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Abstract

Summary The aim of this study was to evaluate changes in activities of daily living and self-reported health status in the first
year after fragility fractures of the pelvis. We found out that these fractures lead to a significant, long-lasting deterioration
of both parameters, comparable with hip fractures.

Purpose The aim of this prospective study was to evaluate the development and to identify influencing factors in activities
of daily living (ADL) and self-reported health status (HS) in the first year after fragility fractures of the pelvis (FFP).
Methods A total of 134 patients with FFP > 60 years were included. ADL were measured using the Barthel index (BI)
and the IADL scale pre-fracture, at 6 weeks, 6 months, and 12 months. HS was evaluated using the EQ-5D questionnaire
at 6 weeks, 6 months, and 12 months. Multiple regression analysis and hierarchical linear models were applied to identify
influencing factors in ADL and HS.

Results The BI was 95 pre-fracture, 75 at 6 weeks (p <0.001), 80 at 6 months (p=0.178), and 80 at 12 months (p =0.149).
The IADL was 6 pre-fracture, 3 at 6 weeks (p <0.001), 4 at 6 months (p=0.004), and 4 at 12 months (p=0.711). The
EQ-5D index was 0.70 at 6 weeks, 0.788 at 6 months (p=0.158), and 0.788 at 12 months (p =0.798). Significant influenc-
ing factors in the multiple regression analysis were pre-fracture nursing care level for all scores; pre-fracture mobility for
BI; and pre-fracture IADL, ASA score, and age for IADL. Significant influencing factors in the hierarchical linear model
were pre-fracture nursing care level for all scores; pre-fracture IADL, ASA score, age, and time for [ADL; and pre-fracture
mobility, sex, and time for the EQ-5D.

Conclusion Our results confirm that FFP lead to a significant, long-lasting deterioration in ADL and HS, comparable with
hip fractures.

Keywords Fragility fracture of the pelvis - Outcome - Self-rated health status - Activities of daily living - Osteoporosis -
Geriatric fracture

Introduction

Osteoporosis-associated fragility fractures of the pelvic ring
(FFP) are among the most frequent fractures in the elderly
population [1]. Due to demographic change and increasing
life expectancy, their prevalence has been steadily increasing
04 Juliana Hack in the last decades [2]. Despite this fact, relatively little has
hackj@med.uni-marburg.de been known about these fractures, especially compared to
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Hospital Giessen and Marburg GmbH, Baldingerstrasse, a growing number of publications concerning pelvic frac-
35043 Marburg, Germany tures in geriatric patients can be found in the literature.
These studies mainly focus on trauma mechanism, fracture
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morphology, classification systems, and treatment strategies
[3-7].

However, little is known about the outcome after FFP.
Some investigations have evaluated mortality and functional
outcome [8—-10]. Besides those objective facts, another
important aspect is the patient-based, subjective evalua-
tion of the outcome, particularly with regard to the patients’
abilities concerning activities of daily living (ADL), self-
rated health status (HS), and health-related quality of life
(HRQOL) [11]. So far, there are only a very limited number
of investigations evaluating the abilities in ADL, HS, and
HRQOL after FFP, and, to our knowledge, no prospective
studies exist [10, 12—-14].

The aim of this prospective study therefore was to evalu-
ate the development of ADL and HS and to identify influ-
encing factors in ADL and HS in the first year after FFP. It
was expected that the outcome would be comparable with
the outcome after hip fractures.

Methods
Study design and patients

A total of 134 patients aged 60 years or older with FFP
who were admitted to our university hospital from June 1,

2012, to December 31, 2016, and treated as inpatients were
included in this prospective observational study. All types of
FFP, with both conservatively and surgically treated patients,
were involved. Exclusion criteria were isolated acetabular
fractures, high-energy trauma (ISS > 16) [15], and malig-
nancy-related fractures. Treatment followed the in-house
treatment algorithm for FFP in the authors’ institution (see
Fig. 1) [16].

The study was carried out in accordance with the Dec-
laration of Helsinki. Institutional review board approval
was obtained from the local ethics committee (AZ 22/12).
All patients or their legal representatives provided written
informed consent for participation in the study.

Follow-up

The patients were re-examined clinically and radiologi-
cally after 6 weeks and by telephone after 6 months and
12 months.

Assessment of ADL

ADL were assessed using the Barthel index (BI) [17] and
the Lawton instrumental activities of daily living (IADL)
scale [18].
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anterior pelvic ring
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sacroiliac joint

Sacroiliac screw

Surgery Lumbopelvic fixation
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Fig. 1 In-house treatment algorithm for FFP in the authors’ institution
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The BI is an instrument for recording basic daily func-
tions. The points achieved in 10 areas of basic ADL are
added, resulting in a total score between O points (totally
dependent) and 100 points (totally independent) [17].

