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bstract

bjectives  To evaluate the introduction of an innovative rehabilitation protocol, delaying knee flexion, for patients receiving unicompartmental
nee replacement.
esign  Longitudinal cohort.
etting  Specialist Orthopaedic Unit within an NHS Foundation Trust.
articipants  669 consecutive patients undergoing unicompartmental knee replacement.
ntervention  An innovative rehabilitation protocol, delaying knee flexion.

ain  Outcome  Measures  Length of stay, range of movement, Surgical Satisfaction Questionnaire.
esults  There were 669 consecutive primary unilateral unicompartmental knee replacements from September 2016 to February 2018. In

otal 264 patients (39%) went home on the day of surgery, 253 (38%) on day 1 and 152 (23%) stayed in 2 or more days (range 2 to 28 days).
he mean length of stay reduced from 2.6 to 1.2 days (median 1 day). Mean flexion was 110◦ (range 30 to 140) at 6 weeks. The surgical
atisfaction questionnaire showed that 90% of patients discharged on day 0 were very satisfied with the results of surgery.
onclusion  Many components of traditional care were altered to introduce this protocol. The most important factors were delayed knee flexion

roviding benefits in terms of early mobilisation with no short term detriment, physiotherapists working late shifts, a consistent message and
atient education. It was safe, effective and patient satisfaction was high.

 2018 The Authors. Published by Elsevier Ltd on behalf of Chartered Society of Physiotherapy. This is an open access article under the CC
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ntroduction

Current practice following knee replacement is to com-
ence flexion promptly in an attempt to limit post-operative
tiffness. This can result in increased pain and swelling which
n turn limits and delays mobility and discharge. We have
bserved that following minimally invasive Oxford unicom-
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artmental knee replacement

artmental knee replacement (UKR)1 patients recover good
exion [1] whether they start flexion early or late. This has

ed to a belief that rehabilitation should commence slowly
2] and delaying flexion should encourage early mobilisation
ithout compromising function.
Reducing the number of days patients spend in hospital is
 priority in the NHS with a need to perform more short stay
rocedures. Bradley et  al.  [3] reported their experience of
ay-case UKR with 130 consecutive patients over 46 months

1 Zimmer Biomet, Warsaw, Indiana.
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ig. 1. Day-case clinical protocol.

owever only 72 patients met the inclusion criteria. The USA,
enmark and The Netherlands have also reported successful
ay-case UKR surgery [4–7] on highly selected cohorts of
atients.

Our aim was to introduce an innovative rehabilitation pro-
ocol, delaying knee flexion, for all patients receiving UKR.
his, when added to our existing enhanced recovery pro-
ramme, would give all patients the opportunity to mobilise
arly and go home on the day of surgery. The UKR is suited to
n accelerated protocol with minimally invasive surgery [8],
aster recovery [9] and fewer major complications compared
o total knee replacement [10]. We recognised that same day
ischarge would be unrealistic for everyone due to the diverse

opulation in terms of comorbidities, age and home town. We
eport the results of the first 18 months implementing this new
rotocol.

a
b
c

ethods

The project was reviewed by the hospital’s governance
ommittee and deemed to be a service improvement audit
ot requiring approval from an ethics committee.

In September 2016 the protocol was introduced (Fig. 1).
ll UKR patients attended pre-operative assessment. If a

creening questionnaire revealed they lived alone or had con-
erns about discharge, they were assessed by an occupational
herapist. Every patient was given consistent advice by all
linicians and written information instructing them to prepare
hemselves, their family and home for same day discharge.

On admission, patients were seen by a nurse, surgeon and

naesthetist. Theatre lists were arranged allowing UKRs to
e first where possible. A standard minimally invasive surgi-
al technique was used with a general or spinal anaesthetic
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ig. 2. Standard Operating Procedure for UKR day-case medications.

nd peri-articular local infiltration. Femoral or sciatic nerve
locks were discouraged and no wound drains were used. At
he end of surgery a compression bandage was applied to the
nee.

Patients ate and drank promptly and returned to a ward
or physiotherapy assessment of sensation and motor power.
f these were adequate static quadriceps and foot and ankle
xercises commenced. Patients were instructed to keep their
nee straight and mobilised weight bearing as tolerated with
rutches along with stairs practice. Instruction was given to
eep their compression bandage intact and maintain knee

xtension until they returned to a designated UKR clinic 4
o 5 days later. X-ray and assessment by the surgical team
as required before discharge with advice on the impor-

p
t
p

ance of resting the leg in elevation to reduce swelling and,
hen at home, to walk around inside using crutches. There
ere detailed instructions on the importance of taking all pre-

cribed pain medications, laxatives and anti-emetics (Fig. 2).
afety netting advice and telephone numbers were given if

here were concerns in the first 4 to 5 days. If for social, med-
cal or geographic reasons patients were unable to go home
n day 0 they stayed overnight. If the reason resolved they
ere discharged on day 1 with the same instructions as those
ischarged on day 0.

