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Abstract
Background: Femur intertrochanteric fractures can be classi�ed into stable and unstable fractures according to their severity. Postoperative complications and
mortality were more common in patients with unstable intertrochanteric fractures. However, there has been little effort to evaluate the risk factors of the two
fracture types. This study aimed to identify the possible differences in demographic and clinical characteristics of older patients with different types of
intertrochanteric fractures.

Methods: The medical records of patients aged ≥60 years who presented with intertrochanteric fractures from June 2018 to March 2020 were retrospectively
reviewed. Fifty-seven patients were enrolled and divided into two groups according to severity: stable (21 patients) and unstable (36 patients). Demographic
data, body mass index (BMI), ambulatory ability prior to fracture, pre-fracture residence, season at fracture, bone mineral density (BMD), and serum 25-
hydroxyvitamin D [25(OH)D], osteocalcin, and calcium levels were compared between the two groups. Additionally, we analyzed the correlation among
variables.

Results: The stable group had signi�cantly higher serum 25(OH)D and calcium levels than the unstable group (p = 0.010, p = 0.019). There were no
statistically signi�cant differences (p > 0.05) in age, sex, height, weight, BMI, ambulatory ability prior to fracture, pre-fracture residence, season at fracture,
BMD, and serum osteocalcin level between the two groups. In addition, serum 25(OH)D and calcium levels were not correlated with any of the variables in all
patients.

Conclusion: Low vitamin D and calcium levels are associated with unstable intertrochanteric fracture in elderly patients. Maintaining adequate vitamin D and
calcium levels could avoid an increase in the severity of intertrochanteric fractures.

Background
Hip fracture is one of the most common osteoporotic fractures, and its frequency is increasing as it progresses to an aging society [1, 2]. Femoral
intertrochanteric fractures account for approximately half of all hip fractures in the elderly [2]. The mortality and morbidity in patients with intertrochanteric
fractures are signi�cantly higher than in those with femoral neck fractures, and this is most likely due to older age and the corresponding fragile physical
conditions of patients who experience intertrochanteric fractures [3]. Only about 50% of patients can be expected to regain their preinjury function, while the
other half becomes more dependent in some manner [4]. Mortality within 1 year after femoral intertrochanteric fractures is reported to be high, ranging from
11–27% [5–7]. Several studies compared patients with intertrochanteric fracture and those with neck fracture of the hip. Intertrochanteric fractures are
associated with a more severe and generalized bone loss, especially of the trabecular component, as shown by bone mineral density (BMD) measurement at
the spine and proximal femur [8, 9]. On histomorphometric evaluation, patients with trochanteric fracture have lower trabecular bone volume, trabecular
surface density, and mean wall thickness [10].

Intertrochanteric fractures can be classi�ed into stable and unstable according to their severity. The characteristics of unstable fractures include reverse
obliquity, loss of posterior medial buttress, lateral wall comminution, and subtrochanteric extension [11]. These di�cult patterns are associated with longer
operative time, increased need for open reduction, hardware failure, head cutout, varus malunion, and nonunion [12, 13]. Medical complications such as
myocardial infarction, pneumonia, and urinary tract infections frequent occur after surgery of patients with unstable intertrochanteric fractures [4]. Mortality
after surgical �xation was higher in patients with more unstable fracture patterns, because unstable fractures are associated with increasing age and
functional dependence [4, 12, 14].

Although unstable intertrochanteric fractures have a variety of complications and poor prognosis, it remains unclear whether the risk factors for fracture vary
by severity of intertrochanteric fracture. It is important to determine whether the interactions between variables differ by type of intertrochanteric fracture and
which risk factors can be used in clinical practice. Understanding the relationships between stable and unstable fractures can help in personalizing preventive
measures, improving prognosis, planning of treatment, and providing differentially targeted interventions. From this, we aimed to evaluate the possible
differences in demographic and clinical characteristics of older patients with different types of intertrochanteric fractures. Additionally, we analyzed the
correlation among these variables.

