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Abstract
Summary Additional physiotherapy in the first postoperative week was associated with fewer days to discharge after hip 
fracture surgery. A 7-day physiotherapy service in the first postoperative week should be considered as a new key performance 
indicator in evaluating the quality of care for patients admitted with a hip fracture.
Introduction To examine the association between physiotherapy in the first week after hip fracture surgery and discharge 
from acute hospital.
Methods We linked data from the UK Physiotherapy Hip Fracture Sprint Audit to hospital records for 5395 patients with hip 
fracture in May and June 2017. We estimated the association between the number of days patients received physiotherapy in 
the first postoperative week; its overall duration (< 2 h, ≥ 2 h; 30-min increment) and type (mobilisation alone, mobilisation 
and exercise) and the cumulative probability of discharge from acute hospital over 30 days, using proportional odds regres-
sion adjusted for confounders and the competing risk of death.
Results The crude and adjusted odds ratios of discharge were 1.24 (95% CI 1.19–1.30) and 1.26 (95% CI 1.19–1.33) for an 
additional day of physiotherapy, 1.34 (95% CI 1.18–1.52) and 1.33 (95% CI 1.12–1.57) for ≥ 2 versus < 2 h physiotherapy, 
and 1.11 (95% CI 1.08–1.15) and 1.10 (95% CI 1.05–1.15) for an additional 30-min of physiotherapy. Physiotherapy type 
was not associated with discharge.
Conclusion We report an association between physiotherapy and discharge after hip fracture. An average UK hospital admit-
ting 375 patients annually may save 456 bed-days if current provision increased so all patients with hip fracture received 
physiotherapy on 6–7 days in the first postoperative week. A 7-day physiotherapy service totalling at least 2 h in the first 
postoperative week may be considered a key performance indicator of acute care quality after hip fracture.

Keywords Audit · Hip fracture · National Hip Fracture Database · Neck of femur · Recovery · Rehabilitation

 * K. J. Sheehan 
 Katie.sheehan@kcl.ac.uk

1 Department of Population Health Sciences, School 
of Population and Environmental Sciences, King’s College 
London, London, UK

2 Department of Physical Therapy, Faculty of Rehabilitation 
Medicine, University of Alberta, Edmonton, Canada

3 John Walsh Centre for Rehabilitation Research, Kolling 
Institute, Northern Sydney Local Health District and Faculty 
of Medicine and Health, University of Sydney, Sydney, 
Australia

4 Musculoskeletal Research Unit, Translation Health Sciences, 
Bristol Medical School, University of Bristol, Bristol, UK

5 Cardiff Trauma Unit, University Hospital of Wales, Cardiff, 
UK

6 Department of Physical & Occupational Therapy, 
Copenhagen University Hospital – Bispebjerg 
and Frederiksberg, and Department of Clinical Medicine, 
University of Copenhagen, Copenhagen, Denmark

7 Department of Epidemiology and Public Health, University 
of Maryland School of Medicine, Baltimore, MD, USA

8 Faculty of Medicine, University of Nottingham, Nottingham, 
UK

9 Faculty of Environmental and Life Sciences, School 
of Health Sciences, University of Southampton, 
Southampton, UK

10 Faculty of Medicine and Health Sciences, University of East 
Anglia, Norwich, UK

11 School of Population and Public Health, University of British 
Columbia, Vancouver, Canada

http://orcid.org/0000-0002-5325-7454
http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-021-06195-9&domain=pdf


 Osteoporosis International

1 3

Introduction

Globally, the incidence of hip fracture is estimated to 
increase from 2.7 million in 2010 to between seven and 
21 million by 2050 [1]. Patients with hip fracture are usu-
ally older, living with frailty and poor mobility [2]. These 
patients often have limited reserve with which to overcome 
the stress of their injury, the necessary surgery and complete 
their recovery. Patients with hip fracture describe access to 
physiotherapy as one of the key factors for their recovery 
[3]. In the context of postoperative inpatient rehabilitation 
(average length of stay 15 days), these patients commonly 
set a goal of returning home as soon as possible [4].

There is inconsistent evidence on what optimal postopera-
tive inpatient physiotherapy consists of for patients after hip 
fracture. The National Institute for Health and Care Excel-
lence (NICE) guidance is limited to recommending daily 
mobilisation and regular physiotherapy review [5]. Concern 
regarding uncertainty on what ‘usual care’ is in the UK led 
the Chartered Society of Physiotherapy (CSP) to commis-
sion the 2017 Physiotherapy Hip Fracture Sprint Audit 
(PHFSA) [6]. The audit demonstrated national variation 
in the duration, frequency and type of acute physiotherapy 
practice [6] similar to variation observed internationally [7]. 
A qualitative interview study of physiotherapists’ percep-
tions of mechanisms for this variation indicated it may be 
justified by individual patient needs [8]. However, it remains 
unclear whether the variation in physiotherapy practice influ-
ences outcomes after accounting for such patient factors.

