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PAPERS AND SHORT REPORTS

Relevance of osteoporosis in women with fracture of the
femoral neck

J M AITKEN

Abstract

A prospective study of fractures of the femoral neck
was conducted over 12 months in order to ascertain the
relevance of generalised osteoporosis as determined by
metacarpal morphometry. A series of some 200 women
sustaining a fracture of the femoral neck after minor
trauma had bone mass measurements similar to those
of a control population of normal women, and 16%
were not osteoporotic. A history of previous fractures was
documented in one third of the women, but this was un-
related to the presence or severity of osteoporosis,
although over half of the fractures had occurred within
the previous four years. Trochanteric fractures were
seen more commonly in severely osteoporotic women

(p <0 005), whereas cervical fractures predominated in

those who were not osteoporotic.
These findings support the hypothesis that postural

instability is the major determinant for femoral neck
fracture and that generalised osteoporosis, rather than
being a prerequisite for fracture, merely determines the
type of fracture sustained.

Introduction

Most studies of fracture of the femoral neck claim that
generalised osteoporosis is the major aetiological factor, although
none has established a densitometric fracture threshold above
which such fractures would not occur.'-4
The relevance of osteoporosis in the aetiology of fracture of

the femoral neck and the importance of establishing a fracture
threshold are no longer matters of academic interest, since
several therapeutic regimens are effective in preventing and
treating osteoporosis,'5 highly reproducible methods for
measuring bone mass are available,8 9 and the ever increasing

incidence of fracture of the femoral neck is generating escalating
costs.'0 11

Preventing osteoporosis would appear to be a logical way of
preventing femoral neck fracture, but before embarking on

such a programme it would be essential to know the proportion
of patients who would not have sustained a fracture had their
bone mass been normal. I therefore report a 12 month prospec-
tive study conducted in the Colchester District aimed at
obtaining an estimate of the proportion of femoral neck fractures
that are not related to generalised osteoporosis.

Patients and methods

From January 1982 to January 1983 women normally resident in
the Colchester District who sustained a fracture of the proximal
femur were considered for the study. Refractures of previously
fractured femurs and fractures wholly below the lesser trochanter
were excluded. Details of the circumstances immediately preceding
the injury and any history of previous fractures were obtained within
two weeks of admission to hospital. The history of other fractures
was in most instances corroborated or supplemented by perusal of
the patients' old hospital case notes.
The severity of the trauma experienced by each patient was

classified as severe if the injury had occurred as a result of a road
traffic accident, a fall while running, or a fall from a height equivalent
to one or more steps (> 10 cm) and as minor if the injury had occurred
in any other way. The fractures were divided into cervical, which
included subcapital and transcervical types, and trochanteric, which
included basal cervical types.
A plain radiograph of both hands was obtained when the post-

operative check radiographs were made.
The combined cortical thickness of the middle three metacarpals

of both hands was derived from measurements of total and medullary
width at the metacarpal midpoint8 and the result expressed as a

percentage of the combined metacarpal diameters at the same site;
this gave a "six metacarpal hand score".'2 The mean percentage
cortical thickness of the second metacarpals (mean hand score) was
also calculated. The reproducibilities of the six metacarpal hand
score and mean hand score were 300% and 4 5% respectively, as

compared with 7-5% for measurements on the second metacarpal of
one hand alone (hand score or metacarpal index)."3 The lower limit
of normal for the hand score is 440%.*4 16

The mean hand scores were plotted on a nomogram relating hand
score to age, derived from 317 healthy Glaswegian women without
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biochemical evidence of metabolic bone disease, who had not sustained
fractures of the femoral neck.'6 17
The normal range for the six metacarpal hand score was established

from measurements on 64 endocrinologically and biochemically
normal premenopausal women aged 19-39 who were attending hospital
with menstrual problems.
Data on the population at risk were obtained from the 1981 Census.

Numerical results are expressed as means (and 1 SD). The x2 test
with Yates's continuity correction was used for statistical analysis.

Results

Altogether 242 femoral neck fractures were recorded in 240
women. Seven fractures were pathological and were excluded from
further assessment. Seven of the women wele not interviewed, and
radiographs of the hands were not obtained from 11 women, who died
within three weeks of admission to hospital and had been considered
too ill to justify further investigation.

