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ABSTRACT 

Background: Distal fingertip amputations with exposed bone is challenging for the surgeon to manage. In order to re-
construct a good sensate pulp with appropriate closure, various flaps are advocated in the literature. Of these, palmar 
advancement flap, first described by Moberg in 1964, comprises one of the most popular options. 
Methods: Thirteen patients (11 male, 3 female) with fingertip injuries were operated. Following the elevation of Moberg 
flap, proposed modifications were carried out. Joint mobility and pulp sensitivity were recorded as well and advancement 
scores were noted before and after the modification. These scores were assessed statistically. 
Results: No complications were noted and there was no need for additional surgery. Excellent joint mobility and pulp 
sensitivity were maintained. This modification showed a statistically significant improvement in the advancement (p<0.05). 
Conclusions: Moberg flap is a good option for the closure of fingertip defects. Some simple modifications, as described in 
here, can enhance the advancement while securing the entire advantages of the flap.

Key words: Enhancement, Moberg flap, modification

Original Article

Hand Microsurg 2014;X:X-X

doi:10.5455/handmicrosurg.163944

Enhancement of Palmar Advancement Flap: 
A Simple Modification

Oguz Kayiran1, Ercan Cihandide2

Introduction
The hand is a unique part in the body in and plays 

important and often irreplaceable functions. In the in-
dustrialized world, occupational hand injuries need to 
be healed as soon as possible. Meanwhile, several heal-
ing techniques with various options are being applied 
to hundreds of thousands of patients by experienced 
practitioners. 

Unlike other hand injuries, fingertip amputations 
need additional attention in order to establish a normal 
pulp sensibility and maximum range of motion, and 
like others to maintain the upmost level of hand func-
tioning.

In 1964, the volar advancement flap was first de-
scribed by Moberg for the reconstruction of pulp de-
fects of the thumb (1). This flap is a pedicled advance-

ment flap proximally based on an intact skin pedicle 
including both neurovascular bundles. This technique 
establishes a successful neurosensation of the pulp with 
a limited advancement as well. However, a simple mod-
ification as described here, and never been reported 
elsewhere, can enhance additional advancement.

Patients and Methods
The study was performed with informed consents 

obtained from all participants.
Technique
Thirteen patients (11 males, 3 females) with fin-

gertip injuries were operated under regional anaes-
thesia. Palmar advancement flap was raised over the 
parathenon (1) (Figure 1a). Both neurovascular bun-
dles were included in the flap so that neurosensible 
coverage is accomplished (Figure 1b). To increase the 
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ABSTRACT 
Objective: The purpose of this study is twofold; first we aimed to provide age and gender specific normative hand grip 
strength (HGS) data in Anatolian adult population and secondly we aimed to determine the effects of gender and hand 
dominance on HGS. 
Patients and Methods: The study included 1359 adult healthy subjects, aged 18-90 years. A calibrated hydraulic hand 
dynamometer was used for the HGS measurements in accordance with current standardized instructions. The HGSs on 
sides, age, gender, and dexterity were recorded and statistically analyzed. 
Results:  The subjects were 712 males and 647 females with a mean age of 41.8±15.9 years and 46.9±16.1 years, re-
spectively. Left hand dominance was determined in 67 subjects. Male subjects were stronger than female subjects in each 
age stratified group (p: 0.001). HGS showed a significant decline as the age of the subjects increased (r=-0.463, p=0.0001 
dominant hand, r=-0.472, p=0.0001 non-dominant hand). The dominant hand was stronger than the non-dominant hand 
(p=0.0001). The mean difference between the dominant and non-dominant hand was 8.5% (SD: 13.1, median 7.6%). The 
mean strength ratio between the dominant and non-dominant hand was 1.07±0.12 for males and 1.09±0.13 for females. 
Conclusions: This study is the largest study to present normative values of HGS in an Anatolian population. These find-
ings can be used as a reference for future studies in an Anatolian population. HGS was seen to be higher in males and 
to decrease proportionally with age. The dominant hand is on average 8% stronger than the non-dominant hand in both 
genders and all age groups. 
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Hand grip strength: 
Age and gender stratified normative data in Anatolian population

Melih Unal1, Ozkan Kose1, Hasan Onur Arik2, Ferhat Guler1, Baver Acar1, Halil Yalcin Yuksel1

Introduction
The hand is a sophisticated musculoskeletal organ 

that can perform a variety of precise as well as forceful 
movements. It is hard to measure all functional aspects 
of the hand, although hand grip strength (HGS) is a 
widely used objective measure that provides quanti-
tative evidence of the hand functions and its integrity 

as a whole [1]. HGS is the result of forceful flexion of 
all finger joints with the maximum voluntary force that 
the subject is able to exert under normal biokinetic 
conditions [2].

