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Palaeoecology, School of Natural Sciences and
Psychology, Liverpool John Moores University, Byrom
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INTRODUCTION

Identifying fracture risk within a population is an
important part of public health policy, as an increasing
and aging population can have a significant economic

BACKGROUND: Fractures are in most cases treated by Accident and
Emergency (A&E) departments and they have a substantial financial impact on
health budgets. The epidemiology of fractures in the Liverpool city region has not
been systematically investigated in recent years. This study aims to address this
issue by providing valuable data that could aid in the design of fracture prevention
strategies.

METHODS: Population fracture data was collected by the Liverpool
Primary Care Trust between February 2009 and July 2010, accounting for the
majority of fractures registered in the city. The data was sorted by type, age, sex
and upper/lower body in order to observe patterns in different groups.

RESULTS: The data highlighted a significant difference between the sexes
where anatomical sites varied greatly. Females suffer from fractures of the femur
and the arm bones in a higher frequency, while males exhibit their highest
fracture rates in the femur, lower arm and hand and craniofacial regions. Women

impact on the health system [1]. There is therefore a also tend to have fractures later in life while most men fracture bones earlier.

growing interest in the types of fractures that affect a
particular age group or sex and the underlying reasons.
This type of population-based study is lacking for the
north-west of England, but it can help identify particu-
lar age groups within each sex that could be focused
on to reduce the fracture rates for the region and thus
National Health Service (NHS) expenditure. Bone fractures
are very common in both developed and developing coun-
tries. Fractures can be caused by high impact force, repetitive
stress or other underlying conditions such as osteoporosis or
bone cancer [2].

Osteoporosis (OP) is a major health concern for the elderly
and is accountable for the significantly high incidence of
fractures in this age group. OP is a metabolic disease, in
which the bone becomes fragile. This in turn results in a
higher risk of fractures than normal bone. OP occurs when
the metabolism of the skeleton is in a negative balance. In
this condition there is a loss of minerals, such as calcium,
faster than the body can replace them. Women tend to lose
bone at a higher rate than men at all ages, but their rate in-
creases significantly after menopause, when the depressing
effect of oestrogen on the osteoclast activity is lost [3]. Cer-
tain fractures are associated with this decrease in bone den-
sity and are well documented in the literature, such as Colles’
fracture and fracture of the neck of the femur. In addition,
vertebral fractures are often encountered in the elderly and
are the result of falls [4, 5]. The measurement of bone mine-
ral density (BMD) aids in the diagnosis of osteoporosis.
BMD is measured as grams of bone mineral (hydroxyapatite)
per cubic centimetre [3].

Socioeconomic status (SES) is a sociological and economic
measure of a person’s position relative to other individuals
within the population. Socioeconomic status is typically di-
vided into three categories: high, middle and low. The lower
the SES, the greater the risk is to an individual’s health, in-
cluding fractures [5, 6]. A low SES does reflect a lower stan-
dard of living, a low income and poor education and fre-
quently leaves the individual vulnerable to physical and men-
tal health problems. Poor social conditions may also

CONCLUSION: This finding corresponds with numerous sources in the
medical literature. The present work supports the development of strategies
designed to reduce fractures in specific age groups.

Keywords Population, Fracture risk, Public health policy, Liverpool,
England

result in an increase in anti-social behaviour, crime and gen-
eral environmental hazards. This in turn may cause a higher
fracture incidence, particularly in younger males. Interest-
ingly, some studies have demonstrated low fracture rates
among younger males in areas with a high SES [6]. How-
ever, a person’s SES alone does not necessarily reflect all
their epidemiological aspects. Personal circumstances also
play a role; living with someone has been associated with a
decreased risk of any fracture in all ages, but an increased
fracture risk among people over the age of sixty. Being at
work has been associated with a decreased hip fracture risk
among subjects greater than forty years of age and alcoho-
lism is a significant predictor of fractures in all age groups
[7]. A link has also been found between low SES and a
lower health status. This could explain the higher rates of
fractures and greater use of primary care services and lesser
of secondary care services in areas with a low SES [7].

