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Osteoporosis associated fragility fractures in the 
elderly are a societal and financial burden in the 
western world and this burden has also started 
to affect developing nations with the increasing 
longevity. With the aging of the world’s population, 
the age quake, hip fractures are expected to reach 
2.6 million by the year 2025, and between 4.5 to 6.3 
million by the year 2050.[1] The mortality rate after 
sustaining a hip fracture is up to 10% at 30 days, and 
35% at one year after the fracture.[2] It is further known 
that almost half of the survivors are unable to reach 
their previous functional levels, partly related to the 
surgical treatment and fixation failure.[3]

Augmentation of the fractured bone by injection 
of polymethyl methacrylate (PMMA) or synthetic 
bone into the femoral neck and trochanter could be 
of interest to improve the initial stability, particularly 
in patients with low bone quality, and therefore 
theoretically reduce the risk of fixation failure.[4,5] 
Several techniques for augmentation described in 
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the literature are yet to prove their clinical efficiency. 
Furthermore, procedures to identify those patients 
that would benefit most from the augmentation need 
to be established.

The classical way of stratification for augmentation 
is according to fracture risk. Many tools have been 
used for identifying fracture risk and one of the 
most commonly used, the Fracture Risk Assessment 
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tool (FRAX), was introduced in 2008.[6] Fracture Risk 
Assessment tool provides the clinician with a 10-year 
probability of a fragility fracture, using basic clinical 
factors, with or without the use of bone mineral 
density (BMD) measurement. Recently, age dependent 
intervention thresholds based on FRAX risk scores 
have emerged as an effective method to categorize 
patients into high, intermediate and low risk groups.[6]

Besides future fracture risk, mortality risk could 
be a way to stratify treatment. There are several 
scoring systems to predict mortality risk after hip 
fractures.[7,8] Most of these rely on detailed patient 
history, comorbidities and complex calculations which 
may require highly trained staff and may not be 

practical in the emergency setting. The Sernbo score, 
developed initially as a tool to aid deciding in between 
total hip arthroplasty (THA) and hemiarthroplasty in 
hip fracture patients, consists of four basic questions 
and has recently been shown to successfully estimate 
the postoperative one-month and one-year mortality 
rates after hip fractures in the elderly.[9] In 2017, 
Mellner et al.[9] defined three mortality risk groups 
using the Sernbo score; high, intermediate and low.

We hypothesized that FRAX tool and the Sernbo 
score can be combined to stratify patients with high 
risk of fracture and low risk of death, who would 
benefit most from augmentation procedures, before 
the operation. The aim of this study was therefore 

FIGURE 1. Form created with elements from Fracture Risk Assessment tool (FRAX) and Sernbo score which was then used as 
FAME Index to classify patients into nine subcategories. Red, yellow and green correspond to high, medium and low fracture risk 
according to treatment thresholds for FRAX.[12] Asterisks in form correspond to elements necessary to calculate Sernbo score.

Fracture and Mortality Evaluation (FAME) Index

Patient ID:

Age(*) [≥80(*2), <80(*5)]:

Gender:

Weight (kg):

Height (cm):

Living(*): Own home(*5) Sheltered home or frequent home assistance(*2)

Walking aids(*): None, or one stick(*5) Two sticks or walking frame(*2)

Mental status(*): Alert(*5) Slight confusion(*2)

Previous fracture Adult, (age +16) low energy No Yes

Parent had hip fracture No Yes

Current smoking No Yes

Glucocorticoids (Current or previous at least 
3 months of usage)

No Yes

Rheumatoid arthritis (Diagnosed) No Yes

Secondary osteoporosis (Early menopause, 
liver disease, endocrinological disease)
Other disease (note here): ...................................

No Yes

Alcohol (3 or more units per day) No Yes

FRAX Score:
Hip:                         .........................................%
Major Osteoporotic: ..........................................%

10-year probability of major osteoporotic fracture (%)

40

30

20

10

0
40 60

Age (years)
8050 70 90

(*) Sernbo Score: Low Risk (20 and 17) Intermediate Risk (14) High Risk (11 and 8)
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to demonstrate the feasibility of the combined index 
used in a clinical emergency setting and list the 
distribution of patients in nine sub-categories. The 
patients were stratified by a combination of each three 
risk categories (high, intermediate, low) from the 
FRAX and Sernbo score, which is named as Fracture 
And Mortality Risk Evaluation (FAME) Index.

