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Abstract
Distal forearm fractures are among the most common fractures during childhood, but it remains
unclear whether they predict an increased fracture risk later in life. We studied a population-based
cohort of 1776 children ≤18 years of age, from Olmsted County, MN, USA, who had a distal
forearm fracture in 1935–1992. Incident fractures occurring at age ≥35 years were identified
through review of complete medical records using the linkage system of the Rochester
Epidemiology Project. Observed nonpathologic fractures resulting from no more than moderate
trauma (fragility fractures) were compared with expected numbers estimated from fracture site–
specific incidence rates, based on age, sex, and calendar year, for Olmsted County (standardized
incidence ratios [SIR]). In 1086 boys (mean ± SD age; 11 ± 4 years) and 690 girls (10 ± 4 years)
followed for 27,292 person-years after the age of 35 years, subsequent fragility fractures were
observed in 144 (13%) men and 74 (11%) women. There was an increased risk for future fragility
fractures in boys who had a distal forearm fracture (SIR, 1.9; 95% CI, 1.6–2.3) but not girls (SIR,
1.0; 95% CI, 0.8–1.2). Fragility fractures at both major osteoporotic (hip, spine, wrist, and
shoulder) sites (SIR, 2.6; 95% CI, 2.1–3.3) and remaining sites (SIR, 1.7; 95% CI, 1.3–2.0) were
increased in men, irrespective of age at distal forearm fracture as boys. A distal forearm fracture in
boys, but not girls, is associated with an increased risk for fragility fractures as older adults. It is
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necessary to determine whether the increased fractures observed in men is due to persistent
deficits of bone strength, continued high fracture risk activity, or both. Until then, men should be
asked about a childhood distal forearm fracture and, if so, warrant further screening and
counseling on measures to optimize bone health and prevent fractures.
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DISTAL FOREARM FRACTURE; CHILDHOOD; FRACTURES; OSTEOPOROSIS;
EPIDEMIOLOGY

Introduction
Osteoporosis, with its attendant fractures, is generally considered a geriatric condition, but
its origins may well be in childhood.(1) Most adult bone mass is achieved by the end of
adolescence(2); therefore, there is growing interest in potential early-life determinants of
osteoporosis because negative influences on the development of peak bone mass and
structure may have a significant impact on the risk for fragility fractures later in life.

Over 40% of girls and over 50% of boys sustain at least one fracture during childhood and
adolescence,(3) with distal forearm fractures being among the most common, accounting for
up to one-third of all pediatric fractures.(4) Furthermore, distal forearm fractures in
childhood are increasing in incidence,(5,6) particularly among girls.(5) Thus, the role of a
childhood distal forearm fracture, in particular, on fracture risk later in life, would have
practical clinical applications. Studies have demonstrated lower bone density or weaker
bone structure in boys and girls with a distal forearm fracture compared with controls.(7–11)

If a distal forearm fracture in childhood is a marker for attainment of lower peak bone mass
and strength, it may serve to identify individuals at high risk for fractures later in life.
Although a distal forearm fracture in adulthood has been considered a sentinel event for
future fractures,(12,13) the influence of a childhood distal forearm fracture on adult fracture
risk has not been established.

We therefore sought to determine whether a distal forearm fracture in childhood increases
the risk for future fractures in adulthood. Studying a population-based cohort of children and
adolescents with an incident distal forearm fracture for whom long-term follow-up was
available, we determined the relative and absolute risks of all types of fractures on or after
the age of 35 years.

Subjects and Methods
Study subjects

Population-based epidemiologic research can be conducted in Olmsted County, MN, USA,
because comprehensive (inpatient as well as outpatient) community medical records for all
residents are available through a unique medical records linkage system, the Rochester
Epidemiology Project.(14,15) Review of medical records for research was carried out in
accordance with Minnesota privacy law.(16) After approval by the Institutional Review
Boards of Mayo Clinic and the Olmsted Medical Center, Rochester Epidemiology Project
resources were used to identify all Olmsted County residents ≤18 years of age when they
sustained a first distal forearm fracture in 1935–1992 and who had subsequent follow-up
data available until at least age 35 years. The presence of a distal forearm fracture and their
surrounding circumstance was confirmed (through review of radiographic reports,
emergency room records, primary care or other health care provider notes, orthopedic
consultation notes, and/or surgical reports) by trained nurse abstractors. We excluded open
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distal forearm fractures or ones that resulted from an amputation or an avulsion injury.
Although the actual forces causing the distal forearm fractures we included could not be
directly quantified, we categorized the distal forearm fractures into two groups based on an
estimation of the forces involved: those due to relatively high energy trauma (eg, motor
vehicle accidents, falls from greater than standing height, as well as recreational activities
that involved power equipment or high velocity or impact, such as skiing, skateboarding, or
gymnastics) or to lower energy trauma (eg, falls from standing height or less, and
recreational activities that involved low energy collisions, running, or ball sports). When the
circumstances were unknown, we categorized them into the low-energy trauma group for the
purposes of analyses.

