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ABSTRACT

Objectives: This study aims to evaluate the cost expenses and rehabilitation share of hand and/or wrist injuries and to contribute to the 
development of health and economic policies.
Patients and methods: A total of 59 patients (55 males, 4 females; mean age: 39.1±11.3 years; range, 20 to 64 years) who presented with hand 
and/or wrist injuries between January 2015 and December 2017 were retrospectively reviewed. Demographic data, hand injury information, 
and the Modified Hand Injury Severity Scores (MHISS) were retrieved from the patient file system. The cost analysis with direct and 
indirect costs was performed.
Results: According to the MHISS, 27.1% of patients had a minor injury, 23.7% had a moderate injury, 18.6% had a severe injury, and 30.5% 
had a major injury. The mean direct cost of the patients was $726.00±641.87 and the total cost of the indirect cost was $2,776.93±1,619.00. 
The mean day-off time was 125±68.62 days. Indirect costs accounted for 79% of the total cost. The mean cost of rehabilitation was 
$150.18±86.88. Rehabilitation costs accounted for 4% of the total cost. There was a positive correlation between the MHISS and direct, 
indirect and total cost, but not between the MHISS and rehabilitation cost.
Conclusion: The proportion of the share allocated to rehabilitation expenditures, which is the subunit of direct cost, is low and not related 
to the injury severity. The data obtained from the study contributed to the creation of evidence-based health and economic policies. We 
believe that these data also contribute to the planning of rehabilitation services according to the severity of injury which would improve 
the quality of life and return to work.
Keywords: Costs, cost analysis, hand injuries, rehabilitation.

Hand and wrist injuries are common in the 
community, accounting for 20% of all emergency 
department admissions.[1] It causes more cost than 
knee, hip and head trauma according to the intensity 
of injuries occurring each year.[2] Hand injuries are 
usually seen in males under the age of 40 years and 
usually occur due to work, home, traffic, hobby, and 
sports injuries.[3]

There is a wide range of hand and wrist injuries 
including simple soft tissue injuries, complicated 
wounds, tendon and nerve injuries, fractures, and 
amputations. Injuries can be mainly classified as 

minor, moderate, severe, and major according to their 
severity.[4] According to the severity of injury, some 
patients return to their former functions, while some 
others require a long-term rehabilitation and recovery. 
In some of these patients, disability may develop.[1]

Hand and/or wrist injuries are the injuries that 
have a high risk of causing morbidity, as they affect the 
functionality. In addition, the diagnosis of hand injuries 
can be overlooked in the emergency department and, 
thus, even minor injuries can lead to chronic problems 
and impair the function.[5] Injuries to the hands and 
forearms are the causes of serious economic problems 
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for both the individual and the society, leading to high 
costs and long-term sick leave.[6]

Due to the increasing health costs in recent years, 
economic analyses in the field of health have become 
increasingly important.[7] Cost of illness is the sum of 
direct, indirect, and intangible costs associated with 
the disease. Direct costs are medical costs (i.e., surgical 
treatment, inpatient treatment, drugs, laboratory, 
postoperative care, or rehabilitation services) and 
non-medical costs (such as transportation to medical 
facilities). Indirect costs are usually paid by the 
individual, family, community and employer, and are 
related to morbidity and mortality. Indirect costs are 
more difficult to calculate than direct costs. Intangible 
costs are non-monetary costs due to functional 
limitations, pain, psychological distress, and reduced 
social activities.[1]

In the literature, there is a limited number of 
studies examining the cost of hand and/or wrist 
injuries in which methodological differences are 
present. Previous studies have shown that the cost 
associated with long-term job losses is higher than 
health care costs.[8] Injuries to the upper extremity 
result in economic losses and cause more serious 
consequences, particularly in the industrial area.[9,10] 
Although the cost studies related to hand and/or wrist 
injuries are available in the literature, there is no 
study investigating the rehabilitation cost ratio. In the 
present study, we, therefore, aimed to evaluate the cost 
expenses and rehabilitation share of hand and/or wrist 
injuries and to contribute to the development of health 
and economic policies.