Other factors which impact on time to discharge include 
the promptness of surgery. In 2017, 29% of patients with 
hip fracture underwent surgery after the recommended 36-h 
timeframe in the UK, in part reflecting pressures on theatre 
capacity [2]. This crude proportion has since increased, sug-
gesting a mismatch between demand for surgical services 
and capacity in a changing patient population [9, 10]. It is 
not known whether additional postoperative physiotherapy 
can mitigate the negative effects of delayed surgery[11].

We aimed to determine whether the frequency, duration 
and type of physiotherapy in the first postoperative week 
were associated with discharge from acute hospital after 
accounting for potential confounders and the competing risk 
of death. We further sought to determine whether these asso-
ciations varied with time from first presentation and surgery.

Methods

This study is reported according to the REporting of studies 
Conducted using Observational Routinely-collected Data 
statement [12]. The study did not require NHS Research 

Ethics Committee approval as it involved secondary analysis 
of linked pseudo-anonymised data.

Study cohort

The UK National Hip Fracture Database (NHFD) is a clini-
cally led, web-based audit, collecting data for over 90% of 
patients aged 60 years and older with hip fracture and the 
care they received during their acute hospital admission 
in England or Wales (UK) [2]. The NHFD also oversees 
‘sprint audits’ to capture, for a fixed period of time, addi-
tional detailed information on specific aspects of care deliv-
ery [13].

In 2017, the CSP commissioned the PHFSA to capture a 
detailed understanding of the acute physiotherapy manage-
ment of patients with hip fracture [6]. We linked the indi-
vidual patient data “routinely” collected by the NHFD to 
data from the PHFSA, as well as hospital episode statistics 
(HES) for England, the patient episode database for Wales 
(PEDW), and the Office of National Statistics (ONS) for 
additional data on comorbidities, ethnicity, neighbourhood 
deprivation and mortality. Further details on population 
selection, codes, and algorithms to classify variables, and 
person-level linkage across databases are described in Sup-
plementary File 1.

Overall, data were entered into the NHFD for 9250 
patients aged 60 years and older, surgically treated for a 
non-pathological first hip fracture between May 1, 2017, 
and June 30, 2017. Of these, 5395 patients had additional 
data collected by physiotherapists for the PHFSA. Follow-
ing data linkage, we noted patients included in PHFSA were 
similar to those in the NHFD in terms of several charac-
teristics including age, sex, deprivation, Charlson Comor-
bidity Index (CCI) [14], Hospital Frailty Risk Score [15], 
American Society of Anaesthesiologists (ASA) grade [16], 
weekday of admission and procedure type [6]. Patients dif-
fered according to pre-fracture mobility (20% [no PHFSA 
data] vs. 25% [PHFSA data] indoor only), fracture type (57% 
[no PHFSA data] vs. 59% [PHFSA data] intracapsular), time 
to surgery (68% [no PHFSA data] vs. 71% [PHFSA data] 
within 36 h), anaesthetic type (56% [no PHFSA data] vs. 
54% [PHFSA data] general anaesthetic), and time of first 
mobilisation (77% [no PHFSA data] vs. 81% [PHFSA data] 
within 36 h). There were differences in degree of missing 
data for ethnicity and pre-fracture residence among patients 
with data in both PHFSA and NHFD compared with NHFD 
alone. Additional detail on patients with and without data in 
the PHFSA are available in Supplementary File 2, Table S1.

Study exposures

The primary study exposure was frequency defined as hav-
ing received physiotherapy during the first postoperative 
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week on a total of 0–2, 3, 4, 5, or 6–7 days out of a possible 
7 days. Secondary exposures included duration and type of 
physiotherapy. Total duration of physiotherapy during the 
first post-operative week was classified both as a positive 
integer and as a binary variable (< 2 h, ≥ 2 h). Type of physi-
otherapy was classified as mobilisation alone [PHFSA code 
for mobilisation/gait/transfer practice] or mobilisation and 
exercises [PHFSA code for mobilisation/gait/transfer prac-
tice and range of motion/strength/balance]) within the first 
postoperative week.

Study outcome

The outcome was discharge from acute hospital care after 
hip fracture surgery [NHFD code: own home/sheltered hous-
ing, nursing care/residential care]. Discharges within the first 
7 postoperative days were treated as left censored observa-
tions, i.e. the study exposures were not observed. Patients 
who were transferred to another hospital/unit and/or those 
with stays longer than 30 days were treated as right censored 
observations as average acute length of stay was 16 days in 
2017 (mean [standard deviation]: 16.0 [0.6] days) [2, 17]. 
Deaths in hospital were treated as competing events.

Study confounders

We adjusted for variables with a reported association with 
our study outcome: age [18], sex [18], ethnicity (White, 
Black or mixed Black, Asian or mixed Asian) [18], dep-
rivation quintiles [18], ASA grade [16], CCI [14], Hospi-
tal Frailty Risk Score (low, intermediate, high risk) [15], 
pre-fracture residence (own home/sheltered housing, nurs-
ing care/residential care) [18], fracture type (intracapsular, 
intertrochanteric/subtrochanteric) [18], prefracture mobility 
(mobile outdoors with/without aids, some indoor mobility 
but never goes outdoors without help, no functional mobil-
ity) [18], type of anaesthetic (general, spinal) [19], type of 
surgery (internal fixation, hemiarthroplasty, total hip arthro-
plasty) [18], timing of surgery (within 36-h target, beyond 
target) [18], timing of first mobilisation (day of/after surgery, 
beyond 2 days of surgery) [18], and day of admission (week-
day, weekend) [18].

