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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
covering the 50-year period, 1945–94, there was a
statistically significant increase in distal forearm
fractures due to severe trauma in both women and men
(p < 0.001) but no secular increase in fractures due to
moderate trauma (~ osteoporosis). Since fractures
attributed to severe trauma comprised a greater
proportion of the total in men (52%) than women
(21%), an overall doubling of age-adjusted forearm
fracture incidence in men between 1945 and 1994 was
statistically significant (p < 0.001), but the 7% increase
in age-adjusted rates among women was not (p = 0.90).
While the epidemiological pattern of distal forearm
fracture incidence in Rochester was similar to that seen
elsewhere, the overall incidence rate of 287.4 per
100 000 person-years (95% CI 267.7–307.1) in 1985–
94 was less than current rates in Sweden, presumably
because the great increase in distal forearm fracture
incidence seen, for example, in Malmo¨ between 1953–57
and 1980–81 was not observed in Rochester. The trends
in distal forearm fracture rates in Rochester men and
women over the past 50 years are broadly consistent with
trends in hip fracture incidence in this community over
the same time span.

Keywords: Distal forearm (wrist) fracture; Epidemiol-
ogy; Incidence; Osteoporosis; Secular trends

Introduction

Despite numerous reports that hip fractures are increas-
ing faster than can be accounted for by aging of the

population [1], age-adjusted incidence rates for proximal
femur fractures in Rochester, Minnesota, have been
more or less stable in recent years [2]. Age-adjusted rates
increased dramatically among Rochester women be-
tween 1928 and 1950 only to fall slowly thereafter; rates
in Rochester men rose steadily until 1980 but have since
declined. Like the reported increases in hip fracture
incidence, others have reported rising incidence rates for
distal forearm fractures as well as for fractures of the
proximal humerus, patella, proximal tibia and ankle [3–
5]. For wrist fractures, specifically, there was almost a
doubling of the incidence rates between 1953–57 and
1980-81 in Malmo¨, Sweden [6]. By contrast, in an earlier
study in Rochester, we found no change in the incidence
of distal forearm fractures between 1945 and 1974 [7].
Likewise, Lauritzen and colleagues saw no change in
forearm fracture incidence in Copenhagen, Denmark
between 1976 and 1984 [8]. However, the situation has
not been reassessed in recent years despite growing
concern about the societal impact of osteoporotic
fractures, including those of the distal forearm [9,10].
Indeed, the lifetime risk of a distal forearm fracture in
white women, about 15%, is as great as that for a hip
fracture or a clinically evident vertebral fracture [11,12],
and one recent study estimated expenditures for the care
of distal forearm fractures in the United States in 1995 at
$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.

Methods

Population-based epidemiological research can be
conducted in Rochester, Minnesota because medical
care is virtually self-contained within the community
and there are relatively few providers. Most orthopedic
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care,for example,is providedby theMayoClinic, which
hasmaintaineda commonmedical recordsystemwith
its two large affiliated hospitalsin the community (St.
Marys and RochesterMethodist) for the past90 years.
The Mayo Clinic dossier-typerecordthuscontainsboth
inpatientandoutpatientdata.Thediagnosesandsurgical
proceduresrecordedin theserecordsare indexed.The
index includesthe diagnosesmadefor outpatientsseen
in office or clinic consultations,emergencyroom visits
or nursinghomecare,aswell asthe diagnosesrecorded
for hospital inpatients,at autopsy examinationor on
deathcertificates.Medical recordsof theotherproviders
who serve the local population, most notably the
Olmsted Medical Group and its affiliated Olmsted
CommunityHospital, are also indexedand retrievable.
Thus,thedetailsof almostall themedicalcareprovided
to theresidentsof Rochesterareavailablefor study[14].