PATIENTS AND METHODS

Lithuanian University of Health Sciences, 
Department of Orthopaedics and Traumatology in 
Kaunas, Lithuania and Gazi University Faculty of 
Medicine Hospital, Department of Orthopaedics 
and Traumatology in Ankara, Turkey participated 
in this preliminary retrospective study. Between 
November 2018 and July 2019, 100 consecutive 
patients (22 males, 78 females; mean age 78.9 years; 
range, 45 to 100 years), 50 from each center, with 
low energy fractures of the cervical or trochanteric 
region of the femur were admitted for surgery and 
included in the study. A written informed consent 
was obtained from each patient or their relatives. 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

A combination of questions necessary to 
(i) calculate the possibility of major osteoporotic 

fracture using FRAX without BMD and (ii) classify 
the mortality risk using the Sernbo score were used 
to create a form (Figure 1). The forms were filled 
by orthopedic residents, medical interns or trained 
nurses at admission. The forms were collected and 
entered into a digital database. The FRAX risk score 
without BMD was calculated with data corrected 
for each country and the Sernbo scores according to 
original description.[9] The treatment thresholds for 
FRAX without BMD in the United Kingdom were 
used to classify patients into high, medium and low 
fracture risk (Figure 1).[6] Fracture Risk Assessment 
tool with BMD was not used to ensure simple and 
rapid application in the acute setting as well as to be 
able to apply aforementioned treatment thresholds 
for risk stratification. High risk was considered as 
an indicator of lowest bone quality. In addition, the 
patients were classified into high, medium and low 
mortality risk, using the mortality risk classification 
according to Sernbo score as modified by Mellner 
et al.[9] (Figure 1). A FAME Index was created by 
classifying the patients into nine subcategories.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 22.0 software (IBM Corp., Armonk, NY. 
USA). Normality was assessed using the Shapiro-Wilk 

TAbLE I
Classification of patients according to FAME Index in each center

Sernbo low Sernbo intermediate Sernbo high Total

TUR LIT TUR LIT TUR LIT TUR LIT

FRAX low 13 11 3 2 1 1 17 14

FRAX intermediate 7 17 1 1 2 3 10 21

FRAX high 9 9 9 1 5 5 23 15

Total 29 37 13 4 8 9 50 50

FAME: Fracture and Mortality Risk Evaluation; TUR: Turkey; LIT: Lithuania; FRAX: Fracture Risk Assessment tool; Each color represents one of nine subgroups in 
Fracture and Mortality Risk Evaluation Index. Yellow filled cells represent subgroup with high risk of fracture while having low risk of mortality.

TAbLE II
Comparison of patient demographics between centers

Turkey Lithuania

n Mean 95% CI n Mean 95% CI p

Gender

Male

Female

9

41

13

37

0.3

Mean age (year) 78 74.9-81.2 79.7 77.2-82.3 0.4

Mean weight (kg) 65.3 61.5-69.2 67.2 62.7-71.7 0.5

Mean height (cm) 159.6 157.5-161.7 164.9 162.5-167.3 0.001

CI: Confidence interval.
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normality test. Differences between the two centers 
were tested. Categories of FAME Index including 
gender, age, height and weight were assessed using 
the chi-square test for categorical variables and 
independent-samples t-test or Mann-Whitney U test 
for continuous variables. P values of <0.05 were 
considered statistically significant.

RESULTS

Data were available for 50 patients from each center, 
and the distribution of patients in different FAME 
Index categories did not differ between the centers 
(Table I). There was no statistically significant 
difference between patients from the two centers 
for gender, age and weight; however, the Lithuanian 
cohort was taller (p=0.001) (Table II).

The subgroup with patients having high risk of 
fracture while having low risk of mortality accounted 
for 18% of all patients (Figure 2).

DISCUSSION

The direct and indirect costs in the first year 
following a hip fracture were estimated to be $43,669 
in the year 2014 by Williamson et al.[1] Moreover, 
these calculations do not include the societal impact 

of caregiving by relatives. Altogether, this translates 
to more than a hundred billion Unites States dollars 
being spent globally each year; more than breast and 
gynecological cancers combined.[10]

Hip arthroplasty and internal fixation are the 
two most common treatment options for cervical and 
trochanteric femoral fractures.[11,12] Healthier patients 
with long life expectancy have better functional 
recovery and lower mortality when internal fixation 
is used.[13] However, dynamic hip screws (DHS) 
and intramedullary nails and screws are associated 
with high failure rates, particularly in unstable 
trochanteric fractures.[14] Osteosynthesis cutout, 
with penetration of the cervical screw through the 
femoral head, preceded by a neck-shaft varus tilting, 
is the most common reason of failure, reported in 
up to 10% in trochanteric fractures, and in about 
5% of neck fractures.[15] In addition, reoperations 
have been reported to be as high as 30%, where 
treatment of dislocated femoral neck fracture with 
internal fixation fails and subsequently gets revised 
with THA.[15,16] It is well established that salvage 
THA following hip fractures has significantly 
higher risk of complications compared to primary 
THA.[16] The tip-apex distance has been defined as 
a strong predictor of screw cutout, while recent 
studies question its relevance.[17] The bone quality, 
i.e. the degree of osteoporosis, on the other hand 
is associated with failures.[4] Despite the increase 
in clinical awareness; adoption of secondary 
preventation using bisphosphantes is still low, partly 
due to low patient adherence.[18] Besides, even if 
included in a dual-energy X-ray absorptiometry 
surveillance program, there is a delayed response to 
bisphosphonate treatment, which has been deemed 
critical, during the first one and half years.[19] 
Augmentation increasing mechanical strength of 
cancellous bone in osteoporotic hip fractures may 
lower the burden of revision, which may outweigh 
the related additional cost. Before the operation, 
deciding in whom to augment is a challenge.

