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Purpose: This study aimed to identify the characteristics of patients injured by high-rotation cutting
tools and the factors related to the severity of their injuries.

Methods: Adult patients (=18 years), who presented to the emergency department (ED) after a
high-rotation cutting tool injury and who were registered in the Korean Emergency Depart-
ment-based Injury In-Depth Surveillance (2011-2018) database, were included. Patients’ demo-
graphic characteristics, injury-related factors, and Injury Severity Scores were collected. All included
cases were categorized into two groups according to the tool that caused the injury: grinder versus
nongrinder. The characteristics of the two groups were compared, and the factors associated with
the severity of injuries were investigated.

Results: Among 8,697 ED visits, 4,603 patients had been using a grinder and 4,094 had been using a
nongrinder tool. The most frequently injured body part while using a grinder was the hand (46.4%),
followed by the head (23.0%). While using a nongrinder tool, the most frequently injured body part
was also the hand (64.0%), followed by the lower leg (11.4%). The odds of a severe injury were affect-
ed by patient age (odds ratio [OR], 1.024; 95% confidence interval [CI], 1.020-1.028) and using a
grinder (OR, 2.073; 95% CI, 1.877-2.290). The odds of a severe injury using a grinder were higher in
arm injuries (OR, 1.60; 95% CI, 1.40-1.83) and multiple-part injuries (OR, 1.998; 95% CI, 1.639-
2.437). The odds of a severe injury using a grinder were lower for head injuries (OR, 0.481; 95% CI,
0.297-0.781).

Conclusions: Injuries from grinders were more likely to affect the head and neck than nongrinder
injuries, despite the lower severity. The current lack of regulations on grinders in occupational safety
and health standards warrants relevant legislation and the development of applicable safety equip-

ment.
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INTRODUCTION

A high-rotation cutting tool is a collective term that refers to ma-
chinery used to cut, push, and polish the surface of hard materi-
als such as metal, rocks, or concrete. Many workers present to the
emergency department (ED) with injuries from these tools. The
number of injuries has increased as the use of grinders has in-
creased in recent years, in part because grinders are compact and
easy to use, making them suitable for use as personal tools in the
industrial field or at home. While current regulations on indus-
trial safety and health standards mandate the installation of con-
tact prevention equipment on electric saws, such as circular saws
and bandsaws, there is a lack of regulation on grinders [1]. Ma-
chinery can be easily purchased without meeting specific safety
requirements, and there is no legal enforcement of preventive
measures such as safety training prior to use, aside from those
mandated in workplaces that require training. Furthermore, ac-
cording to a survey on the workplace environment conducted by
the Korean Statistical Information Service, 10.7% of manufactur-
ing workers did not use protective equipment [2].

Previous studies on grinders focused on case reports involv-
ing kickback injuries to the head and neck regions. A kickback
injury occurs when a rapidly rotating saw blade catches on ma-
terial that is not firmly fastened and that the blade is unable to
cut through, causing the material to twist and launch (or “kick”)
back from the blade at high speed 8. A study of 133 participants
demonstrated the frequency of facial damage caused by high-ro-
tation cutting tools such as grinders (62%), chainsaws (32%),
and rotary saws (15%) [3,4]. Based on these results, this study
aimed to determine the relative risk of grinders compared to
other high-rotation cutting tools by investigating patients who
had visited the ED in the past few years. In particular, the study
focused on head and neck injuries sustained from high-rotation
cutting tools.

METHODS

The study was approved by the Institutional Review Board of
Gachon University Gil Medical Center (No. GBIRB2021-202).
The need for informed consent was exempted due to the retro-
spective nature of the study. This retrospective study used data
from the Korean Emergency Department-based Injury In-depth
Surveillance (EDIIS) conducted as part of the hospital injury
monitoring system of the Korea Disease Control and Prevention
Agency [5].

The study analyzed patients who presented to the participating
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ED between January 2011 and December 2018 and were evaluat-
ed for suspected injuries from manually operated high-rotation
cutting tools, such as electric chainsaws and grinders. Of the
9,244 individuals whose data were collected, 33 who were under
18 years of age, 342 with an unspecified area of injury, and 172
with missing data on the severity of the injury were excluded.
In total, 8,697 participants were included in the final analysis
(Fig. 1).

