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Abstract Hip fracture has never been studied before,
either in Morocco or in the adjacent countries of the
south bank of the Mediterranean Sea. The aim of this
study was to investigate the incidence rate of hip
fracture in 2002 in Rabat Province, a large area in the
northwest of The Kingdom of Morocco, by the use of
register information and medical records collected from
the ﬁve public hospitals of the region. The hip fracture
data were restricted to cervical or trochanteric types.
There was a total of 150 hip fractures (83 in women
and 67 in men) in the over-50-year-old population in
the Province of Rabat during 2002. The age-adjusted 1year cumulative incidence of hip fracture was 52.1/
100,000 [95% conﬁdence interval (CI) 40.9–63.3/
100,000] in women and 43.7/100,000 (95% CI 33.3–
52.2/100,000) in men. The standardized incidence rate
against the 1985 US population was 80.7/100,000 (95%
CI 78.5–93.0/100,000) for women and 58.5/100,000
(95% CI 47.9–68.1/100,000) for men. The mean (standard deviation) age of patients with a hip fracture was
70.7 (9.4) years for women and 70.4 (10.0) years for
men. The overall female-to-male ratio of hip fracture
was 1.19 for age-adjusted hip fracture incidence and
1.30 for standardized incidence. A marked increase in
incidence rate was found for both men and women
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with increasing age, becoming exponential after the age
of 50 years. The mean age for hip fracture was 70.7
(9.4) years in women and 70.4 (10.0) years in men
(P>0.05). Women had a cervical-to-trochanteric ratio
of 0.97 compared to men, at 1.03. The characteristics
of hip fractures described in this study suggest that
fragility fractures occur in North Africa, although
substantially less frequently than in most European,
North American and Asian countries but more frequently than sub-Saharan African countries, in agreement with the north–south gradient observed in the
epidemiology of osteoporosis. The low incidence of hip
fragility fracture rate is most likely the result of reduced longevity in Morocco.
Keywords Epidemiology Æ Hip fracture Æ
Incidence Æ Morocco

Introduction
Fracture of the proximal femur, or hip fracture, is
considered the most important osteoporosis-related
condition in terms of morbidity, mortality, and cost. As
virtually all hip fracture patients present to health services and are readily identiﬁed, the incidence of hip
fracture is frequently used as an indicator of the prevalence of osteoporosis [1, 2]. The literature on hip fracture
incidence is based mainly on white populations in Europe and the USA and some Asian countries. Incidence
of hip fracture varies considerably between countries
and according to age, gender and ethnic distribution of
the population. Highest rates are observed in Scandinavia and in whites in the USA, intermediate rates in
Southern Europe countries and Asia and the lowest
rates in Africa, where only sparse information about the
epidemiology of hip fracture is available. Hip fracture
has never been studied before, either in Morocco or in
the adjacent countries that constitute the south bank of
the Mediterranean Sea.
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The aim of this population-based study was to evaluate the incidence rate of hip fracture in the population
of the Province of Rabat, a large area of over 2 million
people in the north east of Morocco.

Materials and methods
Morocco is a country located in the north west of
Africa with a population greater than 31 million
(99.2% are Arab/Berber, considered as being of Caucasian ethnicity). Rabat Province (called Rabat-SaléZemmour-Zair) is located at a latitude of 34N 6W
and an altitude of 75 m. Rabat city is the capital of
Morocco (Fig. 1). The area of Rabat Province is
approximately 9,580 km2 (1.4% of Morocco’s surface
area). There are four distinct seasons: a mild spring and
autumn, a hot summer (25–36C) and a cold winter
(4–20C). There are typically approximately 18 h of
daylight in summer and 10 h in winter. The mean
rainfall is 46.3 mm/year. The economy of Rabat
Province is based on Agriculture.
In Morocco, free health care is provided for all people in public hospitals. There is a total of ﬁve public
hospitals (two university centers and three regional
hospitals) located throughout Rabat Province. Most
residents of Rabat Province with hip fractures are treated at one of the ﬁve public hospitals. Patients who
present to another facility are automatically referred to
one of these ﬁve hospitals. All hospitals are the biggest
in their area and situated in the center of town, serving
the total population from all social groups and all ages.
In each hospital a register is maintained in the inpatient
department of all patients who are admitted, and it includes the date, the patient’s name, age, and gender,
diagnosis of the fracture, and the patient’s home address. The admitting doctor is responsible for making
the assessment, using both a clinical and a radiological
examination, before the entry in the register is made. In
addition, there is a medical records oﬃce in each hospital, where the original medical records of patients are