Statistical analysis

For each variable, we estimated median and interquartile 
range (continuous variables) or frequency and percentage 
(categorical variables), overall and by exposure. We used 
χ2 test and Mann–Whitney U test to compare distributions 
across groups. We estimated the daily rate of discharge by 
dividing the number of discharges by the total number of 
inpatient days, overall and by the frequency, duration and 
type of physiotherapy.

We estimated the cumulative probability of discharge as 
a function of postoperative day accounting for the event-
specific hazard of inhospital death overall and separately for 
patients in receipt of each exposure level for the frequency 
(physiotherapy received on 0–2, 3, 4, 5, or 6–7 days of a pos-
sible 7 days in the first postoperative week), and the duration 
(total < 2 h, ≥ 2 h of physiotherapy in the first postoperative 
week), and its type (mobilisation, mobilisation and exercise). 
We used proportional odds regression models to estimate the 
association between the cumulative probability of discharge 
as a function of postoperative day and (1) a 1-day increase 
in the frequency of physiotherapy; (2) receipt of ≥ 2  h 
compared to < 2 h physiotherapy; (3) a 30-min increase in 
physiotherapy duration; and (4) receipt of mobilisation and 
exercise compared to mobilisation alone, overall and by the 
timing of surgery (within 36-h target time, beyond 36-h tar-
get time). We adjusted for potential confounders if associa-
tions were noted in crude models. To assess our findings’ 
sensitivity to left censoring, we replicated the analysis for 
exposures: (1) a 1-day increase in frequency of physiother-
apy; (2) a 30-min increase in physiotherapy duration; and 
(3) receipt of mobilisation and exercise compared to mobi-
lisation alone for all patients. The detailed plan of analysis 
is available in Supplementary File 3. We summarised the 
differences by 30-day risk differences [20] and by odds ratios 
[22]. We used R [22] packages CIFsmry [23], cmprsk [24], 
prodlim [25] and geepack [26] for the analyses.

Missing data analysis

We evaluated patients with complete data for exposures, 
potential confounders and outcomes for our main analysis. 
Differences between patients with and without complete data 
for exposures and outcome are available in Supplementary 
File 2, Tables S4-S7. We imputed missing data by chained 
equations to determine whether similar findings would be 
reached following complete case and imputed analyses [27, 
28]. We generated 25 distinct datasets where missing values 
were replaced with a random sample of imputed values. As 
in the main analysis, we used proportional odds regression 
models to estimate the association between the cumulative 
probability of discharge as a function of postoperative day 
and the frequency, duration and type of physiotherapy in 
each of the 25 datasets [27, 29]. We then derived pooled 
odds ratios, confidence intervals (CI) and p-values across 
imputed datasets [30].
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Table 1  Characteristics of patients surgically treated for non-pathological first hip fracture overall and by frequency of physiotherapy in the first 
postoperative week

Days of physiotherapy in first postoperative week

All 0–2 days 3 days 4 days 5 days 6–7 days

n = 5177 n = 880 n = 965 n = 1288 n = 1018 n = 1026
Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR]

Age at admission 
(years)*

84 [78–89] 85 [78–90] 84 [78–89] 84 [77–89] 84 [78–88] 84 [78–88]

n (%) n (%) n (%) n (%) n (%) n (%)
Charlson Comorbidity 

Index†
1 [1–2] 2 [1–3] 1 [1–2] 1 [0–2] 1 [0–2] 1 [0–2]

Length of stay* 11 [7–18] 9 [4–18] 11 [6–18] 11 [7–17] 12 [8–18] 12 [8–17]
Sex Male 1,395 (26.95) 273 (31.0) 245 (25.4) 336 (26.1) 254 (25.0) 287 (28.0)

Female 3,782 (73.05) 607 (69.0) 720 (74.6) 952 (73.9) 764 (75.0) 739 (72.0)
Ethnicity† White 3,588 (69.31) 615 (69.9) 676 (70.1) 892 (69.3) 721 (70.8) 684 (66.7)

Caribbean or African 
(Black or Black 
British) or any mixed 
black background

10 (0.19) 2 (0.2) 2 (0.2) 1 (0.1) 3 (0.3) 2 (0.2)

Asian or Asian British 
or any mixed Asian 
background

37 (0.71) 7 (0.8) 7 (0.7) 10 (0.8) 6 (0.6) 7 (0.7)

