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Surveillance of atypical femoral fractures in a nationwide 
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Background and purpose — To continuously assess the 
incidence of atypical femoral fractures (AFFs) in the popu-
lation is important, to allow the evaluation of the risks and 
benefits associated with osteoporosis treatment. Therefore, 
we investigated the possibility to use the Swedish Fracture 
Register (SFR) as a surveillance tool for AFFs in the popula-
tion and to explore means of improvement.

Patients and methods — All AFF registrations in the 
SFR from January 1, 2015 to December 31, 2018 were 
enrolled in the study. For these patients, radiographs were 
obtained and combined with radiographs from 176 patients 
with normal femoral fractures, to form the study cohort. All 
images were reviewed and classified into AFFs or normal 
femur fractures by 2 experts in the field (gold-standard clas-
sification) and 1 orthopedic resident educated on the specific 
radiographic features of AFF (educated-user classification). 
Furthermore, we estimated the incidence rate of AFFs in 
the population captured by the register through comparison 
with a previous cohort and calculated the positive predictive 
value (PPV) and, where possible, the inter-observer agree-
ment (Cohen’s kappa) between the different classifications.

Results — Of the 178 available patients with AFF in the 
SFR, 104 patients were classified as AFF using the gold-
standard classification, and 89 using the educated-user clas-
sification. The PPV increased from 0.58 in the SFR classifi-
cation to 0.93 in the educated-user classification. The inter-
observer agreement between the gold-standard classification 
and the educated-user classification was 0.81.

Interpretation — With a positive predictive value of 0.58 
the Swedish Fracture Register outperforms radiology reports 
and reports to the Swedish Medical Products Agency on 
adverse drug reactions as a diagnostic tool to identify atypi-
cal femoral fractures.

Atypical femoral fractures (AFF) represent a new entity of 
insufficiency fractures that have a strong association with 
bisphosphonate treatment (1–5). These fractures are rare, and 
the radiographic pattern may be difficult to discriminate from 
those of other types of fractures of the femoral shaft (6). There 
is little published information on how AFFs are identified by 
radiologists and orthopedic surgeons in daily clinical practice. 
Some reports have suggested that the current American Soci-
ety for Bone and Mineral Research (ASBMR) criteria (2) are 
poorly applied and very few AFFs are correctly identified as 
such (7) (Figure 1). Therefore, epidemiological surveillance in 
the population is difficult.

Figure 1. A. Atypical femoral fracture with radiographic features i.e., 
non-comminuted fracture with local cortical thickening and “beaking” at 
the fracture site, transverse orientation of the fracture line in the lateral 
cortex with a medial spike. B. Normal femoral fracture.
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The Swedish Fracture Register (SFR) is a nationwide regis-
ter in which trauma- and fracture-specific data are registered 
by the treating physicians, in a web-based interface, irrespec-
tive of the type of treatment administered. In 2015, we added 
the possibility to register AFF in the SFR.

The surveillance of AFF in the population through the SFR 
and other fracture registers should help patients and prescribers 
to arrive at a realistic picture of the risks and benefits of bisphos-
phonate treatment, even when treatment recommendations and 
clinical practice change over time. However, such a surveillance 
system relies on the correct classification of fractures. 

Therefore, we investigated the Swedish Fracture Register 
(SFR) as a surveillance tool for atypical femoral fractures 
(AFFs) in the population and to explore means of improve-
ment. Another secondary aim was to estimate the incidence 
of AFF in the population between 2015 and 2018 using SFR.

Patients and methods 
Swedish Fracture Register
The Swedish Fracture Register was inaugurated in 2011 at 
Sahlgrenska University Hospital in Gothenburg, Sweden 
and has now reached a national coverage of 100% (53 hospi-
tals). The completeness of the data in the SFR ranges widely 
depending on the fracture type and the reporting hospital. With 
currently more than 600,000 fractures included in its database, 
the SFR is one of the world’s largest registers of fractures and 
related treatments.

The registration process is performed through a personal 
login on the register’s homepage (https://sfr.registercentrum.
se). Every registration includes the date of trauma, trauma 
mechanism, fracture classification (modified AO/OTA classifi-
cation), treatment (non-operative and operative), type of surgi-
cal treatment, date of treatment, and any subsequent surgeries.

Atypical femoral fractures in the register
In 2015, we introduced atypical fractures as a subtype of sub-
trochanteric and diaphyseal femoral fractures (ICD S72.2 and 
S72.3; International Classification of Diseases, 10th revision). 
When a femoral fracture (S72.2 and S72.3) is registered on 
the homepage using the patient’s national personal identifica-
tion number, the user will be prompted with a pop-up window 
asking: “Is this an atypical femoral fracture, yes/no.” The 
pop-up window also contains the following reminder of the fea-
tures of atypical fractures: “Atypical fractures are stress frac-
tures with a transverse fracture line originating from the lateral 
cortex on the frontal plane X-ray. A callus reaction is present 
(cortical thickening). The fracture may present as an incomplete 
thin fracture line or as a complete fracture. These fractures have 
a strong association with bisphosphonate treatment.” 

