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Long-Term Trends in the Incidence of Distal Forearm Fractures
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Abstract. In this population-based descriptive study population [1], age-adjusted incidence rates for proximal
covering the 50-year period, 1945-94, there was demur fractures in Rochester, Minnesota, have been
statistically significant increase in distal forearm more or less stable in recent years [2]. Age-adjusted rates
fractures due to severe trauma in both women and meimcreased dramatically among Rochester women be-
(p < 0.001) but no secular increase in fractures due taween 1928 and 1950 only to fall slowly thereafter; rates
moderate trauma (~ osteoporosis). Since fractures Rochester men rose steadily until 1980 but have since
attributed to severe trauma comprised a greatedeclined. Like the reported increases in hip fracture
proportion of the total in men (52%) than women incidence, others have reported rising incidence rates for
(21%), an overall doubling of age-adjusted forearmdistal forearm fractures as well as for fractures of the
fracture incidence in men between 1945 and 1994 waproximal humerus, patella, proximal tibia and ankle [3—
statistically significantfg < 0.001), but the 7% increase 5]. For wrist fractures, specifically, there was almost a
in age-adjusted rates among women was pct 0.90). doubling of the incidence rates between 1953-57 and
While the epidemiological pattern of distal forearm 1980-81 in Malnigo Sweden [6]. By contrast, in an earlier
fracture incidence in Rochester was similar to that seestudy in Rochester, we found no change in the incidence
elsewhere, the overall incidence rate of 287.4 peof distal forearm fractures between 1945 and 1974 [7].
100000 person-years (95% CIl 267.7-307.1) in 1985+tikewise, Lauritzen and colleagues saw no change in
94 was less than current rates in Sweden, presumabfgrearm fracture incidence in Copenhagen, Denmark
because the great increase in distal forearm fracturbetween 1976 and 1984 [8]. However, the situation has
incidence seen, for example, in Malrhetween 1953-57 not been reassessed in recent years despite growing
and 1980-81 was not observed in Rochester. The trend®ncern about the societal impact of osteoporotic
in distal forearm fracture rates in Rochester men andractures, including those of the distal forearm [9,10].
women over the past 50 years are broadly consistent witmdeed, the lifetime risk of a distal forearm fracture in
trends in hip fracture incidence in this community overwhite women, about 15%, is as great as that for a hip
the same time span. fracture or a clinically evident vertebral fracture [11,12],

and one recent study estimated expenditures for the care
Keywords: Distal forearm (wrist) fracture; Epidemiol- of distal forearm fractures in the United States in 1995 at
ogy; Incidence; Osteoporosis; Secular trends $385 million [13]. The purpose of this report is to extend
the previous study of distal forearm fractures in
Rochester through 1994 in order to assess secular
trends in incidence over an entire half-century.

Introduction

Despite numerous reports that hip fractures are increagyethods
ing faster than can be accounted for by aging of the
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care,for examplejs providedby the Mayo Clinic, which

has maintaineda commonmedical record systemwith

its two large affiliated hospitalsin the community (St.

Marys and RochesteMethodist) for the past90 years.
The Mayo Clinic dossier-typerecordthus containsboth
inpatientandoutpatientdata. The diagnosesndsurgical
proceduresecordedin theserecordsare indexed. The
index includesthe diagnosesnadefor outpatientsseen
in office or clinic consultationsgemergencyroom visits
or nursinghomecare,aswell asthe diagnosesecorded
for hospital inpatients, at autopsy examinationor on

deathcertificates Medical recordsof the otherproviders
who serve the local population, most notably the
Olmsted Medical Group and its affiliated Olmsted
Community Hospital, are also indexedand retrievable.
Thus,the detailsof almostall the medicalcareprovided
to theresidentsof Rochesteareavailablefor study[14].

Usingthis uniquedatabaséthe RochesteEpidemiol-
ogy Project), we identified all distal forearm (wrist)
fractureghatoccurredamongRochesteresidentsage35
years old and over during the 50-year period, 1945
through 1994. Less than 20% of patients with this
conditionarehospitalized15], but it waspossiblein our
data system to identify those treated solely on an
outpatientbasis.The complete(inpatientandoutpatient)
medical recordswere reviewed for all local residents
with any diagnosis attributable to diagnostic rubrics
813.4 and 813.5 in the International Classification of
DiseasesNinth Revision,Clinical Modification[16]. All
fractures were radiographically confirmed, but the
original radiographswere not available for review.
Fractureswere also classified according to etiology:
those causedby a specific pathological process(e.g.
metastatic malignancy), those resulting from severe
trauma (e.g. motor vehicle accidentsor falls from
greaterthan standingheight) andthosedueto moderate
trauma (by convention,falls from standing height or
less).

