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Abstract
Although the use of physical restraint (PR) is accepted, it remains controversial as staff are required to balance professional, ethical
and legal tensions between maintaining everyone’s safety, upholding human rights, and minimising harm. One such tension relates to
the use of Wrist Flexion Techniques (WFT) used in some health, social care and custodial settings. WFT impose load onto the musculoskeletal structures of the wrist to gain control or compliance from a restrained person, and can result in discomfort, pain, injury,
psychological trauma and be detrimental to therapeutic relationships. Current evidence and guidance on WFT are absent with debate
existing as to whether WFT can be used without inducing pain. Twenty adults participated in the study. The mean discomfort angle
was 90.1° (± 8.6) of flexion with 2.8 Kg (± 1.1) of force, and the mean pain angle was and 98.4° (± 7.9) of flexion with 4.4 Kg (± 1.8)
of force, therefore only 8.3° of movement and 1.6 Kg of force separate pain free from pain inducing WFT. Genders did not differ in
relation to angle of discomfort or pain. Females experienced discomfort with 1.1Kg less force (p = 0.021) and experienced pain with
1.7Kg less force (p = 0.023). This research challenges the assertion that WFT can exist as non-pain inducing and pain inducing PR
techniques since the margin between them may be too small for practitioners to discriminate, particularly during the struggle of real
world restraint. Further research may consider other potential pain inducing techniques, and the role and use of PIT during restraint.
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Introduction
This research will be of interest to those who work in, commission or monitor settings where staff are trained to use restrictive
physical interventions (physical restraint). Physical Restraint (PR) is a manual, hands-on method of immobilising an individual or
limiting their freedom to move to prevent or reduce their ability to harm themselves or others (Restraint Advisory Board 2011; DH
2015; NICE 2015 ) [1,2]. Across most settings where PR is used, efforts have been made to minimise its use and improve guidance
for staff (RAB 2011; MMPR 2012; MIND 2013 ; BILD 2014; NICE 2015; DH 2014 ; Hucksorn 2015) [1-6]. Rather than being an
effective clinical or therapeutic intervention, PR is recognised as a short-term and last resort emergency intervention to manage
crisis behaviour and minimise harm (Allen et al., 2009; Tenneij and Koot 2008; Heyvaert et al., 2014a) [7-9]. Critics of PR suggest
that it does not help staff to find solutions to the underlying causes of the individual’s behaviour and may cause trauma and / or retraumatise those with a history of physical and/or sexual abuse (Hawkins et al., 2004 [10], Smallridge & Williamson, 2011, DOH
2012 , MIND, 2013 and 2015, Heyvaert et al., 2014b, Merineau-Cote and Morin, 2014, YJB, 2014 , 2015, 2016, Campbell, 2018 ,
Muir-Cochrane et al., 2013, Farina-Lopez et al., 2014, Farina et al., 2016) [4,10-20]. Such factors mean PR remains contentious and
has been described as a “necessary evil” (Wilson et al., 2017) [21].
Additionally, concerns about the use of PR also exist in relation to physiological and anatomical risks related to specific techniques
or interventions including techniques which induce pain and/or are more likely to lead to soft tissue injury, articular damage,
fractures and even death (DH 2006 and 2014; Care Quality Commission 2011; Duxbury et al., 2011; Barnett et al., 2012) [5,22-25].
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To reduce the risk of harm and minimise trauma, pain inducing techniques (PIT) have been questioned generally (Patterson,
2005) and specifically in relation Wrist Flexion Techniques (WFT) (Strubbs and Hollins 2011 ) as to their appropriateness as a
means of containment and / or gaining compliance from a restrained individual [26,27]. WFT may represent a potential breach