Detailed information can be registered regarding the trauma 
mechanism and whether a fracture is related to primary or sec-
ondary bone tumors or pre-existing implants or joint prostheses.

Study population
All the patients with AFF in the SFR were identified between 
January 1, 2015 and December 31, 2018. The personal identi-
fication number was used to retrieve all the radiographs of the 
ipsilateral femur for each patient from the relevant radiology 
department and stored in the PACS at Linköping University 
Hospital, Sweden. To provide a control group of patients with 
normal femur fractures, we randomly selected an additional 
176 patients from our previous study cohort with normal 
femoral fractures (NFFs) from 2008 to 2010 (8) (mean age, 
82 years; SD 9.6; 80% females in the initial study cohort), to 
form the current study cohort (Figure 2). Radiographs from 
these patients served as a negative control population to derive 
the gold-standard classification and the educated-user classifi-
cation described below.

Fracture types
We classified fractures into 2 types: AFFs and NFFs. AFFs were 
characterized according to the following features: (1) located 
in the femoral diaphysis (between the tip of the lesser trochan-
ter and the supracondylar flare); (2) the fracture originated in 
the lateral cortex and ran perpendicular to the longitudinal axis 
of the femur; (3) the fracture was not at all or only minimally 
comminuted, and (4) showed a medial spike, and (5) there was 
endosteal/periosteal thickening at the fracture site. According 
to the ASBMR criteria (2), 4 out of 5 major criteria need to 
be fulfilled for the classification of AFF. In our definition, the 
transverse fracture line and endosteal/periosteal thickening 
were compulsory features of AFF (9). NFFs were not trans-

Patients with atypical femoral fractures (AFF) 
in the Swedish Fracture Register (SFR) registered 

from January 1st, 2015 to December 31st, 2018
n = 218

Excluded (n = 40):
– duplicate registrations, 19
– radiographs not available, 17
– other, 4

Study cohort
n = 178

SFR user
AFF: n = 178

Gold standard
AFF: n = 104

Educated user
AFF: n = 89

Control group
n = 176

Individual blinded review
n = 354

AFF (n = 104):
– complete, 100
– incomplete, 4

Non-AFF (n = 74):
– peri-implant fracture, 27
– normal femur fracture, 24
– pathologic fracture, 22
– osteogenesis imperfecta, 1

Figure 2. Flowchart showing the selection of radiographs and the 
results of the different radiographic reviews.
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verse on the lateral side. Both fracture types showed no signs 
of previous surgery or malignancy. The number of patients 
receiving bisphosphonate treatment could not be determined.

Classification of fracture types
Radiographs were made available blinded from all back-
ground information to the 3 reviewers, who then classified 
the fractures individually into AFF or NFF. 2 of the review-
ers (HPB and GZ) with experience in research on AFF were 
assigned as expert reviewers (gold-standard classification). 
The remaining reviewer (LB) was a final-year orthopedic 
resident without research background, regarded as an aver-
age SFR user. Before classification of the fracture types, LB 
was given a short, online introduction to the field of AFF, the 
ASBMR classification criteria, and our thoughts on the clas-
sification of AFFs based on their insufficiency-type fracture 
appearance (educated-user classification) (10). 

The expert reviewers were in agreement on all but 9 cases 
(inter-rater kappa of 0.93), which were agreed upon via video 
conference, to establish a gold-standard classification. Even-
tually, there were 3 different classifications of the study cohort 
available for comparison: the original classification of AFF 
cases in the fracture register (SFR classification); the gold 
standard classification; and the educated-user classification.

Statistics
We tested the diagnostic performances of the SFR classifica-
tion and the educated-user classification compared with the 
gold-standard classification using positive predictive values 
(PPVs) with corresponding 95% confidence intervals (CI). 
Cohen’s kappa coefficient for inter-observer agreement was 
calculated for the gold-standard classification and the edu-
cated-user classification to evaluate the extent of agreement.

Furthermore, we calculated the sensitivity of the SFR to 
detect AFF by comparing the number of AFFs in the gold-
standard classification with the number of expected AFFs in 
the population in 2018. To calculate the expected number of 
AFFs, we used historical data on AFF in patients aged > 55 
years (10) from counties with a coverage for hip fractures of 
> 80% in the SFR in 2018 (Table). The year 2018 was chosen 
because the extent of coverage of the register is steadily 
increasing and 2018 was the most recent year with complete 

Board (diary numbers: 014/407-31 and 2017/1-32) and was 
supported by ALF Grants, Region Östergötland, the Swedish 
Society of Medicine, and the Wallenberg Centre for Molecu-
lar Medicine, Linköping University, Linköping, Sweden. 
HPB is member of the steering committee of the Swedish 
Fracture Register. MM is director of the Swedish Fracture 
Register. The remaining authors have no conflicts of interest 
to declare.

