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Abstract

Introduction Upper limb injuries sustained by children and adults with electric meat grinders in motion are
mutilating. These injuries may lead to physical disability and severe psychological consequences not only
for the injured subjects, but also for their family members.

Aim Based on current medical literature, to analyze the issues of incidence, etiopathogenesis, clinical
symptoms, surgical treatment, rehabilitation, prevention of injuries to the upper limbs sustained with electric
meat grinders and to illustrate the material with authors’ own clinical cases.

Material and methods The search for scientific publications was carried out in the electronic databases
and libraries PubMed, eLibrary.ru, CyberLeninka. The search depth was 47 years. In total, 49 scientific articles
were analyzed and studied: 9 domestic sources (18.36 %) and 40 foreign ones (81.64 %).

Results and discussion Epidemiological data show that the incidence of injuries sustained by individuals
while contacting with electric meat grinders in motion is 1.4 % to 11.1 % of open injuries to the upper limbs,.
The main cause of this type of injury in children is the lack of control by adults, and in adults it is failure
to comply with safety measures. The main mechanisms of trauma are traction and rotation. The right hand is
most ofteninjured,namelyits fingersII, [ITand IV.Injuries are characterized by traumatic amputations, ruptures
and crushing of hand segments. The most important goals of surgical treatment is excision of non-viable
tissue, arrest of bleeding, shaping stumps of finger phalanges and metacarpal bones and / or osteosynthesis
of broken bones, suturing of vessels and nerves, the maximum possible closure of the soft tissue wound
with preserved skin flaps. As preventive measures, it is proposed to inform the population on safety measures
by operating electric meat grinders. There should be careful supervision by adults over young children if they
are in places where food is prepared. Services of professional butchers are highly recommended.

Conclusion Based on data from 49 scientific articles, information was obtained on the frequency of occurrence,
causes, mechanisms, clinical features, surgical treatment, rehabilitation and prevention of severe hand injuries
sustained by individuals contacting with operation electric meat grinders.
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INTRODUCTION

Injuries to the upper limbs caused by contact with operating electric meat grinders are
mutilating [1, 2]. These injuries may lead to disability due to the loss of fingers or the entire
hand [3, 4]. The relevance of the problem is also due to the fact that mutilating hand injuries have
extremely severe psychological consequences not only for the injured individual but also for his/her
family members [5].

Purpose Based on current medical literature, to analyze the issues of incidence, etiopathogenesis,
clinical symptoms, surgical treatment, rehabilitation, prevention of injuries to the upper limbs
sustained while contacting with electric meat grinders and to illustrate the material with authors’
own clinical cases.

MATERIALS AND METHODS

The search for publications on the problem of upper limb injuries caused by operating electric meat
grinders was carried out in the electronic databases and libraries PubMed, eLibrary.ru, CyberLeninka.
The search depth was 47 years.

The search for literature sources was conducted using the following keywords: crippling injuries
of upper limbs, working electric meat grinders.

The study used the following criteria for inclusion of scientific publications in the literature review:
systematic reviews devoted to open hand injuries, monocentric cohort studies and clinical cases
describing the treatment tactics and treatment outcomes of patients who sustained upper limb
injuries with working electric meat grinders. A total of 49 scientific articles were analyzed, reflecting
the most pressing issues and aspects of the topic under study: 9 domestic literary sources (18.36 %)
and 40 foreign ones (81.64 %).

RESULTS AND DISCUSSION

There are few scientific articles in current medical literature devoted to injuries to the upper
limbs caused with electric meat grinders. Suffice it to say that a group of Uzbek authors in their
scientific work published in 2017 reported that they were unable to find publications devoted
to this topic in current scientific information search systems [6]. At the same time, there are a large
number of reports in electronic media in various countries about cases of hand injuries sustained
with electric meat grinders in children and adults. Thus, in 2013 alone, the Occupational Safety
and Health Administration in the United States officially recorded more than 4,000 cases of this
type of injury [7].

