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ABSTRACT
AIMS: For older patients with hip fracture, we explored patient characteristics, outcomes and osteoporosis 
treatments for those admitted to rehabilitation compared to those discharged directly from hospital, using 
data set analysis. 

METHODS: Retrospective cohort study including all consecutive patients (65 years and over) admitted 
to Christchurch Hospital over one year. Outcomes were compared for patients in four groups: 1) aged 
residential care (ARC) residents and 2) not ARC residents discharge from acute orthopaedics, and those 
discharged from 3) orthogeriatric or 4) general geriatric rehabilitation. Clinical data was extracted from 
hospital data warehouse using signals from noise.

RESULTS: Over 12 months, 415 patients were admitted with hip fracture. Over half (n=282) were transferred 
for inpatient rehabilitation. Thirty-day mortality was 10%. Mortality at 180 days was 7% in orthogeriatric 
rehabilitation group and 8% in general rehabilitation group. Length of stay was shorter in orthogeriatric 
compared with general rehabilitation (median 12.9 vs 20.4 days). Osteoporosis treatment was addressed 
in 88% of patients in the orthogeriatric group compared with 62% in general rehabilitation group. More 
patients in orthogeriatric group discharged home compared with general rehabilitation group (70% vs 
43%), but functional improvements were similar. For ARC residents discharged following acute admission, 
length of stay was short (median 6.5 day), but overall 180-day mortality was 7%. The not-ARC resident group 
discharged directly from hospital was less comorbid than the other groups with lower 180-day mortality 
(4%). Osteoporosis treatment rates were lower in patients discharged from acute admission (15–42%). 

CONCLUSION: Mortality was highest in ARC residents discharged from acute orthopaedics. Patients 
admitted for orthogeriatric rehabilitation had shorter length of stay, lower 30-day mortality, were more 
likely to return home and most likely to be offered osteoporosis treatment (88%), noting less underlying 
comorbidity and better baseline functional status in this group. This paper supports further study (eg, 
randomised trials) to examine the effects of targeted post-surgical rehabilitation for patients with hip 
fracture and explore measures to increase uptake of osteoporosis treatment.
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Hip fractures in the older adult (those 
aged over 65 years) are common, 
affecting up to 18% women and 6% 

men in their lifetime.1 They are associated 
with significant mortality and burden of 
disease,2 even with prompt evidence-based 
treatment including surgery, orthogeriatric 
care and rehabilitation.2,3 In addition, ap-
proximately 10% of patients will experience 
a second hip fracture, which has further 
negative impacts on their mortality and 
quality of life.4

The older population in New Zealand is 
growing rapidly, particularly in Canterbury 
New Zealand, where people over 65 years 
make up 16.1% of the total population, up 
9,500 people in the last five years. In New 
Zealand, it is estimated that about 72 out of 
100 people with hip fracture are admitted 
from home but following the fracture 
only 55 out of those 72 people will return 
home.5 Given the impact of hip fracture 
on morbidity, mortality and quality of life, 
prevention programmes focus on treat-
ments in two areas, falls prevention using 
physiotherapy intervention and secondary 
prevention of fractures (ie, treatment of 
osteoporosis) using medications. Phar-
macological treatments for osteoporosis 
include bisphosphonates (eg, zoledronic 
acid, alendronate, risedronate), parathyroid 
hormone analogues (eg, teriparatide), the 
RANKL antibody denosumab6 and more 
recently discovered agents such as the scle-
rostin inhibitor romosozumab.7 Despite the 
range of treatments available, many patients 
remain under- or un-treated for osteo-
porosis and physicians encounter major 
challenges when implementing appropriate 
treatments.8 

Following hip fracture, older patients 
may be cared for in a range of settings 
ideally with input from both geriatric  
and orthopaedic specialists.9 At Christ-
church Hospital, patients over 65 years 
with fractures are routinely seen by a 
Health Care of the Elderly Physician as  
a shared care model that helps manage  
the patient’s comorbidities and also 
establish whether inpatient rehabilitation 
is required before safe discharge home.10,11 
Patients may undergo inpatient rehabili-
tation in older person’s health wards (OPH), 
for general rehabilitation under care of 
a geriatrician, the orthopaedic rehabili-

tation unit (ORU), a specialist orthogeriatric 
rehabilitation ward, also under care of a 
geriatrician. Generally, patients selected  
for orthogeriatric rehabilitation are done 
so on the basis that they have fewer co-ex-
isting active medical problems and their 
orthopaedic problem is their primary reha-
bilitation issue. Alternatively, patients  
may be discharged directly to their own 
home, ideally with nurse-led fracture 
liaison follow-up with the Fracture Liaison 
Service (FLS) to ensure they receive 
adequate secondary fracture prevention.12,13 
The FLS nurse currently uses the Australia 
New Zealand Hip Fracture Registry5 to 
identify patients undertreated for  
osteoporosis, the nurse and organises 
bone density testing and/or general prac-
titioner-led osteoporosis treatment, eg, 
bisphosphonates.14 Choice of rehabilitation 
location depends on a range of factors 
including the patient’s pre-morbid function, 
their medical comorbidities, cognitive 
function and social factors. There is an 
established benefit of both orthogeriatric 
and general geriatric rehabilitation for 
patients with hip fractures and other  
acute conditions.15 Patients who attended 
both general geriatric and orthopaedic 
rehabilitation had lower mortality rates, 
greater function and were less likely to 
be admitted to nursing homes.15 This 
effect was seen both at discharge and at 
follow-up.