Deprivation† Most deprived 1,187 (22.93) 198 (20.5) 279 (21.7) 250 (24.6) 236 (23.0) 198 (20.5)
More deprived 436 (8.42) 81 (8.4) 103 (8.0) 83 (8.2) 93 (9.1) 81 (8.4)
Average deprivation 1,087 (21.00) 213 (22.1) 282 (21.9) 210 (20.6) 192 (18.7) 213 (22.1)
Less deprived 1,030 (19.90) 198 (20.5) 257 (20.0) 211 (20.7) 200 (19.5) 198 (20.5)
Least deprived 1,026 (19.82) 194 (20.1) 263 (20.4) 194 (19.1) 212 (20.7) 194 (20.1)

ASA grade*† I 114 (2.20) 18 (2.0) 19 (2.0) 38 (3.0) 23 (2.3) 16 (1.6)
II 1,256 (24.26) 159 (18.1) 228 (23.6) 321 (24.9) 282 (27.7) 266 (25.9)
III 2,950 (56.98) 511 (58.1) 561 (58.1) 727 (56.4) 559 (54.9) 592 (57.7)
IV 749 (14.47) 184 (20.9) 144 (14.9) 172 (13.4) 129 (12.7) 120 (11.7)
V 16 (0.31) 3 (0.3) 1 (0.1) 6 (0.5) 3 (0.3) 3 (0.3)

Prefracture ambula-
tion*†

Freely mobile without 
aids

1,860 (35.93) 247 (28.1) 344 (35.6) 478 (37.1) 371 (36.4) 420 (40.9)

Mobile outdoors with 
one aid

1,154 (22.29) 159 (18.1) 216 (22.4) 273 (21.2) 233 (22.9) 273 (26.6)

Mobile outdoors with 
two aids or frame

784 (15.14) 147 (16.7) 136 (14.1) 184 (14.3) 177 (17.4) 140 (13.6)

Some indoor ambula-
tion but never goes 
outside without help

1,294 (25.00) 296 (33.6) 251 (26.0) 336 (26.1) 228 (22.4) 183 (17.8)

No functional ambula-
tion

50 (0.97) 26 (3.0) 10 (1.0) 6 (0.5) 4 (0.4) 4 (0.4)

Hip fracture type† Intracapsular 3,065 (59.20) 501 (56.9) 538 (55.8) 774 (60.1) 614 (60.3) 638 (62.2)
Intertrochanteric 1,842 (35.58) 328 (37.3) 375 (38.9) 448 (34.8) 360 (35.4) 331 (32.3)
Subtrochanteric 269 (5.20) 51 (5.8) 52 (5.4) 66 (5.1) 44 (4.3) 56 (5.5)

Surgery within the 
target time†

Within target time 3,710 (71.66) 618 (70.2) 704 (73.0) 920 (71.4) 743 (73.0) 725 (70.7)
Not within target time 1,307 (25.25) 240 (27.3) 236 (24.5) 329 (25.5) 238 (23.4) 264 (25.7)

Procedure type*† Internal fixation 2,451 (47.34) 443 (50.3) 487 (50.5) 601 (46.7) 477 (46.9) 443 (43.2)
Hemiarthroplasty 2,312 (44.66) 379 (43.1) 416 (43.1) 568 (44.1) 461 (45.3) 488 (47.6)
Total hip replacement 402 (7.77) 54 (6.1) 61 (6.3) 115 (8.9) 79 (7.8) 93 (9.1)
Missing/other 12 (0.23) 4 (0.5) 1 (0.1) 4 (0.3) 1 (0.1) 2 (0.2)
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Results

Patient characteristics

Primary exposure and outcome data were available for a 
total of 5177 patients. By 30 days after surgery, 2180 hos-
pital stays (42.1%) ended with discharge, 114 stays (2.2%) 
ended with death, 683 (13.2%) had left censoring events 
(discharged in first 7 days to home n = 474, to nursing 
home/residential care n = 154, died n = 55), 1726 (33.3%) 
had right-censoring events (lost to follow-up), and 474 stays 
(9.2%) were longer than 30 days (Supplementary File 2, Fig-
ure S1). In the first postoperative week, 1026 patients (20%) 
received physiotherapy on 6–7 out of a possible 7 days, 2647 
(53%) received physiotherapy for ≥ 2 h and 4472 (88%) 
received both mobilisation and exercise (Table 1, Supple-
mentary File 2, Tables S2-S3).

The median age of patients was 84.0 years (inter-quartile 
range (IQR) 77.0–89.0) with a median CCI score of 1.0 (IQR 
1.0–2.0). The majority were women (73%), white (70%), 
admitted from home (82%), and mobile outdoors prefracture 

(73%). Over one-third were at high risk of frailty (36%) and 
one-fifth from the most deprived quintile (23%). Fracture 
type was most commonly intracapsular (59%) with the 
remainder being extracapsular (trochanteric or subtrochan-
teric) fractures. Most patients were admitted on a weekday 
(69%), underwent surgery with general anaesthesia (53%) 
within the recommended target time (72%), and mobilised 
on the day of or day after their surgery (81%) (Table 1, Sup-
plementary File 2, Tables S2-S3).