of Article 3 of the Human Rights Act (1998) if pain is induced intentionally, by misapplication, or simply because the restraint
technique is known to possess a small margin for error between being pain free and pain inducing, unless it can be shown to be
necessary and reasonable. Many restraint training programmes in the UK are accredited by the National Physical Interventions
Accreditation Scheme (PIAS) (BILD 2014) and are already required to omit containment/holding techniques which might increase
the likelihood of injury and/or pain by application or misapplication. Although the scheme is due to expand to all adult health and
social care setting in 2019, currently the PIAS only relates to services for children and adults with intellectual disabilities, cognitive
impairment and Autism, and therefore does not cover mental health or custodial settings where WFT that induce pain intentionally
and unintentionally are used. Some programmes not currently accredited under the PIAS scheme and which include the use of PIT
accept such interventions create professional, ethical and legal dilemmas for staff and acknowledge that future research is required
to adapt and evolve restraint training systems so that PIT can be removed from practice (RAB 2011; MMPR 2012, HMIPs, 2015
and 2017) [1,3,28,29]. Whilst recent guidance gave some clarification regarding the context for the use of PIT by suggesting pain
should only be used where there is an immediate risk to life (NICE, 2015; DH, 2015), there is no universal definition of what
constitutes a PIT and no universal safeguards to protect individuals from the misuse and abuse of such techniques [2].
In addition to a lack of clarity in defining PR and the use of PIT, there is no national data collection system across services in the
UK which enables the adverse outcomes arising from the use of PR to be captured and analysed. Data recently published by the
Youth Justice Board (YJB) showed there had been 2,475 use of force incidents (25.4 to 30.6 per 100 young people across five secure
establishments) and 1,439 uses of PR, resulting in 111 injuries including one wrist fracture (YJB 2014; 2015; 2016) [15-17]. YJB
data also showed that PIT accounted for 3% of PR use, with holds involving flexion of the wrist being amongst the most commonly
used PR techniques. Given the use of WFT across some health, social care and custodial settings, the potential for causing pain or
injury and the assertion that WFT can be used with and without the deliberate infliction of pain or harm (MMPR 2012), the use
of WFT as a safe and appropriate restraint technique is worthy of research and challenge. Following a Freedom of Information
(FOI) request from every NHS Mental Health Trust in England, Campbell (2018) reported that between 2016-17 some 13% of
NHS Trusts did not have a policy or guidance on the use of restraint and of 97,019 incidents of restraint reported, a total of 3,652
resulted in restraint-related injuries to patients [3,18]. In contrast to the data from the YJB, the NHS data set does not report on
the use of PIT so the number of patients subject to pain, deliberately or otherwise, is not known. Although the FOI revealed the
highest number of reported injuries ever recorded for patients, there remain many discrepancies on the reporting and recording of
restraint across the NHS and more work is required to establish a reporting system based on universal definitions and more accurate recording of techniques to determine whether staff are using PIT intentionally or unintentionally. By investigating the ranges
of movement and forces involved in the application of WFT in the form of the Inverted Wrist Hold (IWH) and the PIT known as
Wrist Flexion (PITWF) where flexion continues further than in the IWH until pain is induced, this research aimed to both inform
the teaching of and challenge the acceptability off WFT as a method of PR.

