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Abstract
Summary Treatment of older adults with hip fracture is a healthcare challenge. Orthogeriatric comanagement that is an integrated
model of care with shared responsibility improves time to surgery and reduces the length of hospital stay and mortality compared
with orthopedic care with geriatric consultation service and usual orthopedic care, respectively.
Introduction Treatment of fractures in older adults is a clinical challenge due partly to the presence of comorbidity and
polypharmacy. The goal of orthogeriatric models of care is to improve clinical outcomes among older people with hip fractures.
We compare clinical outcomes of persons with hip fracture cared according to orthogeriatric comanagement (OGC), orthopedic
team with the support of a geriatric consultant service (GCS), and usual orthopedic care (UOC).
Methods This is a single-center, pre-post intervention observational study with two parallel arms, OGC and GCS, and a
retrospective control arm. Hip fracture patients admitted to the trauma ward were assigned by the orthopedic surgeon to the
OGC (n = 112) or GCS (n = 108) group. The intervention groups were compared each with others and both with the retrospective
control group (n = 210) of older adults with hip fracture. Several clinical indicators are considered, including time to surgery,
length of stay, in-hospital, and 1-year mortality.
Results Patients in the OGC (OR 2.62; CI 95% 1.40–4.91) but not those in the GCS (OR 0.74; CI 95% 0.38–1.47) showed a
higher probability of undergoing surgery within 48 h compared with those in the UOC. Moreover, the OGC (β, − 1.08; SE, 0.54,
p = 0.045) but not the GCS (β, − 0.79; SE, 0.53, p = 0.148) was inversely associated with LOS. Ultimately, patients in the OGC
(OR 0.31; CI 95 % 0.10–0.96) but not those in the GCS (OR 0.37; CI 95% 0.10–1.38) experienced a significantly lower 1-year
mortality rate compared with those in the UOC. All analyses were independent of several confounders.
Conclusions Older adults with hip fracture taken in care by the OGC showed better clinical indicators, including time to surgery,
length of stay and mortality, than those managed by geriatric consultant service or usual orthopedic care.
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Introduction

Hip fracture is a catastrophic event with substantial impact on
the health, wellbeing, and independence of older persons and
their families [1, 2]. Since 1980, in Western populations, the
age-specific incidence rates of hip fracture have reached a
plateau or tended to decrease, but the number of hip fractures
is increasing due to the aging population, their elevated risk of
falling, and high prevalence of osteoporosis. Therefore, hip
fracture is a major healthcare concern with estimations rising
from 1.66 million in 2000 to 6.26 by 2050, worldwide [3, 4].

Hip fracture is an acute stress challenging the resilience of
older persons, already weakened because of aging, comorbid-
ities, polypharmacy, and disability. Hip fracture patients

* C. Ruggiero
carmelinda.ruggiero@unipg.it; carmelinda.ruggiero@gmail.com

1 Orthogeriatric Service, Geriatric Unit, Institute of Gerontology and
Geriatrics, Department of Medicine, University of Perugia, S. Maria
della Misericordia Hospital, Perugia, Italy

2 Regional Direction for Health and Welfare Umbria Region,
Perugia, Italy

3 Medical Direction, Hospital S. Maria della Misericordia,
Perugia, Italy

4 Orthopedic and Traumatologic Unit, Department of Surgery,
Hospital S. Maria della Misericordia, University of Perugia,
Perugia, Italy

Osteoporosis International (2019) 30:907–916
https://doi.org/10.1007/s00198-019-04858-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-019-04858-2&domain=pdf
http://orcid.org/0000-0002-1245-1963
mailto:carmelinda.ruggiero@unipg.it
mailto:carmelinda.ruggiero@gmail.com


resemble the frailest patient phenotype, with increased vulner-
ability, higher risk of complications, and fatal adverse events.
These features represent difficulties of the orthopedic sur-
geons, which demand multiple medical consultations to man-
age patients’ frailty, extending length of stay (LOS), delaying
surgery, and ultimately increasingmortality [5–7]. In addition,
comorbidities, clinical complications, and LOS are the main
correlates of in-hospital charges [8]. Hospital costs account for
44–57% of the total economic burden of hip fracture in the
USA [9]. Worldwide, direct and indirect costs associated with
hip fractures impact substantially on healthcare services.

