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Abstract

Introduction: As the global number of geriatric hip fracture cases continues to proliferate, a newly developed or-
thogeriatric co-management multidisciplinary care model has been implemented since November 2018 to meet further
increases in demand. Our objective was to evaluate the effectiveness of the new pathway in improving the clinical
outcomes of fragility hip fractures.Methods: The data of geriatric hip fracture patients from 1 April 2018 till 30 October
2018 was collected as the conventional orthopaedic care model (pre-orthogeriatric care model) to compare with data from
the orthogeriatric co-management model, 1 Feb 2019 till 31 August 2019. Clinical outcomes were analyzed between the
groups, with the efficiency of the programme reflected in the total length of stay in acute and convalescent hospitals.Results:
194 patients were recruited to the conventional group and 207 were recruited to the orthogeriatric group, 290 patients
(72.3%) were female. The mean (SD) patient age was 84.2 (7.9) years. The median length of stay in the acute and rehabilitation
hospitals decreased by 1 day and 2 days, respectively (P=.001). The orthogeriatric groupwas associated with a higher Modified
Barthel Index score on discharge from the rehabilitation hospital and more patients in the orthogeriatric collaboration group
received osteoporosismedication prescriptionwithin one year after the index fracture. Therewas no difference in the 28-days
unplanned readmission rate, complication rate, mortality rate or Elderly Mobility Scale scores on discharge from the re-
habilitation hospital between the two groups. Conclusion: Orthogeriatric collaboration has been proven to be effective in
terms of a decreased length of stay in both the acute and the rehabilitation hospitals.
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Introduction

As the world’s population is ageing, geriatric hip fractures
have truly become a worldwide health concern. In our
territory with a population of over 7 million, approxi-
mately 5000 hip fractures are operated on each year. The
trend is increasing in the past five years; a phenomenon
also mirrored in other parts of the world. Even with
aggressive surgical treatment, morbidities and compli-
cations are still common, showing the inadequacy of the
present care model offered primarily by orthopaedic
surgeons.

Solely fixing osteoporotic hip fractures is inadequate
with regards to the standard of management in geriatric
fragility fractures. To provide quality service to our older
adult patients with proven cost-effectiveness, we must
collaborate with the available expertise involved. The
concept nowadays is not just multidisciplinary but inter-
disciplinary, focusing on collaboration, co-management
and patient co-ownership.

There are works of literature in which the use of a
multidisciplinary clinical pathway shortened hospital
stay by 6.1 days in the acute setting with improved
clinical outcomes, including pneumonia.1 The average
cost of manpower also decreased per hip fracture case.
An ageing population presents with multiple co-
morbidities and polypharmacy problems following
operation. These patients require considerable support
both in the early postoperative period as well as after
discharge, to prevent deterioration of their physical and
mental health after hip fracture, as medical and surgical
problems in the postoperative period can lead to re-
peated hospital readmissions and prolonged hospital
stays.

International guidance from organizations such as the
British Orthopaedic Association,2 National Institute for
Health and Care Excellence (NICE),3 National Osteo-
porosis Society, and Age UK4 all suggest a model for hip
fracture care would be best to start with orthogeriatric
services focusing on achieving optimal recovery after
hip fracture. Geriatrician input in the acute and reha-
bilitation phase becomes a logical and imminent step to
improve the whole management process of hip fracture
patients. The aim of the study was to evaluate the ef-
fectiveness of an orthogeriatric multidisciplinary care
model in improving clinical outcomes for fragility hip
fractures, implemented in late 2018. Through collabo-
rative orthogeriatric care with active geriatrician

involvement in daily management in both acute and
rehabilitation phases (Figure 1), we hypothesized there
to be an improvement in clinical and functional out-
comes, such as mortality, complications and osteopo-
rosis management, and a decrease in the length of
hospitalization.