HGS measurements can be used for a variety of 
purposes such as comparison of the outcomes of var-
ious surgical procedures or treatment methods in the 
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upper extremity, monitoring the progression of a dis-
ease affecting hand functions and assessment of work-
ing capacity [1]. In order to evaluate a particular HGS 
measurement and make a judgment whether an indi-
vidual is impaired or not, physicians should be aware of 
the normal reference values in healthy subjects. In case 
of unilateral traumatic injuries, the contralateral normal 
hand can be used as a reference baseline HGS for as-
sessment of the involved side [3]. However, several au-
thors have claimed that dominant and non-dominant 
HGS are not equal to each other [4-7]. Furthermore, in 
cases with bilateral involvement or injury, it is difficult 
to assess whether HGS is within the normal range as 
there is no reference point. Therefore, surgeons need to 
know the normative data to avoid faulty assessments.

It has been shown that HGS is affected by several 
factors such as age, gender, body mass index, laterali-
ty, dominance, and occupation of the subject, chronic 
systemic diseases, and even ethnicity [8-10]. Several 
studies have reported normative data of HGS from 
different populations with great variations [2,3,11-37] 
(Table 1).  To the best of our knowledge, there has been 
one previous study which has aimed to present age and 
gender stratified normative HGS in a Turkish popula-
tion; however, in this previous study a number of par-
ticipants are small, particularly when analyzed in strat-
ified age groups [37]. The purpose of this study was to 
provide age and gender specific normative HGS data in 
a large sample Turkish adult population. 

Patients and Methods
The study included adults aged between 18 and 

90 years. The research was carried out according to the 
principles of the Declaration of Helsinki and informed 
consent was obtained from each volunteer after ex-
plaining the objectives and methods of the study. The 
data collection and measurements were performed by 
the same author and the participants were patients and 
their companions who were admitted to our hospital. 
All participants were screened to exclude those with 
upper limb conditions and a thorough physical exami-

nation was made. Subjects with a history of upper limb 
injury, previous surgical operation, congenital or neu-
romuscular disease, or abnormality of the upper limb 
and those with a history of chronic inflammatory joint 
disease (such as rheumatoid arthritis) that may affect 
the grip strength were excluded from the study. All sub-
jects were otherwise healthy. 

A calibrated hydraulic hand dynamometer (Base-
line®, Fabrication Enterprises, Inc., Irvington, USA) 
was used for the grip strength measurements (Figure 
1). All measurements were made in accordance with 
standardized instructions of the American Society 
for Surgery of the Hand and the American Society of 
Hand Therapists [38]. The device handle was adjusted 
for each subject, to fit onto the palm with the fingers in 
flexion at the proximal and distal interphalangeal joints 
with the thumb in 90º abduction. The subjects were 
seated upright with the shoulder in adduction and neu-
trally rotated, the elbow flexed at 90º, the forearm in a 
neutral position, and the wrist positioned between 0º 
and 30º dorsiflexion and 0º and 15 º ulnar deviations. 
HGS was measured in kilograms. The subjects were in-
structed to grasp the handle for 5 seconds and 3 read-
ings were taken alternatively for each hand, starting 
with the dominant hand. One minute of rest was pro-
vided between each measurement to overcome muscle 
fatigue. 

The mean value of the three tests was used as the 
resultant value for analysis. The grip strength measure-
ments on each body side, age, gender, and dexterity 
were recorded. The dominant extremity was confirmed 
with the Edinburgh handedness inventory in patients 
who were not aware of their dominant extremity [39].