Fracture incidence is most prevalent in males aged approxi-
mately ten to thirty five and then most prevalent in elderly
women aged over sixty five years. In regards to fractures in
younger males, the higher incidence is supported by a study
carried out on children’s femoral shaft fractures [8]. It was
found that 69.7% of fractures among children from birth to
seventeen years were in males and 30.3% in females. It has
been shown that most fractures in children involve the long
bones and almost a third of these are due to sport or leisure
activities [9]. The high male incidence of fractures at
younger ages has also been found to be associated with facial
trauma. A study found that the male to female ratio of facial
trauma was 3:1 and that the most prevalent age group was
sixteen to thirty years of age [10]. It was identified that this
was primarily due to interpersonal violence and motor vehi-
cle accidents. This male dominance of fractures does how-

ever change depending on age. —}
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A recent study found that the ratio of male to female long
bone fractures changed from 2:1 in individuals aged less than
fifty to 1:3 in individuals aged greater than fifty [11]. These
findings mirrored previous work [12] which outlined this
switch of dominance in fracture rates between males and
females. This study outlined that hip fractures were generally
related to the elderly and that there is no significant differ-
ence between sexes from the ages of fifteen to sixty years of
age, as hip fractures are very uncommon within the young.
Over the age of sixty however, there is evidence that there
are approximately twice as many fractures in females than
males. It has been shown that there is an exponential increase
in female fractures from the age of sixty five, with male inci-
dence lagging behind that of females by approximately ten
years [12].

The aims of this study are to identify fracture patterns within
the geographically defined area of Liverpool, England and to
propose strategies to reduce fracture rates with corresponding
health and economic benefits for both the local population
and the National Health Service.

METHODS

This study has utilised fracture data obtained by the
Liverpool Primary Care Trust covering a period from Febru-
ary 2009 until July 2010. The data had been anonymised and
available to the public according to the Data Protection Act
1998 [13]. The Liverpool Primary Care Trust is responsible
for commissioning all health services for the population in
this area. It is also responsible for bringing together services
offered by general practitioners, community nurses, practice
nurses, community services and agencies dealing with health
matters across the city. The sample consisted of a total of
6,947 fractures with 3,415 of those in males and 3,612 in
females. A small proportion of fractures (approximately 80)
were excluded from the final sample due to the fact that they
were not clearly defined in the records. The majority of these
fractures were unclassified as to their type.

The 2011census carried out by the Office for National Statis-
tics collected population statistics for Liverpool, Merseyside
[14]. The census concluded that the total population of Liver-
pool, Merseyside consisted of 466,415 individuals with
230,483 males and 235,932 females. There is a greater num-
ber of females that males in the population. Some may argue
that this difference may explain, at least in part, the signifi-
cantly higher proportion of fractures in females compared to
males. The variation between the age groups of the popula-
tion is also considerable, as there were 78,100 individuals
between the ages 0-15, 211,755 individuals aged 16-44,
111,092 aged 45-64 and 65,466 individuals aged over 65
years. Data also shows that more than half (289,857) of the
population of Liverpool is aged under 30 years, indicating a
young population, which is usually associated with traumatic
injury [15]. This population data from the Office of National
Statistics does provide evidence that Liverpool has a stable
SES. For instance, the unemployment rate is 6.7% and al-
though higher than the national average (4.4%), it is still a
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low figure, indicating that a significant part of the population
is economically active. However there are aspects of the
census that could provide evidence for concern. For exam-
ple, research has linked a higher fracture risk to those indi-
viduals that live alone [7]. The census indicates that 39.2%
of all households in Liverpool are occupied by a single indi-
vidual. Further possible causes for concern were the qualifi-
cation levels, as 28.7% of Liverpool residents aged 16 or
over have no formal qualification [14]. The data presented
above provide a good indication of population trends, al-
though there is a degree of error associated with it. It is pos-
sible that not all of the population took part in the census or
did not complete the census fully and truthfully, and there-
fore this data should just be used as an approximate guide.

