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Introduction

Abstract

Background: Demographic changes have led to an increase in geriatric
trauma patients, presenting challenges due to musculoskeletal injuries and
geriatric comorbidities. Regaining autonomy and maintaining quality of life are
crucial goals in their management.

Aim: This study evaluates the Barthel Index (Bl) and Mini-Mental Status
Examination (MMSE) as predictors of autonomy recovery in geriatric patients
after fractures,

Methods: A prospective observational study was conducted from August
2017 to January 2020 in a German level | trauma center. Patients aged >65
years with proximal humerus, pelvic, or vertebral fractures were assessed using
the Bl and/or MMSE.

Results: A total of 103 patients (74 female, 29 male, mean age 81.11
years) were included. Independence decreased significantly post-fracture,
regardless of diagnosis (p < 0.05). The initial Bl showed most patients were
already (occasionally) dependent before the fracture. ach additional Bl point
increased the probability of self-reliance by 3.1% (OR = 1.031, p < 0.05).
Regression analysis confirmed Bl as a significant predictor of autonomy (p <
0.05). Additionally, 80% of patients had normal cognitive status on the MMSE,
with each MMSE point increasing the odds of self-care by 34% (OR = 1.340, p <
0.05). In regression analysis, the MMSE was a significant predictor of self-care
ability (p < 0.05).

Conclusion: The Bl and MMSE are essential tools for predicting autonomy
in geriatric trauma patients. Assessment by a multidisciplinary care team allows
timely intervention to restore, maintain or improve the autonomy and quality of
life of geriatric trauma patients.

Keywords: Geriatric Trauma; Geriatric Assessment; Barthel Index; Mini-
Mental-Status Examination; Elderly patients

replacement [5,6], and on the other hand, patients with multiple
comorbidities who suffer serious injuries from falls [5,7]. These falls
are often caused by a combination of several underlying conditions that
lead to increased frailty [5,8]. Frailty, a state of limited physiological

The increase in life expectancy, as a result of general prosperity
and improved health conditions, has led to an average life expectancy
of 78.3 years for men and 83.2 years for women in Germany in 2022
[1]. The population segment of older adults (aged 65 years and over)
is projected to significantly increase over the next year with the
population of above 85 years being the fastest growing population
segment in Europe [2]. A standardized definition of geriatric patients
has not yet been established, but the German Society for Geriatrics
uses the age of 70 as an indicator for identifying geriatric patients
[3]. The incidence of osteoporotic fractures increases with age [4].
The growing geriatric trauma population presents new challenges to
healthcare. The group of older adults is a heterogenous group ranging
from very active individuals with high functional demands on the
one hand, for example in the treatment of osteoarthritis with joint

resources, is multifactorial and associated with increased vulnerability
to adverse health events [9]. Typically, osteoporosis related fractures
occur in the proximal humerus, the forearm, the spine, the pelvis or
the proximal femur [5,7]. The overall complication rate for fracture
treatment in the geriatric population is higher, including an increased
risk of surgical site infection, a higher prevalence of postoperative
delirium and exacerbation of existing comorbid conditions [5,10].
The most common geriatric fracture treated in hospitals affects
the proximal femur and is associated with increased mortality and
morbidity of up to 7% within 30 days and up to 28% within one year
of the fracture [4,11-14]. Besides increased mortality and morbidity
rates, these fractures can also lead to a reduced quality of life and
increased healthcare costs up to 6.5 times higher compared to younger
adults [5,7,10].
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Major factors that predispose people to losing their autonomy and,
thus, to institutionalization, are cognitive and physical impairments as
well as social factors [15,16]. There is a one-way correlation between
cognitive and physical impairment: as cognitive impairment increases;
physical function decreases and the rate of nursing home admissions
rises. This is especially prevalent among patients with dementia, who
are 17 times more likely to be admitted to a nursing home [17].

The of geriatric trauma patients requires a
multidisciplinary and complex strategy, as many social and medical
aspects must be addressed in order to enable patients not only to
retain a self-determined and self-sufficient life, but also to retain a
high quality of life [5,17,18]. Therefore, geriatric co-management of
trauma patients is becoming an established strategy [5,10,19-21]. As
part of geriatric co-management in traumatology, a basic assessment
is performed to identify and address typical geriatric comorbidities
[22,23].