Statistical Analysis
The whole study group was first divided into two 

groups according to gender, and then each gender was 
stratified into 10-year age groups from 18 to 70 years 
and over. Continuous variables were stated as mean and 
standard deviation and categorical variables as number 
(n) and percentage (%). Statistical comparison of grip 
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Table 1. Previous studies of HGS in different ethnic populations (abbreviations: D: dominant, ND: non-dominant, SD: standard deviation, R: 
right hand, and L: left hand).
Study 

# Author Year Ethnicity Number Age 
(mean, range) Side HGS in male subjects

(kg, mean±SD)
HGS in female subjects

(kg, mean±SD)

1 Kamon and 
Goldfuss 1978 American 602 M: adults

F:18-55 D 45.8±10.7 27.3±6.5

2 Mathiowetz 
et al. 1985 American 628 (20-94) R

L
47.3±12.8
42.2±12.5

28.4±7.7
24.4±7.1

3 Balogun et al. 1991 Nigerian 120 (7-84) R
L

27,9
25,7

15,9
14,27

4 Backman 
et al. 1995 Swedish 128 (17-70) ND 48.8±5.8 29.72±4.74

5 Nevill and 
Holder 2000 English 2632 (16-74) NR 49,00 29,42

6 Peolsson 
et al. 2001 Swedish 101 (25-64) R

L
51
50

34
32

7 Sella 2001   American 875 (19-91) R
L

31,43±12,56
30,83±12,4

17,1±7,56
15,76±7,16

8 Bao and 
Silverstein 2005 American 120 M:19-60

F:20-63 NR 47.9±7.8 30±6.7

9 Luna-Heredia 
et al. 2005 Spanish 496 17-97 D

ND
39.9
35.1

25.7
22.8

10 Tsang 2005 Chinese 548 37.8 (21-70) D
ND

43,8±8,0
40,8±7,8

28,5±5,7
26,2±5,5

11 Kamarul et al. 2006 Malaysian 412 34.3 (18-65) R
L

31.09±8.9
28.09±8.2

18.6±5.7
16.8±5.5

12 Vianna et al. 2007 Brazilian 2648 (18-90) D 36.8 ± 0.2 21.0 ± 0.18

13 Anakwe et al. 2007 English 250 42.8 (18-83) D
ND

48.6±10.96
44.8±9.81

28.5±4.6
26.6±4.9

14 Günther et al. 2008 German 769 (20-95) R
L

49±11
47±10

29±7
27 ± 7

15 Schlüssel 
et al. 2008 Brazilian 2050 ≥20 R

L
42,8
40,9

25,3
24,0

16 Mitsionis et al. 2009 Greek 232 39.8 (10.5) R
L

55.9±4.1
50.5±4.3

30.5±2.8
27.4±2.8

17 Wu et al. 2009 Taiwanese 482 47.2   (20-80) R 46,9 29.2

18 Adedoyin 
et al. 2009 Nigerian 745 29.3 (20-70) D

ND
35.2±8.6
31.6±8.7

24.9±6.4
22.8±5.9

19 Werle et al. 2009 Swiss 978 51.7 (18-96) D
ND

47,2±7.9
47.1±7.8

30.3±5.2
29.6±5.1

20 Koley et al. 2010 Indian 303 21.5 (18-25) R: D
L: ND

41.31±6.0
38.14±6.2

23.82±3.71
21.03±3.49

21 Puh   et al. 2010 Slovenian 199 49 (20-79) D
ND

45.5±9
44.82±3.57

28.27±5.57
26.25±5.2

22 Peters et al. 2011 Dutch 720 54.9 (20-96) D
ND

41.6
41.6

25.01
25.01

23 Aadahl et al. 2011 Danish 3471 49 (19-72) D 49.2±8 31.1±6.1

24 Suzuki et al. 2012 Japanese 122 28 (20-46) R: D
L: ND

41.9±6.0
38.4±5.9

25.4±5.2
22.7±4.9

25 Nilsen et al. 2012 Norwegian 566 49.8 (20-94) R 37.86±10.12 20.88±6.11

26 Shim et al. 2013 Korean 336 (13-77) R
L

42,3±7,5
40,7±7,4

26,5±4,5
24,8±4,7

27 Tveter et al. 2014 Norwegian 370 54.5 (18-90) R
L

46.8
47.5

28.5
28.8

28 Abe et al. 2016 Japanese 613 (20-89) D 42.37±5.48 27.55±4.28

29 Eksioglu 2016 Turkish 211 33.9 (18-69) D
ND

46.41±7.5
45.02±7.4

26.3±4.7
25.1±5

30 Current study 2016 Turkish 1359 44.2 (18-90) D
ND

42.5±9.8
39.9±9.5

26.1±6.6
24.1±6.4
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strength was made using Student’s t-test for paired and 
independent samples, respectively. A parametric corre-
lation coefficient (Pearson r) was used to analyze the 
relationship between the variables. A value of p<0.05 
was accepted as statistically significant.