The aim of multidisciplinary management and treatment ap-
proaches is to improve outcomes among hip fracture patients.
Orthogeriatric comanagement (OGC) may be a strategy for
managing the frailty of hip fracture patients, improving their
outcomes and reducing the economic healthcare burden [10].
In different countries, several orthogeriatric care models have
been implemented, with the main difference depending on
which specialist takes the responsibility for patients [11]. A
systematic literature review grouped orthogeriatric care into
four treatment models, but could not identify the best one.
The multidisciplinary integrated care models are indisputably
superior compared with orthopedic usual management, but it is
difficult to draw firm conclusions about the advantages of OGC
over geriatric consultation service (GCS) [12, 13]. By showing
improved clinical outcomes and better functional recovery
compared with other care models, OGC may add quality-
adjusted life years and may achieve higher levels of patient
and provider satisfaction [14, 15]. By shortening LOS and re-
ducing readmission rates and mortality, OGC may generate
substantial in-hospital financial savings and better allocation
of resources compared with the usual orthopedic care [12, 16,
17]. To date, Middelton et al. showed improvements of 30-day
mortality and performance indicators by changing hip fracture
service from a geriatric consultation to an integrated
orthogeriatric model of care using a pre-post observational
study [18]. Given the uncertainties about the best model of care
and the scanty data about quality indicators achieved by inte-
grated orthogeriatric and geriatric consultation models of care,
we further investigate the clinical outcomes associated with
orthogeriatric comanagement (OGC), geriatric consultation ser-
vice (GCS), and traditional orthopedic care (UOC) among hip
fracture hospitalized older patients during the acute phase.

Methods

Study design and sample

This is a pre-post observational study evaluating the impact on
health outcomes of hip fracture patients between two different
models of geriatric involvement, i.e., orthogeriatric comanage-
ment (OGC) and geriatric consultation service (GCS), compared

with usual orthopedic care (UOC) model. Eligible persons were
65 years or older, hospitalized because of a proximal native or
low-impact femur fracture. Patients with peri-prosthetic, cancer-
related, multiple trauma and inherited bone disorder fractures
were excluded. The intervention consisted of implementation
of an OGC and a GCS that took place from September 1st,
2011, to February 28th, 2012. In the 6-months after the imple-
mentation of OGC and GCS models, data were prospectively
gathered from participants consecutively admitted to the Trauma
and Orthopedic Ward from March 1st to August 31st, 2012. As
informed consent was obtained, participants were randomly
assigned to OGC or GCS by orthopedic resident on call, in
collaboration with the orthopedic surgeon in charge, using the
coin-flipping procedure. The attribution to OGC or CGS was
performed as soon as the patients arrived at the ward by the
orthopedic surgeon before comprehensive assessment, thus lim-
iting biases of the assignment to groups due to the characteristics
of the patients. The traditional orthopedic control group was
obtained from the database of hospital records by looking at
patients consecutively admitted to the same ward from
March 1st to August 31st, 2011. During this period, patients
were admitted to the orthopedic ward under the care of an ortho-
pedic surgical team, who were responsible and decided for their
care by themselves or asking specialist consultations. The study
was conducted at the BSanta Maria Misericordia^ hospital,
University of Perugia. This is a teaching hospital meeting the
acute care needs of almost 900,000 inhabitants of the Umbria
region of Italy, where one in four persons (24%) is over 65 years.
Our trauma unit treats between 500 and 600 hip fractures annu-
ally. According to consensus, prosthetic replacement is the main
surgical indication for medial fracture and osteosynthesis for
lateral femur fracture. During the entire period of the study, the
availability of the surgical theater, professionals involved in the
care of hip fracture patients, and beds for rehabilitation settings
remained unchanged; patients with hip fracture were not priori-
tized and neither hip fracture programs were activated at nation-
al, regional, and local healthcare services. The study was con-
ducted in accordance with the declaration of Helsinki and ap-
proval was obtained from the ethics committee of the regional
healthcare system with registration number 2257/14.