Participants were divided into two groups: patients who sus-
tained injuries from grinders and those injured by tools other
than grinders. The general characteristics of the participants were
collected, including age, sex, means of transportation to the hos-
pital, place of injury, activity during injury, time of injury, diag-
nostic results, and whether surgery was performed. The place of
injury was divided into industrial workplace, home, and miscel-
laneous, while the activity at the time of injury was divided into
working, nonworking, and miscellaneous. Considering different
work shifts, time of injury was divided into four time periods:
morning (06:00-11:59), afternoon (12:00-17:59), evening
(18:00-23:59), and night (00:00-05:59). The ED outcomes were
divided into discharge, transfer, admission to the general ward,
admission to the intensive care unit (ICU), death, and miscella-
neous. Subgroups were created within transfers based on the fol-
lowing: lack of rooms in the general ward, lack of rooms in the
ICU, inability to provide immediate emergency surgery or care,
transfer to tertiary hospitals for specialized emergency care,
transfer to primary and secondary medical institutions because
severity of the injury was low, transfer to specialized long-term
care facilities, personal requests, and miscellaneous. Up to 10 di-
agnoses were investigated per patient, with each assigned to one
of 10 categories based on the location of the injury: head, neck,
thorax, abdomen, upper arm, lower arm, hand, upper leg, lower
leg, and foot; with the addition of four subgroups of areas (the

9,244 EDIIS focused on high-rotation
cutting tool injury

547 Exclusions
33 Age <18 years
342 T code (unknown injured body part)
172 Patients with lack of ISS

‘ 8,697 Patients eligible for the study ‘
[

4,603 Grinder group ‘ 4,094 Nongrinder group ‘

Fig. 1. Selection process of participants recruited during 2011 to
2018. EDIIS, Emergency Department-based Injury In-depth Surveil-
lance; ISS, Injury Severity Score.
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head and neck, torso, upper limb, and lower limb) for compari-
son.

The Excessive Mortality Ratio-adjusted Injury Severity Score
(EMR-ISS) uses the S and T codes from the International Classi-
fication of Disease (ICD), and after rating the severity of each di-
agnosis on a scale of 1 to 5, the three highest-scoring codes, re-
gardless of the area of injury, are taken, squared, and then added
to produce a final score [6]. Major or severe trauma is most often
defined as a score of >16 when assessing severity. For the pur-
poses of this study, EMR-ISS scores of 1 to 8 were defined as mild
trauma, 9 to 15 as moderate trauma, and > 16 as severe trauma
[7,8]. Additional divisions of EMR-ISS scores (1-8 and >9) were
added to enable multivariate analysis of the severity of injury.
Calculating the Injury Severity Score (ISS) requires a detailed as-
sessment of the injury. There are many items that must be care-
fully evaluated by a specialized assessor. This study collected data
based on the EDIIS guidelines. The data were collected by an
emergency responder, not a clinician, who interviewed the pa-
tient, and the EMR-ISS inevitably used the emergency room di-
agnosis because evaluation data after hospitalization were not
available. The EMR-ISS is basically derived from the ICD, as is
the ICD-derived Injury Severity Score (ICISS). However, these
systems calculate specific values differently and, according to pre-
vious studies, the EMR-ISS demonstrated better calibration and
discrimination power for prediction of death than the ICISS in
most injury groups [6]. This study presented severity by utilizing
the EMR-ISS national data, as collected by the Korea Disease
Control and Prevention Agency.

For statistical analysis, the nominal variables of descriptive data
were described in numbers and percentages and univariate anal-
ysis was performed using the chi-square test. Multivariate logistic
regression analysis was used to compare severity, with the vari-
ables that showed a P-value <0.1 in the univariate analysis as in-
put variables. Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated and P < 0.05 was used as the threshold for
statistical significance. Statistical analysis was performed using
IBM SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA).

RESULTS

General characteristics and location of injury in
patients injured by high-rotation cutting tools

As shown in Tables 1 and 2, a total of 8,697 participants were in-
cluded in this study. Injuries from high-rotation cutting tools oc-
curred more often in male patients for both categories of injuries
(grinder injuries, 4,523 [98.3%]; nongrinder injuries, 3,955
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[96.6%]) than in female patients (grinder injuries, 80 [1.7%];
nongrinder injuries, 139 [3.4%]). In the grinder group, 1,502 in-
juries (32.6%) occurred in the morning, 2,360 (51.3%) in the af-
ternoon, 635 (13.8%) in the evening, and 106 (2.3%) at night. In
the nongrinder group, 1,319 injuries (32.2%) occurred in the
morning, 2,183 (53.3%) in the afternoon, 489 (11.9%) in the eve-
ning, and 103 (2.5%) at night. The number of patients injured
during work was 3,920 (85.2%) in the grinder group and 3,229
(78.9%) in the nongrinder group, with the rest having occurred
in activities outside of work. Similarly, the number of injuries at