Methods

Study design and population
We conducted a single-center, retrospective cross-sectional study. Patients aged 60 years or older who were diagnosed with femur intertrochanteric fracture in
our hospital from June 2018 to March 2020 were selected. We retrospectively reviewed the patients’ medical records. Patients (1) with intertrochanteric
fractures due to high-energy trauma, such as vehicular accidents or falls from a height of > 2 m; (2) with pathological fractures; (3) who had previous hip
surgery or trauma on either ipsilateral or contralateral hip; and (4) were currently taking anti-osteoporotic drugs or vitamin D and/or calcium or had a past
history of taking such drugs were excluded from the study. Fractures were de�ned according to the Orthopedic Trauma Association (OTA) classi�cation, and
were categorized into two groups: the stable group, which included A1.1 through A2.1, and the unstable group, which included A2.2 through A3.3 [15]. The
patients were divided into two groups according to this classi�cation: stable group and unstable group.

Data collection
The following demographic and clinical outcomes data were obtained from the electronic medical records: age, sex, height, weight, body mass index (BMI),
ambulatory ability prior to fracture, pre-fracture residence, season at fracture, BMD and serum 25-hydroxyvitamin D [25(OH)D], osteocalcin, and calcium levels.
Body height and weight were measured, and BMI was calculated using the standard formula. The ambulatory ability prior to fracture was assessed according
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to the Koval’s classi�cation (grade I: independent community ambulator, grade II: community ambulator with cane, grade III: community ambulator with
walker/crutches, grade IV: independent household ambulator, grade V: household ambulator with cane, grade VI: household ambulator with walker/crutches,
and grade VII: nonfunctional ambulator) [16]. Pre-fracture residence was classi�ed as living in the community (community) and residing in aged care facilities
(nursing home). Seasons during the occurrence of fracture were divided into spring (March, April, and May), summer (June, July, and August), fall (September,
October, and November), and winter (December, January, and February). BMD (in g/cm2) was measured by performing a dual-energy X-ray absorptiometry
(DXA) (Discovery W; Hologic Inc., Marlborough, MA, USA) in the femoral neck, trochanteric region, intertrochanter region, Ward’s triangle region, and the total
hip region of the contralateral proximal femur. However, the Ward’s triangle region of the hip should not be used for this study, because this site overestimates
osteoporosis [17]. BMD measurements were routinely obtained not later than 1 week following fracture.

For biochemical measurements, patients’ blood samples were obtained after an overnight fast of at least 8 hours, and their serum 25(OH)D, osteocalcin, and
calcium levels were measured. Serum 25(OH)D was measured by performing a chemiluminescence immunoassay method using the UniCel DxI 800 (Beckman
Coulter Diagnostics, CA, USA). Serum osteocalcin was measured by performing an electrochemiluminescence immunoassay method using the N-MID
osteocalcin kit (Roche Diagnostics, Mannheim, Germany). Serum calcium was measured by the O-cresolphthalein method using the 7180 Clinical Analyzer
(Hitachi Ltd., Tokyo, Japan). Vitamin D status was classi�ed as follows: normal vitamin D status (serum 25(OH)D level ≥ 30 ng/mL) and low serum vitamin D
levels, which can be further subcategorized into insu�ciency (20–30 ng/mL) and de�ciency (< 20 ng/mL) [18].

Statistical analysis
Continuous variables were expressed as means ± standard deviation and categorical variables as percentages. The normality of the data was assessed using
the Shapiro-Wilk test. In order to verify the differences between groups of variables, categorical variables (sex, ambulatory ability prior to fracture, pre-fracture
residence, and season at fracture) were analyzed using chi-square test, while continuous variables (weight, height, BMI, BMD, and serum calcium levels) were
analyzed using an independent sample t-test. Because of the uneven distribution of the data for age, serum vitamin D, and osteocalcin, the Mann-Whitney U
test was performed. In order to evaluate the correlation among variables, a Spearman correlation analysis was performed. Statistical analyses were performed
using IBM SPSS software, version 25.0 (SPSS Inc. Chicago, IL, USA) for Windows. For all analyses, the level of signi�cance was set at p < 0.05.

Results

Patient characteristics
A total of 68 patients with femoral intertrochanteric fractures were identi�ed. Of them, 57 patients were included in the study. Eight patients with previous hip
fractures and three who were taking anti-osteoporotic drugs or vitamin D were excluded. The mean age of these patients was 81.93 years (range, 60–
95 years), and 41 (71.9%) were women. According to the OTA classi�cation, 21 patients comprised the stable group (A1.1–A2.1), while 36 comprised the
unstable group (A2.2–A3.3). Approximately 57.9% of the patients showed vitamin D de�ciency, 26.3% showed insu�ciency, and 15.8% showed normal
vitamin D levels.

