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Abstract: Background: Osteoporosis represents a global problem, which involves high risks of
disability and death due to the consequences of fragility fractures. The aim of our study is to verify
what type of relationship there is between ankle fractures and osteoporosis. Specifically, we aim to
understand how the clinical and anamnestic characteristics of patients, along with the radiographic
features of these fractures, may contribute to considering them as osteoporotic fractures. Methods:
The study group includes 51 consecutive patients aged 60 years or older operated for ankle fracture
from May to October 2022. The fractures were divided into uni-, bi-, or trimalleolar based on the
plain X-rays. All patients underwent femoral and vertebral bone mineralometry by DXA associated
with the FRAX questionnaire. Results: Ankle fractures in the elderly were associated with reduced
BMD (76.5% of the total patients examined, 83.8% considering only women) and low-energy traumas
(82%). Furthermore, these fractures present features of increased complexity as bone mass decreases.
Conclusions: Ankle fractures in the elderly exhibit characteristics that suggest a relationship with
bone fragility. For these reasons, it might be advisable to initiate a comprehensive fracture risk
assessment in elderly patients who experience an ankle fracture. These fractures should not be
underrated, and antiresorptive therapy must always be taken into consideration when selecting
patients at risk.

Keywords: ankle surgery; ankle fractures; fragility fractures; osteoporosis; old patients; bone mineral
density; dual-energy X-ray absorptiometry

1. Introduction

Osteoporosis is a systemic skeletal disorder characterized by reduced bone mineral
density (BMD) and microarchitectural deterioration. This alteration of normal bone physi-
ology in the end results in increased fracture risk, so-called “fragility fractures” [1]. Osteo-
porosis is a growing global problem, which involves high risks of disability and death due
to the consequences of fragility fractures [2,3] both in men [4] and women.

1.1. Diagnosis of Osteoporosis

The diagnosis of osteoporosis relies on a comprehensive approach, including a detailed
patient history, a thorough clinical examination, spinal X-rays, bone mineral density (BMD)
measurements, and laboratory investigations [5]. The patient’s history should focus on
identifying risk factors such as family history, previous fractures, dietary habits, lifestyle
factors (e.g., alcohol consumption), use of medications affecting bone metabolism, and age
at menopause onset [6].

Bone mass, expressed as bone mineral density (BMD), can be assessed using various
techniques generally indicated as bone densitometry or computerized bone mineralometry
(CBM). The most reliable procedure is the so-called DXA (dual-energy X-ray absorptiome-
try) which should be always measured at two levels: hip and spine.

Appl. Sci. 2024, 14, 3787. https://doi.org/10.3390/app14093787 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14093787
https://doi.org/10.3390/app14093787
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-4244-166X
https://doi.org/10.3390/app14093787
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14093787?type=check_update&version=1


Appl. Sci. 2024, 14, 3787 2 of 14

BMD values are essentially expressed with the T-score the value 0 is the average BMD
value of healthy young adults (peak bone mass). The Z-score (0 is the average value of
individuals of the same age and gender) can be a useful parameter, even if less used for
defining the degree of bone loss. According to the WHO criteria, four categories of subjects
are identified based on the measured T-score [7]:

• T-score from +2.5 to −1.0 SD (normal);
• T-score between −1.0 and −2.5 SD (osteopenia);
• T-score < −2.5 SD (osteoporosis);
• T-score < −2.5 SD in the presence of at least one fragility fracture (severe osteoporosis).

It has been observed that the risk of fracture begins to increase exponentially with
densitometric values of T-score < −2.5 standard deviations (SD), which, according to WHO,
represents the threshold for diagnosing osteoporosis. Bone mass is directly related to the
mechanical strength of the bone and inversely related to its fragility.

BMD measurements of the lumbar spine, femoral neck, total hip, and distal third
of the radius are predictive of fragility fractures. Measurements on the distal radius are
performed only when lumbar and/or femoral evaluation is imprecise or inaccurate, in
severely obese patients, and in patients with hyperparathyroidism.

1.2. Risk Factors

Various risk factors contribute to the development of osteoporosis, including age,
previous fractures, family history, comorbidities, and pharmacological therapies. Age is a
primary determinant, with an exponential increase in the incidence of osteoporotic fractures
in the elderly. Previous fractures, irrespective of the site, serve as strong predictors for
subsequent fractures, and a positive family history of fractures independently influences
fracture risk [8]. Certain comorbidities, such as rheumatoid arthritis, diabetes, and renal
diseases, can elevate the risk of fractures, as can specific pharmacological therapies, notably
prolonged use of glucocorticoids.