Results

Between January 1, 2015 and December 31, 2018 there were 
5,247 registrations of low-energy subtrochanteric and diaphy-
seal femoral fractures in the SFR of which 218 (178 females) 
were AFFs. We excluded 40 of the 218 AFF cases from the 
analysis owing to multiple registrations (n = 19), missing 
radiographs (n = 17), and other reasons (n = 4). 

Of the remaining 178 patients registered with AFF in the 
SFR (mean age, 75 [SD 11] years; 147 [83%] females), 104 
were classified as having AFF in the gold-standard classifica-
tion. The remaining 74 cases from the SFR cohort were not 
classified as AFF by the 2 expert reviewers (27 peri-implant 
fractures, 24 normal fractures, 22 fractures with malignant 
changes in the ipsilateral femur, and 1 fracture with features 
typical of osteogenesis imperfecta). The SFR classification 
had a diagnostic accuracy of 0.58 (CI 0.51–0.66) when com-
pared with the gold-standard classification. 

The educated-user classification identified 89 patients as 
AFF. Of these, 83 patients were also identified as AFF in the 
gold-standard classification (inter-observer agreement of 0.81 
(CI 0.74–0.88), Cohen’s kappa coefficient) (11). The remain-
ing 265 cases were classified as non-AFFs. The PPV for the 
educated-user classification compared with the gold-standard 
classification was 0.93 (CI 0.85–0.97). Of the 104 patients 
with AFF in the gold-standard classification, 97 were ≥ 55 
years of age. 

We identified 4,781 low-energy subtrochanteric and diaphy-
seal femoral fractures (including peri-implant fractures but 
excluding insufficiency and pathological fractures) registered 
in patients aged 55 years or older in the SFR for the period 
2015–2018. For the year 2018 (fractures of the subtrochan-

Incidence (per 100,000 inhabitants) trends of AFF over time

 2008–2010
Year 2008 2009 2010 mean 2018

AFF rate 23 18 29 23 13
Population a  1,036,859 1,046,832 1,057,143 1,046,945 1,142,417
Incidence 2.2 1.7 2.7 2.2 1.1

a Accrued inhabitants and permanent residents, 55 years and older in the coun-
ties Västra Götaland, Kalmar, Gävleborg, Dalarna, Blekinge, Uppsala, Värm-
land, and Jämtland.

register data at the time of data extraction. We used a 
well-defined, nationwide cohort of patients with AFF 
for the period 2008–2010 as a reference population 
(8), to extrapolate the expected incidence rate of AFF 
in the whole population of women and men aged > 
55 years in 2018 (Table), using population data from 
Statistics Sweden (https://www.scb.se/en/; the gov-
ernmental agency for official statistics in Sweden).

Ethics, funding, and potential conflicts of 
interest
The study was approved by the local Ethical Review 
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teric or diaphyseal region of the femur, n = 1,164), we calcu-
lated an incidence rate of 1.1 AFF per 100,000 women and 
men aged ≥ 55 years and at risk in the selected counties (n = 
1,142,417). The mean incidence rate of AFF in the selected 
counties for the period 2008–2010 was 2.2 per 100,000 per 
year (range 1.7–2.7). Comparing this number of AFF cases in 
the population with the number of AFF cases in the gold-stan-
dard classification, the SFR allowed detection of roughly half 
of the expected patients with AFF in the population, assuming 
an unchanged incidence rate of AFF over time.

Discussion 

We studied the diagnostic accuracy of AFF diagnoses regis-
tered in the Swedish Fracture Register to evaluate the potential 
of the register as a surveillance tool for these rare fractures. 
Approximately 58% (104/178) of all AFFs registered in the 
SFR were confirmed as such in the gold-standard classification. 
Even if this percentage appears low, the register is more suc-
cessful in this respect than radiology reports alone (< 7%) (7) 
and reports on drug adverse reactions to the Swedish Medical 
Products Agency. For the period 2015–2018, only 20 patients 
(18 women) were reported to the drug adverse reaction data-
base (BiSi; extraction date: November 12, 2020) for the whole 
country. Thus, improvement is both desirable and urgent. 

