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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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OCCUPATIONAL HAZARDS IN ORTHOPAEDIC PROCEDURES-A NARRATIVE REVIEW 
OF CURRENT LITERATURE

Arnab Sain, Ahmed Elkilany, Arsany Metry, Marina Likos-Corbett, Emily Prendergast, Kanishka Wattage, Adhish Avasthi
Worthing Hospital, University Hospitals Sussex NHS Foundation Trust, England.

Abstract.
Orthopaedic surgeries pose various risks to the health of 

orthopaedic surgeons: radiation, noise, infection, chemical 
exposure, and musculoskeletal injury. These are associated with 
short and long-term health problems including malignancy and 
teratogenicity. Orthopaedic surgeons’ health is critical to ensure 
optimal patient care. Most of these hazards can be obviated 
or minimized by adopting rigorous prevention protocols and 
raising awareness. Further related research is warranted and 
guidelines regarding prevention need to be framed by regulatory 
bodies.

Key words. Occupational hazard, radiation, chemicals, noise, 
musculoskeletal injury, surgical smoke.
Introduction.

Over recent years there has been an increase in orthopaedic 
theatre procedures and in addition to it the risk of occupational 
hazard for orthopaedic surgeons has been on the rise. 
Occupational hazards specific to orthopaedic procedures involve 
exposure to radiation, surgical smoke, chemicals, hazardous 
noise and musculoskeletal injuries [1]. Although most surgeons 
acknowledge the risk, there is a lack of in-depth knowledge 
regarding the long-term harm associated with these hazards 
and ways to diminish them. The focus should be on increasing 
awareness, following guidelines, and encouraging preventive 
measures to establish a safe working atmosphere. 
Review.
Radiation hazard:

Increased use of fluoroscopy is associated with increased 
radiation exposure for orthopaedic surgeons and theatre 
personnel: increasing the risk of malignancies, ophthalmic and 
thyroid disorders. Trauma and spinal surgeries pose the highest 
radiation risk. Increasingly popular percutaneous and minimally 
invasive methods are associated with increased radiation 
exposure compared to their counterparts [2]. The International 
Commission on Radiation Exposure set occupational limits 
of 20 mSv/year or 100 mSv in 5 years. As per BOA (British 
Orthopaedic Association), 1-year exposure should not exceed 50 
mSv. Within these limits, the resultant malignancy risk is under 
1 in 1000 over a working life of 47 years. Separate limits exist 
for body tissues such as the thyroid and eyes [3]. According to 
BOA, the dose exposure of the majority of orthopaedic surgeons 
is under 2mSv/year - less than other specialities such as vascular 
surgery, interventional cardiology, and interventional radiology 
[3-5]. 

Whilst the carcinogenic effects of high and moderate levels 
of radiation is widely recognised, the effect of chronic low-
grade exposure remains obscure. A study of nuclear workers 

demonstrated an increase in death from solid cancers such as 
lymphoma and leukaemia with increased exposure to radiation 
in the workplace [3,6]. There is a scarcity of longitudinal studies 
that have interrogated the results of radiation exposure for 
orthopaedic surgeons. However, evidence from other healthcare 
workers shows an increased risk of head and neck tumours 
and cataracts with exposure to ionizing radiation [3,7-9]. Self-
reported surveys from female orthopaedic surgeons show an 
increase in breast cancer prevalence [3,10-12].

 In the operating theatre, the primary surgeon has the highest 
radiation exposure apart from the patient [13]. Junior surgeons 
tend to use fluoroscopy more frequently, increasing their 
radiation exposure compared to experienced senior surgeons 
[14-16].

BOA suggested the following guidelines to reduce individual 
exposure: limit time of exposure, and prioritise distance and 
shielding, correctly position the C-arm, remain vigilant of 
scatter radiation from patients and walls, avoid the beam during 
screening and avoid using the image intensifier in the true lateral 
position. If lateral view is required, consider a 70-degree view 
to direct the radiation away from the surgeon. Live screening 
should be avoided whenever possible. Personal Protective 
Equipment (PPE) should be used all times and there should be 
effort on reducing the total number of images. Surgeons should 
avoid exposure to the axilla and lateral chest wall by remaining 
perpendicular to the beam, setting up screens in the appropriate 
position to avoid twisting, positioning the axilla further from 
the beam and avoiding lateral views and keeping arms down 
during screening. Orthopaedic surgeons and radiographers are 
responsible for keeping exposure to ionising radiation “as low 
as reasonably achievable”. Formal education and training for 
orthopaedic theatre staff is key in achieving this goal [3].
Surgical smoke:

Surgical smoke generated by diathermy during orthopaedic 
procedures poses a risk to both the patient and operating 
surgeon. According to the ICSP (International Council on 
Surgical Smoke Plume) report, surgical smoke contains 
mutagenic and carcinogenic particles, bacteria, and viruses such 
as HPV, HIV and SARS CoV-2. The other hazards include: 
aerosolised haemoglobin, blood-borne pathogens, carbon, 
tissue fragments, live cells, carbon monoxide, toluene, benzene-
known carcinogens, hydrogen cyanide, perchloroethylene and 
formaldehyde [17]. 

The smoke from one gram of tissue destroyed by electrocautery 
has the mutagenic potential of smoking six unfiltered cigarettes 
[18] and the average plume created in one day in the operating 
room was found to be equivalent to smoking as many as 30 
unfiltered cigarettes per day [19]. 
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gloves at frequent intervals prevents further risk. Face masks and 
eyewear are particularly important in reducing mucocutaneous 
and eye exposure due to the spray of blood and bone fragments 
from power tools. Water and oil-repellent surgical gowns with 
smaller pore sizes provide the greatest protection.
Exposure to Hazardous Noise:

Orthopaedic surgeons are regularly exposed to hazardous 
noise and are therefore at increased risk of experiencing 
noise-induced hearing loss (NIHL). Regular exposure above 
110 dB at a one-minute duration risks permanent hearing loss 
(The National Institute on Deafness and Other Communicable 
Disorders). During total knee or total hip arthroplasty, noise 
levels reach 105.6 dB with the use of a mallet and 97.9 dB while 
using an oscillating saw [26-29]. High-speed gas turbine drills 
create noise up to 118 dB. Suction tips with tissue trapped inside 
can create a whistling noise of up to 96 dB [30]. 

Occupational Safety and Health Administration (OSHA) set 
a threshold for hazardous noise to a time-weighted average of 
85 dB in an eight-hour work shift. If that threshold is exceeded, 
the allowable duration of exposure must be halved for every 5 
dB increase over 85 dB [26]. The noise level in an orthopaedic 
operating room consistently exceeds the OSHA’s threshold 
level. Members of the orthopaedic operating team should attend 
regular hearing conservation programmes, undergo regular 
audiometric testing, and wear hearing protection. Additionally, 
all orthopaedic personnel are advised to distance themselves 
from noise sources. Finally, surgeons are encouraged to use 
power tools that produce lower noise levels [31]. 
Risk of musculoskeletal injury: 

Orthopaedic surgeons are at risk of musculoskeletal injury due 
to force required for musculoskeletal manipulation, prolonged 
standing in operating room and lack of ergonomic insight. Most 
of the back and neck pain, resulting in lumbar and cervical 
spondylosis, is due to prolonged static head-bent and back-bent 
postures [26]. The average adult reconstruction orthopaedic 
surgeon swings a 3- to 5-lb mallet approximately 300 times a 
day, leading to high rates of lateral epicondylitis and rotator 
cuff pathology. Nearly two-thirds of orthopaedic surgeons 
experience a work-related injury during their career, and 31% 
require surgery themselves to treat the injury [32].

In one study by Davis et al,25% sustained an injury to the 
hand; 19%, to the lower back; 10%, to the neck; 7%, to the 
shoulder. Common hand injuries include carpal tunnel syndrome 
and carpometacarpal thumb arthritis, which are related to the 
constant forceful grip and pinch of nonergonomic instruments. 
Approximately 39% of orthopaedists required medical care as a 
result of their injury, but only 25% of injured surgeons reported 
the injury to their institution. Ten percent of surgeons reported 
missing work as a result of a workplace injury: and 4% missed 
at least three weeks [33].

If the comparison is made between surgeons performing 
open surgery versus surgeons performing minimally invasive 
procedures, the latter group are considerably more likely to 
experience pain in the neck, arm or shoulder, hands, and legs 
[34]. 

The keyway to prevent musculoskeletal injury is to maintain 
a correct posture during surgical procedures and to train theatre 

Theatre personnel exposed to surgical smoke experienced 
headaches, cough, eye irritation and shortness of breath, yet the 
ICSP reports that 52% of peri-operative personnel have never 
received education on the hazards of surgical smoke exposure. 
The ICSP report stipulates that masks are not sufficient for 
protection against surgical smoke plumes and advises an 
approved plume evacuation system. Plume evacuation systems 
with Ultra Low Penetration Air Filter (ULPA) filters of 0.1 
microns are the gold standard and have 99.9995% efficiency.