In order to assess fracture risk in the north-west of England,
the raw fracture data acquired from the Liverpool Primary
Care Trust was analysed in Microsoft Excel® 2010 in order
to achieve a simplified data set that could be used for statisti-
cal analysis. Tables were created according to age, sex and
anatomical region (Table 1). Once the data had been organ-
ised into an appropriate format, a suitable statistical test was
identified (G test) in order to test for a significant difference
between the observed values and the expected values for
fracture incidence for age and sex. The G-test is a variation
of the Chi-Square test and is used to test homogeneity and
goodness of fit of frequencies arranged in a one-way classi-
fication. In order to use this test all expected frequencies
must be greater than 5 and observed frequencies greater than
0. The statistical null hypothesis is that the number of obser-
vations in each category is equal to that predicted by a bio-
logical theory. The formula for G (the test statistic) is given
in equation ““(1)”":

G=2Y [0 In(O/E)] Q)
O is the observed frequency and E is the expected fre-
quency. The expected values are formulated by dividing the
total observed by the number of age groups. Once G has
been determined, a correction factor CF (Williams’ correc-
tion) is applied to the G-test and this is irrespective of the
number of degrees of freedom. The formula for CF is given
by equation ““(2)"":

CF =1+(a2 — 1)/6nv 2
a is the number of categories (such as age groups or sex), n

is the total number of observed frequencies and v is the de-
grees of freedom (a—1).

Therefore the final test statistic G* is given by equation
55(3)11:
G =G/CF (3)

G is then compared against the chi-square distribution ta-
ble. For any given degrees of freedom (DF) the observed
value is significant at a given level of probability if it is
equal to or larger than the critical value shown in the table of

chi-square statistics. _}-
29
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Table 1 - Anatomical regions
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Table 2 - G-test results presenting differences between the expected and the observed values

used for analysis in the study

between the sexes

Anatomical region Anatomical region Females Males G Critical Significance
Pelvic Girdle (N) (N) value
Foot Pelvic Girdle 234 75 86.19 12.12 0.0005
Fibula Foot 175 233 8.27 7.88 0.005
Neck of the Femur fibula 41 50 0.88 <1.32 NOT SIGNIF
Femur Neck of the femur 870 345 234.50 12.12 0.0005
Tibia Femur 448 212 84.30 12.12 0.0005
Patella Tibia 199 240 3.78 2.07 0.01
Face/Nose Pate"a 33 26 0.83 <1.32 NOT SIGNIF
Skull Face/Nose 85 313 138.76 12.12 0.0005
Mandible Skull 19 61 23.06 12.12 0.0005
ShouIder(CIaVICIe/ScapuIa) Mandible ) 28 243 195.17 12.12 0.0005
Radius/UIna Shoulder (Scapula/Clavicle) 52 121 28.22 12.12 0.0005
Humerds Radius/Ulna 641 534 9.75 9.14 0.0025
Vertebrae Humerus 269 263 0.08 <1.32 NOT SIGNIF
Hand Vertebrae 200 159 4.70 3.84 0.0500
Ribe/Stermom Hand 144 333 76.90 12.12 0.0005
Ribs/Sternum 79 112 5.72 5.41 0.02

RESULTS

The results demonstrated that there was a significant
difference of fracture patterns between males and females.
Table 2 indicates that thirteen out of sixteen anatomical re-
gions showed a significant difference between the expected
and observed values. Three anatomical sites were also identi-
fied as showing no significant difference between the ex-
pected and observed values.

Age was identified as having a substantial effect on fracture
risk and fracture trends. All of the anatomical sites demon-
strated a significant difference between the expected and
observed values between male age ranges. It was also shown
that in females fifteen of sixteen anatomical regions differ
significantly between the expected and observed values. Fe-
male skull fractures showed that there was no significant
difference between the incidence and the age of individuals.

