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ABSTRACT
Introduction Displaced distal radius fractures often require manipulation under anaesthesia. Many anaesthetic techniques are described, with the two
most commonly used being Bier’s block (BB) and haematoma block (HB). Despite national guidance preferring a BB, an HB is often performed
instead. This study aims to compare the analgesic properties of a BB with those of an HB when manipulating distal radius fractures.
Methods This is an observational cohort study comparing the management of displaced distal radius fractures requiring reduction across two National
Health Service trusts. Patients aged over 18 with isolated, displaced distal radius fractures were recruited. Patient demographics, AO fracture
classification and grade of clinician performing the procedure were recorded. A numeric rating scale (NRS) pain score was obtained for each patient
after manipulation. The quality of reduction was judged against standardised anatomical parameters.
Results Some 200 patients were recruited (100 HB, 100 BB). There were no differences in age (BB: median 66.5 years, interquartile range [IQR] 55–74;
HB: median 67 years, IQR 55–74; p = 0.79) or fracture characteristics (p = 0.29) between cohorts. Patients undergoing BB had significantly
lower pain scores with a lower IQR than those undergoing HB (p < 0.005). Patients undergoing BB manipulation were more likely to have the fracture
reduced and normal anatomy restored (p < 0.005). BBs were performed mainly by Foundation Year 2 junior doctors, whereas HB manipulations were
performed by a range of clinicians from emergency nurse practitioners to consultants.
Conclusions BB provides better analgesia than an HB. This can be performed successfully and reliably by Senior House Officer-level junior doctors.
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Introduction
Fractures of the distal radius are a common injury, both in
young patients following high-energy trauma and in the
elderly following simple falls.1 Typically following a fall
onto an outstretched hand, the fracture is often displaced
and requires reduction to prevent neurovascular
complications, provide pain relief and potentially restore
almost anatomical reduction to allow conservative
treatment.2 The process of reducing the fracture is
painful, and a form of anaesthesia is required both for
the comfort of the patient and to allow enough muscle
relaxation to obtain a satisfactory outcome.

There are many different methods of providing
anaesthesia, from conscious sedation to manipulation
under local anaesthetic. Two common methods
performed in United Kingdom (UK) practice are either a
haematoma block (HB) or intravenous regional
anaesthesia (Bier’s block [BB]);3 both are well-
established techniques. The BB was first described by
Arnold Bier in 19084 and is performed by inflating a
proximally located tourniquet on the affected limb with
intravenous anaesthetic injected distally to achieve
regional anaesthesia. By contrast, an HB provides

local anaesthesia by inserting a needle into the
fracture site, aspirating blood to confirm its position
and injecting anaesthetic directly into the fracture
haematoma.

There is a limited evidence base comparing HB with
BB. A Cochrane review found only five studies and
concluded that although there is some evidence for BB
providing better pain relief and easier manipulation
compared with HB, it was not enough to confirm its
clinical superiority.5 Subsequent guidance from the
British Society for Surgery of the Hand and the National
Institute for Health and Care Excellence (NICE)
advocates the use of BB.2,6 However, a survey of British
hospitals found that the majority still use HB. It is
suggested that the practicalities of performing the
procedure in terms of time, cost, relevant training of
clinicians and procedural concerns prevented the
widespread use of BB.3

This study aims to compare the analgesic properties of a
BB with those of an HB when manipulating distal radius
fractures. A secondary outcome measure of interest was
the quality of fracture reduction.
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Methods
This is an observational cohort study comparing the
management of distal radius fractures across two
National Health Service (NHS) trusts. King’s Mill
Hospital (Sherwood Forest Hospitals NHS Foundation
Trust), is a large district general hospital that routinely
uses HBs to reduce distal radius fractures. Queen’s
Medical Centre (Nottingham University Hospitals NHS
Trust) uses BBs to reduce distal radius fractures.
Patients presenting to either site were consecutively
recruited to create two cohorts for study. A sample size
of 200 patients was chosen to exceed that of previously
reported studies demonstrating statistically significant
results.7-9 This study was registered with the research
and audit departments of Nottingham University
Hospitals NHS Trust and Sherwood Forest Hospitals
NHS Foundation Trust, and was considered exempt from
ethical approval.