The relevance of the topic under discussion is evidenced by the fact that to date the incidence of upper
limb injuries caused by electric meat grinders in the structure of open hand injuries is not reliably
known. It can be judged from indirect data provided in publications. Thus, Russian authors inform
readers that among 70 children with open fractures and wounds of the hand, 1.4 % of the injured
were contacting with working electric meat grinders [8]. According to Greek authors, 7 % of children
under four years of age sustained severe hand injuries while contacting with various machines
and tools [9]. A group of Chinese surgeons reports that in 11.1 % of cases, purulent tenosynovitis
of the hand and forearm in the patients they examined was caused by injuries sustained during
careless handling of electric meat grinders [10].

Table 1 presents information about scientific publications in which the authors describe their
experience in providing medical care to patients with upper limb injuries resulting from contact
with working electric meat grinders.
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Table 1

Scientific publications on injuries of the upper limbs in children and adults sustained while contacting
with electric meat grinders

‘o Authors and reference Ch%téi:rt:tatlve characteristics by patlentsal gglet .
list number
Number of case | Mean age, months | Number of case | Mean age, years

1.|Al-Arabi et al. [11] 22 21

2. | Ibrahim et al. [12] 1 24

3. Ezhov et al. [13] 1 33

4. | Novruzov et al. [6] 13 29

5.| Cardoso et al. [14] 20 - 5 -
6. Kassa [2] 2 36 1 24
7.|Yaldiran et al. [15] 13 - 49 -
8.|Duman [16] 22 132 42 42
9.| Al-Hassani et al. [17] 1 23
10, Brandner et al. [18] 3 37
11, Gearing et al. [19] 2 35
12.| Green et al. [20] 1 45
13, Kinoschito et al. [21] 1 39
14. Lubis [22] 3 24
15. Patial et al. [23] 2 25
16. Maajiid et al. [24] 1 29
Total 94 111

As follows from the information in the table, four articles are devoted to the description
of injuries only among children [6, 12, 13, 21], four publications describe injuries in children
and adults [2, 14, 15, 16] and eight scientific papers characterize limb wounds, treatment tactics
and treatment outcomes in patients over 18 years of age [17-24]. In total, the authors of scientific
articles describe clinical cases of 94 children of average age (39 * 6) months and 111 adults
of average age (32 * 1.8) years.

The main cause of injuries to small children is their curiosity and interest when, without adult
supervision, they put their fingers into the mouth of a working electric meat grinder [12, 18].
Teenagers, as a rule, injure their hands when they use their fingers instead of a special device
(pusher) to push pieces of meat onto a rotating auger [15]. Injuries to adult patients are mainly
associated with violations of safety precautions in the food industry and at home [7, 25, 26].
Thus, Iranian authors report 49 typical errors they have uncovered, caused by personal, managerial
and organizational factors that can lead to severe injuries to the hands of the personnel working
with electric meat grinders [27].

The right hand is mostly injured [17, 22, 28], since the right hand is dominant in most people
and, therefore, involved in most functions [2, 29]. However, there are frequent cases when the left
upper limb is also injured [30, 31].

All injured patients are delivered to medical institutions with their hands trapped in electric meat
grinders [6]. The authors of almost all the scientific articles named in Table 1 provide illustrations
of the patients before removing their injured hands from the electric meat grinders.