If patients remained in hospital until day 2, the com-

ression bandage was removed, knee flexion started and
hey were discharged when well and mobilising safely. Out-
atient physiotherapy was arranged to improve range of
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ig. 3. Length of stay.

otion (ROM) or mobility, if required, but was not rou-
ine.

All patients discharged on day 0 or 1 returned to the UKR
linic on the closest weekday to the 5th post-operative day.
urses re-dressed the wound and patients had a single phys-

otherapy session of gentle knee flexion and extension along
ith a comprehensive booklet of exercises and advice. Surgi-

al team review or referral to out-patient physiotherapy was
ossible on the day if there were concerns but these were
ot routine. There were also details of a physiotherapy out-
atient drop-in clinic for those concerned about their progress
ithin the next three months.
Every patient was routinely seen by a surgeon or specialist

hysiotherapist at six weeks and completed the Surgical Sat-
sfaction Questionnaire [11]. ROM and any complications
ere recorded and patients were discharged from routine

ollow up if there were no outstanding issues.

esults

emographics

There were 329 male and 340 female patients. The mean
ge was 69 (range 38 to 93). Of these 94 were 80 years or
ver and 7 were 90 or over.

ength  of  stay

In 18 months 669 consecutive primary UKRs were per-
ormed. Of these, 264 (39%) were discharged on day 0, 253
38%) on day 1 and 152 (23%) stayed in 2 or more days
range 2 to 28 days).In the month following the introduc-

ion of the protocol 34 patients underwent UKR with a mean
ength of stay (LOS) of 2.6 days. Six patients were discharged
n day 0 and 10 on day 1. Seventeen months later 34 patients
nderwent UKR with a mean LOS of 0.59 days, 17 were

S
9

ischarged on day 0 and 15 on day 1. The average LOS for
he entire 18 months was 1.2 days (range 0-28 days, median

 day) (Fig. 3). Men and women had a mean LOS of 1.0 and
.3 days respectively.

easons  for  delayed  discharge  on  day  0

The most common reason for delay was reduced sensation
r muscle strength, 66 patients (16%). Fifty four (13%) were
elayed for medical reasons and 51 (13%) for dizziness or
ausea. Only 30 (8%) stayed due to their past medical history
nd 32 (8%) for pain. Thirty four (8%) returned late from
heatre. Thirty three (8%) had a failure of the protocol (delays
n the medication package, X-ray or physiotherapy). Patient
hoice or social reasons (caring responsibilities, living alone
r a long journey home) accounted for 44 (11%) patients.
wenty six (6%) were slow to mobilise, 16 (4%) had post-
perative instructions delaying mobilisation and 19 (5%) had
ound concerns.

ange  of  motion

On day 4 to 5 the mean fixed flexion was 2.9◦ (range 0
o 40) and flexion 78◦ (range 30 to 115). At six weeks mean
xed flexion was 2.5◦ (range 0 to 20) and flexion 110◦ (range
0 to 140).

e-admissions

All re-admissions within the first six weeks were evaluated
or those 264 patients discharged on day 0 (Table 1).

atient  satisfaction
Patient satisfaction at six weeks was assessed using the
urgical Satisfaction Questionnaire [11] and showed that
0% of patients discharged on day 0 were very satisfied
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Table 1
Patients discharged on day 0 – reasons for readmission.

Age Gender Re-admission length of stay Reason for re-admission

Minor Concerns
65 Male 1 Haematoma
71 Male 1 Wound bleed
74 Male 1 Haemarthrosis
49 Female 2 Wound bleed

Minor Complications
45 Male 1 Superficial wound infection requiring oral antibiotics
54 Male 1 Superficial wound infection requiring intravenous then oral antibiotics
68 Female 1 Stitch abscess and cellulitis requiring oral antibiotics
66 Male 3 Pain Relief

Complications
67 Female 2 Tibial plateau fracture diagnosed at 6 weeks required internal fixation
55 Female 2 + 1 Haemarthrosis day 2 + Manipulation under Anaesthesia at 9 weeks
66 Male 4 Pneumonia
68 Male 4 + 1 Pulmonary Embolus with Deep Vein Thrombosis + Angina
6
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ith the results of surgery and 92% would “do it all over
gain”.

ost  saving

In 18 months, mean LOS reduced by 1.4 days with a reduc-
ion in bed occupancy of 937 days. Assuming a cost of £300
er bed day, £281 100 was saved.

iscussion

In an unselected consecutive cohort of 669 UKRs we have
hown that early mobilisation with delayed knee flexion does
ot adversely affect knee ROM at 6 weeks. Same day dis-
harge was possible in 264 (39%) patients with a further 253
38%) discharged on day 1 following the same protocol. In
he last 6 months of evaluation length of stay consistently
veraged under 1 day.