Methodology

Study Design

This was a prospective cohort study looking into two groups of
patients treated by the same orthopaedic trauma teambefore and
after the implementation of an orthogeriatric co-management
model. From November 2018 onwards, the orthogeriatric co-
managementmodel was implemented in our department, which
consists of one acute hospital (Queen Mary Hospital) and two
rehabilitation hospitals (FungYiuKingHospital andMaclehose
Medical Rehabilitation Hospital). The data of geriatric hip
fracture patients from 1 April 2018 till 30 October 2018 was
collected as the conventional orthopaedic care model. After
finalizing details of the co-management model and allowing for
approximately onemonth of adjustment time, the data of the hip
fracture patients from 1 Feb 2019 till 31 August 2019 was
collected as the orthogeriatric collaboration cohort. The two data
sets were then compared and analysed.

Ethical approval was sought and satisfied (HKU/HA
HKW IRB Reference number: UW 16-301.

Intervention

For a summary of the differences between the conventional
and orthogeriatric care models, see Figure 2. In the con-
ventional model, patients were admitted to an acute or-
thopaedic ward where an orthopaedic surgeon was
responsible for managing care and treatment of all medical
problems, including both orthopaedic and non-
orthopaedic–related complications. Medical and geriatric
input was only available upon ad hoc request and these
interdisciplinary referrals occurred after the complications
had already arisen. For semi-urgent referrals, the patients
would be reviewed by the physician after 2 days, leading to
delays in management and prolonged length of stay.

The resources in the rehabilitation hospital were more
limited than in the acute hospital in terms of nursing
monitoring, medical support and laboratory support.
Therefore, all patients needed to be optimized before
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transferral. This included stable respiratory status without
supplemental oxygen support, stable haemodynamics and
fluid status, near-normal electrolytes balance, and all acute
medical problems needed to be thoroughly worked up,
with care management plans in place. This created a delay
between postoperation and patient discharge from the
acute hospital to the rehabilitation hospital. In cases where
patient health deteriorated in the rehabilitation hospital, the
patient would be readmitted back to the acute hospital for
closer monitoring, investigation and co-management with
other subspecialities as required.5

The interventional model differed in the addition of a
geriatrician during the postoperative phase, who co-managed
the patient in both the acute and rehabilitation hospital. An
orthogeriatric speciality ward was set up and implemented in

Nov 2018 to concentrate resources and manpower. The new
system championed collaboration between the orthopaedic
surgeons and the geriatricians. In the acute ward, cases were
co-managed during combined ward rounds which occurred 3
times per week. The geriatrician actively reviewed all hip
fracture patients to allow prompt diagnosis and management
of medical complications, optimization of pain control and
monitoring of comorbidities.

One important improvement with the new geriatrician
support was that transferral of patients from the acute
hospital to the rehabilitation hospital was more expedited
and streamlined. Since this collaboration extended to our
rehabilitation hospital where the same team of geriatricians
continued follow-up, patients did not need to wait for all
their medical problems to be solved before the

Figure 1. Orthogeriatric collaboration clinical pathway flowchart.
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transferral. The fitness for transferral was assessed by
the geriatricians during their regular rounds in the acute
hospital.

In the rehabilitation hospital, weekly orthogeriatric
ward rounds allowed the orthopaedic surgeon and geria-
trician to confer best care plans for the patients. Those with
medical problems who did not require intensive nursing
monitoring could be managed by the geriatrician in the
rehabilitation hospital, instead of being transferred back to
the acute hospital, to help decrease unnecessary read-
missions. This contrasted with the conventional care
model, where the patients received ad hoc geriatrician
support only when medical complications had already
occurred, and transferral of patients back to the acute
hospital was common for medical consultations.

On discharge from the rehabilitation hospital, geriatric
specialist clinic follow-up would be arranged for the pa-
tients. Osteoporosis medication prescriptions were con-
tinued by the geriatricians and monitored in the clinic
follow-up.

Our orthogeriatric collaboration model did not involve
preoperative optimization. Our existing geriatric hip
fracture clinical pathway included a fast track preoperative
cardiac assessment, as cardiac problems (eg incidental
systolic heart murmur) were noted to be the main cause of
delay for preoperative preparation in the past.6

There was no change in pain management and deep
vein thrombosis prophylaxis protocol between the two
groups. Fascia iliaca compartment block was given to all
eligible patients on admission. A multimodal analgesic

Figure 2. Orthogeriatric co-management comparison.
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regime was adopted which included regular acetaminophen,
weak opioid, cox-2 inhibitors and strong opioid for break-
through pain. Spinal anaesthesia was chosen formost patients
to facilitate postoperative pain control. For deep vein
thrombosis prophylaxis, patients are mobilized on day 1 post
operation after drain removal with the help of the physio-
therapists. Chemical deep vein thrombosis prophylaxis
(subcutaneous enoxaparin) was used in high risk patients.

