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Abstract
BACKGROUND
The National Institute for Health and Care Excellence (NICE) guidelines have advised further research is required into investigating the added prognostic value of bone mineral density (BMD) in the assessment of fracture risk with the Fracture Risk Assessment Tool (FRAX) score.

AIM
To investigate the significance of BMD in fracture neck of femur patients and compare it to the outcome of the FRAX score.

METHODS
Inclusion criteria for this study were all patients who underwent dual-energy X-ray absorptiometry (DXA) scan following fracture neck of femur between 2015 and 2017. Analysis of BMD, FRAX scores and patient demographic data was undertaken.

RESULTS
A total of 69 patients were included in the study, mean age 74.1 years. There was no significant difference between mean BMD of the femoral neck in males (0.65) as compared to females (0.61) (P = 0.364). Analyses showed no significant correlation between BMD and menopause age (rs = -0.28, P = 0.090). A significant difference was seen of the femoral neck BMD between the different fracture pattern types (P = 0.026). A stronger correlation was observed between BMD of femoral neck and FRAX major score (rs = -0.64, P < 0.001) than with BMD of lumbar spine and FRAX major score (rs = -0.37, P = 0.003).

CONCLUSION
This study demonstrated that BMD of the femoral neck measured by DXA scan is of added prognostic value when assessing patients for risk of fracture neck of femur in combination with the FRAX predictive scoring system.
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Core Tip: The results in this study place more emphasis on bone mineral density (BMD) when assessing fracture risk, in comparison to key factors incorporated into the Fracture Risk Assessment Tool (FRAX) predictive score. Menopause age and female gender had an indeterminate influence on BMD, as well as World Health Organization classification of osteoporosis. Body mass index had a significant influence on BMD. Osteoporosis was more common in patients with extra-capsular hip fracture patterns. This study shows that BMD is significant in assessing risk of fracture neck of femur in comparison to the FRAX predictive score.