Frequency of physiotherapy

The average rate of discharge was 32 (95% CI 31–33) per 
1000 patient days, varying from 22.3 (95% CI 19.7–25.3) 
among those who received physiotherapy on 0–2 out of a 
possible 7 days in the first postoperative week to 40.4 (95% 
CI 37.2–43.9) among those who received physiotherapy on 
6–7 out of a possible 7 days in the first postoperative week 
(Fig. 1). By day 30, there were an additional 228 (95% CI 
166–289) discharges per 1000 patients who received physi-
otherapy on 6–7 days compared with 0–2 days out of a 

Table 1  (continued)

Days of physiotherapy in first postoperative week

All 0–2 days 3 days 4 days 5 days 6–7 days

Weekday of admis-
sion*†

Weekday (Monday-
Friday)

3,600 (69.54) 596 (67.7) 645 (66.8) 863 (67.0) 748 (73.5) 748 (72.9)

Weekend (Saturday-
Sunday)

1,571 (30.35) 283 (32.2) 318 (33.0) 423 (32.8) 269 (26.4) 278 (27.1)

First mobilisation 
day of/day after 
surgery*†

Within target time 4,180 (80.74) 591 (67.2) 784 (81.2) 1,061 (82.4) 822 (80.7) 922 (89.9)
After target time 981 (18.95) 288 (32.7) 177 (18.3) 222 (17.2) 191 (18.8) 103 (10.0)

Prefracture resi-
dence*†

Own home/sheltered 
housing

4,212 (81.36) 596 (67.7) 758 (78.5) 1,066 (82.8) 873 (85.8) 919 (89.6)

Nursing care/residen-
tial care

962 (18.58) 284 (32.3) 207 (21.5) 222 (17.2) 142 (13.9) 107 (10.4)

Anaesthesia type† General (GA) 2,776 (53.62) 483 (54.9) 532 (55.1) 702 (54.5) 546 (53.6) 513 (50.0)
Spinal (SA) 2,362 (45.62) 393 (44.7) 423 (43.8) 577 (44.8) 466 (45.8) 503 (49.0)

Hospital Frailty 
Index*†

Low risk 1,127 (21.77) 156 (17.7) 202 (20.9) 307 (23.8) 227 (22.3) 235 (22.9)
Intermediate risk 1,800 (34.77) 268 (30.5) 319 (33.1) 461 (35.8) 355 (34.9) 397 (38.7)
High risk 1,886 (36.43) 403 (45.8) 371 (38.4) 428 (33.2) 375 (36.8) 309 (30.1)

Duration of physi-
otherapy*†

 < 2 h 2,647 (51.13) 847 (96.2) 765 (79.3) 616 (47.8) 283 (27.8) 136 (13.3)
 >  = 2 h 2,303 (44.49) 17 (1.9) 158 (16.4) 607 (47.1) 686 (67.4) 835 (81.4)

Type of physiother-
apy*†

Mobilisation only 637 (12.30) 221 (25.1) 138 (14.3) 132 (10.2) 77 (7.6) 69 (6.7)
Mobilisation & 

exercise
4,472 (86.38) 591 (67.2) 827 (85.7) 1,156 (89.8) 941 (92.4) 957 (93.3)

IQR interquartile range
* p < 0.05
† Does not include the following missing data: Charlson Comorbidity Index n = 364, hospital frailty index n = 364, ethnicity n = 1542, depriva-
tion n = 411, ASA grade n = 92, prefracture ambulation n = 35, hip fracture type n = 1, surgery within target time n = 160, procedure type n = 12, 
weekday of admission n = 6, mobilisation day of/after surgery n = 16, prefracture residence n = 3, anaesthesia type n = 39, duration of physi-
otherapy n = 227, type of physiotherapy n = 68
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possible 7 days in the first postoperative week. The cumula-
tive incidence of discharge was 704 per 1000 patient days, 
varying from 533 (95% CI 504–601) among those who 
received physiotherapy on 0–2 out of a possible 7 days in 
the first postoperative week to 780 (95% CI 745–815) among 
those who received physiotherapy on 6–7 out of a possi-
ble 7 days in the first postoperative week (Table 2, Fig. 1). 
For 1 additional day of physiotherapy in the first postopera-
tive week, the crude and adjusted odds ratios of discharge 

were 1.24 (95% CI 1.19–1.30) and 1.26 (95% CI 1.19–1.33) 
respectively (Table 2).

Duration of physiotherapy

In total, 4950 patients had complete data for physiotherapy 
duration. The average rate of discharge was 31.8 (95% CI 
30.5–33.2) per 1000 patient days, varying from 29.2 (95% CI 
27.5–31.1) among those who received < 2 h of physiotherapy 

<2 hours

≥2 hours

Fig. 1  Cumulative incidence of postoperative live discharge by days after surgery among patients surgically treated for non-pathological first hip 
fracture by frequency, duration, and type of physiotherapy, overall and by surgical timing
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to 34.7 (95% CI 32.6–36.8) among those who received ≥ 2 h 
of physiotherapy, in the first postoperative week (Fig. 1). By 
30 days, there were an additional 63 (95% CI 25–101) dis-
charges per 1000 patients who received ≥ 2 h of physiother-
apy compared with those who received < 2 h of physiother-
apy in the first postoperative week. The crude and adjusted 
odds ratios of discharge were 1.34 (95% CI 1.18–1.52) and 
1.33 (95% CI 1.12–1.57) respectively among those who 
received ≥ 2 h compared with those who received < 2 h of 
physiotherapy in the first postoperative week (Table 2). A 
30-min increase in physiotherapy in the first postoperative 
week was associated with crude and adjusted odds ratios 
of discharge of 1.11 (95% CI 1.08–1.15) and 1.10 (95% CI 
1.05–1.15) respectively (Table 2).

