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A B S T R A C T 

Introduction 

 

Fragility fractures of the pelvis represent an increasing focus in geriatric 

trauma centers. The need for an interdisciplinary treatment and proper 

indication for non-operative therapy or surgery is the subject of the 

current literature. This is well-founded in significant 1-year mortality, 

which is up to 27%, and the level of activity and desired quality of life 

in the elderly [1-3]. It has been proven that osteoporosis is a major risk 

factor for the development of these fractures. 60% of the fragility 

fractures of the pelvis are caused by osteoporosis [2-5]. To the authors’ 

opinion, it has not been sufficiently investigated if further and what kind 

of factors influence the development and course of these fractures. We 

analysed the influence of Pelvic Incidence (PI) and Pelvic Ratio (PR) on 

fragility fractures of the pelvis (FFP). 

 

Materials and Methods 

 

This is a single-center retrospective study of patients who had to undergo 

inpatient treatment for fragility fractures of the pelvis at a local trauma 

center and center for geriatric medicine from January 2017 to December 

2019. General patient data (sex, age) were obtained from the electronic 

patient file. X-ray images of the lumbar spine and pelvis and CT images 

of the pelvis, including 3-dimensional multiplanar reconstructions (3D-

MPR) were analysed by the authors. Fractures were classified according 

to FFP-classification (fragility fractures of the pelvis classification) [6]. 

PI and PR were determined on an approved diagnostic monitor using 
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radiological software (Sectra Workstation PACS IDS7, Sectra AB). The 

ratio of the diameter of transverse true pelvis (DT) and diameter of the 

sagittal true pelvis (DS) was calculated to classify the circle-type and 

ellipse-type morphology of the pelvis [7]. Statistical tests (t-test for 

unequal variances, one-way analysis of variance) were performed to 

examine the correlation between FFP, PI and PR. 

 

I Patients  

 

i. Treatment period: January 2017-December 2019. 

ii. Inclusion criterion: patients aged ≥ 65 years with fragility 

fractures of the pelvis. 

iii. Exclusion criterion: patients aged < 65 years, polytrauma, ISS> 

16, fall> 1m, traffic accident. 

iv. Fracture classification: FFP-classification [6]. 

 

II Evaluation of Pelvic Incidence 

 

PI was determined using the measurement tools of the Sectra 

Workstation software in a standard fashion [8]. Due to different image 

qualities, the femoral heads were not always overlapping. In these cases, 

the center of the bicoxofemoral axis was determined for PI measurement. 

 

III Evaluation of Pelvic Ratio 

 

PR (DT/DS ratio) was determined using CT-3D-MPR and measurement 

tools of the Sectra Workstation software according to Lee et al. The 

classification of the pelvic morphology was made according to this 

publication into a circle-type and an ellipse-type of the pelvis [7]. 

 

IV Statistical Analyses 

 

The following statistical analyses were performed: 

i. Correlation between sex and FFP (t-test for unequal variances). 

ii. Correlation between PI and fracture type (one-way analysis of 

variance-ANOVA). 

iii. Correlation between PR and fracture type (one-way analysis of 

variance-ANOVA). 

iv. Correlation between circle-type/ellipse-type and FFP (t-test for 

unequal variances). 

 

Results 

 

From January 2017 to December 2019, a total of 141 patients (14 men = 

9.93%, 127 women = 90.07%) underwent inpatient treatment of fragility 

fractures of the pelvis. The mean age was 84.87 years (xmed: 86 years; 

65-102 years). The mean age of the men was 81.5 years (65-94 years). 

The mean age of the women was 85 years (65-102 years). There was no 

statistically significant difference in age in the two groups (t-test for 

unequal variances: p = 0.14) (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Sex and age distribution (n=141 patients). 

 

I Distribution of Fracture Types (According to FFP-

Classification) 

 

FFP type 2 fractures were the most common fractures with 41%, 

followed by FFP`` type 4 fractures with 32%. FFP type 1 fractures were 

found in 19%. FFP type 3 fractures were the least represented with 8.5% 

(Tables 1 & 2). 

 

Table 1: Frequency and distribution of FFP-types. 

 

 

 

 

 

 

Table 2: Frequency and distribution of FFP-subtypes. 

 

 

 

 

 

 

 

II Correlation between Pelvic Incidence and FFP-Type 

 

Patients with FFP type 1 fractures had a mean PI of 60º (± 10.46º). 

Patients with FFP type 2 fractures had a mean PI of 56.8º (± 11.26º). 