Differences between the stable group and unstable group
The patients in the unstable group (82.72 ± 9.76 years) were slightly older than those in the stable group (80.57 ± 9.35 years), but this difference was not
statistically signi�cant (p = 0.328) (Table 1). The female-to-male ratio was similar between the two groups (p = 0.585). No statistically signi�cant differences
were observed in both groups in terms of height, weight, BMI, ambulatory ability prior to fracture, pre-fracture residence, and season at fracture (p > 0.05).
Compared with patients with stable fractures, those with unstable fractures had lower BMD in the femoral neck, trochanteric region, intertrochanter region, and
total hip region, but this difference was not statistically signi�cant (p > 0.05). The mean serum 25(OH)D and calcium levels were 27.01 ± 15.75 ng/mL and
8.48 ± 0.45 mg/dL in the stable group and 17.52 ± 8.65 ng/mL and 8.19 ± 0.43 mg/dL in the unstable group. The stable group had signi�cantly higher serum
25(OH)D and calcium levels than the unstable group (p = 0.010, p = 0.019). In the stable group, 38.1% of the patients had a vitamin D de�ciency and 28.6%
had a vitamin D insu�ciency (Table 2). In the unstable group, 69.4% of the patients had a vitamin D de�ciency, while 25.0% had a vitamin D insu�ciency.
More patients in the unstable group had low vitamin D status (p = 0.012). However, there were no statistically signi�cant differences in serum osteocalcin level
between the two groups (p = 0.914).
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Table 1
Difference of variables between the stable group and unstable group

Variable Total

(n = 57)

Stable

(n = 21)

Unstable

(n = 36)

p value

Age (years) 81.93 ± 9.58 80.57 ± 9.35 82.72 ± 9.76 0.328

Sex, n (%) Female 41(71.9) 16(76.2) 25(69.4) 0.585

Male 16(28.1) 5(23.8) 11(30.6)

Height (cm) 155.02 ± 9.07 155.84 ± 7.58 154.54 ± 9.91 0.608

Weight (kg) 51.89 ± 12.00 55.37 ± 13.19 49.86 ± 10.93 0.095

BMI 21.50 ± 4.40 22.69 ± 4.79 20.81 ± 4.07 0.121

Ambulatory ability prior to fracture, n (%) 1 23(40.4) 9(42.9) 14(38.9) 0.823

2 13(22.8) 6(28.6) 7(19.4)

3 5(8.8) 2(9.5) 3(8.3)

5 8(14.0) 2(9.5) 6(16.7)

6 8(14.0) 2(9.5) 6(16.7)

Pre-fracture residence, n (%) Community 37(64.9) 15(71.4) 22(61.1) 0.431

Nursing home 20(35.1) 6(28.6) 14(38.9)

Season of fracture, n (%) Spring 10(17.5) 2(9.5) 8(22.2) 0.544

Summer 19(33.3) 9(42.9) 10(27.8)

Fall 14(24.6) 5(23.8) 9(25.0)

Winter 14(24.6) 5(23.8) 9(25.0)

Neck BMD (g/cm2) −3.18 ± 0.85 −2.99 ± 0.54 −3.29 ± 0.97 0.137

Trochanteric BMD (g/cm2) −2.14 ± 0.89 −1.92 ± 0.88 −2.26 ± 0.87 0.161

Intertrochanter BMD (g/cm2) −2.35 ± 0.95 −2.14 ± 0.69 −2.48 ± 1.07 0.157

Total BMD (g/cm2) −2.38 ± 0.91 −2.12 ± 0.64 −2.53 ± 1.01 0.064

25(OH)D (ng/mL) 21.02 ± 12.52 27.01 ± 15.75 17.52 ± 8.65 0.010*

Osteocalcin (ng/mL) 19.32 ± 11.59 20.05 ± 14.02 18.89 ± 10.10 0.914

Calcium (mg/dL) 8.29 ± 0.46 8.48 ± 0.45 8.19 ± 0.43 0.019*

Results are presented as mean ± standard deviation or n (%). The p values represent the differences between stable and unstable group.