Fig. 1 Location of Rabat Province (dark shading), Morocco

routinely kept and organized. In this study the registers
of hip fractures from all public hospitals were scrutinized and then conﬁrmed by examination of original
medical records for both inclusion and exclusion criteria.
We reviewed hip fractures for all patients, using information from hospital registers and medical records.
Thirty-six private clinics were identiﬁed in the region.
None of them had an orthopedic department. However,
seven of them had at least an orthopedic surgeon doing
vacations. These clinics were contacted: six refused to
participate in the study, and examination of the inpatients’ register of the clinic that did agree to participate
found no hip fractures that corresponded with inclusion
and exclusion criteria.
Thus, information about all patients who were resident in Rabat Province and who had sustained a hip
fracture from 1 January to 31 December 2002 was
obtained from the ﬁve public hospitals between May
and October 2003. Cases selected were based on the
International Classiﬁcation of Diseases, ninth revision
(ICD-9:820.0), corresponding to open and closed cervical and trochanteric fractures of the proximal femur.
Cases of hip fracture were limited to those coded as
820, 820.0, 820.2 and 820.8 on the ICD-9 (closed hip
fractures). Exclusion criteria were: nonresidents receiving treatment in Rabat, fractures due to major trauma
(car crash, for example), fracture below the lesser trochanter; fracture only intersecting the greater trochanter; and fracture due to cancer metastases at the
fracture site. If patients were admitted to more than
one hospital for the same fracture, they were recorded
at only the hospital where surgery was performed. The
fractures were classiﬁed as either cervical or trochanteric, according to the description in the medical
record.
From the population of Rabat in 1994 (Morocco
census) and population projections for 2002 developed
by the Demographic Study and Research Center of
Rabat City, the age-speciﬁc and gender-speciﬁc annual
incidence rates were calculated for age groups 50–54,
55–59, 60–64, 65–70, 70–75, and 75 and over and expressed as fractures/100,000 inhabitants/year as well.
We standardized incidence rates of hip fracture to the
1985 US population [3], which had been used in previous reports [4, 5, 6], to enable comparisons with
other populations (standardized incidence). We calculated the ratios of hip fracture rates in men versus
women based on these age-adjusted rates. The incidence of hip fracture presented here was based only on
patients ‡50 years of age. For comparison between
populations, we selected studies that reported on hip
fracture incidence rates and provided suﬃcient information for the calculation of age-adjusted incidence
rates of hip fracture.
Student’s t-test and the chi-square test were used for
statistical analysis. P values less than 0.05 were considered to be signiﬁcant. All calculations were carried out in
Microsoft Excel XP for Windows and SPSS version 10.0
(Cary, N.C., USA).
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Results
The estimated population of the Province of Rabat was
2,380,000 in 2002. The population aged ‡50 years was
312,461 (13.1%). There was a total of 150 hip fractures
(83 in women and 67 in men) in the over-50-year-old
population in the Province of Rabat during 2002. Ageadjusted 1-year cumulative incidence of hip fracture per
100,000 persons, by age and gender, is shown in Table 1,
as are population sizes and the gender ratio of hip fracture patients. The age-adjusted incidence rate of hip
fracture was 52.1/100,000 [95% conﬁdence interval (CI)
40.9–63.3/100,000] in women and 43.7/100,000 (95% CI
33.3–52.2/100,000) in men. The standardized incidence
rate against the 1985 US population was 80.7/100,000
(95% CI 78.5–93.0/100,000) for women and 58.5/100,000
(95% CI 47.9–68.1/100,000) for men. The use of the
standardized incidence rate against the 1985 US population enables the comparison of hip fracture incidence
rate with studies in other countries (Table 2). The mean
(standard deviation) age of patients with a hip fracture
was 70.7 (9.4) years for women and 70.4 (10.0) years for
men (P>0.05). A marked increase in incidence rate was
found for both men and women with increasing age,
becoming exponential after the age of 50 years (Fig. 2).
The overall female-to-male ratio of hip fracture was 1.19
for age-adjusted hip fracture incidence and 1.30 for
standardized incidence. There was no gender diﬀerence
for the type of hip fracture. Overall, in both men and
women, the number of cervical fractures was the same as
that of trochanteric fractures [75 each (50%)]. Women
had a cervical-to-trochanteric ratio of 0.97 compared to
men, at 1.03. The right hip was fractured in 77 (51.3%)
patients and the left hip in 73 (48.7%), equally distributed
between both genders. The total number of fractured
patients in each month during the observation period was
highest in February (n=20) and lowest in March and
July (n=8 each), showing no seasonal trends.