Male fracture rates are seen to be significantly higher than
those of females at a younger age and peak in the age group
of 20 — 29 years with 571 fractures (Figure 1). Fractures in
males then gradually decline until the age of 70 — 79 where
the incidence rates rise again. Female rates are very low in
comparison to males in early life and reach the lowest fre-
guency in the 30 — 39 age group with only 96 fractures.
From this point female fracture rates rise steadily until 60 —
69 years where a sharp increase is evident (Figure 1). Frac-
ture rates were seen to differ considerably depending on ana-
tomical site. Figure 2 shows that females predominantly suf-
fer from lower body fractures, whereas males are more prone
to upper body fractures. In particular, females are more likely
to fracture the neck of the femur, as the total of 870 fractures
indicates. The results also show that males are more likely to
suffer injuries to the face/nose and mandible, as these com-
bined total 556 fractures. The data also shows that both sexes
have a high fracture incidence of the radius and ulna.

D ISCUSSION
In recent years, several studies have examined the cost
of injuries on the health service. An example of such a

study comes from The Netherlands where it was found that
treating injuries in young males and elderly females accounts
for a significant share of health care costs [16]. This in-
creased cost is related to the injury patterns observed in these
two groups which are very similar to those found in the Liv-
erpool area. What is also interesting about the Dutch study is
that a general trend emerged: cost appears to increase with
the age of the patient. This is partially explained by the fact
that treatments for injuries associated with older individuals,
such as hip fractures, have a higher treatment cost [16]. The
epidemiology of specific fracture types within populations
has also been extensively studied [17, 18]. The present study
examines the incidence of fractures throughout the body, in
all ages and both sexes and it is representative of a popula-
tion from the north-west of England who have sought medi-
cal care. It was shown that women over the age of sixty tend
to suffer from fractures more than men, whereas men under
the age of forty years have more fractures than women of the
same age. Moreover, some specific fractures are associated
with these age ranges. This indicates that the variation in
fracture risk is caused primarily by age. These findings do
mirror similar findings in the literature which demonstrate a
high fracture incidence in young males and older females
[12, 19].

Children

Fracture incidence in children aged 0 — 19 was extremely
varied depending on sex. Male fracture rates made a steady,
considerable increase into adulthood while female rates
slowly declined into adulthood. There are many factors that
must be taken into account in order to explain these changes
such as age, season, culture, environment and behaviour
variation. In terms of separating fractures according to their
mechanism of injury, this can be a difficult task, as children
do not always remember or admit to the exact circumstances
of the injury. The present study indicates that young children
tended to suffer from fractures of the radius and ulna to a

higher degree than any other fracture. Young males _’
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Figure 1 - Fractures in males and females according to age

Fracture incidence
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The pattern that arose from this study
was that children tended to suffer primar-

1600 7 ily from fractures of the upper extremities
1400 | and this finding does mirror previous
1200 - / work [18, 22]. The fractures at this age
— ‘ ! are Ilkely.tq be due to.the type of recrea-
| i tional activity that children take part in.
800 | 2 The playground is an essential element of
600 - 4 T =T Female 3 child’s life, but has been documented as
200 | A " 22 Male  peing the cause of an increasing fracture
| ( J — s L~ incidence in children [23]. Falls from
200 — Lo oda =" climbing frames, swings and monkey
0 | bars can cause high impact injuries to the
0.9 10_19 20_29 30_39 40_49 50_59 60_69 70_79 80+ child. Slightly older children would
probably suffer from the same type of
Aan e injury but also from different types of
Figure 2 - Fractures in males and females according to anatomical sites _recreat|c_)nal activities such as skateboa_rd-
ing or bicycle-riding. These types of high
1000 impact injuries of teenagers have been
documented in the literature [24].
900
300 Adults
Male fracture incidence continues to rise
. ® into adulthood (Fig. 1) and peaks in the
€ 600 @Female age range of 20 — 29 with a total of 571
2 mmale  fractures. Female incidence continues to
£ 500 fall into adulthood and bottoms out in the
g age range of 30-39. The variation in frac-
L 400 ture incidence between males and fe-
300 males up to the age of 39 is due to sex-
4 specific behaviours, recreational activities
200 7 g and social standards [15]. Females have a
100 2 g very low incidence of 234 fractures
g 2 a within this age range (20 — 39) while
0 Z Wz 2’ Z males have their highest incidence with a
€ O 0 E d o D @ e D> o total of 917 fractures. This sex variation
& TE S P F L IS E T s highly significant, as the results of the
& x° & W FS N ) statistical analysis indicate. The incid
] 3 & & ysis indicate. The incidence
- Anatomical site <