INTRODUCTION
The National Institute for Health and Care Excellence (NICE) define osteoporosis as a disease characterised by low bone mass and structural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture[1]. Fractures secondary to osteoporosis may be referred to as fragility fractures; which are described as those resultant from a mechanical force that would not ordinarily be associated with a fracture[2]; further described by the World Health Organization (WHO) where a fracture occurs from forces equal to or less than a fall from a standing height[1].
Osteoporosis may be viewed as primary or secondary. Primary being characterised by age and sex hormone related progressive mineral loss[3]. Secondary osteoporosis occurs as a result of different pathologies and use of specific medication[4].
Osteoporosis is a disease that develops silently, only manifesting on occurrence of a fracture. It is for this reason that the increase in osteoporosis related pathology has been entitled by some as the “silent epidemic”[4]. The WHO considers osteoporosis to be only second to cardiovascular diseases as a crucial healthcare issue[5].
Prevalence of osteoporosis is known to increase with age, from 2% at age 50 years to 25% at age 80 years[1]. There are known to be over three million United Kingdom residents with osteoporosis at present[6], with this figure expected to continue to rise. Subsequently, the burden on healthcare services as a result of osteoporosis is only likely to rise with the ongoing increase in the world population. In the United Kingdom alone; projections suggest that the incidence of fragility fractures is likely to increase by 21% by the year 2020 (230000 per annum), with a resultant overall annual cost upwards of £2.1 billion[6]. In Europe it is estimated that direct costs resulting from osteoporotic fractures to have an overall cost of €76.7 billion[7].
Despite the above figures, it is almost impossible to truly predict the economic burden of osteoporosis and osteoporotic fractures. The consequences are not only that of economic cost to the healthcare system, but also of associated morbidity, impairment, reduced quality of life and mortality. It is therefore paramount that resources and research into fracture prediction and prevention continues, to ensure that efficient allocation of resources may continue in an already stretched healthcare system.
The International Osteoporosis Foundation and the WHO state that fracture risk should be advised as a short-term absolute risk[8]. A period of ten years is agreed upon as this comprises the probable duration of treatment as well as the benefits that may continue once treatment is ceased[4]. There are several different predicting tools used to identify risk of fragility fracture. The fracture risk assessment tool (FRAX®) is a predictive algorithm developed by the University of Sheffield that takes into account clinical risk factors, with or without the addition of bone mineral density (BMD)[9,10]. The FRAX tool provides a 10-year probability of hip or major osteoporotic fracture by means of a percentage likelihood[11]. The clinical risk factors utilised as part of the FRAX predictive tool are displayed in Table 1.
BMD is defined as grams per centimetre squared (g/cm2)[12]. This is measured by means of dual-energy X-ray absorptiometry (DXA) scan. A value of BMD (g/cm2) is therefore given for the area of bone scanned (most commonly proximal femur and lumbar spine)[12]. Alternatively, the value may be converted to a value in comparison (standard deviation) with the peak bone mass of a Caucasian female aged 30 (T-score), or for the peak bone mass adjusted for age, gender and race (z-score)[12]. It is the T-score that is used by the WHO as an objective means of defining osteoporosis in an individual as per DXA scan result; with Osteoporosis being defined as T-score less than or equal to -2.5 (Table 2)[13].
Currently in the United Kingdom it is common practice for the FRAX tool to be used by a primary care physician to give 10-year probability of major osteoporotic fracture. NICE guidelines currently advise if the value is significant, then preventative management is to be initiated immediately, however if the risk is moderate, a DXA scan is advised to further quantify the probability.
A number of recent publications have focused on re-assessment of the importance of clinical risk factors associated with the progression to osteoporosis, including BMD. Trajanoska et al[14] conducted a meta-analysis of genome-wide association studies and a two-sample mendelian randomisation approach to assess the role of fifteen clinical risk factors on osteoporotic fracture risk. It was deduced that among clinical risk factors for fracture that were assessed, only BMD was shown to have a major causal effect on fracture. This mendelian randomisation study provides evidence against a causal effect of several proposed clinical risk factors for fractures (e.g., diabetes, glucose, rheumatoid arthritis, and vitamin D)[14].
Findings from the Foundation of the National Institutes of Health (FNIH) Bone Quality Project, a meta-analysis of twenty-two trials, have shown that a twenty-four percent change in BMD, as per DXA measurement, is responsible for a large proportion of the fracture risk reduction across a range of osteoporosis treatment options[15]. The regression analysis conducted as part of the study displayed percentage difference in increase in BMD (change in BMD with treatment minus the change in BMD with placebo) at the hip, femoral neck, and lumbar spine was significantly associated with relative risk reduction of having a fracture[15]. This, in turn, supports the notion that the BMD, as measured per DXA scan, be utilised as a surrogate biomarker in the measurement of disease progression and management of osteoporosis.
As part of recent guidelines, NICE have recommended research to be focused on the added prognostic value of BMD in the assessment of fracture risk with FRAX[1]. NICE state that there is currently not sufficient research, in primary or secondary care, evaluating if the addition of BMD to FRAX improves the accuracy of the predicted fracture risk[1]. More specifically, NICE advise further research is required to ensure that the addition of BMD results in the correct re-classification of risk, i.e., high to low risk and vice versa[1].
The authors hypothesise an increased significance of BMD in comparison to the individual components of the FRAX score. The aim of this study was to investigate the significance of BMD in fracture neck of femur patients and compare it to the outcome of the FRAX score.

MATERIALS AND METHODS
Patients
This retrospective observational cohort study which did not require ethics committee approval. All patients had sustained a fracture neck of femur and managed as appropriate under the admitting on-call consultant orthopaedic surgeon between 2015 to 2017.
All patients underwent a DXA scan following completion of management of the fractured neck of femur. DXA images were taken of the contralateral femoral neck and the lumbar spine (L2, L3, L4), in line with published protocols[5,10,11]. Patients with contralateral hip prosthesis in-situ and with lumbar spine instrumentation were excluded from the study. FRAX scores were calculated for all the patients included in the study.