The IADL scale measures more complex ADL skills in
eight domains of function. The summary score ranges from
0 points (low function, dependent) to 8 points (high function,
independent) [18].

Both scores were assessed at the following times: pre-
fracture (retrospectively evaluated at the day of admission
to the hospital, regarding the last week before the fracture
occurred) and 6 weeks, 6 months, and 12 months after the
trauma.

Assessment of self-rated health status

Self-rated health status was evaluated using the EQ-5D-3
L (three-level version) questionnaire. The EQ-5D ques-
tionnaire is a standardized measuring instrument of health
status developed by the EuroQol Group [19]. It records
the patient’s self-rated health with regard to five dimen-
sions—mobility, self-care, usual activities, pain/discomfort
and anxiety/depression—with three levels of severity (1 no
problems, 2 some or moderate problems, 3 extreme prob-
lems) for each of the five dimensions [20]. The responses to
the five dimensions are then converted in a single summary
index value (EQ-5D index) using a country-specific value
set. This country-specific value set provides weights for each
health state description according to the preferences of the
population of the respective country [21]. The German value
set was applied in this study [22]. The EQ-5D index score
ranges from a maximum score of 1, indicating perfect health,
to less than 0, indicating a health state worse than death [21].

The EQ-5D was assessed at 6 weeks, 6 months, and
12 months after the fracture.

Additional patient data

Apart from socio-demographic patient data (age, sex),
fracture type (FFP classification and AO/OTA classifica-
tion) [3, 23], type of therapy (operative or nonoperative,
surgical procedure where appropriate), American Society
of Anesthesiologists (ASA) score [24], pre-fracture living
situation and nursing care level, pre-fracture Mini-Mental
State Examination (MMSE) [25], and the discharge type
(geriatric rehabilitation, nursing home, home), inter alia,
were recorded during hospital stay.

Data management and analysis
Data were collected in a FileMaker® database (FileMaker

Inc., Santa Clara, CA, USA). IBM SPSS Statistics 24 for
Mac (Statistical Package for the Social Sciences, IBM

Corporation, Armonk, NY, USA) was used for statistical
analysis. Means or medians, ranges, and standard devia-
tions were calculated for descriptive analysis. The Kol-
mogorov—Smirnov test was used for assessment of normal
distribution. Dependent variables were compared using the
Wilcoxon test. The Mann—Whitney U test was applied for
independent variables.

Afterwards, the influence of 11 variables (nonoperatively
or operatively treated, fracture type according to the Rom-
mens classification, fracture type according to the OTA clas-
sification, pre-fracture BI, pre-fracture IADL, pre-fracture
mobility, age, sex, ASA score, pre-fracture MMST, and
pre-fracture nursing care level) on the EQ-5D index, on
the IADL scale, and on the BI at 6 weeks, 6 months, and
12 months after the fracture was modeled in nine stepwise
multiple linear regressions.

Furthermore, three hierarchical models (linear mixed
models) were applied to identify predictive variables on the
EQ-5D index, the IADL scale, and the BI, respectively, for
the three follow-up examinations simultaneously by mod-
eling the time as a predictive variable. For all tests, statistical
significance was assumed at p <0.05.

Results
Descriptive statistics

A total of 134 patients were included in the study. After
deduction of all patients that were deceased, lost to follow-
up, or had incomplete data concerning BI, IADL score, or
EQ-5D index, 111 patients could be analyzed at 6 weeks, 94
patients at 6 months, and 89 patients at 12 months after the
fracture. Figure 2 shows the flowchart of the study with the
number of patients that had to be excluded from the analysis.

The mean age of the patients at the time of fracture was
80 years; 83% were female, 64% were treated conservatively,
and 36% had surgery. Detailed patients’ characteristics are
shown in Table 1.

The median score in the BI decreased significantly from
95 (min, 20; max, 100; mean, 86.38; standard error, 1.50)
before the fracture to 75 (min, 10; max, 100; mean, 70.09;
standard error, 2.55) at 6 weeks (p <0.001), increased
slightly, but not statistically significantly to 80 (min, 5;
max, 100; mean, 75.53; standard error, 2.41) at 6 months
(p=0.178), and stayed constant at 80 (min, 0; max, 100;
mean, 75.51; standard error, 2.54) at 12 months after the
fracture (p=0.149).