had an incidence of 252 fractures (47.4% were radius/ulna
fractures) and young female incidence was 88 (13.7% were
radius/ulna fractures). It can clearly be seen that male inci-
dence is much higher than female incidence at young ages
and this is possibly attributed to sex differences in the partici-
pation in athletic activities at this age [20]. Young males and
females have dissimilar social behaviour patterns and these
have been linked to the difference in fracture rates seen in
children.

Research supporting these findings examined auto-pedestrian
childhood injury. The study found that both sexes peaked at
the age of 5-8 years and both sexes had equal exposure, but
males had a higher injury rate. According to the authors, this
was caused by differences in behaviour [21]. The humerus
was also indicated to be a significant childhood fracture al-
though Table 2 shows that there was no significant difference
between the expected and observed values for the sexes as
both had a similar fracture incidence.

rates show that males have 3.9 times as
many fractures as women in young adulthood. In 32% of
these injuries, facial or mandibular fractures were present
and are usually caused by interpersonal violence or motor
vehicle accidents. This corresponds with findings of previous
research which found that 55% of mandible fractures were
due to assaults and 66% of facial fractures were due to motor
vehicle accidents [10]. When it comes to interpersonal vio-
lence, poverty, personal problems and use of alcohol are
usually related factors [15]. This could also explain a large
increase in male hand fracture, as young males had more
hand fractures than females, although this variation could be
due to predominantly male manual labour occupations. With
motor vehicle accidents, alcohol appears to be one of the
main contributing factors. These findings were also identi-
fied in several other studies [25-28].

Up to the age of 29 years males have a higher fracture fre-
quency, but this dominance then declines into old
age. A significant finding in the identification of —}
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fracture risk is the start of an increase of fractures in females
from 30 - 39 years. Although male fracture incidence does
stay greater than females up until approximately 59 years, this
steady increase in female fracture incidence is noteworthy.
After 59 years female fracture incidence surpasses male inci-
dence and increases exponentially (Figure 1). These patterns
associated with fracture risk are not specific to the Liverpool
area but can be observed in many populations [1, 12, 19].

Mature adults

Certain fractures are associated with the elderly and many of
them may be attributed to osteoporosis. The pelvic girdle is
identified in Table 2 as having a significant difference be-
tween the expected and observed values for the sexes and
this indicates that one sex has exceptionally greater values
than the other. Female and male incidence for individuals
over the age of sixty was also indicated as being significantly
different than the expected values for that age. Females had
a total of 214 while male incidence was 57 fractures. It
should be noted that 91.5% of all female pelvic girdle frac-
tures were suffered by individuals over the age of sixty. This
is most likely related to the onset of OP and its well-
documented link to decreased bone mineral density (BMD)
[29]. The elderly tend to have a low body mass index and
reduced mobility, which when combined with visual impair-
ment and a reduction of oestrogen due to the onset of meno-
pause in women, may explain the rapid increase in fracture
risk (Figure 1). This is not the complete picture however, as
research has indicated that male fracture incidence lags be-
hind female incidence by approximately 10 years [12, 30].
The present study supports this finding, as a steady increase
can be seen to occur in the age group of 70 - 79 years in
males, although not to the extent of the females.