Orthogeriatric comanagement

Patients assigned to OGC group had an orthopedic surgeon and
a geriatrician who, with a nurse, performed daily rounds from
Monday to Saturday. The appointed geriatricians usually were
rapidly notified of participants assigned to OGC; they took care
of patients at the earliest from admission and during the entire
hospital stay. Orthopedic surgeons changed weekly due to their
high turnover rate. Geriatric and orthopedic care providers
shared responsibility for patients’ care throughout their entire
in-hospital stay. They evaluated and defined patients’ priorities,
i.e., surgical and/or medical, and treated them according to a
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standardized comprehensive geriatric assessment and multidis-
ciplinary management. The traumatologist decided on the suit-
ability of the surgical treatment, technique to use, and when
progressive weight bearing could begin. The geriatrician man-
aged comorbidities and polypharmacy to make patients clinical-
ly stable and ready for surgery, to reduce peri-operative compli-
cations and promote early functional recovery. The geriatrician
wrote daily notes about medically indicated orders in patients’
charts and coordinated additional medical or surgical consulta-
tions as required. Both traumatologist and geriatrician shared
surgical and clinical information at the daily briefing with
anaesthesiologists in the pre-operative phase in order to decide
the trauma list, while in the early post-operative phase, they
started rehabilitation and discharge planning with physical ther-
apists and nurses, respectively. The geriatrician was not avail-
able at weekends or public holidays, when the traumatologists
were on-call. In our study, OGCwas completely dedicated to the
management of persons with hip fractures in their acute phase.
Such a model was developed based on the reorganization of
existing local staff and resources.

Geriatric consultation service

Patients assigned to the GCS were mainly under the manage-
ment of the traumatologists who decided upon the need for any
geriatric consultation during the hospital stay according to their
perception of patients’ clinical conditions. There were neither
standard clinical pathways nor a multidisciplinary treatment
plan. Referrals for medical problems were made to the GCS
through a formal request of a consultation. The GCS consisted
of two geriatricians skilled in the care of hip fracture persons.
They worked in the geriatric acute ward of the hospital, the
same one of the geriatricians involved in OGC. The geriatric
consultant team assured patients’ evaluation within 8 h from the
request and provided assessment, interventions, and orders for
patients’ care by written notes in the charts. Traumatologists
took responsibility for the management of patients’ medical
and surgical problems throughout the entire hospital stay.

Participants’ characteristics and study outcomes

Reviewing the medical charts, we gathered information on ad-
ministrative data, demographics, clinical characteristics, includ-
ing biochemical and diagnostic tests, drug treatments, RBC
transfusions, medical complications and consultations, ASA
and Charlson comorbidity score [19], pain, fluid, nutritional
and early rehabilitative management, cognitive performance,
and functional status before admission, when available.
Functional status before admission was investigated using the
Activities of Daily Living (ADL) and Instrumental Activities of
Daily Living (IADL) scales [20]. For the purpose of the study,
participants were classified as having the highest ADL indepen-
dence if they were able to conduct at least five basic ADLs (i.e.,

bathing, dressing, using the toilet, getting from bed to chair,
continence, and eating). The highest independence in IADL
was classified for amen if able in at least four IADLs (i.e., ability
to use telephone, shopping, food preparation, housekeeping,
laundry, mode of transportation, responsibility for own medica-
tion, and ability to handle finances), and for a women if able in at
least five IADLs. In-hospital complications were defined as or-
gan or system complication affecting the diagnosis, the manage-
ment, or the treatment of patients, including acute coronary syn-
drome, arrhythmia, syncope, pulmonary embolism, stroke, MI,
pneumonia, gastrointestinal bleeding or other major bleeding,
congestive heart failure, respiratory failure, acute renal failure,
delirium, bed sore, urinary tract infection, deep venous throm-
bosis, wound infection, dysphagia, uncontrolled pain, vomiting,
hypotension, and electrolyte imbalance. In-hospital complica-
tions were assessed at the time of hospital discharge from the
acute ward. Time to surgery was the time, in hours, from admis-
sion to starting operation in the surgical theater. Length of stay
was the time, in days, from admission to discharge. Drug pre-
scriptions for secondary prevention of fragility fracture, i.e., spe-
cific drug plus calcium and vitamin D supplementation, were
recorded. Vital status at 1 year from discharge and date of death
was obtained by searching the regional health registry.

Statistical analysis of data

Baseline characteristics of participants (Table 1) and clinical
indicators (Table 2) are presented as means and standard devi-
ations if continuous variables, and as proportions and percent-
ages if categorical variables. Differences between groups were
tested using the Bonferroni post hoc ANOVA test or the Fisher
and Mantel-Haenszel chi-square, as appropriate. The relation-
ship between models of care and 1-year mortality was investi-
gated using cumulative survival analysis and plotted using the
Kaplan-Meier curves (Fig. 1). The relationship between care
models and main clinical indicators, i.e., time to surgery, length
of stay, and mortality, was evaluated using multivariate regres-
sion models (Tables 3). A logistic or GLM procedure was used
as appropriate. All analyses were performed with the SAS sta-
tistical package, version 9.3 (SAS Institute, Cary, NC). A two-
tailed p value < 0.05 and 95% confidence interval (CI) were
used to indicate statistical significance.