Fracture pattern classification
Neck of femur fractures were classified as intra-capsular or extra-capsular. Extra-capsular fractures were defined as those at the inter-trochanteric line (fracture line passes through the greater trochanter to the lesser trochanter) or distal to this as assessed on plain radiograph imaging (antero-posterior pelvis and lateral hip). Fractures proximal to the inter-trochanteric line were classified as intra-capsular fractures. This is a validated radiographic classification system of fracture neck of femur pattern[16].

Proposed outcome
The authors aim to investigate the association between BMD and the components of the FRAX score within the cohort.

Statistical analysis
All continuous data variables displayed a skewed distribution (verified by both plotted histograms and the Shapiro-Wilks test). The appropriate non-parametric statistical test was used in their analyses. This includes Mann Whitney U test and Kruskall-Wallis H test used in the appropriate manner. The Chi-squared test was used for the categorical data analysis of the fracture neck of femur pattern type and the Spearman Rank test was used for the correlation analyses. The level of statistical significance was set at P < 0.05. Statistical analysis was performed using SPSS for Windows version 25.0 (IBM Corp., Armonk, New York, United States).

RESULTS
Table 3 displays the demographic data of the study cohort. A total of 69 patients were included in the cohort, all undergoing DXA scan following fracture neck of femur and undergoing a complete FRAX score assessment.
Table 4 shows the fracture neck of femur classification pattern. Table 5 shows the details of the surgical management.
The mean FRAX score for a major osteoporotic fracture amongst the study cohort was 19.87% (SD 11.01%); this score representing the percentage probability of occurrence of fracture of the distal radius, proximal humerus, lumbar spine or neck of femur over a ten-year period (Table 6). In addition, the mean FRAX score for fracture neck of femur amongst the study cohort was 7.75% (SD 8.09%); representing the ten-year percentage probability of fracture neck of femur only (Table 6). BMD of the femoral neck and lumbar spine where used to calculate the corresponding T-score and z-score. Table 2 shows the WHO classification of Osteoporosis when interpreting T-score values. None of the patients included in this study fitted the classification grade of osteoporosis as all of them had fragility fractures and so by definition were classified as severe osteoporosis when the T-score ≤ -2.5.
Table 7 shows that there was no statistically significant difference for either BMD of femoral neck or lumbar spine between males and females.
Figure 1 illustrates the scatter plot graph showing no significant correlation between the menopause age of female patients and the BMD of either the femoral neck or lumbar spine.
Tables 8 and 9 show no statistically significant difference between the mean menopause age of female patients and the WHO classification of the femoral neck BMD and the lumbar spine BMD respectively.
Figure 2 shows a significant direct correlation between body mass index (BMI) and BMD for both femoral neck (rs = 0.58; P < 0.001) and lumbar spine (rs = 0.43; P < 0.001).
Table 10 shows a statistically significant difference (P = 0.026) between the pattern of fracture neck of femur and the WHO Classification of femoral neck BMD. Patients with extra-capsular fractures where more likely to have severe osteoporosis than those with intra-capsular fractures.
Figure 3 illustrates a statistically significant inverse correlation between the femoral neck BMD and the lumbar spine BMD with the FRAX major score (percentage likelihood of major osteoporotic fracture in the next ten years). The correlation was stronger with the femoral neck BMD (rs = -0.64; P < 0.001) than that of the lumbar spine BMD (rs = -0.37; P < 0.001).

