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Abstract
Purpose The aim of this study was to evaluate the outcomes of an integrated multidisciplinary hip fracture unit through the
following parameters: time to surgery, mortality, return to activities of daily living, adherence to re-fractures prevention programs.
Methods Six hundred seventy-seven consecutive patients with hip fracture were included in the study. We calculated the time to
surgery as the time in hours from admission until surgery. The in-hospital mortality was calculated as the number of deaths that
occurred before discharge. Each patient was then evaluated post-operatively at six weeks, three months, and one year. We studied
basic activity of daily living (BADL) and the New Mobility Scale (NMS). Adherence to re-fractures prevention programs was
also evaluated.
Results 88.9% of patients underwent surgery within two calendar days from admission. In-hospital mortality was 2.4%, and the
overall mortality at one year from the intervention was 18.7%. Full mobility status or a low impairment of the mobility status was
reached in 32.1% of the patients at one year and a level ≥ 3 of autonomy in BADL was reached in 62.4% (338/542) of patients.
Three hundred forty-two patients were prescribed a specific therapy for secondary prevention of re-fracture.
Conclusions An integrated, multidisciplinary model for the treatment of hip fragility fractures was effective in reducing time to
surgery and mortality, increasing the level autonomy and mobility status and promoting adherence to re-fracture therapy.
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Introduction

Hip fractures (HF) in the elderly are currently one of the main
healthcare system problems in developed countries, due to the
socio-economic and welfare impact that they entail [1–4]. The
one year mortality of these fractures rates from 20 to 30% [5,
6], with high rate of institutionalization (20–25%) and a de-
crease of 60% in the level of autonomy in activities of daily
living [7–9].

Those epidemiological data support the need for a different
approach to improve outcomes. In recent years, several
models for the management of patients with HF have been
adopted inmany institutions, with the aim of reducing hospital
complications, optimizing the management and treatment of
the patient [10, 11]. All the proposed models focus on a mul-
tidisciplinary and multiprofessional collaboration that allows
to implement the quality of care and, at the same time, reduce
costs [12, 13].

The hospital is a tertiary teaching hospital treating about
700 new cases of hip fracture a year; since 2014, it is in
function a multidisciplinary hip fracture as part of a project
of the Italian Health Ministry [RF-2010-2316600]. The ser-
vice was created to allow rapid medical stabilization and early
fracture fixation and to facilitate discharge.

The aim of this study was to evaluate the outcomes of the
co-management model used in our institution through the fol-
lowing parameters: time to surgery, mortality, return to activ-
ities of daily living, adherence to re-fractures prevention
programs.
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Patients and method

We present a prospective cohort study of 677 consecutive
patients with hip fracture aged more than 65 years old referred
between October 2015 and December 2016 to our unit.

The average age of the study population was 84.5 (± 8.3)
and 467 (69%) were female, while 210 (31%) were males
(female-male ratio of 2.2:1). According to the AO classifica-
tion [13], 327 (48.3%) patients had a 31B (femoral neck frac-
tures), 319 (47.1%) a 31A1/31A2 (trochanteric fractures), and
31 (4.6%) had a 31A3 (intertrochanteric, subtrochanteric, and
reverse obliquity fractures).

Two major comorbidities were present in 38.2% (258/677)
of patients, among which the most frequent were coronary
heart disease (15.7%—106/677) and heart failure (14.8%—
100/677). We calculated the Charlson Comorbidity Index
(CCI) and the Greenfield Index (GI) for each patient: the
CCI was 4 in 35.5% (240/677) and 6 or greater in 28%
(190/677) of patients, and the GI was 0 in 32.9% (223/677)
and 3 in 13.6% (92/677) of patients. Clinical and demographic
data are reported in Table 1.

Description of the hip fracture unit

Our hip fracture unit is structured as a geriatric co-managed
care unit which represents the most complex model of care
among those described for the management of the elderly
patient with HF. The unit includes orthopaedics,
anaesthesiologists, geriatricians, nurses and physiotherapists,
health care and social agency staff, and endocrinologists.

The internist/geriatrician clinical staff is integrated into the
orthopaedic ward where the patient is managed together from
his arrival until discharge. In the emergency room, all patients
underwent pre-operative orthopaedic and radiological investi-
gation, venous line positioning, ECG, and laboratory exami-
nation including troponin I assay and chest X-ray. Deep ve-
nous thrombosis prophylaxis with low molecular heparin was
started as soon as possible. In patients treated with oral anti-
coagulants, withdrawal and oral vitamin K administration
were considered in selected cases to allow recovery of normal
clotting parameters. Withdrawal of thienopyridine platelet an-
tagonists was considered individually. After transferral to the
hip fracture unit, careful clinical evaluation by the internal
medicine specialists (history, physical examination, ECG
and chest x-ray evaluation, bedside echocardiography when
needed) allowed orthopaedics and anaesthesiologists to
schedule surgery and choice anaesthesiology strategy within
48 hours from trauma. Postoperative observation for 24–48
hours in intensity care unit was planned for high-risk patients.
Patients are then allocated to a physiotherapist who works
closely with doctors and nurses for faster rehabilitation, pre-
paring patients for safe and rapid discharge.