Table 1. Characteristics of patients with injuries from cutting tools
(n=8,697)

No. of patients (%)

Characteristic Grinder Nongrinder P-value
(n=4,603) (n=4,094)
Sex <0.05
Male 4,523 (98.3) 3,955 (96.6)
Female 80 (1.7) 139 (3.4)
Time <0.05

Morning (06:00-11:59)
Afternoon (12:00-17:59)

1,502 (32.6) 1,319 (32.2)
2,360 (51.3) 2,183 (53.3)

Evening (18:00-23:59) 635(13.8) 489 (11.9)
Night (00:00-05:59) 106 (2.3) 103 (2.5)

Place <0.05
Workplace 3,553 (77.2) 2,575 (62.9)

Home 538 (11.7) 554 (13.5)
Etc. 512 (11.1) 965 (23.6)

During work <0.05
Yes 3,920 (85.2) 3,229 (78.9)

No 679 (14.8) 845 (20.6)
Etc. 4(00)  20(0.5)

Results at emergency department <0.05
Discharge 3,196 (69.4) 2,292 (56.0)
Transfer 408 (8.9) 564 (13.8)

ADM to ward 968 (21.0) 1,196 (29.2)
ADM to intensive care unit 26 (0.6) 36 (0.9)
Death 1(0.0) 3(0.0)
Etc. 4(0.0) 3(0.0)

Surgery <0.05
Yes 664 (14.4) 715 (17.5)

No 2,970 (64.5) 2,290 (55.9)
Etc. 969 (21.1) 1,089 (26.6)

Severity (EMR-ISS) <0.05
Mild (1-8) 2,995 (65.1) 3,186 (77.8)
Moderate (9-15) 1,512 (32.8) 817 (20.0)

Severe (16-75) 96 (2.1) 91 (2.2)

ADM, administration; EMR-ISS, Excessive Mortality Ratio-adjusted

Injury Severity Score.
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Table 2. Characteristics of injured body parts (n=38,697)

No. of patients

Characteristic Grinder Nongrinder P-value
(n=4,603) (n=4,094)
Body part” <0.05
Head 1,059 (23.0) 419 (10.2)
Neck 65 (1.4) 48 (1.2)
Chest 41 (0.9) 33(0.8)
Abdomen 76 (1.7) 33(0.8)
Upper arm 92 (2.0) 59 (1.4)
Lower arm 453 (9.8) 291 (7.1)
Hand 2,136 (46.4) 2,623 (64.0)
Upper leg 168 (3.6) 117 2.9)
Lower leg 545 (11.8) 466 (11.4)
Foot 209 (4.5) 173 (4.2)
Four parts of body <0.05
Head and neck 1,113 (24.2) 454 (11.0)
Torso 117 (2.5) 61 (1.5)
Upper limb 2,625 (57.0) 2,908 (71.0)
Lower limb 895 (19.4) 740 (18.1)
Damaged parts <0.05
Single part 3,657 (79.4) 3,251 (79.4)
Multiple parts 946 (20.6) 843 (20.6)

“There are duplicate values.

industrial workplaces was 3,553 (77.2%) in the grinder group and
2,575 (62.9%) in the nongrinder group. The most frequently in-
jured body parts in the grinder group were 2,136 hands (46.4%),
1,059 heads (23.0%), 545 lower legs (11.8%), and 453 lower arms
(9.8%). Concurrently, the nongrinder group had injuries to 2,623
hands (64.0%), 466 lower legs (11.4%), 419 heads (10.2%), and
291 lower arms (7.1%). Assessment of the distribution of injuries
according to the four higher-level divisions showed that the
grinder group had 1,113 injuries (24.2%) in the head and neck,
117 (92.5%) in the torso, 2,625 (57.0%) in the upper limbs, and
895 (19.4%) in the lower limbs, while the nongrinder group had
454 injuries (11.0%) in the head and neck, 61 (1.5%) in the torso,
2,908 (71.0%) in the upper limbs, and 740 (18.1%) in the lower
limbs. Isolated injuries (i.e., injuries focused in only one of the
four divisions) totaled 3,657 (79.4%) in the grinder group and
3,251 (79.4%) in the nongrinder group, while multiple injuries
(affecting two or more parts) totaled 946 (20.6%) in the grinder
group and 843 (20.6%) in the nongrinder group. Among the
patients with available surgical records, 14.4% of the grinder
group and 17.5% of the nongrinder group underwent surgery.
The outcomes in the grinder group were 3,196 discharge
(69.4%), 968 admission to the general ward (21.0%), and 408
transfer (8.9%). The outcomes in the nongrinder group similar-
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ly included 3,229 discharge (56.0%), admission to the 1,196
general ward (29.2%), and 564 transfer (13.8%). In the grinder
group, mild trauma was found in 2,995 patients (65.1%), mod-
erate trauma in 1,512 (32.8%), and severe trauma in 96 (2.1%).
Meanwhile, in the nongrinder group, mild trauma was found in
3,186 patients (77.8%), moderate trauma in 817 (20.0%), and
severe trauma in 91 (2.2%). The average age was 50.0 years old
in the grinder group and 52.7 years old in the nongrinder group.