The TADL scale also decreased from a median score of
6 (min, 0; max, 8; mean, 4.99; standard error, 0.25) before
the fracture to 3 (min, O; max, 8; mean, 3.38; standard
error, 0.25) at 6 weeks (p <0.001), increased significantly
to 4 (min, 0; max, 8; mean, 4.11; standard error, 0.30) at
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Fig.2 Flowchart of the study

134 patients with FFP were included

* 7 patients deceased
* 13 patients quit or lost to follow-up

111 patients at 6-week follow-up

* 3 patients with incomplete data

15 patients deceased
* 2 patients quit or lost to follow-up

94 patients at 6-month follow-up

/ /

* 3 patients deceased
* 2 patients quit or lost to follow-up

89 patients at 12-month follow-up

Table 1 Baseline data of patients

Age (mean +SD) 80+ 8 (range: 60-99)
Gender
Female n=111(83%)
Male n=23 (17%)
Treatment
Operative n=48 (36%)
Conservative n=2386 (64%)
Fracture type (Rommes classification)
FFP la n=39 29%)
FFP Ib n=2 (2%)
FFP Ila n=11 (8%)
FFP IIb n=53 (40%)
FFP Ilc n=17 (13%)
FFP Illa n=>5 (4%)
FFP IIIb n=4 (3%)
FFP Illc n=11%)
FFP IVa n=0 (0%)
FFP IVb n=2 (2%)
ASA score on admission (mean + SD) 2.8+0.69
ASA 1 n=2(1%)
ASA 2 n=41 (31%)
ASA 3 n="79 (59%)
ASA 4 n=9 (7%)
ASA S n=3 (2%)
ASA 6 n=0 (0%)

MMSE on admission (mean + SD)
Pre-fracture living situation

23.5+5.47 (range: 6-30)

Alone n=>52 (39%)
With partner/family n=67 (50%)
Nursing home n=1511%)

@ Springer

6 months (p =0.004), and stayed constant at 4 (min, 0; max,
8; mean, 4.26; standard error, 0.30) at 12 months after the
fracture (p=0.711).

The median of the EQ-5D index was 0.70 (min, —0.21;
max, 1; mean, 0.59; standard error, 0.03) at 6 weeks after
the fracture, improved slightly, but not statistically signifi-
cantly to 0.788 (min, —0.21; max, 1; mean, 0.66; standard
error, 0.03) at 6 months (p =0.158), and stayed at 0.788
(min, —0.21; max, 1; mean, 0.68; standard error, 0.03) at
12 months (p=0.798).

Multiple regression analysis
Barthel index

Multiple regression analysis showed that the pre-fracture
IADL scale was the only independent positive influenc-
ing factor and the pre-fracture nursing care level was the
only independent negative influencing factor for the BI at
6 weeks after the fracture. Bad pre-fracture mobility and
pre-fracture nursing care level both were independent nega-
tive influencing factors for the BI at 6 months, and bad pre-
fracture mobility, pre-fracture nursing care level, and age
were independent negative influencing factors for the BI at
12 months (see Table 2).

IADL scale

At 6 weeks after the fracture, the pre-fracture IADL scale
was the only independent positive influencing factor; sur-
gery, the ASA score, and pre-fracture nursing care level were
independent negative influencing factors for the IADL scale.
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Table 2 .Signiﬁcant independent B? pP p-value
influencing factors for Barthel
index, IADL scale, and EQ-5D Barthel index
index o weeks. S&E;’Sf;;w 6 weeks Pre-fracture IADL 3333 0.365 0.001
(multiple regression analysis) Pre-fracture nursing care level -7.673 —0.357 0.001
6 months Pre-fracture nursing care level -9.994 -0.510 0.000
Pre-fracture mobility —13.342 —0.281 0.001
12 months Pre-fracture nursing care level —7.349 —0.357 0.001
Pre-fracture mobility —12.000 -0.231 0.014
Age —0.669 -0.215 0.030
IADL scale
6 weeks Pre-fracture IADL 0.437 0.495 0.000
Surgery —0.769 —0.144 0.020
ASA score —0.745 —0.188 0.005
Pre-fracture nursing care level —0.547 -0.262 0.003
6 months Pre-fracture IADL 0.392 0.381 0.000
Age —-0.130 —0.340 0.000
Pre-fracture nursing care level —0.744 -0.294 0.001
12 months Pre-fracture IADL 0.443 0.437 0.000
Age —0.098 —-0.261 0.001
Pre-fracture nursing care level -0.550 -0.222 0.032
EQ-5D index
6 weeks Pre-fracture BI 0.006 0.349 0.002
Pre-fracture nursing care level —0.062 -0.241 0.031
6 months Pre-fracture nursing care level —0.105 —0.428 0.000
ASA score —-0.092 —-0.194 0.046
12 months Pre-fracture nursing care level -0.120 —0.468 0.000

“Non-standardized regression coefficient

bStandardized regression coefficient

At six and at 12 months, the pre-fracture IADL scale was
the only independent positive influencing factor; age and
pre-fracture nursing care level were independent negative
influencing factors (see Table 2).