In our unit, there is, finally, a fracture liaison service (FLS),
which means a service that treats all patients over the age of 65
in order to reduce the risk of further re-fracture. Tuscany
Region, through the T.A.R.Ge.T. project (Appropriate
Treatment of Geriatric re-fracture in Tuscany) was the first
region in Italy to enable a project to reduce hip re-fractures
in elderly patients. The first step of the program begins at the
admission in the ward when all the patients are tested for
serum 25(OH)D vitamin D levels. In case of hypovitaminosis
D, optimization of both vitamin D status and calcium intake
are prescribed [14, 15].

At discharge, all the fractured patients over 65 are screened
for inclusion in the T.A.R.Ge.T. project and those enrolled are
referred to the Unit of Bone and Mineral Diseases (BMD) of
the University Hospital of Florence. In this service, patients

Table 1 Clinical characteristics of the study population

Characteristic Population (n = 677)

M/F 210/467

Age (years) 84.5 ± 8.3

Type of fracture:

31B 327 (48.3%)

31A1/31A2 319 (47.1%)

31A3 31 (4.6%)

Delay of intervention < 48 h 617 (91.1%)

ADL

≤ 4 129 (19%)

> 4 221 (32.6%)

Dementia 215 (31.8%)

Parkinson 36 (5.3%)

> 2 major comorbidities 258 (38.2%)

Cerebrovascular disease 27 (4%)

Coronary heart disease 106 (15.7%)

Aortic stenosis 27 (4%)

Heart failure 100 (14.8%)

Atrial fibrillation 58 (8.6%)

Cancer disease 52 (7.8%)

Diabetes 54 (9%)

Chronic kidney disease 20 (3%)

Chronic obstructive pulmonary disease 67 (9.9%)

Charlson Comorbidity Index (CCI):

1–3 18 (2.7%)

4 240 (35.5%)

5 229 (33.8%)

≥ 6 190 (28.0%)

Greenfield Index (GI)

0 223 (32.9%)

1 166 (24.5%)

2 196 (29%)

3 92 (13.6%)
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are given a first-level laboratory test for an evaluation of dif-
ferential diagnosis of osteoporosis, a booklet about the risks
and benefits of re-fracture prevention, and a supplementation
of calcium plus vitamin D. Patients are then scheduled for
bone mineral density assessment.

When all the diagnostic procedures are completed and sec-
ondary causes of osteoporosis have been excluded, a proper
pharmacologic treatment is initiated. As first choice, oral or
i.v. bisphosphonates, such as alendronate, risedronate, or zo-
ledronic acid, respectively, are taken into account. If contrain-
dications, intolerance, or side effects to bisphosphonate ther-
apy are present, second choice antiresorptive drugs, such as
the subcutaneous denosumab, are considered. In more com-
plex cases, therapy with the anabolic agent teriparatide
(PTH1-34) could be initiated and maintained for up to two
years, then followed by an antiresorptive.

Evaluation of patients

We obtained information about the autonomy in basic activity
of daily living (BADL) and the pre-fracture mobility status
according to the New Mobility Score (NMS) [16] giving a
total score ranging between 0 (no walking ability at all) and
9 (fully independent).

We calculated the time to surgery as the time in hours from
admission until arrival in operating room and the number of
patients who underwent surgery within two calendar days after
ward admission.

The in-hospital mortality was calculated as the number of
deaths that occurred before discharge. Each patient was then eval-
uated post-operatively at six weeks, three months, and one year.

To evaluate adherence to the program of secondary preven-
tion of re-fracture, the following indicators were considered:
how many patients had BMD testing, the percentage of pa-
tients who start treatment at three months, the percentage of
patients who retained the treatment after 12 months.

Statistical analysis

Collected data were registered as mean and standard devia-
tion. Categorical variables were compared through the chi-
square test or the Fisher exact test. Continuous variables were
compared using the Student t test. The statistical meaning of
the results obtained was assessed considering a significant
value of p < 0.05.

Results

Multidisciplinary clinical evaluation was performed within 24
hours from admission in 90% of patients (609/677), associated
with echocardiographic examination in 41.9% of cases (284/
677).

Time to surgery

Within two calendar days from admission, 88.9% (602/677) of
patients underwent surgery. The average time from admission to
intervention was 30 hours (± 20.4). Before the intervention, four
patients (0.6%) died into the ward and 12 patients (1.8%) were
treated conservatively due to the presence of important comor-
bidities combined with low functional needs such as to contra-
indicate the intervention. Surgery was delayed to optimize pa-
tient’s medical condition in 48.6% of cases. The main clinical
cause of delayed surgery was the use of anticoagulant therapy at
the time of fracture (9.3%—62/667).