The first and most important stage of providing medical care to such patients is adequate pain
relief, which allows not only to alleviate the suffering but also to begin the fastest possible removal
of the hand from electrical devices [21]. Most authors use the experience of special services for these
purposes, often calling them directly to the operating rooms. Thus, Al-Hassani et al. involved
the regional civil defense service of Qatar removal [17]; Gearing et al. called the fire brigade
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of the Australian city in which they worked [19]; Turkish doctors invited a rescue team with a special
circular saw [12]; Indian surgeons used a welding machine to cut a meat grinder and to free a trapped
hand [23]. Domestic surgeons involved specialists from the Ministry of Emergency Situations, who
own special power equipment to free the hand of a girl, aged 2 years 9 months, trapped in an electric
meat grinder [13]. While providing emergency medical care to 13 children with their hands trapped
in electric meat grinders, a group of traumatologists from Uzbekistan used household electric saws
of the "Bulgarian” type in 8 (61.5 %) cases, and a manual reverse (reverse unscrewing) technique
with an adjustable wrench in 5 (38.5 %) cases [6]. Egyptian microsurgeons report a higher number
of using the reverse unscrewing technique. Thus, Abdelmegeed et al. state that this technique was
effective in 80 % (n = 4) of cases, and only one teenager required the use of a circular saw [32].

The same manual reverse technique was effective in freeing the trapped hands of two children and one
adult reparted by Kassa BG [2]. It was used in a single case and then described in a scientific article by
Green et al. [20]. Indonesian surgeons successfully used manual reverse method with an adjustable
wrench on three female meat-processing workers aged 23, 24, and 25 [22]. An unusual method
of freeing a hand trapped in an electric meat grinder was used by Indian doctors who delivered
a 29-year-old man from the hospital to a nearby auto repair shop, where auto mechanics were able
to remove the injured hand from the electric meat grinder. The decision was made after a medical
consultation and preliminary agreement with the auto repair shop workers. Patient’s transportation
and the process of cutting the electric meat grinder was carried out under adequate anesthetic
support and medical supervision [6, 24].

After the injured limbs are removed from the electric meat grinders, the severity of the injuries
should be assessed [33]. Based on the design and operating principle of the electric meat grinders,
it becomes clear that the main mechanisms that injure the hand are traction/rotation and grinding/
crushing [1, 25, 34]. Sharma et al. call such a combined impact of traumatic forces on the upper limb
"unique mechanism” [36]. Multidirectional and at the same time coordinated actions of damaging
forces lead to severe multiple contusions, crushing, smashing and ruptures of the skin, muscles,
ligaments, tendons, vessels and nerves of the limb trapped in the meat grinder, open multi-level
fractures of the phalanges of the fingers, metacarpal bones, wrist bones, and in some cases, the distal
metaphysis of the forearm bones [23, 34].

Matveev et al. in a scientific article devoted to open wounds of the hand cite more than 30 existing
and used in clinical practice classifications of these types of injuries [37]. In domestic traumatology,
the most used classification is that of Gromov et al., according to which the injuries resulting
from the action of working electric meat grinders should be classified as group V, traumatic
amputations (complete and incomplete), avulsions and crushing of fingers and other segments
of the hand [38].

The stages of surgical treatment of the injured include arrest of bleeding, excision of non-viable
tissue, wound sanitation, formation of stumps of the phalanges of the fingers and metacarpal bones
and/or osteosynthesis of broken bones, suturing of vessels and nerves, maximum possible “closure”
ofthe softtissuewoundwithintact or minimallyinjured simple or combined skinflaps[33,35].Surgical
treatment of the wound should be carried out sparingly in order to preserve the maximum possible
volume of the anatomical structures of the hand [13, 39]. Impaired blood circulation and innervation,
development of inflammation are the main causes of necrosis of those anatomical structures of the
hand that surgeons try to preserve during primary surgical treatment of wounds [14]. Immediately
after the formation of stumps, all injured patients are prescribed a course of antibacterial therapy.
As medications, cephalosporins of the 15-3" generations (ceftriaxone, cefazolin, cefuroxime,
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etc.) are used in age-related dosages [8]. In cases of particularly severe injuries to the upper limb,
patients are prescribed antimicrobial and antiprotozoal drugs. Thus, Navruzov et al. gave preference
to metronidazole, administered intravenously by drip for 6-7 days [6].