Patients with FFP type 3 fractures demonstrated a mean PI of 62.08º (± 

10.96º). Patients with FFP type 4 fractures had a mean PI of 59.65º (± 

9.78º). There is no statistically significant correlation between PI and 

FFP-types (ANOVA, p = 0.81) (Figure 2) (Table 3). 
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Figure 2: Boxplot to demonstrate the correlation of PI and FFP-types. 

 

Table 3: PI and FFP-types. 

 

 

 

 

 

 

 

 

 

III Relationship between Pelvic Ratio (DT/DS Ratio) and 

Fracture Type 

 

The average DT/DS ratio was 1.099 (95% CI:1.08-1.11). Patients with 

FFP type 1 fractures had a mean PR of 1.10 (± 0.07), patients with FFP 

2 fractures of 1.10 (± 0.04), patients with FFP 3 fractures of 1.06 (± 0.08) 

and patients with FFP type 4 fractures had a mean PR of 1.09º (± 0.04). 

There is no statistically significant correlation between the PR and FFP- 

types (ANOVA, p = 0.562) (Figure 3) (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Boxplot to demonstrate the correlation of PR and FFP-types. 
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Table 4: PR and FFP-types. 

 

 

 

 

 

 

 

 

IV Classification of the Pelvic Morphology into Circle-Type and 

Ellipse-Type Depending on PR (DT/DS Ratio) 

 

A total of 57 patients (40.43%) showed a DT/DS ratio ≤ 1.06, 

corresponding to a circle-type pelvis. In 24 patients (17.02%), the 

DT/DS ratio was ≥ 1.18, which corresponds to an ellipse-type pelvis. 

There is a strong statistical correlation between the pelvic morphology 

and fragility fractures of the pelvis. The circle-type pelvis is significantly 

more common in FFP-fractures than an ellipse-type pelvis (t-test unequal 

variances: p <0.001) (Table 5). 

 

Table 5: Circle-type and ellipse-type morphology of the true pelvis in the overall collective. 

 

 

 

 

 

 

 

Discussion 

 

Fragility fractures of the pelvis are associated with reduced quality of 

life, functional impairment, restricted mobility and increased mortality. 

Osteoporosis is one of the major causes and women older than 65 years 

are mostly affected [1, 9]. 60% of the fragility fractures of the pelvis are 

related to osteoporosis [2, 3]. There is little information about the 

influence of anatomical conditions such as pelvic incidence and pelvic 

morphology (pelvic ratio) on fragility fractures of the pelvis. A further 

understanding is desirable for the future as increased aging of the 

population and an increased fracture incidence have been proven [10]. 

In this study, the average age was 84.87 years (men 81.5 years, women 

85 years). The female sex predominates with 90.07%. These data do not 

differ significantly from the previously largest published population by 

Rommens et al. The reported average age of the 245 patients was 79.2 

years and female patients were affected in 80.8% (data from the years 

2007-2012, progressive aging of the population) [6]. In our collective, 

FFP type 2 fractures (41%) occurred most frequently, followed by type 

4 (32%) and type 1 fractures (19%). FFP type III fractures (8.5%) were 

the least represented. This distribution is just about similar to the 

reported data in the literature [6]. According to the literature, the results 

of our work demonstrate that female patients are more often affected 

than male patients (90.07% women vs. 9.93% men). There was no 

significant difference in age between men and women (p = 0.14). 

Regarding the literature, the predisposition of the female sex is due to 

the higher incidence of osteoporosis in this population [2, 9, 11-13]. 

 

I Influence of Osteoporosis 

 

Remodeling processes in osteoporotic pelvic bones can lead to failure 

and fracture, even in the case of physiological load sharing forces. This 

is impressive in the sacrum, where reduction of cancellous and cortical 

bone and the fatty conversion lead to “alar void”. Progressive fracture 

dissociation leads to load share transmission in non-fractured regions 

(pubic ramus, symphysis) with subsequent fractures [14-16]. This might 

also explain the influence of osteoporosis on the progression of fragility 

fractures of the pelvis. [2, 3, 11, 12]. 