Univariate analysis was conducted to compare the severity of
injury between the two groups based on EMR-ISS scores: <9,
mild severity; and >9, moderate to severe severity. Age, sex, ac-
tivity during the injury, place of injury, and use of grinders were
used to analyze the collected variables. The results indicated dif-
ferences in severity depending on age, sex, activity during injury,
and usage of a grinder.

Risk factors associated with EMR-ISS scores

As presented in Table 3, the risk for a severe injury (using an
EMR-ISS score of 9 as the standard) was compared using logistic
regression analysis. Sex, age, grinder usage, and activity during
the injury were analyzed. In all patients, higher risk was associat-
ed with multiple injuries (two or more injured body parts), older
age (OR, 1.027; 95% CI, 1.018-1.036) and grinder usage (OR,
1.998; 95% CI, 1.639-2.437). In patients with head and neck inju-
ries, the risk increased with age (OR, 1.027; 95% CI, 1.012-1.043)
but decreased with grinder usage (OR, 0.481; 95% CI, 0.297-
0.781). The risk of a severe torso injury increased with age (OR,
1.096; 95% CI, 1.023-1.176). Patients with arm injuries had an
increased risk of a severe injury with age (OR, 1.015; 95% CI,
1.004-1.027) and grinder use (OR, 1.60; 95% CI, 1.40-1.83). In
patients with leg injuries, a lower risk for a severe injury was
found if the injury occurred during work (OR, 0.481; 95% CI,
0.297-0.781).

DISCUSSION

This study aimed to provide a foundation for the establishment
of injury prevention strategies by conducting an analysis of pa-
tients with injuries sustained from high-rotation cutting tools.
Previous international studies on injuries caused by grinders
have been limited to case studies focusing on head and neck inju-
ries alone [9]. They described the characteristics of the tools
causing the injury (type, size and rotation speed of the saw blade,
facial area hit by the blade, and the distance between the patient
and machine) and emphasized the need to prevent injuries
through education on proper usage of the tools [10]. Other case
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Table 3. Risk factors associated with Excessive Mortality Ratio-adjusted
Injury Severity Score

Variable (ﬁfgﬁ;ﬁ) 95%51:?;5;11&% P-value
Total group
Male sex 1.263 0.905-1.763 0.170
Age 1.024 1.020-1.028 <0.001
Grinder 2.073 1.877-2.290 <0.001
During work 0.788 0.653-0.951 0.013
Head and neck
Male sex 1.923 0.526-7.035 0.323
Age 1.027 1.012-1.043  <0.001
Grinder 0.481 0.297-0.781 0.003
During work 1172 0.553-2.488 0.679
Torso
Male sex NA NA 1.000
Age 1.096 1.023-1.176 0.010
Grinder 5.535 1.128-25.153 0.027
During work 0.250 0.026-2.424 0.232
Arm
Male sex 1.330 0.529-3.343 0.544
Age 1.015 1.004-1.027 0.006
Grinder 1.775 1.327-2.320 <0.001
During work 1.071 0.622-1.846 0.804
Leg
Male sex 1.086 0.327-3.605 0.892
Age 1.010 0.998-1.021 0.100
Grinder 1.002 0.753-1.333 0.991
During work 0.471 0.270-0.824 0.008
Multiple injury
Male sex 1.019 0.534-1.947 0.954
Age 1.027 1.018-1.036 <0.001
Grinder 1.998 1.639-2.437 <0.001
During work 0.935 0.645-1.355 0.722

NA, not assessed.

studies illustrated the management and treatment of injuries re-
sulting from the use of angle grinders [11]. The objective risks as-
sociated with grinders have not been statistically measured due
to the lack of statistical data and the limitations of measuring se-
vere injuries. Therefore, previous studies did not deal with the
relative risk of the grinder, but simply described its safe use and
the treatment of grinder injuries.