We chose to exclude AFF cases from the gold-standard clas-
sification if their radiographs showed pre-existing implants 
in the ipsilateral femur. This was in line with our previous 
research (3,9,10,12–23) and according to interpretations (24) of 
the internationally accepted case definition of AFF proposed 
by ASBMR (2). However, recent studies have questioned the 
exclusion of peri-implant fractures as AFFs (24). Inclusion of 
these fractures in a surveillance tool would be reasonable in 
terms of allowing a thorough assessment in the later stages. 
In the present study, 27 of the patients who were registered 
as AFF in the SFR showed pre-existing implants in the ipsi-
lateral femur and 14 of these were classified as AFF by the 2 
experts but excluded due to the pre-existing implants. Includ-
ing these peri-implant fractures in the accuracy assessment 
would increase the agreement between the SFR classification 
and the gold-standard classification to 66% and would be in 
line with recent findings and thoughts on whether to exclude 
AFF in the presence of orthopedic implants (25,26). Of the 
22 AFF cases in the SFR classification that were identified as 
having pathological fractures in the gold-standard classifica-
tion, 10 patients were also identified through the pathological 
fracture classification tool in the SFR. 

We observed a difference in the registration accuracy 
between the educated-user classification and the SFR classi-
fication with an increase in the PPV from 0.58 to 0.93. This 
observed improvement using 1 single examiner does not allow 
any conclusions on how to improve accuracy in the register but 
has prompted us to publish a movie clip along with the regis-

tration process of AFF in the SFR (https://stratum.blob.core.
windows.net/sfr/Movies/AtypFemureFract.mp4). The impor-
tance of accurate diagnosis of AFF based on established diag-
nostic criteria has been emphasized in previous studies, espe-
cially in terms of whether the fracture line runs transverse and 
whether a minimal periosteal callus reaction can be seen or not 
(6,27). Our findings indicate that most classification failures are 
related to poor compliance with the ASBMR criteria. Regis-
trations of treatment choices in the register are typically done 
by the operating surgeon. Most fracture classifications on the 
other hand are done by junior doctors in the emergency depart-
ment. Emergency departments are often staffed with doctors 
at the intern or resident level who might not have sufficient 
knowledge of AFFs. The improvement that we observed was 
based on the fracture classification of a volunteer, final-year 
orthopedic resident. The observed effect might be influenced 
by selection and expert bias, thus limiting generalizability of 
our findings to the standard SFR user responsible for the initial 
classification of fractures. Choosing a control group of familiar 
size gives a clear indication of the prevalence of AFF in the 
sample. This might have influenced the PPV of the educated-
user classification as well as the kappa value, because we 
defined the outcome prevalence by our design. Furthermore, 
the higher PPV of the educated-user classification seems to 
come at the cost of overall diagnostic accuracy. Because the 
number of false-negative diagnoses was increased, the sensi-
tivity of the educated user classification was lower. Another 
limitation is the choice of control radiographs that were previ-
ously reviewed by the expert reviewers (8). This might have 
influenced the gold standard classification through recall bias. 
However, because reviews were several years apart, such an 
influence is very unlikely (28). Furthermore, we are unaware of 
the number of false-negative AFFs in the register because such 
radiographs were not reviewed. 

Based on extrapolated estimates on incidence rates of AFF 
in the population, the SFR enabled detection of roughly half 
of the expected cases. These estimates are highly speculative 
given that the true rate for patients with AFF in the population 
of Sweden for 2018, as well as the time trends of the inci-
dence rates for the period 2008–2010 compared with 2018, 
are unknown. Considering the decline in bisphosphonate 
prescription rates (29) and the emphasis on regimens with 
individualized but limited treatment duration of bisphospho-
nates for osteoporosis (30), a decrease in the incidence of AFF 
would be expected.

We were not able to acquire information regarding the status 
of treatment with bisphosphonates or other anti-resorptive 
drugs because these variables are not captured in the SFR. Our 
results are highly relevant for healthcare systems with large reg-
isters that allow the registration of specific fracture types. Fur-
thermore, this investigation was limited to complete AFFs that 
were treated surgically; no incomplete fractures were included.

Surveillance of AFFs in the population is hindered by dif-
ficulties related to the timely and correct diagnosis of patients. 
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Despite the currently moderate accuracy level of registered 
AFFs in the SFR, the register provides valuable possibili-
ties for surveillance across individual hospitals with minimal 
effort. With further assistance provided by artificial intelli-
gence algorithms to aid in the correct classification of initial 
radiographs (31,32), and the coupling of instructional materi-
als concerning the ASBMR criteria to the registration process 
in the SFR, the accuracy of this and other registers can be 
further improved.

In conclusion, the SFR represents a useful tool to identify 
the rare event of AFF in the population. The diagnostic accu-
racy of AFF data in the SFR might be improved through mini-
mal educational effort.

HPB, JS: study idea and design, collection, and analysis of data, writing and 
editing of the manuscript. GZ, LB: collection and analysis of data, review 
and editing of the manuscript. MM: study design, review and editing of the 
manuscript.
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