Patients and Methods

treatment

This prospective observational study analyzed patients aged
> 65 years with fractures of the proximal humerus, spine or pelvis

correspond to healthy or adequate cognitive function. Scores of 24 or
less indicate cognitive impairment, scores between 24 and 18 indicate
mild dementia, and scores below 10 indicate severe dementia [5,24].

The aim of the study was to evaluate the predictive character of
the BI and the MMSE for the ability to maintain autonomy. Data
were analyzed using Microsoft Excel version 16.66.1 and IBM SPSS
Statistics version 29.0.0.0.

Results

Based on the in- and exclusion criteria, data of 103 geriatric
trauma patients who sustained a fracture of the proximal humerus,
pelvis or spine and were treated as inpatients in a level 1 trauma
center in Germany between 08/2017 and 02/2020 (Table 2). Of the
103 patients, 29 were male (28%) and 74 were female (72%). The mean
age was 81.11 £ 6.0 years (65-94 years).

Patients were classified according to their perioperative risk
using the American Society of Anesthesiologists Classification (ASA;
Figure 1, Table 2). In the present collective, 3.9% of the patients were
classified as ASA 1, 41.7% as ASA II and 54.4% as ASA III.

who were treated as inpatients in a level 1 trauma center in Germany . Diagnosis
between 08/2017 and 02/2020. The study was approved by the local © p— f — | ﬁ;;zf;;gy;;m
ethics committee (160/17). Demographic data, American Society of S
Anesthesiologists (ASA) classification, pre- and post-injury living
situation, Barthel Index (BI), Mini-Mental Status Examination ol
(MMSE) and discharge destination were analyzed. .
The Barthel Index assesses activities of daily living. Each activity N =
of daily living (Table 1) is assessed with a score based on how " .
independently the patient can perform the activity in question. The
total score indicates the level of independence and can be used to plan w0
care and evaluate the effectiveness of rehabilitation interventions.
° m@ [ n
The Mini Mental State Examination (MMSE) is an internationally ASA Classification
lish ndardiz for the diagnosis of cogniti fici
established standardized test o the d agnosis of cog tive deficits Figure 1: ASA-Classification (n=103, p > 0.05) ‘
or the development of dementia. Questions and tasks are used to
test patients’ abilities in the areas of orientation, memory, attention,  Table 2: Study Collective.
planning and execution of actions (ideational praxia) and processing Diagnosis ‘
of visual and spatial information (visual construction). A maximum Proximal Pelvic Vertebral Total
score of 30 points can be achieved; scores between 30 and 25 points Humerus Fracture| Fracture Fracture
- N % N % N % N | %
Table 1: Barthel Index, modified after F. I. Mahoney & D. W. Barthel. 23 223 39 379 41 308 103
Points Activities of daily living Age
0-10 Eati Ability t t
0-5 Batlr:g /Sh i e Mean 81.4 81.9 80.2 81.1
- Da 9 °(‘j”e”"9 Median 81 83 80
ressing an . . . —
0-10 undressing Ability to maintain personal hygiene M|n|rnum 69 66 65 65
0-5 Personal Care Maximum 94 92 94 94
0-10 Use of Toilet » sb 57 53 6.9 6.1
0-10 Urinary Control Ablllty to control bladder and bowel Age Groups
functions 65-79 Years 6 26.1 10 25.6 19 46.3 | 35 | 34.0
0-10 Stool Control
80-89 Years 15 65.2 26 66.7 18 439 59 573
Ground Level
0-15 Walking 2 90 Years 2 8.7 3 77 4 98 9 87
0-10 Stairs Motor Skills Gender
Transfer (bed/chair/ Male 4 17.4 10 25.6 15 36.6 29  28.2
0-15 wheelchair) Female 19 82.6 29 74.4 26 634 74 718
0-30 points: | Dependent on care ASA-Classification
35-80 points: | Dependent on Assistance | 2 8.7 1 2.6 1 2.4 4 3.9
85-95 points: | Occasionally dependent on Assistance I 12 52.2 15 38.5 16 | 39.0 43 417
100 points: Independent 1] 9 39.1 23 59.0 24 585 56 | 544
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Table 3: Living situation prior and after the fracture event, n=103.