The main aim of the current study was 
to retrospectively audit patient charac-
teristics, surgical management practices, 
rehabilitation practices and outcomes, 
osteoporosis treatment prescription and 
mortality for patients with hip fractures 
admitted to Christchurch Hospital. In 
particular, we aimed to compare outcomes 
for four groups: 1) publicly funded aged 
residential care (ARC) residents discharged 
directly from acute orthopaedics, 2) 
non-ARC residents discharged directly from 
acute orthopaedics, 3) patients discharged 
after orthogeriatric rehabilitation and 4) 
patients discharged after general geri-
atric rehabilitation. As a secondary aim 
we also looked at the differences between 
orthogeriatric and general geriatric reha-
bilitation groups in respect to length of 
stay, comorbidities, functional status and 
treatment for osteoporosis. 
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Method
Data acquisition

This was a retrospective cohort study 
including all consecutive patients aged 65 
and over who presented to Christchurch 
Hospital between 1 May 2017 and 30 April 
2018 with hip fracture. Patient data was 
extracted from multiple data sets such as 
the Administrative Hospital data, Marriage, 
Birth and Death Data (Department of 
Internal Affairs New Zealand), Client Claim 
Payment System (CCPS) (Ministry of Health) 
and Australian Rehabilitation Outcome 
Centre (AROC) data. Multiple querying tools 
were used to validate and identify the cohort 
from the hospital patient management 
system, coding and data warehouse, partic-
ularly signalsfromnoise® (sfn). This is 
proprietary software from Lightfoot Solu-
tions which uses the principles of Statistical 
Process Control. Canterbury District Health 
Board customised the sfn tool with tables 
that enable people to explore data through a 
process flow perspective.

Initially, the data extracted from sfn 
identified patients admitted to Christchurch 
Hospital with hip fracture based on Inter-
national Classification of Diseases, Tenth 
Revision (ICD-10) codes. Then the software 
was used to determine the discharge 
location for these same patients. The 
discharge location determined the cohort 
selection. Cohort 1 (ARC residents) and 2 
(not ARC residents) were discharged directly 
from hospital, cohort 3 were discharged to 
orthopaedic rehabilitation (ORU) and cohort 
4 to general geriatric rehabilitation. 

The following ICD-10 codes were used to 
identify the cohort with hip fracture, based 
on the primary diagnosis (ie, their primary 
reason for hospital admission): S72.00 
Fracture of neck of femur, part unspecified 
S72.01 Fracture of intracapsular section of 
femur, S72.03 Fracture of subcapital section 
of femur, S72.04 Fracture of mid-cervical 
section of femur, S72.05 Fracture of base 
of neck of femur, S72.08 Fracture of other 
parts of neck of femur, S72.10 Fracture of 
trochanteric section of femur, unspecified; 
S72.11 Fracture of intertrochanteric section 
of femur, S72.2 Subtrochanteric fracture. 
These patients had an ICD-10 primary 
procedure code: 47519-00 Internal fixation 
of fracture of trochanteric or subcapital 

femur, 47522-00 Hemiarthroplasty of 
femur, 49315-00 Partial arthroplasty of 
hip, 49318-00 Total arthroplasty of hip, 
unilateral) or other treatment code (to 
include patients managed conservatively). 
These were then grouped into two groups: 
neck of femur and trochanteric fractures. 
Patients with periprosthetic and patho-
logical fractures were excluded. 

Variables
Data on a range of dependent vari-

ables were identified and recorded for the 
included patients; including age, National 
Hospital Identifier (NHI), sex, ICD-10 code, 
primary surgical procedure, total LOS, 
comorbidities, mortality, location of domicile 
on admission (ARC funding data and Austral-
asian Rehabilitation Outcomes Centre 
[AROC]), location of domicile on discharge 
(ARC funding data and AROC) and change 
in Functional Independence Measure (FIM) 
score during rehabilitation (AROC data). 
To quantify patient comorbidity, we used 
a modified Charlson Comorbidity index 
(CCI), excluding age. Although designed for 
patients under age 65, the CCI can predict 
short- and long-term mortality in acutely 
ill hospitalised older adults16 and was 
chosen for this study so data could be easily 
collected from available sources. Comor-
bidity data was collected based on all coded 
diagnoses, rather than just new diagnosis 
codes. Prescribed medications were not 
available in any coded data-sets and so this 
data was manually extracted from patient 
medication and reconciliation history linked 
with each patient’s National Health Iden-
tifier by the first, third, fourth and fifth 
authors. Referral information from the 
Fracture Liaison Service was obtained. 