Type of physiotherapy

In total, 5109 patients had complete data for physiother-
apy type. The average rate of discharge was 32.1 (95% CI 
30.7–33.5) per 1000 patient days, being similar among 
those who received mobilisation alone 31.6 (95% CI 

28.2–35.4) and those who received both mobilisation and 
exercise 32.1 (95% CI 30.7–33.6) (Fig. 1, Table 2). For 
mobilisation and exercise compared with mobilisation 
alone in the first postoperative week, the crude odds ratio 
of discharge was 1.11 (95% CI 0.91–1.36) (Table 2).

Analysis stratified by time to surgery

Similar rates of discharge by physiotherapy frequency, dura-
tion and type were observed among the subgroup of patients 
who underwent surgery within the target time of 36 h from 
presentation as for the overall analysis (Fig. 1, Supplemen-
tary File 2, Table S8). For 1 additional day of physiotherapy 
in the first postoperative week, the adjusted odds ratio of 
discharge was 1.29 (95% CI 1.21–1.38) for those who under-
went surgery within 36 h and 1.18 (95% CI 1.06–1.31) for 
those who underwent surgery later (Supplementary File 2 
Table S8). Comparing those who received ≥ 2 and < 2 h of 
physiotherapy, the adjusted odds ratios of discharge were 
1.54 (95% CI 1.27–1.86) for those who underwent surgery 
within 36 h and 0.89 (95% CI 0.63–1.25) for those who 

Table 2  Cumulative incidence of discharge by frequency, duration and type of physiotherapy among all patients surgically treated for non-patho-
logical first hip fracture, complete case analysis

CIF cumulative incidence function, CI confidence interval, OR odds ratio
* At 30 days from surgery
† Does not include patients with missing discharge and exposure for the analysis of duration (n = 445) and type (n = 286) of physiotherapy
‡ Per 1000 patient-days
§ Gray’s test for k samples. Pepe-Mori two–sample test
ǁAdjusted for age, sex, ethnicity, deprivation, ASA grade, Charlson Comorbidity Index, Hospital Frailty risk score, prefracture residence, frac-
ture type, mobility prior to hip fracture, type of surgery, timing of surgery, anaesthetic type, timing of first mobilisation, day of admission. CIF 
regression at in-patient days 7, 9, 10, 12, 16, 18, 20, 24, and 30. Includes patients with complete data for exposure, outcome and adjustment vari-
ables for the analysis of frequency (n = 3382), duration (n = 3247) and type (n = 3337) of physiotherapy

Exposure Num-
ber of 
patients

Num-
ber of 
deaths*

Number of 
live dis-
charges*†

Live discharge 
rate (95% CI)†‡

30-day CIF, % 
(95% CI) †‡

p value †§ Unadjusted OR 
of CIF (95% 
CI) †

Adjusted OR of 
CIF (95% CI) ǁ†

Overall 5177 114 2180 32.8
(30.6–33.3)

704
(686–722)

Frequency of physiotherapy
0–2 days 880 51 243 22.3 (19.7–25.3) 553 (504–601)
3 days 965 21 325 25.9 (23.3–28.9) 646 (601–691)
4 days 1288 21 569 33.3 (30.7–36.2) 733 (698–768)
5 days 1018 13 481 34.4 (31.5–37.6) 738 (700–776)
6–7 days 1026 8 562 40.4 (37.2–43.9) 780 (745–815)  < 0.001
1-day increase 5177 114 2180 1.24 (1.19–1.30) 1.26 (1.19–1.33)
Duration of physiotherapy
 ≥ 2 h 2647 73 1005 29.2 (27.5–31.1) 673 (647–699) 1.00 1.00
 < 2 h 2303 34 1069 34.7 (32.6–36.8) 736 (710–762)  < 0.001 1.34 (1.18–1.52) 1.33 (1.12–1.57)
30-min increase 4950 107 2074 1.11 (1.08–1.15) 1.10 (1.05–1.15)
Type of physiotherapy
Mobilisation only 637 18 291 31.6 (28.2–35.4) 669 (622–716) 1.00 1.00
Mobilisation & 

exercises
4472 86 1871 32.1 (30.7–33.6) 71.5 (695–734) 0.2 1.11 (0.91–1.36) 1.21 (0.92–1.60)
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underwent surgery later (Supplementary File 2, Table S8). 
An additional 30 min of physiotherapy in the first postop-
erative week was associated with adjusted odds ratios of 
discharge of 1.15 (95% CI 1.09–1.21) for those who under-
went surgery within 36 h and 1.02 (95% CI 0.94–1.14) for 
those who underwent surgery later (Supplementary File 2, 
Table S8). The crude odds ratio of discharge was similar 
for those who received mobilisation and exercise and those 
who received mobilisation alone in the first postoperative 
week irrespective of time to surgery (Supplementary File 
2, Table S8).