Fracture ascertainment over follow-up
These subjects were then followed forward in time through their linked medical records in
the community (historical cohort study) until death or most recent clinical contact. All
records at any local provider of medical care were searched by trained nurse abstractors for
the occurrence of any subsequent fracture. Mayo Clinic records, for example, contain the
details of every inpatient hospitalization and outpatient visit, all emergency room and
nursing home care, as well as all radiographic and pathology reports, including autopsies,
and all correspondence with each patient.(14) The records contain the clinical history and the
radiologist’s report of each fracture, but the original radiographs are not available for
review. Because we reviewed all inpatient and outpatient records for each subject,
ascertainment of clinically-evident fractures is believed to be complete, along with
additional fractures found incidentally (eg, vertebral and rib fractures) on X-rays taken for
other purposes.(17) These subsequent fractures were classified according to the
circumstances of the injury: by convention, fractures occurring during daily activities (eg,
lifting) and falls from a standing height or less were considered moderate trauma, whereas
fractures resulting from motor vehicle accidents and falls from a greater height were deemed
severe trauma. In addition, we are able to distinguish pathologic fractures attributed by
attending physicians to a specific bone lesion (eg, breast cancer, multiple myeloma). From
all fractures identified, we defined the subset of fragility fractures (ie, a nonpathologic
fracture occurring as a result of no more than moderate trauma). These were further subset
as either major osteoporotic fractures (ie, fragility fractures at the typical osteoporotic sites
of the proximal femur [hip], thoracic or lumbar vertebrae [spine], distal forearm [wrist] or
proximal humerus [shoulder]) or other fragility fractures (ie, fragility fractures at any other
skeletal site).

Statistical analysis
Observed fractures were compared with the numbers expected based on fracture site–
specific incidence rates in the Olmsted County population (standardized incidence ratios
[SIR]). Expected numbers were derived by applying calendar year–specific, age-specific,
and sex-specific incidence rates from the local population for the various fractures to the
calendar year–specific, age-specific, and sex-specific person-years of follow-up in the
cohort and summing over the strata; 95% confidence intervals (95% CI) for the SIRs were
calculated assuming the expected rates are fixed and the observed fractures follow a Poisson
distribution.(18) We examined the risk for any incident fracture occurring on or after the age
of 35 years as well as the risk for fractures related to specific causes (fragility fractures,
severe trauma fractures, etc). In each case, analyses were based on the first relevant fracture.
Analyses were stratified by sex and then by chronological age at the initial distal forearm
fracture (<9 years, 9–11 years, 12–14 years, 15–18 years), recognizing that the peak
incidence of distal forearm fractures is
betweenages8and11yearsingirlsandbetween11and14yearsin boys.(5) The cumulative
incidence of an incident fracture on or after age 35 years was estimated using the Kaplan-
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Meier method,(19) which was also used to assess survival. Since observed survival did not
differ from that expected, it was not necessary to adjust cumulative incidence curves for the
competing risk of death. Analyses were performed using SAS version 9 (SAS Institute,
Cary, NC, USA) and R (R Foundation for Statistical Computing, Vienna, Austria).

Results
We identified 1776 Olmsted County children who were ≤18 years of age (1086 boys and
690 girls; 74% from the central city of Rochester) when they had an incident distal forearm
fracture between January 1, 1935 and December 31, 1992, and who had available follow-up
until at least the age of 35 years. Reflecting the demographics of Olmsted County during this
time period, 98% were white. The mean ± SD age at distal forearm fracture was 11 ± 4 years
for boys and 10 ± 4 years for girls and additional characteristics are noted in Table 1. In
children who fractured one arm, only one bone at the distal forearm site was fractured in the
majority of children (60% in 1060 boys and 64% in 673 girls) and in over 93% of cases it
involved the radius, whereas in 40% of boys and 36% of girls both the radius and ulna were
fractured at their distal forearm (Table 1). Of the 36 children who fractured both arms (24
boys and 12 girls), 14 children fractured one bone in each arm, 8 fractured both the radius
and ulna in each arm, and 14 fractured one bone in one arm and both the radius and ulna in
the other arm. About 40% of children only had a break that was categorized as a greenstick
or torus/buckle fracture, and they were more common in the younger age groups (Table 1).
The majority of distal forearm fractures were attributed to high-energy compared to lower-
energy trauma (Table 1).

