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Abstract

Objective: Hand injuries lead to high morbidity rate, and long-term labor loss due to their functional significance, and
tendon injuries occur in more than 50% of patients even with small lacerations. We aimed to evaluate the characteristics
and the emergency department cost of tendon lacerations of hand injuries.

Methods: The study's data were obtained retrospectively by digital scanning of the files of patients admitted to the ED
with an isolated hand injury from June 2014 to June 2016. The characteristics of patients and the emergency department
costs from billing information were recorded and analyzed.

Results: A total of 132 patients included. The mean age of the patients was 33.32+13.03 years, and 83.3% were male. The
vast majority of injuries occurred at home (64.4%), more than half of the injuries were caused by puncture-cutting tools
(54.5%), and the most injured location was the flexor area (56.8%). The mean of the number of injured tendons were
2.50+2.26 tendons. The average cost of tendon injuries was 1.065,34+828,90 TL, and the flexor tendon injuries had the
highest cost average.

Conclusion: Tendon injuries affect especially the young adult male population. The ED expenses of tendon injuries are
high enough to mind and even more evident when further hospital beds and following physical therapy costs and the
costs related to the labor loss were added.
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El Tendon Yaralanmalarinin Ozellikleri ve Acil Servis Maliyeti
0z
Amag: El yaralanmalari fonksiyonel 6zelliklerinden dolay1 yliksek oranda morbiditeye ve uzun siireli is giicii kaybina

neden olur. Tendon yaralanmalari bu hastalarin %50’sinde kii¢lik kesilerde bile meydana gelir. Tendon yaralanmalarinin
karakteristik 6zellikleri ve acil servis maliyetlerini analiz etmeyi amagladik.

Yontemler: Bu calisma izole el yaralanmasi ile Haziran 2014 ile Haziran 2016 tarihleri arasinda acil servise basvuran
hastalarin dosyalarinin geriye doniik taranmasi ile gergeklestirildi. Hastalarin ve tendon yaralanmalarinin karakteristik
ozellikleri ve faturalarindan acil servis maliyetleri kayit ve analiz edildi.

Bulgular: Toplam 132 hasta dahil edildi. Hastalarin yas ortalamalar1 33.32+13.03 y1l ve %83.311 erkekti. Yaralanmalarin
biiyiik cogunlugu evde (%64.4) meydana gelmisti ve yaralanmalarin yarisindan fazlasinin nedeni kesici-deli aletler idi
(%54.5). En sik yarlanma fleksor yiizde (%56.8) idi. Yaralanan tendon sayisi ortalamasi 2.50+2.26 tendon idi. Tendon
yaralanmalarinin ortalama acil servis maliyeti 1.065,34+828,90 TL ve fleksor tendon yaralanmalari en yiiksek maliyete
sahipti.

Sonug¢: Tendon yaralanmalari 6zellikle geng eriskin erkekleri etkiler. Tendon yaralanmalarinin acil servis maliyetleri
yeterince yiiksektir ve buna yatak ticreti, fizik tedavi maliyeti ve is giicii kaybinin maliyeti eklendiginde daha belirgin hale

gelir.

Anahtar kelimeler: El, tendon yaralanmalari, maliyet, acil servis.

INTRODUCTION

Hands are one of the most important organs that
help to perform activities of daily living and are also
the most active and the most injured part of the
upper limbl. Hand injuries account for 6.6% to
28.6% of all bodily injuries and 28% of skeletal
muscle system2. Hand injuries lead to high
morbidity rates and long-term labor loss due to their
functional significances3.

Tendon injuries, in general, are relatively common,
affecting up to 1 in 2000 people each year, with
injuries specific to the hand and wrist occurring in
up to 1 in 2700 people each year+s. Of all hand
injuries, tendon injuries occur in more than 50% of
patients with small lacerations and over 90% in
those with a deep injury after a small laceration6.
Even minor lacerations to the hand may involve the
tendons resulting in some level of disability and a
concomitant socio-economic impact’. Collecting,
analyzing, and taking necessary security,
equipment, and training measures of data belonging
to injuries that cause this level of labor loss and cost
in society is extremely importants.

We aimed to analyze the characteristics and
emergency department (ED) cost of patients with

tendon injuries, who applied to the emergency
department with an isolated hand injury and to
show the tip of the iceberg.