However, it should be emphasized that up to 30% of patients with fragility fractures
have normal T-score values or values in the osteopenia range [6].

A comprehensive risk assessment, integrating BMD and clinical risk factors [9], is
essential for identifying individuals at risk of fractures and guiding therapeutic decisions.
Algorithms like FRAX® [10] and DeFRA are valuable tools for this integrated assessment.

The role of BMI as a risk factor is still debated and needs to be clarified [11]. The
current literature suggests that obesity is correlated with an elevated risk of fractures at
certain sites, such as non-hip inferior limb fractures and the proximal humerus. However,
contrasting findings suggest instead a potentially protective effect at other sites, including
hip fractures and possibly the wrist [12].

1.3. Fragility Fractures

Historically, osteoporosis has been associated with hip and vertebral fractures [13],
primarily because these types of fractures occur following low or no-energy trauma almost
exclusively in patients with pathologically low bone mineral density. A hip fracture is
almost always due to osteoporosis [14] and the same can be said for a vertebral fracture [15]
due to minimal or no trauma, so much so that, regardless of BMD, such fractures are con-
sidered an incontrovertible sign of severe osteoporosis and, in the vast majority of countries
around the world, patients who experience such fractures, are entitled to reimbursement of
osteoporosis drugs by the government [16].

It is widely believed that some other fractures, extravertebral and extrafemoral, are
to be considered mainly due to bone fragility. These are wrist, proximal humerus, and
ankle fractures [17]. However, since these fractures can also occur in young patients and
have a traumatic mechanism that is not always well definable as low impact, they are not
automatically considered due to severe osteoporosis, unlike hip and vertebral fractures.

Recent epidemiological studies have underscored the rising incidence of ankle frac-
tures in conjunction with osteoporosis, suggesting a possible nexus between the two [18].
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1.4. Objective of the Study

This research endeavors to contribute to the existing literature by investigating the
debated association between osteoporosis and ankle fractures, with a particular emphasis
on discerning whether such fractures can be classified as fragility fractures.

The importance of understanding this association lies in the potential implications for
clinical practice, preventive strategies, and therapeutic interventions aimed at improving
patient care and reducing the societal burden linked with osteoporotic fractures [19].

The purpose of this study is also to evaluate whether ankle fractures are connected to
some individual characteristics and whether the radiographic feature of the fracture can
address a definite diagnosis of osteoporosis.

2. Materials and Methods

The authors performed an observational prospective study with a cohort of patients
that was extracted from the surgical database of the Orthopedic and Traumatology Clinic
of the “Santa Maria della Misericordia” Hospital in Perugia.

All the patients were divided into 5 groups based on their age and each group was
further divided by gender.

Inclusion criteria:

• Patients aged ≥60 years;
• Ankle fracture treated surgically in our Hospital “Santa Maria della Misericordia” in

Perugia from 1 May 2022 to 31 October 2022;
• DXA performed between 6 months and 1 year from the date of the surgery at the

contralateral side relative to the fracture.

Exclusion criteria:

• Previous ankle fractures;
• Severe ankle osteoarthritis previous to surgery;
• Irreducible ankle dislocation;
• Patients with complications after surgery.

All subjects gave their informed consent for inclusion before they participated in the
study. This study was conducted in accordance with the Declaration of Helsinki.

2.1. Clinical and Anamnestic Evaluation

Clinical and anamnestic evaluation of the patients occurred by recording BMI and
through a specific questionnaire. In this questionnaire were collected information regarding:

• The fracture traumatic mechanism description is to divide it into high- or low-energy
traumas. Low-energy traumas were defined in agreement with P. Kannus [20,21], who
included in the minor sprain type traumas affecting the ankle, i.e., slips, jumps, and
falls from a standing position or from a height in any case lower than the patient’s
height. The category of high-energy traumas includes those that occurred due to falls
from a height greater than one’s own height, car and motorcycle accidents, and others.

• The menstrual history, considering as a risk factor the presence of amenorrhea pe-
riods in fertile age exceeding 9 months, early menopause (before age 45), bilateral
ovariectomy during fertile age (iatrogenic early menopause).