Materials and Methods
Ethical Issues
Ethical approval was granted by the School of Health and Rehabilitation Ethics Committee (Keele University, Newcastle-UnderLyme, United Kingdom). Participants signed to give valid consent, and no incentives were offered or given to participants

Participants
Twenty adults, 10 male and 10 female were recruited from Keele University via poster advertisement and emails sent to all students
in the School of Health and Rehabilitation. All participants were required to give informed consent and be free from current or
previous neuro-musculo-skeletal injuries of the elbow, wrist or hand, not diagnosed with hypermobility syndrome, and have the
ability to feel pain in a similar way to others. Participants mean age was 21 (± 2.87) range 19-29 years, mean height was 167.6 (±
7.19) range 156.4 - 180.1 cm, mean weight was 63.6 (± 8.62), range 47 to 80 Kg, and mean BMI was 22.6 (± 2.41), ranged 17.7 - 27.2.
Right hand dominance was present in 18 participants.

Equipment
An Electronic Goniometer (Twin Axis Goniometer Biometrics Ltd ‘SG’ series) was used to measure range of flexion (degrees),
a Hand Held Electric Myometer (Biometrics Ltd M550 Myometer) was used to measure force applied (Kgs), and the Biometrics
DataLOG (Biometrics Ltd., version 10.05, Wales) processed inputs (Figure 1a). Other equipment included SECA 220 standiometer
(height) and SECA 761 scales (weight). All equipment was freely available from the School of Health and Rehabilitation, Keele
University, UK [30].
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Figure 1a: Twin Axis Electronic Goniometer (front left). Electronic Myometer (front right).
DataLOG (back centre) used to gather data

Conduct of the Study
Before data was collected from a participant all equipment was calibrated and cleaned. All Participants were tested individually.
On arrival participants’ height (cm), weight (Kg) and BMI were recorded. Participants then sat next to a plinth adjusted to achieve
approximately ninety degrees elbow flexion when participants placed their dominant forearm / hand on it, in a supinated position.
The Electronic Goniometer was attached to the participant’s wrist using double sided tape on skin cleaned with alcohol wipes. One
point was attached along the medial border of the 5th metacarpal and the other was attached along the medial border of the ulna
(Figure 1b).

Figure 1b: Twin Axis Electronic Goniometer Attachment and Application of Wrist Flexion
Using the Electronic Myometer. Arrow indicates direction of force application by researcher

Before data collection began participants were given descriptors for discomfort and pain with ‘discomfort’ defined as “a point
where you can feel a stretch on your wrist but you are able to move further into flexion (wrist bent towards you)”; and pain as “a
point at which you feel actual pain and feel you can no longer can move into further flexion (wrist bent towards you)”. Participants
were also reminded that at any point they could stop the experiment. From a neutral position a flexion force was applied via the
hand held Electric Myometer to the dorsal aspect of the participants hand centred over the midpoint of the third metatarsal (Figure
1b). When a participant stated they felt “discomfort” the extent of wrist flexion (in degrees) and force (in Kg) being applied was
recorded, then with consent, further flexion was gradually applied until the participant stated that they felt “pain” at which point
the extent of wrist flexion (in degrees) and force (Kg) was again recorded after which, flexion was released and the participant’s
wrist returned to neutral.
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Statistical Analysis
The data collected was analysed using Statistical Packages for the Social Sciences Statistics (IBM Corp. version 24.0, Chicago,
Illinois, USA). Normal distribution of data was confirmed (Shapiro-Wilk test) and subsequently descriptive and inferential
(Independent t-test) statistical analysis was undertaken, with significance set at p < 0.05.

Results
The mean angle of wrist flexion at which discomfort was reported was 90.1° (± 8.6), minimum 73°, and maximum 112°. The mean
angle of wrist flexion at which pain was reported was 98.4° (± 7.9), minimum 85°, and maximum 115°. The mean force applied
during wrist flexion at which discomfort was reported was 2.8 Kg (±1.1), minimum 1.2 Kg, and maximum 5.6 Kg. The mean force
applied during wrist flexion at which pain was reported was 4.4 Kg (± 1.8), minimum 2.5 Kg, and maximum 8.1 Kg (Table 1, Figure
2a and b). The difference in mean angle between discomfort and pain was 8.3° of flexion and 1.6Kg of force. There is overlap in
discomfort and pain perception with the highest discomfort angle being 112o and the lowest pain angle being 85o and the highest
discomfort force being 5.6 Kg and the lowest pain force being 2.5 Kg.
Discomfort
Reported
(degrees)

Pain
Reported
(degrees)

Discomfort
Reported
(Kg force)

Pain
Reported
(Kg force)

Mean (SD)

90.1 (± 8.6)

98.4 (± 7.9)

2.8 (± 1.1)