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at Eskişehir Osmangazi University, Faculty 
of Medicine, Department of Physical Medicine and 
Rehabilitation between January 2015 and December 
2017. A total of 191 patients with isolated hand and/or 
wrist injuries who were admitted to our outpatient 
clinic were screened. Of these, 105 who did not 
receive the rehabilitation program in our clinic, 22 in 
whom the loss of labor force could not be estimated 
(i.e., housewife, retired, or student), and five with 
multiple body injuries were excluded. Finally, a total 
of 59 patients (55 males, 4 females; mean age: 39.1±11.3 
years; range, 20 to 64 years) were included in the study. 
The study f low chart is shown in Figure 1. A written 
informed consent was obtained from each patient. 
The study protocol was approved by the Eskişehir 
Osmangazi University, Faculty of Medicine Ethics 
Committee (25403353-050.99-E.37666). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Medical records and invoices of the patients included 
in the study were examined. Age, sex, occupational, 
and injury data of the patients (i.e., injured hand, 
injury type, accident type, injury-causing body, and 
lesion type) and the Modified Hand Injury Severity 
Score (MHISS) were obtained from the patient file 
system. Data obtained from the patient files were as 
follows: occupation (desk, worker, other), injured hand 
(right, left), type of injury (accident, intentional) type 
of accident (home accidents, work accidents, traffic 
accidents), objects causing injury (cutting object, 

Figure 1. Study flow chart.

191 patients with hand/wrist injuries
were retrospectively reviewed

105 patients received orthopedic 
rehabilitation program in other clinics

Excluded

Work force loss of 22 patients could not be
calculated (retired, student, unemployed etc.)

Five patients had multiple body injuries

59 patients included in the study 
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machine, heavy object, spiral saw, traffic, fall/other 
type of injury and injuries (isolated f lexor tendon 
injury, isolated extensor tendon injury, fracture, 
amputation, isolated nerve injury, f lexor tendon injury 
and nerve injuries at the wrist level, f lexor tendon 
injury and distal nerve at the wrist injuries, fractures 
and tendon injuries).

The MHISS was used to assess the level of injury 
severity. This scoring system was first developed 
by Campbell and Kay[4] as the Hand Injury Severity 
Scoring (HISS) to evaluate the skin, skeletal, motor 
and nerve tissues of the hand and carpal region. 
Urso-Baiarda et al.[11] developed the MHISS by 
modifying HISS to evaluate hand, wrist, and forearm 
injuries. The score ranges from 1 to 100. Using the 
MHISS, hand injuries are evaluated in four main 
categories as minor, moderate, severe, and major 
(minor MHISS <20, moderate MHISS 21-50, severe 
MHISS 51-100, major MHISS >100). Higher scores 
indicate a greater injury severity.

Cost analysis

Cost analysis was calculated as direct and indirect 
cost analysis in two ways. In the calculation of the 
health expenditures of the patients, the amounts billed 
to the Social Security Institution (SGK) were recorded 
by using our Faculty of Medicine Hospital Information 
Management System (HIMS).

Direct costs were analyzed as the total cost of 
physical therapy (i.e., number of outpatient visits, 

number of rehabilitation sessions and cost of 
rehabilitation) and all other hospital costs (i.e., surgical 
outpatient applications, surgery, material use, 
anesthesia, laboratory tests, radiological imaging, 
hospitalization days, drugs during hospitalization, 
and consultation services).

Indirect costs were calculated based on the 
minimum wage determined by the state during the 
year in which the patient was not injured due to injury. 
In this period, the sum of the amounts paid by the 
SGK per patient on the day of sick leave was added 
to the indirect cost analysis. The sum of the amounts 
paid by the SGK per patient per day was added to the 
indirect costs. To make a comparison with the global 
data, the cost calculations were converted into United 
States (US) Dollars by the Central Bank's three-year 
exchange rate average between 2015 and 2017.