Being in contact with rotating electrical equipment, including meat grinders, the phalanges
of the fingers and metacarpal bones are the most frequently affected anatomical structures
of the hand [19, 40, 41, 42]. Analysis of literature sources shows that amputations at the level
of the phalanges of the fingers or disarticulations at the level of the interphalangeal,
metacarpophalangeal joints and proximally are performed frequently involving the 20, 3
and 4" digits [12, 17] (Fig. 1). The 5™ digit in combination with the listed fingers is less affected [2, 13].

Fig. 1 A crippling injury to the left upper limb in a 1.5-year-old child: a the child's left hand is in an electric meat
grinder; b an X-ray of the left hand, direct view; ¢ the child's left hand one year after the injury (authors’ case,
August 2022)

Duman,basedontheexperienceoftreating22 children
and 42 adults with open hand injuries resulting from
patients’ contact with electric meat grinders, reports
that in the children’s the incidence of disarticulations
at the level of the metacarpophalangeal and wrist
joints is statistically significantly higher compared
to the group of adult patients [16] (Fig. 2). However,
there are also cases of “high” amputation among
adult patients. Thus, Patial et al. describe a clinical
case of a 22-year-old man who underwent emergency
disarticulation at the level of the wrist joint.
He sustained a hand injury while grinding meat
in an electric meat grinder. The authors of the article

Fig. 2 Stump of the right forearm formed
particularly emphasized the fact that after the hand in a four-year-old child after a crippling

. injury resulting from trapping the hand
wound had healed, the patient refused a hand in a working electric meat grinder (authors’

prosthesis [23]. case, September 2023)

F. del Pinal formulated a goal, which, in his opinion, should be sought when providing assistance
to patients injured by an electric meat grinder. He named it "acceptable hand". The author describes
"a hand with three fingers, one of which is the first, the fingers are of almost normal length and retain
almost normal sensitivity." But the author does not report anything about the patients' requirements
for the functional state of the hand with amputated fingers [43]. However, most authors dealing
with the problem of hand injuries attach primary importance to the residual functional state
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of the injured limb [44, 45]. According to Chinese surgeons, Tsai et al., to achieve a satisfactory
functional state of the injured limb in pediatric patients, it is necessary to use aggressive treatment
methods, including early reconstruction and rehabilitation [46]. Sozbilen et al. are convinced
that the final treatment results in children with hand injuries are better than in adults with similar
severe injuries [47].

In some countries, mainly in the Muslim world, upper limb injuries resulting from contact
with working electric meat grinders have been and are currently considered a national health
problem [16, 48]. According to Yildiran et al., this is due to centuries-old traditions of sacrificing
domestic animals during holidays, and it is on these days that the incidence of various limb injuries,
including those caused by working electric meat grinders, increases [15].

As a preventive measure, it is necessary to inform better the population about the importance
of safety measures when working with electric meat grinders and to illustrate the consequences
of injuries, no matter how shocking they may be for the population [2, 19, 23]. Stronger supervision
of young children by adults in places where food is prepared [9, 49] and the invitation of professional
butchers at public holidays are also effective ways to prevent hand injuries caused by electric meat
grinders [15].

CONCLUSION

In pursuit of the goal set in this study, we analyzed 49 current scientific publications covering
the issues of incidence, etiopathogenesis, clinical symptoms, surgical treatment, rehabilitation
and prevention of hand injuries sustained by contact with operating electric meat grinders.
In the structure of open injuries of the upper limbs, these injuries accounts for 1.4 to 11.1 %
of cases. The 2™, 3 and 4™ digits of the right hand are mainly injured. The most important stages
of surgical treatment are arrest of bleeding, excision of non-viable tissues, formation of stumps
of the phalanges of the fingers and metacarpal bones and/or osteosynthesis of broken bones, suturing
of vessels and nerves, the maximum possible closure of the soft tissue wound with the available skin
flaps. As preventive measures, it is proposed to inform the population about safety precautions
when operating electric meat grinders, good supervision of young children by adults in places where
food is prepared, and invitation of professional butchers.
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