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ABSTRACT

Postoperative X-rays are a key part of management of
orthopaedic patients. These X-rays serve to check stability
of orthopaedic fixation as well as to ensure that there

are no peri-implant fractures and periprosthetic fractures
following surgical fixation of fractures and arthroplasty
procedures, respectively. Timely accurate interpretation
of postoperative X-rays are crucial in guiding weight-
bearing status as well as rehabilitation. Therefore, delays
in X-ray acquisition may impact initiation of postoperative
rehabilitation and overall length of stay negatively. The aim
of this project is to optimise acquisition of postoperative
X-rays in patients undergoing implant surgery and

as a result increase efficiency of deployed healthcare
staff. A multidisciplinary team was formed to study the
efficacy of a new workflow for patients to undergo X-rays
immediately after surgery while en-route to the ward.
Pretrial and in-trial delays in acquiring X-rays and total
man-hours spent on transport were recorded. These
processes were refined and integrated to optimise the
new workflow. Compared with the old workflow, delays

in obtaining X-rays were significantly reduced from the
longest of 20 hours and 40 min to no delays at all. Overall
man-hours spent on transport of these patients were
reduced by a mean of 12 and 16 min for nurses and
porters, respectively. The trial workflow has since been
adopted successfully by our institution and since inception
has become standard practice, allowing timely review of
postoperative X-rays. This has led to increased workforce
efficiency as well as timely rehabilitation and discharge of
patients.

PROBLEM

Sengkang General Hospital is one of Singa-
pore’s newest public hospitals. The 1000-bed
hospital opened its doors on 18 August 2018
and serves mainly the population living in
the North Eastern districts of Singapore. It
consists of an administrative and outpatient
block connected to six inpatient ward blocks
via a central corridor. Within the hospital
grounds is also a 3-block Community Hospital
designed for slow stream rehabilitation and
sub-acute care.

The Operating theatres (OTs) are located
on the second and third storeys within the
main blocks. These consist of emergency OTs,
day surgery OTs and major OTs. The OTs are

,' Le Zhi Dexter Kuah,' Lee Chuen April Toh,?

> Merng Koon Wong,'

adjacent to the main elevator lobby leading to
the two blocks housing the inpatient surgical
wards. The radiology department is housed
in the main Outpatient block also adjacent to
the main elevator lobby on the second storey.

Postoperative ~ X-rays  are  routinely
performed in our institution after Ortho-
paedic surgical procedures involving metallic
implants. These range from postoperative
patients after open reduction and internal
fixations to complex poly trauma, external
fixation devices, spinal instrumentation,
post corrective osteotomies and hip or knee
arthroplasties.

Our team found that there were significant
delays in acquiring postoperative X-rays for
patients following fracture fixation as well as
arthroplasty due to various factors. Some of
these factors include lack of manpower and
radiographers overnight to perform non-
urgent x-rays, prioritisation of emergency
patients, skeleton nursing staff to porter
patient and patient comfort and sleep over-
night after surgery. As a result, surgeons
were unable to review X-rays during rounds
the morning after surgery. This led to delays
in physiotherapy and further rehabilitation
plans.

The specific aim of this project is to reduce
the delay of postoperative x-ray acquisition
by 90% and have 0% delays of more than 12
hours from completion of surgery by the end
of the trial period of 2 months. The broader
aim was to ensure that rehabilitation could
begin on the first post day without undue
delay.

BACKGROUND

Postoperative X-rays are often required after
fracture fixation and arthroplasty surgery
in the practice of orthopaedic surgery.'
Although there have been many studies
that show postoperative X-rays do not affect
management of patients following fracture
fixation,” especially in cases of hip fractures,
a majority of surgeons still commonly request
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for these X-rays to assess reduction and fixation, evaluate
stability of implants and to make informed decisions on
postoperative rehabilitation.”

In Singapore, these X-rays are largely performed due to
a number of factors such as documentation for medico-
legal purposes, management of patient’s expectations
and largely cultural nuances of patient care in Singa-
pore. Similar cultural nuances are seen also prevalent in
other institutions around the world. Chakravarthy et al*
conducted an audit of the clinical practices in the UK and
discovered that there was a lack of national consensus in
the UK on the use of postoperative check x-rays with 96%
of surgeons still ordering postoperative check x-rays after
surgical fixation of hip fractures but 83% ambulating
patients before the reviewing the X-ray.