Statistical analysis

The statistical analyses were performed using 
IBM SPSS version 22.0 (IBM Corp., Armonk, NY, 
USA). Continuous variables were expressed in mean 
± standard deviation (SD). Continuous variables are 
assessed using the Shapiro Wilk test. The Spearman 
correlation analysis was used to investigate the 
relationship between the variables. The categorical 
variables are expressed in frequencies and 
percentages. A p value of <0.05 was considered 
statistically significant.

RESULTS

Baseline demographic characteristics of the patients 
and injury types are shown in Table 1.

The causes of hand and/or wrist injuries of patients 
are given in Table 2 and the distribution of injuries 
according to lesion type is given in Table 3.

The distribution of hand and/or wrist injuries 
according to the MHISS was minor in 16 (21%), 

TABLE 1
Baseline demographic characteristics of patients and 

injury types
n %

Sex
Male 
Female

55
4

93.2
6.8

Job
Desk work
Hand work

6
53.6

10.2
89.8

Injured hand
Right
Left

26
33

44.1
55.9

Type of injury
Accident
Intentional injury

56
3

94.9
5.1

Accident type
Home
Work
Traffic

41
17
1

69.5
28.8
1.7

TABLE 2
Causes of hand and/or wrist injury

n %

Cutter body 26 44.1

Machine 18 30.5

Heavy object 10 16.9

Spiral saw 3 5.1

Traffic 1 1.7

Other/fall 1 1.7
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moderate in 14 (23.7%), severe in 11 (18.6%), and 
major in 18 (18%) of the patients. The mean duration 
of sick leave due to injury was 125.3±68.6 (range, 
30 to 335) days. The mean number of rehabilitation 
sessions for the hand and/or wrist injuries was 
20.3±9 (range, 2 to 30). The direct, indirect, and total 
cost analyses of the patients were calculated in the 
Turkish Lira and US Dollar (Table 4). Accordingly, 
79% of the total cost was indirect cost and 21% was 

direct cost. The cost of rehabilitation accounted for 
4% of the total cost.

The correlation analysis revealed a positive 
correlation between the MHISS and number of session 
and cost (direct, indirect, total). Rehabilitation services 
and the number of rehabilitation sessions performed 
were also positively correlated with the total cost, but 
not with the MHISS (Table 5).

DISCUSSION

In the present study, we evaluated the cost of 
hand and/or wrist injuries and the rehabilitation 
share among these expenses. We found that the mean 
direct cost was $726.00±641.87, the mean indirect cost 
was $2,776.93±1,619.00, and the mean total cost was 

TABLE 3
Distribution of hand and/or wrist injuries according to 

lesion type
n %

Extender tendon injury 12 20.34

Flexor tendon injury 9 15.25

Fracture 7 11.86

Amputation 13 22.03

Isolated nerve injury 1 1.70

Main nerve injury at wrist level and 
flexor tendon injury

7 11.86

Flexor tendon and digital nerve injury 3 5.09

Fracture and tendon injury 7 11.86

Total 59 100.00

TABLE 4
Cost analysis of hand and/or wrist injuries

Mean±SD

Rehabilitation cost ($) 150.18±86.88

Direct cost ($) 726.00±641.87

Indirect cost ($) 2,776.93±1,619.00

Total cost ($) 3,502.94±1,951.85
SD: Standard deviation.

TABLE 5
Spearman correlation analysis results

MHISS Sick leave Indirect cost Direct cost Total cost Rehabilitation cost Number of sessions