Discussion
This study used hospital register information and medical records to estimate the incidence of hip fracture. The
collection of information from hospitals is the only way

to evaluate the incidence of hip fracture in Morocco
currently, because hospitals in Morocco are not asked to
report hip fracture cases to health authorities routinely.
Several methodological issues arise from this kind of
study [7]. Not all those with fractures have access to
hospitals. Incidence based on hospital data would be
underestimated if many hip fractures in Rabat Province
were not diagnosed or treated in these hospitals.
Moreover, many cases of fractures might have been
misclassiﬁed or not reported in the discharge ﬁle. Schwartz et al. reported that the ﬁnal estimate of the hip
fracture incidence could result in an underestimate or
overestimate ranging from 15% lower to 89% higher
than the estimated incidence based on the discharge
diagnoses alone [8]. However, Rabat, which is the capital of Morocco, is a well-developed city and has the
leading public hospitals in the country. It is more common for people resident outside of the city to come to
Rabat for health care than for residents of the city to
seek care elsewhere. In fact, Avicenna hospital is the
biggest hospital in Morocco, where all the serious cases
are referred (70% of our cases). Moreover, the Moroccan population is poor, and there is no health insurance
program, so, in spite of the fact that there are many
private clinics in these regions, almost all individuals
cannot aﬀord to pay the cost of treatment for fractures
in private clinics and they go to public hospital where
health care is free. Moreover, examination of the register
of the only clinic that agreed to participate in the study
found no hip fracture corresponding to our inclusion
and exclusion criteria. It is unlikely, therefore, that signiﬁcant underreporting of hip fractures due to treatment
outside the city or in private clinics would have introduced a large error into the study.
The incidence of hip fracture in Rabat compared with
recent studies in other countries, for a population over
50 years of age, is presented in Table 2. This comparison
indicates that Rabat has a low incidence of hip fracture.
There is a pronounced geographical variation in the
incidence of hip fractures, with rates being highest in
Caucasians living in northern Europe, especially Scandinavians [9, 10], followed by rates in Caucasians living
in North America [11, 12, 13], south-west Europe [14,
15, 16, 17, 18, 19, 20], South America [21], and Oceania
[22, 23]. The rates are intermediate in Asians [24, 25, 26,
27, 28, 29, 30, 31] and lowest in black populations [32,

Table 1 One-year cumulative incidence of hip fracture, by age and gender, in Rabat in 2002. Age-adjusted to the population structure of
Rabat (estimated in 2002 from the 1994 Morocco census) expressed per 100,000 population aged >50 years
Age group

Population

Fracture

Incidence (95% CI)

Female:male

(years)

Female

Male

Female

Male

Female

Male

50–54
55–59
60–64
65–69
70–74
>75
Overall

42,587
31,827
28,158
22,108
18,821
15,782
159,283

50,405
29,105
25,050
20,206
14,365
14,047
153,178

3
4
21
5
16
34
83

7
3
7
9
19
22
67

7.0 (0.0–15.0)
12.6 (0.3–24.9)
74.6 (42.7–106.5)
22.6 (2.8–42.4)
85.0 (43.4–126.7)
215.4 (143.0–287.9)
52.1 (40.9–63.3)