Inclusion and exclusion criteria
Patients aged over 18 with a single, isolated displaced distal
radius fracture, for which the clinical team deemed
manipulation was necessary, were included. Patients
with open or multiple injuries, dementia or other
cognitive impairment were excluded.

Variables
Patient demographic and radiographic data were
collected. After having a manipulation, patients were
asked to complete a short questionnaire by plaster room
staff. This included a numeric rating scale (NRS; ordered
0–10) to assess the severity of pain experienced during
manipulation. A subsequent review of radiographs and
medical notes allowed the quality of the reduction to be
assessed. This was judged against the anatomical
parameters of an uninjured distal radius (radial height of
22mm, volar tilt of 11° and radial inclination of 22°). Pre-
reduction X-rays were graded by the AO classification for
distal radius fractures. The grade of doctor performing
the manipulation was also recorded.

Haematoma block
Patients presenting to King’s Mill Hospital underwent an
HB performed by an emergency department (ED)
clinician at the time of presentation. The choice of local
anaesthetic, dose and volume was chosen at the
discretion of the treating clinician to best reflect normal
practice and not artificially alter their outcomes. This
was typically done with between 5 and 10ml of 1%
lidocaine. The dose of anaesthetic was recorded where
available. Reduction was performed without an image
intensifier, using manual traction and the fracture was
immobilised with a dorsal slab. The patient was
immediately sent for a check X-ray following reduction,
which was reviewed prior to discharge from the ED.
Once discharged from the ED, the patient was followed
up routinely in the fracture clinic by the orthopaedic team.

Bier’s block
Patients presenting to Queen’s Medical Centre were
initially seen and assessed by an ED clinician. If the
patient presented during working hours they were
referred to the orthopaedic team for manipulation under
BB. If the patient presented out of hours they were
brought back the following day for routine manipulation
and subsequent follow-up in the fracture clinic.

The BB was performed in the plaster room under the
care of an orthopaedic clinician and a registered nurse.
The procedure was performed according to a
departmental protocol. A limb tourniquet was attached
to the upper arm and inflated to 100mmHg above the
systolic blood pressure. Then 40mg of prilocaine diluted
to 50ml with 0.9% saline was injected intravenously. The
hand was hung from finger traps and immobilised with a
split plaster. An image intensifier was not used. Patients
were taken to the adjacent X-ray department with the
tourniquet inflated for a check X-ray, which was
reviewed immediately in the X-ray department by the
clinician who performed the manipulation.

Statistical analysis
Data were analysed using SPSS statistics program version
23. Categorical variables are presented as proportions.
Ordinal variables are presented as mean or median with
interquartile range (IQR) as appropriate. Groups were
compared using chi-squared, Student’s t test or Mann–
Whitney U test as appropriate. A p value of <0.05 was
considered significant.

Binary logistic regression analysis was conducted
to investigate the association between block type and
visual analogue pain scores (VAS), adjusted for age, sex
and AO fracture classification. In order to use binary
logistic regression, VAS scores were dichotomised into ≤4
(no-to-mild pain) and ≥5 (moderate to severe pain) on the
basis of previous literature.10 Further logistic regression
models were constructed to identify associations between
the different measures of fracture reduction (radial
height, radial inclination and volar tilt) and type of block
used, adjusting for age, sex and AO fracture
classification. A further model was constructed using the
same covariates but with the outcome variable being
complete reduction in which all three radiographic
parameters were restored.

The primary outcome measure was any difference in
pain scores between the two groups of patients. The
secondary outcome measure of interest was the quality
of reduction.

