Abstract
Objectives: Numerous tasks carried out in the otolaryngology clinic increase the chances of developing injury among practitioners. To mitigate this, we aim to observe the risk of musculoskeletal injury in practitioners when carrying out common procedures. We observe the performance of the Dix-Hallpike manoeuvre, deducing whether technique has an impact on the likelihood of developing injury. 

Design: Participants were asked to perform the Dix-Hallpike manoeuvre as they normally would in clinic, on departmental colleagues. Data that was collected included chosen preference of position when carrying out manoeuvre, level of seniority of practitioner and risk of musculoskeletal injury to practitioner.

Setting: St John’s Hospital, Edinburgh.

Participants: Otolaryngology consultants and trainees with clinic commitments, having regularly performed the Dix-Hallpike manoeuvre.

Main outcome measures: Risk of musculoskeletal injury was measured using the validated Rapid Upper Limb Assessment (RULA) tool.

Results: 3 consultants and 7 trainees were included in this study performing on average 4 Dix-Hallpike’s during the study period – totalling 40 attempts. The median RULA score was 4 for the sitting position, compared to 6 for standing (p<0.0001). There was similar statistical significance when consultants and trainees were evaluated separately. 

Conclusions: A doctor’s wellness is of great importance to facilitate long-term job satisfaction and productivity. It is important to improve conditions for the practitioner in the otology clinic, and one factor is procedural technique. Further work is needed to raise ergonomic awareness amongst otolaryngology surgeons.  
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Key points
1. Performing the Dix-Hallpike manoeuvre while sitting (median RULA of 4) as opposed to standing (median RULA of 6) significantly reduces risk of developing musculoskeletal injury.
2. Senior registrars (ST6-ST8) in otolaryngology commonly demonstrated preferences which increased their risk of developing injury when compared to junior colleagues. 
3. Repeatedly performing common tasks in otology clinics and theatres with poor ergonomic practice negatively impacts practitioner health and ability to deliver care.
4. The RULA tool is useful as a feedback tool in practice to improve practitioner understanding of ergonomics.
5. Risk assessing common tasks and procedures is essential to prevent developing musculoskeletal injury.

Introduction
Otolaryngologists perform tasks regularly in clinic and operating theatres that impact their mental and physical wellness throughout their careers. This has been attributed to deterioration of physical health, intensive training, fatigue, financial constraints, etc.1,2,3,4 Babar-Craig et al. (2003) reported a UK nationwide survey which described that 72% of otolaryngologists complained of either back pain or neck pain or both. Furthermore, it was reported that 53% attributed their symptoms due to their work as otolaryngologists.1,2 However, awareness among practitioners regarding developing musculoskeletal injury when performing common otologic procedures such as the Dix-Hallpike manoeuvre or three hour microscopic surgeries, is lacking.

It is important to assess the risk of developing injury of these procedures as physical wellness is essential to medical and surgical practitioners to allow them to provide their services efficiently and effectively. The NHS benefits directly from improving wellbeing among staff in terms of improved staff engagement, reduced costs due to absence and turnover and better patient outcomes.5 Moreover, adjusting practice to reduce injury or ill-health will reduce the financial burden of the government. The UK Health and Safety Executive Annual Report (2018/2019) revealed that the Human Health and Social Work industry required an estimated £2 billion in costs to the taxpayer for ill-health at the workplace – the highest amount across all industries in the nation.6 

Many factors affect the risk of developing musculoskeletal injury at the workplace such as practitioner technique, patient positioning and duration of static posture. Govil et al. (2018) reported on how changing patient positioning to lying supine when performing cerumen removal resulted in favourable outcomes of reducing musculoskeletal injury among practitioners.7

The objective of this study is to assess the risk to practitioner when performing the Dix-Hallpike manoeuvre using different positions and techniques. We will furthermore assess differences observed depending on level of otolaryngological training and whether a superior technique can be identified and thus widely implemented.  
















Methods
Reporting method
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE).

Study design
Observational study.

Setting
St John’s Hospital, Edinburgh.

Participants
The eligibility criteria was to be either training or have completed training in otolaryngology, alongside having regularly performed the Dix-Hallpike manoeuvre in the outpatient department.

Dix-Hallpike manoeuvre
To perform this manoeuvre, the patient is asked to sit up on a couch at a position of which their shoulders would be at the end of the couch if they were to lie down. The patient’s head is positioned 45 laterally either to the right or left and then rapidly transitioned to the supine position. The patient’s head is then extended 20 below horizontal. This patient’s head is supported in this position for 30 seconds to 2 minutes, and the practitioner observes for any nystagmus. If there is no nystagmus, the manoeuvre is repeated to the other side.8,9,10 

Variables
The independent variables were the preference of position chosen when performing the manoeuvre and the level training in otolaryngology. The dependent variable was risk of developing musculoskeletal injury. There were no controls.