13.9 (3.6–24.2)
10.3 (0.0–22.0)
27.9 (7.2–48.6)
44.5 (15.4–73.6)
132.3 (72.8–191.7)
156.6 (91.2–222.1)
43.7 (33.3–52.2)

0.50
1.22
2.67
0.50
0.64
1.37
1.19
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Table 2 Incidence (per 100,000/year) of hip fracture among persons >50 years of age in diﬀerent populations. Incidence ﬁgures are ageadjusted to the 1985 US white civilian population above 50 years of age
Geographic location (ethnicity) [reference]
Asia
Hong Kong [28]
Tottori prefecture, Japan [24]
Honam, Korea [31]
Beijing, PR China [30]
Shenyang, PR China [26]
Kuwait [5]
Singapore [6]
Oceania
New Zealand (whites) [22]
New Zealand (Maori) [22]
Australia [23]
USA
Rochester [13]
California (Caucasians) [12]
California (Blacks) [12]
California (Hispanics) [12]
California (Asians) [12]
USA [11]
South America
La Platt, Argentina [21]
Europe
Southampton, UK [20]
Crete [19]
Netherlands [14]
Geneva, Switzerland [15]
Oslo, Norway [10]
Italy [17]
Porto, Portugal [18]
Canton of Vaud, Switzerland [16]
Africa
Bantu, South Africa [32]
Rabat, Morocco (our study)

Year of study

Female

Male

Female:male

1985
1986–1987
1991
1990–1992
1994
1998
1991–1998

353
202
41
85
87
295
402

181
73
48
80
100
200
152

2.0
2.8
0.8
1.0
0.8
1.5
2.6

1973–1976
1973–1976
1989–1990

620
107
500

151
182
182

4.1
0.6
2.7

1965–1974
1983–1984
1983–1984
1983–1984
1983–1984
1989

510
617
241
219
383
506

174
215
153
97
116
179

2.9
2.9
1.6
2.3
3.3
2.8

1989–1990

513

122

4.2

1986
1986
1987
1987
1989
1990
1988–1989
1991

262
394
393
405
903
232
423
494

72
179
154
127
384
81
155
170

3.6
2.2
2.6
3.2
2.3
2.8
2.7
2.9

1959–1964
2002

26
80

38
58

0.7
1.3

33, 34, 35]. Our ﬁnding is in agreement with this north–
south gradient observed in the epidemiology of osteoporosis.
Morocco is located in an intermediate area between
Europe and sub-Saharan Africa. To the best of our
knowledge this is the ﬁrst study describing fragility
fractures in a north African country. Only few studies

Fig. 2 Hip fracture incidence in Rabat in men (squares) and
women (triangles) in 2002