While the general evidence presented suggests against
the need for postoperative X-rays,”” they are still widely
used in Singapore due to cultural practice norms and
medico-legal documentation of outcomes of surgery. This
is in line with postoperative complications seen in other
reports. Ndu et al’ reviewed 632 total hip arthroplasty cases
of which 12 cases were identified with technical issues (7
cases of medial screw penetration from the acetabular
cup of which one required removal, one case of acetab-
ular component protrusion, three periprosthetic femoral
fractures and one dislocated hip which was first identi-
fied clinically and subsequently taken back to theatre for
revision. Similarly, Hassan et al’ reviewed 624 consecutive
total knee arthroplasty cases of which 2 showed signifi-
cant abnormalities (an undisplaced tibial periprosthetic
fracture and an inferior pole patella avulsion fracture).

Nair et al'’ examined 1319 patients in his institution who
had undergone surgery involving intra-operative fluoros-
copy of which 1131 had postoperative X-rays performed
within the first week. Twelve patients were identified to
have significant complications discovered on postopera-
tive X-rays which required return to theatre.

Traditionally, the postoperative patient is monitored
in the post anaesthesia care unit (PACU) before transfer
from the OT to the place of final disposition. This transfer
is carried out by porters and nurses. Patients are reviewed
by the team doctors or the duty doctors on the ward before
postoperative X-rays are ordered either manually or elec-
tronically. Patients are then transported to the radiology
department by porters and nurses for these X-rays to be
performed (figure 1).

Delays in the above process leads to inadvertent delays
in reviewing of the X-rays, and therefore, rehabilitation
of the patient. Delays in initiation of postoperative reha-
bilitation has been shown to delay recovery and increase
patient length of stay.""

A multidisciplinary team was therefore convened to
develop, pilot and subsequently implement a new work-
flow to optimise acquisition of postoperative X-rays
in patients undergoing surgical procedures involving
implants. With the optimised workflow, we hypothesised
that there will be a reduction in the overall number of
man-hours of nurses and porters transporting patients

Doctor orders post op instructions

Recovery Nurse will activate and Ward Nurse when patient is
stable and ready for transfer

!

and Ward Nurse transfer patient to ward. then
transports OT patient trolley back to OT

!

brings OT trolley back to OT

A 4

Doctor reviews patient post-op in ward and orders relevant post op
investigations including x-rays

v

When Radiology is ready to accept, is activated and
patient is brought to x-ray with Ward Nurse

A\ 4

Patient brought back to ward by and Ward Nurse

!

Primary team Doctors review the post-op x-rays and update plans

Figure 1 Current Post-operative Workflow.

and a reduction in delays in acquiring postoperative
X-rays.

PRINCIPLE CONSIDERATIONS

Challenges that stakeholders faced in current workflow

Prior to commencement of the project, we interviewed

stakeholders to identify challenges faced in the ‘old’ work-

flow (figure 1). Below is a summary of the key concerns
from each stakeholder group.

1. Doctors—Doctors required postoperative check X-rays
to review outcomes of surgery and to decide on the
postoperative rehabilitation plan. The primary con-
cern of doctors was that significant delays in obtaining
postoperative X-rays meant that decision on weight
bearing status of patients were delayed. This in turn
delayed physiotherapy for the affected patients and led
to unnecessarily prolonged inpatient stay.

2. Ward nurses—Ward nurses were concerned with the
long durations of travel out of the ward on escort du-
ties when accompanying patients for X-ray acquisition.
Nurses were required to escort patients back from the
OT to the ward and again to radiology for further X-
rays. The shortage of ward nursing manpower also
meant that the longer durations spent transporting pa-
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tients reduced the number of remaining nurses availa-
ble to care for patients in the ward.

3. OT staff—OT staff coordinate the assignment of por-
ters who assist with transport of patients to and from
the OT. With limited numbers of porters and a longer
turn-around time for each patient, usage of their re-
source is scarce. Delays in the transport of one patient
may cause subsequent delays in other patients’ trans-
port which can interrupt the OT schedule.