• Diabetes mellitus, alcohol consumption greater than 3 units/day, smoking habit,
corticosteroid oral therapy (5 mg/day or more) at the time of evaluation or in the
previous 3 months.

• Protracted period of bed rest, immobilization, or total absence of load on both lower
limbs (at least one month) in the immediate period of time preceding the execution of
the DXA. This was decided as under these conditions it would not have been possible
to discern whether any reduction in BMD was linked to this period of no weight
bearing or to an underlying condition preceding the fracture.
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2.2. Postoperative Radiographic Evaluation of BMD

The fractures were divided into uni-, bi-, or trimalleolar based on plain X-rays.
The definition of bone mineral density (BMD) was defined through femoral and

vertebral bone mineralometry with DXA (HOLOGIC® model Discovery Wi S/N 87061,
Perugia, Italy). All patients underwent DXA between 6 months and 1 year from the date of
the surgery at the contralateral side relative to the fracture. Mineralometric findings were
excluded if not performed with the same radiological device (HOLOGIC® model Discovery
Wi S/N 87061) used in our hospital.

2.3. Risk of Future Fractures

In order to assess the risk of future fragility fractures and complete the diagnosis of
osteoporosis, the DXA was associated with the FRAX questionnaire [22]. The FRAX® [10]
allows the calculation of the percentage probability for a patient to experience a hip or
other fracture over the next 10 years. It has been adopted by numerous scientific societies
and more recently by health authorities, notably the UK’s National Institute for Health
and Care Excellence (NICE) [23]. The input variables required for the calculation include
age, gender, weight, height, history of previous fracture, presence of a consanguineous
family member with history of fragility fracture, smoking habit, corticosteroid therapy,
rheumatoid arthritis, secondary osteoporosis, alcohol consumption greater than or equal to
3 units per day, and the value of BMD determined at the femoral neck expressed in T-score.

2.4. Postoperative Clinical Evaluation

The postoperative ankle clinical functionality was recorded at the final follow-up, i.e.,
at 6 months from the date of the surgery.

The tool employed for this evaluation was the FADI (foot and ankle disability index)
score [24]. FADI score is a scale that has the purpose of collecting a global opinion of the
patient about the condition of his ankle, the difficulties encountered in carrying out specific
activities, as well as obtaining information about ankle pain.

2.5. Statistics

For all data analyses and graphical representations, Microsoft Excel (16.43 version)
was used as the software for calculation. The mean values of the variables were expressed
as the mean value ± standard deviation.

Two statistical tools were employed for data analysis: Student’s t-test for paired data
and linear regression for the other variables.

The significance of the tested hypotheses was assessed using the p-value, with a
statistical significance threshold set at p < 0.05.

3. Results
3.1. Demographic and Clinical Evaluation

Our study included 51 patients, consisting of 14 males and 37 females with a min-
imum age at the time of surgery of 60 years and a maximum of 82 years (mean value
69.2 ± 6.3 SD).

All the patients were divided by sex in 5 groups based on their age (Table 1).

Table 1. Data distribution of the patients by sex and age.

Age Ranges Sex Tot (N◦) Tot (%)

60–65
M + F 18 35.3%

M 6 33.3%
F 12 66.7%

65–70
M + F 14 27.5%

M 5 35.7%
F 9 64.3%
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Table 1. Cont.

Age Ranges Sex Tot (N◦) Tot (%)

70–75
M + F 10 19.6%

M 2 20.0%
F 8 80.0%

75–80
M + F 4 7.8%

M 0 0%
F 4 100%

80–85
M + F 5 9.8%

M 1 20.0%
F 4 80.0%

The average BMI of the patients was 26.94, for men was 26.91 and for women was 28.1.
Only one female patient was found to be underweight (BMI < 18.5), 29.5% of the patients
were normal weight (BMI between 18.5 and 25), 50% of the patients were overweight (BMI
between 25 and 30), and 18.2% were obese.

3.2. BMD
3.2.1. BMD and Type of Fracture

Unimalleolar fractures were observed in 10 patients (19.6%), bimalleolar fractures
were found in 20 patients (39.2%) and trimalleolar fractures in 21 (41.2%).

