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Abstract 
Background: The lower extremity muscle strength has been shown to be weaker in patients with 
diabetes mellitus, primarily due to the effects of diabetic polyneuropathy, a common diabetic com- 
plication. With respect to assessments of the lower extremity muscle strength, reference values 
for the knee extension force in healthy Japanese subjects have been reported. The clinical signi- 
ficance of applying knee extension force in the assessment of efficacy of exercise therapy and pa- 
tient education has also been demonstrated, and the use of an individualized approach in physical 
exercise based on the quantitative assessment of the lower extremity muscle strength is becoming 
one of the most important strategies for promoting effective rehabilitation. Methods: The study is 
a multicenter, cross-sectional investigation. We will measure the knee extension force and eva- 
luate the diabetic polyneuropathy in patients with type 2 diabetes using uniform equipment and 
methodology at all centers. We will compare the knee extension force between the subjects with 
and without diabetic polyneuropathy and will investigate the associations between the knee ex- 
tension force and both glycemic control and exercise habits. The trial registration is UMIN CTR 
(UMIN000002810). Discussion: The lower extremity muscle strength has been insufficiently in- 
vestigated in Japanese patients with diabetes. This study was designed to establish reference val- 
ues for the knee extension force in Japanese diabetic patients with and without diabetic polyneu- 
ropathy. 
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1. Introduction 
Currently, an estimated 20,500,000 Japanese individuals have diabetes mellitus or are at high risk of developing 
the disease [1]. Particularly in Japan, diabetes is quickly becoming the disease with the highest incidence [2]. 
Diabetes commonly accompanies stroke and/or heart disease, afflictions for which patients require rehabilitation 
[3], and is characterized by the following associated complications that result from chronic hyperglycemia: reti- 
nopathy, nephropathy and neuropathy. Diabetic polyneuropathy (DP) is the most frequently occurring complica- 
tion of diabetes [4], and there is concern that, in the past, most attention had been focused on sensory nerve 
damage, while less attention had been given to motor nerve damage. One reason for this is thought to be that 
most clinical determinations of motor nerve damage have been performed [5] using manual muscle testing [6], 
which requires skill and exhibits a low sensitivity for detecting mild to moderate damage. In recent years, quan- 
titative muscle strength measurements have become widely used, and patients with diabetes have been reported 
to have impaired lower extremity muscle strength (LMS) levels. In particular, among patients with DP compli- 
cations, a decline in LMS associated with the severity of DP has been identified [7] [8]. 

With regard to LMS, reference values for the knee extension force (KEF) obtained from the data of healthy 
Japanese volunteers have been reported; the values were derived from measurements performed using a hand- 
held dynamometer in conjunction with belt stabilization [9]. The relationships between these values and impor- 
tant everyday movements, including walking and stair climbing have been investigated among elderly patients 
in foreign countries [10] [11] as well as healthy Japanese subjects [12] [13]. Furthermore, the clinical usefulness 
of the obtained KEF values for assessing the effectiveness of exercise therapy and patient education has also 
been reported [14], and the prescription of and guidance in physical exercise based on the quantitative as- 
sessment of LMS is becoming one of the most important strategies for promoting effective rehabilitation in 
Japan. 

We previously reported, for the first time, quantitative KEF values in Japanese patients with type 2 diabetes 
mellitus (T2DM) based on the presence or absence of DP complications [15]. However, due to the small sample 
size of only 47 patients, the study results were insufficient to establish reference values for KEF in Japanese pa- 
tients with diabetes. To our knowledge, no other studies have proposed KEF reference values for Japanese pa- 
tients with diabetes. In this study, we aim to establish KEF reference values for Japanese patients with T2DM 
based on the relationship with DP. 

2. Methods 
2.1. Design 
This study is a multicenter, cross-sectional investigation which will be approved by the ethics committee of the 
Kansai University of Welfare Sciences. 

2.2. Sample Size 
This study is designed to propose KEF reference values for patients with diabetes in relation to sex, age (from 
30 to 80 years) and the presence or absence of DP complications. We calculated the required sample size for 
significance testing regarding the distribution of the measured values and obtained a minimum of 30 subjects 
with respect to skewness and 50 subjects with respect to kurtosis [16]. The subjects will be divided into 24 
groups, and, in order to determine the reference values for each group (e.g., male group, 30’s age group and DP 
complication group), we set the required number of subjects per group at 50. Therefore, the total number of 
subjects required is calculated to be 1200. 