Results

Baseline characteristics

Baseline characteristics of 430 participants grouped by OGC
(n = 112), GCS (n = 108), and UOC (n = 210) are presented in
Table 1. Overall, participants were more likely to be women
(78.6% vs 74.1% vs 73.8%, p = 0.616), with mean age over
80 years (83.3 ± 7.1 vs 82.4 ± 7.6 vs 85.0 ± 7.0, p = 0.005),
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mainly affected by lateral hip fracture (59.8% vs 44.4% vs
58.1%, p = 0.01) and living at home (92.9% vs 94.4% vs
34.8%) before fracture. In the OGC group, 43% and 33% of
participants were almost independent in ADL and IADL, re-
spectively (data not shown). Lateral fractures outnumbered me-
dial fractures among participants belonging OGC (59.8% vs
38.4%; p = 0.02) and UOC (58.1% vs 37.6%; p = 0.01), while
medial fractures overcome the later ones in the GCS (44.4% vs
55.1%; p = 0.01). An accidental domestic fall was the main
cause of hip fracture. Participants belonging to the UOC group
had registered in the medical chart a lower number of diseases
(2.2 ± 1.8) compared with those in OGC and in GCS (4.4 ± 2.8
and 4.8 ± 3.2, p = < 0.001), respectively. Independent of the care
group, participants reported a similar number of ongoing med-
ications (4.4 ± 2.8 vs 4.8 ± 3.2 vs 4.0 ± 2.6, p = 0.07). Overall,

the most frequent diseases were hypertension (67.4%), depres-
sion (22.4%), ischemic chronic disease and heart failure
(22.1%), dementia (16.8%), and arrhythmia (16.5%), with prev-
alence rates decreasing from the comanagement to the geriatric
consultation service and the UOC group. As expected, the
Charlson index score and the distribution of patients with
Charlson index score > 4 resemble the comorbidity distribution,
with highest values among patients belonging to OGC and low-
est values among those in UOC (Table 1). There was no differ-
ence between groups regarding ASA score.

Clinical indicators

Table 2 reports clinical indicators according to care
models. Although there was no difference regarding

Table 1 Baseline characteristics of the participants grouped by orthogeriatric comanagement, geriatric consultation service, and orthopedic usual care

Characteristic Orthogeriatric
comanagement (N = 112)

Geriatric consultation
service (N = 108)

Orthopedic usual
care (N = 210)

p value

Women, N (%) 88 (78.6) 80 (74.1) 155 (73.8) 0.616

Age, years, M ± SD 83.3 ± 7.1 82.4 ± 7.6 85.0 ± 7.0c 0.005

Type of fracture, N (%)

- Medial 43 (38.4)a 59 (55.1)c 79 (37.6) 0.01
- Lateral 67 (59.8)a 48 (44.4)c 122 (58.1)

- Sub-trochanteric 2 (1.8) 1 (0.9) 9 (4.3)

Place of residence before admission, N (%)

- Home 104 (92.9)b 102 (94.4)c 73 (34.8) < 0.001
- Nursing home 2 (1.8) 3 (2.8) 2 (1.0)

- Unknown 6 (5.4) 3 (2.8) 135 (64.3)cb

Fall, N (%)

- Accidental or medical cause 104 (92.9)b 107 (99.1)ca 141 (67.1) < 0.001
- Unknown 8 (7.2)a 1 (0.9) 69 (32.9)cb

Coexisting diseases, M ± SD 4.4 ± 2.2b 4.2 ± 2.0c 2.2 ± 1.8 < 0.001

Hypertension, N (%) 65 (58.0) 60 (55.6) 107 (50.9) 0.443

Dementia, N (%) 25 (22.3)b 18 (16.7) 24 (11.4) 0.035

Ischemic heart disease and heart failure, N (%) 29 (25.9) 25 (23.2) 36 (17.3) 0.163