High-Efficiency Particulate Air (HEPA) Filters are not 
considered as they only filter particulates down to 0.3 microns 
and are 99.97% efficient [17]. The ICSP report found paucity of 
risk assessments, lack of specific perioperative education and 
training, and inadequate preventative measures hinder the use 
of surgical smoke plume evacuation devices [17].
Exposure to chemicals:

Bone cement is one of the chemicals commonly used in 
orthopaedic surgeries. The core ingredient of bone cement 
is methyl-methacrylate (MMA). MMA has shown risks 
of hypotension, thromboembolic occurrences, and cardiac 
shock on patients, and also health hazards on operating 
surgeons and theatre personnel. MMA has deleterious effects 
on dermatological, pulmonary (such as asthma, laryngitis, 
pneumonitis) and neurological systems (such as peripheral 
neuropathy) [20]. Direct contact may cause skin sensitization 
[20-22]. Furthermore, MMA is toxic to human neurons in 
vitro [23], and MMA exposure in single total arthroplasty 
during mixing causes fetotoxicity in animal models, leading to 
concerns that MMA is fetotoxic. Reassuringly, another study did 
not find any difference in levels of MMA in serum and breast 
milk in female orthopaedic surgeons exposed to MMA and 
in controls [24]. WHO recommends programmes to increase 
awareness of hazards associated with MMA by providing staff 
with appropriate training. Individuals should avoid direct skin 
contact with MMA and wear appropriate PPE. MMA should 
only be used in a well-ventilated area with recirculating air 
filters with gas absorbents of acid carbon [25,26].
Exposure to infection: 

Orthopaedic surgeons are at a high risk of exposure to infectious 
organisms through percutaneous, airborne, and mucocutaneous 
contact through use of sharp objects such as saws, drills, suture 
needles and sharp bone fragments which increases the risk of 
percutaneous injury. Mucocutaneous exposure to pathogens 
is associated with splattering from power tools and pulsatile 
irrigation [26]. In a review of 1828 patients, 74% of exposures 
were preventable by using recommended PPE. Risk factors for 
exposure include orthopaedic trauma surgeries lasting over 3 
hours, and those with a blood loss greater than 300 mL [27]. 
The most commonly encountered and harmful pathogens in 
orthopaedic practice include HIV, Hepatitis B (HBV), and 
Hepatitis C [26]. The risk of infection via percutaneous exposure 
for HIV is 0.3%, for HBV 6-30% and for HCV 1.8%. The risk of 
infection via mucocutaneous exposure is 0.09% for HIV, non-
quantifiable for HBV and extremely rare for HCV [26]. 

The best way to prevent exposure to infection is by following 
Hospital infection control policies. Double layering gloves 
significantly decrease contamination risk, and changing of outer 
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personnel on posture and ergonomics. Preventive measures 
involve correct patient positioning, maintaining proper operating 
table height, appropriate positioning of monitors in arthroscopic 
surgeries, frequent position changes, short breaks for stretching, 
and use of a stool or footrest [26].
Conclusion.

Orthopaedic surgeons are exposed to occupational hazards in 
the operating theatre from radiation, surgical smoke, infection, 
hazardous noise and musculoskeletal injury all of which can 
be prevented or minimized by adopting proper prevention 
protocols and spreading awareness. Most of these hazards 
cause short-term and long-term health issues, including risk 
of malignancy. Some hazards like radiation and chemicals 
are feto-toxic posing a risk to pregnant female orthopaedic 
surgeons. The health of orthopaedic surgeons is also important 
to provide best medical and surgical care to orthopaedic 
patients. The British Orthopaedic Association (BOA) has put 
forward some guidelines on radiation safety which if followed 
will be beneficial to reduce risk of radiationhazardsd among 
orthopaedic surgeons. The International Council on Surgical 
Smoke Plume (ICSP) has given recommendations to reduce 
hazards of surgical smoke and Occupational Safety and Health 
Administration (OSHA) has set out guidelines for hazardous 
noise risk prevention. Apart from radiation exposure guidelines 
by BOA there are no regulatory bodies who specifically have 
set out guidelines for risk prevention for orthopaedic surgeons. 
More studies are required on this topic and more guidelines 
regarding prevention need to be framed by regulatory bodies.
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