Data sources and measurement
Participants were asked for perform the Dix-Hallpike manoeuvre on departmental colleagues. The participants were video recorded as they were asked to perform the manoeuvre – their express consent was gained for this. The position preference whilst performing the manoeuvre was of random choice by the participant. The participants level of training in otolaryngology was verbally enquired and recorded. The risk of developing injury was measured using the Rapid Upper Limb Assessment (RULA) tool, of which an example scoring sheet is depicted in Figure 1.11 Examples of participants performing the Dix-Hallpike manoeuvre while standing and sitting are shown in Figure 2a and Figure 2b.

Bias
The participants were uninformed of the purpose of the study until the study period was completed to prevent the Hawthorne effect – intentional adjustment of posture in this context.

Quantitative variable
The RULA tool produced a score of 1 to 7. A final score of 1 to 2 shows negligible risk with no action required, 3 to 4 shows low risk with review of technique potentially required, 5 to 6 shows medium risk with further investigation and review required and 7 suggests significant risk of musculoskeletal injury with review and adjustment of technique being required immediately.11 The RULA scores were compared first between those who performed the manoeuvre sitting against those who performed it standing. Next, the RULA scores of consultants, senior trainees (ST6 to ST8) and junior trainees (ST3 to ST5) were evaluated.

Statistical methods
Data was analysed using SPSS (Model 25.0.0.1, IBM, New York, USA). The final RULA scores recorded are ordinal in nature. The RULA scores of the sitting and standing group were analysed using the Mann-Whitney U statistical test. The RULA scores of practitioners across different levels of training were analysed using the ANOVA statistical test.

Results
Participants
10 participants were confirmed to be eligible and were accepted into the study. They performed an average of 4 Dix-Hallpike manoeuvres each, totalling 40 attempts. 

Descriptive data
The 10 participants comprised of 3 consultant otolaryngologists, 3 senior trainees (ST6 to ST8) and 4 junior trainees (ST3 to ST5) in otolaryngology. All the participants have received prior training on performing this manoeuvre as part of their daily practice and were able to perform the manoeuvre accurately. 

Outcomes
19 (47.5%) attempts were performed while standing and 21 (52.5%) attempts were performed while sitting. 15 (37.5%) attempts yielded a RULA score of 6 and 4 (10%) attempts yielded a RULA score of 5 – all of which were attempts performed while standing. 16 (40%) attempts resulted in RULA scores of 3 and 4 and 5 (12.5%) attempts showed RULA scores of 1 and 2 – all of which were attempts performed while sitting. There were no attempts performed while sitting that resulted in scores of 5 or higher. There were no attempts performed while standing that scored 4 or lower.

Comparing the attempts by seniority, 5 (12.5%) were done by consultants, 11 (27.5%) by senior trainees and 24 (60%) by junior trainees. 2 (40%) attempts performed by consultants showed RULA scores of 6 where both attempts were conducted while standing. 9 (81.8%) attempts performed by senior trainees were scored either 5 or 6 – all of these attempts were performed while standing. 8 (33.3%) of attempts by junior trainees resulted in scores of 5 or 6 – which were all attempted while standing. 3 (60%) attempts performed by consultants showed RULA scores of 3 or lower – all of which were performed while sitting. 2 (18.2%) attempts performed by senior trainees resulted in RULA scores of 2 and 4, when attempted while sitting. 16 (66.7%) attempts performed by junior trainees resulted in RULA scores of 4 or lower – all of which were attempted sitting.

Main results
The median RULA score for the standing position group was 6 [IQR 0] while the median RULA score for the sitting position group was 4 [IQR 1.5]. Using the Mann-Whitney U score statistical test to analyse this data, the average RULA scores between the sitting and standing group yielded a Z-score of -5.622 and p-value less than 0.00001, showing a statistically significant difference. The data comparing the two groups is tabulated in Table 1. A scatter plot is included in Figure 3 to show the RULA scores of each individual attempt. 

The median RULA score when assessed while performing the Dix-Hallpike manoeuvre was 3 [IQR 5] among the consultants, 6 [IQR 1] among the senior registrars and 4 [IQR 2.5] among junior registrars. The results were then analysed using the ANOVA statistical test which yielded a p value of 0.047992 when the three groups were compared, showing a statistically significant difference. The results are tabulated in Table 2. The RULA scores of individual attempts are depicted in a scatter plot in Figure 4.

Discussion
Key results
To our knowledge, this study is the first to assess the health risk posed by performing the Dix-Hallpike manoeuvre with poor posture. The principal finding of this study showed that the final RULA scores measured when the Dix-Hallpike manoeuvre was performed while sitting down were significantly lower than when the Dix-Hallpike manoeuvre was performed while standing up. 12.5% of the attempts showed a negligible level of risk pertaining to developing injury, which were all performed while sitting. 47.5% of the attempts exhibited medium risk with review of technique required – comprising the total of the attempts performed while standing. Among the remaining attempts performed while sitting, the maximum score recorded was 4, in keeping with a low risk of developing injury. Another finding from this study is that 82% of attempts performed by senior trainees showed medium risk of musculoskeletal injury with review of technique required, as opposed to 33% for their junior colleagues and 40% for their consultant colleagues. 