Statistical analysis
Statistical analysis was performed using 

SAS 9.4. Chi square test was used for 
comparison of categorical variables except 
when cell sizes were small, then Fisher’s 
exact test was used. Normality assumptions 
were found to be violated for continuous 
variables. Hence non-parametric Mann-
Whitney test was used for comparison 
between two independent groups and Krus-
kal-Wallis test for more than two groups. 
For both categorical and continuous vari-
ables, if p-value for overall comparison was 
significant, post-hoc multiple testing with 
Bonferroni correction was performed to 
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ascertain which pairwise differences were 
significant. To analyse the possible factors 
associated with mortality, a Cox propor-
tional hazard model was developed. A 
stepwise selection method was used with an 
entry level significance of 0.2 and signifi-
cance level of 0.1 for variables to stay in the 
model.

Results
Demographic characteristics

Over the one-year study period, 415 
patients over age 65 were admitted to the 
acute orthopaedic service with hip fracture, 
with over 421 episodes of care (ie, some 
patients presented twice). Of these patients, 
67% (n=278) were referred for inpatient 
rehabilitation. The remaining patients 
were discharged directly from the acute 
orthopaedic ward. A higher proportion of 
patients who went to geriatric rehabilitation 
(OPH) were admitted from residential care, 
compared to those who went to orthogeri-
atric rehabilitation (ORU, see Table 1). In 
all groups, the majority of patients were 
women, and most were of European 

ethnicity. Demographic characteristics for 
each of the patient groups are detailed in 
Table 1. Median age for non-ARC-residents 
discharged from acute orthopaedics was 
significantly younger than patients in the 
other groups and approximately 20% of 
the patients in this group lived outside the 
Canterbury region. 

Fracture type, wait for theatre and 
surgical management and length  
of stay

For each cohort, patients were more likely 
to present with a neck of femur than a 
trochanteric fracture (see Table 2). As seen 
in Table 2, total arthroplasty was more likely 
to be performed in the non-ARC residents 
discharged from orthopaedics and the ORU 
patients. The ‘Other’ category included 
non-operative management, eg, allied health 
intervention, and other surgical procedures 
(potentially related to additional presenting 
problems). 

Of patients who proceeded for surgery 
(n=395), over half of patients were operated 
on within 24 hours (n=210, 53%) and most 
patients (n=324, 82%) were operated on 

Table 1: Demographic characteristics for patients in each group (n=415), including age, gender, eth-
nicity, domicile, aged residential care status, discharge status and mortality. Variables with significant 
between group differences are highlighted in bold.

Discharged from acute 
orthopaedics

Inpatient rehabilitation p-value

ARC 
residents 
(n=45)

Not ARC 
residents 
(n=92)

ORU 
(n=185)

OPH (n=93)

Age Median 
(IQR)

86 (80–89) 78 (72–84) 85 (79–89) 85 (78–89) <0.0001

Gender Female 31 (69%) 61 (66%) 142 (77%) 62 (67%) 0.1778

Male 14 (31%) 31 (34%) 43 (23%) 31 (33%)

Ethnicity European 44 (98%) 88 (96%) 179 (97%) 89 (96%) 0.7568

MāWori 0 (0%) 1 (1%) 2 (1%) 0 (0%)

MELAA 0 (0%) 0 (0%) 1 (0.5%) 0 (0%)

Asian 0 (0%) 2 (2%) 1 (0.5%) 0 (0%)

Other 1 (2%) 1 (1%) 2 (1%) 4 (4%)

Domicile Other 
districts

0 (0%) 18 (20%) 0 (0%) 1 (1%) <0.0001

Canterbury 45 (100%) 74 (80%) 185 (100%) 92 (99%)

ARC Resi-
dent

N 0 (0%) 92 (100%) 153 (83%) 57 (61%) <0.0001

Y 45 (100%) 0 (0%) 32 (17%) 36 (39%)
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Table 2: Fracture types and primary procedures for the four patient groups admitted with hip fracture.

Discharged from acute ortho-
paedics

Inpatient rehabilitation

ARC residents 
(n=46)

Not ARC resi-
dents (n=95)

ORU (n=186) OPH (n=94)

Neck of femur fractures 28 (61%) 73 (77%) 95 (51%) 60 (64%)

Intertrochanteric/subtro-
chanteric fracture

18 (39%) 22 (23% 91 (49%) 34 (36%)

Internal fixation of frac-
ture of trochanter

20 (44%) 17 (18%) 49 (26%) 43 (46%)

Hemiarthroplasty of 
femur

20 (44%) 43 (46%) 107 (58%) 41 (44%)

Total arthroplasty of hip, 
unilateral

5 (11%) 16 (17%) 18 (10%) 6 (6%)

Other 0 (0%) 17 (18%) 11 (6%) 4 (4%)

Note: n=421 episodes of care with some patients presenting for more than one episode of care, hence differing 
n-values for each patient groups when compared to total patient numbers (eg, in Table 1). For primary procedures 
there are missing data for four patients, so group totals are n=45, n=93, n=185 and n=94 respectively.