Figure 1 shows the age distribution of the women (excluding
those with pathological fractures), and fig 2 shows the age speci-
fic fracture rates. There were 27 women who had experienced
severe trauma and 206 women (mean age 812 (1 SD 91) years)
minor trauma. The latter were subdivided into good historians
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vertebral fractures (fig 5). Altogether 64 of these women were exa-
mined by radiography, of whom nine (14"'O) were not osteoporotic,
37 (580,,) were moderately osteoporotic, and 18 (280/,) were severely
osteoporotic.
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FIG 2-Age specific rate of fracture of femoral neck for all women
except those with pathological fractures.
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FIG 1-Distribution of ages of women studied (women with
pathological fractures excluded). Open boxes represent women
not examined by radiography.

(152), poor historians (32), and psychiatric (22) according to the
veracity of the fracture history obtained. The psychiatric group
were residents of the local mental hospital and were unable to give
any meaningful account of themselves. The mean six metacarpal
hand scores in these three groups of women were 37 9 (1 SD 6 8)',
35 6 (6 0)0%, and 36 9 (7-8)0° respectively.

Figure 3 gives the mean hand score values from 195 of the women
who had experienced minor trauma. Of these women, 159 (82"'))
were osteoporotic (mean hand score <4400), although the values
were within the range found in healthy women of similar age but
without femoral neck fractures.
The mean six metacarpal hand score of the 64 premenopausal

controls was 59 7 (1 SD 7-8)0°, giving a lower limit of normal (2 SD
below the mean) of 44 100. Values below 44(0 were therefore defined
as osteoporotic and those below 3400 arbitrarily defined as severely
osteoporotic.

Figure 4 shows the six metacarpal hand score values of the women
who had experienced minor trauma. Thirty one of the women (16%0)
were not osteoporotic (six metacarpal hand score ->44"0), 104 (53°0)
were moderately osteoporotic (score <44", but ->34('), and 60
(31 °) were severely osteoporotic (score < 34 ,)
There were 66 women who had experienced minor trauma and also

gave a history of previous fractures, excluding undocumented
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FIG 3-Relation between mean hand score values of 195 women
who had experienced minor trauma and percentile values (curved
lines) drawn through data from normal women without fractures
of femoral neck. Values below horizontal interrupted line are
osteoporotic.

Figure 6 shows the radiographic results of those women whose
previous fractures had occurred within the past 24 years. Twenty
nine of the women (51"U)) had sustained their previous fracture(s)
within four years of their current femoral neck fracture, and six of
these women were not osteoporotic.

Altogether 117 trochanteric and 118 cervical fractures had been
sustained by the women with non-pathological fractures. Severe
trauma was more commonly associated with trochanteric fractures.
Figure 7 shows the relation between bone mass and the type of
fracture sustained after minor trauma. Women who were not osteo-
porotic had sustained cervical fractures almost twice as commonly as
trochanteric fractures, whereas women who were severely osteoporotic
had sustained trochanteric fractures twice as often as cervical fractures
(X2 --1.10; p< 005).
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mass. By contrast, spontaneous fractures of the femoral neck,
occurring during normal physical activity, are uncommon.
Alffram found seven out of 1124 (06%)18 and Melton et al
26 out of 1355 (1-9%)19 spontaneous non-pathological fractures
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FIG 4-Distribution of six metacarpal hand score values among
195 women who had experienced minor trauma. Values above
upper interrupted line (n- 31) are not osteoporotic. Values
below lower interrupted line (n= 60) are severely osteoporotic.
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FIG 6-Relation between bone mineral state and time interval
since last fracture in women who had experienced minor trauma.
Single hatched area indicates moderate osteoporosis (six meta-
carpal hand score <44% but >34%); double hatched area
indicates severe osteoporosis (six metacarpal hand score < 34%).
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FIG 5-Temporal relation between previous fractures and current
femoral neck fracture in 66 women who had experienced minor
trauma and gave history of previous fractures. - Femoral neck
fracture. 0 Colles' fracture. *-Other fracture.

Discussion

It is widely believed that fractures in elderly people occur
mainly as the result of generalised osteoporosis, which is a
common accompaniment of aging. This dogma presupposes
that the forces concerned in such traumatic events would not
have caused a fracture in the absence of osteoporosis. There is
little evidence, however, that these forces would be insufficient
to fracture the femoral neck in the presence of a normal bone
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FIG 7-Distribution of six metacarpal hand score values in women
who had experienced minor trauma resulting in trochanteric (0)
and cervical (0) fractures. Values above upper interrupted line
are not osteoporotic; values below lower interrupted line are
severely osteoporotic.
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in their retrospective studies. No spontaneous fractures were
recorded in this study despite one third of the women being
severely osteoporotic. Although the fracture history obtainable
was inadequate in a quarter of the women, it seems unlikely
that many of them had sustained a spontaneous fracture,
since the six metacarpal hand score values were closely similar
in the three groups of women who had experienced minor
trauma.
The results of this study suggest that the absence of generalised

osteoporosis is no protection against a femoral neck fracture
when an elderly woman has a simple fall. Furthermore,
generalised skeletal wasting in such women is apparently similar
in extent to that found in normal women of similar age but
without fractures.