Depression, N (%) 35 (31.3)b 29 (26.9)c 19 (9.1) <0.001

Diabetes, N (%) 18 (16.1) 20 (18.5) 31 (14.76) 0.688

Medications at admission, M ± SD 4.4 ± 2.8 4.8 ± 3.2 4.0 ± 2.6 0.07

Antiplatelet at admission, N (%) 36 (32.1) 38 (35.2) 55 (29.0) 0.528

Anticoagulant at admission, N (%) 16 (14.3) 12 (11.1) 18 (9.5) 0.440

Charlson comorbidity index, M ± SD 2.6 ± 2.1ab 2.0 ± 1.4 1.3 ± 1.3 < 0.001

Charlson comorbidity index ≥ 4, N (%) 34 (30.3)b 21 (19.4)c 13 (6.2) < 0.001

ASA score, M ± SD 3.0 ± 0.6 3.0 ± 0.7 3.1 ± 0.7 0.58

ASA score ≥ 4, N (%) 17 (15.2) 23 (21.3) 41 (19.5) 0.48

M ± SD, mean + standard deviation; N (%), number percent

p value for difference between groups are determined by chi-square or ANOVA test as appropriate
a p value < 0.05 for the difference between orthogeriatric comanagement and consultant geriatric service
b p value < 0.05 for the difference between orthogeriatric comanagement and usual care
c p value < 0.05 for the difference between consultant geriatric service and usual care
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conservative non-surgical treatments between groups
(p = 0.164), the proportion of patients who underwent
surgery within 48 h was significantly higher in OGC as
compared with GCS and UOC (p = < 0.001). Given the
unbalanced distribution of types of fractures between
groups, time to surgery appeared shorter among patients
with medial as compared with lateral femur fracture (3.7
± 2.5 and 4.4 ± 3.4, respectively; p = 0.02). However, the
association between the type of fractures and time to
surgery promptly disappeared after controlling for ASA
score or drug treatments at admission in the multivariate
analysis (data not shown). Patients in OGC (OR 2.62; CI
95% 1.40–4.91) but not those in GCS (OR 0.74; CI 95%
0.38–1.47) showed a higher probability of undergoing
surgery within 48 h compared with those in UOC inde-
pendent of confounders, including age, gender,
coexisting diseases and drugs, ongoing anticoagulant
and antiplatelets at admission, type of fracture, ASA
score, and day of the week at admission (Table 3). The
fully adjusted model fitted in the entire sample of pa-
tients belonging to OGC and GCS confirmed the higher
probability of the OGC to provide early surgery (OR
3.32; CI 95% 1.66–6.63) compared with GCS.

The LOS differs among groups (OGC, 8.2 ± 3.3; GCS,
8.7 + 3.0; UOC, 9.5 ± 4.8 days, p = 0.02), with OGC showing
the lowest LOS compared with UOC (Table 2). Moreover,
OGC (β, − 1.08; SE, 0.54, p = 0.045) but not GCS (β, −
0.79; SE, 0.53, p = 0.148) was inversely associated with
LOS independent of several confounders, i.e., age, gender,

coexisting diseases and drugs, ongoing anticoagulant and
antiplatelets at admission, type of fracture, ASA score, com-
plications, consultations, dementia, and RBC transfusions
(Table 3). One in two patients belonging to OGC was
discharged within 7 days from admission as compared with
38.3% of those in GCS and 36.0% of those in UOC (p = 0.04).

The mean number of in-hospital complications was almost
superimposed among groups (p = 0.496). OGC was associat-
ed with the lowest proportion of patients who experienced
complications during hospital stay while the highest percent-
age was found among those in UOC (20.8% vs 38.8%, p =
0.02). Consistently, OGC reduced the specialist consultations
compared with GCS (p = 0.016) and UOC (p = 0.01), respec-
tively (Table 2). Similarly, the lowest consumption of RBC
transfusions appeared in GCS (1.5 + 1.4), with the tendency to
be higher in OGC (1.8 + 1.8) as compared with UOC
(2.2 + 1.8). At discharge, a higher percentage of patients in
OGC had hemoglobin > 11 g/dl (p = 0.003) and received drug
prescription for secondary fracture prevention (p = < 0.0001)
compared with both the GCS and UOC groups.

