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Abstract

Summary This is the first study that highlighted the amount of missed information related on bone health in orthogeriatric
patients suffering fragility fractures of the pelvis and also evaluated its prevalence and differing etiology in the assessed
patients, regarding osteoporosis and/or osteomalacia, based on laboratory and instrumental measurements. This evaluation
should become a standardized procedure in the treatment of orthogeriatric patients presenting with a FFP.

Introduction Fragility fractures of the pelvis (FFP) are common in orthogeriatric patients. Secondary fracture prevention
regarding evaluation and treatment of an underlying osteoporosis or osteomalacia is still often neglected. The purpose of this
study was to evaluate the amount of missed information related on bone health in older adult FFP patients, the prevalence of
vitamin D deficiency in assessed patients, and if fracture type—dependent distribution patterns could be observed.

Methods A retrospective analysis of prospectively collected data of an institutional register was performed. Patients aged
80 years and older (n =456) admitted with a FFP from 01/2003 until 12/2019 to a level I trauma center were included.
Results In 456 patients, FFP type II were leading (66.7%). Diagnostics were conducted in 37.1% of the patients regarding
measurement of vitamin D levels and 21.7% regarding DXA measurements; vitamin D deficiency was observed in 62.7%,
indicators for an underlying osteomalacia in 45.8%, and an osteoporosis in 46.5% of the assessed patients.

Conclusion Although FFP are common and will increase, there is still a lack of secondary fracture prevention, starting with
information related on bone health. In the assessed patients, a high prevalence of vitamin D deficiency was present, but no
significant correlation between vitamin D level and type of fracture was observed. Ongoing education for varying etiology
and specific treatment of these fractures is necessary, as surgical treatment was unified, but drug therapy remains different.

Keywords Fragility fracture of the pelvis - Orthogeriatric - Osteomalacia - Osteoporosis - Pelvic insufficiency fracture -
Vitamin D insufficiency

Introduction

Demographic changes lead to a continuous increase in the
geriatric population. Due to improvements in living condi-
tions and medical care, the life expectancy in this collective
is also rising, and a tripling of the geriatrics aged 85 years
and older up to 19 million in 2050 is expected [1, 2]. Besides
common age-related comorbidities like hypertension or
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diabetes, osteoporosis often remains undiagnosed and is
not assessed until a fall and following fracture [3]. Despite
this diagnostic failure, osteoporosis prevails around the
world. Almost 8 million patients are affected by an underly-
ing osteoporosis in Germany with an age-dependent preva-
lence: While women older than 50 years showed a preva-
lence of 24%, there was an increase up to 30% in woman
older than 75 years [4—6]. This is of clinical significance,
as a simultaneous increase of so-called fragility fractures
can be observed [6, 7]. A fragility fracture is defined by the
occurrence due to inadequate trauma, which not typically
results in a fracture. The World Health Organization (WHO)
specified this “low-energy” trauma as forces equivalent to
a fall from a standing height or less [8]. In the inpatient
setting, the proportion of fragility fractures also shows an
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age-dependent increase up to 95% in patients aged 75 years
and older [9]. In addition to fractures of the hip or spine,
fragility fractures of the pelvis are frequent and increasing;
in the USA, geriatric pelvic ring fractures multiplied by 24%
from 1993 to 2010 [4].

Usually, classification and treatment of pelvic ring frac-
tures follow the worldwide used AO/OTA Fracture and Dis-
location Classification [10]. The differing genesis of pelvic
ring fractures in the elderly remains unconsidered in this
classification. Therefore, Rommens and Hoffmann devel-
oped a new classification system and subsequent treatment
options, taking into account the fragility aspect in these
fractures [11] (Fig. 1). The fragility fracture of the pelvis
(FFP) is associated with reduced bone quality and subse-
quent specific fracture patterns, only observed in FFP [12,
13]. Also insufficiency fractures, that occurred without a
trauma, are included in this classification. They may develop
especially in patients with osteomalacia, which is character-
ized by impaired mineralization of the bone and following
bone weakness; vitamin D—dependent types have to be dif-
ferentiated from hypophospatemic types [14]. The impact of
vitamin D deficiency in FFP has been little studied, although
in hip fracture patients high serum vitamin D levels were
associated with reduced fracture risk, and also in geriatric
vertebral fractures, this correlation was observed [15, 16].