Table 3: Total length of stay (including both acute and rehabilitation admissions, if applicable) for the 
four groups in days (n=421 episodes of care) with wait for operation times, prior and subsequent frac-
tures and re-admission.

 Discharged from acute 
orthopaedics

 Inpatient rehabilitation p value

ARC 
residents 
(n=46)

Not ARC 
residents 
(n=95)

ORU 
(n=186)

OPH (n=94)

LOS (days) Median 
(IQR)

6.7 (5.0–9.0) 6.0 (4.0–7.7) 12.9 
(8.0–18.0)

20.4 
(14.8–23.9)

<0.0001

Wait for 1st 
operation*

0–24 hours 25 (62%) 52 (65%) 83 (49%) 47 (53%) 0.3094

1–2 days 12 (30%) 16 (20%) 60 (36%) 26 (30%)

2–3 days 2 (5%) 9 (11%) 19 (11%) 11 (13%)

3+ days 1 (3%) 3 (4%) 6 (4%) 4 (4%)

Fracture 
previous

N 31 (67%) 80 (84%) 134 (72%) 71 (76%) 0.0854

Y 15 (33%) 15 (16%) 52 (28%) 23 (24%)

Fracture 
after

N 46 (100%) 93 (98%) 174 (94%) 87 (93%) 0.0981

Y 0 (0%) 2 (2%) 12 (6%) 7 (7%)

Note: n=421 episodes of care with some patients presenting for more than one episode of care, hence differing 
n-values for each patient groups when compared to total patient numbers (eg, in Table 1). 
*Wait for operation calculated on total participant numbers of n=40, n=80, n=168 and n=88 for each group 
respectively, given some patients did not proceed for theatre. Percentages computed on valid n only.



36 NZMJ 4 December 2020, Vol 133 No 1526
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

ARTICLE

Table 4: Mortality data at 30 days and 180 days for each of the four groups (n=415 patients).

Discharged from acute 
orthopaedics

Inpatient rehabilitation Total 
(N=415)

ARC 
residents 
(n=45)

Not ARC 
residents 
(n=92)

ORU 
(n=185)

OPH (n=93)

Overall mortality 180 
days*

30 (7%) 18 (4%) 29 (7%) 34 (8%) 111 (27%)

Mortality at 30 days* 11 (3%) 14 (3%) 3 (1%) 13 (3%) 41 (10%)

Died in hospital 6 11 0 5 22 (5%)

Died elsewhere 5 3 3 8 19 (5%)

*Percentages shown reflect proportion of total patient population.

Table 5: Mortality and LOS in relation to operative procedure used.

Hemiarthro-
plasty (n=211)

Internal fixa-
tion (n=129)

Total arthro-
plasty (n=45)

P-value

 Overall mortality (n=) 42 55 0 0.0006

 30-day mortality (n=) 20 17 0 0.0097

LOS (days) Mean (SD) 15 (10.3) 14 (9.4) 9 (5.1) 0.0099

Median 
(IQR)

13 (7–21) 11 (7–19) 7 (6–12)

Range 2–55 1–69 4–24

within 48 hours of presenting. There were 
no statistically significant differences 
between groups in wait times for theatre 
(p=0.39) (see Table 3). Patients discharged 
from general geriatric rehabilitation had 
a longer length of stay than other patients 
(p<0.0001, see Table 3). No clear disparity in 
LOS was found between groups discharged 
directly from acute orthopaedics.

Previous and subsequent fractures
Rates of fracture prior to hip fracture and 

in the 180 days following hip fracture were 
also analysed. There were no between-
group differences in these rates (see Table 
3). Approximately 25% of patients (n=105) 
had a hospital presentation for a fracture 
prior to their hip fracture admission and 5% 
of patients (n=21) presented for treatment 
of a fracture after their hip fracture (noting 
variable follow-up times). A number of 
patients (n=181, 43%) had also had at least 
one hospital admission within the 365 days 
prior to their hip fracture. 

Mortality and survival analysis
Patients admitted to orthogeriatric reha-

bilitation were less likely to die within 30 
days than other patients (p<0.0001, see Table 
4). No clear mortality difference was found 
between the other three groups. ARC resi-
dents discharged from acute orthopaedics 
were more likely to die at six months 
post-presentation than patients in the other 
three groups. Patients transferred to general 
OPH had a higher mortality at six months 
compared with the ORU (p<0.0001). No clear 
mortality difference was found between the 
other groups. Figure 1 show the survival 
probability in the four groups over 20 
months. The overall mortality in all groups 
at 180 days was 27% and 10% at 30 days. 
In-hospital mortality (ie, patients who died 
while admitted for their hip fracture) was 
5% across all groups. 