Limitations
It is important to note that even within the most busy otolaryngology departments that the number of practitioners performing this manoeuvre will be small, hence resulting in a small sample size. Next, the study required the subjects to perform the manoeuvre in a simulated environment, whereby departmental colleagues were used as simulated patients. This removed the fast-paced nature of otolaryngology clinics and the presence of positive clinical signs. Finally, this study is limited as the ergonomic assessment did not include the transition phase of the manoeuvre where the patient’s head is moved from the sitting up position to the supine position. The transition phase of the manoeuvre may have an effect on the practitioner’s risk of developing musculoskeletal injury as well.

Interpretation
This study shows that practitioners may reduce the risk of developing musculoskeletal injury if they conduct the Dix-Hallpike manoeuvre while sitting down as opposed to standing. This is in keeping with guidance by the British Society of Audiology (BSA) (2016) that recommended that the Dix-Hallpike manoeuvre should be performed while sitting to essentially protect the practitioner’s lower back.9 

There is substantial evidence showing that performing common tasks and procedures in the neurotology clinic and otolaryngology theatres with poor ergonomic practice negatively impacts the physical health of otolaryngology practitioners.1,7,12,13,14,15,16,17 Vaisbuch et al. (2018) highlighted in an intraoperative observational survey that 43.8% of otolaryngology surgeons complained of back pain while standing during surgery, as opposed to 12.5% who usually sat down during surgery.15 Cavanagh et al. stressed that most otolaryngology surgeons spend 54% of their time in theatre with their head bent forward, to one side or twisted.1,13,18

Identifying the ideal position to perform the Dix-Hallpike manoeuvre is significant as it is a quick task (under 2 minutes) that is likely to be repeated multiple times daily and frequently throughout careers of otolaryngologists in clinic. The repetitive nature of the task and the frequency alone poses a detrimental accumulated risk if it is performed with poor posture.19 

Concerning the disparity among risk of practitioners at different levels of training, this may be attributed to a lack of appropriate training and feedback at junior level or by poor individual understanding of good ergonomic practice. Regardless, this raises important points concerning the holistic quality of training in otolaryngology in including non-technical aspects in the workplace. Stucky et al. (2018) reported in a meta-analysis that 59-99% of surgeons are unaware of ergonomic recommendations of their institutions and have not received mandatory ergonomic training.20 It is important to note that 67% of attempts by junior trainees were performed while sitting. This could be related to the previously mentioned guidance from the BSA (2016) which would now affect new trainees, as opposed to their senior colleagues.

The Dix-Hallpike manoeuvre suggested first by Dix and Hallpike (1952) was not initially guided by ergonomic principles, however the recent recommendation by the BSA shows an improvement in awareness.8,9 It is considered a legal requirement by the Health and Safety Executive for staff to conduct a risk assessment of their practice wherever it involves manual handling.21 Most NHS Trusts comply with this regulation as mandatory general manual handling training is provided for all staff, however it is important to note that the specificity of this training towards specialty specific tasks and procedures is low. There is a need for professionals in otolaryngology to perform these risk assessments frequently to minimise risk of developing ill-health from frequent clinical and operating tasks and procedures. 

One effort to improve patient care across all surgical disciplines was led by The Royal College of Surgeons Edinburgh – emphasizing to instil Non-Technical Skills for Surgeons (NOTSS) in all surgical staff.22 NOTSS focuses on situation awareness, communication, decision making, teamwork and leadership – tied into a single rating system that can be used by surgeons to offer feedback to their trainees. Ergonomics is described in the situation awareness section. Crossley et al. studied the feasibility of the rating system in 2011 which yielded a 70% acceptance rate as a feedback tool.23 However, its current use in practice is scarce.

Generalisability 
This study implies that the Dix-Hallpike manoeuvre should be performed while sitting, in keeping with the BSA recommendations. This will reduce the risk of developing musculoskeletal injury in the long run. The results of this study also recommend that the practitioner maintains elbows tucked in when it is necessary to maintain the static position of 20 to 30 seconds during the Dix-Hallpike manoeuvre. 

It is recommended that formal ergonomic training for surgeons should be implemented at all levels of training. This will benefit practitioner performance and wellness in the long run. As practitioner wellness is improved, this will in turn lead to greater progress such as increased job satisfaction, improved patient care and safety, and effectively lessen the burden on the National Health Service in managing practitioner related health issues.5 

There is potential to use the RULA tool and NOTSS rating tool frequently as a feedback tool throughout surgical training that can be discussed between consultants and trainees. Consultants can provide feedback as they have experience and expertise in performing the common tasks and procedures in clinics and theatres. Moreover, it promotes an introspective approach to consultants themselves to adjust their techniques in practice where necessary.  
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