Using this uniquedatabase(theRochesterEpidemiol-
ogy Project), we identified all distal forearm (wrist)
fracturesthatoccurredamongRochesterresidentsage35
years old and over during the 50-year period, 1945
through 1994. Less than 20% of patients with this
conditionarehospitalized[15], but it waspossiblein our
data system to identify those treated solely on an
outpatientbasis.Thecomplete(inpatientandoutpatient)
medical recordswere reviewed for all local residents
with any diagnosis attributable to diagnostic rubrics
813.4 and 813.5 in the InternationalClassificationof
Diseases,Ninth 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 accidents or falls from
greaterthanstandingheight)andthosedueto moderate
trauma (by convention, falls from standingheight 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
forearmfractureeventsthat occurred(all fractures).In
calculating incidence rates, the entire population of
Rochesterage35 yearsandoverwasconsideredto beat
risk. Denominatorage- and sex-specificperson-years
(p-y) were estimatedfrom decennialcensusdata with
linear interpolationbetweencensusyears[17]. In order
to obtainsomesenseof variability, it wasassumedthat,
given a fixed number of person-years,the number of
fracture cases follows a Poisson distribution. This
allowed for the estimationof standarderrors and the
calculationof 95%confidenceintervals(95%CI) for the
incidencerates.Overall rateswere directly age and/or
age–sexadjustedto thepopulationdistributionof 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
fracturewere assessedusing generalizedlinear models
assuminga Poissonerror structure[18]. Suchmodelsfit

the natural logarithmsof the crude incidenceratesas
linearcombinationsof gender,agegroupandyearusing
the SAS procedure,GENMOD.

Results

Over the 50-year period coveredby this study, 2464
Rochesterresidentsage 35 yearsor older experienced
2786 fracturesof the distal forearmfor an overall age-
and sex-adjusted (to 1990 United States whites)
incidence rate for all fractures of 279.6 per 100000
p-y (95%CI 269.3–290.2).The2346fracturesin women
outnumberedthe440fracturesin menfor a female:male
ratio of age-adjustedincidenceratesfor all fracturesof
4:1 (416.1 per 100000 p-y (95% CI 399.2–433.1)for
womenvs 104.8per 100000 p-y (95% CI 94.7–114.8)
for men). Over 98% of the subjectswere white, in
keepingwith the racial compositionof the community.
Their meanageat the time of fracturewas 63.6 years
(65.1 years for women and 55.4 years for men). The
differencein agesreflectsthe fact that overall fracture
ratesamongwomenincreaseddramaticallybetweenage
45 and64 yearsandthenlevelledoff beforerising again
amongwomenage85 yearsandover; ratesin men,on
theotherhand,exhibitedno strongtrendwith age(Table
1). Altogether, 2414 eventsrepresentedthe first distal
forearm fracture that the patient had experienced
(excluding fractures that occurred prior to age 35
years),while 372 were recurrences.One hundredand
ten (30%) of the recurrenceswere in 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; thesiteof fracturewasuncertain
in sevencases.Two hundredandsixty-two patientshad
two separatefractures,while 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% CI 231.7–251.1).

Altogether,718(26%)of thefractureswereattributed
to severetrauma.Severetraumaaccountedfor 52% of
thedistal forearmfracturesin men(228of 440)but only
21% of thosein women(490of 2346).Nonetheless,the
incidence of all fractures due to severe trauma was
greater(p < 0.001)in women(88.3per100000p-y; 95%
CI 80.5–96.2)than in men (50.6 per 100000 p-y; 95%
CI 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%) andmiscellaneous
circumstances(6% vs 9%); the causewasuncertainfor
2% of the fracturesin womenand3% 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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primarily to a specificlocal pathologicalprocessin bone
of the affectedwrist. Instead,they wereall attributedto
falls from standingheight or 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 men and much
lessthan the incidenceof moderatetraumafracturesin
women(327.4 per 100000 p-y; 95% CI 312.4–342.5).

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

The numberof distal forearmfracturesroseover the
study period, from 159 in 1945–49to 475 in 1990–94.
However, the populationof Rochesterwas also rising,

Fig. 1. Age- andsex-adjustedincidenceof first, recurrentand
all distal forearm fractures among Rochester, Minnesota
residents,by time period,1945–94.

Fig. 2. Age-adjustedincidenceof first distal forearmfractures
among Rochester,Minnesota women, by time period and
degreeof trauma,1945–94.