These children had their first recorded visit to a physician in the community a median 9
years prior to their initial distal forearm fracture, and they were subsequently followed for a
total of 70,662 person-years (range, 16–75 years per subject) up to a maximum age of 88
years, with 27,292 person-years of follow-up after age 35 years (range, 4 days to 53 years
per subject). By design, all subjects included in the analysis survived to age 35 years, and
survival thereafter was similar to that expected (at age 55 years, 95% versus 95%; p =
0.869). The median age at follow-up was 49 years (range, 35–88 years) for the men and 48
years (range, 35–86 years) for the women. During follow-up beginning at age 35 years, 24%
of the boys (now men) experienced at least one fracture, as did 18% of the women, and of
these individuals, 104 men and 41 women had more than one fracture over follow-up. The
specific fractures observed after age 35 years are delineated in Table 2. The probability of
any fracture as estimated by the cumulative incidence was 30% at age 55 years for men
compared with 26% for women (Fig. 1), whereas the probability of a major osteoporotic
fracture, as estimated by the cumulative incidence, was similar for men and women at age
55 years (7% for men versus 8% for women; p = 0.699).

Future fracture risk in men
Among the 1086 boys with a distal forearm fracture, 265 subsequently sustained at least one
fracture at age ≥35 years, 144 of whom had at least one fracture attributed to no more than
moderate trauma (Table 3). Altogether, their risk of any subsequent fracture was elevated
1.2-fold (95% CI, 1.01–1.3) compared to that expected in community men generally (Table
3). However, there was no increase in their risk of fractures due to severe trauma or to a
specific pathology (Table 3). Instead, the increased risk was confined to fragility fractures
(Table 3, Fig. 2), especially the subset of traditional major osteoporotic fractures (SIR, 2.6;
95% CI, 2.1–3.3) and this was observed across all age groups at fracture, but particularly in
boys <9 years of age (Table 3). These general patterns also persisted when the age at
subsequent fracture was subdivided into 35 to 49 years and ≥50 years (Table 3). In addition,
the risk of any fracture, any fragility fracture or any subsequent major osteoporotic fracture
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was similar whether the initial distal forearm fracture was attributed to high versus lower
energy trauma or if the initial distal forearm fracture was considered a greenstick/torus/
buckle fracture only or not (data not shown).

Future fracture risk in women
Among the 690 girls with a distal forearm fracture, 122 sustained at least one fracture after
age 35 years, 74 of whom had at least one fragility fracture at any skeletal site, and 37 had at
least one major osteoporotic fracture (Table 4). However, we found no increased risk for any
fracture, any fragility fracture, or any major osteoporotic fracture relative to expected
fracture rates in community women generally (Table 4, Fig. 2). Interestingly, there was a
modest decreased risk in severe trauma fractures after age 35 years (SIR, 0.8; 95% CI, 0.6–
0.98) (Table 4). We did note a possible trend, although not statistically significant, for a
modest increased risk for future fragility fractures in women aged 35 to 49 years (SIR, 1.2;
95% CI, 0.8–1.6) but not necessarily for women aged ≥50 years (SIR, 0.9; 95% CI, 0.6–1.3)
(Table 4). As in the men, there was no difference in our findings whether the initial distal
forearm fracture resulted from trauma attributed to high-energy versus lower-energy or if it
was a greenstick/torus/buckle fracture only or not (data not shown).

Discussion
Fractures occurring before the age of 40 years are currently ignored in assessing future
fracture risk (http://www.nof.org/). However, key risk factors for fracture in older men and
women are determined early in life, including peak bone mass as well as bone geometry, one
of the main biomechanical determinants of bone strength.(20) Furthermore, low bone mass in
childhood predicts the risk for subsequent fractures during later childhood or
adolescence.(21) With over 40% of boys and girls sustaining a fracture during their growing
years,(3) and with distal forearm fractures accounting for up to one-third of all these
fractures,(4) the role of a distal forearm fracture on future fracture risk during adulthood
could have important public health implications. Indeed, based on our study findings, boys,
not girls, who sustain a distal forearm fracture have an increased risk for future fragility
fractures during adulthood, and this was irrespective of their age at the time of the forearm
fracture.