Patients’ in-hospital mortality was lower in OGC (1.8%) and
GCS (0.9%) compared with UOC (3.3%) (p = < 0.0001), while
1-year mortality was similar between OGC (16.4%) and GCS
(13.1%), but lower than UOC (23.1) (p= 0.037) (Table 2). The
survival curves are presented in Fig. 1. Panel A shows lower
mortality among hip fracture patients managed with the involve-
ment of a geriatrician, including both OGC and GCS, compared
with those receiving UOC (Log-rank test 6.653; p = 0.010). In
panel B, patients receiving hospital care according to OGC and

Table 2 Clinical indicators grouped by orthogeriatric comanagement, geriatric consultation service, and orthopedic usual care

Outcome Orthogeriatric
comanagement (N = 112)

Geriatric consultation
service (N = 108)

Orthopedic usual
care (N = 210)

p value

Conservative treatment, N (%) 5 (4.5) 2 (1.9) 14 (6.7) 0.164

Time to surgery, days, M ± SD 3.3 ± 2.1ab 4.2 ± 2.3 4.5 ± 3.8 0.034

Time to surgery < 48 h, N (%) 47 (42.0)ab 19 (17.6) 58 (27.6)c < 0.001

In-hospital complications, M ± SD 1.9 ± 1.7 2.0 ± 1.3 1.8 ± 1.8 0.496

In-hospital complications, N (%) 85 (20.8)b 99 (24.2) 159 (38.8) 0.020

Consultations, M ± SD 1.2 ± 1.6b 1.6 ± 2.1 1.9 ± 2.2 0.01

RBC transfusion, M ± SD 1.8 ± 1.8 1.5 ± 1.4c 2.2 ± 1.8 0.004

Length of stay, days, M ± SD 8.2 ± 3.3b 8.7 ± 3.0 9.5 ± 4.8 0.02

Persons discharged 7 days from admission, N (%) 55 (50.0)b 41 (38.3) 73 (36) 0.04

Hb > 11 at discharge 29 (26.4)ba 16 (15.0) 28 (15.2) 0.034

Anti-fracture drug prescription at discharge, N (%) 60 (54.6)ba 39 (36.5) 63 (30.9) < 0.001

In-hospital mortality, N (%) 2 (1.8)b 1 (0.9)c 7 (3.3) < 0.001

1-year mortality, N (%) 16 (14.8) 13 (12.3)c 46 (23.1) 0.037

M ± SD, mean + standard deviation; N (%), number percent

p value for the difference between groups are determined by chi-square or ANOVA test as appropriate
a p value < 0.05 for the difference between orthogeriatric comanagement and consultant geriatric service
b p value < 0.05 for the difference between orthogeriatric comanagement and usual care
c p value < 0.05 for the difference between consultant geriatric service and usual care
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GCS experienced both lower mortality compared with those be-
longing to the UOC (Log-rank test 7.455; p= 0.024).

After adjustments for confounders, including age, gender,
coexisting diseases, and drugs, ongoing anticoagulant and
anti-platelets at admission, type of fracture, ASA score, in-
hospital complications and RBC transfusions, discharge with-
in 7 days, and the presence of urinary catheter, patients in
OGC (OR 0.31; CI 95% 0.10–0.96) but not those in GCS
(OR 0.37; CI 95% 0.10–1.38) experienced a significantly low-
er 1-year mortality compared with those in UOC (Table 3).

Discussion

This study directly compares the two accepted models of
orthogeriatr ic care, l ikely OGC and GCS, in a

prospective manner, and both models with UOC using
a pre-post approach in the same hospital. Older adults
with hip fractures managed according to OGC experience
better outcomes as regards time to surgery, LOS, and
mortality compared with UOC. These findings were not
confirmed for GCS compared with UOC. Furthermore,
OGC was superior to GCS in shortening time to surgery
in a direct comparison.

To the best of our knowledge, this study is the first
to directly compare two currently accepted models of
orthogeriatric care using the head-to-head approach in
a real-world clinical setting, and both models with his-
torical usual orthopedic care model. The main findings
of the study add to the literature by supporting the
implementation of an integrated orthogeriatric model
of care.
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Our results are consistent with those byMiddleton showing
that orthogeriatric care significantly improves 30-day mortal-
ity and performance indicators, including LOS and time to
surgery, compared with a geriatric consultation model [18].
In both cases, study results refer to acute hip fracture in-
patient management, with the exclusion of sub-acute or
community-based rehabilitation programs, and they were ob-
tained in a single-center setting.

Our results support results from previous studies showing
that OGC is more successful than usual care in reducing time
to surgery, LOS, and 1-year mortality [15, 21–25], as well as
in-hospital mortality and major medical complications [26,
27]. We are not able to compare data concerning rehospitali-
zation rates [17].