Subjects

Participants were recruited from the Department of Or-
thopaedics and Traumatology, Queen Mary Hospital lo-
cated in Hong Kong. All patients had hip fracture
confirmed by pelvis and hip x-ray (anteroposterior and
lateral view). The data of geriatric hip fracture patients for
the two periods: 1 April 2018–30 October 2018 and 1 Feb
2019–31 August 2019 were collected prospectively.

Inclusion and Exclusion Criteria

Inclusion criteria were age more than or equal to 65; diagnosis
of acute (time of injury within 14 days) isolated hip fracture
patients from low energy trauma. Exclusion criteria included
high-energy trauma, pathological fractures, multiple trauma, or
old fractures that occurred more than 2 weeks ago.

Outcome Assessment and Data Collection

Demographics of the patients, including age, sex, original
placement where the patients lived before admission, pre-
morbid mobility and walking aids, were prospectively
collected. Other data including the number of comorbid-
ities, classification of the fractures, surgery types, Charlson
comorbidity index, preoperative haemoglobin level, the
postoperative requirement of blood transfusion and also
placement arrangements were all collected.

Figure 2. Continued.
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The clinical outcomes that we used to compare the
effectiveness of the pathway included:

1. Length of hospital stay

a. Pre-operative waiting time
b. Average and median of acute hospital length of

stay
c. Average and median of rehabilitation hospital

length of stay
d. Extended length of stay (either pre-operative

waiting time >2 days OR postoperative length
of stay >5days)

2. Mortality rates including 30-day mortality, 3-month
mortality, 6-month mortality and 1-year mortality.

3. Functional recovery upon discharge from hospital:
a. Elderly Mobility Scale (EMS)
b. Modified Barthel Index (MBI)

4. Medical and surgical complication rates
5. Development of delirium state

a. Diagnosed with CAM-score or clinically diag-
nosed in the chart at any time during admission

6. To evaluate the effect on rehabilitation
a. Discharge destination

7. Prescription of anti-osteoporotic management
8. Unplanned hospital readmission rates

a. Reasons for readmission

The hip fracture patients admitted under the or-
thogeriatric multidisciplinary care model were com-
pared with those without this model. Based on the

results of literature examining integrated orthogeri-
atric care and our local data,1 we estimated a difference
of 1.4 days in the length of stay between the inter-
vention and the control group. The type-1 (alpha) error
was set at .05 and type-II (beta) was set at .8. These
data suggested that at least 170 patients should be
recruited from each group. Since about 400 fragility
hip fracture patients are admitted each year, expecting
a drop-out rate of 5–10%, we allowed for 6–7 months
to recruit for each group of hip fracture patients.

Statistical Analysis

The Shapiro–Wilk test was used to assess the assumption
of normality, and data were expressed as mean (SD) or as
median (interquartile range, IQR), according to their
distribution. Percentages were compared using the chi-
square test, and continuous data via the Student t-test or
Mann–Whitney test, as appropriate.

The log-rank test was used to compare the Kaplan–
Meier estimate curves for mortality. Adjusted analyses
for the outcome of 1-month, 3-month, 6-month and 1-year
mortality were performed using logistic regression models,
considering sex, age, pre-operative waiting time, Charlson
comorbidity Index scores (CCI), pre-operative haemo-
globin level, pre-operative albumin level and pre-morbid
residence as confounders. These confounders, all of which
have been shown in previous literature as factors that may
influence hip fracture mortality.7-13 Cox proportional
hazard model of mortality was calculated taking into ac-
count the above covariates.

Table 1. Demographics of geriatric fracture hip patients in the conventional and orthogeriatric groups.