4.4 (± 1.8)

Minimum

73.0

85.0

1.2

2.5

Maximum

112.0

115.0

5.6

8.1

Range

39.0

30.0

4.4

5.6

Table 1: Descriptive Statistics - Degrees of Wrist Flexion and Force Applied and Reporting of Discomfort and Pain

Figure 2a: Degrees of Wrist Flexion applied on the Reporting of Discomfort and Pain

Figure 2b: Mean Force applied on the Reporting of Discomfort and Pain
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Males had a mean discomfort angle of 89.6° (±7.2) and females 90.5° (±10.1) and males had a mean pain angle of 98° (±8.6) and
females 98.7° (±7.6) (Table 2, Figure 3a and b). In relation to force, males had a mean discomfort force of 3.3 Kg (±1.2) and females
2.2 Kg (±0.7) and males had a mean pain force of 5.2 (±1.9) Kg and females 3.6 (±0.84 Kg. In relation to discomfort and pain angles,
the genders did not differ (p = 0.821 and 0.849). In relation to force applied there is a statistical difference for both discomfort (p
= 0.021) and pain (p = 0.023) between males and females with females perceiving discomfort with 1.1Kg less force and pain with
1.7Kg less force.

Male
Female

Discomfort Reported
(degrees)

Pain Reported
(degrees)

Discomfort Reported
(Kg Force)

Pain Reported
(Kg force)

89.6°(±7.2)

98° (±8.6)

3.3 (±1.2)

5.2 (±1.9)

90.5°(±10.1)

98.7° (±7.6)

2.2 (±0.7)

3.6 (±0.84)

Table 2: Gender Differences in Degrees of Wrist Flexion and Force applied on Reporting Discomfort and Pain

Figure 3a: Gender Differences for Angle of flexion which discomfort and pain were reported

Figure 3b: Gender Differences for differences for Force applied which discomfort and pain were reported