Incidence rates were estimated separatelyfor the
people affected by their first distal forearm fracture
during the study period (first fractures) and for all
forearmfracture eventsthat occurred(all fractures).In
calculating incidence rates, the entire population of
Rochestenge35 yearsandoverwasconsideredo be at
risk. Denominatorage- and sex-specificperson-years
(p-y) were estimatedfrom decennialcensusdata with
linear interpolationbetweencensusyears[17]. In order
to obtainsomesenseof variability, it wasassumedhat,
given a fixed numberof person-yearsthe number of
fracture cases follows a Poisson distribution. This
allowed for the estimationof standarderrors and the
calculationof 95% confidenceantervals(95% Cl) for the
incidencerates. Overall rateswere directly age and/or
age—sexadjustedo the populationdistributionof United
States whites in 1990. The standard errors and
confidenceintervalsfor the adjustedratesare basedon
the same assumptionas above. The relationshipsof
crude incidenceratesto age, sex and calendaryear of
fracture were assessedsing generalizedinear models
assuminga Poissorerror structure[18]. Suchmodelsfit
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the natural logarithms of the crude incidenceratesas
linear combinationsof genderagegroupandyearusing
the SAS procedure GENMOD.

Results

Over the 50-year period coveredby this study, 2464
Rochesteresidentsage 35 yearsor older experienced
2786 fracturesof the distal forearmfor an overall age-
and sex-adjusted (to 1990 United States whites)
incidencerate for all fracturesof 279.6 per 100000
p-y (95%CI 269.3-290.2)The 2346fracturesn women
outnumberedhe 440fracturesin menfor afemale:male
ratio of age-adjustedncidenceratesfor all fracturesof
4:1 (416.1 per 100000 p-y (95% Cl 399.2—-433.1¥or
womenvs 104.8 per 100000 p-y (95% Cl 94.7-114.8)
for men). Over 98% of the subjectswere white, in
keepingwith the racial compositionof the community.
Their meanage at the time of fracture was 63.6 years
(65.1 yearsfor women and 55.4 yearsfor men). The
differencein agesreflectsthe fact that overall fracture
ratesamongwomenincreasedramaticallybetweenage
45 and64 yearsandthenlevelledoff beforerising again
amongwomenage 85 yearsand over; ratesin men,on
the otherhand,exhibitedno strongtrendwith age(Table
1). Altogether, 2414 eventsrepresentedhe first distal
forearm fracture that the patient had experienced
(excluding fractures that occurred prior to age 35
years),while 372 were recurrencesOne hundredand
ten (30%) of the recurrencesverein the samewrist as
the initial fracture and 262 (70%) were in the
contralateral wrist. Altogether, 1327 (48%) distal
forearm fractures were in the right wrist and 1452
(52%) werein the left; the site of fracturewasuncertain
in sevencasesTwo hundredandsixty-two patientshad
two separatdractureswhile 33 patientshadthree,three
patientshad four, and one individual had five different
forearm fractures. The overall age- and sex-adjusted
incidenceof first fracturesalonewas241.4per 100000
p-y (95% Cl 231.7-251.1).

Altogether,718(26%) of the fractureswereattributed
to severetrauma.Severetraumaaccountedor 52% of
the distal forearmfracturesin men (228 of 440) but only
21% of thosein women(490 of 2346).Nonethelessthe
incidence of all fracturesdue to severetrauma was
greaten(p < 0.001)in women(88.3per100000p-y; 95%
Cl 80.5-96.2)thanin men (50.6 per 100000 p-y; 95%
Cl 43.9-57.3). The causesof these fractures were
surprisingly similar for women and men, respectively,
and included motor vehicle accidents(10% vs 12%),
falls from greaterthan standingheight (56% vs 47%),
recreationalactivities (26% vs 29%) and miscellaneous
circumstance$6% vs 9%); the causewas uncertainfor
2% of the fracturesin womenand 3% of thosein men.
Theremaining2068(74%) distal forearmfractureswere
due to moderatetraumaas definedin methods.Unlike
vertebral fractures, for example,no forearm fractures
occurred ‘spontaneously’ in conjunction with the
activities of daily living, and none was attributed
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Fig. 1. Age- and sex-adjustedncidenceof first, recurrentand
all distal forearm fractures among Rochester, Minnesota
residentspy time period, 1945-94.
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Fig. 2. Age-adjustedncidenceof first distal forearmfractures
among Rochester,Minnesota women, by time period and
degreeof trauma,1945-94.
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primarily to a specificlocal pathologicalprocessn bone
of the affectedwrist. Instead they wereall attributedto
falls from standingheightor less. The incidenceof all
fractures due to moderatetrauma in men (54.1 per
100000 p-y; 95% CI 46.6-61.6)was equivalentto the
incidenceof severetraumafracturesin menand much
lessthanthe incidenceof moderatetraumafracturesin
women (327.4 per 100000 p-y; 95% Cl 312.4-342.5).