No difference was found in mortality 
and LOS for patients with fracture neck 
of femur compared with trochanteric 
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fracture. Patients with total arthroplasty 
have a significantly shorter length of stay 
and reduced mortality compared to the two 
other groups (see Table 5). No difference 
in LOS or mortality was found between 
patients having hemiarthroplasty or internal 
fixation.

To further assess factors associated with 
mortality, a cox proportional hazard model 
was developed (see Table 6 and Figure 1). 
Based on this model, risk factors for overall 
mortality were: ARC residents, a higher 
Charlson index and older age. The length of 
stay and time to wait for operation were not 
correlated with overall mortality.

Comorbidities and Modified 
Charlson Index

The Charlson Comorbidity Index (CCI) for 
each group is shown in Table 7. The index 
was calculated with excluding patient age, 
given all patients were over age 65. Non-ARC 
residents discharged directly from acute 
orthopaedics had a significantly lower 
Charlson index than other patients. No clear 
disparity was found between the other three 
cohorts. In terms of specific comorbidities, 
the ARC residents discharged directly from 
acute orthopaedics and the general geriatric 
rehabilitation group had significantly higher 
rates of dementia than the other two groups. 

Figure 1: 20-month predicted survival plot for the four groups.

Table 6: Cox proportional hazard model.

Parameters Hazard ratio 95% confidence 
interval 

P-value

Age 1.058 1.026–1.090 0.0003

Charlson Index 1.089 1.012–1.172 0.0229

ARC resident Y vs N 3.024 1.980– .619 <0.0001
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There were significantly more patients 
with congestive heart failure in the ORU 
group (32%) compared to the non-ARC resi-
dents discharged from acute orthopaedics 
(15%). The non-ARC residents discharged 
from acute orthopaedics were less likely to 
have dementia and diabetes complications 
compared to other groups. Patients admitted 
to general geriatric rehabilitation were 
more likely to have renal disease dementia, 
diabetic complications and congestive heart 
failure than non-ARC residents discharged 
from acute orthopaedics. There were 
otherwise no differences found between 
groups. 

Osteoporosis treatment and follow-
up via Fracture Liaison Service for 
secondary fracture prevention

Data on osteoporosis treatment for each 
group at time of discharge are presented in 
Table 8. Due to the diversity of medication 
regimes prescribed, these were categorised 
by the first author (SW) into five cate-
gories (see Table 8). Appropriate treatment 
included bisphosphonates (alendronate, 
zoledronic acid, risedronate), teriparatide or 
denosumab, all with colecalciferol 1.25mg 
monthly (50,000 IU of Vitamin D). Colecal-
ciferol alone or no treatment was considered 

Table 7: Modified Charlson Comorbidity Index (CCI) for each group and comorbidities. Variables with 
significant between group differences are highlighted in bold.

Discharged from acute 
orthopaedics

Inpatient rehabilitation p value

ARC 
residents 
(n=45)

Not ARC 
residents 
(n=92)

ORU 
(n=185)

OPH (n=93)

Modified 
CCI

Median 
(IQR)

2 (1–4) 1 (0–2) 2 (1–4) 3 (1–4) <0.0001

Acute myocardial infarc-
tion

3 (7%) 11 (12%) 33 (18%) 13 (14%) 0.2214

Congestive heart failure 13 (29%) 13 (14%) 59 (32%) 25 (27%) 0.0175

Peripheral vascular 
disease

1 (2%) 0 (0%) 5 (3%) 1 (1%) 0.3973

Cerebral vascular acci-
dent

8 (18%) 16 (17%) 51 (28%) 22 (24%) 0.2172

Dementia 26 (58%) 5 (5%) 35 (19%) 39 (42%) <0.0001

Pulmonary disease 7 (16%) 10 (11%) 30 (16%) 20 (22%) 0.2750

Peptic ulcer 4 (9%) 4 (4%) 4 (2%) 2 (2%) 0.1341

Diabetes 7 (16%) 7 (8%) 30 (16%) 15 (16%) 0.2361

Diabetes Complications 6 (13%) 3 (3%) 36 (19%) 19 (20%) 0.0021

Liver disease 0 (0%) 0 (0%) 2 (1%) 2 (2%) 0.7228

Renal disease 6 (13%) 8 (9%) 27 (15%) 26 (28%) 0.0030

Cancer 7 (16%) 10 (11%) 25 (14%) 8 (9%) 0.5600

Metastatic cancer 3 (7%) 3 (3%) 6 (3%) 3 (3%) 0.6987
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suboptimal. ARC residents discharged from 
acute orthopaedics were more likely to 
have suboptimal treatment with no docu-
mentation than any other group. Patients 
discharged from orthogeriatric rehabili-
tation were most likely to have appropriate 
treatment with osteoporosis medications, 
further investigation/referral to FLS or 
treatment actively with-held due to comor-
bidity (88% patients, p<000.1). Rates of 
consideration or treatment for osteoporosis 
were 62% in general geriatric rehabili-
tation group and 46% in non-ARC residents 
discharged from acute orthopaedics.