The bone mineral density (BMD), expressed as a T-score for each patient, revealed that
12 patients (23.5%) were categorized as normal, 29 (56.9%) as osteopenic, and 10 (19.6%) as
osteoporotic. Among the normal patients, 50% were women and 50% men; among patients
classified as osteopenic, women represented 72% of cases (21 patients) while men 27%
(8 patients). All 10 patients with osteoporosis were women (Figure 1).
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Figure 1. Classification of patients based on BMD T-scores stratified by gender.

Considering only the women in the study (37), only 16.2% were classified as normal
BMD; 56.8% were osteopenic, while 27% were affected by osteoporosis. Overall, 83.8% of
women in the study were found to have reduced BMD compared to normal.

The average T-score for men is −1.1 SD, while for women, it is −2.0 SD.
The results of DXA were correlated with the type of fracture. In particular, the

percentage of each type of fracture was calculated after dividing the patients into three
groups based on BMD: normal, osteopenic, and osteoporotic (Table 2).



Appl. Sci. 2024, 14, 3787 6 of 14

Table 2. BMD correlation with type of fracture: the percentage of each type of fracture was calculated
after dividing the patients into normal, osteopenic, and osteoporotic.

Total Fractures

Type of Fracture N %

Unimalleolar 10 19.6

Bimalleolar 20 39.2

Trimalleolar 21 41.2

Non-specificated 0 0.0

Total 51 100.0

Normal BMD (T-Score > −1 DS)

Type of Fracture N %

Unimalleolar 2 16.7

Bimalleolar 7 58.3

Trimalleolar 3 25.0

Non-specificated 0 0.0

Total 12 100.0

Osteopenia (−2.5 DS < T-Score < −1 DS)

Type of Fracture N %

Unimalleolar 6 20.7

Bimalleolar 12 41.4

Trimalleolar 11 37.9

Non-specificated 0 0.0

Total 29 100.0

Osteoporosis (T-Score < −2.5 DS)

Type of Fracture N %

Unimalleolar 2 20.0

Bimalleolar 1 10.0

Trimalleolar 7 70.0

Non-specificated 0 0.0

Total 10 100.0

The most significant results concern trimalleolar fractures: these occur in 25% of
patients with BMD classified as normal, 37% of fractures in osteopenic individuals, and
increase to 70% in osteoporotic patients.

3.2.2. BMD and Type of Trauma

In the present study, 42 patients (82.4%) reported ankle fractures due to low-energy
trauma, while 9 (17.6%) resulted from high-energy trauma. The correlation between the
type of trauma and the DXA result was investigated. Among patients with a normal T-score,
the fracture resulted from low-energy trauma in 66.7% of cases, in osteopenic patients in
82.8%, while in osteoporotic patients, low-energy trauma was observed in 100% of the cases
(Table 3).
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Table 3. Correlation of BMD and mechanism of trauma: from the data collected, it appears that the
less trauma that causes the fracture, the lower the BMD.

Normal Osteopenia Osteoporosis

Low-energy trauma 8 66.7% 24 82.8% 10 100.0%

High-energy trauma 4 33.3% 5 17.2% 0 0.0%

TOTAL 12 100.0% 29 100.0% 10 100.0%

The association of fractures with low-energy trauma seems to be correlated with a
reduction in BMD. The group of patients whose ankle fracture occurred due to low-energy
trauma had a mean T-score (−1.87 SD) lower than the group reporting high-energy trauma
(−1.09 SD), with a difference that proved to be statistically significant (p < 0.05).

3.3. FADI
3.3.1. FADI and BMD

The mean FADI score for the 51 patients included in the study was 79.04. Patients
were divided into two groups based on the T-score obtained from the DEXA: the first group
consisting of patients with osteoporosis and the second group of non-osteoporotic patients
(normal or with osteopenia).

The average FADI score reported by patients with osteoporosis was 63.64, while that
of the second group was 81.18. The score difference between the two groups was 17.54 and
this difference resulted in being statistically different (p < 0.05).

3.3.2. FADI and Type of Fracture

Patients with a unimalleolar fracture reported an average FADI score of 82.9, those
with a bimalleolar fracture had a mean FADI score of 83.2, while patients with a trimalleolar
fracture had a mean FADI score of 71.2. The group of patients with trimalleolar fractures
showed a mean score of more than 10 points lower than the other two groups, but this
difference proved not to be statistically significant (p = 0.09).