DISCUSSION
The main findings of this study were that BMD had a significant correlation with the FRAX score and also with BMI. Neither female gender or early menopause age had a significant influence on BMD. Osteoporosis was more common in patients with extra-capsular hip fracture patterns.
The aetiological factors associated with development of both primary and secondary osteoporosis have been looked at in numerous studies. With the incidence of osteoporosis continuing to rise[17], it is important that new research continues to advance and build upon previous findings.
The clinical risk factors associated with development of osteoporosis have long been agreed upon, with emerging contributory risk factors to secondary osteoporosis being a constant subject of further research[18]. However, the significance of the contribution of certain clinical risk factors to the pathophysiology of the development of primary osteoporosis is less understood. This study aimed to investigate the significance of BMD in fracture neck of femur patients and compare it to the outcome of the FRAX score.
This study addressed a relatively unique cohort, all patients had sustained a major osteoporotic fracture (i.e., fracture neck of femur). This allowed for research into arguably the most at risk group of individuals in the community. This contrasts to previous literature, whereby major osteoporotic fracture is used as an end-point on patient follow-up[10].
Local clinical guidelines allow for the discretion of the referring clinician with regards to whether DXA scan is appropriate following surgical management and rehabilitation of fracture neck of femur patients. In general, this would be all patients under the age of 75, as well as those patients felt to be independent in all aspects of daily living. This ensures that those included in this cohort will potentially benefit from preventative medical treatments to avert further major osteoporotic fractures. In addition, this ensures that 10-year percentage probability of major osteoporotic fracture data generated is relevant for the cohort.
The majority of patients with intra-capsular fracture neck of femur were managed with total hip arthroplasty, as opposed to hemi-arthroplasty, as displayed in Table 5. This reflects the relatively low mean age of the patients in the cohort. Current National Institute for Health and Care Excellence (NICE) guidelines advise that fracture neck of femur patients be managed surgically by total hip replacement if they are independently mobile and independent in activities of daily living[18]. This, in turn, portrays that the cohort in this study represents a group of individuals who are expected to continue with an independent lifestyle after surgical management, and therefore it is important that further fracture prevention is prioritised by all members of the healthcare team. Osteoporosis was more common in patients with extra-capsular hip fracture patterns in this study. Dynamic hip screw (DHS) is a common internal fixation device used for this fracture pattern. The biomechanical pull-out strength of locking plates is superior to that of conventional plates particularly in osteoporotic bone. It may be more prudent to use DHS implants which have locking plates for screw fixation in the surgical management of patients with an extra-capsular fracture configuration.
The significant (inverse) relationship between femoral neck BMD and lumbar spine BMD with the FRAX score (10-year percentage probability of major osteoporotic fracture) is in agreement with previous literature[17,20]. This supports the ongoing understanding that measures to increase BMD will result in reduced incidence in major osteoporotic fractures[15,21].
The correlation between BMD (both femoral neck and lumbar spine) and BMI is also in agreement with previous literature[22]. This is likely to be explained by a combination of factors, including nutritional status, mechanical load and hormones. It has previously been hypothesised that increased weight, and subsequently increased mechanical load, results in decreased osteoclast activity and increased osteoblast activity, increasing bone strength and bone mineral content[23]. This supports current emphasis on nutritional status of fracture neck of femur patients, not only in aiding rehabilitation, but also in prevention of further fracture.
BMD was noted to have a significant influence on the fracture pattern at the neck of femur. This is also in agreement with previous literature[16], whereby extra-capsular fracture patterns are associated with a lower BMD. However, it is important to emphasis that literature has shown there to be other factors that will have an influence on fracture pattern at the neck of femur[24], most notably inter-trochanteric outer diameter and buckling ratio.
Gender difference has long been known to have an influence on both osteoporosis fracture risk and BMD. This is variable is included in the FRAX questionnaire[25]. Interestingly, there was no significant difference between males and females for BMD within the cohort studied. It is important to note that it is not the intention to disprove the influence of gender on BMD, and ultimately osteoporosis. However, it may be argued that the effect of gender is not in isolation, and that other factors that affect BMD (nutrition, mechanical force, genetic predisposition, ethnicity, etc.) may outweigh gender’s overall role.
It was shown that menopause age did not have a significant association with either BMD or WHO osteoporosis classification. This is in contrast to the majority of published literature[26], whereby it is understood that earlier menopause age is associated with lower BMD, and therefore increased incidence of osteoporosis and fragility fractures[27]. This study does not conclude that age of menopause has no effect on BMD, osteoporosis and fracture risk. However, it emphasises that a multi-faceted approach must be taken when attempting to address the field in question.
Limitations of the study included that much of the presented data focuses on the influence of gender on BMD, and consequently the influence of gender on osteoporosis and fracture risk. One must make note of the differences in frequency between males (n = 25) and females (n = 44). This was appropriately adjusted for in the statistical analyses conducted. This gender discrepancy is explained by the disproportionately higher incidence of fracture neck of femur in females as compared to males[28].
Recommendations for future research include a greater focus on how BMD may help reclassify patient fracture risk when added to the already calculated FRAX score based on 10-year probability of both major osteoporotic fracture and fracture neck of femur. This will aid to ensure osteoporosis preventative management is appropriately prioritised to reduce the incidence of fragility fractures. The findings in this paper also support the requirement for further research into the use of BMD as a surrogate biomarker for both fracture risk and osteoporosis prevention and management. This may be in the context of a cross-sectional study of fragility fractures at differing ages group and further appropriate stratification as per age, with confounding factors adjusted for.