Conventional (n=194) Orthogeriatric (n=207) P

Age, mean (SD), y 84.8 (7.6) 83.6 (8.2) .17
Sex, no. (%) .70
Men 52 (26.8) 59 (28.5)
Women 142 (73.2) 148 (71.5)

Abbreviated mental test on admission; median (IQR) 5.1 (5.8) 7 (8.1) .08
Rehabilitation hospital admission Modified Barthel Index; median (IQR) 48 (24) 49 (27) .06
Pre-morbid residence (%)
Old age home 53 (27.3) 38 (18.4) .04
Home 141 (72.7) 169 (81.6)

Pre-morbid mobility (%)
Unaided 61 (31.4) 69 (33.3) .58
With aids 121 (62.4) 124 (59.9)
Chairbound 11 (5.7) 10 (4.8)
Bedbound 1 (.5) 4 (1.9)

Fracture site; n (%) .13
Neck of femur 97 (50.8) 120 (58.8)
Pertrochanteric 94 (49.2) 84 (41.2)

Surgery performed; n (%)
Replacement 65 (33.5) 84 (40.6) .15
Fracture fixation 129 (66.5) 123 (59.4)

Charlson comorbidity index; median (IQR) 2 (5) 2 (5) .13
Preoperative haemoglobin level (g/dL); mean +/� SD 11.4 +/� 1.8 11.6 +/� 1.9 .39
Postoperative blood transfusion (number of packed cells); mean +/� SD .7 +/� 1.0 .5 +/� 0.9 .02
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The log-rank test was used to compare the Kaplan–
Meier time-to-event analysis for length of stay, with
deaths being right-censored in the analysis.

Post hoc adjusted analyses for the outcome of length of
stay were performed using Cox regression models to es-
timate hazard ratios (HRs) with corresponding 2-sided
95% CIs. Age, type of fracture (pertrochanteric fracture
and neck of femur fracture), preoperative waiting time and
Charlson comorbidity index scores (CCI) were listed as
potential confounders, as these had been shown by Castelli
et al. and Craigven et al. to potentially affect length of
stay.14,15 Unstandardized coefficient (B) and 95% confi-
dence intervals (95% CI) were estimated using the linear
regression to adjust for possible baseline difference for
discharge functional score, namely MBI and EMS. The
covariates included rehabilitation hospital admission
functional score and Abbreviated Mental Test score on
admission to acute hospital (AMT). A logistic regression
was performed to ascertain the effects of orthogeriatric
group, age, sex and CCI on the likelihood that participants
have any medical complications.

Results

Demographics

The demographics are summarized in Table 1. Of the
401 patients eligible for participation, 194 were re-
cruited to the conventional group and 207 were recruited
to the orthogeriatric group. The mean (SD) age of the
patients was 84.2 (7.9) years. 290 patients (72.3%) were
female. 219 cases in the study (54.6%) were femoral
neck fractures and 182 (45.4%) were pertrochanteric
fractures.

Length of Stay

Extended LOS, defined as either preoperative LOS of more
than 2 days, or postoperative LOS of more than 5 days, saw a
dramatic significant reduction following implementation of the
new care model. There were more patients with extended LOS
in the conventional group vs orthogeriatric collaboration
(64.4% vs 39.1%; difference 25.3% [95% CI, 15.838%–

34.767%]; P<.001). Additionally, the new care model resulted
in significant differences between both groups in the median
(interquartile range [IQR]) acute hospital length of stay (LOS)
(conventional group (8.0 [4–12] days) vs orthogeriatric col-
laboration group (7.0 [3–11] days)) (log-rank P=.001; unad-
justed HR for hospital discharge, 1.284 [95% CI, 1.053–
1.566]; P= .01; adjusted HR, 1.309 [95% CI,1.070–1.602];
P=.009) (Figure 3). Cox proportional hazards model of acute
hospital LOS showed the effect of age (adjusted HR=.985,
[95% CI, .972–.997]; P=.016) and preoperative waiting time
(adjusted HR=.845, [95% CI, .741–.964]; P=.012) were

