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Abstract. [Purpose] The purpose of this study was to analyze ankle range of motion in patients undergoing he-
modialysis and those with diabetes. [Participants and Methods] Eight male kidney disease patients without diabetes 
undergoing hemodialysis and 10 male kidney disease patients with diabetes undergoing hemodialysis were enrolled 
in this study. For comparison, 27 patients with diabetes not undergoing hemodialysis and 10 healthy participants 
were included. All participants were divided into 4 groups: patients without diabetes undergoing hemodialysis, 
patients with diabetes undergoing hemodialysis, patients with diabetes not undergoing hemodialysis, and control 
group. The measured parameter was the passive range of motion of the ankle joint. [Results] Patients with diabetes 
not undergoing hemodialysis demonstrated the greatest joint restriction, followed by patients with diabetes under-
going hemodialysis. The main effect of diabetes was observed in ankle range of motion, rather than hemodialysis. 
There was a significant difference between both the diabetes undergoing hemodialysis and the diabetes not undergo-
ing hemodialysis groups and the other groups. [Conclusion] Limited joint mobility of the ankle in patients undergo-
ing hemodialysis may be affected by diabetes rather than hemodialysis.
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INTRODUCTION

The range of motion (ROM) of the ankle joint is important for smoothly moving the center of gravity forward when 
walking. Restriction of ROM of the ankle joint causes increased plantar pressure during walking1, 2). Limited joint mobility 
(LJM) of the ankle has been shown to occur more frequently in patients with diabetes mellitus (DM)1–6). Furthermore, LJM of 
ankle joints increases the plantar pressure after the mid-stance phase. Therefore, LJM of ankle joints is one of the risk factors 
for foot ulcers7). However, only few studies have investigated LJM of the ankles in patients with kidney disease undergoing 
hemodialysis (HD).

In patients with kidney disease undergoing HD, arteriosclerosis progresses because of various factors such as secondary 
hyperparathyroidism; furthermore, the incidence of peripheral artery disease8), risk of foot ulcers9), and rate of lower limb 
amputation10) are high. Changes in the ankle brachial pressure index11) and severe lower limb ischemia are associated with 
high mortality rate12). Thus, it is necessary to prevent foot ulcers in patients with kidney disease undergoing HD who are 
at risk of developing peripheral artery disease. Additionally, elucidation of the current condition and cause of LJM of the 
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ankle would be useful. A previous study on LJM in patients with kidney disease undergoing HD reported that the therapy 
resulted in the relaxation of tendon and ligament tissue13) and that beta-2-microglobulin-associated amyloidosis influenced 
the restriction of ROM14); however, no definitive conclusion has yet been made.

In contrast, these studies were not designed considering the influence of DM; thus, a study design based on both HD and 
DM is required to study the influence of HD and DM on ROM of the ankle joint for identification of patients with kidney 
disease undergoing HD who should focus on feet care for the prevention of foot ulcers. Currently, there is no conclusive 
evidence concerning the influence of HD on ROM of the ankle joint. However, with reference to the studies on LJM and 
DM, we hypothesized that patients with DM undergoing HD experience a comparatively greater ankle joint restriction than 
the patients without DM undergoing HD. To verify this hypothesis, this study aimed to analyze ROM of the ankle joint with 
regard to the factors HD and DM.

PARTICIPANTS AND METHODS

A total of 18 male patients (age range, 40–69 years) with kidney disease undergoing HD who visited the Hemodialysis 
Center of Japanese Red Cross Kanazawa Hospital were enrolled in this study. Primary diseases for which hemodialysis was 
performed are depicted in Table 1. Twenty-seven patients with DM not undergoing HD and 10 healthy participants without 
a history of chronic medical illness who were age- and gender-matched (the comparison object group) were enrolled. The 
participants were divided into four groups: patients without DM undergoing HD (HD group: HD without DM), patients 
with DM undergoing HD (HDDM group: HD with DM), patients with DM not undergoing HD (DM group: non-HD with 
DM), and control (C group: non-HD without DM). None of the participants had a history of severe motor unit or central 
nervous system diseases that affected their gait pattern, and all were able to walk without an assisting device. In addition 
to the patients’ general information (such as age, height, and weight), HD implementation period and time since diabetes 
diagnosis were extracted for the DM and HDDM groups. Patient characteristics are summarized in Table 2. Examinations 
were performed according to the Declaration of Helsinki. All participants provided written informed consent for participation 
in the present study. This study was approved by the ethical committee of Japanese Red Cross Kanazawa Hospital (819).