CONCLUSION
The results in this study place more emphasis on BMD when assessing fracture risk, in comparison to key factors incorporated into the FRAX predictive score. Menopause age and female gender had an indeterminate influence on BMD, as well as WHO classification of osteoporosis. BMI had a significant influence on BMD. Osteoporosis was more common in patients with extra-capsular hip fracture patterns. This study shows that BMD is significant in assessing risk of fracture neck of femur in comparison to the FRAX predictive score.

ARTICLE HIGHLIGHTS
Research background
There has been a steady increase in fragility fractures in the United Kingdom and worldwide. This has been seen in the increased number of patients admitted with fracture neck of femur. It is essential to gain a further understanding of the aetiology to understand preventative measures.

Research motivation
Increased prevalence of osteoporosis fragility fractures in the NHS, causing an increased economic burden.

Research objectives
The aim of this study was to investigate the significance of bone mineral density (BMD) in fracture neck of femur patients and compare it to the outcome of the Fracture Risk Assessment Tool (FRAX) score.

Research methods
Statistical analyses undertaken to ascertain the relationship between BMD and the individual factors included in the FRAX score.

Research results
The results in this study place more emphasis on BMD when assessing fracture risk, in comparison to key factors incorporated into the FRAX predictive score. Menopause age and female gender had an indeterminate influence on BMD, as well as World Health Organization classification of osteoporosis. BMI had a significant influence on BMD. Osteoporosis was more common in patients with extra-capsular hip fracture patterns. This study shows that BMD is significant in assessing risk of fracture neck of femur in comparison to the FRAX predictive score.

Research conclusions
This study demonstrated that BMD of the femoral neck measured by dual-energy X-ray absorptiometry scan is of added prognostic value when assessing patients for risk of fracture neck of femur in combination with the FRAX predictive scoring system.

Research perspectives
The findings in this paper also support the requirement for further research into the use of BMD as a surrogate biomarker for both fracture risk and osteoporosis prevention and management. This may be in the context of a cross-sectional study of fragility fractures at differing ages group and further appropriate stratification as per age, with confounding factors adjusted for.
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Figure 1 Scatter plot graphs of bone mineral density of femoral neck and lumbar spine with menopause age of female patients (n = 44) (Spearman Rank Correlation analysis). A: Femoral neck; B: Lumbar spine. BMD: Bone mineral density.B
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Figure 2 Scatter plot graphs of bone mineral density of femoral neck and lumbar spine with body mass index (n = 69) (Spearman Rank Correlation analysis). A: Femoral neck; B: Lumbar spine. BMD: Bone mineral density; BMI: Body mass index.
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Figure 3 Scatter plot graphs of bone mineral density of femoral neck and lumbar spine with Fracture Risk Assessment Tool major score (n = 69) (Spearman Rank Correlation analysis). A: Femoral neck; B: Lumbar spine. BMD: Bone mineral density; FRAX: Fracture Risk Assessment Tool.