EQ-5D index

Pre-fracture BI was the only independent positive influenc-
ing factor and pre-fracture nursing care level was the only
independent negative influencing factor for the EQ-5D index
at 6 weeks; ASA score and pre-fracture nursing care level
both were independent negative influencing factors for the
EQ-5D index at 6 months, and pre-fracture nursing care
level was an independent negative influencing factor for the
EQ-5D index at 12 months after the fracture (see Table 2).

Hierarchical linear model

The hierarchical linear model showed that the BI was only
significantly influenced by the pre-fracture nursing care level
as a negative influencing factor.

The TADL scale was significantly influenced by time
(meaning that the IADL scale got significantly better over
time) and pre-fracture IADL scale as positive influencing
factors, and by age, pre-fracture nursing care level, and ASA
score as negative influencing factors.

The EQ-5D index was significantly influenced by time
and sex as positive influencing factors (meaning that the
EQ-5D index got significantly better over time and that men
had a higher EQ-5D index then women), and by pre-fracture
nursing care level and bad pre-fracture mobility as negative
influencing factors (see Table 3).

Discussion

The aim of this study was to evaluate the development of
ADL and HS and to identify influencing factors in ADL and
HS in the first year after FFP.

Both scores measuring ADL—the IADL scale and Bar-
thel index—showed a significant decrease 6 weeks after the
fracture; they increased slightly until 6 months after the frac-
ture and remained steady until 12 months after the fracture.
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Table 3 Significant influencing factors for Barthel index, IADL scale,
and EQ-5D index in the hierarchical linear model

Regression p-value

coefficient
Barthel index Pre-fracture nursing care level —7.477 0.000
IADL scale  Time 0.255 0.008
Pre-fracture IADL 0.353 0.000
Age —0.064 0.003
Pre-fracture nursing care level —0.555 0.001
ASA score —0.738 0.002
EQ-5D index Time 0.038 0.021
Sex 0.111 0.041
Pre-fracture nursing care level —0.089 0.000
Pre-fracture mobility -0.118 0.005

The EQ-5D index at 6 weeks after the fracture was, at 0.70,
considerably lower than the average EQ-5D index of 0.84 in
the German population aged 75 years and older; improved
slightly to 0.78 at 6 months after the fracture; and remained
at 0.78 at the 12-month follow-up [26].

Significant influencing factors in the multiple regres-
sion analysis were, inter alia, pre-fracture nursing care level
and pre-fracture mobility for the BI; pre-fracture nursing
care level, pre-fracture IADL scale, ASA score and age for
the IADL scale; and pre-fracture nursing care level for the
EQ-5D index (for all significant influencing factors at the
different follow-up investigations, see Table 2). Significant
influencing factors in the hierarchical linear model were pre-
fracture nursing care level for the BI; pre-fracture nursing
care level, pre-fracture IADL scale, ASA score, age, and
time for the IADL scale; and pre-fracture nursing care level,
pre-fracture mobility, sex, and time for the EQ-5D index
(see Table 3).

To our knowledge, this is the first prospective study
measuring the BI, IADL, and EQ-5D index after fragility
fractures of the pelvis. However, there are a limited num-
ber of retrospective investigations evaluating the abilities in
ADL, HS, and HRQOL after FFP, using diverse measuring
instruments.

Corresponding with our results, Schmitz et al., Hoch
et al., and Noser et al. all describe a lower patient-related
quality of life after fragility fractures of the pelvis using the
SF-36 questionnaire, the SF-12 questionnaire, the Majeed
score, the visual analog scale, and the EQ-5D visual analog
scale [12, 13, 29].

Banierink et al. recorded the physical functioning and
health status of 53 elderly patients on average 3.4 years
after pelvic ring injury and report significantly lower scores
on the Dutch version of the Short Musculoskeletal Func-
tioning Assessment and the EQ-5D index compared to the
age-matched general Dutch population. The average EQ-5D
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index of 0.72 after 3.4 years was slightly lower than the
EQ-5D index of 0.78 that we found in our study population
12 months after the fracture [27].