3.3.3. FADI and Type of Trauma

The mean FADI score for patients whose ankle fracture resulted from low-energy
trauma was 76.75 ± 17.8, while that of patients with high-energy trauma was 88.53 ± 11.3.

The difference between the two scores was 11.78 points and it resulted to be statistically
different (p < 0.05).

3.4. FRAX®

The risk of experiencing additional future fractures at 10 years was calculated using
the FRAX® algorithm. The patients included in the study have an estimated risk of
experiencing a new fracture at 10 years of 8.8%, with a specific risk for the hip of 2.0%.
When dividing the patients based on the type of trauma they experienced, whether low or
high energy, it emerges that the former have an average fracture risk of 10.8%, while the
latter have a risk of 6.2%. These differences align with the association identified between
fragility fractures and the type of trauma with a significant difference (p < 0.05).

3.5. BMI
3.5.1. BMI and BMD

Lacking a control group composed of individuals without ankle fractures, necessary
for comparison to identify the impact of risk factors associated with the examined injury,
we analyzed the association of two presumed risk factors, osteoporosis, and excessive BMI.
Dividing the patients into three age groups, this analysis revealed that, among younger
subjects (60–70 years), 81.5% were overweight, and only 15.6% were osteoporotic. In the



Appl. Sci. 2024, 14, 3787 8 of 14

age group 70–80 years, the prevalence of overweight individuals decreased (50%), while
the prevalence of osteoporosis remained stable (14.3%).

Among patients aged over 80 years, there were no overweight individuals observed,
and the prevalence of osteoporosis increased to 40% (Figure 2).
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3.5.2. BMI and Type of Fracture

It appears that, in the bi- and trimalleolar fracture patients, 81.3% and 72.2%, respec-
tively, the BMI was greater than 25, indicating overweight (Figure 3). A high BMI seems to
correlate with anatomically more complex ankle fractures, but this difference did not result
to be statistically significant (p > 0.05).
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3.5.3. BMI and Type of Trauma

Among patients with low-energy trauma, 69.4% were found to be obese; among those
with high-energy trauma, 62.5% of the patients were obese. Therefore, it does not seem
that excessive BMI could influence the traumatic mechanism underlying ankle fractures
(p > 0.05).
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3.5.4. BMI and FADI

The patients were then divided into two groups based on BMI: the first with BMI ≤ 25
(normal-weight individuals) and the second with a BMI > 25 (overweight and obese
individuals). The first group shows better clinical outcomes (mean FADI = 86) compared to
the second group (mean FADI = 74.8). Overweight or obese individuals exhibited worse
clinical outcomes than the normal-weight patient group, with a statistically significant
difference (p < 0.05).

4. Discussion

Ankle fractures constitute the third most common musculoskeletal injury in the elderly,
following hip and distal radius fractures [25]. Recent studies demonstrate a significant
increase in the incidence and severity of ankle fractures with age [20,26]. Among the factors
influencing the orthopedic management of ankle fractures in the elderly, a prominent role
is played by bone fragility associated with an underlying condition of osteoporosis [27].
This is due to the acknowledged difficulty in achieving stable fixation of osteoporotic bone,
necessitating surgical measures to ensure an optimal outcome.

Ankle fractures in the elderly represent a substantial healthcare burden due to the
higher risk of morbidity and mortality [28–30]. For this reason, it is debated whether this
fracture type, akin to the classic triad of proximal femur, vertebrae, and distal radius, can
be considered osteoporotic fragility fractures. The hypothesis of this correlation arises
primarily due to the fact that ankle fractures are a common low-energy fracture in the
elderly and secondly from the observation that these injuries seem to increase, especially in
perimenopausal women [31]. This hypothesis is supported also by the anatomical fact that
the bony sites involved in these fractures (medial, lateral, and posterior malleoli) consist
of a significant proportion of trabecular bone, the bone tissue most early, frequently, and
severely affected by osteoporosis.

Several studies in the literature have sought to evaluate the relationship between
these fractures and bone fragility, but their results are conflicting, highlighting a general
difficulty in categorizing ankle fractures as osteoporosis-related: some authors support
such a correlation reporting a lower BMD and alterations in bone quality in ankle fracture
patients [32,33], while others argue that there is no significant link [34,35].