BMI: body mass index, BMD: bone mineral density, 25(OH)D: 25-hydroxyvitamin D

*p < 0.05 indicates statistical signi�cance.

Table 2
Distribution of vitamin D level according to the severity of fractures

  Total group

(n = 57)

Stable group

(n = 21)

Unstable group

(n = 36)

p value

Normal 9 (15.8%) 7 (33.3%) 2 (5.6%) 0.012*

Insu�ciency 15 (26.3%) 6 (28.6%) 9 (25.0%)  

De�ciency 33 (57.9%) 8 (38.1%) 25 (69.4%)  

The p values represent the differences between stable and unstable group.

*p < 0.05 indicates statistical signi�cance.

Correlation between variables
These analyses revealed similarities and differences between variables associated with the type of intertrochanteric fractures (Table 3). In all patients, age
showed a signi�cant positive correlation with the ambulatory ability prior to fracture (r = 0.337, p = 0.010) and a signi�cant negative correlation with height (r = 
− 0.310, p = 0.019), weight (r = − 0.310, p = 0.019), neck BMD (r = − 0.049, p < 0.001), trochanteric BMD (r = − 0.359, p = 0.006), intertrochanter BMD (r = − 0.456,
p < 0.001), and total BMD (r = − 0.476, p < 0.001). Sex, which were coded 1 for male and 0 for female, showed a signi�cant positive correlation with height (r = 
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0.688, p < 0.001) and neck BMD (r = 0.336, p = 0.011). Men have higher height and neck BMD than women. Height was signi�cantly positively correlated with
weight (r = 0.460, p < 0.001), neck BMD (r = 0.370, p = 0.005), intertrochanter BMD (r = 0.418, p = 0.001), and total BMD (r = 0.385, p = 0.003). Weight was
signi�cantly positively correlated with BMI (r = 0.822, p < 0.001), neck BMD (r = 0.455, p < 0.001), intertrochanter BMD (r = 0.371, p = 0.004), and total BMD (r = 
0.408, p = 0.002). Weight was signi�cantly inversely correlated with fracture in spring (r = − 0.315, p = 0.017). The ambulatory ability prior to fracture was
signi�cantly inversely correlated with neck BMD (r = − 0.316, p = 0.017). The worse the ambulatory ability prior to fracture, the lower the neck BMD. Pre-fracture
residence, which were coded as community = 0 and nursing home = 1, showed a signi�cant negative correlation with height (r = − 0.360, p = 0.006). Height was
relatively low in patients living in nursing homes. Neck BMD, trochanteric BMD, intertrochanter BMD, and total BMD showed a signi�cant positive correlation
with each other (p < 0.001). However, serum 25(OH)D and calcium levels were not correlated with any of the variables in the total group (p > 0.05).

Table 3
Correlation matrix for variables in total group

Variable Sex Height Weight BMI Ambulatory
ability

Pre-Fx
residence

Spring Summer Fall Winter Neck
BMD

TC

BMD

IT
B

Age −0.191 −0.310* −0.310* −0.150 0.337* 0.154 0.042 0.059 −0.027 −0.074 −0.490# −0.359# −

Sex - 0.688# 0.260 −0.151 −0.180 −0.214 0.020 −0.028 −0.084 0.097 0.336* 0.045 0

Height - - 0.460# −0.073 −0.207 −0.360# −0.196 0.038 0.043 0.088 0.370# 0.193 0

Weight - - - 0.822# −0.050 0.003 −0.315* 0.166 0.142 −0.046 0.455# 0.227 0

BMI - - - - 0.076 0.249 −0.203 0.255 0.059 −0.159 0.296* 0.159 0

Ambulatory
ability

- - - - - 0.249 0.214 −0.022 −0.259 0.094 −0.316* −0.178 −

Pre-Fx
residence

- - - - - - 0.144 −0.052 0.007 −0.078 0.004 0.011 −

Spring - - - - - - - −0.326* −0.263* −0.263* −0.239 −0.095 −

Summer - - - - - - - - −0.403# −0.403# 0.099 −0.116 0

Fall - - - - - - - - - −0.326* 0.148 0.218 0

Winter - - - - - - - - - - −0.045 −0.007 0

Neck BMD - - - - - - - - - - - 0.724# 0

TC BMD - - - - - - - - - - - - 0

ITC BMD - - - - - - - - - - - - -

Total BMD - - - - - - -   - - - - -

25(OH)D - - - - - - - - - - - - -

Osteocalcin - - - - - - - - - - - - -

BMI: body mass index, Fx: fracture, TC: trochanteric, ITC: intertrochanter, BMD: bone mineral density, 25(OH)D: 25-hydroxyvitamin D