 

II Influence of the Pelvic Anatomy 

 

To the best of our knowledge, there is little evidence in the current 

literature that anatomical and positional spinopelvic parameters 

influence the development of fragility fractures of the pelvis. The 

changes of the global alignment in the elderly are well known: decrease 

of lumbal lordosis (LL), increase of thoracic kyphosis (TK), increase of 

sagittal vertical axis (SVA). The relation of osteoporotic-related sagittal 

imbalance and the resulting spinopelvic compensation has been 

demonstrated [17]. Compensatory mechanisms and adaptations of the 

positional spinopelvic parameters are required to keep the balance in a 

comfort position: increase of pelvic tilt (PT), decrease of sacral slope 

(SS). This possibility of compensation depends on anatomical 

conditions: the higher the SS (correspondingly PI), the higher the PT 

[18-20]. Positional spinopelvic parameters, particularly the PT, might 

influence the development of sacral insufficiency fractures. An increased 

pelvic retroversion to compensate for a sagittal imbalance leads to 

increased stress forces in the sacral plateau, the ala and in the S1/S2 

interval. This can lead to insufficiency fractures in reduced bone quality 

[21]. Accordingly, the higher the PI, the higher the required PT for 

compensation and finally, the higher the fracture risk. To the authors’ 

opinion, little evidence-based literature is currently available in this 

regard. Finite element analyses could demonstrate a significant 

correlation between resulting stress forces at the lumbosacral junction 

and the PI: the higher the PI, the higher the stress forces at the 

lumbosacral junction. In conclusion, high-grade PI leads to increased 

stress forces and possibly increased fracture risk in reduced bone density 

[22-26]. 
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The results of our work can not support these considerations. Patients 

with FFP type 1 fractures had a mean PI of 60º (± 10.46º). Patients with 

FFP type 2 fractures had a mean PI of 56.8º (± 11.26º). Patients with FFP 

type 3 fractures demonstrated a mean PI of 62.08º (± 10.96º). Patients 

with FFP type 4 fractures had a mean PI of 59.65º (± 9.78º). We could 

demonstrate no statistically significant correlation between the PI and 

fragility fractures of the pelvis (p = 0.81). In particular, there is no 

indication that a higher-grade instability (type 4 fracture) correlates with 

a higher-grade PI, vice versa. Lee et al. examined the influence of the 

morphology of the true pelvis on the development of FFP type 2 

fractures. They determined the relation between the transverse and 

sagittal pelvic diameter of the true pelvis using 3D-MPR-CT and 

classified an ellipse-type and circle-type pelvis. The authors concluded 

that patients with a circle-type morphology have an increased fracture 

risk [7]. We evaluated the pelvic ratio (DT/DS ratio) in our collective. 

The mean DT/DS ratio was 1,099 (95% CI: 1.08-1.11). 57 patients 

(40.43%) revealed a circle-type pelvis and 24 patients (17.02%) an 

ellipse-type pelvis. There is a strong statistical correlation between the 

pelvic morphology and fragility fractures of the pelvis. The circle-type 

pelvis is significantly more common in FFP than an ellipse-type pelvis 

(p <0.001). 

 

Thus we can confirm that the circle-type is associated with a higher risk 

of a fragility fracture of the pelvis. Lee et al. evaluated a mean DT/DS 

ratio of 1.13 (± 0.09) in FFP type 2 fractures. They found a circle-type 

morphology in 43.4% and an ellipse-type mophology in 10.5%. In our 

collective, patients with FFP type 2 fractures had a mean PR of 1.10 (± 

0.04), a circle-type was present in 36.21% and an ellipse-type in 22.41% 

of the FFP type 2 fractures. These deviations can be based on ethnic 

differences [27, 28]. In conclusion, the results of our work could 

demonstrate a correlation between the circle-type shape of the pelvis and 

fragility fractures of the pelvis. There was no correlation between pelvic 

incidence and fragility fractures of the pelvis. 

 

Limitation 

 

This is a retrospective study. We analysed patients who required 

inpatient treatment of a fragility fracture of the pelvis. We could 

demonstrate no statistical correlation between pelvic incidence and FFP. 

The influence of the positional spinopelvic parameters (PT, LL, SS) 

could not be analysed, due to missing long spine and standing lumbar X-

ray images. Further examinations will be helpful to analyse the influence 

of the positional spinopelvic parameters on fragility fractures of the 

pelvis. 

 

Conclusion 

 

The results of our work demonstrate a correlation between the 

morphology of the true pelvis and fragility fractures of the pelvis: the 

circle-type shape is more often associated with fractures than the ellipse-

type. There was no correlation between pelvic incidence and fragility 

fractures of the pelvis. The influence of the positional spinopelvic 

parameters could not be assessed in this study. Further examinations 

with standing and long spine X-ray images are required. 
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