Fig. 3. Age-adjustedincidenceof first distal forearmfractures
amongRochester,Minnesotamen,by time periodanddegree
of trauma, 1945–94.
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from 9664peopleaged35yearsold andoverin the1940
census to 29632 in 1990. When the demographic
changesin the underlying population were taken into
accountby age-adjustingthe rates, there was a slight
increasein the incidenceof forearmfracturesby decade
(Table 1). The overall age-and sex-adjustedincidence
roseat therateof 0.5%peryear(p < 0.001).Therewere
modestbut statisticallysignificant(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%CI 234.7–286.6)
comparedto 271.6per100000p-y in 1945–49(95%CI
225.1–318.1).Trendsin first distal forearmfracturesare
shownseparatelyfor womenand men in Figs 2 and 3.
Therewasa 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 fractures due to
severetrauma,which increasedsignificantly(p < 0.001)
in both women and men. Conversely, there was no
significantincreasein eithergenderof first fracturesdue
to moderate trauma. It was difficult to discern any
consistenttrend in age-specificincidenceratesfor first
fracturesin women,exceptperhapsfor an increaseover
time amongthose75 yearsof ageor older (Fig. 4). The

secularincreasein the incidenceof first fracturesamong
menseemedto be reflectedin all agegroups(Fig. 5).

Discussion

In contrastto the reportby Bengnér andJohnell[6] that
the overall incidenceof distal forearmfracturesalmost
doubledin Malmö between1953–57and 1980–81,we
found only a modest17% rise in incidencebetweenthe
first decadeof our study and the last, although the
increaseover time wasstatisticallysignificantgiven the
large number of cases. Comparably age- and sex-
adjustedto the population structure of United States
whites in 1990, our estimatedannual incidence for
1945–54(246 per 100000) resembledMalmö rates in
1953–57(207 per 100000) from an earlier report [19].
However, the annual incidence of distal forearm
fractures in Rochesterin 1975–84 (297 per 100000)
wasonly abouttwo-thirdsof theratein Malmö in 1980–
81 (482 per 100000) or a similarly high annualrate of
411per100000in Stockholmin 1981–82[20]. Thus,the
greaterforearmfractureratesin Malmö seemdue to a
dramatic increasein incidence that was not seen in
Rochester.Indeed,age-andsex-adjustedRochesterrates
for thesubsequentdecade,1985–94,wereslightly lower

Fig. 4. Age-specific incidence of first distal forearm
fractures among Rochester,Minnesota women, by time
period,1945–94.

Fig. 5. Age-specificincidenceof first distal forearm fractures
amongRochester,Minnesotamen,by time period,1945–94.
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at 287 per 100000 p-y, but ratesin Uppsala,Swedenin
1989–90werestill high at 416per100000peryear[21].
We did seea moresubstantialincreasein distal forearm
fracture incidence in men, where age-adjustedrates
doubled in Rochesterbetween1945–54and 1975–84
before falling again in 1985–94. This increase is
consistentwith our finding thatage-adjustedhip fracture
incidence rates in Rochestermen rose 46% between
1943–52 and 1973–82 [2]. Hip fracture rates in
Rochesterwomendeclined16% between1953–62and
1983–92 in contrast to the 7% increasein forearm
fracture incidencebetween1945–54and 1985–94seen
here.Like others[22], we havefoundno evidenceof an
increase in the incidence of vertebral fractures in
Rochesterin recentyears[23].

Thisstudyconfirmstheverydifferentepidemiological
pattern of distal forearm fractures compared with
fracturesof the hip or spine [24]. As in most similar
investigations[25–34], we observeda rapid rise in the
incidenceof forearmfractureswith agein womenup to
about10yearspastthemenopause,with aslowingof the
age-relatedincreasethereafter.Consequently,the in-
cidenceof distal forearmfracturesin elderly womenis
much lower than that of hip or spinefractures[24]. In
Rochester women 85 years of age and older, for
example,the incidenceof hip fractureswas 2741 per
100000 p-y [2] and the incidenceof clinically evident
vertebral fractures was 1214 per 100000 p-y [35]
comparedwith a rate for distal forearm fractures in
this age group of only 864 per 100000 p-y in recent
years. The perimenopausalincreasein distal forearm
fracturerateshasbeenattributedboth to a reductionin
bonestrengthcausedby cortical porosityandtrabecular
perforationthat developwith the acceleratedphaseof
bonelossat the menopause[36] andto a sharpincrease
in thelikelihood of falling at thesameperiodin life [37].
There is no convincing explanationfor the subsequent
plateauin forearm fracture incidence,which has been
blamedon thelossof protectivereflexeswith a resulting
reduction in the tendency to break falls with an
outstretchedarm[38]. It is notclearhowthisexplanation
might relate to the high incidenceof forearmfractures
amongtheoldestwomenasseenhereandin someother
studies[6,21,39–41].Evenamongelderlywomen,distal
forearmfracturesareassociatedwith falling on thehand
or wrist [42].