Hip fracture augmentation has been described by 
injection of PMMA or ceramics.[5,20] Many different 
techniques and materials used in fragile bone were 
described in clinical and in vivo studies as well 
as in computer models.[4,5] However, data available 
are scattered. PMMA is today the only approved 
augmentation material for cannulated and fenestrated 
screws in the spine and the use has not been 
widely spread and search for alternative methods 
continues.[5] A pilot study by Širka et al.[20] indicated 
that local delivery of a bisphosphonate, zoledronic 
acid (ZA), using the calcium sulphate/hydroxyapatite 

FIGURE 2. Pie-chart representation of combined FAME 
Index subgroups from both centers. Each color represents 
one of nine subgroups of the FAME Index as illustrated 
in Table 1. Yellow section with thick borders represents  
subgroup with high risk of fracture and low risk of mortality.
FAME: Fracture and Mortality Risk Evaluation.
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(CaS/HA) biomaterial enhanced bone formation in 
the femoral neck canal of severely osteoporotic rats. 
Moreover, recently, Raina et al.[21] confirmed the 
findings also in a screw implant-integration model 
in rats. Whether these studies will show a similar 
potential in the clinical scenarios is a matter of 
speculation; however, they do provide novel methods 
for augmenting bone quality in osteoporosis as well 
as improving screw fixation. It is however important 
to mention that local delivery of ZA has a profound 
effect on cancellous bone regeneration in healthy as 
well as osteoporotic while the effect on cortical bone 
is minimal.[20] A finite element modeling study by 
Kok et al.,[22] used computer simulations to predict 
the effect of CaS/HA augmentation in the form of 
injections into the human femoral heads/femoral neck 
canal and indicated enhanced mechanical properties 
by up to 25% which were dependent on volume and 
location of the injection. In a limited one-year follow-
up study, the use of an injectable ceramic applied in 
the trochanteric fracture bone void has been shown to 
lead to adequate fracture healing with minimal DHS 
screw migration.[4]

Neither dual X-ray absorptiometry nor 
quantitative computed tomography (QCT) is an 
ideal assessment tool measuring bone quality after 
a hip fracture. On the other hand, volumetric BMD 
methods with voxel-based morphometry and spatial 
assessment from QCT images have been validated 
and applied in hip fracture studies, in a clinical 
setting with the non-fractured femoral head canal, 
the tentative screw canal and its surrounding as 
the region of interest.[23] In today’s clinical practice, 
regular X-ray of the fractured hip is standard. 
However, CT is evolving as a routine examination 
in emergency settings and is not significantly more 
time-consuming. In addition, QCT of the hip is not 
associated with critical extra radiation exposure, 
particularly in the old population.[24] Standardized 
automated digital method using QCT may identify 
what type of fixation device or augmentation is best 
for specific hip fracture patients and may, in the 
future, be combined with the Sernbo to form the 
FAME index for stratification of hip fractures.

It is reasonable to argue that patients with high 
fracture and low mortality risks would benefit from 
an augmentation procedure far more than the ones 
with low fracture and high mortality risks. In this 
study, by combining the well-established FRAX and 
the Sernbo score to form a FAME Index, one fifth of 
the patients could be identified as a cohort, with high 
risk of subsequent fracture but low risk of mortality. 
This group could theoretically benefit from cancellous 

bone augmentation during internal fixation of a 
fragility hip fracture. By utilizing a simple form, the 
FAME Index was successfully applied in the acute 
setting before the operation, during history taking by 
well-informed medical staff in less than 10 minutes.

We recognize several limitations to the study. The 
number of patients enrolled were based on clinical 
decision. Additional recruitment could have given 
minor adjustments of the groups. We have used a 
FRAX classification excluding bone mineral density 
measurement. Moreover, we have not performed 
a follow-up of enrolled patients thus, definite long 
term outcome remains to be evaluated . However, it 
has been comprehensively reported in the literature 
that both FRAX and Sernbo scores can separately 
be utilized successfully to estimate fracture and 
mortality risk.

In conclusion, screw and device augmentation 
in hip fractures is still up to debate and data from 
randomized controlled trials (RCTs) are required to 
be able to verify its efficacy. Without stratification 
of patients, these RCTs may provide scattered data, 
which decreases the scientific value and increases 
the size and cost of the study; therefore jeopardizes 
the clinical adaptation. Using the FAME Index for 
stratification of hip fractures may provide a solid base 
for RCTs justifying the costs emanating from either 
governmental or industrial sources.
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