Fracture Liaison Service (FLS) attendance 
was analysed for Canterbury residents 
only, as residents from other areas of New 
Zealand or overseas are not usually seen by 
the FLS in Canterbury. As protocols existed 
for inpatient treatment for osteoporosis, 
FLS referral was not activated for many 
patients undergoing inpatient rehabilitation. 
The FLS also does not currently follow-up 
patients already on appropriate bisphos-
phonate or other osteoporosis treatment. 
Rates of FLS referral were low in ARC 
residents discharged from acute ortho-
paedics (11%). Referral rates were higher 
in the non-ARC residents discharged from 
acute orthopaedics (p<0.0001), of whom 

41% (31 patients) were seen by the FLS. It 
is important to note that 5% of patients in 
this group also died in hospital so were not 
appropriate for referral. 

Level of care and functional 
independence measure scores

For patients discharged directly from 
acute orthopaedics, data was only available 
for their ARC funding but not level of care 
within this funding. For the non-ARC resi-
dents discharged directly from Christchurch, 
19 patients were transferred to other 
hospitals in New Zealand and 11 patients 
died during their hospital admission. Of 
those who were discharged directly “home”, 
two went to ARC, the remainder apparently 
went to private residence.

However, for patients admitted to rehabil-
itation, AROC data is collected on admission 
and discharge which provided more detailed 
information on admission and discharge 
location of residence (see Table 9). Most 
patients (83%) from the orthogeriatric group 
were in their own private residence before 
admission. On discharge, 70% of patients 
in the orthogeriatric group remained in 
their own private residence, but 6% went to 
rest home-level care and 7% went to hospi-
tal-level care. Approximately 10% of the 
population were admitted from rest home-

Table 8: Osteoporosis treatment for each patient group.

Discharged from acute ortho-
paedics

Inpatient rehabilitation

ARC residents 
(n=45)

Not ARC resi-
dents (n=92)

ORU (n=185) OPH (n=93)

Appropriate treatment* 1 (2%) 12 (13%) 121 (65%) 40 (43%)

Sub-optimal treatment 
due to comorbidities + 
Vitamin D

5 (11%) 9 (10%) 31 (17%) 14 (15%)

Referral to FLS + Vitamin 
D

1 (2%) 21 (23%) 12 (6%) 4 (4%)

Sub-optimal treatment** 33 (73%) 38 (41%) 20 (11%) 30 (32%)

Death in hospital 5 (11%) 12 (13%) 1 (1%) 5 (5%)

*Appropriate treatment was with bisphosphonate, denosumab or teriparatide and vitamin D, or with vitamin D alone 
if patient was proven not to have osteoporosis on DEXA scan.  
**Suboptimal treatment due to comorbidities were patients not considered for osteoporosis treatment beyond 
vitamin D due to renal failure, drug intolerances, previous atypical femoral fracture etc.  
***Suboptimal treatment was considered to be no vitamin D or vitamin D alone without evidence of further 
investigation for underlying osteoporosis.
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level care but ended up in hospital-level 
care on discharge. In contrast, only 59% of 
the patients in the general geriatric rehabil-
itation group were admitted from private 
residence. On discharge, 43% of the patients 
in this group remained in their own resi-
dence, and 17% of patients had moved into 
rest home and hospital-level care (Table 9). 

Functional independence measures are 
also collected for patients on admission 
and discharge from rehabilitation (see 
Figure 2) and were available via AROC. 
Both FIM cognitive and motor scores 
were significantly higher in the orthogeri-
atric rehabilitation group on admission 
and discharge. There were no significant 
differences between the two groups in the 
improvement of scores on discharge. This 
data correlates well with the ANZHFR data 
set.5

Discussion
This study presents data on hip fracture 

management and rehabilitation in older 
adults at a single centre in metropolitan 
New Zealand. It followed on from previous 
work at Christchurch Hospital which 
utilised sfn® in implementing and evalu-
ating the Fast Track Hip Fracture pathway 
that remains in use.3 Christchurch Ortho-
paedic Department admits approximately 
5,500 patients per year in the busiest 
trauma centre in New Zealand and of 
those over 400 are hip fractures. Despite 
the availability of the ANZHFR,5 which 
collects data on hip fracture for patients 
around Australia and New Zealand, we 
chose to analyse data using sfn due to more 

flexibility and efficiency in comparing 
multiple variables, including some that 
are not collected by the ANZHFR (eg, 
comorbidities, previous hospital admis-
sions, factors contributing to mortality). 
Direct comparison with the ANZHFR was 
not within our research aims and was not 
explored. The administrative data allowed 
us to explore all the characteristics of the 
heterogenous patient groups admitted 
following hip fracture, to identify possible 
contributors to the clinical outcomes for 
these patients and to aid future targeted 
service delivery. 