METHOD

It was approved by the decision of Istanbul
University Cerrahpasa Faculty of Medicine Ethics
Committee No. 39354. Data of the were study
obtained by retrospective digital scanning of the
files of patients who applied to the ED of a university
hospital from June 2014 to June 2016 after the
ethical committee approval. Patients with hand
injuries, including tendon injuries, treated in and
discharged from the emergency department, were
included in the study. Patients with superficial
injuries, without tendon injuries, admitted to other
services, and with multiple injuries were excluded
because they would affect cost analysis. The
patients' ED expenses included examination cost,
laboratory cost, imaging cost, and medical
intervention costs performed in the ED, such as drug
infusion, intravenous access, dressing, and tendon
repair. Age, gender, etiology of injury, location of the
injury, injured zones, and the number of damaged
tendons recorded. Accompanying injuries such as
none, nerve, bone, and vessel divided into groups
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recorded and analyzed. The emergency department
expense of the patients was obtained from billing as
Turkish Lira (TL).

Statistical Analysis

SPSS 24 for Windows statistical software was used.
Kolmogorov-Smirnov test was used to check for
normal distribution of study variables. Descriptive
statistical methods were wused to analyze
demographic and clinic data. Independent Samples
T-test was used to a comparison of two groups, and
a One-way ANOVA test was used to the comparison
of multiple groups with a normal distribution.
Mann-Whitney U test was used to a comparison of
two groups, and the Kruskal-Wallis test was used to
a comparison of multiple groups that did not fit the
normal distribution. P value <0.05 was considered
as statistically significant.

RESULTS

A total of 132 patients with tendon injuries who
underwent followed-up, treated in, and discharged
from the ED were included in the study. The mean
age of the patients was 33.32+13.03 years, and
83.3% were male. The right hand was injured in
56.1% of patients. The mean age of male patients
was 33.84+12.86 years, and the mean age of female
patients was 30.72+13.87 years (p=0.308).

The vast majority of injuries occurred at home
(64.4%), at the workplace (18.9%), and on the street
(15.2%). Injuries occurred more common at home
(n=65, 59.1%), at workplace (n=24, 21.8%), and on
the street (n=19, 17.3%) in male population, while
injuries occurred more common at home (n=20,
90.6%) in female population. More than half of the
injuries were caused by puncture-cutting tools
(54.5%). Other common causes of injury were glass
cut (20.5%), press machine (7.6%), and spiral
machine (6.1%). The puncture-cutting tools (n=54,
49.1%), glass cut (n=24, 21.8%), press machine
(n=9, 8.2%), and spiral machine (n=8, 7.3%) were
more common causes in male population however,
puncture-cutting tools (n=18, 81.8%) and glass cut
(n=3, 13.6%) were more common causes in female
population. The flexor area (56.8%) was the most
injured area in total and in both populations. The
extensor zone (39.4%) was in second place, and
both zones (3.8%) were in third place. The flexor
area had the highest cost average (Table 1).
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Table I: Characteristics and ED cost averages of patients

Gender n % Cost in TL, (meanzSD) p
Male 110 83.3 857,19+868,60
0.113
Female 22 16.7 810,14+660,70
Hand
Right 74 56.1 903,60+919,11
0.382
Left 58 439 780,17+698,96
Location
Home 85 64.4 863,38+832,46
Workplace 25 189 921,85+987,51
0.666
Street 20 15.2 761,86+618,87
School 2 1.2 220,50+147,78
Etiology
Puncture-
cutting tool| 72 54.5 684,64+612,36
injuries
Glass cut 27 20.5 883,47+1.057,57
Press
machine 10 7.6 1.098,18+1.040,18
injuries
Spiral
8 6.1 749,59+877,28 0.757
machine cut
Saw cut 5 3.8 1.129,96+1.274,36
Door crush 5 3.8 1347,98+1.130,36
Pedestrian
3 2.3 1.035,00+884,37
accident
Animal bite 1 0.8 382,96
Firearm
1 0.8 1.248,98
injuries
Injured areas
Flexor 75 56.8 1.332,184912,45
<0.001*
Extansor 52 39.4 458,82+474,40
Both 5 3.8 1.070,38+977,76
Total 132 100 849,34+ 28,90

*: Significant difference only between flexor and extansor area
g Ly

More than half of the injuries were seen in the third,
fourth, and fifth decade. Injuries in male gender
were more common in third (n=31, 28.2%) and fifth
(n=27, 24.5%) decade however, injuries in female
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gender were more common in third (n=9, 40.9%)
and fifth (n=5, 22.7%) decade. Puncture-cutting tool
injury was the most common cause in all decades
(Table 2).