Other studies using trabecular bone volume measured in
iliac crest biopsy samples showed that as many as two thirds
of women aged 60-80 years with a femoral neck fracture were
not osteoporotic,3 4although where radiographic methods were
employed between 16%3 and 27%20 were found not to be
osteoporotic. Those authors claimed that women with fractures
of the femoral neck have thinner bones than age matched con-
trols, although the controls used included men,3 were few in
number,4 or were selected for non-osteoporotic characteristics.20
Although osteoporosis may be more prevalent in middle aged
women with such fractures than in age matched controls,3
such women account for less than 2% of the yearly workload
generated by minor trauma.
The method used to assess bone mass in this study was

metacarpal morphometry, which might be considered to be
inappropriate and unlikely to reflect bone mass at the femoral
neck. Postmortem studies in women, however, show that bone
mass/unit volume of whole bone at the metacarpal midshaft
correlates well with bone mass at sites (including the femur)
where either trabecular or cortical bone predominates.21 Only
where osteoporosis is strictly localised, either to the femoral
neck or to the hands, would metacarpal morphometry be
unhelpful, but this is an unlikely explanation for the apparent
lack of osteoporosis in 16% of the women studied.

In this study the control population were Glaswegian women,
who might be thought not to reflect the true prevalence of
osteoporosis in Colchester. According to Nordin, however, the
relation between the metacarpal index and age in white women
in the United States is closely similar to that in Glaswegian
women.22

Previous studies have highlighted the fact that as many as
30% of women with fracture of the femoral neck will have
evidence of previous fractures and that the proportion may be
as high as two thirds if previous fractures include radiographic
evidence of vertebral deformity.2 This observation has been
interpreted to imply that these women have structurally weak
bones secondary to osteoporosis. If this interpretation were
correct, however, we should expect a history of fractures to
be most common in those with the thinnest bones and least
common in those who were not osteoporotic. The present study
failed to confirm this.
The hyperbolic relation found in this study between the

incidence of previous fractures and the time since the present
fracture has also been shown in patients with two successive
fractures of the femoral neck." In that study the initial fracture
was cervical in type in three quarters of the patients. The
observation that cervical fractures occur in patients who are
least osteoporotic,3 which was confirmed in this study, would
imply that patients do not sustain two successive fractures of
the femoral neck primarily because they are osteoporotic.
Although osteoporosis may play some part in the aetiology

of femoral neck fracture, it is important not to overlook the
fact that over 98% of these fractures result from a fall. Sheldon
found that, among patients aged over 50 women fell four times
more often than men and that the incidence of falls rose exponen-
tially with age up to 85 years.'4 These observations would readily
explain both the lower fracture rate in elderly men and the
exponential increase in fractures with age in women without

implicating osteoporosis.25 The comprehensive study of Iskrant
and Smith also supports this hypothesis, in so far as they
showed that women over the age of 65 who were not osteo-
porotic were as likely to sustain a fracture in a fall as women
who were osteoporotic.26 Furthermore, Solomon's27 claim that
elderly Bantu women in Johannesburg rarely sustain femoral
neck fractures but are no less osteoporotic than elderly white
women in Johannesburg2" who readily sustain such fractures
would not lend support to the hypothesis that osteoporosis and
femoral neck fractures are causally related.

Although there are compelling logical reasons for assuming
a cause and effect relation between osteoporosis and fractures
of the femoral neck, the actual proportion of such fractures
that are indeed causally related may be much smaller than
assumed hitherto. Furthermore, the apparent absence of a
true fracture threshold would make the goal for preventing
osteoporosis difficult to define. It is clear that in the present
investigation at least 36% of all women admitted with a fracture
of the femoral neck (pathological fractures, severe trauma,
absence of osteoporosis, and postural instability) would not
have benefited from prophylaxis against osteoporosis, except in
so far as thicker bones might have affected the type of fracture
sustained and therefore simplified the operative procedure.

I thank the orthopaedic personnel and radiographic staff at Black
Notley Hospital, who made this study possible; Dr Deryk Smith,
of the Bone Metabolism Research Unit, Glasgow, who kindly supplied
the data from his normal population study; and Winnie Hatton, who
provided the census data for the Colchester District.