Fracture type and surgical 
intervention

The fracture types and surgical proce-
dures have not altered from our previous 
work.3 Time to surgery has decreased  
with no negative impact on mortality.  
There was no difference in mortality or  
LOS between fracture types, but mortality 
and LOS was less in THA reflecting 
appropriate operative procedure. This 
observation is consistent with guidelines  
for the operative management of hip 
fractures.5

Patients discharged directly home 
or to a care facility

Based on anecdotal experience, we  
anticipated the need to separate the  
patients discharged directly from their 
acute orthopaedic admission based on  
their pre-morbid level of care (ie, from 
private residence versus residential care) 
due to significant within-group hetero-
geneity. Our study provided detailed 

Table 9: Pre- and post-discharge location of residence for Cohort 3 and 4, based on AROC data.

ORU patients (n=185) OPH patients (n=93)

Pre-admission Loca-
tion of Residence

Hospital-level care 1 (1%) 3 (3%)

Private residence 153 (83%) 54 (59%)

Rest home-level care 29 (16%) 29 (31%)

Other 0 (0%) 4 (4%)

Post-discharge Loca-
tion of Residence

Hospital-level care 33 (18%) 28 (30%)

Private residence 128 (69%) 36 (39%)

Rest home-level care 22 (12%) 15 (16%)

Other 0 (0%) 4 (4%)
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information on patients discharged  
directly from the acute orthopaedic ward 
in two groups: pre-morbid ARC residents 
and non-ARC residents. Non-ARC residents 
discharged from acute orthopaedics were 
more likely to be younger, less comorbid, 
and a significant proportion (20%) were 
from outside Canterbury. However, their 
younger age and less comorbidity were not 
reflected in a mortality benefit for these 
patients. The non-ARC residents discharged 
directly from hospital are the key group 
targeted by the Fracture Liaison service,  
and referral rates were suboptimal at 
around 40%.

On the other hand, patients who were ARC 
residents and were discharged from acute 
orthopaedics were more comorbid and 
had higher rates of mortality at six months 
compared to the other groups. They had 
similar rates of dementia when compared 
to patients transferred to general geriatric 
rehabilitation. Patients in this ARC resident 
group were also more likely to have subop-
timal osteoporosis treatment with no clinical 
documentation regarding clinical contrain-
dication and very low rates of referral to the 
Fracture Liaison service. 

Patients discharged following 
inpatient rehabilitation

Outcomes of this study are consistent 
with other literature on orthogeriatric or 
general geriatric rehabilitation for patients 
with hip fracture.15 The patients in our 
rehabilitation groups were not randomised, 
so a patient’s journey following hip fracture 
will be largely influenced by selection 
bias. However, patients in our study who 
had orthogeriatric or geriatric rehabil-
itation had a longer length of stay but 
higher rates of treatment with osteoporosis 
medications. Mortality in the orthogeri-
atric rehabilitation group was significantly 
lower than the other groups at 30 days, 
and both the rehabilitation groups had 
lower mortality than the ARC residents 
discharged from acute orthopaedics at the 
180-day follow-up. 

Osteoporosis treatment
High treatment rates in older patients 

with hip fracture may lead to a 40% 
reduction in major bone re-fractures.17 
In this study, treatment for osteoporosis 
was variable for the four groups. FLS was 
generally not involved in the orthogeri-
atric rehabilitation group or the general 

Figure 2: Change in functional independence measures of patients in the two rehabilitation groups.
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rehabilitation group because protocols 
for osteoporosis treatment exist as part 
of the rehabilitation process. Treatment 
or consideration for treatment was 84% 
in the orthogeriatric group and 64% in 
the general group. However, in those 
discharged back to ARC facility or to 
another hospital or home were low at 15% 
and 46% respectively. These treatment 
rates compare favourably with other 
published data.18 These results are helpful 
because they identify where FLS should 
be involved. Also, accurate recording of 
inpatient treatment modality was iden-
tified as an issue; in-patient treatment was 
not captured on a database and needed 
manual extraction, which has been previ-
ously described.19 This may explain some 
of the low percentage figures from the 
ANZHFR and previous work.20 Similarly, to 
previous research,21 this work shows that 
inpatient treatment for osteoporosis seems 
to be the most effective way of ensuring 
initiation of treatment. These results 
suggest the need for more proactive FLS 
involvement for patients who do not have 
inpatient rehabilitation, and has led the 
hospital to introduce a mandatory field 
in the discharge template on osteoporosis 
treatment. 

Mortality
This study also sought to determine  

local mortality rates and examine some  
of the factors possibly contributing to  
or predicting mortality. Thirty-day  
mortality rates reported in this study  
were higher than the most recent (2018) 
Annual Report of the ANZHFR5 for Christ-
church, possibly due to differences in  
data source. Mortality rates vary signifi-
cantly between studies, but 30-day rates  
in our study were largely comparable to 
the existing literature;22 however, mortality 
rates at 180 days were similar to rates at 
one year reported in some studies.23 The 
cox proportional hazard model showed  
that pre-morbid ARC residency was the  
strongest risk factor for mortality at 180 
days, with patients of older age and with 
more comorbidities (based on Charlson 
Comorbidity Index) also at increased risk  
for death. Interestingly, total arthro-
plasty was also associated with improved 
mortality and this probably reflects 

selection of a healthier patient group  
for this procedure. 