significant. The median (IQR) rehabilitation hospital LOS was
also significantly different between both groups (conventional
group (18 [9–27] days) vs orthogeriatric collaboration group
(16.0 [9–23] days)) (log-rank P=.001; unadjusted HR for
hospital discharge, 1.391 [95% CI, 1.124–1.723]; P=.002;
adjusted HR, 1.357 [95% CI, 1.095–1.682]; P=.005) (Figure
4). Cox proportional hazards model of rehabilitation hospital
LOS showed trochanteric fracture was more likely in long-
stayers (adjusted HR=1.340, [95%CI, 1.079–1.665]; P=.005).
There was no significant difference between both groups for
the median (IQR) of the preoperative LOS (1 [0–2] day vs 1
[0–2] day) (log-rank P=.38). The difference in acute hospital
LOS between the two groups was a result of improvement in
postoperative LOS. There was a significant difference between
the median (IQR) of the postoperative LOS for conventional
group (6.0 [2–10]) and orthogeriatric collaboration group (4.0
[1–7]) (log-rank P<.001).

Mortality

An important clinical outcome that we measured is the
mortality rate (Figure 5). There were no significant dif-
ferences between the orthogeriatric collaboration group
and conventional group in 30-day mortality (1.9% vs 0%;
difference, 1.9% [95% CI, .0%–3.8%]; P=.99), 3-month
mortality (2.9% vs 3.1%; difference, .2% [95% CI,�3.2%
to 3.6%]; P=.56), 6-month mortality (4.8% vs 7.2%;
difference, 2.4% [95% CI, �2.4%–7.3%]; P=.24), and
12-month mortality (10.6% vs 13.9%; difference, 3.3%
[95% CI, �3.1%–9.7%]; P=.24) after adjusting for
covariates.

Cox proportional hazard model of mortality showed the
effect of CCI (adjusted HR=1.1, [95% CI, 1.1–1.2];
P<.001) and pre-operative albumin level (adjusted
HR=.9, [95% CI, .8–1.0]; P=.001) were significant. For
orthogeriatric co-management, there was no evidence of
a benefit in survival (adjusted HR=.8, [95% CI, .5–1.4];
P=.81).

Functional Recovery

Themedian (IQR)MBI recorded before discharge from the
rehabilitation hospital for the orthogeriatric collaboration
and control group were 81 (27) and 63.5 (28), respectively,
(P<.001). The median (IQR) of EMS recorded before
discharge from the rehabilitation hospital for orthogeriatric
collaboration and control group were 12 (8) and 9 (8),
respectively, (P=.07).

Complications

Regarding adverse outcomes, there was a significant re-
duction in the number of chest infections in the ortho-
geriatric group (5.3% vs 10.8%, difference, 5.5% [95% CI,

Yee et al. 7



Figure 3. Kaplan–Meier survival curve of hospital discharge against length of stay in the acute hospital. Numbers below denote the
number of patients ‘at risk’ in each group.

Figure 4. Kaplan–Meier survival curve of hospital discharge against length of stay in the rehabilitation hospital. Numbers below
denote the number of patients ‘at risk’ in each group.
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.2%–10.9%], P=.04). There were no statistically signifi-
cant differences between the two groups in other com-
plications or presence of any medical complications;
however, wound complications and blood transfusions
both saw decreases which reached near-significance (Table
2).

Post hoc adjusted analysis with binary logistic regression
model (dependent variable: presence of any medical compli-
cations; covariates: orthogeriatric group, age, sex andCCI)was
statistically significant, χ2 (3) = 26.857, P< .001. Increasing
age (Exp(B) .94 [95% CI, .91–.97], P<.001) and CCI (Exp(B)
.94 [95% CI, .90–.98], P=.007) was associated with an in-
creased likelihood of exhibiting medical complications,
however, the orthogeriatric group was not associated with a
likelihood of exhibiting medical complications (Exp(B) 1.06
[95% CI, .69–1.61], P=.81).

Osteoporosis

Enhanced secondary prevention of fracture is one of our
goals in orthogeriatric collaboration. Bisphosphonate pre-
scription saw a dramatic increase in the orthogeriatric group,
from just 12.9%, to an overwhelming 66.7% (difference,
53.8% [95% CI, 45.8%–61.7%], P<.001) (Table 3). There
was no difference in the number of subsequent fractures
within 1 year of index fracture between the orthogeriatric
group and conventional group (1.4% vs 3.1%, difference,
1.6% [95% CI, �1.3% to 4.6%], P=.27).