The innovation of delaying knee flexion played an impor-
ant part in the protocol’s success. In a combined attempt to
educe post-operative pain and swelling, mobilise early and
o home on the day of surgery we asked patients to initially
void any formal flexion exercises. No rigid knee splint was
sed as we wanted to allow gentle knee flexion during daily
ctivities. Little difficulty was observed regaining ROM and
t the 4–5 day appointment mean flexion was 78◦. Indeed
any patients were observed sitting in the waiting room with

heir knee in 90◦ claiming to have kept their knee straight.
lexion seems to have been regained with functional tasks as
omfort allowed [12]. At six weeks mean flexion was 110◦

hich compares favourably to another study using the same

mplant and similar surgical technique before this protocol
as introduced [13]. The main factor to have changed was

he rehabilitation.

o
s
h

Debridement And Implant Retention 5 weeks post-op for infection

To promote early mobilisation and discharge, many hos-
ital practices were altered. The core working hours of the
hysiotherapy team were changed to enable an extended
orking day to 19:30 including on-call until 22:00. This
as achieved by restructuring the existing rota and was cost
eutral but provided cover over a longer day. Occupational
herapists had a change of emphasis with increased staffing
n pre-operative assessment clinics to plan and facilitate dis-
harge, resourced through re-deployment from in-patients.
he aim was to prepare patients and their families more fully

or early discharge and make them aware of the new protocol.
ur experience being that front loading the occupational ther-

py input meant less involvement during patients’ hospital
tay.

Introducing this innovative protocol required a multidis-
iplinary approach [14], a change in mind set of patients and
linicians [7] and dissemination to all team members. Hospi-
al processes were streamlined and numerous small changes

ade in many departments to maximise efficiency; surgi-
al teams reviewed patients and ordered home medications
romptly allowing delivery from pharmacy. Nurses required
amiliarity with the entire protocol. Refinements were made
o the pre-admission processes and patient information and
-rays could be taken in theatre. All changes required con-

inuous monitoring.
Following the protocol introduction we evaluated the rea-

ons for re-admission in the first six weeks (Table 1). Of the
64 patients discharged on day 0, 13 (5%) were readmit-
ed. Four (1.5%) were classified as minor concerns, admitted
ith wound problems and monitored without treatment for 24

o 48 hours. A cautious approach if infection was suspected.
our (1.5%) were classified as minor complications requiring

 short medical intervention, such as short term intravenous or

ral antibiotics or pain relief. Five (2%) admissions were clas-
ified as complications. Of these; 2 (0.8%) required longer
ospital admissions and treatment for pneumonia and a pul-
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onary embolus with a deep vein thrombosis, and 3 (1%)
eturned to theatre for i, internal fixation of a tibial plateau
racture, ii, MUA and iii, debridement for infection. As this
rotocol is a new concept we have no historical data for com-
arison. However, the re-admission rate of 5% and return to
heatre rate of 1% compares favourably to other unselected
nhanced recovery series [15].

Throughout this process we educated patients, encour-
ging them to make early discharge plans with realistic
xpectations. In spite of consistent patient education, 11%
f patients stayed in for social reasons. Some lived alone,
ad no transport or a long journey home. In this study 34%
f women and 45% of men went home on day 0. Barker [12]
oted that women are reluctant to have early discharge due
o the care they may receive from their partner. Social issues
re difficult to address; perhaps we need stricter pre-operative
uidelines.

We set out to describe the implementation of an innovative
ay surgery pathway. It is not possible to compare this with
ther similar studies; as this is the only pathway that does not
ely on a pre selected patient cohort. Having an unselected
ohort is the biggest strength of this study. It removes the
ime consuming process of screening and allows all patients
he opportunity for early discharge. However the absence of a
ontrol group makes it difficult to compare it to other studies
n accelerated discharge

Many components of traditional care were altered ulti-
ately, the success was the result of marginal improvements

n all areas. We feel the most important factors were delayed
nee flexion which provided benefits in terms of early mobili-
ation with no short term detriment, physiotherapists working
n extended day allowing patients to mobilise later into the
vening, a consistent team message and patient education.
he protocol resulted in a marked reduction in LOS and cost.

t was safe, effective and patient satisfaction was high result-
ng in The National Orthopaedic Alliance recommending it’s
doption to its members [16].
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