References
Bauer GCH. Epidemiology of fracture in aged persons. Clin Orthop

1960;17:219-25.
2 Gallagher JC, Melton LJ, Riggs BL, Bergstrath E. Epidemiology of

fractures of the proximal femur in Rochester, Minnesota. Clin Orthop
1980;150:163-71.

3Stevens J, Freeman PA, Nordin BEC, Barnett E. The incidence of
osteoporosis in patients with femoral neck fracture. J Bone J'oint Surg
1962 ;44B :520-7.

4 Aaron JE, Gallagher JC, Anderson J, et al. Frequency of osteomalacia
and osteoporosis in fractures of the proximal femur. Lancet 1974;i:
229-33.

5 Lindsay R, Hart DM, Aitken JM, MacDonald EB, Anderson JB, Clarke
AC. Long-term prevention of postmenopausal osteoporosis by oestrogen.
Lancet 1976;i:1038-41.

6 Horsman A, Gallagher JC, Simpson M, Nordin BEC. Prospective trial
of oestrogen and calcium in postmenopausal women. Br Med J 1977;
ii :789-92.

Riggs BL, Seeman E, Hodgson SF, Taves DR, O'Fallon WM. Effect of
the fluoride/calcium regimen on vertebral fracture occurrence in
postmenopausal osteoporosis. N Engi J Med 1982;306:446-50.

Horsman A, Simpson M. The measurement of sequential changes in
cortical bone geometry. Br J Radiol 1975;48:4, 1-6.

9 Mazess RB. Non-invasive measurement of bone. In: Barzel U, ed.
Osteoporosis II. New York: Grune and Stratton, 1979:5-26.

10 Owen RA, Melton LJ, Gallagher JC, Riggs BL. The national cost of
acute care of hip fractures associated with osteoporosis. Clin Orthop
1980;150:172-6.

"Wallace WA. The increasing incidence of fractures of the proximal femur:
an orthopaedic epidemic. Lancet 1983;i:1413-4.

2 Aitken JM. The prevention of osteoporosis. In: Heath DA, Marx SJ,
eds. Clinical endocrinology 2: calcium disorders. London: Butterworth
Scientific, 1982:47-68.

13 Shimmins J, Anderson JB, Smith DA, Aitken JM. The accuracy and
reproducibility of bone mineral measurements "in vivo"; a) the measure-
ment of metacarpal mineralisation using an x-ray generator. Clin
Radiol 1972 ;23 :42-6.

14 Barnett E, Nordin BEC. The radiological diagnosis of osteoporosis: a
new approach. Clin Radiol 1960;11:166-74.

la Nordin BEC, MacGregor J, Smith DA. The incidence of osteoporosis in
normal women: its relation to age and the menopause. Q J Med 1966;
137:25-38.

16 Smith DAS. Osteoporosis. Glasgow: Glasgow University, 1971. MD
thesis.

17 Smith DA, Anderson JB, Shimmins J, Speirs CF, Barnett E. Changes in
metacarpal mineral content and density in normal male and female
subjects with age. Clin Radiol 1969;20:23-31.

18 Alffram P-A. An epidemiologic study of cervical and trochanteric fractures
of the femur in an urban population. Acta Orthop Scand 1964;suppl 65:
1-109.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.288.6417.597 on 25 F

ebruary 1984. D
ow

nloaded from
 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 288 25 FEBRUARY 1984 601

Melton LJ, Ilstrup DM, Riggs BL, Beckenbaugh RD. Fifty-year trend
in hip fracture incidence. Clin Orthop 1982;162:144-9.

2n Horsman A, Nordin BEC, Aaron J, Marshall DH. Cortical and trabecular
osteoporosis and their relation to fractures in the elderly. In: Deluca
HF, Frost HM, Jee WSS, Johnston CC, Parfitt AM, eds. Osteoporosis.
Baltimore: University Park Press, 1981:175-84.

21 Aitken JM, Smith CB, Horton PW, Clark DL, Boyd JF, Smith DA.
The interrelationships between bone mineral at different skeletal sites
in male and female cadavera. J Bone Joint Surg 1974;56B:370-5.

22 Nordin BEC. International patterns of osteoporosis. Clin Orthop 1966;
45: 17-30.

23 Boston DA. Bilateral fractures of the femoral neck. Injury 1982;14:
207-10.

'24 Sheldon JH. On the natural history of falls in old age. Br MedJ7 1960;ii:
1685-90.

25 Exton-Smith AN. For people in their 60s, fractures and falls are a special
hazard. Modern Geriatrics 1976;July :27-30.

26 Iskrant AP, Smith RW. Osteoporosis in women 45 years and over related
to subsequent fractures. Public Health Rep 1969;84:33-8.