Among the limited number of previous Korean studies, a case
report on disorders of peripheral blood vessels and the peripheral
nervous system of the hands and fingers caused by the use of vi-
brating tools such as grinders was published in the Journal of the
Korean Society of Occupational and Environmental Medicine
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[12]. Another study by the Korean Society of Manufacturing
Process Engineers investigated grinder tools capable of angle ad-
justment [13]. Thus, our current study emphasized the signifi-
cance of evaluating the risks associated with the use of high-rota-
tion cutting tools in Korea.

There was a higher occurrence of head injuries in the grinder
group than in the nongrinder group, likely due to head injuries
resulting from kickback by grinders. Grinders are prone to pro-
duce more kickback than other high-rotation cutting tools. To
date, research has been conducted on the safety features of other
high-rotation cutting tools such as rotary saws or chainsaws (e.g.,
saw stops that program machines to stop upon detection of con-
ductive materials such as fingers near the vicinity of the saw
blade); however, no protective function has been applied to
grinders. Despite reported incidents, the lack of legal mandates
on safety equipment for grinders, such as protective covers that
reduce kickback, is concerning. In contrast, regulations have
been placed on other high-rotation cutting tools, consequently
contributing to the higher incidence of kickback injuries in
grinder use. Nonetheless, regulations on grinders are still over-
looked in occupational safety and health standards.

Risk increased with age in patients with multiple injuries (i.e.,
in more than two areas), as well as for patients with torso or arm
injuries. While previous research has attributed a decrease in
workplace performance to decreasing physical abilities [14,15],
this study found the difference in risk related to age was small
and statistically insignificant.

Despite the initial assumption that a higher proportion of head
and neck injuries in the grinder group would indicate higher se-
verity than in the nongrinder group, the former had less severe
head and neck injuries. The higher number of head and neck in-
juries observed in the grinder group raises concerns about sur-
vival bias. Severe head and neck injuries often result in death at
the scene before the patient can be transported to the ED and re-
suscitated, despite the prehospital communication between res-
cue services personnel and the medical team. This would result
in patients with injuries severe enough to cause death being ex-
cluded from the EDIIS, which would lower the severity of inju-
ries in the grinder group. It is also possible that the severity could
be lowered during the EMR-ISS scoring process. Head and neck
injuries are not given higher severity scores than other injuries in
the EMR-ISS, as the scale does not incorporate the area of injury
in its assessment and depends solely on the severity of the injury
itself: 1, minor injury; 2, moderate injury; 3, serious injury; 4, se-
vere injury; 5, critical injury; and 6, maximal/untreatable injury.
The EMR-ISS also has a limited ability to evaluate the severity of
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puncture wounds which can be caused by kickback injuries [8].
A final possibility is that grinder injuries may indeed have lower
severity because grinders are powered by batteries rather than the
high voltage alternating current used by other high-rotation cut-
ting tools, resulting in a comparatively lower cutting speed and
strength.

There were several limitations to this study. First, the data used
were collected from only 23 hospitals, not from all institutions in
Korea, making it difficult to generalize the results as representa-
tive of all Korean patients injured by high-rotation cutting tools.
Second, there was potential for sampling bias in the comparison
of grinder and nongrinder groups, since the use of protective
equipment that lowered the likelihood of injuries produced a
unique personal characteristic that was not accounted for in this
study. Third, the retrospective design prevented the analysis of
data missing from the EDIIS. In particular, there were missing
data on protective equipment (because it was optional) and on
whether the safety and health training for the use of the tool was
completed. Another limitation was the possible removal of a part
of the diagnostic T-code that represents injuries to unspecified
body parts, causing errors in the total number of multiple inju-
ries. Fourth, it was not possible to objectively account for the risk
associated with each tool, making it difficult to compare injury
severity with usage risk, which would have been useful in ana-
lyzing the high frequency and low severity observed for head
and neck injuries in the grinder group. Finally, a limitation of
the EMR-ISS is that it lacks an appropriate stratification for inju-
ries in the same body part. For example, even if two or more in-
juries occur in the same area of the body, there is a problem that
only one injury is applied to the severity calculation. In severe
trauma cases, the EMR-ISS does not measure the severity of in-
jury as well as the ISS, which can evaluate the depth of injury,
the extent of injury, and the functional deficits resulting from
the injury. However, in this study, there were few patients who
could be classified as having severe trauma, so we would expect
little difference in our results if the ISS had been used for evalua-
tion. In the case of grinders and rotary cutting tools, most of the
injuries that would have been considered as severe trauma were
likely to have caused death at the scene of an accident or during
transport.

In conclusion, injuries from grinders were more likely to affect
the head and neck than nongrinder injuries, despite their lower
severity. The current lack of regulations on grinders in occupa-
tional safety and health standards warrants relevant legislation
and the development of applicable safety equipment.
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