Discharge Destination From Rehabilitation Hospital

For the 246 patients who lived at home before the injury,
there was no statistically significant difference between the
orthogeriatric collaboration and the conventional group in the
proportion of patients being able to go back to their original
placement (69.1% vs 71.0%; difference, 2.0% [95%CI,�9.6
to 13.5]; P=.74) (Table 4).

Readmission Rates

Concerning hospital unplanned readmission rate, for the
conventional group, the total 28-day readmission rate was
14.9%. This decreased to 12.6% in the orthogeriatric group.
Moreover, readmission due to medical reasons decreased
from 11.3% (within the conventional group) to 8.2% (within
the orthogeriatric collaboration group), whereas read-
mission due to orthopaedic reasons increased slightly from
3.6% (within the conventional group) to 4.3% (within the
orthogeriatric collaboration group). However, these changes
did not reach statistical significance (P=.55).

Discussion

Geriatric fragility fractures are the major concern in our
orthopaedics community nowadays,16 with hip fractures
making up a significant portion. In addition to the escalating
number of hip fractures, the age of the average patient is also
increasing year-on-year. The growing prevalence of

Figure 5. Kaplan–Meier survival curve of 1-year mortality in each group. Numbers below denote the number of patients ‘at risk’ in
each group.
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osteoporotic bones not only gives rise to an increase in the
technical difficulty of fixing the fractures, but also the number
and severity of the comorbidities in advancing age presents a
challenge to the anaesthetists and physicians before and after
the surgical intervention. The urgency for improved man-
agement of geriatric fragility fractures has been interna-
tionally recognized, with several multidisciplinary care
models involving geriatrician and orthopaedic surgeon co-
management having been developed to address the need for
higher standards of care for these patients.17

Length of Stay

A key finding of our study is the decreased length of stay
in both acute and rehabilitation hospitals. In the

conventional model, the geriatric consultative service is
on request of the in-charge orthopaedic surgeon, hence
there is a time lag from sending the request, to the patient
being seen by the geriatrician. This time lag is cir-
cumvented in the integrated care model as the patients
are co-managed by both the orthopaedic surgeon and the
geriatrician. As joint ward rounds are made up to 3 times
weekly, the increased frequency allows for improved
monitoring of patients, earlier detection of medical
problems and timely intervention. Individual case needs
are identified and met more quickly. Furthermore, the
orthopaedic surgeon and geriatrician deliberate the
optimal plan of medical treatment in unison, resulting in
more consistency than compared to when individual
orthopaedic surgeons were managing patient cases in

Table 2. Analysis of adverse outcomes between the conventional and orthogeriatric group.

Adverse Outcomes No. (%)
Conventional

(n=194)
Orthogeriatric

(n=207) Total (n=401) P

Wound
complications
Yes 14 (7.2) 7 (3.4) .09a

No
Surgical complications
(except wound complications)
Yes 3 (1.5) 5 (2.4) .53a

No
Postoperative blood
transfusion (D0-D5)
Yes 73 (37.6) 61 (29.5) 134 (33.4) .08a

No 121 (62.4) 146 (70.5) 267 (66.6)
Chest infection

Yes 21 (10.8) 11 (5.3) 32 (8) .04a

No 173 (89.2) 196 (94.7) 369 (92)
Urinary tract infection

Yes 41 (21.1) 43 (20.8) 84 (20.9) .93a

No 153 (78.9) 164 (79.2) 317 (79.1)
Acute retention of urine

Yes 34 (17.5) 32 (15.5) 66 (16.5) .58a

No 160 (82.5) 175 (84.5) 335 (83.5)
Delirium

Yes 35 (18.0) 28 (13.5) 63 (15.7) .21a

No 159 (82.0) 179 (86.5) 338 (84.3)
Gastrointestinal bleeding

Yes 0 (0) 3 (1.4) 3 (.7) .09a

No 194 (100) 204 (98.6) 398 (99.3)
Renal failure
(Stage 2 or stage 3)44

Yes 19 (9.8) 23 (11.1) 42 (10.5) .67a

No 175 (90.2) 184 (88.9) 359 (89.5)
Any medical complications

Yes 72 (37.1) 75 (36.2) 147 (36.7) .86a

No 122 (62.9) 132 (63.8) 254 (63.3)