Although distal forearm fractures are more frequent among boys than girls,(4) which we also
observed in our study, fractures, in general, are less common among older men compared
with women of similar age. However, among the boys with a distal forearm fracture, not
only was their risk of fracture significantly higher than expected for community men, their
absolute risk of fracture was significantly greater than women. The increase was confined to
fragility fractures, especially the subset of those traditionally considered major osteoporotic
fractures (at the hip, spine, wrist, and shoulder), where the risk was elevated over twofold.
The risk was increased for any age at distal forearm fracture but seemed to be accentuated
among those whose initial forearm fracture occurred before 9 years of age. This association
observed may be due to genetic and/or acquired factors that negatively impact bone mass
and strength. Parfitt(22) suggested that distal forearm fractures in boys may be due to the
mismatch between an age-related increase in physical activity, leading to greater skeletal
loads(23) from falls, etc., and transient defects in cortical bone developing during the growth
spurt that reduce bone strength.(24) Whether there are other deficits that actually persist in
these boys has been unclear, but a recent study by Buttazzoni and colleagues(25) reported
that men with a fracture in childhood had persistent deficits in bone density and structure
roughly 25 years later when compared with control men who had no childhood fracture.
Their bone size at the radius and tibia, in particular, tended to be smaller compared with
controls. Larger bone size confers a biomechanical advantage for bone strength and is
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considered one of the key factors responsible for the lower overall risk of fractures among
aging men compared with women.(26)

By contrast, we found no overall increased risk of a subsequent fracture among girls who
had sustained a distal forearm fracture in childhood. It is possible that this represents a
behavioral change in these girls with avoidance in fracture risk activities, generally. This
may be likely given the modest protective effect a distal forearm fracture in childhood had
on severe trauma fractures in adult women. On the other hand, the accelerated bone loss at
the menopause in women(27) may lead to a greater net negative influence on ultimate bone
strength and subsequent fracture risk. This may be another possible explanation, as we did
note a trend for a modest increased risk for fragility fractures among women who were 35 to
49 years of age, and likely premenopausal, but not necessarily in women age 50 and older,
who were most likely postmenopausal. The risks observed, however, were modest and not
statistically significant for any robust conclusion. Although several studies have reported
deficits in bone density among adolescent girls with a distal forearm fracture,(7,10,28) they
may be transient. In the study by Buttazzoni and colleagues,(25) the deficits in bone density
and structure observed in adult women with a childhood fracture were smaller relative to
those seen in their male counterparts and were not statistically significant when compared
with their female controls.

Two studies that examined the risk of any childhood fracture on future fractures in
adulthood found no increased risk.(29,30) One large study found no increased risk of fracture
in either older men or women who reported any fracture between ages 8 and 18 years.(29)

Only 9% of the men and 4% of the women in that study recalled any earlier fracture.
Similarly, Wu and colleagues(30) found no association between a self-report of fractures that
occurred before age 20 years and subsequent fracture risk among 90 postmenopausal
women, but only 9% of those women reported a childhood fracture. Given that the
cumulative incidence of fractures in childhood is estimated at 42% in girls and 54% in
boys,(3) ascertainment bias may have impacted findings in these two studies. Any fracture in
childhood was also considered in these studies, not just distal forearm fractures, as in our
study. That fractures in younger age groups were not included in the study by Pye and
colleagues(29) may yet be another explanation for the different results observed for men
compared with our study. Nonetheless, despite potential differences and limitations, both
studies reported no increased risk for future fractures in women, similar to our overall
results.

The main strengths of this study are our unique capability for long-term follow-up of a large
cohort of community boys and girls with an initial distal forearm fracture and for complete
ascertainment of fractures over follow-up. Long-term follow-up is important as
demonstrated by a previous study of young women with anorexia nervosa, whose excess
risk of osteoporotic fractures did not become evident until roughly 25 years or later after
diagnosis.(31) Despite the lengthy follow-up, we still had only a limited number of subjects
who had reached the ages when hip fractures, the most important sequelae of osteoporosis,
are particularly common. It would have been interesting to determine if those with a second
distal forearm fracture as children were at particularly increased risk for fractures as adults,
especially among the girls, but there were only 95 boys and 45 girls who met these criteria.
We saw no differences in the risk of subsequent fractures among the childhood distal
forearm fractures that we informally attributed to either high-energy or lower-energy
trauma; however, the original medical records did not always have sufficient detail of the
initial forearm fracture to allow for a more complete trauma classification.(32) On the other
hand, childhood fractures due to both high-energy or lower-energy trauma have been
reported to be associated with low bone density in children,(33) similar to adults.(34) In
addition, we had no specific information on bone age or pubertal stage at the time of the
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initial distal forearm fracture; although we previously showed that bone age and
chronological age are similar in otherwise healthy children.(24) A further limitation may be
the generalizability of these data from a predominantly white population,(14,15) but fractures
are less common in nonwhite children.(35) Our incidence rates of distal forearm fracture
among children in our population are consistent with existing literature(5) and the incidence
of hip fractures in this community is comparable to national figures for U.S. whites,
generally,(36) so we would expect our findings to be generalizable to U.S. whites. Although
we studied a large population-based sample, our power was still limited for exploring the
risk of future fractures by age of childhood forearm fracture, particularly in women.