With a few exceptionsin low-risk populations[43,44],
theincidenceof distalforearmfracturesis muchlower in
men comparedwith women [24]. In Rochester,age-
adjustedincidenceratesin womenwere4 times higher
than those in men. The explanation for this is not
completelyclear.Men havea substantialrisk of falling
eachyear, althoughit is lessthan that in women[37].
Betweenages35 and84 years,about20%of menreport
havingfallen in thepreviousyear,andthis risesto about
a third of menage85yearsandover.Likewise,menlose
bonefrom thedistal forearmwith aginglike womendo,
although peak bone massis greater in men and age-
relatedbone loss less pronounced[45]. In Malmö, for
example,womenlost 30%of their bonedensityat the1

cm site in thedistal radiusbetweenage50 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/cm2) andfracturerisk in menis notasstrongasit is in
women [47–50]. This may relate to sex-specific
differencesin bone geometry[51,52] since volumetric
bone density measurements(g/cm3) predict fractures
similarly in womenandmen[53]. Nonetheless,because
of their higherbonemass,thereis a lessercontribution
from fracturesdue to moderatetrauma(~ osteoporosis)
in men,andfracturescausedby severetraumamakeupa
greaterproportionof thetotal – in this study52%versus
21%in women.This hasalsobeenseenin otherstudies
[6,25]. We have no explanation, however, for the
apparentincreasein fracturesdue to severetraumain
menover time.

A limitation of this study is the generalizabilityof
thesedatafrom a small Midwesterncommunity that 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 Asianheritage
[34,43,44,54–56],although there is some evidenceof
recentincreases[57] asseenalsofor hip fractures[58].
This issuecould not be addressedin Rochester,where
the non-white population is very small. However, the
overall age-andsex-adjustedincidenceof hip fractures
amonglocal residentsage50 yearsand older (385 per
100000 p-y) is very close to the comparablyadjusted
rate(394 per 100000) reportedfor United Stateswhites
generally [59]. Age-adjustedto the total populationof
theUnitedStatesin 1990,theincidenceof distalforearm
fracturesamongRochesterresidents65 yearsof ageor
older in this studywas494per100000p-y in 1985–94.
This is somewhathigherthanthe annualrateof 396per
100000 p-y reported for whites from the Medicare
populationin 1991–92[56]. However,theMedicaredata
excluded persons with previous fractures, and case
ascertainmentfrom that source is probably not as
completeasin Rochester[60]. Taking this into account,
theRochesterdataareprobablynotoutof line for United
Stateswhitesgenerally.
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32. RóbertssonGO, JónssonGT, SigurjónssonK. Epidemiologyof
distal radius fractures in Iceland in 1985. Acta Orthop Scand
1990;61:457–9.

33. Kanis JA, Pitt FA. Epidemiology of osteoporosis. Bone
1992;13(Suppl1):S7–15.

34. BaronJA, Barrett J, MalenkaD, FisherE, Kniffin W, Bubolz T,
TostesonT. Racial differencesin fracture risk. Epidemiology
1994;5:42–7.

35. CooperC, Atkinson EJ,O’Fallon WM, Melton LJ III. Incidence
of clinically diagnosedvertebral fractures: a population-based
study in Rochester,Minnesota,1985–1989.J Bone Miner Res
1992;7:221–7.

36. Parfitt AM. Age-related structural changesin trabecular and
cortical bone: cellular mechanismsand biomechanicalconse-
quences.Calcif TissueInt 1984;36:S123–8.

37. WinnerSJ,MorganCA, EvansJG.Perimenopausalrisk of falling
andincidenceof distal forearmfracture.BMJ 1989;298:1486–8.

38. EvansJG.Epidemiologyof proximal femoralfractures.RecAdv
GeriatrMed 1982;2:201–14.

39. LauritzenJB, SchwarzP, McNair P, Lund B, TransbølI. Radial
and humeralfracturesas predictorsof subsequenthip, radial or
humeral fractures in women, and their seasonal variation.
OsteoporosInt 1993;3:133–7.

40. LarsenCF,LauritsenJ.Epidemiologyof acutewrist trauma.Int J
Epidemiol1993;22:911–6.

41. JonesG, NguyenT, SambrookPN, Kelly PJ,Gilbert C, Eisman
JA. Symptomaticfractureincidencein elderly menandwomen:
the DubboOsteoporosEpidemiologyStudy(DOES).Osteoporo-
sis Int 1994;4:277–82.