MHISS 
r
p

-
-

0.343
0.008

0.307
0.018

0.665
<0.001

0.471
<0.001

0.222
0.091

0.253
0.053

Sick leave
r
p

0.343
0.008

-
-

0.683
<0.001

0.171
0.196

0.920
<0.001

0.219
0.96

0.249
0.057

Indirect cost
r
p

0.307
0.018

0.972
<0.001

-
-

-0.111
0.402

0.947
<0.001

0.247
0.059

0.275
0.035

Direct cost
r
p

0.665
<0.001

0.019
0.888

0.171
0.196

-
-

0.439
0.001

0.507
<0.001

0.518
<0.001

Total cost
r
p

0.471
<0.001

0.884
<0.001

0,920
<0.001

0.439
0.001

-
-

0.415
0.001

0.433
0.001

Rehabilitation cost
r
p

0.222
0.091

0.219
0.96

0.216
0.100

0.507
<0.001

0.390
0.002

-
-

0.949
<0.001

Number of sessions
r
p

0.253
0.053

0.249
0.057

0.180
0.172

0.470
<0.001

0.433
0.001

0.949
<0.001

-
-

MHISS: Modified Hand Injury Severity Score.
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$3,502.94±1,951.85. The mean cost of rehabilitation 
was $471.58±272.81 total / $150.18±86.88, accounting 
for 4% of the total cost. With the increase of MHISS, 
direct, indirect and total costs increased and there was 
no change in the cost of rehabilitation.

Hand and wrist injuries are a public health problem. 
Therefore, the negative effect of the increase in cost is 
observed not only in individuals, but also in national 
income. As each country has its own health policy, 
specific health expenses vary among countries. In 
their study, Robinson et al.[1] reached 764 articles 
about hand and wrist injuries on OVID, AMED, 
EMBASE, CENTRAL, SCOPUS, CINHAL databases, 
and evaluated 21 eligible studies. In this review, the 
average total cost of hand and wrist injuries was 
$6,951, the direct cost was $1,900.50, and the indirect 
cost was $5,223, representing 64% of the total cost. 
In a study conducted in Turkey by Şahin et al.,[3] the 
mean direct cost was $1,771.8±1,446.2, the mean 
indirect cost was $3,370±2,623.3, and the mean total 
cost was $5,141.9±3,417.3. In another study, Oğuz et 
al.[12] performed a direct cost analysis of 712 wrist and 
hand wrist injuries and reported a median cost per 
patient of $45.50 (range, 16 to 5,131) with a total cost 
of $178,678.17. Similar to the results of Robinson et 
al.,[1] in our study, the indirect cost accounted for 79% 
of the total cost.

In the literature, cost of rehabilitation has not 
been evaluated in previous cost-efficacy studies. 
Rehabilitation payments may vary according to the 
health and economic policies of each country. In our 
study, we found that the cost of rehabilitation was 
4% of the total cost. To the best of our knowledge, 
our study is the first to emphasize the share of 
rehabilitation practices in the cost of traumatic hand 
and/or wrist injuries.

The MHISS scoring was developed by Urso-Baiarda 
et al.,[11] by updating the HISS scoring to include wrist 
and forearm injuries. In our study, we used the MHISS 
to evaluate the severity of injury.

It has been reported that the severity of injury 
affects the cost, leave time, long-term outcomes of 
rehabilitation, and return to work.[6,13-17] The length 
of time to stay away from work after traumatic hand 
and/or wrist injuries varies according to the type and 
level of injury.[18] There is a significant relationship 
between the HISS and recovery time.[19] It has been 
shown that longer-term sick leave is used in relation to 
the size of the injury.[18] In the literature, the average 
time to stay away from work has been reported to 
range from 30 days to 10 months.[3,6,13,20,21] In our 

study, the mean number of days of sick leave was 
125.32±68.62 days. Consistent with the literature, the 
number of days of sick leave increased, as the severity 
of injury increased in our study.

The MHISS has been shown to be an important 
predictor of job return in hand and forearm injuries.[11] 
Return to work is important for both the employee 
and the employer. For return to work, hand functions 
need to be improved at an advanced level. The main 
determinants of return to work are as follows: the 
level of physical and psychological well-being reached 
by the patient as a result of the treatment period; 
the characteristics of the job; expectations of the 
client; expectations of the patient; and the social and 
economic situation of the patient. Matsuzaki et al.[22] 
reported that all patients with minor and moderate 
injuries were able to return to work, while 74% of 
severe injuries and only 29% of those with major 
injuries returned to their jobs. In the study of Şahin 
et al.,[3] 71% of the patients with hand and/or wrist 
injuries were able to return to work and 29% had to 
leave their work. In our study, the number of days with 
sick leave was evaluated. The number of days with sick 
leave increased in relation to the severity of injury. 
In our study, data were obtained from the patient file 
system within our institution. Since the SGK can cause 
ethical and legal problems, personal data were unable 
to be fully reached. Therefore, the duration of work 
return of the patients were unable to be evaluated.