Table II: Characteristics of patients according to decades
of age.

0-9 10-19 | 20-29 | 30-39 | 40-49 | 50-59 | 60-69
Total
n=4 n=15 | n=40 | n=27 | n=32 | n=12 | n=2
Gender
Male 3 12 31 25 27 10 2 110
Female 1 3 9 2 5 2 - 22
Location
Home 4 11 27 14 20 8 1 85
Workplace - - 4 7 10 3 1 25
Street - 2 9 6 2 1 - 20
School - 2 - - - - - 2
Etiology
Puncture-cutting
3 8 26 12 15 7 1 72
tool injuries
Glass cut - 5 9 7 4 2 27
Press machine
2 3 5 10
injuries
Spiral  machine
1 4 2 1 8
cut
Saw cut - 3 1 1 - 5
Door crush 1 1 2 1 - - 5
Pedestrian
1 2 3
accident
Animal bite - 1 - - - - - 1
Firearm injuries - - - 1 - - - 1

The flexor zone 5 injuries were seen in 18.2% of
patients thereafter, flexor zone 2 and extensor
zone 6 injuries were seen in 16.2% and 13.6%
of patients (Table 3).

Table III: The number of injured tendons in zones

Zone n %
Flexor

1 5 3.2
2 25 16.2
3 13 8.4
4 8 5.2
5 28 18.2
T1 1 0.6
T2 6 3.9
T3 1 0.6
Extansor

1 7 4.5
2 9 5.8
3 3 1.9
4 4 2.6
5 11 7.1
6 21 13.6
7 7 4.5
8 3 1.9
T2 1 0.6
T4 1 0.6
Total 154* 100

*: More than one injured zone were present in some patients

The mean of the number of injured tendons was
2.50%+2.26 tendons (minimum 1- maximum 13). The
mean of the number of injured tendons was
2.61+2.34 tendons in the male population, while
1.95+1.78 tendons in the female population
(p=0.212). One, two, and three tendon injuries were
seen in 42.4% (n=56), 26.5% (n=35), 12.9% (n=17)
of patients, respectively. The mean of the number of
injured tendons in the flexor area was 2.57+2.46
tendons, in the extensor area was 2.32+2.03
tendons, and in both areas was 3.4+1.34 tendons.

There were no additional injuries found in 38.6%
(n=51) of patients. It was also more common injury
types in both populations. Nerve injuries were seen
in 31.8% (n=42) of patients as an accompanying
injury (Table 4). It was also more common an
accompanying injury in both populations.
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Table IV: Frequency and ED cost averages of the
accompanying injuries

Accompanying Costin TL,
Group n % p
injuries (mean+SD)
1 Nob-cef 51 38.6 | 364,86+437,65
2 Nerveac 42 31.8 | 869,25£609,26
3 Nerve+Vesselabd 17 129 |2.141,10+922,28
<0.001
4 Bonec 14 10.6 | 760,89+726,51
5 Nerve+Bone2 5 3.8 1.305,79+832,64
6 Nerve+Bone+Vessel2 2 1.5 1.320,98+93,31
7 Vessel 1 0.8 774,00
Total 132 100 | 849,34+828,90

a: Cost difference with group 1, b: Cost difference with group 2, c: Cost
difference with group 3, d: Cost difference with group 4, e; Cost difference
with group 5, f: Cost difference with group 6

DISCUSSION

Hands are the most frequently used organs in
daily life. Also, injuries of hands are frequent,
and tendon injuries saw most of them even in
small lacerations. The rate and cost of hands and
tendon injuries are increasing day by day in
connection with growing industrialization,
developing science and technology with the
increased use of machinery and tools, and the
lack of attention due to workload density and
economic stress1.27.

Tendon injuries affect especially the male
population. The proportion of the male
population with tendon injuries was reported
from 70% to 91%, and the female population
was reported from 8% to 30%3°. Also, the
impact of hand injuries accordingly tendon
injuries, particularly on the young adult
population, leads to significant job loss, as
tendon injuries affect the young population,
especially in second and third decades-10.11, [n
our study, male populations were dominant,
and most were young adults in our study, like in
literature.
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The majority of places where hand injuries
occur are the home and workplace, agricultural
areas, and streets. Oates et al.12 reported that
45.4% in home, 16.2% in sports, 6.6% in
schools, Trybus et al.2 reported that 45.29% in
home, 19.68% in the workplace, 12.26% in
agriculture areas, 9.6% in the street, and
Gideroglu et al.ll reported that 36.06% in the
workplace, 25.4% in agricultural areas, and
20.98% in home. In our study, while the home
was in first place with 64.4%, the workplace
was 18.9%, and the street was 15.2%. The high
level of the home and street accidents in our
work can be explained by the fact that our
hospital is in the residential area.