Results
The study subjects were 712 (52.4%) males with a 

mean age of 41.8±15.9 years (range, 18-90 years) and 
647 (47.6%) females with a mean age of 46.9±16.1 
years (range, 19-87 years). The main characteristics of 
the population are presented in Table 2. 

Age and gender stratified normative grip strength 
data are presented in Table 3. The mean HGS of each 
age group in both genders was statistically different (p: 
0.0001 for both genders) (Figure 2). HGS showed a 
significant decline (negative correlation) as the age of 
the subjects increased (r=-0.463, p=0.0001 dominant 
hand, r=-0.472, p=0.0001 non-dominant hand). 

The dominant hand was stronger than the 
non-dominant hand (p=0.0001 in both genders and all 
age groups). The mean difference between the domi-
nant and non-dominant hand was 8.5% (SD: 13.1, 
range:-47.3% to 74.0%, median 7.6%). In 21% of the 
subjects, the non-dominant hand was stronger, in 2.5% 
of the subjects both hands were equal, and in 73.5% 
of the subjects the dominant hand was stronger. In 
both left-handed and right-handed subjects dominant 
hand was stronger (8.0% versus 8.5%, respectively, 
p=0.750). The mean strength ratio between the dom-

Figure 1. Hand dynamometer.

Figure 2. HGS according to age, gender, and dominance. 

Table 2. Demographic and physical characteristics and hand dom-
inance in the study group.

Variables Male 
(n: 712)

Female 
(n: 647)

Total 
(n: 1359)

Age 
(years±SD) 41.8±15.9 46.9±16.1 44.2±16.2

Weight 
(kg±SD) 80.8±12.9 73.0±14.6 77.1±14.3

Height 
(cm±SD) 173.1±6.9 160.5±6.5 167.1±9.2

BMI (kg/
m2±SD) 27.0±4.3 28.4±5.9 27.6±5.2

Right dominant 
(n, %) 674 (94.7%) 618 (95.5%) 1292 (95.1%)

Left dominant 
(n, %) 38 (5.3%) 29 (4.5%) 67 (4.7%)

inant and non-dominant hand was 1.07±0.12 for males 
and 1.09±0.13 for females.

Discussion
This study was conducted to identify the normal 

values of HGS in a Turkish population and to create 
a reference scale and to understand the impact of the 
dominant hand on HGS. The reference intervals which 
were formed at the end of the study can be used for 
other studies of Turkish populations. The normative 
HGS data published by Mathiowetz et al. in 1985 are 
currently widely accepted as standard reference values 
and are used internationally in clinical practice and re-
search studies [3]. However, HGS studies held in dif-
ferent countries and ethnic populations have shown 
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Table 3. Age and gender stratified normative data of grip strength (abbreviations: D: dominant, ND: non-dominant, SD: standard deviation, 
and CI: confidence interval).