Breuil et al., Eckardt et al., Leung et al., Taillandier et al.,
and Yoshida et al. report a deterioration in activities of daily
living, independence, and ambulatory status, which is also
corresponding with the results of our study [8-10, 14, 28].

The results of these studies are only comparable to a
limited extent because of the different study designs and
the different scores that were assessed. They nevertheless
do show, according to the findings of our study, that FFP
cause a relevant and long-lasting deterioration in activities
of daily living and health status. In contrast to our study, all
of the abovementioned studies have a retrospective design
and—except for the studies by Schmitz et al. and Yoshida
et al.—a smaller number of patients was included [12, 28].

To date, only very few studies have evaluated influencing
factors in ADL and HS after FFP.

In their abovementioned study, Leung et al. report no sig-
nificant association between ambulatory status and sex, age,
complications, or number of associated injuries in patients
with FFP. However, they found a significant correlation
between the change in ambulatory status and the presence
of two or more comorbidities [9].

In contrast to the findings by Leung et al. and corre-
sponding with our results, Taillandier et al. describe in their
abovementioned study that age was associated with a loss
of self-sufficiency one year after FFP [10]. These results
are consistent with our findings that age was a significant
negative influencing factor for the BI at 12 months and for
the IADL scale at 6 months and 12 months after the fracture.

Looking at the significant influencing factors in ADL and
HS that we identified in our study population, most of them
are not unexpected: high pre-fracture nursing care level is
a negative influencing factor for the BI, IADL scale, and
EQ-5D index; limited pre-fracture mobility is a negative
influencing factor for the BI and EQ-5D index; high pre-
fracture IADL scale is a positive influencing factor for the
TADL scale after the fracture; and a bad pre-fracture physical
status, measured by the ASA score, is associated with lower
scores on the IADL scale at 6 weeks after the fracture. All
these influencing factors illustrate that low physical func-
tioning before the fracture is associated with a poorer health
status after FFP.

On the other hand, some findings are surprising. First, the
male sex was associated with a higher score on the EQ-5D
index. However, similar findings exist for hip fractures. In
their literature review on quality of life after hip fracture,
Peeters et al. describe strong evidence for the female sex
being negatively associated with HS [30].

Another unexpected finding was that, in our study popu-
lation, time was only associated with improving scores
for the IADL scale and EQ-5D index in the hierarchical



Osteoporosis International (2022) 33:161-168

167

linear model, but not for BI. This might be explained by
the fact that the BI measures basic daily functions that can
be regained more easily and faster than the more complex
skills that are measured on the IADL scale and in the EQ-5D
index.

We expected the outcome after FFP to be comparable
with the outcome after hip fractures. The EQ-5D index of
0.70 6 weeks after the fracture was marginally higher than
the EQ-5D index of 0.54-0.57 that is reported in the lit-
erature four months after hip fracture [31, 32]. The EQ-5D
index of 0.78 at 6 months and at 12 months after the fracture
in our study population was also slightly higher than the
scores between 0.6 and 0.64 that are found in the literature
for six to 12 months after hip fracture [31-33].

Corresponding with the findings after hip fracture, our
results show that the majority of the recovery after FFP takes
place in the first two to 6 months [30].

Limitations

Our study has some limitations. First, the pre-fracture BI and
TIADL scale had to be evaluated retrospectively at the day of
admission to the hospital, regarding the last week before the
fracture occurred. Second, in contrast to the BI and IADL
scale, the pre-fracture EQ-5D index was not recorded,
and consequently, the scores at 6 weeks, 6 months, and
12 months after the fracture had to be compared to the aver-
age EQ-5D index in the age-matched German population.
Another limitation of our study is the possible bias of the
results due to the fact that some patients died or withdrew
from the study during the study period and that, in addition,
a few patients had to be excluded from the data analysis
because of missing data. Since it is likely that the deceased
patients had poorer quality of life and poorer abilities in
activities of daily living and the surviving patients were the
best functioning individuals, this may bias the results with
possibly falsely high values. Last, the patient collective is
inhomogeneous with regard to fracture type and therapy,
because nonoperative and operative therapy as well as dif-
ferent operative procedures have been included. However,
this might even be seen as a strength because it reflects the
reality in clinical practice and a high number of patients
could be included.

Conclusion

In conclusion, the results of this prospective study confirm
that FFP lead to a significant and long-lasting deterioration
in ADL and HS, comparable with hip fractures. Thus, aware-
ness of this vulnerable patient group has to be raised, and
establishing special therapy algorithms, similar to those that
exist for hip fracture patients, seems to be essential.
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