Sensitivity and missing data analyses

Supplementary File 2 provides full details of results for 
analyses without left censoring of patients discharged in the 
first postoperative week (Table S9) and for analyses with 
imputation for missing exposure, outcome, and potential 
confounders (Table S10). Without left censoring, the results 
were similar to the analysis with left censoring for frequency 
and type. However, the adjusted odds ratios of discharge 
were similar among those who received < 2 h and those who 
received ≥ 2 h physiotherapy in the first postoperative week, 
and for a 30-min increment in duration of physiotherapy 
without left censoring (Table S9). The results of imputed 
analysis were similar to those of the complete case analysis.

Discussion

Key results

These national data show associations between the fre-
quency and the duration of physiotherapy and discharge 
from acute hospital care after hip fracture surgery. The 
association for frequency was observed irrespective of sur-
gical timing, whilst the association for duration was only 
observed for those who underwent surgery within 36 h of 
hospital presentation. We found no association between 
the type of physiotherapy delivered and discharge.

Interpretation

The recent United States Physical Therapy Associations 
Hip Fracture Clinical Practice Guideline recommends 
offering patients daily physiotherapy during their inpa-
tient stay [31]. However, in the current study, only 20% of 
patients received physiotherapy on 6–7 out of a possible 
7 days in the first postoperative week. This is similar to 
other international studies which noted 13% of patients 
received physiotherapy on 6–7 of a maximum 7 days a 

week (Japan) [32], physiotherapy input on a median of 
5 days (Australia) [33], or daily until day 3 postoperatively 
and weekdays thereafter (Denmark) [34].

In the UK, a typical hospital will provide hip fracture 
surgery to an average of 375 patients annually [2]. For the 
current study, the difference in the cumulative incidence of 
discharge between those who received physiotherapy on 6–7 
of a possible 7 days in the first postoperative week compared 
to overall was 76 per 1000 patient days. This equates to a 
saving of 456 bed days (for an average length of stay of 
16 days). Extrapolating this to the 65,958 patients with hip 
fracture for 2017, this equates to a potential saving of 80,205 
bed days or £27,750,905 (based on £346 cost per excess bed 
day for a non-elective inpatient) [2, 35, 36]. The reported 
adjusted associations between physiotherapy frequency and 
discharge were observed irrespective of time to surgery. This 
suggests that a 7-day physiotherapy service could mitigate 
the impact of delayed surgery with respect to time to dis-
charge [11]. These findings provide a narrative to support 
requests for additional staffing to enable implementation of 
recommended 7-day services [11].[37] Further, the results 
add weight to the argument for the CSP’s care standard ‘All 
patients receive daily physiotherapy that should total at least 
2 h in the first 7 days post-surgery’ to become a key perfor-
mance indicator when evaluating the quality of acute post-
operative care after hip fracture [6].

Implementing a 7-day service may be a challenge in the 
absence of additional staffing. Indeed, the PHFSA report 
indicated ‘staffing issue’ as a key reason why patients did 
not receive daily physiotherapy in the first postoperative 
week [6]. Kimmel and colleagues noted a decrease in 
length of stay following an intensive physiotherapy inter-
vention where participants received more than twice the 
time in physiotherapy compared to control participants 
[33]. The current study builds on this previous work high-
lighting a potential benefit from an additional 30 min of 
physiotherapy in the first week after surgery. This increase 
may be achievable within existing resource capacity for 
some settings. Indeed, group-based rehabilitation may 
provide an opportunity to increase time in physiotherapy 
within existing staffing capacity. For example, an Austral-
ian inpatient standing balance circuit class of up to eight 
older adults led by two physiotherapists saw improvements 
in mobility performance, self-reported functioning and 
reduction in total length of stay among participants com-
pared to usual care [38].

The reported association between physiotherapy duration 
and discharge was observed only for those who underwent 
surgery within the 36-h target time. This may suggest the 
presence of unmeasured confounding of patient-related fac-
tors in the analysis as these factors are likely more evident 
among those who were delayed to surgery. Indeed, both 
patient and non-clinical factors may delay surgery for hip 
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fracture [39] which in turn may limit participation in physi-
otherapy and lead to longer time to discharge. However, a 
2011 cohort of 2250 patients in Spain reported acute medical 
problems (33.1%) and lack of operating room availability 
(60.7%) as the main drivers of delays beyond 48 h [40]. In 
the absence of a 7-day physiotherapy service, our findings 
support reasoning behind efforts to ensure that nonclinical 
factors do not delay surgery.