Male Female

Age group
(years) Hand n Mean±SD 95% CI Range n Mean±SD 95% CI Range

18-29
D

177
46.2±8.2 44.9-47.4 23.0-69.0

111
28.7±6.2 27.5-29.9 14.0-58.3

ND 43.4±8.1 42.2-44.6 22.0-67.3 26.4±5.8 25.3-27.5 12.0-51.0

30-39
D

186
45.5±8.4 44.3-46.7 23.3-65.6

108
30.1±5.4 29.0-31.1 14.0-42.3

ND 43.1±7.7 42.0-44.2 22.0-63.3 28.4±5.5 27.4-29.5 12.0-42.3

40-49
D

127
44.4±8.3 42.9-45.8 16.3-65.6

132
28.2±5.7 27.2-29.2 17.0-59.0

ND 42.3±8.0 40.9-43.7 23.3-62.6 26.0±5.2 25.1-26.9 16.3-47.6

50-59
D

108
40.7±9.0 39.0-42.4 20.3-65.0

135
25.6±5.2 24.7-26.5 15.3-40.6

ND 37.5±7.6 36.1-39.0 20.0-59.0 23.6±5.4 22.7-24.6 13.6-45.3

60-69
D

66
34.6±6.9 32.9-36.3 20.0-52.3

105
21.9±4.5 21.1-22.8 12.0-35.6

ND 32.1±6.9 30.4-33.8 16.3-50.6 20.0±4.1 19.2-20.8 10.0-28.6

>70
D

48
27.5±9.1 24.8-30.2 12.3-53.6

56
17.4±5.1 16.0-18.8 8.3-29.0

ND 24.2±7.6 22.0-26.5 10.3-41.0 15.8±5.4 14.4-17.3 7.0-30.6

Total
D

712
42.5±9.8 41.8-43.2 12.3-69.0

647
26.1±6.6 25.6-26.6 8.3-59.0

ND 39.9±9.5 39.2-40.6 10.3-67.3 24.1±6.4 23.6-24.6 7.0-51.0

significant variations among populations, and the in-
ternational application of this normative data may be 
misleading. Kamarul et al. compared the American 
HGS data with an Asian population (Malaysia) and 
concluded that the data of Western populations cannot 
be applied to a comparable Malaysian population [20].

To date there have been studies to create refer-
ence values in various countries and races (Table 1) 
and those reference intervals have been seen to vary in 
different countries. Generally higher values have been 
found in European studies when compared to Asian 
studies. These variations strengthen the need for this 
current study. European countries have been shown 
to have higher HGS values than Asian countries [2,3, 
11-37]. It can also be considered that there will be var-
iations in countries of large geographical area, such as 
Turkey. Therefore, each surgeon should use their own 
normative HGS data for the assessments of the popu-
lation on which they practice. From this point of view, 
this study can be considered to meet an important re-
quirement for surgeons in Turkey by providing norma-

tive data for HGS.
The results of this study have shown that HGS 

shows significant differences between age groups and 
gender. In both genders, as the age increased, HGS 
decreased significantly. It is well known that aging has 
several deleterious effects on the musculoskeletal sys-
tem such as a decrease in muscle mass and strength, so 
this was an anticipated finding which is consistent with 
the relevant literature [40]. In all age groups, HGS was 
significantly lower in females. Although the exact rea-
son why males are stronger than females of compara-
ble size is not clear, some authors have suggested that 
it is due to the effect of anthropometric characteristics, 
greater muscle bulk, and a difference in neurophysio-
logic functions [41]. These characteristics do not seem 
to vary between different populations, suggesting a cul-
ture-independent age- and gender-related distribution 
of hand strength.

Contradictory findings have been reported re-
garding the relationship between HGS and dominance 
in current literature. According to some authors, the 
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dominant hand is approximately 10% stronger than the 
non-dominant side. This is also called the ‘10% rule.’  
However, other authors have claimed that there is no 
significant difference in the HGS measurements be-
tween body sides, and they have advocated using the 
direct measurement of the contralateral HGS as a ref-
erence [4-6]. Incel et al. found that the HSG value of 
the right hand was 8.2 % stronger than the left hand in 
right-handed individuals and the HSG value of the left 
hand was 3.2 % stronger than the right hand in those 
who were left-handed. They claimed that the differ-
ence between the dominant and non-dominant hand 
in left-handed subjects was less than in right-handed 
subjects [7]. They suggested that left-handed subjects 
use their non-dominant right hands much more fre-
quently, because many daily activities and equipment 
are designed for right-handed people [7]. It is diffi-
cult to make definitive interpretations of the effect of 
hand dominance on daily activities. In both left- and 
right-handed subjects, the dominant hand was found to 
be stronger, which is consistent with previous reports 
in literature.

There were several strengths and limitations of this 
study. Although the study population was one of the 
largest in current literature of grip strength evaluation, 
as all the participants lived in the same city, it may not 
reflect the whole country. A strong aspect of the study 
is that the data collection can be considered reliable as 
strict inclusion criteria were followed and all measure-
ments were performed by the same investigator. There 
may be other factors which may affect grip strength 
such as body mass index, occupation, nutritional status, 
and sports participation, but these factors were not eval-
uated in this study. The small number of left-hand dom-
inant subjects (n=67), which resulted in skewed distri-
bution of data, could also be considered a limitation.

In conclusion, this study is the first and largest 
study to present normative values of HGS in a Turk-
ish population in current literature. The findings can 
be used as a reference for future studies in a Turkish 

population. HGS was seen to be higher in males and to 
decrease proportionally with age. The dominant hand 
was determined to be on average 8% stronger than the 
non-dominant hand in both genders and all age groups. 