Required subjects for this study : 24 groups 50 subjects 1200 subjects× =  
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2.3. Patients and Practice 
The subjects for this study will be recruited from 30 facilitiesa throughout Japan. All selected patients will be 
diagnosed with T2DM [17]. The inclusion and exclusion criteria were as follows: 

Inclusion Criteria 
Inpatients and outpatients with T2DM who are able to provide their written informed consent to participate in 

the study. 
Exclusion Criteria 
1) The inability to adapt to the exercise therapy; 
2) No capacity for independent walking; 
3) Significant limitations in activities of daily of living; 
4) Severe heart and/or respiratory disease; 
5) Severe liver dysfunction and/or renal failure (a serum creatinine level over 2.0 mg/dL); 
6) Acute and/or chronic orthopedic disease or presently receiving medical treatment; 
7) Non-symmetry of bilateral lower extremity muscle atrophy; 
8) Impairment of the lower extremities; 
9) Severe infectious disease; 
10) Patients requiring surgical treatment; 
11) Other conditions resulting in the patient being considered ineligible by the researcher. 

2.4. Measurements 
The date of protocol finalization for this study was October 21, 2009, the start date for patient registration was 
April 1, 2010 and data collection is planned for five years until March 2015. Regarding the data collection, a 
procedural manual for measurements has been developed, and all collaborating institutes will use uniform mea- 
surements and evaluation methods. 

Primary Outcome Measurements 
The measurements of the maximum isometric KEF values (unit: kgf) will be obtained using a hand-held dy- 

namometer with belt stabilization (μTas M-1 or μTas F-1, Anima Inc., Tokyo, Japan) in the sitting position at 
90˚ hip joint flexion and 90˚ knee joint flexion, similar to the measurement method used in a previous study [9]. 
The reliability of this measurement method was verified by comparing the muscle strength values obtained using 
a large isokinetic exercise machine, whose validity has been established [18]. The non-dominant leg (the pivot 
leg, i.e., the leg one would not kick a ball with) was designated as the leg from which the measurements are to 
be performed. The KEF (unit: kgf) is divided by the body weight (unit: kg) and expressed as %KEF (unit: %) 
and then converted to Newton units and divided by the moment arm (unit: m) to obtain the KEF in N/m units. 

Secondary Outcome Measurements 
1) Characteristics: body weight, height, age and the length of the lower leg of the non-dominant leg. The 

length of the lower leg (moment arm) is to be measured from the knee joint space to the center of the sensor pad 
of the muscle strength measuring instrument using measuring tape; 

2) Diabetes treatment-related information: Duration of diabetes, fasting plasma glucose or postprandial plas- 
ma glucose, HbA1c, LDL-cholesterol, HDL-cholesterol, total cholesterol, triglycerides, serum creatinine, fasting 
insulin, use of diet and/or drug therapy. The duration of diabetes will be determined by a diabetes specialist; 

3) Diabetic polyneuropathy assessed according to a simple diagnosis standard neuropathy test [19]: Achilles’ 
tendon reflex, vibratory sense on the medial malleolus, subjective symptoms; 

4) Complications associated with diabetes (retinopathy, nephropathy), complications not related to diabetes; 
5) Clarify and evaluate the patient's normal exercise habits, drinking habits and smoking habits. The presence 

of exercise habits is defined as exercising twice a week or more for at least 30 minutes each time. Exercise ha- 
bits are judged to be in the precontemplation, contemplation, preparation, action, maintenance or termination 
stage based on the transtheoretical model [20], with subjects in the action stage or later defined as having posi- 
tive exercise habits. 

2.5. Data Collection 
A dedicated research database will be constructed, and data will be collected at the Kansai University of Welfare 
Sciences (Figure 1). The database is to be made such that collaborating research centers will be able to verify 
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Figure 1. Patients data collection flow. 

 
the data from their end. The obtained data will be carefully examined and fixed following verification with the 
collaborating centers. 

2.6. Statistical Analysis 
All statistical analyses will be conducted using the IBM SPSS Statics 19.0 software program (Chicago, IL, 
USA). The KEF values will be compared according to sex, age group and presence or absence of DP complica- 
tions. In addition, the KEF will be analyzed based on the presence or absence of exercise habits, level of dia- 
betes control and complications other than DP, and the association between insulin resistance and the KEF will 
be assessed [21]. 