Previous studies have shown a correlation 
between the cost and severity of injury.[3,6,17,23] Rosberg 
et al.[6] reported that the treatment period and costs 
of patients with hand and forearm major injuries 
were 10 times higher than those with minor injuries. 
There is no standard classification in the literature, 
and the cost of direct injury has been reported to be 
related to HISS.[1] Şahin et al.[3] found a correlation 
between the severity of injury, time to stay away 
from work, and direct cost in their study. They 
reported that the indirect cost was only correlated 
with the process of staying away from work. Rosberg 
et al.[6] showed that the increased HISS scores were 
associated with the cost and duration of sick leave. 
Most of the total cost were generated by the share in 
production. In our study, direct, indirect, and total 
cost increased with the increase of the severity of 
injury, and indirect cost was the major part of the 
total cost. Although higher HISS leads to higher 
direct costs, this has no significant effect on total 
cost, which is a link between HISS and productivity 
loss; i.e., indirect costs.[1]
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In the current study, the increase in direct 
costs did not cause an increase in the indirect cost, 
but the increase in the number of days with sick 
leave increased the indirect cost. Therefore, it is 
necessary to conduct further researches to reduce 
the indirect cost by facilitating return to work. 
Hand injuries need recovery and rehabilitation 
time, depending on the severity of injury. Hand 
injuries can result in long-term disabilities resulting 
in major economic problems.[24] In our study, there 
was no significant relationship between MHISS 
and the number of rehabilitation sessions and the 
cost of rehabilitation. Although the total costs of 
the patients varied according to the type of lesion 
and severity of the injury, we considered the legal 
limitation (up to 30 sessions/year in one part/limb 
of the body) in the number of sessions of orthopedic 
rehabilitation as the reason for no significant 
difference in the rehabilitation costs. Considering 
the length of the number of days with sick leave, 
which is an indicator of disability, it is concluded 
that rehabilitation sessions, which are planned 
according to the severity of injury, increase the 
share allocated to rehabilitation, thereby reducing 
the incidence of disability, shortening the time to 
return, and reducing the total cost.

The most important step in cost management 
in hand and wrist injuries is to take the necessary 
measures to prevent injuries. We believe that having 
specialized hand physiotherapists and having a length 
of rehabilitation according to the severity score can 
reduce the cost. In addition, Sarkies et al.[25] reported 
that health policies rarely included research evidence 
and, therefore, evidence-based policy and management 
decisions should be taken. It is recommended that 
future studies should follow the checklist of the 
Consolidated Health Economic Reporting Standards 
(CHEERS).[1,26]

In our study, there were no data about the time to 
return to work, change of job, or job position at the 
workplace. Therefore, direct and indirect costs were 
calculated using our database and the corresponding 
indirect costs. Since the cost of rehabilitation was 
derived from the records in our system, patients may 
have received treatment in external centers. The cost of 
services received in this way could not be included in 
these calculations. This is the main limitation of our 
study. On the contrary, the main strength of this study 
is that it is the first to evaluate the cost of rehabilitation 
services in traumatic hand and/or wrist injuries which 
can cause serious injuries.

In conclusion, this study is the first to emphasize 
the share of rehabilitation practices in the cost of 
traumatic hand and/or wrist injuries. Considering the 
length of the number of days with sick leave, which is 
an indicator of disability, we suggest that the number 
of rehabilitation sessions, which is planned according 
to the severity of injury, can reduce the total cost 
by accelerating the return of the patients to work 
and reducing the indirect costs and the loss of the 
workforce. Based on these findings, we believe that 
the data obtained from the study contribute to the 
development of evidence-based health and economic 
policies and to the planning of rehabilitation services 
according to the severity of the injury.
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