Table 1 Osteoporosis risk factors utilised in Fracture Risk Assessment Tool predictive tool for osteoporotic fractures[29]
	Clinical risk factors

	Age

	Gender

	Weight

	Height

	Previous fracture

	Parent fractured hip

	Current smoking

	Glucocorticoid use

	Rheumatoid arthritis

	Secondary osteoporosis risk factors — Type I diabetes mellitus, osteogenesis imperfecta, hyperthyroidism, hypogonadism, premature menopause, chronic malnutrition or malabsorption, chronic liver failure

	Alcohol — 3 or more units per day

	Bone mineral density



Table 2 World Health Organisation classification of osteoporosis[29]
	Terminology
	T-score definition

	Normal
	T ≥ -1.0

	Osteopenia
	-2.5 < T < -1.0

	Osteoporosis
	T ≤ -2.5

	Severe osteoporosis
	T ≤ -2.5 in the presence of one or more fragility fracture



Table 3 Patient demographic data
	Patient demographic
	

	Number of patients (n)
	69

	Age yr (mean, range)
	74.1 (61-98)

	Height cm (mean, range)
	161.9 (141-190)

	Weight kg (mean, range)
	67.7 (31-150)

	BMI (mean, range)
	25.7 (16-63)

	Gender (male:female)
	25:44

	Menopause age (mean, range)
	46.6 (32-56)

	Laterality (left:right)
	27:42


BMI: Body mass index.

Table 4 Pattern of fracture neck of femur
	
	n (%)

	Intra-capsular fracture
	36 (52.2)

	Extra-capsular fracture
	33 (47.8)



Table 5 Surgical management of fracture neck of femur
	
	n (%)

	Total hip replacement
	24 (34.8)

	Hemi-arthroplasty
	10 (14.5)

	Dynamic hip screw
	31 (45.0)

	Intra-medullary nail
	4 (5.7)



Table 6 Dual-energy X-ray absorptiometry scan results
	Dual-energy X-ray absorptiometry scan

	FRAX major (mean ± SD)
	19.87 ± 11.01

	FRAX hip (mean ± SD)
	7.75 ± 8.09

	BMD hip (mean ± SD)
	0.62 ± 0.13

	T-score hip (mean ± SD)
	-2.20 ± 1.05

	z-score hip (mean ± SD)
	-0.60 ± 0.97

	BMD spine (mean ± SD)
	0.88 ± 0.30

	T-score spine (mean ± SD)
	-1.36 ± 1.65

	z-score spine (mean ± SD)
	0.37 ± 1.72


BMD: Bone mineral density; FRAX: Fracture Risk Assessment Tool.

Table 7 Comparison of mean bone mineral density femoral neck and lumbar spine in males and females
	
	Male (n = 25)
	Female (n = 44)
	P value1

	BMD femoral neck
	0.65
	0.61
	0.364

	BMD lumbar spine
	1.01
	0.85
	0.135


1Mann Whitney U test. 
BMD: Bone mineral density.

Table 8 Analysis between World Health Organization classification of femoral neck bone mineral density and mean menopause age of female patients (n = 39)
	
	n
	Menopause age (mean ± SD)
	P value1

	Normal
	5
	45.0 ± 7.4
	0.086

	Osteopenia
	16
	44.8 ± 5.1
	

	Severe osteoporosis
	18
	48.4 ± 5.1
	


1Kruskal-Wallis H test.

Table 9 Analysis between World Health Organization classification of lumbar spine bone mineral density and mean menopause age of female patients (n = 40)
	
	n
	Menopause age (mean ± SD)
	P value1

	Normal
	15
	47.2 ± 5.7
	0.835

	Osteopenia
	15
	46.1 ± 5.3
	

	Severe osteoporosis
	10
	46.3 ± 6.1
	


1Kruskal-Wallis H test.

Table 10 Analysis between World Health Organization classification of femoral neck bone mineral density and the pattern of fracture neck of femur (n = 62)
	
	Intra-capsular (n)
	Extra-capsular (n)
	P value1

	Normal
	6
	2
	0.026

	Osteopenia
	17
	7
	

	Severe osteoporosis
	10
	20
	


1Chi-Squared test.
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