In Italy, Note 79 [36] defines the criteria for prescription and reimbursement by the
NHS as limited to conditions of risk of osteoporotic fracture. Fractures eligible for re-
imbursement for osteoporosis therapy include hip and vertebral fractures, but not other
fractures, such as wrist and ankle fractures. This is probably due to the fact that, while
hip and vertebral fractures resulting from no or low trauma are easily includable among
fragility fractures, for the others the matter is more complex, both because it is not easy to
distinguish low- and high-energy traumas (for example, ankle fractures are almost always
due to an ankle sprain), and because they are not exclusive fractures of the elderly. From
the Swedish register [37], it emerges that hip-fractured patients have an average age of
81.1 years, and the percentage of patients over 65 years is 92.3%; those who undergo a ver-
tebral fracture have an average age of 63, while those over 65 are 53%. Those who undergo
an ankle fracture have a much lower average age (52.8), and only 30.5% are over 65. This
leads the government system to be cautious on the reimbursement of ankle fractures due to
the difficulty in discerning which of these fractures are truly fragility fractures and which
are not. The aim of the present study is also to correlate these fractures, based on various
parameters, to the actual risk of new fractures, identifying when an ankle fracture can be
considered due to fragility.

As well as for purely health economic reasons, the prevention of osteoporotic fractures
is essential to reduce the risks of complications and disability [38].

This correlation would also influence decisions regarding fracture management, par-
ticularly concerning surgical treatment aimed at ensuring stable fixation and an optimal
functional outcome.
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4.1. Ankle Fractures and Osteoporosis

The risk of future fragility fractures can be weighed based on BMD, measured with
the DXA method, or with risk assessment tools, such as the FRAX® algorithm.

In the literature, the relationship between reduced BMD and ankle fractures is contrast-
ing [39]. Patients in our study show that ankle fractures in the elderly are most frequent
with reduced BMD (76.5% of the total patients examined, 83.8% considering only women).
These results find confirmation, among others, in the comprehensive and extensive study
conducted by Pekka Kannus between 1970 and 2014 in the Finnish population [40], which
enhances this association in particular for postmenopausal women.

In our osteoporotic patients, we further observed that fracture complexity was height-
ened, with 70% of their fractures classified as trimalleolar with only 20% and 10% mono-
and bimalleolar, respectively. These fractures thus appear to exhibit greater complexity as
bone mass decreases, as suggested also by Lee et al. [41] in their study based on CT scan
images of such fractures.

In our experience, a correlation also emerged between patients with lower values
of BMD and those with low-energy traumas (82%). Similarly, Seely et al. observed that
the majority of ankle fractures in women over 65 years of age are attributed to minor or
low-energy trauma [42].

Regarding the calculation of the risk of future fragility fractures at 10 years calculated
by the FRAX® algorithm, we found that the low-energy trauma group had a significantly
higher average risk compared to the high-energy trauma group (10.8% vs. 6.2%). To
support our data, Karlsson et al. found that the likelihood of experiencing additional
fractures following an ankle fracture is increased when the fracture results from low-energy
trauma rather than severe trauma [43]. These results seem to suggest that these fractures
exhibit typical characteristics of fragility fractures, which are indeed associated with a
higher risk of refracture [31,44].

To summarize, the results of our study suggest a correlation between ankle fractures
in the elderly and osteoporosis. Specifically, suspicions of a connection with osteoporosis
should arise, especially in older women with trimalleolar fractures resulting from low-
energy traumas. This suspicion should increase further in the case of previous fragility
fractures as confirmed by FRAX® results, based also on the investigation of previous
osteoporotic fractures.

However, based on the results obtained, it is not possible to definitively categorize
ankle fractures in the elderly as typical fragility fractures within the examined sample, and
the debate is still open. Based on our results, we suggest that it might be advisable to initiate
a comprehensive fracture risk assessment in elderly patients who experience an ankle
fracture [45]. This could potentially lead to the implementation of both pharmacological
and non-pharmacological secondary prevention measures to reduce the incidence of falls
and mitigate their consequences [46,47]. From an orthopedic perspective, in the case of
surgical treatment, strategies aimed at ensuring stable fixation should be considered [48],
given the often more fragile nature of the bones involved [49].