The etiologies of hand injuries are different
according to the places and countries. Ahmad et
al.13 found that 39% with glass, 20.8% with a
blade, and 10.8% chainsaw, Shrihari V14 found
that 66.74% crush injury, 18.4% incision,
10.85% puncture and 4.29% avulsion, Sakrak et
al.3 found that 32.6% with puncture-cutting
tools, 8.5% with glass, 7% with the press
machine, 6.1% with an agricultural machine,
and 4% with a saw. In our study, the results
were compatible with literature with a high rate
of puncture-cutting tools. The most crucial
difference in the etiologies in our study was the
presence of the animal's bite in 1 case due to
uncontrolled street animals and door
compression in 5 cases.

The flexor or the extensor area has no distinct
superiority in hand injuries. In some studies, the
extensor area injuries were more frequent,
while the flexor area injuries were more
frequent in some studies.6215 In our study,
flexor area injuries were more frequent. In our
study, flexor zones 5 and 2 and extensor zone 6
injuries were more frequent than others. In
literature, flexor zones 2 and 5 injuries were
reported as the most frequently injured zone.
Zones 3 and 6 were reported as the most
frequently injured extensor tendon zones816-18,
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Gokhan et al.l1® determined the frequency of
isolated tendon injuries as %2.6, tendon-nerve
combination injuries as 3.9%, tendon-artery
combination injuries as 11%, tendon, artery,
and nerve combination injuries as 16%. Tuncali
et al.® determined the frequency of concomitant
injuries seen with tendon injuries as 10%.
Gideroglu et al.ll found the tendon-nerve
combination injury frequency as 43.6%, and
Keskin et all found it 11.3% and also
determined the rate of tendon-artery
combination injuries as 4.54%. Unlii et al.20 and
Altan et al.?1 specified that the most frequently
injured tissues were tendons (30%, 27%, and
36%) in their series. In our study, tendon-nerve
combination injuries come in second after the
isolated tendon injuries. The reason behind this
distinction might be that our patient population
consisted of isolated hand injury cases.

A research conducted in the Netherlands
established the cost of hand injuries as $4,4
million per year. It found that $2,5 million of
that were hospital costs, and $1,9 million were
the cost related to the labor loss. Moreover, that
study determined the cost of hand and wrist
injuries as $740 million in total, $329 million of
that being hospital cost. The cost of hand and
wrist injuries per person was established at
$1.23522, Rosberg et al.23 found that the cost of
wrist injuries happened in the workplace
environment (€22.795) was more than the cost
of wrist injuries occurred at home (€15.032)
and the cost of complicated injuries (€21.815)
was much more than the cost of isolated nerve
injuries (€6.562). Trybus et al.2 established the
total cost average of wrist injuries as $6.266,76;
$246,96 of that (4%) being direct cost and
$5.915,80 of that (96%) being indirect cost.
Rosberg et al.2# determined the average direct
cost of hand injuries as €5.255 and the average
indirect cost of them as €10.076 in another
study that was conducted in Sweden.

In our study, the total emergency department
cost of patients was 112.116,99 TL and 811,26

TL per patient. The average cost of workplace
injuries was 921,85 TL and higher than the
others, in line with the recent literature but
lacking a statistically significant difference.
Similarly, the cost of complicated injuries was
higher than isolated tendon injuries. The
average cost in our study was lower than in
other studies. The reason behind that can be
explained like this; we only took emergency
room cost into account, and our health cost as a
country is generally lower than other countries.

Our patient population is relatively small
because it has only consisted of tendon injury
cases. Furthermore, we only took ED costs into
account and not the further hospital bed costs,
following physical therapy costs, and the costs
related to the labor loss.

As a result, hand injuries affect the young adult
male population, compose 6.6-21% of all bodily
injuries and also compose 10% of all the ED
admissions. However, the ED cost of these
injuries is high enough to mind. It is even more
evident when further hospital bed costs,
following physical therapy costs, and the costs
related to the labor loss are added.
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