1990-94

Fig. 3. Age-adjustedncidenceof first distal forearmfractures
amongRochesterMinnesotamen, by time period anddegree
of traumag 1945-94.

The overall age- and sex-adjustedncidenceof severe
trauma fractureswas 71.7 per 100000 p-y (95% CI
66.4—76.9)comparedwith 207.9 per 100000 p-y (95%
Cl 198.9-217.0)for distal forearm fractures due to
moderatetrauma.

The numberof distal forearmfracturesroseover the
study period, from 159 in 1945-49to 475in 1990-94.
However, the populationof Rochestemwas also rising,
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from 9664 peopleaged35 yearsold andoverin the 1940
censusto 29632 in 1990. When the demographic
changesin the underlying population were taken into
accountby age-adjustingthe rates, there was a slight
increasdn theincidenceof forearmfracturesby decade
(Table 1). The overall age- and sex-adjustedncidence
roseat therateof 0.5%peryear(p < 0.001).Therewere
modestbut statistically significant(p < 0.001)increases
in the incidenceboth of recurrentfracturesand of first
distal forearm fractures(Fig. 1). The overall age-and
sex-adjustedincidence of first forearm fractures was
260.6per100000p-y in 1990-94(95%Cl 234.7-286.6)
comparedo 271.6per 100000 p-y in 1945-49(95% Cl
225.1-318.1)Trendsin first distal forearmfracturesare
shownseparatelyfor womenand menin Figs 2 and 3.
Therewas a significantincreaseover time in total age-
adjustedratesfor men (p < 0.001) but not for women
(p=0.90). This discrepancywas due to the greater
relative contribution in men of first fracturesdue to
severetrauma,which increasedsignificantly (p < 0.001)
in both women and men. Conversely,there was no
significantincreasdn eithergenderof first fracturesdue
to moderatetrauma. It was difficult to discern any
consistentirend in age-specifidncidenceratesfor first
fracturesin women,exceptperhapdor anincreaseover
time amongthose75 yearsof ageor older (Fig. 4). The
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Fig. 4. Age-sgecific incidence of first distal forearm
fractures among Rochester,Minnesota women, by time
period, 1945-94.

Fig. 5. Age-specificincidenceof first distal forearm fractures
amongRochesterMinnesotamen, by time period, 1945-94.

secularincreasan theincidenceof first fracturesamong
menseemedo be reflectedin all agegroups(Fig. 5).

Discusson

In contrastto the reportby Bengrie and Johnell[6] that
the overall incidenceof distal forearmfracturesalmost
doubledin Malm® between1953-57and 1980-81,we

found only a modestl7%rise in incidencebetweenthe
first decadeof our study and the last, although the
increaseover time was statistically significantgiven the
large number of cases.Comparably age- and sex-
adjustedto the population structure of United States
whites in 1990, our estimated annual incidence for

1945-54(246 per 100000) resembledMalmo ratesin

1953-57(207 per 100000) from an earlier report[19].

However, the annual incidence of distal forearm
fracturesin Rochesterin 1975-84 (297 per 100000)
wasonly abouttwo-thirdsof the ratein Malmo in 1980—
81 (482 per 100000) or a similarly high annualrate of

411per100000in Stockholmin 1981-82[20]. Thus,the
greaterforearmfractureratesin Malmo seemdueto a
dramatic increasein incidence that was not seenin

Rochesterindeed,age-andsex-adjustedRochesterates
for the subsequentdecade 1985—94 wereslightly lower
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at 287 per 100000 p-y, but ratesin Uppsala,Swedenin
1989-90werestill high at 416 per100000peryear[21].
We did seea more substantialncreasen distal forearm
fracture incidence in men, where age-adjustedrates
doubledin Rochesterbetween1945-54and 1975-84
before falling again in 1985-94. This increase is
consistentvith our finding thatage-adjustethip fracture
incidencerates in Rochestermen rose 46% between
1943-52 and 1973-82 [2]. Hip fracture rates in
Rochestemwomendeclined 16% between1953—62and
1983-92in contrastto the 7% increasein forearm
fracture incidencebetween1945-54and 1985-94seen
here.Like others[22], we havefound no evidenceof an
increase in the incidence of vertebral fractures in
Rochestelin recentyears[23].