4.2. FADI and Ankle Fracture

The mean FADI score reported by patients diagnosed with osteoporosis was 63.64,
contrasting with the score of 81.18 reported by non-osteoporotic patients. This difference
of 17.54 points was found to be statistically significant (p > 0.05). The group of patients
with trimalleolar fractures showed a FADI mean score more than 10 points lower than the
other two groups (bi- and mono-malleolar fractures), though this discrepancy did not reach
statistical significance (p = 0.09). Furthermore, the difference in mean FADI scores between
the two types of trauma amounted to 11.78 points, with higher scores for patients with
high-energy traumas. At first glance, this difference may seem paradoxical, patients with
fractures stemming from high-energy traumatic events demonstrated superior functional
outcomes. This relationship can be explained by the higher prevalence of low-energy
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traumas among osteoporosis patients, who consequently displayed lower mean FADI
scores compared to their non-osteoporotic counterparts.

From these results, it emerges how postoperative outcomes reflect the relationship
between ankle fractures and osteoporosis. All patients in our study underwent a surgical
operation, and it can be observed that, regardless of bone mineral density (BMD), the results
were satisfactory. Consistent with findings in the literature [50–52], FADI scores were lower
in patients with osteoporosis, those with fractures related to low-energy trauma, and those
with more complex fractures. This suggests the possibility that these patient categories may
benefit from a more aggressive postoperative protocol regarding early mobilization and
physiotherapy, as well as potential pharmacological interventions.

4.3. BMI and Ankle Fractures

In our study, among younger subjects (60–70 years), 81.5% were overweight, and only
15.6% had osteoporosis. This result is in accordance with the fact that patients sustaining
an ankle fracture are usually younger [17] and have a higher body mass index (BMI) [31]
compared to other fragility fractures. In the age group of 70 to 80 years, the prevalence of
overweight individuals decreased (50%), while the prevalence of osteoporosis remained
stable (14.3%). Among patients aged over 80 years, there were no overweight individuals
observed, and the prevalence of osteoporosis increased to 40%. These results suggest that
excess body weight may have a greater impact as a risk factor in younger individuals
compared to bone fragility; as age increases, the contribution of excess weight may decrease
in the face of an increase in fragility-related factors.

In our patient cohort, there appears to be a correlation between a high BMI and
anatomically more complex ankle fractures. This relationship may be attributed to the
observation that overweight and obese individuals exhibit impaired protective responses
during falls, predisposing them to sideways or backward falls [53]. It is demonstrated
that, in the obese, the distribution of osteoporotic fractures is different from the typical
distribution. Differently from the normal-weight osteoporotic people, whose most frequent
fragility fractures are located at the hip or spine, in obese osteoporotic individuals other
sites of fractures are prevalent, like ankle fractures [54–56]. Rinonapoli et al. [11] called this
particular phenomenon “obese’s fracture site paradox”. Additionally, patients with higher
BMIs generate greater forces upon impact during a fall, which correlates with an increased
likelihood of sustaining more complex ankle fractures [57].

Regarding the relationship with the type of trauma underlying the fracture, no BMI-
related differences were observed. This result likely reflects the fact that low-energy traumas
are more common among patients aged over 80 years in which there were no overweight
individuals observed.

In accordance with the literature, patients with high BMI exhibited significantly worse
postoperative outcomes in terms of FADI scores. This result correlates with the fact that
these patients often have poor lifestyle habits such as smoking, sedentary behavior, and
alcohol consumption. Another aspect recently highlighted is that, especially in obese
patients and to a lesser extent in overweight ones, the perception of postoperative pain is
significantly greater, possibly due to alterations in cellular pain signaling [58].

4.4. Study Limitations

A limitation of our study is the recruitment of only ankle fractures who underwent
surgery, but we are working to expand our work to include and compare those treated
conservatively. Another limitation of our study is the small sample size, the imbalance
in terms of patients’ sex distribution, and the lack of both negative (drawn from the
general population without ankle fractures) and positive (individuals with previous typical
osteoporotic fractures) control groups.
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5. Conclusions

In conclusion, ankle fractures in the elderly exhibit characteristics that reasonably
suggest a relationship with bone fragility. They show an increasing prevalence in females
with advancing age, are associated with low-energy traumas (82%) and demonstrate a
reduction in bone mineral density (83.8% considering women). Furthermore, these fractures
present features of increased complexity as bone mass decreases. However, pending further
expansion and completion of the work, they cannot be conclusively labeled as osteoporotic
fractures but rather as fractures that can occur in osteoporotic bones.
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