Results
Some 239 patients were recruited across both sites: 39
patients were subsequently excluded because they did
not meet the inclusion criteria and 200 patients were
included for analysis, of whom 100 had undergone HB
and 100 BB. The median patient age was 67 years (IQR
55–74), and the vast majority of patients (85.5%) were
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female. The majority of fractures were extra-articular
(57%, AO classification A2/A3). Patient and fracture
characteristics are summarised in Table 1. There were no
significant differences in patient age, sex or fracture
pattern between the two groups. The grade of clinician
did vary significantly; in the BB group the manipulations
were performed almost exclusively by Senior House
Officer-level (SHO)-level junior doctors. By comparison,
the HBs were performed either by emergency nurse
practitioners or more senior doctors such as a specialty
registrars or consultants.

Patients receiving an HB reported significantly higher
levels of pain than those receiving a BB (p < 0.005
Mann–Whitney U test). There was a greater spread of
pain scores in those receiving an HB with a larger IQR in
comparison with those who received a BB (Figure 1). A

binary logistic regression model was constructed with
no-to-mild pain (NRS ≤ 4) as the outcome variable and
block type, age, sex and AO fracture classification as
covariates. Regression analysis found that, even after
adjusting for age, gender and AO fracture classification,
patients receiving an HB were significantly less likely to
report no-to-mild pain (NRS ≤ 4) compared with those
receiving a BB (Table 2).

In total, 99% of BB procedures were performed by an
SHO-level doctor. Consequently, it was not appropriate
to include the clinician grade variable in any of the
regression analysis owing to collinearity between block
type and clinician grade, rendering the models unstable
(the two variables themselves are almost perfectly
related and hence cannot act as independent predictors).
Regression analysis found patients receiving an HB are
significantly less likely to achieve radial height, radial
inclination, volar tilt and by extension, overall complete
reduction, than patients receiving a BB, even after
adjusting for age, sex and AO fracture classification
(Table 3).

Where available, the final treatment outcome was
recorded following review of the medical notes. This was
available for 83 patients in the HB cohort and all patients
in the BB cohort. One patient required re-manipulation
in each cohort and there were no significant differences
in the final treatment outcome in either cohort
(chi-squared, p = 0.33). In total, 53 patients (64%) were
managed conservatively and 29 (35%) underwent fixation
following an HB. By comparison, 74 patients (74%) were
managed conservatively and 25 (25%) underwent fixation
following a BB.

Discussion
BB provided better analgesia to patients undergoing
reduction of a displaced distal radius fracture. Patients
having a BB were also more likely to have their fracture
reduced successfully. The superiority of BB seen in this
study is in keeping with existing evidence and supports
the current national guidance.2,6 The relatively low use
of BB in the UK despite existing evidence and
recommendations suggests that either logistical or safety
concerns have led to clinicians favouring HBs.

This may be due in part to staffing. NICE costings
allocate two specialty registrars when performing an HB;
given the frequency of distal radius fractures, staffing
this would be a burden for any department. In this study,
the manipulations in the BB cohort were performed
almost exclusively by SHO-level doctors who had
undergone training during induction and following an
agreed departmental protocol. Training and allowing
junior doctors to perform this procedure would alleviate
this staffing burden.

Despite BB being performed by comparatively junior
clinicians, the BB cohort provided consistently better
analgesia in comparison with the HB cohort, in which
there was a significant variation in pain scores. A

Table 1 Patient and fracture characteristics

Bier’s
block

Haematoma
block p value

Age, years
(median, IQR)

66.5
(55–74)

67 (55–74) 0.79 (Mann–
Whitney U test)

Sex 0.32 (chi-squared
test)

Male 17 12

Female 83 88

AO fracture
classification

0.29 (chi-squared
test)

A1 0 0

A2 16 26

A3 36 35

B1 0 0

B2 2 0

B3 7 2

C1 17 17

C2 17 16

C3 5 4

Clinician grade < 0.05
(chi-squared test)

FY2 99 2

SPR 1 23

CONS 0 6

ENP 0 47

Not
documented

0 22

CONS = consultant; ENP = emergency nurse practitioner;
FY2 = Foundation Year 2 junior doctor; IQR = interquartile range;
SPR = specialty registrar
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Figure 1 Box and whisker plot of reported pain for biers block and haematoma block

Table 2 Binary logistic regression model with a no-to-mild pain score (NRS ≤ 4) as the outcome using all patients (n = 200). Adjusted ORs,
relative to a reference category for each variable and adjusted for all other included variables, are presented.