The aim of this institutional register-based analysis was
to identify the frequency of initiated diagnostic procedures
for the underlying pathology during in-hospital stay of
orthogeriatric patients suffering a FFP, and to evaluate the
prevalence of vitamin D deficiency in assessed patients and
if fracture type—dependent distribution patterns of serum
25(0OH)-vitamin D levels could be observed.

Fig. 1 Classification of fragility
fractures of the pelvis accord-
ing to Rommens and Hoffmann
[11]. FFP type I: only anterior
pelvic ring injury. FFP type

II: non-displaced posterior
pelvic ring injury. FFP type III:
displaced unilateral posterior
pelvic ring injury (in types 1I
and III usually additional affec-
tion of the anterior pelvic ring).
FFP type IV: displaced bilateral
posterior pelvic ring injury

@ Springer

Methods

This retrospective single-center study was approved and
registered by the local ethics committee (Reg. No. 518-18).
All patients aged > 80 years admitted to a level one trauma
center with a fracture of the pelvic ring were included pro-
spectively from 01/01/2003 to 31/12/2019 into an institu-
tional registry. Exclusion criteria were defined as pathologi-
cal fractures (spontaneous fractures occurring without any
trauma), high energy trauma, elevated liver enzyme levels
in the initial laboratory assessment, any type of cancer. All
patients or their legal representative gave written informed
consent for inclusion. The study was conducted in accord-
ance with the Declaration of Helsinki.

Based on conventional radiographs of the pelvis (antero-
posterior, inlet and outlet view) and subsequent computed
tomography (CT) of the pelvis, all fractures were classified
CT-based according to the FFP classification by Rommens
et al. If conservative treatment was indicated, standardized
pain medication following WHO (World Health Organiza-
tion) treatment guidelines was administered, and mobiliza-
tion by physiotherapists started as soon as possible with
the goal of increasing weight-bearing of the injured site; if
mobilization was impossible until 3 to 5 days after admis-
sion, operative treatment was performed. In all surgically
treated patients, surgery was performed under general anes-
thesia by trauma specialists, according to the AO principles
of fracture management and the recommendations for treat-
ment of FFP by Rommens and Hoffmann (depending on
fracture type: minimally invasive; open/closed reduction and
internal fixation, bone cement application).

The FFP classification ranges from FFP type I to FFP
type I'V lesions and is based on the degree of instability (type
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I: limited instability, type I'V: highest instability; see Images
1 and 2). Osteoporotic, fatigue, and insufficiency fractures
are subsumed in this classification [11].

Image 1 X-ray of a patient (female, 94 years old) with a FFP Ia frac-
ture on the right

Image 2 CT scan of a patient
(female, 83 years old) with a
FFP Illc fracture on the left (A
coronar view of the superior
pubic ramus fracture; B coronar
view of the sacral fracture; C
axial view of the inferior pubic
ramus fracture)

Information related on bone health in orthogeriatric
patients included standardized laboratory measurements
(e.g., serum 25(OH)-vitamin D level, calcium and phosphate
levels, kidney and liver values) and subsequent bone density
evaluation (DXA scan) during inpatient stay, if available.

Different assays for assessment of serum 25(OH)-vita-
min D level were used during the study period: The clinical
medicine laboratory used the IDS RIA assay before 2010.
Subsequently, from November 2010 to July 2015, the IDS
CLIA assay was used, from July 2015 to September 2020,
DiaSorin CLIA; up to and including today, the Roche Diag-
nostics ECLIA Cobas assay is used. Vitamin D deficiency
was defined as a serum-25(OH)-vitamin D of <20 ng/ml,
vitamin D insufficiency as a serum-25(OH)-vitamin D of
21-29 ng/ml, and regular vitamin D levels as a serum-
25(0OH)-vitamin D of > 30 ng/ml [17, 18].

Bone density evaluation was performed by quantitative
digital radiography in former times (QDR, DPX) and nowa-
days by dual-energy X-ray absorptiometry (DXA) devices.
The study did not include patients, whose T-score was
derived from a qCT measurement, to avoid bias of different
measurement methods. Osteopenia was defined by a T-score
from — 1 to — 2.5 standard deviations (SD), osteoporosis by
a T-score< —2/5 SD [19].