#p < 0.01 and *p < 0.05 indicate statistical signi�cance.

Discussion
Because unstable intertrochanteric fractures of the hip have a greater bony injury, technically they are much more challenging than stable fractures [4].
Unstable fractures have greater potential to displace or result in nonunion [19]. Typically closed reduction required for �xation of intertrochanteric fractures,
but open reduction seems to be necessary for complex fracture patterns [12]. Medical complications after operation of unstable intertrochanteric fractures
frequently occur. The most common complications are myocardial infarction, pneumonia, and urinary tract infections [4]. Mortality rate after surgical �xation
is higher in patients with more unstable fracture patterns [12, 14]. Functional outcomes may also vary based on the severity of hip fracture. Functional
independence is worse in patients with unstable intertrochanteric fractures than in those with stable fracture [20]. Thus, unstable fractures are recognized as
di�cult problem for both surgeons and elderly patients. Hence, we investigated which variable determines the severity of the fracture when intertrochanteric
fractures occur.

Previous studies have examined the relationship between BMD and hip fracture severity. Cauley et al. found that patients with more stable fractures (intra- and
extracapsular) had a mean lower hip BMD than those with unstable fractures [21]. They assumed that this could be because the lower the BMD, the weaker
the mechanical forces that are needed to cause the hip fracture, thus leading to less displacement and more stable fractures. Spencer et al. reported that there
was no difference in BMD measured with DXA between stable and unstable hip fractures [22]. Our results showed that patients with unstable fractures had
lower BMD in all regions than those with stable fractures. However, this difference was not statistically signi�cant (p > 0.05). Another study evaluated the
relationship between vitamin D and the severity of hip fracture. Larrosa et al. reported an association between vitamin D level and the severity of osteoporotic
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hip fractures (femur neck and intertrochanteric fractures) [23]. The authors concluded that the largest vitamin D de�ciency was associated with a more severe
type of hip fracture. However, serum calcium levels were not different between less severe fracture and more severe fracture. The present study reported that
serum 25(OH)D levels as well as serum calcium levels were signi�cantly different between the stable group and unstable group. The patients with unstable
fractures had signi�cantly lower serum vitamin D and calcium levels. Correspondingly, more patients were categorized as having low vitamin D levels in the
unstable group. In the stable group, 28.6% of the patients had vitamin D insu�ciency, while 38.1% had vitamin D de�ciency. In the unstable group, 25.0% of
the patients had vitamin D insu�ciency, while 69.4% had vitamin D de�ciency. Irving et al. studied the relationship between BMI and stability of
intertrochanteric fracture [24]. They reported that unstable intertrochanteric fracture were found more frequently in obese patients (BMI > 30) than in those who
were not obese, but this difference did not reach statistical signi�cance. Another retrospective study by Chen et al. investigated the factors affecting the
stability of intertrochanteric fractures in elderly patients [25]. They concluded that the stability of intertrochanteric fractures cannot be predicted by patient’s
age, gender, body weight, body height, and BMI. The results of the present study demonstrate that BMI was slightly higher in the stable group than in the
unstable group, but there was no statistically signi�cant difference.