Our OGC resembles the most sophisticated care model. The
orthopedic surgeon and geriatrician manage patients by inte-
grating competence and sharing responsibilities on daily ward
rounds, from admission until discharge [11, 12, 28]. The conti-
nuity of care assured by geriatricians assigned to the orthopedic
ward improved patients’ assessment and management, thus en-
dorsing the increased benefits of coresponsibility for care com-
pared with traumatologist’s responsibility and explaining the
better outcomes of OGC, but not that of GCS, compared with
UOC [27, 29, 30]. Like previous studies, geriatricians involved
in GCS were skilled in the care of older people with hip frac-
ture. However, in clinical practice, they usually gave advice on
medical problems only when the traumatologist considered
them relevant, without any prevention of geriatric syndromes.
GCS therefore failed to generate beneficial effects on the ma-
jority of quality clinical care indicators. Our findings on GCS
are similar to those obtained in care models where geriatricians
held once or twice weekly rounds, and took patients in care in
the pre- or post-operative surgical phase [31–33].

Time to surgery is among the most investigated parameters
in hip fracture patients due to its undisputed influence on
mortality. In our study, time to surgery was slightly lower than
that observed by Vidan [26] and Gonzales-Montalvo [21], but
higher than in other studies [30]. It is strongly influenced by

several modifiable system variables, including the availability
of theater, drug treatments, and weekday admission [34]. Our
relatively longer time to surgery may be partly related to such
aspects. Additionally, the proportion of patients undergoing
surgery within 48 h was almost comparable to the Italian mean
and to that described in similar models. Patients in OGC ex-
perienced a twofold higher probability of undergoing surgery
within 48 h compared with those in UOC, but the probability
became even threefold higher when compared with those in
GCS. Whether shorter time to surgery positively affects clin-
ical outcomes needs to be formally investigated. We merely
observed a correlation between shorter time to surgery and
lower incidence of complications and shorter LOS.

There is a great variability of LOS among studies, from 6.6
to 36.8 days depending on the local organization of healthcare
systems and program typology, which may or not include the
rehabilitation phase [8, 14, 35–38]. Comparing the LOS relat-
ed to similar orthogeriatric models may lead to false conclu-
sions when they work in different countries. Therefore, we
propose using the percentage of patients discharged within
7 days as a quality indicator. Such an indicator may reflect
the efficiency of the orthogeriatric team in improving the qual-
ity of clinical care offered to patients, ameliorating the pro-
cesses involved to achieve such care, and ultimately, optimiz-
ing the use of resources.

As regards in-hospital mortality among patients in OGC, it
was almost higher than 0.6% showed by Vidan and 1.6%
reported by Friedman but lower than most studies [24, 37,
39, 40]. Similarly, 1-year mortality resembles that from
Vidan [26] but was lower than that reported by Barone [41]
and Suhm [42]. Moreover, the protective effect of OGC
against 1-year mortality was independent of comorbidity, de-
mentia, depression, and ASA score. Although 1-year mortal-
ity among patients in GCS was similar to Shyu [43] and
Adunsky [44], we failed to demonstrate an impact of consul-
tant service on such a parameter. Based on data gathered dur-
ing the entire in-hospital stay, we also found that OGC reduces
clinical complications and consultations by other specialists,

Table 3 Multivariate analysis of the association between models of care and the length of stay, time to surgery < 48 h, and 1-year mortality

Variable Time to surgery < 48 h Length of stay day Mortality 1 year

Models of care OR (CI 95%) p β ± SE p OR (CI 95%) p

- Orthogeriatric Comanagement 2.62 (1.40–4.91) 0.003 − 1.08 ± 0. 54 0.045 0.31 (0.10–0.96) 0.041

- Geriatric consultation service 0.74 (0.38–1.47) 0.395 − 0.79 ± 0.53 0.148 0.37 (0.10–1.38) 0.138

- Orthopedic usual care REF REF REF

Age 0.98 (0.94–1.01) 0.185 0.04 ± 0.03 0.210 1.10 (1.02–1.19) 0.010

Women 1.49 (0.80–2.75) 0.207 − 1.07 ± 0.48 0.026 0.17 (0.07–0.42) < 0.001

Coexisting diseases 0.91 (0.76–1.08) 0.271 0.14 ± 0.13 0.301 1.15 (0.88–1.49) 0.308