Baseline data were collected from medical records,
laboratory data, and radiological files, then stored with a
standardized data management file (Excel 2011, Micro-
soft Cooperation, Redmond, USA). IBM SPSS Statistics,
Version 26 (IBM Corp. Released 2016. Armonk, NY) was
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used for statistical analysis. Data are reported as either
mean + standard deviation (SD) or for categorical data as
absolute frequency with a percentage distribution. The
Kolmogorov—Smirnov test was used for ruling out nor-
mal distribution, subsequently a Mann—Whitney U-Test
or t-test was used, while Fisher’s exact test was used for
dichotome variables; for correlation analysis, the Pearson
correlation coefficient was used. A p-value < 0.05 was
regarded to be statistically significant.

Results

Four hundred fifty-six patients with a mean age of 87.3
(+4.5) years were included for final analysis, 79.6% were
female. A CT (computed tomography)—based diagnosis
and classification of the FFP were performed in 100%
of the cases and the major proportion was a FFP type II
(66.7%) (see Table 1). Conservative treatment was carried
out in 84.9% of the patients, while 15.1% were treated
surgically with significantly increasing proportion in
unstable fracture patterns (see Table 2 for detailed infor-
mation). Information related on bone health presented a
vitamin D deficiency in 62.7% and an underlying osteope-
nia/osteoporosis (based on DXA results) in 34.3%/46.5%
of the assessed patients; they were conducted in 37.1%
of the patients regarding measurement of serum 25(OH)-
vitamin D levels and in 21.7% regarding a DXA scan
(see Table 1). 14.7% of the patients demonstrated a previ-
ously diagnosed osteoporosis with basic anti-osteoporosis
therapy (supplementation of vitamin D). Mean serum
25(0OH)-vitamin D levels varied significantly between the
different FFP types with the highest mean in FFP type IV
fractures (see Table 3). There was no significant correla-
tion of serum 25(OH)-vitamin D levels and FFP fracture
patterns. T-scores (measured by DXA scans of lumbar
vertebrae and femoral neck) showed no significant dif-
ferences between the groups, but a trend of increasingly
negative T-scores in higher grades of instability could be
seen. Female patients presented with elevated alkaline
phosphate (ALP) levels in all types of FFP; there was
no significant difference, but also a trend towards higher
alkaline phosphate levels in more complex types of FFP
(see Table 3). Male patients demonstrated increased ALP
levels in FFP types I and IV, without significant differ-
ences between the groups. Serum calcium and serum
phosphate levels were normal, without significant inter-
group differences. This was also seen in patients with
vitamin D insufficiency (serum 25(OH)-vitamin D lev-
els 21-29 ng/ml) and regular vitamin D levels (serum
25(0OH)-vitamin D levels > 30 ng/ml) (Table 4).
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Table 1 Baseline data

Age, mean+SD 87.3+4.5
Gender, n (%)

Male 93 (20.4)

Female 363 (79.6)
CT-based classification, n (%) 456 (100)
FFP type, n (%)

1 57 (12.5)

I 304 (66.7)

1 73 (16.0)

v 22 (4.8)
Treatment, n (%)

Conservative 387 (84.9)

Operative 69 (15.1)
Previously diagnosed osteoporosis, n (%) 67 (14.7)
Laboratory vitamin D measurement, n (%) 169 (37.1)
Mean vitamin D level (serum 25(OH)-vitamin D in

ng/ml)

Male® 13.89+13.45

Female® 16.23+15.35
Vitamin D deficiency*, n (%) 106 (62.7)
(Serum 25(OH)-vitamin D level < 20 ng/ml)
DXA scan, n (%)

Lumbar vertebrae 99 (21.7)

Femoral neck 99 (21.7)
Newly diagnosed osteopenia/osteoporosis*, n (%)

T-score —2.5——1 in DXA scan (osteopenia) 34 (34.3)

Mean vitamin D level® 16.59+12.64

T-score < —2.5 in DXA scan (osteoporosis) 46 (46.5)

Mean vitamin D level® 19.90+15.55

*In assessed patients; °no significant differences (p =0.454/0.405)

Discussion

Fragility fractures of the pelvis will be of growing signif-
icance in older adult trauma patients over the next years,
as they cause immobility and a decline in independency.
Besides well-known orthogeriatric fracture patterns like
proximal femur or humeral fractures, still too little attention
is given on FFP. In the present register-based analysis, we
hypothesized that there is still a lack of adequate evalua-
tion in patients suffering a FFP, that vitamin D deficiency
and subsequent osteoporosis or osteomalacia prevail in the
assessed patients, and that vitamin D levels may correlate
with different fracture patterns.