Diagnosis
. Pelvic Vertebral Total
Proximal Humerus Fracture
Fracture Fracture
N % N % N % N %
Living Situation Prior to self-sufficient 22 95.7 30 76.9 | 33 80.5 85 82.5
Fracture Event
Dependent on 1 43 2 51 3 | 7.3 6 5.8
assitance
unknown 0 0.0 7 17.9 5 12.2 12 1.7
Total 23 100 39 100 41 100 103 100
Living Situation after self-sufficient 13 56.5 12 30.8 18 43.9 43 41.7
Fracture Event
dependent on 10 435 27 | 692 21 512 58 56.3
assitance
unknown 0 0.0 0 0.0 2 4.9 2 1.9
Total 23 100 39 100 41 100 103 100
McNemar (n=89) p < 0.001

Ability to Maintain Autonomy

Of the 103 patients, 82.5% (n=85) were independent before the
trauma and 5.8% (n=6) were dependent on assistance (Table 3). After
the fracture, the distribution changed significantly, with 41.7% (n=43)
remaining independent and 56.3% (n=58) requiring assistance (Chi’,
p < 0.05).

Before the fracture event, the independence rate was 95.7% in
patients with proximal humerus fractures, 76.9% in patients with
pelvic fractures and 80.5% in patients with vertebral fractures. After
fracture, the rate of independence decreased significantly in all
patients. The independence rate decreased by 39.2% (from 95.7% to
56.5%) in patients with a proximal humerus fracture, by 46.1% (from

Diagnosis
. o proumalumors Fracre
| [l Vertebral Fracture
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Cawd-pg“)dent (0-30 Amggagcﬁmm o‘:\-;nmdml Independent (100 P.)
(85-95P.)
Barthel Index
Figure 2: Barthel Index, n=83.
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Figure 3: Probability of self-reliance according to Barthel Index.

76.9% to 30.8%) in patients with a pelvic fracture, and by 36% (from
80.5% to 43.9%) in patients with a vertebral fracture (McNemar test,
p < 0.001).

Barthel Index

Analysis of the Barthel Index (BI, n=83) showed that every patient
was dependent on help before the fracture. No patient was completely
independent according to BI (Figure 2, Table 4). 95.0% of patients
with proximal humerus fractures as well as 78.1% of patients with
pelvic fractures and 64.5% of patients with vertebral fractures were
classified as (occasionally) dependent on assistance.

The odds ratio showed a significant influence of the BI on the
probability of retaining autonomy. With each additional point in BI,
the chance of being able to care for oneself increased by 3.1% (OR =
1.031, p < 0.05).

The logistic regression analysis (Figure 3) also showed a significant
relationship between BI and the chance of self-care (Chi?, p < 0.05).

Mini-Mental Status Examination

Of the total 70 patients who underwent the MMSE, 80.0% had
normal cognitive status (MMSE > 24 points), while 20.0% were
cognitively impaired (MMSE < 24 points; Figure 4, Table 5). Among
patients with proximal humerus fractures, 87.5% had normal cognitive
function, 76.7% of patients with pelvic fractures had normal cognitive
function and 79.2% of patients with vertebral fractures had a normal
cognitive status. The differences between the fracture entities were not
significant (Chi?, p > 0.05).

Predicted Probability

) 5 10 i 0 2 30
Mini-Mental Status Examination Points

Figure 4: Mini-Mental Status Examination, n=70.
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Table 4: Barthel Index, n=83.

The odds ratio showed a significant influence of the result of the
MMSE on the probability to retain autonomy. With each additional
point in the MMSE, the chance of being able to care for oneself
increased by 34.0% (OR = 1,340, p > 0.05). The logistic regression
analysis (Figure 5) also showed a significant relationship between the
MMSE and autonomy (Chi?, p < 0,001).

Discussion

The management of geriatric trauma patients requires a
multidisciplinary approach, preferably in a certified geriatric trauma
center [19]. Fractures represent a life-changing event for geriatric
patients with a potential loss of autonomy. The most common type
of fractures in older adults is the proximal femur fracture (PFF),
after which approximately 27% of women and 30% of men require
nursing care for the first time within 12 months [5]. In addition, the
mortality rate in the first year after a PFF is approximately 28% [4,11-
14]. In men, the rate of nursing home admission after a PFF is even
comparable to the rate of admission after stroke (7.5% vs. 8%), so that
early and targeted assessments are needed to ensure the continued
care of these patients [25]. This study adds to existing evidence of
proximal femur fractures by investigating proximal humeral, pelvic
and vertebral fractures.