The LJM measurement was performed on the right foot. Passive ROM of the plantar flexion and dorsiflexion of the ankle 
joint was measured. For ankle joint measurements, patients were placed in supine position with a roll placed under the right 
knee to produce slight flexion. The anatomical position of the subtalar joint was maintained. The stationary arm was the lon-
gitudinal axis of the fibula, and the movable arm was the sole of the heel. Measurements were performed by a physiotherapist, 
who was not the primary investigator in the study, using a double-armed digital goniometer (GM-180, Nippon Medical & 
Chemical Instruments, Co., Ltd., Japan) calibrated in 1° increments based on established methods15). The maximum ROM of 
the ankle joint was measured thrice, and the mean value was calculated.

Characteristic data of participants such as age, body weight, and BMI were determined using one-way analysis of vari-
ance. They were compared between the four groups (HD, HDDM, DM, and C groups), with the Bonferroni test used for post 

Table 1. Primary disease for which 
hemodialysis was performed

n
Diabetes nephropathy 10
Glomerulonephritis 3
Chronical nephritis 2
IgA nephropathy 1
Nephrosclerosis 1
Polycystic kidney 1

Table 2.  Characteristics of participants

C HD DM HDDM p
Participants 10 8 27 10
Age (years) 59.5 ± 6.6 56.8 ± 11.0 59.4 ± 5.7 62.3 ± 5.2 0.364
Body weight (kg) 67.8 ± 12.2 60.1 ± 11.5* 74.6 ± 11.4 59.0 ± 5.0* 0.001
BMI (kg/m2) 23.4 ± 4.1 21.1 ± 3.5* 25.4 ± 3.5 21.4 ± 1.6* 0.003
Hemodialysis duration (years) 8.0 ± 4.8 4.1 ± 2.8 0.047
Time since diabetes diagnosis (years) 8.9 ± 7.7 21.9 ± 6.2 <0.001
Date are n or mean ± SD.
C: control group; HD: hemodialysis without diabetes mellitus group; DM: non-hemodialysis with diabetes mellitus group; 
HDDM: hemodialysis with diabetes mellitus group. *p<0.05 vs. DM.

hoc analysis. Other characteristic data such as hemodialysis duration and 
time since diabetes diagnosis were compared between the two groups us-
ing non-paired t-test. The influence of HD and DM on ROM of the ankle 
joint was determined using two-way analysis of variance. ROMs were 
compared between the four groups (HD, HDDM, DM, and C groups), 
with the Bonferroni test used for post hoc analysis. The significance level 
was set at p<0.05. Statistical analyses were performed using SPSS for 
Windows version 10.4 software (SPSS, Inc., Chicago, IL, USA).
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RESULTS

Body weight, and BMI were significantly higher in the DM group compared with the HD and HDDM groups. Hemodi-
alysis duration was significantly longer in the HD group compared with the HDDM group. Time since diabetes diagnosis 
was significantly longer in the HDDM group compared with the DM group (Table 2). ROM of the ankle joint for the HD, 
HDDM, DM, and C groups was 69.1°  ± 14.2°, 56.0°  ± 8.1°, 55.3°  ± 8.5°, and 69.1°  ± 9.2°, respectively; the DM group 
showed the most restriction, followed by the HDDM group. Based on the two-way analysis of variance, the main effect of 
DM was observed in ankle ROM, and the main effect of HD was not observed. There was no interaction between DM and 
HD (Table 3). Significant differences in ROM between the C and DM groups, C and HDDM groups, DM and HD groups, 
and HD and HDDM groups were noted, whereas no significant differences were found between the C and HD groups and 
DM and HDDM groups (Table 4).