have been conducted in sub-Saharan African. Aspray
et al. reported no minimal trauma fractures in rural
Gambia [33]. Adebajo et al., describing fractures of the
hip and distal forearm in western Africa, found no evidence of an age-related increase in the rates of hip and
distal forearm fractures in women [34]. However, in a
recent study in Cameroon, a rising incidence of hip
fractures for people up to 65 years of age, similar to that
seen in other countries, was pointed out [35], so one can
speculate that the diﬀerence between our results and
those observed in the Bantu population might be also
due to a secular trend, with an increase in the incidence
rates from the early 1960s to 2002. In the Arab world,
only one study was performed in Kuwait, and it found
an incidence similar to that in other Asian countries [5].
The reasons for the low incidence rate in Rabat remain uncertain. Although risk factors for falls and
osteoporosis, such as low calcium intake, multiple
pregnancies, and prolonged breastfeeding, are common
in the Moroccan population, we can speculate about the
vitamin D status of Moroccans, which is likely to be
adequate as the sunlight is highly constant throughout
the year.
Even if ascertainment errors resulted in an underestimate of the numbers of fractures, the incidence in the
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present study is still unlikely to make rates comparable
to those reported in countries of the northern bank of
the Mediterranean Sea. The most important reason for
this is probably reduced longevity: in fact, in Morocco,
approximately 33% of the population is less than 15
years of age, while less than 5% is over 65, and the life
expectancy is 67.7 years in men and 72.4 in women.
Thus, the short life expectancy in Morocco seems to be
the main reason for the observed low incidence of hip
fracture, which increases enormously in those aged 80
years and older. The envisioned aging of the Moroccan
population, and the consequent increase in the number
of fractures, should be kept in mind by the public health
authorities, which have to take adequate measures to
prevent the expected burden of osteoporotic fractures.
The mean age for hip fracture of 70.7 years in
women and 70.4 years in men in our study was lower
than that of the population in Italian and other
Mediterranean studies (72.8–73.9 years in men and
77.4–78.1 years in women). A younger mean age for
hip fracture was also found in the Korean study [29], at
67 years for men and women together. The younger
mean age for hip fracture probably also reﬂects the
lower life expectancy in Morocco and Asia than in
Western populations.
In Finland, life span has risen in men from 53 years in
1970 to 69 years in 1991, with a commensurate increase
in fracture incidence [36, 37]. Westernization, with
changing lifestyles, may also result in an increase in
fracture incidence. A recent multinational study conducted in four Asian countries has shown that the incidence of hip fracture is directly proportional to
economic development [25]. With increase in life span,
rapid economic development and aging of the population, worldwide projections suggest that hip fracture will
be a major health problem in Asia and Africa. The
number of elderly individuals is indeed increasing more
rapidly in the developing countries, and it has been
estimated that 70% of the estimated 6.26 million cases
of hip fracture in the year 2050 will occur in these
populations [38, 39, 40].
The overall female-to-male ratio for hip fracture
incidence was 1.3 in our study and contrasts with that of
2.3–3.6 in the populations of most Western countries and
some more aﬄuent countries in Asia (Table 2). A reverse
of the gender ratio for hip fracture has also been observed
in recent studies in Korea and Beijing, in China, and in
two early studies in Africa and Singapore. The reason for
this is not clear, and is diﬃcult to investigate, since the
causes of hip fracture are rarely reported.
In our study, cervical fractures were as common as
trochanteric fractures at all ages in both genders.
Overall, the cervical-to-trochanteric (C/T) ratio was 0.97
in women compared with 1.03 in men. A Norwegian
study [10] found C/T ratios of 1.4 in women and 1.5 in
men, while it was 3.2 in women and 1.6 in men in a
Chinese study [26]. Another study from Crete found that
the proportion of trochanteric fractures was much
higher than that of cervical fractures [19]. The reasons

for these diﬀerences in type of fracture with age, gender,
and between populations are not clear [41].
The incidence of fracture in our study was equally
distributed between the seasons, in contrast with previous reports of high rates in the winter and summer and
low in the spring and autumn. It has been suggested that
the higher incidence in the summer might be due to increased outdoor activities during better weather. There
are a number of reasons why hip fractures might be
expected to increase in the winter, including the fact that
the ground is wetter and that seasonal decreases in levels
of light could reduce visual perception. Reduced bone
strength and vitamin D-related muscle weakness caused
by vitamin D deﬁciency due to less sunlight in the winter
is another possible explanation. It is possible, therefore,
that the Moroccan weather, which is sunny for almost
all the year, may explain the lack of seasonal variations
in our study.
In summary, the characteristics of hip fractures described in this study suggest that fragility fractures occur
in North Africa, although substantially less frequently
than in most European, North American and Asian
countries but more frequently than in sub-Saharan
African countries. The low incidence of hip fragility
fracture rate is most likely the result of reduced longevity. Studies are needed to increase awareness of this
disease and to monitor the epidemiology of fractures as
longevity and the number of elderly population increase
and quality of life improves. This combination of factors
may, in fact, mean that the incidence of osteoporotic
fractures will rise in the near future in Morocco, a possibility that should be kept in mind by the local public
health authorities.
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of hip fractures in Malmö, Sweden, 1992–1995: a trend-break.
Acta Orthop Scand 70:19–22
10. Falch JA, Aho H, Berglund K, Düppe H, Finsen V, Hagstrom
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