42. Nevitt MC, Cummings SR and the Study of Osteoporotic
FracturesResearchGroup. Type of fall and risk of hip and
wrist fractures:the studyof osteoporoticfractures.J Am Geriatr
Soc1993;41:1226–34.

43. WongPCN.Epidemiologyof fracturesin theaged:its application
in Singapore.SingaporeMed J 1965;6:62–70.

44. AdebajoAO, CooperC, EvansJG.Fracturesof thehip anddistal
forearm in West Africa and the United Kingdom. Age Ageing
1991;20:435–8.

45. EastellR. Forearmfracture.Bone1996;18(Suppl):S203–7.
46. Gärdsell P, Johnell O, Nilsson BE, SernboI. Bone massin an

urban and a rural population: a comparativepopulation-based
studyin SouthernSweden.J BoneMiner Res1991;6:67–75.

47. Nguyen T, SambrookP, Kelly P, JonesG, Lord S, FreundJ,
Eisman J. Prediction of osteoporotic fractures by postural
instability andbonedensity.BMJ 1993;307:1111–5.

48. Ross PD, Yhee Y-K, Davis JW, Wasnich RD. Bone density
predictsfracture incidenceamongelderly men. In: Christiansen
C, Riis B, editors. Proceedingsof the fourth international
symposiumon osteoporosisand consensusdevelopmentcon-
ference,Rødovre,Denmark,1993:190–1.

49. De Laet CEDH, van Hout BA, BurgerH, HofmanA, PolsHAP.
Bone densityand risk of hip fracturein men and women:cross
sectionalanalysis.BMJ 1997;315:221–5.

50. Melton LJ III, AtkinsonEJ,O’ConnorMK, O’Fallon WM, Riggs
BL. Fracturepredictionby BMD in menversuswomen.J Bone
Miner Res1997;12:S362.

51. MyburghKH, ZhouL-J, SteeleCR,ArnaudS,MarcusR. In vivo
assessmentof forearmbonemassand ulnar bendingstiffnessin
healthymen.J BoneMiner Res1992;7:1345–50.

ForearmFractureTrends 347



52. Myers ER, Hecker AT, Rooks DS, Hipp JA, Hayes WC.
Geometricvariables from DXA of the radius predict forearm
fractureload in vitro. Calcif TissueInt 1993;52:199–204.

53. Cheng S, Suominen H, Sakari-Rantala R, Laukkanen P,
Avikainen V, Heikkinen E. Calcaneal bone mineral density
predicts fracture occurrence:a five-year follow-up study in
elderly people.J BoneMiner Res1997;12:1075–82.

54. HaginoH, YamamotoK, TeshimaR, KishimotoH, KuranobuK,
NakamuraT. The incidenceof fracturesof the proximal femur
and the distal radius in Tottori prefecture,Japan.Arch Orthop
TraumaSurg1989;109:43–4.

55. Griffin MR, Ray WA, Fought RL, Melton LJ III. Black–white
differencesin fracturerates.Am J Epidemiol1992;136:1378-85.

56. MMWR. Incidenceand costs to Medicare of fracturesamong

Medicare beneficiariesaged 5 65 years: United States,July
1991–June1992.MMWR Morb Mortal Wkly Rep1996;45:877–
82.

57. HaginoH, YamamotoK. Recenttrendsin the incidenceof distal
radius and proximal humerus fractures in Tottori Prefecture,
Japan.J BoneMiner Res1997;12(Suppl1):S367.

58. Lau EMC, CooperC, Wickham C, DonnanS, Barker DJ. Hip
fracture in Hong Kong and Britain. Int J Epidemiol
1990;19:1119–21.

59. Ho SC, BaconWE, Harris T, Looker A, Maggi S. Hip fracture
ratesin Hong Kong and the United States,1988 through1989.
Am J Public Health1993:83:694–7.

60. Fisher ES, Baron JA, Malenka DJ, Barrett J, Bubolz TA.
Overcomingpotential pitfalls in the use of Medicare data for
epidemiologicresearch.Am J Public Health1990;80:1487–90.

Receivedfor publication15 October1997
Acceptedin revisedform 29 December1997

348 L. J. Melton III et al.