Vitamin D status has been associated with the development and maintenance of mineralized bone and muscle function [26]. The insu�ciency of vitamin D
increases the secretion of parathyroid hormone to promote bone resorption, resulting in osteopenia and osteoporosis [27]. In addition, vitamin D de�ciency
weakens muscle strength, increases the risk of falls, and consequently increases the risk of fracture [28, 29]. Vitamin D is necessary for the regulation of
calcium and phosphate in the human body, and decreased levels can alter the bone mineralization process. There is a high prevalence of vitamin D de�ciency
in patients with osteoporosis, and low vitamin D is associated with a reduction in bone strength and increased fracture risk [30]. Meanwhile, higher levels of
25(OH)D and vitamin D supplementation may increase hip bone strength via effects on femur geometry, including the cortical thickness, cortical volume,
cross-sectional area, and cross-sectional moment of inertia [31, 32]. Calcium is also a substantial component of bone. Calcium plays an important role in bone
mass and bone strength [33]. Low calcium intake increases the parathyroid hormone secretion and bone resorption, thus increasing bone turnover, bone loss,
and risk of fractures [34]. In addition, calcium is plays an essential role in the muscle physiology and skeletal–muscle interaction. Hence, adequate calcium
levels are important for both the bones and muscles [35]. In the present study, the higher severity of fracture in patients with low vitamin D and calcium levels
is a result of the combined effects of vitamin D and calcium on both bones and muscle metabolism. This relationship and its pathophysiology can be further
explored in larger, dedicated trials in the future. Currently, it remains unclear how vitamin D and calcium could have in�uenced the severity of fracture.

The association of vitamin D, calcium, and BMD has been studied over the past decades, but the presence of a correlation between vitamin D, calcium, and
BMD remains controversial. In a study conducted in southern California among community-dwelling postmenopausal older women, 25(OH)D levels were
positively and independently associated with BMD, while PTH levels were negatively and independently associated with BMD [36]. A Dutch population-based
study showed that all BMD values were higher in the higher serum 25(OH)D groups than in the lowest serum 25(OH)D group, although this was only
signi�cant for the total hip, femoral trochanter, and total body bone mineral content [37]. A Saudi study showed no signi�cant correlation between vitamin D
and spine or total femoral BMD in a community-based population [38]. Japanese study found that there is positive association between serum 25(OH) D and
BMD of the femoral neck, but no association was found between serum 25(OH) D and BMD of the lumber spine in home-dwelling postmenopausal women
[39]. A Chinese population-based study did not �nd a signi�cant correlation between 25 (OH) D and calcaneus BMD in middle-aged and elderly individuals
[40]. Liu et al. studied the association between serum calcium, 25(OH)D, and lumbar BMD using a large-scale database from National Health and Nutrition
Examination Survey in the United States [41]. They indicated that serum calcium negatively correlated with lumbar BMD, and serum 25(OH)D positively
correlated with lumbar BMD in older adults. A Mendelian randomization study conducted by Cerani et al. revealed that increased serum calcium levels was not
associated with increased estimated BMD derived from heel ultrasound or a reduced risk of fractures in individuals with normal calcium levels [42]. Therefore,
the causes of these different results may be the heterogeneity of the studies, including study design, study size, and differences in participant selection, such
as age, gender, and race/ethnicity. Nevertheless, our results supported that there is no signi�cant correlation between 25(OH)D, calcium level, and femoral
BMD in elderly patients with intertrochanteric fracture.

There are several limitations to our analysis. First, an independent interpretation of the radiographs to classify the fractures was not provided. The
classi�cation of the fracture type and severity could have been affected by interobserver variability, although experienced orthopaedic surgeons were asked to
examine the images. Second, the number of study participants was relatively small to allow a de�nite conclusion. Therefore, additional large-scale,
prospective studies are warranted to supplement and further validate our results. Third, there was a possibility of inadequate assessment of the facts such as
injury mechanism, history of anti-osteoporosis treatment, previous trauma, and other secondary osteoporosis causes, because the review was limited to
medical records. For example, if a patient has cognitive impairment due to old age, the wrong information might be recorded.

Conclusion
We believe that the lower severity of intertrochanteric fractures is important for elderly populations, allowing them to return to higher functional activities and
reducing the overall morbidity and mortality. The analysis of demographic and clinical characteristics in a series of patients with femur intertrochanteric
fracture has shown that low vitamin D and calcium levels are associated with unstable fracture. The present study can have clinical implications that vitamin
D and calcium levels may play an important role in predicting the severity of intertrochanteric fractures. In this respect, maintaining adequate vitamin D and
calcium levels in the elderly could avoid a higher severity of intertrochanteric fractures.
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BMD
bone mineral density
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