aChi-Square Goodness of Fit Test.
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isolation. Patients were transferred from acute hospital
to rehabilitation hospital earlier because of the en-
hanced geriatrician support in the rehabilitation hos-
pital. We also saw a significant improvement in
extended LOS. The number of severe outliers was
reduced due to the measures of the new orthogeriatric
care model, allowing for more consistent quality of care
to be provided to patients, while curbing excessive
resource use.

Care must be taken regarding early patient discharge.
Discharging patients prematurely would result in lower
length of hospital stay, but may be detrimental to
patient health. Therefore, it is important in this regard
to ensure proper rehabilitation is achieved prior to
patient discharge. However, as our results indicated
non-significant differences in unplanned readmission
rates and mortality between the conventional and in-
terventional group, it is likely that the observed re-
ductions in length of stay were in fact due to the new
measures which eliminated unnecessary waiting, de-
lays in decision making and streamlined the rehabili-
tation process.

Functional Recovery

Due to changes in the structure of society and better
medical care, more people in advanced age are still active
in their role in the family and even in society. The quality
of life for these patients in the recent decade is no longer
the same as those 30 years ago. These patients need a
safe, quick, and efficient recovery to return to their
normal lives after the injuries. With this upcoming

challenge, a multidisciplinary management programme
could help to cope with this efficiently, as shown in
recent literature.6,18-20

We saw no difference in EMS scores, however there
was a significant difference between the two groups for
MBI scores. Other studies also saw improved functional
outcomes following implementation of an orthogeriatric
model. Adunsky et al.21 saw statistically significant im-
provements to patient Functional Independence Measure
(FIM) motor and cognitive scores, concluding that suc-
cessful rehabilitation was twice as high in their inter-
ventional group. In their accelerated rehabilitation study,
Cameron et al. saw increased ADL scores and a significant
reduction in length of stay,22 which is analogous to our
own findings. In our model, the geriatrician facilitated
transfer of patients to the rehabilitation hospitals, which
significantly reduced length of stay. This helped to pro-
mote functional recovery, as prolonged bed rest and patient
immobility is known to be associated with functional
decline in ADL and increased complications and
mortality.23-26 While the results differ within the wider
literature,27-30 in our model, accelerated rehabilitation,
monitoring and management of medical complications by
the geriatrician and discharge planning during the reha-
bilitation phase all led to the observed significant increase
in functional recovery for our patients.

Mortality

While we observed a decreasing trend for 3-, 6- and 12-month
patient mortality between the conventional and interventional
group, the results were not significant. Despite concerns that

Table 4. Destination upon discharge from rehabilitation hospital

Destination uponDischarge from Rehabilitation Hospital (Pre-Morbid
Residence = Home)

Conventional
(n=107)

Orthogeriatric
(n=139)

Total
(n=246) P

Old aged home 31 (29.0) 43 (30.7) 74 (30.1) .74
Home 76 (71.0) 96 (69.1) 172 (69.9)

Table 3. Osteoporosis medication prescription within one year from index fracture.

Conventional (n=194) Orthogeriatric (n=207) Total (n=401) P

Started bisphosphonate within
1 year of index fracture

Yes 25 (12.9) 138 (66.7) 163 (40.6) <.001a

No 169 (87.1) 69 (33.3) 238 (59.4)
Subsequent fracture within
1 year of index fracture

Yes 6 (3.1) 3 (1.4) 9 (2.2) .27a

No 188 (96.9) 204 (98.6) 392 (97.8)

aChi-Square Goodness of Fit Test.

Yee et al. 11



shortened length of stay may jeopardize the quality of patient
care, this proved not to be true in our study, as it was noted that
our 1-year mortality rate is not inferior to the conventional
group and is also lower than reported data in the literature.31

Jiang et al reported the clinical outcomes of 1057 geriatric hip
fracture patients. Both the 30-day mortality (3% vs 1%) and
12-month mortality (14.4% vs 12%) were slightly higher than
our cohorts.32 There was an observed 1.9% increase in 30-day
mortality for the orthogeriatric group. We attribute this non-
significant difference to chance. Totalling 4 patients, the low
incidence would cause the resulting percentage to seem a
more concerning number than it is in context.