This studyconfirmsthe very differentepidemiological
pattern of distal forearm fractures compared with
fracturesof the hip or spine[24]. As in most similar
investigationg[25—34], we observeda rapid rise in the
incidenceof forearmfractureswith agein womenup to
aboutl0yearspastthe menopausewith a slowingof the
age-relatedincreasethereafter. Consequently,the in-
cidenceof distal forearmfracturesin elderly womenis
much lower than that of hip or spinefractures[24]. In
Rochesterwomen 85 years of age and older, for
example,the incidenceof hip fractureswas 2741 per
100000 p-y [2] andthe incidenceof clinically evident
vertebral fractures was 1214 per 100000 p-y [35]
comparedwith a rate for distal forearm fracturesin
this age group of only 864 per 100000 p-y in recent
years. The perimenopausalncreasein distal forearm
fracturerateshasbeenattributedboth to a reductionin
bonestrengthcausedy cortical porosityandtrabecular
perforationthat developwith the acceleratedphaseof
bonelossat the menopausg36] andto a sharpincrease
in thelikelihood of falling atthe sameperiodin life [37].
Thereis no convincing explanationfor the subsequent
plateauin forearm fracture incidence,which has been
blamedon the lossof protectivereflexeswith aresulting
reduction in the tendency to break falls with an
outstretche@rm [38]. It is notclearhowthis explanation
might relate to the high incidenceof forearmfractures
amongthe oldestwomenasseenhereandin someother
studieg[6,21,39-41] Evenamongelderly women,distal
forearmfracturesareassociatedavith falling on the hand
or wrist [42].

With afew exceptionsn low-risk populationd43,44],
theincidenceof distalforearmfracturesis muchlowerin
men comparedwith women [24]. In Rochester,age-
adjustedincidenceratesin womenwere 4 times higher
than those in men. The explanationfor this is not
completelyclear. Men havea substantiakisk of falling
eachyear, althoughit is lessthan that in women[37].
Betweenages35 and84 years,about20% of menreport
havingfallen in the previousyear,andthis risesto about
athird of menage85 yearsandover.Likewise,menlose
bonefrom the distal forearmwith aginglike womendo,
although peak bone massis greaterin men and age-
relatedboneloss less pronounced45]. In Malm®, for
example womenlost 30% of their bonedensityat the 1
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cm sitein the distalradiusbetweenage50 and80 years;
men lost only 14% over this agespanand, at 80 years,
their bone density values were 80% higher [46]. In
addition, the relationship betweenareal bone density
(g/cn?) andfracturerisk in menis notasstrongasit is in
women [47-50]. This may relate to sex-specific
differencesin bone geometry[51,52] since volumetric
bone density measurementgg/cn?) predict fractures
similarly in womenandmen[53]. Nonethelesshecause
of their higherbonemass,thereis a lessercontribution
from fracturesdue to moderatetrauma(~ osteoporosis)
in men,andfracturescausedy severgraumamakeup a
greatemproportionof thetotal — in this study52%versus
21%in women.This hasalsobeenseenin otherstudies
[6,25]. We have no explanation, however, for the
apparentincreasein fracturesdue to severetraumain
menovertime.

A limitation of this study is the generalizability of
thesedatafrom a small Midwesterncommunitythat is
predominantlywhite (96% in 1990)andbettereducated
than the white population of the United States[14].
Thus, there is evidenceof variation in distal forearm
fractureincidenceby race;forearmfracturesseemto be
lessfrequentin populationsof African or Asian heritage
[34,43,44,54-56] although there is some evidenceof
recentincreaseg57] asseenalsofor hip fractures[58].
This issuecould not be addressedn Rochesterwhere
the non-white populationis very small. However, the
overall age-and sex-adjustedncidenceof hip fractures
amonglocal residentsage 50 yearsand older (385 per
100000 p-y) is very closeto the comparablyadjusted
rate (394 per 100000) reportedfor United Stateswhites
generally[59]. Age-adjustedo the total population of
the United Statedn 1990,theincidenceof distalforearm
fracturesamongRochesteresidentss5 yearsof ageor
olderin this studywas494 per 100000 p-y in 1985-94.
This is somewhatigherthanthe annualrate of 396 per
100000 p-y reported for whites from the Medicare
populationin 1991-92/56]. However,the Medicaredata
excluded personswith previous fractures, and case
ascertainmentfrom that source is probably not as
completeasin Rochestef60]. Taking this into account,
theRochestedataareprobablynot out of line for United
Stateswhitesgenerally.
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