Independent of other confounders including type of fracture, dementia, depression, drugs, including anticoagulant and antiplatelets at admission, ASA
score, day of week at admission, in-hospital complications, consultations, RBC transfusions, and urinary catheter at discharge
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improves the rate of discharge of patients with better clinical
conditions, for instance having more acceptable hemoglobin
levels and being prescribed with drugs for secondary fracture
prevention. As previous authors suggested, the main correlate
of a successful orthogeriatric model is the equal and full re-
sponsibility of orthopedic surgeons and geriatricians in taking
care and following patients’ surgical and medical problems.
However, an essential cornerstone of OGC is the comprehen-
sive geriatric assessment that improves knowledge of the pa-
tients’ pre-fracture health status and social-environmental fea-
tures of the living place [45]. We speculate that the length of
time by which patients receive comprehensive geriatric as-
sessment may influence time to surgery due to its strict corre-
lation with time of qualification for surgical list. During week-
days, geriatricians made effort to assess and treat patients in
OGC group as soon as possible from admission in order to get
patients qualified for surgery and scheduled in the list. In GCS
and UOC groups, this step depends on the perception by the
traumatologist of patient’s clinical conditions and his/her de-
cision upon the need for geriatric or other specialist consulta-
tions. In case of frail and complex patients, the length of time
to obtain patients qualified for surgery and scheduled in the
list may be longer in GCS and UOC than in OGC. Whether
time for patient’s comprehensive geriatric assessment impacts
time to surgery and clinical outcomes needs to be formally
investigated. Ultimately, we did not find signal for indepen-
dent association between type of fracture and time to surgery,
LOS, complications, and mortality.

We acknowledge that the study has several limitations.
This is a pre-post observational study conducted in the same
ward. As the traumatologist on call had visited the patient, he/
she assigned by chance the patient to the OGC or GCS group
with a basic randomized design, being aware of the differ-
ences between intervention groups. Of course, this is bias
and we strongly believe it may underestimate the efficacy of
the OGC compared GCS. As regards the higher probability of
OGC to assure surgery within 48 h compared with other
models, we recognize that it might be affected by the fact that
the surgeons were not blinded to the patients’ assignment and
probably more confident to schedule patients assigned to
OGC than those belonging to UOC or GCS. These limitations
do not hamper the contribution of the body of evidence of our
results.

The orthopedic surgeon conducted daily rounds with geria-
tricians or without them, depending on the type of intervention
patients were assigned to. These aspects possibly influenced the
clinical judgment of the traumatologists. Traumatologists in-
volved in clinical care had higher turnover, while geriatricians
mainly assured the continuity of care during the hospital stay.
Then, patients’ characteristics and medical diagnosis in UOC
were identified by looking at clinical charts, thus depending on
the clinical assessment carried out by the traumatologists. As
shown by Friedman [23], we found that patients in OGC and

GCS were affected by more coexisting diseases and had higher
comorbidity index than in UOC. This discrepancy between
UOC and groups involving a geriatric management may reflect
the under-recognition of pathological conditions when a CGA
is not used, even if patients report a similar number of total and
specific ongoing drugs. This hypothesis is supported by the
diminishing prevalence of comorbidities and geriatric diseases,
including dementia, depression, and heart disease, moving from
comanagement to consultant and to traditional care model.
Although the limitations with the retrospective collection of
data in the pre-intervention observational phase of the study,
this approach was also feasible for reducing bias due to com-
parisons with different orthopedic teams and healthcare system
organization. Ultimately, we acknowledge that during the pre-
post intervention phases of the study, changing may have been
occurred over time potentially influencing the outcome much
more than intervention. Therefore, using administrative data,
we investigated the differences over time in the rate of hip
fracture admission, the availability of orthopedic surgeons,
anaesthesiologists, or surgical theaters and we excluded chang-
es occurring during the phases of the study. The economic
advantages already showed and prompted the implementation
of OCGmodels [16, 17] and OGC was developed by means of
the reorganization of existing local staff and resources, differ-
ently allocated among medical and surgical settings.

In conclusion, our findings support the advantages of the
orthogeriatric comanagement for the care of older adults with
hip fracture during the acute hospital phase compared with
both geriatric consultant and usual orthopedic models.
Further research is needed to strengthen the advantages of
the orthogeriatric comanagement of older adults with hip
fracture.
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