Conflict of interest statement
The authors have no conflicts of interest to declare.
References 

1. Mathiowetz M. Comparison of Rolyan and Jamar 
dynamometers for measuring grip strength. Occ 
Ther Int 2002;9:201-9.

2. Koley S, Pal Kaur S. Correlations of Handgrip 
Strength with Selected Hand-Arm-Anthropomet-
ric Variables in Indian Inter-university Female Vol-
leyball Players. Asian J Sports Med 2011;2:220-6.

3. Mathiowetz V, Kashman N, Volland G, Weber K, 
Dowe M, Rogers S. Grip and pinch strength: nor-
mative data for adults. Arch Phys Med Rehabil 
1985;66:69-74.

4. Petersen P, Petrick M, Connor H, Conklin D. Grip 
strength and hand dominance: challenging the 
10% rule. Am J Occup Ther 1989;43:444-7.

5. Armstrong CA, Oldham JA. A comparison of dom-
inant and nondominant hand strengths. J Hand 
Surg 1999;24B:421-5.

6. Bechtol CO. Grip test; The use of a dynamometer 
with adjustable handle spacings. J Bone Joint Surg 
1954;36:820-4.

7. Incel NA, Ceceli E, Durukan PB, Erdem HR, Yor-
gancioglu ZR. Grip strength: effect of hand domi-
nance. Singapore Med J 2002;43:234-7.

8. Desrosiers J, Bravo G, Hebert R, Dutil E. Norma-
tive data for grip strength of elderly men and wom-
en. Am J Occup Ther 1995;49:637–44.

9. Desrosiers J, Bravo G, Hébert R, Mercier L. Impact 
of elbow position on grip strength of elderly men. J 
Hand Ther 1995;8:27-30.

10. Harth A, Vetter WR. Grip and pinch strength 
among selected adult occupational groups. Occup 
Ther Int 1994;1:13–28.

11. Kamon E, Goldfuss AJ. In-plant evaluation of the 

Hand and Microsurgery   |   21www.handmicrosurgeryjournal.com

 Hand grip strength in Turkish population



muscle strength of workers. Am Ind Hyg Assoc J 
1978;39:801-7.

12. Balogun JA, Adenlola SA, Akinloye AA. Grip 
strength normative data for the Harpenden dy-
namometer. J Orthop Sport Phys Ther 1991;14: 
155–60.

13. Backman E, Johansson V, Hager B, Sjoblom P, Hen-
riksson KG. Isometric muscle strength and muscu-
lar endurance in normal persons aged between 17 
and 70 years. Scand J Rehab Med 1995;27:109–17.

14. Nevill AM, Holder RL. Modelling handgrip 
strength in the presence of confounding variables: 
results from the Allied Dunbar National Fitness 
Survey. Ergonomics 2000;43:1547–58.

15. Peolsson A, Hedlund R, Oberg B. Intra- and in-
ter-tester reliability and reference values for hand 
strength. J Rehab Med 2001;33:36–41.

16. Sella GE. The hand grip: gender , dominance and 
age considerations. Eur Med Phys 2001;37:161–70.

17. Bao S, Silverstein B. Estimation of hand force in 
ergonomic job evaluations. Ergonomics 2005;48: 
288-301.

18. Luna-Heredia E, Martín-Peña G, Ruiz-Galiana J. 
Handgrip dynamometry in healthy adults. Clin 
Nutr 2005;24:250-8.

19. Tsang RCC. Reference values for 6-minute walk 
test and hand-grip strength in healthy Hong 
Kong Chinese adults. Hong Kong Physiother J 
2005;23:6–12.

20. Kamarul T, Ahmad TS, Loh WY. Hand grip 
strength in the adult Malaysian population. J Or-
thop Surg (Hong Kong) 2006;14:172-7.

21. Vianna LC, Oliveira R, Araujo CGS. Age-related 
decline in handgrip strength differs according to 
gender. J Strength Cond Res 2007;21:1310–14.

22. Anakwe RE, Huntley JS, McEachan JE. Grip 
strength and forearm circumference in a healthy 
population. J Hand Surg Eur Vol 2007;32:203-9.