Variable

NRS pain score of ≤4

Adjusted OR (95% CI) p value

Block type

Bier’s 1 –

Haematoma 0.12 (0.06–0.23) <0.001

Age 0.98 (0.96–1.00) 0.039

Sex

Female 1 –

Male 0.71 (0.27–1.92) 0.502

AO classification

A2 1 –

A3 1.35 (0.56–3.27) 0.509

B2 1 –

B3 0.77 (0.14–4.30) 0.765

C1 1.54 (0.54–4.40) 0.416

C2 1.21 (0.42–3.47) 0.729

C3 3.03 (0.47–19.47) 0.242

Constant 17.20 (2.86–103.31) 0.002

CI = confidence interval; NRS = numeric rating scale; OR = odds ratio
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Table 3 Binary logistic regression model with restoration of radial height, radial inclination, volar tilt or complete reduction as the outcome using all patients (n = 200). Adjusted ORs,
relative to a reference category for each variable and adjusted for all other included variables, are presented for each category.

Variable

Restoration of radial height Restoration of radial inclination Restoration of volar tilt Complete reduction

Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Block type

Bier’s 1 – 1 – 1 – 1 –

Haematoma 0.20 (0.09 to 0.48) < 0.001 0.22 (0.10 to 0.51) < 0.001 0.03 (0.01 to 0.64) < 0.001 0.02 (0.00–0.18) < 0.001

Age 0.98 (0.95 to 1.01) 0.130 0.98 (0.96 to 1.01) 0.223 1.00 (0.97 to 1.03) 0.954 0.98 (0.95–1.02) 0.298

Sex

Female 1 – 1 – 1 – 1 –

Male 1.04 (0.33 to 3.29) 0.947 0.81 (0.25 to 2.55) 0.715 0.83 (0.25 to 2.72) 0.756 1.00 (0.22–4.45) 1

AO classification

A2 1 – 1 – 1 – 1 –

A3 1.37 (0.50 to 3.76) 0.536 1.10 (0.40 to 3.00) 0.859 0.48 (0.17 to 1.39) 0.177 1.98 (0.62–6.31) 0.250

B2 1 – 1 – 1 – 1 –

B3 0.39 (0.06 to 2.61) 0.332 0.97 (0.09 to 10.09) 0.982 0.14 (0.02 to 0.97) 0.047 0.43 (0.03–6.79) 0.549

C1 0.68 (0.22 to 2.05) 0.491 0.72 (0.23 to 2.26) 0.578 0.29 (0.08 to 1.08) 0.064 0.92 (−3.570.25 to 3.31) 0.893

C2 0.75 (0.24 to 2.35) 0.625 1.02 (0.31 to 3.41) 0.973 0.12 (0.03 to 0.46) 0.002 1.51 (−1.040.37 to 6.12) 0.561

C3 0.13 (0.02 to 0.69) 0.016 0.35 (0.06 to 1.89) 0.222 0.17 (0.02 to 1.33) 0.092 0.49 (0.06–3.89) 0.502

Constant 41.00 (4.60 to 365.37) 0.001 33.72 (3.82 to 297.91) 0.002 17.96 (2.20 to 146.80) 0.007 285.72 (10.57–7,723.31) 0.001