4. Radiology staff—Being a new institution, our radiology
department had a limited number of radiographers to
assist with inpatient, outpatient, emergency and intra-
operative X-ray orders. Due to lean manpower, inpa-
tient and outpatient X-ray services are only scheduled
from 09:00 to 18:00 hour daily. After 18:00, the radiog-
raphers based in the Emergency department (ED) will
then manage both urgent inpatient and emergency x-
ray requests from the radiology suite in the emergency
department

MEASUREMENT

This quality improvement project was performed with
an aim to optimise acquisition of postoperative X-rays
in patients undergoing implant surgery and as a result
increase efficiency of deployed healthcare staff.

Two data collection forms were created for both
phases of the project: pretrial phase and trial phase.
The pretrial phase involved collecting data on the ‘old’
workflow to identify areas of delay. The in-trial phase
was used to evaluate the ‘new’ proposed workflow and
evaluate its success.

All patients undergoing implant procedures were
included. Patients requiring transfer to the high-
dependency or intensive care units (ICUs) were
excluded due to the unstable nature of their condi-
tion. Due to the operating hours of inpatient radiology
services, patients who had completed surgery after
16:00 hour were also excluded from this project.

Forms were designed to record travel times back from
OT to the ward and to and from the radiology depart-
ment for X-rays. The forms measured total nurse and
porter transport duration for both pretrial and in-trial
periods. Forms were clipped to each patient’s file
folder postoperatively. All departments were briefed to
fill forms on seeing them attached to case notes. These
forms did not contain any patient identifiers to ensure
patient confidentiality.

All individual stakeholders were asked to submit
subjective feedback at the end of the trial period This
was also collated and analysed by the study team.

DESIGN

The ‘new’ Workflow

The ‘new’ workflow was designed with the aim to
minimise staff movement and to maximise each travel
journey. In the new workflow, postoperative X-rays
will be ordered by the surgical team immediately after

Doctor identifies post op patients requiring XR

!

XR order done and order form attached to post op notes

!

Recovery Nurse will liaise with Radiology when patient is stable
and ready for transfer

v

7
When Radiology is ready to accept, Recovery Nurse will activate
and Ward Nurse when patient is stable and ready for
transfer

A

Patient accompanied by and Ward Nurse to Radiology for

x-ray

!

and Ward Nurse from Radiology to
ward

}

brings OT trolley back to OT

Patient brought by

Figure 2 “New” Proposed Post-operative workflow.

completion of surgery. Once patients are deemed
stable in PACU, they will be transported with a nurse
and porter to the radiology department where postop-
erative X-rays will be taken. This will be done en-route
to the ward after which they will be assessed by the ward
doctors (figure 2).

Assumptions and reasons (why we expected the ‘new’
workflow to work)

A similar workflow to the one being designed has
been known to be successfully employed in two other
hospitals in Singapore with good effect. Patients of the
Orthopaedic departments of these hospitals are able
to effectively obtain postoperative X-rays early with
minimal delay. Members of our department have also
had experience working in these other institutions and
understood the proposed workflow.

Being a newly established institution, study members
assumed that it will be easier to implement changes
that will optimise manpower utilisation in the clinical
care of patients. Furthermore, in introducing a system
that has been previously known to members of the
department, it was assumed that the uptake of the new
workflow will be faster with minimal disruption to daily
clinical practice.

We assumed that the radiology department would be
able to effectively prioritise these postoperative X-rays.
We also assumed that there will be minimal disruption
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to patient transport as well as patient waiting time at the
radiology department. These concerns were discussed
by the study team with contingencies weaved into the
‘new’ workflow.

Consultation and engagement
During the planning phase, the various stakeholders
who would be involved in the execution of this work-
flow were identified. Each stakeholder was called indi-
vidually to meet with the study team to discuss the
proposal and any concerns they may have. Limitations
of each stakeholder were assessed and compiled.
Inputs were obtained from surgeons, nurses from
the ward team and the OT, radiology department and
radiographers and managers of the general services
team who assist in deployment of hospital porters.

Project team

The project team was consisted of members from each
of the stakeholder groups. Before the implementa-
tion of the project, a meeting was called to discuss
the concept, plan, limitations and the proposed
workflow. Team leads were assigned per stakeholder
group. They were tasked with briefing team members
on updates and the longitudinal changes to the
workflow. They also attended weekly meetings to
coordinate and explore various issues and areas for
improvement.