Diagnosis Total
Proximal Humerus Fracture Pelvic Fracture Vertebral Fracture
N % N % N % N %
Barthel Care-
Index dependent 1 5.0 7 21.9 " 355 19 229
(0-30 P.)
Assistance-dependent
(35-80 P.) p 19 95.0 25 78.1 16 51.6 60 72.3
Occasionally
Assistance-dependent 0 0.0 0 0.0 4 12.9 4 4.8
(85-95 P,
Total 20 100.0 32 100.0 31 100.0 83 100
Chi?.p<0.05
Table 5: Mini-Mental Status Examination, n=70.
Diagnosis
Proximal Humerus Fracture Pelvic Fracture Vertebral Fracture Total
N % N % N % N %
Mini-Mental Status | Normal (>24 P.) 14 87.5 23 76.7 19 79.2 56 80.0
Examination Impairment (24 P) = 2 12.5 7 23.3 5 20.8 14 20.0
Total 16 100 30 100 24 100 70 100
Chiz. p=0.677
Diagnosis Considering the high mortality rate after fractures in older adults,
0 Brorae multimodal therapy should take the complex needs of the mostly
[ — multimorbid patients into account. In addition to the treatment of
0 the fracture and comorbidities, special attention must be paid to the
patients’ skills of activities of daily living and cognition [5,10]. The
o Barthel Index (BI) and the Mini-Mental Status Examination (MMSE)
* are established instruments in geriatric assessment, which support the
o holistic and patient-oriented care of older adults in trauma surgery, as
already called for in the White Paper of Geriatric Traumatology [5]
-  —_ and in certified Geriatric Trauma Centers [19].
22 om The results of this study show that the BI and the MMSE are
° ey Ecment (4 4P significant predictors of retaining autonomy after geriatric trauma.
Mini-Mental Status Examination Analysis of the BI showed that none of the patients were completely
Figure 5: Prc.Jbal.)iIity to self-reliance after fracture according to Mini-Mental independent before the fracture, but the majority were regularly
Status Examination.

dependent on help. In addition, 20% of the group showed cognitive
decline on the MMSE. This state of cognitive frailty has already
been described as a predictor of falls, injury and disability in older
people, so the assessment of cognition and activities of daily living has
implications not only for post-hospital care, but also for the prevention
of future falls through appropriate and multimodal therapy [16].

In addition, a meta-analysis showed that both impaired activities
of daily living and cognitive impairment, together with other geriatric
phenomena, are significant risk factors for functional decline during
hospital stay [15]. Appropriate assessments, such as the BI and the
MMSE, can be used to identify these impairments and to initiate
appropriate treatment measures, which can have a direct impact on
the progress of geriatric trauma patients during inpatient stay and
thus on the patients’ immediate outcome. The systematic assessment
of the BI and MMSE make it possible to predict the ability to retain
autonomy. This enables the interdisciplinary care team to identify
patients at risk at an early stage and to take steps to restore, maintain
or improve their autonomy. This ensures individualized care that
makes efficient use of the scarce resources of the healthcare system,
while preserving the patients” ability to function in everyday life and
thus their quality of life as much as possible.
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This study provides novel insights into the management of
geriatric trauma patients by expanding the focus beyond proximal
femur fractures to include proximal humeral, pelvic, and vertebral
fractures. It highlights the essential role of the Barthel Index and
Mini-Mental Status Examination in predicting autonomy and guiding
personalized, interdisciplinary care. These findings emphasise the
importance of systematic assessments to optimise outcomes, prevent
functional decline, and support targeted rehabilitation and prevention
strategies in geriatric trauma surgery.

In the future, targeted rehabilitation and prevention programs
could be developed based on the status of daily living skills and
cognitive status after a geriatric trauma fracture. These programs
could hold the potential to reduce the risk of falls and re-fractures
by addressing fear of falling and promoting safer and more confident
engagement in daily activities.

Conclusion

The increasing number of geriatric trauma patients presents new
challenges for trauma surgery. Geriatric patients, most of whom are
multimorbid, require interdisciplinary and multimodal care, ideally
in a geriatric trauma center. Geriatric assessment plays a crucial role,
as the prognosis of retaining autonomy can have a direct impact on
post-hospital care and the prevention of further fractures.
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