Relative to women, men are generally protected from fractures in midlife, with incidence
rates rising mostly after age 70 years.(37) The men who had a distal forearm fracture in
childhood, however, were already at over a twofold greater risk of a fragility fracture
compared with middle-aged men in the underlying community. Moreover, the proportion of
boys with a distal forearm fracture who went on to suffer further fractures in adulthood was
slightly higher than observed even for women, who are more likely to sustain a fracture with
older age.(37) In particular, vertebral fractures were fairly common in these men, even more
so than in women, which is also a reversal of what is usually observed.(37) These findings
were consistent when we restricted our analyses to subjects who had a fracture at age 50
years or later. Whether this further indicates that these boys are more likely to have weaker
bones overall, rather than simply representing individuals who are more likely to be engaged
in continued high fracture risk behavior, is unknown. It may also represent a combination of
both factors.

In conclusion, we found that boys, not girls, who had a distal forearm fracture during
childhood were associated with an increased risk of future fragility fractures as adults.
Further work is needed to determine whether this increased risk in older men is due to
deficits in bone strength established in childhood that track into adulthood, to continued high
risk-taking behavior for fractures, or perhaps, to a combination of these factors. Nonetheless,
until these issues can be better clarified, our findings have potential public health
implications and suggest that older men should be asked about a history of a childhood distal
forearm fracture, and if so, would warrant further screening as well as counseling on
measures to optimize bone health and prevent fractures.
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Fig 1.
Observed compared to expected cumulative incidence of fracture in age ≥ 35 years among
Olmsted County, MN residents with a first distal forearm fracture in 1935–1992 at age ≤ 18
years and who had follow-up to at least age 35 years, by age, and separately for men (A) and
women (B).
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Fig 2.
Standardized incidence ratio (SIR) for the risk of future fragility fracture occurring at age
≥35 years (A) or age ≥50 years (B) for Olmsted County, MN men and women following a
distal forearm fracture in childhood at age ≤18 years in 1935–1992.
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Table 2

Distribution of All Fractures and Fragility Fractures After Age 35 Years Among 1776 Olmsted County, MN
Residents (1086 Men and 690 Women) Who Had Sustained a Distal Forearm Fracture As Children in 1935–
1992, by Subsequent Fracture Site and Cause

Fracture site

Men Women

All fractures Fragility fracturesa All fractures Fragility fracturesa

n (%) n (%) n (%) n (%)

Skull/face 20 (4.5) 4 (2.1) 5 (2.4) 4 (3.5)

Hands/fingers 64 (14.3) 8 (4.1) 15 (7.3) 5 (4.4)

Distal forearm 26 (5.8) 5 (2.6) 17 (8.3) 9 (7.9)

Proximal humerus 7 (1.6) 0 (0.0) 5 (2.4) 2 (1.8)

Other arm 17 (3.8) 3 (1.6) 13 (6.3) 6 (5.3)

Clavicle/scapula/sternum 22 (4.9) 1 (0.5) 6 (2.9) 5 (4.4)

Ribs 76 (16.9) 48 (24.9) 28 (13.7) 19 (16.7)

Thoracic/lumbar vertebrae 92 (20.5) 81 (42.0) 37 (18.0) 32 (28.1)

Cervical vertebrae 14 (3.1) 5 (2.6) 6 (2.9) 3 (2.6)

Pelvis 5 (1.1) 2 (1.0) 7 (3.4) 5 (4.4)

Proximal femur 6 (1.3) 4 (2.1) 5 (2.4) 5 (4.4)

Other leg 53 (11.8) 18 (9.3) 20 (9.8) 10 (8.8)

Feet/toes 47 (10.5) 14 (7.3) 41 (20.0) 9 (7.9)

All sites 449 193 205 114

a
Excludes severe trauma and pathologic fractures.
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