The delay was caused by organizational reasons in the
51.4%; regarding this, we highlighted as the average time to
surgery increased as the week progresses, peaking on Friday
at 2.70 days (p < 0.05), this is because we do not have hip
surgery on Sunday.

Mortality

In-hospital mortality

In-hospital mortality was 2.4% (16/677) with an average age
of 85.4 years ± 7.4 that resulted not significantly different
from that of the patients discharged alive (84.4 years ± 8.4).

The number of BADLs in patients who died during hospi-
tal stay was significantly lower compared to the control group
(p < 0.05). The value of the pre-operative mobility status was
also significantly correlated with the in-hospital mortality
(p < 0.05).

Patients who died during the recovery were more frequent-
ly affected by heart failure (11/16, 68%), had more than two
major comorbidities (13/16, 81.2% of cases), and had a GI ≥ 3
in 10/16 (62.5%) as well as a CCI ≥ 6 in 14/16 (87.5%).

The multivariate analysis showed that only the presence of
more than two major comorbidities was found to be an inde-
pendent variable related to in-hospital mortality.

One-year mortality

Excluding ten patients lost during follow-up, the overall mortal-
ity at one year from fracture was 18.7% (125/667). The mean
age in the deceased patients group was significantly higher
(88 years ± 6.7) than the survival (83 years ± 8.4) (p < 0.05).

No statistically significant correlation was observed be-
tween the type of fracture and survival at one year (p > 0.05).

The degree of autonomy prior to the intervention,
expressed as the number of BADL, was significantly lower
in patients who died compared to the survivors (p < 0.05).
Similarly, the value of the pre-operative mobility status was
significantly correlated with the one year mortality (p < 0.05).

The relationship between the different comorbidities and
the prognosis of the patient operated can be assessed by
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considering each factor individually or using score such as the
CCI and the GI. Among the cardiological comorbidities, no
statistically significant difference was found in the two groups
with regard to atrial fibrillation that was present in 8.6% (11/
125) of patients who died and in 26.3% (143/542) of live
patients. A history of ischaemic heart disease was present in
20.1% (25/125) of the deceased patients and in 14.4% (78/
542) of those living after one year from surgery. Severe aortic
stenosis was associated with a mortality of 56.8% at one year,
corresponding to 71/125 vs 113/542 (p < 0.05). Similarly, the
presence of heart failure was associated with an increased risk
of one year mortality (48.8%—61/125 vs 110/542) (p < 0.05).
If we consider the simultaneous presence of more than two
major comorbidities in the same patient, we observed this
condition in 83.3% (104/125) of deceased patients, while in
non-deceased patients, this percentage drops drastically to
26.3% (143/542). The results of the multivariate statistical
analysis indicate that the presence of more than two major
comorbidities in the same patient is the main independent risk
factor of one year mortality in the elderly patient with HF.

Considering the more complex comorbidity indexes such
as the CCI and the GI, we observed a correlation between the
increase of the score and the one year mortality (p < 0.05).

Age is the only other independent risk factor for mortality.
None of the other factors considered had an independent effect
on one year mortality.

Return to activities of daily living and quality of life

Full pre-fracture mobility status (NMS score 9/9) was present in
19.4% (131/677) of patients, while 5.2% (35/677) were enticed
and unable to move before the trauma (NMS score 0/9).
Complete autonomy in BADL (6/6) before fracture was present
in 58.4% of the entire population, while 16.4% had a serious
impairment of autonomy (only 2 or less BADL preserved).

Mobility status and level of autonomy in the BADL were
analyzed after one year from the intervention. Full mobility
status (score 9/9) was achieved in 12.5% (51/542) of patients;
19.6% (106/542) had a low impairment of the mobility status
(score 7–8/9); 45.7% (248/542) a mildly compromised level
of mobility (score 4–6/9); 13.5% (73/242) a significant im-
pairment of the mobility status (score 1–3/9); and 9.4% were
enticed or unable to walk (score 0/9).

After one year, a level ≥ 3 of autonomy in BADL was
reached in 62.4% (338/542) of patients; while 37.6% (204/
542) of patients showed an important impairment of autono-
my (BADL < 3) (Table 2).

Adherence to re-fractures prevention programs

Of the 661 patients with hip fracture who were discharged
from the hospital, 434 (66%) were evaluated and considered
eligible to be enrolled in the prevention of re-fracture program.