23. Gunther CM, Burger A, Rickert M, Crispin A, 
Schulz C. Grip strength in healthy caucasian adults: 

reference values. J Hand Surg Am 2008;33:558–65.
24. Schlüssel MM, dos Anjos LA, de Vasconcellos 

MTL, Kac G. Reference values of handgrip dy-
namometry of healthy adults: a population-based 
study. Clin Nutr 2008;27:601–7.

25. Mitsionis G, Pakos EE, Stafilas KS, Paschos N, Pa-
pakostas T, Beris AE. Normative data on hand grip 
strength in a Greek adult population. Int Orthop 
2009;33:713-7.

26. Wu S-W, Wu S-F, Liang H-W, Wu Z-T, Huang S. 
Measuring factors affecting grip strength in a Tai-
wan Chinese population and a comparison with 
consolidated norms. Appl Ergon 2009;40:811–5.

27. Adedoyin RA, Ogundapo FA, Mbada CE, Adekan-
la BA, Johnson OE, Onigbinde TA, et al. Reference 
values for handgrip strength among healthy adults 
in Nigeria. Hong Kong Physiother J 2009;27:21–9.

28. Werle S, Goldhahn J, Drerup S, Simmen BR, Sprott 
H, Herren DB. Age and gender-specific normative 
data of grip and pinch strength in a healthy adult 
Swiss population. J Hand Surg Eur Vol 2009;34:76-
84.

29. Puh U. Age-related and sex-related differences in 
hand and pinch grip strength in adults. Int J Rehab 
Res 2010;33:4–11.

30. Peters MJH, van Nes SI, Vanhoutte EK, Bakkers M, 
van Doorn PA, Merkies IS, et al. Revised normative 
values for grip strength with the Jamar dynamome-
ter. J Peripher Nerv Syst 2011;16:47–50.

31. Aadahl M, Beyer N, Linneberg A, Thuesen BH, Jør-
gensen T. Grip strength and lower limb extension 
power in 19-72-year-old Danish men and women: 
the Health2006 study. BMJ Open 2011;1:e000192.

32. Suzuki T, Kuniyoshi K. Evaluation of Grip and 
Pinch Strength Difference between the Dominant 
and Non-dominant Hand in Healthy Japanese 
Adults. Chiba Med J 2010;86:129-34. 

33. Nilsen T, Hermann M, Eriksen CS, Dagfinrud H, 
Mowinckel P, Kjeken I. Grip force and pinch grip 
in an adult population: reference values and fac-

Unal M et al.

22   |   Hand and Microsurgery Year 2018 | Volume 7 | Issue 1 | 16-23



 Hand grip strength in Turkish population

tors associated with grip force. Scand J Occ Ther 
2012;19:288–96.

34. Shim JH, Roh SY, Kim JS, Lee DC, Ki SH, Yang JW, 
et al. Normative measurements of grip and pinch 
strengths of 21st century korean population. Arch 
Plast Surg 2013;40:52-6.

35. Tveter AT, Dagfinrud H, Moseng T, Holm I. 
Health-related physical fitness measures: reference 
values and reference equations for use in clinical 
practice. Arch Phys Med Rehabil 2014;95:1366-
73.

36. Abe T, Thiebaud RS, Loenneke JP. Age-related 
change in handgrip strength in men and women: is 
muscle quality a contributing factor? Age (Dordr) 
2016;38:28.

37. Ekşioğlu M. Normative static grip strength of pop-

ulation of Turkey, effects of various factors and a 
comparison with international norms. Appl Ergon 
2016;52:8-17.

38. Fess EE. Grip strength. In: Casanova JS (ed.) Clini-
cal assessment recommendations. American Socie-
ty of Hand Therapists, Chicago, 1992;41-5.

39. Oldfield RC. The assessment and analysis of hand-
edness: the Edinburgh inventory. Neuropsycholo-
gia 1971;9:97-113.

40. Pereira AF, Silva AJ, Matos Costa A, Monteiro AM, 
Bastos EM, Cardoso Marques M. Muscle tissue 
changes with aging. Acta Med Port 2013;26:51-5.

41. Cioni R, Giannini F, Paradiso C, Battistini N, Na-
vona C, Starita A. Sex differences in surface EMG 
interference pattern power spectrum. J Appl Physi-
ol 1994;77:2163-8.

Hand and Microsurgery   |   23www.handmicrosurgeryjournal.com