Discussion
This experimental study was the first to quantify the ranges of movement and forces involved in the application of IWH and
PITWF restraint techniques to induce discomfort and pain. The normal range of passive wrist flexion reported in young adults
(18-29 years) is 93o (±8°) (Macedo and Magee, 2009) explaining the self-reporting of discomfort at 90.1° (± 8.6) and pain 98.4° (±
7.9) of wrist flexion. In this study ranges of movement between the genders were similar differing by only 1o in favour of females
possessing more flexibility, a finding supported by Macedo et al., (2011) who observed females possessed 1.3o greater movement
across 11 peripheral joints than did males [31]. Additionally, females at the onset of puberty and through the teenage years’
experience a transient increase in joint laxity (Soucie et al., 2011), this knowledge should be considered in individualised restraint
plans for females since the presence of hypermobility confers a greater risk of soft tissue injuries and fractures during physical
activities (Díaz et al., 1993, Smith et al., 2005, Holick et al., 2017) [32-35].
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The forces required to inflict discomfort and pain were found to be small being 2.8Kg (±1.1) and 4.4Kg (± 1.8) respectively. The
small load required inflicting discomfort and pain were statistically different with females experiencing discomfort with 1.1Kg
less force and pain with 1.7Kg less force than males. The wrist (radiocarpal) joint is a mobile, multiaxial synovial joint relying on
soft tissue structures to give it stability (Kenyon and Kenyon, 2009) [36]. WFT impose load upon dorsal soft tissues of the wrist
(extensor muscles, dorsal radiocarpal ligament), and bones of the wrist joint complex, with increased load comes increased risk
of discomfort, pain and/or significant injury, a concern acknowledged by the Association of Chief Police Officers (2014) [37]. Soft
tissues possess viscoelastic properties, which when loaded (stressed) will elongate (strain) following a non-linear elastic pattern
visualised by the stress strain curve (Robi et al., 2013) but during restraint practice, it is not possible to measure the magnitude
of stress or the extent of strain imposed upon the wrist [38]. It is known that loads below the point of tissue failure can result in
negative structural changes and that magnitude, duration and frequency of load application negatively impact soft tissue causing
irreversible plastic deformation (Wren et al., 2003, Duenwald-Kuehl et al., 2012, Robi et al., 2013), therefore the use of the IWH
applied without pain being or any apparent injury being reported may still result in microtrauma to the wrist joint complex [3840].
PR techniques typically fall within two categorises: non-pain inducing/non-pain compliant or pain-inducing/pain-compliant. The
International Association for the Study of Pain (IASP) (2018) define pain as in individual interpretation of nociceptive signals
that is unpleasant and associated with actual or potential tissue damage. Interpretation of nociceptive signals are shaped by past
experiences, emotional state and mental health (Sims and Waterfield, 1997), with frequent exposure to negative nociceptive stimuli
resulting in pain been more readily perceived (Ji et al., 2003) [41-43]. In recognising that pain is an individual experience, those
applying PR should listen to the restrained person and believe them if they report discomfort or pain, however, solely on the selfreporting of discomfort or pain to establish the limits for WFT is unreliable for the avoidance of injury since individual perceptions
of pain vary and damage can occur in the absence of pain. This study was undertaken in a controlled experimental setting, with
participants who were free from cognitive or communication impairments, who did not experience physiological or psychological
distress, and could end the wrist flexion whenever they wanted meaning that altered perceptions of discomfort and pain that
may arise during a real incident were not measured. Suggests that staff can safely limit the angle of flexion imposed and force
applied during the application of WFT should be challenged particularly during a real-world PR situation where those applying
PR techniques are likely to experience cognitive and motor skill impairment as a result of the stressful situation, increasing the
likelihood of misapplication of techniques and increasing the of pain and/or injury (Selye, 1975; McEwen, 2000; Metz et al., 2005;
Metha and Parasuraman, 2014; Keller-Ross et al., 2014) [44-48]. From the findings of this research, restraint techniques that
involve flexed wrists (with or without force to induce pain) or other techniques which involve pain inducement where the margin
for error is small, are likely to increase the risks of anatomical, physiological or psychological harm to those restrained.
Many people in settings where restraint is used which might include the use of the IWH and PITWF have a range of support
needs including acute mental ill health and other psychological and physiological co-morbidities including mental impairment,
intellectual disability, Asperger’s and Autism, Attention Deficit Hyperactivity Disorder (ADHD), asthma, epilepsy, anxiety
or depression (YJB 2014, 2015, 2016) so the adverse impact of such techniques could be more significant for such individuals
[16,17,49].

Conclusion
The primary aim of this study was to investigate WFT of IWH and PITWF to understand the angles and forces involved in their
application to inform safe practice so that harm to those subject to such interventions can be minimised [50-53]. The efficacy and
safety of WFT should be challenged since such techniques load musculoskeletal structures in a way that can result in discomfort,
pain and injury [54]. The IWH is intended to be a non-pain inducing, however in this study, the range of movement between
reported discomfort and pain when the WFT was applied was only 8.4o of movement and 1.6 Kg of force. Such a small margin
of error for mis-application and the potential for pain or injury challenges current practice where WFT are taught [55-60].
Organisations authorising and approving the use of WFT should be transparent and acknowledge that with WFT the margins for
error are small and therefore it is likely that discomfort, pain or distress to individual’s will occur during their use [61-64]. Induced
pain may occur as a result of intentional application to misapplication, or as a result of staff inability to understand the individual’s
physical limitations and/or perception of pain, and the inability to finely control the use of WFT whilst under stress managing
individuals who are struggling against their restraint [65]. The findings of this research would indicate that all WFT should be
considered as pain inducing with increased risk of injury, with individual WFT only varying in the degree of pain they induce
[66]. Organisations using WFT should re-consider whether such techniques are acceptable professionally and ethically and should
review whether WFT should be authorised and approved for practice [67-69].
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