Within three months from discharge 278 (64%) patients
received bone mineral density testing BMD and evaluation
of fall and fracture. In 342 (78.8%) patients, they were pre-
scribed specific drug treatment and calcium ± vitamin D sup-
plementation. Bisphosphonates were the most commonly pre-
scribed drugs for secondary fracture prevention at discharge.

Adherence at one year among those who had prescribed
anti-fracture drugs was 62.3% (213 patients).

Discussion

This study was designed to evaluate the outcomes of a group
of elderly patients with hip fracture managed in an integrated
multidisciplinary hip unit. This dedicated hip fracture unit is
believed to be the first of its kind in Italy and one of a few
worldwide; it was designed to implement various clinical
practice pathways to allow pre-operative assessment, rapid

Table 2 Activities of daily living and mobility status evaluation

Before fracture 1 year of follow-up

Autonomy in base activity of daily living (BADL) n = 677 Autonomy in base activity of daily living (BADL) n = 542

1–2 111 (16.4%) 1–2 204 (37.6%)

3–4 123 (18.2%) 3–4 98 (18.1%)

5 48 (7%) 5 58 (10.7%)

6 395 (58.4%) 6 182 (33.6%)

Pre-fracture mobility status (New Mobility Scale) n = 677 Pre-fracture mobility status (New Mobility Scale) n = 542

0 (no walking ability) 35 (5.2%) 0 (no walking ability) 51 (9.4%)

1–3 106 (15.7%) 1–3 73 (13.5%)

4–6 232 (34.3%) 4–6 248 (45.7%)

7–8 172 (25.4%) 7–8 106 (19.6%)

9 (fully independent) 131 (19.4%) 9 (fully independent) 68 (12.5%)
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optimization for surgery, prompt mobilization and ambula-
tion, and rapid discharge [17].

Several experiences with different characteristics of co-
managed care and with a variety of results have been pub-
lished [10, 11, 18] with the common denominator being a
significant reduction in mortality and improved functional
outcomes.

A meta-analysis to determine whether the ortho-geriatric
collaboration was associated with improved outcomes; the
overall results found that co-managed collaboration was asso-
ciated with a significant reduction of in-hospital mortality (RR
0.60, 95%CI 0.43, 0.84) and long-term mortality (RR 0.83,
95%CI 0.74, 0.94) compared to the traditional models of care
[19]. Recently, another meta-analysis has also shown for the
first time how the co-managed model seems to give the best
results in terms of mortality [20].

We found that our integrated, multidisciplinary model of
care was also associated with a very low rate of in-hospital
mortality and one year mortality (in-hospital mortality 2.4%
and 1-year mortality 18.8%).

Advanced age and high ASA scores are two of the major
risk factors associated with worst functional outcome, in-
creased readmission, and post-operative mortality [21–23].
Forni et al. [24] reported an increase of 30-day mortality risk
of 8.4% for each year above 65 years. Accordingly, we found
that age and the presence of more than two major comorbid-
ities were independent risk factors for mortality.

These results are similar to the best results reported in other
studies concerning the same co-management model; however,
our study group of patients was older (84.5 mean age) com-
pared to other series [10, 25–28].

Although, the pre-operative period does not appear to be an
independent risk factor for intra-hospital and one-year mortal-
ity; it has been reported that a preoperative period greater than
72 hours is associated with increased complications and worse
functional outcomes [22]. Overall, 88.9% of our patients
underwent surgery within the recommended two calendar
days, with being admitted on Friday as the single most impor-
tant factor associated with prolonged time to surgery.

Full mobility status or a low impairment of the mobility
status was reached in 32.1% of the patients at one year and a
level ≥ 3 of autonomy in BADL was reached in 62.4% (338/
542) of patients.

We believe that our integrated team (internal medicine,
geriatric and orthopaedic specialists, and anaesthesiologists)
may contribute to shorten time from hospital admission to
surgery. The main difference from previous models of care
is the availability of a rapid (within the first 12 hours from
admission) accurate internist/geriatrician clinical evaluation,
including bedside echocardiography and pre-operative sys-
tematic troponin assay.

This approach allowed detection of severe clinical comor-
bidities, assessment of cardiovascular conditions, volemic

status, and therefore, an accurate risk stratification. Most of
the decompensated clinical conditions at admission were sta-
bilized by the medical team in order to schedule surgical in-
tervention within the first two days from trauma. Furthermore,
continuous post-operative clinical monitoring by the internal
medicine specialists and geriatricians had permitted early de-
tection and treatment of in-hospital complications, thus
allowing a decrease in early mortality.

Finally, we could demonstrate that the activation of a mul-
tidisciplinary integrated model of care for secondary preven-
tion of fragility fractures is an effective strategy to increase the
probability for patients to receive BMD testing and, above all,
to increase the proportion of patients receiving a specific anti-
fracture drug prescription after hip fracture. One-year adher-
ence to treatment tends to decline, but that could be considered
physiological in such an older population.
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