The first key finding shows that only little attention was
paid on genesis of the fragility fractures during inpatient
stay. The small number of patients screened for vitamin
D deficiency and/or examined via DXA measurement is
also common and known from other studies; Smith et al.
presented in a recent cohort review that in 947 pelvic
fragility fracture patients, 90.8% never received a DXA
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Table 2 Treatment regimens of

) Total patients FFP type 1 FFP type I FFP type III FFP type IV p-value
different types of FFP n=57 =304 n=73 n=22
Conservative, n (%) 56 (98.2) 272 (89.5) 50 (68.5) 9 (40.9)
Operative, n (%) 1(1.8) 32 (10.5) 23 (31.5) 13 (59.1) <0.001
Table 3 Information related on bone health diagnostics in different types of FFP
Total patients FFP type I FFP type 11 FFP type 111 FFP type IV p-value
n=57 n=304 n=73 n=22
Serum 25(0OH)-vitamin D level n=12 n=112 n=31 n=14
(ng/ml; mean +SD) 17.67+12.95 14.09+ 15.09 16.89+15.57 25.92+11.57 0.042
T-score (DXA scan) lumbar vertebrae n=10 n=65 n=18 n=6
(mean+SD) —~1.76 £1.36 —-2.07+1.57 —-2.69+1.26 -2.80+1.13 ns
T-score (DXA scan) femoral neck n=10 n=65 n=18 n=6
(mean+SD) ~2.19+2.18 -2.59+1.16 —-2.57+1.18 -2.80+0.76 ns
Alkaline phosphatase n=19% n=135% n=36* n=14% ns
(U/l; mean + SD) 111.16 +46.37 107.16 £73.91 117.25+112.36 150.57 +£102.94 ns
n=3° n=31° n=28° n=2°
161.33+82.86 100.16 +44.19 99.50+31.64 162.00 +69.30
Serum calcium' n=18 n=149 n=38 n=13 ns
(mmol/l; mean + SD) 2.30+0.29 2.36+0.12 2.38+0.12 2.39+0.10
Serum phosphate” n=18 n=148 n=38 n=13 ns
(mg/dl; mean+ SD) 3.30+0.86 3.15+0.81 3.13+0.61 3.13+£0.30

*Female patients (range 35-105 U/1); °male patients (range 40-130 U/1)

LSerum calcium range 2.05-2.65 mmol/l; Zserum phosphate range 2.5-4.8 mg/dl

Table 4 Information related on bone health in patients with vitamin
D insufficiency and regular vitamin D levels

Total patients Vitamin D insuf- Regular p-value

ficiency Vitamin D

(21-29 ng/ml) levels

n=28 (>30 ng/ml)

n=33

Alkaline phosphatase ~ n=27 n=32 0.162
(U/1; mean + SD) 86.85+36.30 112.0+86.02
Serum calcium! n=28 n=31 0.135
(mmol/l; mean+SD) 2.16+0.17 2.23+0.19
Serum phosphate” n=27 n=33 0.344
(mg/dl; mean+SD)  3.13+0.55 3.29+0.78

!Serum calcium range 2.05-2.65 mmol/l; 2serum phosphate range
2.5-4.8 mg/dl

scan (before and after fracture) and 67.3% never received
medication for osteoporosis during their study period [20].
Considering the initially mentioned increase in the geriat-
ric population and following increase in fragility fractures,
improving this diagnostic lack is of utmost importance for
secondary fracture prevention. Already existing programs
like a Fracture Liason Service therefore have to be further
developed and disseminated [21].