It is apparent from the wider literature that the effect an
orthogeriatric pathway has on mortality remains unclear. In a
literature review comparing 13 studies, Mukherjee et al.33

concluded that while there was overall merit in favour of
orthogeriatric care models, the effect on mortality in particular
was inconsistent. Also, since our power analysis was calcu-
lated based on length of stay, we are unable to decisively
conclude whether the study was too underpowered to detect
changes in mortality, or whether there truly was no significant
difference. However, our results match the sentiment in the
wider literature; that the effect is ambiguous. While several
papers confirm similar outcomes to our study, that is, no effect
on mortality,34-37 other papers present a contrasting view,38-41

with some even reaching statistical significance.41 The effect, if
any, is usuallymore prevalent on short termmortality than long
term, this may be due to patients no longer receiving the
improved geriatric care after discharge,42 and can be explained
by improvements in the management of medical problems or
due to shorter delays in surgery. In any case, all P values for
differences in mortality in our study were not significant, nor
were they largely divergent. There were also no significant
differences in patient demographic between the groups.

Osteoporosis

A previously identified weakness in the conventional
geriatric hip fracture programme was the lack of formal
osteoporosis management in the pathway. A more ho-
listic approach to patients with hip fractures is required
and this has proven its value in the literature.43 In the
new orthogeriatric collaboration model, geriatricians
evaluate and initiate osteoporosis treatment while the
patient is still in the rehabilitation hospital. Patient
follow-up of osteoporosis treatment is continued, fol-
lowing discharge to the geriatric clinic, where education
programmes and fall prevention are initiated by the
nurses. Although we saw positive effects in the re-
duction of subsequent fractures within 1 year of index
fracture, this value did not reach significance. However,
we anticipate the improvements that the increased os-
teoporosis management will bring to become more
apparent over a longer time period.

Complications

There were no significant differences between the two
groups in the occurrence of adverse outcomes, except for
chest infections. Incidences of postoperative blood
transfusion was found to be insignificant between the
groups, however the mean number of packed cells for each
transfusion saw a significant reduction. This can be ex-
plained by increasing awareness of blood management
principles, whereby a more restrictive approach to trans-
fusion was advocated to decrease unnecessary transfusion.

A reduction in wound complications was observed but not
reaching statistical significance. From the inclusion of a geri-
atrician in the interventional model, both the detection and
overall management of medical problems may be improved.
However, we postulate that the occurrence of these compli-
cations is more related to underlying patient factors such as age,
sex and presence of comorbidities, and less by patient treatment
pathways. This was confirmed by post hoc regression analysis
that showed only age and CCI were associated with the
likelihood of the presence of medical complications.

Limitations

There are several limitations to our study. Firstly, this
study is a prospective cohort study without randomi-
zation, thus there are confounding factors present that
cannot be eliminated. Nevertheless, the patients in the 2
cohorts are comparable concerning their basic demo-
graphics. Another limitation is that both cohorts consist
of only half-year data. The collection of more data would
allow for better comparison between the two models,
especially for the secondary outcomes.

When recruiting for our study sample, only hip
fracture patients who had received surgical intervention
were included. The majority of patients in our centre
undergo operative treatment; however, non-operative
treatment is a known risk factor for increased com-
plications, mortality and length of stay. Hence, we did
not include patients treated conservatively in our study,
which may have affected the results.

Finally, the statistics obtained for medical complica-
tions such as UTI, delirium and pneumonia rely on medical
notes being systematically documented, which may be lost
to the turbulence of the hospital environment, resulting in
understated values for these factors.

Conclusions

Geriatric hip fractures are increasing and they will become
the major burden to our health care system. A multidisci-
plinary orthogeriatric collaboration hip fracture clinical
pathway is effective in managing this problem. The pathway
not only shortens the total length of stay in acute and
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rehabilitation hospitals, but it also improves the functional
outcomes of the patients.
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