3. Discussion 
If reference values are not obtained using a measurement method used by health care professionals involved in 
rehabilitation or diabetes management all over the country, the range of use for the obtained values will ob- 
viously be limited. Moreover, even if the versatility is high, the measured values must display a high reliability, 
equivalent to that of the muscle strength evaluation instruments generally used within the medical field. Accor- 
dingly, this study will use a small muscle strength measuring instrument that has been verified to provide muscle 
strength values comparable to those obtained from isometric exercise machines, for which validity has been es- 
tablished [22]. Because we aimed to establish reference values by using measurements obtained with a small 
muscle strength measuring instrument that combines reproducibility and reliability, is cheaper than commonly 
used isometric exercise machines and is progressively being used in clinics involved in rehabilitation, the clini- 
cal versatility of the obtained results will be high. 

In particular, the results of this study will contribute to standardizing the grading method for determining the 
severity of DP, effectiveness of exercise therapy and indications for prescribing exercise therapy (such as evalu-
ation criteria for identifying the need for interventions aimed at muscle strengthening, creating designs for de-
veloping gradual muscle strengthening methods, estimating the muscle strengthening effects of various physi- 
cal activities) in diabetic patients. We hope that our results will also be practically applied to related fields, such 
as sports and health sciences, with the goal to prevent lifestyle diseases and help to determine whether long-term 
care is required. 

4. Author’s Contribution 
T.N. is the primary researcher for this study and both managed the database and drafted the manuscript. T.I. and 
M.O. are other researchers who participated in the design of the study protocol and helped to draft the manu- 
script. Y.I. performed the clinical evaluation of the data, participated in determining the study design and coor- 
dination and helped to draft the manuscript. M.W. contributed to supplying the fund and helped to draft the ma- 
nuscript. All authors have read and approved the final manuscript. All authors declare that they have no com- 
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peting interests in association with this study. 

5. Endnotes 
30 facilitiesa: collaboration centers 
Ishikawa Prefectural Central Hospital, Kanazawa-city, Ishikawa; Hidaka Medical Center, Toyooka Public 

Hospitals’ Association, Toyooka-city, Hyogo; Yoka Hospital, Yoka-city, Hyogo; KKR Takamatsu Hospital, 
Takamatsu-city, Kagawa; Kinashi Obayashi Hospital, Takamatsu-city, Kagawa; Shimanto City Hospital, Shi- 
manto-city, Kochi; Kochi Medical School Hospital, Nankoku-city, Kochi; Chibune General hospital, Osaka-city, 
Osaka; Aki General Hospital, Aki-city, Kochi; Itami City Hospital, Itami-city, Hyogo; Suita Municipal Hospital, 
Suita-city, Osaka; Tokyo Medical University Hachioji Medical Center, Hachioji-city, Tokyo; Ishikawa Hospital, 
Himeji-city, Hyogo; St. Marianna University School of Medicine Hospital, Kawasaki-city, Kanagawa; Kohka 
Public Hospital, Kohka-city, Shiga; Minami Seikyo Hospital, Nagoya-city, Aichi; Tosei General Hospital, Seto- 
city, Aichi; Osaka Rosai Hospital Research Center for the Promotion of Health and Employment Support, Sa- 
kai-city, Osaka; Kasugai Municipal Hospital, Kasugai-city, Aichi; Kanazawa Red Cross Hospital, Kanazawa- 
city, Ishikawa; Hiroshima University Hospital, Hiroshima-city, Hiroshima; Aino Hospital, Ibaraki-city, Osaka; 
Nagano Chuo Hospital, Nagano-city, Nagano; Kitasato University Hospital, Sagamihara-city, Kanagawa; Kyoto 
Minami Hospital, Kyoto-city, Kyoto; Steel Memorial Yawata Hospital, Kitakyushu-city, Fukuoka; Okazaki City 
Hospital, Okazaki-city, Aichi; Saitama Citizens Medical Center, Saitama-city, Saitama; Daiyukai General Hos- 
pital, Ichinomiya-city, Aichi; Maruko Central Hospital, Ueda-city, Nagano. 
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DN: Diabetic Neuropathy;  
DP: Diabetic Polyneuropathy;  
KEF: Knee Extension Force;  
LMS: Lower Extremity Muscle Strength;  
T2DM: Type 2 Diabetes Mellitus. 
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