Problems anticipated

One of the main areas in the new workflow which
seemed be most likely to fail was the phase in which
patients were to be transported from the OT recovery
to the radiology department for X-rays to be done. This
was the major step in the workflow with the greatest
number of possible problems anticipated. Availability
of radiology services on demand was the biggest antic-
ipated problem as demands for radiology services
extend to inpatient and outpatient settings. Further-
more, patients could not be lodged in the PACU for
long durations as they would stagnate manpower
resources and space. To address this, radiology agreed
to prioritise all postoperative X-rays to facilitate patient
transfer and disposition.

Another anticipated problem was the time taken for
performing X-rays. It is assumed that our patients will
be stable postoperatively for a period of time before
they are reviewed by the doctors on the ward in the
‘old workflow’. In the ‘new workflow’ there was a risk
of patients not being stable enough to wait for a long
time before the X-rays are taken. To circumvent this,
we placed strict criteria for ordering en route post-
operative X-rays. Any patient deemed to have labile
parameters by the anaesthetist and/or needing high
dependency or ICU treatment in the immediate post-
operative setting will not be sent for en-route postoper-
ative X-rays under this ‘new’ workflow.

Sustainability plan

The plan for this project was to be scaled up as a perma-
nent workflow in our institution. The approval of this
workflow would involve presenting the results of the
project to the medical board of the hospital for further
evaluation. On approval from the medical board, the
workflow processes will be instituted as a new protocol
within the hospital.

Further expansion plans for this project were to be
able to include patients who are transferred to PACU
following surgery after 16:00 hour and eventually round
the clock.

STRATEGY

Before the start of the project, all stakeholders were
briefed on the action plan and were delegated to brief
their respective departments. Doctors were informed
1week prior and on the day of commencement of the
pretrial and trial phases to order the X-rays via forms
and to ensure that nurses from the OT and wards were
briefed at the start of each shift.

Pretrial phase

PDSA cycle 1: Our initial aims were to ensure forms
were filled. Doctors were tasked with printing and
attaching forms to case files. Nurses and ward doctors
were in-charge of ensuring their section of the forms
were completed and forms were returned to the desig-
nated collection point. Most surgical teams did not
comply for the first few days and compliance rate was
poor.

PDSA cycle 2: OT nurses were then tasked to ensure
all forms were attached to postoperative patients’ case
notes. Ward doctors were reminded on a daily basis to
ensure forms were filled correctly and to ensure nursing
teams also completed the relevant section of the forms.
Nurses were encouraged to add a reminder regarding
this project at the start of each shift. There was signif-
icant improvement in form completion although 60%
were still incomplete. Not all forms were received at
collection point and some remained clipped to case
notes or lost in pneumatic tube delivery systems.

PDSA cycle 3: The ward clerk was engaged to be
the person receiving all tubed forms from all wards
and collating them into a file folder. Senior nursing
managers volunteered to ensure forms were collated at
the end of each day. The QI team lead would verify
that all forms were received from each postoperative
patient and checked through all files at the end of the
day. Duration of data collection was extended from 1
to 3 weeks to ensure enough viable data was collected.

Trial phase

PDSA cycle 4: Follow-up from the pretrial phase, all
existing protocols were kept. The major change in
workflow was for surgeons to place postoperative
orders immediately after surgery so that they may be
completed as per the workflow. Despite reminders and
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briefing before commencement, a large proportion of
patients did not have order forms completed. Surgeons
were not used to ordering the required investigations
postoperatively and found it inconvenient.

PDSA cycle 5: Notices were printed and pasted above
the computers in all orthopaedic surgery theatres to
remind surgeons to print out order forms. OT Nurses
were tasked with checking and reminding surgeons
both immediately after surgery as well as while verifying
clinical documents while patient was in recovery. This
ensured that all required orders were placed appropri-
ately before patient was transported. Trial phase was
extended to 3 weeks to match the pretrial phase.

RESULTS

Objective data

The mean number of man-hours spent by nurses
to transport patients was 47min (20-80min) in the
pretrial period as compared with 34 min (15-77 min)
with a mean reduction of 13min (p<0.05) (figure 3).
The mean man-hours spent by porters to transport
patients was 54 (18-89) min in the pretrial period
compared with 39 (15-77) min with a mean reduction
of 16 min (p<0.05) (figure 4).

In the pretrial period, the longest delay recorded
for obtaining postoperative X-rays was 20 hours and
40 min. A further analysis of this case identified a few
reasons for this. Delays in postoperative patient review
by ward doctors and subsequent late submission of

100

Porter

B Pre-trial ® Post Trial

Figure 4 Total porter transport time.