Limitations
This study primarily utilised data coded 

from medical records and explored vari-
ables through sfn and multiple dataset 
analysis. This means that the quality of 
the data is dependent on the way data was 
documented in patient records and then 
coded by independent clinical coders. Other 
data, eg, from the Department of Internal 
Affairs around death is likely to be accurate 
but released with some time lag, hence 
why only 180-day mortality was included 
in the current study. AROC collection is 
also limited, as it only collects two points of 
outcome at admission and discharge, being 
cofounding by length of stay, with potential 
internal bias on analysis of rehabilitation 
improvement.

Also, regarding osteoporosis treatment 
data, we had access to hospital discharge 
summaries and electronic prescribing 
software which allowed us to see if 
treatment was prescribed in hospital, but we 
did not have access to longer-term data to 
determine if patients continued to use these 
medications in the community. 

Finally, this was not a randomised 
treatment trial and as such, confounding 
factors in analysing outcomes could be 
significant. However, the data provides 
useful information around clinical 
management of this group of patients that 
may still alter management, eg, promote 
further consideration of osteoporosis 
treatment in certain groups of patients  
and greater uptake of inpatient 
rehabilitation.

Implications
This study shows that tools such as sfn, 

that easily explore multiple variables  
and cohorts across various data have  
utility in evaluating acute hospital 
pathways,3 but also in evaluating a patient’s 
whole hospital journey, including the full 
acute hospital stay and subsequent rehabil-
itation. Although this paper gives similar 
results to previous work,3,10 it is different 
as hip fracture patients are analysed 
according to their discharge destination. 
This enabled comparisons of various 
outcome across these four groups. It is 



43 NZMJ 4 December 2020, Vol 133 No 1526
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

ARTICLE

Competing interests:
Nil.

Author information:
Samantha Warhurst, Christchurch Hospital, Canterbury District Health Board, Christchurch; 

Soledad Labbe-Hubbard, Planning and Funding, Canterbury District Health Board, Christ-
church; Ma Yi, Biostatistician, Canterbury District Health Board, Christchurch; Jane Vel-

la-Brincat, Pharmacy, Christchurch Hospital, Christchurch; Tonya Sammon, Ambulatory Care, 
Well South, Dunedin; Jane Webb, Pharmacy, Canterbury District Health Board, Christchurch; 

Caroline McCullough, Department of Orthopaedic Surgery and Musculoskeletal Medicine, 
Canterbury District Health Board, Christchurch; Gary Hooper, Department of Orthopaedic 

Surgery and Musculoskeletal Medicine, Canterbury District Health Board, Christchurch; Nigel 
Gilchrist, Orthopaedic Medicine, Canterbury District Health Board, Christchurch.

Corresponding author: 
Dr Nigel Gilchrist, Orthopaedic Medicine,  

Canterbury District Health Board, Burwood Road, Christchurch. 
nigel.gilchrist@cdhb.health.nz

URL:
www.nzma.org.nz/journal-articles/patient-characteristics-treatment-outcomes-and-

rehabilitation-practices-for-patients-admitted-with-hip-fractures-using-multiple-data-set-
analysis

pleasing to see the wait for operation  
has decreased from previous work3 to  
over 80% of patients having their  
operation within 48 hours.

Since the introduction of fast-track  
hip fracture management,3 the length  
of stay in orthogeriatric rehabilitation 
has decreased to 14 days and to 21 days in 
general rehabilitation. Baseline functional 
status and discharge destinations were 
different between the two rehabilitation 
groups, with the orthopaedic rehabilitation 
group having higher baseline and post- 
rehabilitation functional status and a 
higher percentage of patients returning 
to private residence. Functional status 
on discharge for patients undergoing hip 
fracture rehabilitation (measured with 
the FIM score) is higher than the national 
average standard.5

Conclusions
We have demonstrated the outcomes in 

four groups of patients with neck of femur 
fractures. The time to operation and length 
of stay continues to decrease compared 
with our previous work. New data on the 
four post-operative groups show better 
outcomes (ie, return to domicile, treatment 
for osteoporosis and mortality) in the dedi-
cated orthopaedic rehabilitation group. It is 
difficult to interpret the significance of these 
improved outcomes given these patients 
were less comorbid, specifically with less 
renal disease and dementia than the general 
rehabilitation group. This is likely to affect 
their functional outcomes and prescription 
of osteoporosis treatment. Enhancing 
involvement by FLS and increased 
prescription of osteoporosis treatment is 
needed for the patients discharged directly 
from acute orthopaedics. 
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