In the assessed patients, a high prevalence of vita-
min D deficiency was observed. In 62.7% of the patients
that were screened for vitamin D deficiency by labora-
tory measurements during their inpatient stay, a serum
25(0OH)-vitamin D level <20 ng/ml was observed. This
goes in line with previous findings by Maier et al., who
reported a vitamin D deficiency in 79% of their FFP
patients and identified vitamin D deficiency and osteo-
porosis as risk factors for pelvic insufficiency fractures
[22]. DXA measurement certified an underlying osteo-
porosis (T-score < —25) in 10.1% of all patients/46.5%
of the assessed patients, which also matches with these
previous results. Besides osteoporosis, osteomalacia
also has to be considered cause for fragility fractures of
the pelvis, but remains neglected in most of the cases or
misdiagnosed as osteoporosis. Since only patients aged
80 years and older were included, this differentiates the
present study from preexisting literature, where usually
a younger cohort was evaluated with lower prevalence of
osteomalacia [20]. As fragility, frailty, sarcopenia, and
subsequent osteomalacia intensify with advancing age,
this is a major strength of the present study, because the
most vulnerable cohort is appropriately represented. Lab-
oratory measurements showed increased alkaline phos-
phatase levels in all female patients/45.8% of all patients,
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which suggest an underlying or coexisting osteomalacia.
As normal serum calcium and phosphatase levels were
observed in all patients and types of FFP, no final diag-
nosis of osteomalacia was made. These laboratory assess-
ments might appear irrelevant for surgical treatment, but
are crucial for choosing the right drug therapy. In the
vitamin D deficient type of osteomalacia, high-dose vita-
min D supplementation is important, as in osteoporosis
initiation of vitamin D supplementation in the beginning
is followed by specific therapy after fracture healing (e.g.,
hormonal or bisphosphonate antiresorptive therapy). If
osteoporosis is diagnosed in coexistence to osteomalacia,
at first treatment of osteomalacia is completed, before
fracture risk of osteoporosis is revaluated and specific
treatment started if necessary.

The observed distribution of fracture patterns matches
with results by Rommens and Hoffmann as well by
Krappinger et al., with a major proportion of FFP type II
(66.7% in the present study vs. 51.8% Rommens/64.0%
Krappinger) [11, 23]. To the best of our knowledge, this
is the first study that compared serum 25(OH)-vitamin D
levels with specific fracture patterns and that evaluated
different causes of FFP by laboratory and instrumental
measurements. Type IV fractures with the highest degree
of instability presented with the highest serum 25(OH)-
vitamin D level. This is counterintuitive and contrary to
the results of the DXA scans, where a trend of increas-
ingly negative T-scores in higher grades of instabil-
ity could be seen. Type IV fractures showed the lowest
T-score and presence of an underlying osteoporosis was
confirmed in all of these cases, as well as indicators for
a coexisting osteomalacia were present in these patients.
As furthermore no correlation of vitamin D level and
fracture patterns was found, the specific value seems less
relevant for developing a specific fracture pattern than a
low serum 25(OH)-vitamin D level per se.

Some limitations have to be considered: As a conse-
quence of the small number of patients evaluated for an
underlying osteoporosis by laboratory screenings and
DXA scans, the data obtained could be biased, as values
of one fracture pattern group might be disproportionately
represented then another. Also evaluation for indicators
of an underlying osteomalacia was based on laboratory
measurements only, no verification was conducted (e.g.,
by bone biopsy of the iliac crest); therefore, a coexistence
of osteomalacia and osteoporosis could not have been
ruled out finally. To further evaluate the experienced dif-
ferences between the individual fracture patterns, adding
a control group would have been beneficial; as the study
population only consists of patients suffering a FFP after
trauma and a retrospective analysis was performed, defin-
ing this control group was not feasibly.
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Conclusion

The present study showed a high amount of missed infor-
mation related on bone health in geriatric patients suffering
a fragility fracture of the pelvis, although this remains the
essential procedure for the initation of secondary fracture
prevention. In the assessed patients, a high prevalence of
vitamin D deficiency was observed. While surgical treatment
options were unified, a precise evaluation of the underly-
ing pathology remains crucial for further drug therapy and
sufficient secondary fracture prevention. Therefore, this is
the first study that highlighted the still neglected osteologi-
cal evaluation and subsequent differing etiology of fragility
fractures of the pelvis, regarding osteoporosis and/or osteo-
malacia, based on laboratory and instrumental measure-
ments. This evaluation should become a standardized pro-
cedure in the treatment of orthogeriatric patients presenting
with a FFP. A following prospective study will try to verify
these results and to identify predictors for hypovitaminosis
D in this collective of vulnerable orthogeriatric patients.
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