Future research

We noted no association between the type of physiotherapy 
and discharge. This may be due to a lack of detail in our 
data. Alternatively, it may be a true representation whereby 
exercise targeting improvements in balance, muscle mass, 
strength, power and quality do not influence time to dis-
charge. Previous work suggests exercise incorporating bal-
ance training of at least 3 h per week over an intervention 
period of several months is required to reduce falls risk 
[41], and high intensity progressive resistance training on 
2 to 3 days per week for 8 to 12 weeks for improvements in 
muscle strength, transfers and gait speed among older adults 
[42]. Finally, it may allude to a benefit of physiotherapy 
input regardless of type. The findings are in keeping with a 
recent systematic review which reported exercise in the early 
postoperative phase after hip fracture surgery led to improve-
ments in physical function but there was uncertainty over the 
optimal type of exercise [43]. It is therefore unclear whether 
daily mobilisation (as recommended by NICE guidance[5]) 
is as effective as a more comprehensive exercise intervention 
for older adults during their postoperative inpatient stay after 
hip fracture. This uncertainty should be addressed in future 
research as there are substantial resource implications with 
the complexity of an intervention determining the skill set 
required to support its delivery.

We did not explore the reasons why daily physiother-
apy was not provided. For the current dataset, the PHFSA 
reported ‘contraindications’ as the main reason why physio-
therapy was not provided in the first 2 postoperative days and 
‘staffing issues’ thereafter [6]. The most frequently reported 
contraindication was ‘other’ followed by pain and hypoten-
sion [6]. The report findings were supported by physiothera-
pists who specified staffing, pain management, patient/carer 
and multidisciplinary engagement as barriers to provision 
of protocolised care in a recent qualitative study [8]. Future 
research and/or audit should seek to collect data specify-
ing the most frequent contraindications to physiotherapy to 
enable future intervention to overcome these barriers.

This analysis was focused on the putative association 
between physiotherapy frequency, duration and type and 
discharge from acute hospital care after hip fracture sur-
gery. Previous qualitative evidence highlighted discharge 
home as a defining feature of recovery among patients in 

the early postoperative phase after hip fracture [4]. However, 
a recent qualitative synthesis of 14 interview studies (279 
participants) indicated older adults considered themselves 
‘recovered’ from hip fracture only when they returned to 
their prefracture activities or a new ‘normal’ which enabled 
independence to participate in meaningful activities [44]. 
Future research should consider the association between 
acute physiotherapy input and longer-term outcomes reflec-
tive of activity and participation domains of the World 
Health Organisation’s International Classification of Func-
tioning [45].

Limitations

There are five principal limitations of this study which 
should be acknowledged. First, there is the potential for 
unmeasured confounding by variables associated with 
physiotherapy frequency, duration and/or type and discharge 
including those related to the patient (e.g. anticoagulation, 
motivation), admission (e.g. weekend), overall standard of 
hip fracture care (e.g. hospitals with understaffed therapy 
services may also be deficient in other aspects of hip frac-
ture care), or postoperative complications (e.g. tachyarrhyth-
mia) which may contribute to the associations observed. It 
may also be argued that physiotherapy input is related to a 
patient’s ability to engage in physiotherapy with those more 
able to engage receiving more input and going home earlier. 
Alternatively, more physiotherapy input may be required for 
more dependent patients who require more time and support 
for safe discharge. Further, our analyses focused on physio-
therapy in the first week after surgery and did not account for 
other interventions such as pain management or additional 
physiotherapy received between postoperative day eight and 
discharge (the duration of which varied across patients). We 
attempted to account for these differences through regression 
adjustment; however, the risk of unmeasured confounding 
remains. Second, there is potential for misclassification bias 
in our exposures. For example, duration of physiotherapy 
may have been interpreted as ‘time with patient’ as was 
required by the PHFSA or miscoded using ‘overall treat-
ment time inclusive of note writing’. This may have led to 
an underestimation or overestimation of the association 
between duration of physiotherapy and discharge. Third, we 
excluded patients with missing data from the main analysis. 
To determine the impact of these exclusions, we completed 
missing data analyses with multiple imputation for exposure, 
potential confounders and outcomes. We reported similar but 
more conservative findings for complete case than imputed 
analyses. Fourth, for 33% of patients censored following 
transfer to another hospital/unit, we are unable to confirm 
whether their discharge prospects are similar to those not 
censored. Finally, the study findings may not be general-
isable to settings where the organisation of care after hip 
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fracture is distinctly different to that provided in England 
and Wales in the UK. For example, in England and Wales, 
physiotherapy is not provided preoperatively for patients 
admitted with hip fracture.

Conclusion

Few patients in the UK receive access to physiotherapy 
every day in the first 7 days after hip fracture surgery. In 
this study, we have shown an association between additional 
physiotherapy and a reduction in time to discharge from 
acute hospital care. A 7-day physiotherapy service totalling 
at least 2 h in the first postoperative week may be considered 
as a key performance indicator against which to measure the 
quality of acute postoperative care after hip fracture. Ben-
efits may be achieved even by offering an additional 30-min 
physiotherapy across the first week after surgery. Our find-
ings will help staff in different hospitals to build the case for 
this additional service.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00198- 021- 06195-9.
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