(2002) reported that 12-months of high impact exercise
(jumping and bounding activities) can increase pQCT-
measured vBMD at the vicinity of the endocortical border
suggesting that an increase in skeletal loading with respect
to the pre-existing levels may [15] be able to ameliorate the
porosity increase associated with aging.

As previously reported for young adult men [7] and
women [16], our findings indicated that there was no
group X sector interaction in polar density distribution.
This result supports our previous suggestion that bone

strength in the shaft of long bone is primarily modulated by
increasing mineral mass and changing the bones geometric
cross-section, as opposed to changing the mineralization of
the bone [16]. Knowing that many bones are loaded in
bending, it may be argued that the exercise-induced gains
in bone are more advantageous compared to the changes
associated with drug therapy which do not induce gains in
bone geometric parameters [35]. Exercise interventions,
however, need to be specifically tailored to increase exer-
cise-induced gains at skeletal sites prone to fracture such as
the femoral neck [36].

In regards to the age-related findings on polar density
distribution, no difference was observed between age-
groups. This is in contrast to previous reports from the femur
[21, 22]. The ambiguity may have several plausible expla-
nations, with the most obvious being the difference in the
method used to analyse polar distributions. In the present
study, a layer of endo- and pericortical pixels was peeled
away to minimize the partial volume effect prior to analysing
the polar density distribution, whereas no such exclusion of
endo- and pericortical surface was applied in the aforemen-
tioned studies on the femur [21, 22]. It is known that much of
the age-related bone loss occurs at the vicinity of endosteal
surface [19, 20]. Consequently, the elimination of partial
volume effect pixels could have masked possible aging
effects on the polar density distribution.

Consistent with previous studies comparing athletes to
non-athletic referents [6, 7, 16, 37, 38] or even within an
individual for dominant versus non-dominant limb [39—41]
the mean CoD within the cortical envelope in the tibia was
found to be 1.5 % lower in the sprinters compared to ref-
erents. Jepsen et al. [42, 43] identified different skeletal
phenotypes in terms of the combination of bone morphol-
ogy and material properties. Where slender bones typically
have high apparent bone volumetric density and robust
bones lower apparent bone volumetric density. The slender
phenotype is known to be associated with stress fractures,
as it is not able to adapt the geometry of the bone to a
sufficient amount [43—45]. Studies in athletes [39-41] seem
to indicate that the slender bone phenotype with high
mineralization may be at least partially attributable to the
lack of loading. As we and others [6, 7, 16, 37] have
speculated, it could be that the high apparent volumetric
density is secondary to a less active remodelling of a
smaller bone compared to a larger bone caused by older
bone having higher mineralization than newer, as well as
secondary bone having higher porosity than primary [46].
Therefore interventions examining the skeletal adaptation
in response to a loading, stratified by bone phenotype,
would provide the evidence to explain the extent of the
adaptability of the skeleton in the slender phenotype, but
unfortunately to our knowledge no such studies have been
reported in the literature to date.
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The secondary aim of the present study was to examine
the effects of age and habitual sprinting on fibular bone
traits. In line with previous studies in young adult men [9]
and women [8], we found that the difference in bone traits
in the fibula when comparing athletes with the referents
group was markedly less (and not statistically significant)
than those observed at the tibia. Since the fibula possesses
the ability to dramatically increase its bone mass with
dramatic changes in the loading environment [47, 48], the
result lends further support to our hypothesis that the tibia
and fibula experience substantially different loading envi-
ronments during locomotion [8]. Similarly, site- and bone-
specific differences between gymnasts and referents have
been observed at radius and ulna highlighting that even
spatially related bones may have rather dis-similar loading
environments [49, 50]. Also, as previously reported by
McNeil et al. (2009), the observed bone x age-group
interaction suggests that the tibia may be susceptible to
more marked age-related changes than the fibula [26].
Considering the findings together, we postulate that the
loading environment of the fibula changes less than that of
tibia with aging, which then causes the observed difference
in age-related results between the tibia and fibula.

This research has specific limitations related to the study
design and the analysis methods. First, the cross-sectional
design of the present study is neither free from potential
selection bias nor able to show causal effects and conse-
quently the results can only be hypothesis generated. In
addition, no attempt was made to adjust for any possible
generation related cohort effects, such as training duration,
and age at first participation. It could be argued that indi-
viduals with well-developed skeletal structure are those
who are naturally more active in young adulthood and later
in life. Second, since pQCT at a relatively coarse resolution
was used to assess the density distribution, it is impossible
to tell whether the density findings are related to porosity or
mineralization of the bone tissue. While it has been shown
previously that a large proportion (~ 70 %) of the variation
in the density values measured with quantitative computed
tomography is explained by porosity [24], some of the
variation may also be explained by mineralization of
compact bone material [46]. Furthermore, due to the lack
of standardized measurement locations, data acquisition
and analysis methods for pQCT, a comparison of data with
other studies is challenging. However, excluding the inner
and outer cortical pixels strengthened the pQCT analysis in
this study, and the bone geometries were carefully aligned
minimizing the partial volume effect of the pQCT mea-
surement. Despite these limitations, the current study pro-
vides evidence that lifelong exercise (in this case high
impact sprinting) induces structurally stronger bone rather
than causing volumetric bone density gains in both the tibia
and fibula. Moreover, these gains seem to be maintained at
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similar magnitudes in both younger and older exercising
adults.

In conclusion, this study indicates that although sprinters
had exercise-induced bone gains at the tibia the density dis-
tribution of bone did not differ between sprinters and referents
nor was there an age interaction with habitual sprinting
observed. While bone strength benefit may be maintained
with exercise, it is unlikely that age-related cortical bone
’quality’ deterioration can be prevented with exercise.
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