The research presented here has identified fracture of the
neck of the femur as having the highest frequency in indi-
viduals over the age of sixty. This includes all age groups
and all anatomical regions, indicating it is the single most
common fracture (Figure 2). Results from Table 2 provide
evidence that fracture incidence between males and females
differed significantly. Females had a higher risk of fracture at
the neck of the femur than males. Figure 1 shows that the
80+ age group dominated the frequency of fracture rates in
females. It is very likely that the fractures seen in the elderly
can all be traced to a common cause. Falls have been out-
lined in previous research as being a frequent occurrence and
cause of fractures in the elderly [30]. In particular, 30% of
individuals over the age of 65 fall at least once a year, while
15% fall multiple times [31]. Therefore when a fall occurs,
multiple fractures are likely to take place and this could ex-
plain the high incidence of radius/ulna and vertebral fractures
in the elderly.

C ONCLUSION

This study has identified fracture risk in a population
from the north-west of England, although the method of frac-
ture identification may underestimate the population
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fracture count due to some limitations of the data. For exam-
ple, numerous studies have outlined the inaccuracies of hos-
pital fracture coding systems [5, 19]. This leads to over and
under representation of certain fractures as some patient
pathways are not captured by data drawn from emergency
departments and fracture clinics. Some minor fractures may
not result to patients using the health services but at the other
end of the spectrum, patients admitted to hospital for on-
going management of fractures may be over-represented.
Patients who die as a result of trauma in which a fracture was
sustained may also not be registered. Human error can also
play a part, as errors in clinical coding and missed clinical
diagnosis may affect a fracture sample [30]. However, it is
unlikely that these factors would have significantly influ-
enced the fracture patterns that were identified in this study.
Males tended to have a much higher incidence of upper body
fractures at a younger age compared to females, while fe-
males tended to have a much higher incidence of lower body
fractures at an older age compared to males. The patterns
identified in the present project are validated by multiple
studies with similar results that have been carried out across
Europe and North America.

The results can be used in the formation of a public health
policy at the local level which will be aimed at reducing frac-
ture rates within the population. In the younger age ranges,
males suffer the majority of fractures which are maxillofacial
and have been attributed to interpersonal violence and motor
vehicle accidents [26, 28]. Causes of violence relate to the
individual, relationships, community and society. Interven-
tions must be targeted at these areas. Steps can be taken to
modify individual risk factors, such as improving individuals'
problem solving ability, anger management and alcohol and
substance abuse issues. Relationship and family support inter-
ventions, such as positive parenting programmes, can im-
prove family functioning, reduce stress and prevent violence.
Good planning, design and management of public places can
limit the opportunities for violence to occur and measures to
address cultural norms, attitudes, societal structures and ineg-
uities that encourage or contribute to violence can help to
reduce violence. For motor vehicle accidents, education from
a young age and campaigns against drinking and driving can
significantly reduce the number of injuries [28].

The older population and especially females need primary
and secondary fall prevention measures, as falls are a major
cause of fractures. This has also been recommended by sev-
eral agencies including the Center for Disease Control
(CDC) [32]. The primary prevention strategies should in-
clude education, exercise, review of medication used and
environmental modifications. Education should be aimed at
raising awareness of potential hazards and how to avoid
them. Exercise increases muscle strength and improves bal-
ance. Medication, in addition to sedatives and hypnotics,
may have side effects such as dizziness which make indi-
viduals more susceptible to falls. Modifying the environment
to make it safer may include interventions as simple as in-
stalling a hand rail on a staircase, or changing the lighting.

Secondary prevention strategies are also needed to _’
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prevent hip fractures when falls occur. These can include Public health policies need to be implemented to promote
energy absorbing hip pads, or energy absorbing flooring ma- behavioural changes, improve current interventions, and
terial. Emphasis should be placed on primary prevention develop new fall prevention strategies. This will not only
strategies, because studies have shown that the main risk reduce costs in the health system, but it will lead to a better
factors for falls are intrinsic and not environmental. Primary quality of life for many individuals in the community.

prevention strategies are designed to address mainly these
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