X-ray requests, delays and number of pending cases
in radiology department and availability of nurses to
escort patient for the X-ray were cited as some of the
reasons.

Subjective feedback

Doctors reported increased satisfaction with obtaining
most postoperative X-rays on the same day. They were
able to review radiographic outcomes of surgery and
prescribe the appropriate physiotherapy and weight-
bearing exercises for patients. Doctors were also able to
explain outcomes of surgery on the same postoperative
day to patients.

Ward nursing staff reported significantly less disrup-
tion in their ward work with only a single trip required
to ferry patients in the new workflow. Furthermore,
they reported less time spent out of the ward thereby
increasing contact time with their other inpatients.
This new workflow was supported by the OT staff who
were able to support the extended duration of single
porter travel with minimal disruption and delays.

Our radiology colleagues reported significantly
increased ease with postoperative X-rays as patients
were still under the effects from analgesia from their
surgery. This resulted in increased ease of positioning
and obtaining X-rays with reduced time taken to obtain
them. Radiographers reported a subjective decrease in
time taken to perform X-rays.
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Lessons and limitations

One of the biggest limitations of the study was the
coordination of the various departments and elements.
Multiple departments involved required briefing and
coordination. The advent of group text messaging
services greatly improved communication.

Coordination of key services along the pathway was
also essential. Delays by radiology to receive patients
postoperatively would mean longer patient waiting
time in OT recovery. Factors such as heavier patient
load with long queues catering to both inpatient and
outpatient services would be a factor. This would lead
to further delays in transferring patients out of OT
recovery, which would also lead to a strain on OT
nursing manpower available to care for postoperative
patients. To negate this, OT nurses were to inform
the radiology suite 30 min before patient is stable
enough to be transferred. This would allow time for
the radiology suite to ensure an open slot is available
to receive the postoperative patient and to allow for
arrival of ward nurses and porters to take over care and
patient transport.

Delays in postoperative review by ward doctors also
was a limitation to both the study and overall patient
care. These delays were largely attributed to the
requirement of doctors to attend to more sick patients
at the time. The original workflow required doctors to
review patients postoperatively first before ordering
postoperative check X-rays. This was identified as one
of the main limitations of the original workflow.

Apart from the administrative challenges, the
new protocol heavily relied on the assumption that
postoperative patients that are not going the high-
dependency unit or ICUs were going to be stable for
the entire postoperative duration from leaving OT
recovery to obtaining postoperative X-ray and subse-
quently returning to the ward. The multidisciplinary
team debated this and after assessment deemed the
total duration for postoperative X-rays to be within safe
limits for patient transfer.

Another limitation was quality of completed forms.
While the project lasted for 3 weeks at each phase, a lot
of the collected forms were not completed adequately.
More than 60% of completed forms were unusable for
data collection as a result.

Postoperative X-rays are an integral part of a holistic
assessment for Orthopaedic patients following surgery.
The speed and ease at which these can be obtained
affects their rehabilitation and overall length of stay in
hospital.

Infrastructural factors that supported this newly
implemented workflow include location of OT, inpa-
tient radiology suites and wards. In our institution, the
convenience of having the radiology suites en-route
to the orthopaedic wards make it ideal for this work-
flow to be implemented. Other hospitals in Singapore
have similar workflows as well and in one instance, the
hospital has satellite radiology stations situated within

the ward blocks to cater to early requests and a similar
workflow. These satellite stations are also used for other
urgent radiology requests such as chest and abdominal
X-rays.

The subjective feedback we had received after imple-
menting the new workflow reinforces its efficacy and
its effect on optimising resources and time. It has
greatly changed normal departmental processes to
better accommodate needs of our patients. Although
we understand that similar workflows may not be easily
adoptable in most institutions, it can act as a template
to assist other institutions when considering expansion
or building of new infrastructure.

CONCLUSION

Our new workflow of acquiring postoperative X-rays for
patients following orthopaedic surgery procedures has
shown to be easily administered with tangible benefits
of earlier assessment and rehabilitation for patients as
well as better utilisation of resources with good end-
user experience. It was presented to the hospital’s
medical board for evaluation post trial and was found
to be satisfactory. It has since been adopted to good
effect and is now the standard workflow for all postop-
erative orthopaedic patients.
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