CI = confidence interval; OR = odds ratio
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successful HB is reliant on anaesthetic being infiltrated
into the fracture site, and to do so accurately and
consistently requires experience. Junior clinicians have
previously been shown to have poorer outcomes in
comparison with more senior colleagues when
manipulating fractures using an HB.11 By contrast, the
BB technique requires intravenous cannulation, which is
performed routinely by most clinicians and may explain
the consistent analgesia demonstrated in the BB cohort.
Providing a standardised procedure for clinicians to
follow is also likely to have been an influential factor.
Standardisation of medical care has been associated with
improved outcomes across many areas of medical
practice, from perioperative care to resuscitation of
trauma patients.12,13

The BBs were performed in a dedicated manipulation
area created within the plaster room under the care of
the on-call orthopaedic junior doctor with support from
plaster room staff. The plaster room in QMC is adjacent
to both the emergency and X-ray departments, and the
location allows patients to have a check X-ray
immediately post manipulation with the tourniquet still
inflated. Should the X-ray be unsatisfactory it is possible
for the clinician to have a second attempt at
manipulation, which is not possible with an HB.
Although not essential, performing the manipulation in
the plaster room provided a controlled environment and
helps offload a busy ED. If required, a BB can be
performed just as easily in the ED, as is done regularly
when urgently manipulating a fracture out of hours.
Some clinicians may presume that the process of
performing a BB was more time-consuming. However,
Kendall et al demonstrated that when manipulating a
fracture in the ED, performing a BB did not delay the
patient’s transit through the department.7

There have been safety concerns surrounding BBs,
particularly of anaesthetic toxicity inducing seizures and
cardiac arrythmias. However, several large studies have
reported no such complications.14-16 Even inadvertently
deflating the tourniquet early has not been shown to
have any significant side effects.17 Equally, although an
HB is generally considered a safe procedure it has been
associated with seizures.18,19 There is also a theoretical
risk of introducing infection into the fracture site and,
although rare, there have been case reports of
osteomyelitis following an HB.20

Study limitations
This is an observational cohort study across two sites,
which has its limitations. Recruitment was not
randomised, being determined by the site to which the
patient presented. Within the HB cohort, the volume of
local anaesthetic that was infiltrated was left to the
discretion of the clinician. Although previous studies
have not demonstrated a significant difference when
varying the dose of anaesthetic, it is a confounder that
may contribute to the high range of pain scores reported
in this cohort.21 HB requires accurate infiltration of
anaesthetic into the fracture site to be effective and was

performed without X-ray control. It is possible that some
high pain scores in this cohort were due to anaesthetic
not being infiltrated directly into the fracture site and
thus are not representative of its true efficacy. However,
allowing this variation of anaesthetic dosage and
technique does provide a reflection of normal practice
when manipulating fractures using an HB.

Other aspects of treatment were not standardised
across the two sites, such as reduction technique and
plaster technique, both of which may be confounding
factors. Although the simplicity of finger trap traction
may be a contributing factor to the outcomes seen in the
BB cohort, previous studies have not shown a difference
in comparison with manual traction.22 The patients in
the BB cohort had a split plaster applied instead of a
backslab. This is unlikely to have had any effect on the
X-ray immediately post manipulation. A randomised
study found no differences in reported pain and
concluded that the method of immobilisation did not
significantly alter patient outcome.23 Although limited by
potential differences in decision-making between
clinicians, patient factors and a high loss to follow-up, no
significant differences in fixation or re-manipulation
rates were demonstrated between cohorts in this study.

Finally, assessing subjective outcomes such as pain
has its limitations. Although the NRS is a validated
method of assessing pain, it is a single assessment and
many other factors can influence patient reports of
pain.24 A similar challenge is encountered when
assessing the outcome of a manipulation; in this study a
radiographic outcome was chosen as a marker of success.
Although the aim of any manipulation is to anatomically
reduce the fracture, there is evidence that anatomical
reduction of the fracture may not correlate with the
clinical outcome.25,26

Conclusion
Reducing displaced distal radius fractures under BB
provides better analgesia than under an HB. With
training and the use of a departmental protocol, BB can
be performed both successfully and reliably by FY2
junior doctors.
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