27 Solomon L. Osteoporosis and fracture of the femoral neck in the South
African Bantu. Jf Bone Joint Surg 1968;50B :2-13.

28 Solomon L. Bone density in ageing Caucasian and African populations.
Lancet 1979;ii :1326-30.

(Accepted 17 November 1983)

Effects of self poisoning with maprotiline

KAI KNUDSEN, ANDREW HEATH

Abstract

Self poisoning with maprotiline was studied in 41
patients (43 episodes) consecutively admitted to an
intensive care unit. Thirty five patients had taken more
than one drug or alcohol. Fifteen patients were in coma
grade III or IV; 17 patients were still not conscious after
24 hours in the intensive care unit. Among six patients
given ventilation the mean duration of ventilation in the
five who recovered was 36 hours. Three patients had a
cardiorespiratory arrest, and one patient died. Twenty
eight patients had a QRS interval of 100 ms or more, and
15 patients had seizures. In six patients seizures were
precipitated by physostigmine.
Cardiotoxicity after overdosage of maprotiline is equal

to if not greater than that found after overdosage of
conventional tricyclic antidepressants. Overdosage of
maprotiline is more often associated with seizures than
overdosage with tricyclic antidepressants. Physostigmine
further increases the risk of seizures and should not be
used in cases of overdosage of maprotiline.

Introduction

Self poisoning with antidepressant drugs is a common medical
emergency requiring intensive care, although many patients die
before admission to hospital.' Because of the risk of self poisoning
by patients with depression many new antidepressants have been
marketed, each claiming fewer side effects and reduced acute
toxic effects compared with the others. Maprotiline was one of
the first commercially available tetracyclic antidepressants and
was launched as a rapidly acting antidepressant with relatively
few anticholinergic and cardiovascular side effects.2 Several case
reports have recently been published of grand mal seizures
during treatment with3- and after overdose of 10-11 maprotiline
in patients not known to be epileptics. Seizures are known to be
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a complication of overdosage of tricyclic antidepressants.1' We
carried out a study to assess the effects of self poisoning with
maprotiline with particular reference to seizures.

Patients and methods

Forty one patients with overdosage of maprotiline consecutively
admitted to the intensive care units at Sahlgren's and East hospitals,
Gothenburg, from January 1978 to May 1983 were included in the
study. The diagnosis of overdosage of maprotiline was confirmed by
the patient on recovery or by quantitative or qualitative toxicological
analysis, or both. Coma grade was assessed using the scale of Matthew
and Lawson,13 the most severe grade being recorded for each patient
(grade 0, fully conscious; grade I, drowsy but obeys commands; grade
II, unresponsive to commands but responds well to pain; grade III,
unresponsive to commands and minimally responsive to pain; grade
IV, completely unresponsive). Hypotension was defined as a systolic
blood pressure < 90 mm Hg. Statistical analysis was made using
the X2 test.

Results

Patients and drugs-The 41 patients were treated for 43 episodes of
overdosage with maprotiline. The mean age of the patients was 34
(SD 11-2) years (range 20-66 years); overdosage was most common
among patients aged 20-40. The 41 patients comprised 27 women and
14 men. Six patients had taken maprotiline alone; the remaining 35
patients had taken more than one drug (maprotiline plus a benzo-
diazepine, 18 patients; maprotiline plus alcohol, nine; maprotiline
plus a tricyclic antidepressant, one; maprotiline plus a tricyclic anti-
depressant and alcohol, four; maprotiline plus a tricyclic antidepres-
sant and a benzodiazepine, one; and maprotiline plus other drugs,
four). The amount of maprotiline ingested could be estimated in 35
patients. The average ingested dose was 2 31 (1 47) g; five patients had
taken more than 4 g and one patient more than 7 g.
Coma-The table shows the depth of coma as assessed with the

Matthew-Lawson coma scale. Twenty four hours after admission 17
of the patients were still comatose; seven patients were still comatose
after 48 hours and three patients after 72 hours.

Respiratory depression-An endotracheal tube was passed in nine of
the 43 episodes. Six patients required assisted ventilation. Of these
six, one received ventilation for 23 days because of brain damage after
cardiac arrest. The five other patients, whose clinical course was not
complicated, received ventilation for a mean of 36 hours.

Cardiovascular reactions-Eighteen patients were admitted with a
heart rate of 100 beats/min or more. Characteristic electrocardio-
graphic changes were first degree atrioventricular block (11 patients)
and an increased QRS interval (> 100 ms, 28 patients; > 120 ms,
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