DISCUSSION

This study is the first to investigate the influence of HD and DM on ROM of the ankle joint in patients undergoing HD 
who are at a high risk of developing foot ulcers. The most important finding in this study is that DM affects LJM of the ankle 
and that the DM and HDDM groups demonstrated greater ankle joint restriction than the other two groups without DM. Till 
date, many previous studies have shown that LJM of the ankle occurs in middle-aged and elderly participants1, 4, 6). It has 
been reported that young patients with insulin-dependent DM tend to experience restricted ROM of the ankle joint16). The 
results of the present study support the results of these previous studies. One cause of LJM by DM is deposition of advanced 
glycation end products as a result of glycosylation stress on tendon and ligament tissue with low turnover17). Furthermore, 
advanced glycation end products reduce the sliding of collagen fibers, leading to loss of viscoelasticity of the entire soft 
tissue18). Therefore, the results of this study suggest that ROM of the ankle joint in patients with DM undergoing and not 
undergoing HD is restricted by the same mechanism. Further study may be necessary for the fact that ROM in the HDDM 
group was more affected by glycation stress than that in the DM group, as the HDDM group had a longer time since diabetes 
diagnosis than the DM group.

The second important finding of this study is that HD did not affect the ROM of the ankle joint. Rillo et al.13) reported the 
hypermobility of cervical vertebrae due to hyperlaxity of the ligament tissue as a side effect of HD, whereas Hurst et al.14) 
reported that LJM frequently occurs as a result of joint surface destruction in major joints, such as the shoulder and hip joints 
of patients undergoing HD. In these reports, ankle joints were not investigated, and to the best of our knowledge, there are no 
reports regarding ROM of the ankle joint in patients undergoing HD. Therefore, the novelty of this study is that it provides 
data suggesting that hemodialysis does not affect LJM (in particular, derived from the joint surface destruction of the ankle) 
in the ROM of male patients undergoing HD.

The finding of no interaction between HD and DM is also important. The importance of smoking cessation, exercise, and 
foot care for the prevention of foot ulcers in patients with or without DM undergoing HD has been reported8). Since there was 
no interaction between these two factors, LJM of the ankle of patients with DM undergoing HD should be treated to prevent 
foot ulcer without any concern for joint surface destruction. In patients with DM not undergoing HD, physiotherapy interven-
tions aimed at improving muscle strength and ROM of the ankle joint by exercise19) and improving ROM of the ankle joint 
by manual therapy5) are valid. These interventions are important for patients with DM undergoing and not undergoing HD.

There are several limitations of this study. First, the enrollment criteria included only males aged 40–69 years. It is unclear 
if the findings are applicable to female patients as muscle flexibility20) and ROM of the ankle joint21) is less restricted in fe-
males than in males. Furthermore, ROM of the ankle joint decreases with age16, 21); therefore, older people experience greater 
joint restrictions, whereas younger people have greater joint motilities. Second, this study was conducted at a single hospital 
and the study cohort was small. Especially, the HD group were few. Thus, it will be difficult to apply these findings to all 

Table 3.  Results of analysis of variance

F p
Hemodialysis 0.018 0.894
Diabetes 21.946 <0.001
Hemodialysis × Diabetes 0.017 0.897

Table 4.  Results of post hoc test for the ankle joint

Group Compared group Difference p
C DM 13.8 0.002
C HD −0.0125 1.000
C HDDM 13.07 0.021

DM HD −13.8 0.004
DM HDDM −0.759 1.000
HD HDDM 13.1 0.034

C: control group; HD: hemodialysis without diabetes mel-
litus group; DM: non-hemodialysis with diabetes mellitus 
group; HDDM: hemodialysis with diabetes mellitus group.
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patients undergoing HD. Third, physical activity levels were not considered. Previous research has shown that low levels of 
physical activity can cause LJM in patients with DM6). Therefore, future studies may benefit by including measurements and 
analysis of physical activity levels considering that patients undergoing HD have decreased physical activity22, 23). Another 
limitation is that body weight and BMI were significantly higher in the DM group compared with the HD and HDDM groups. 
Because Park et al. reported that ROM is limited by the effect of obesity24). Furthermore, future global research encompass-
ing factors such as gender and race is essential.

Conflict of interest
None.

REFERENCES

1) McPoil TG, Yamada W, Smith W, et al.: The distribution of plantar pressures in American Indians with diabetes mellitus. J Am Podiatr Med Assoc, 2001, 91: 
280–287. [Medline]  [CrossRef]

2) Turner DE, Helliwell PS, Burton AK, et al.: The relationship between passive range of motion and range of motion during gait and plantar pressure measure-
ments. Diabet Med, 2007, 24: 1240–1246.  [Medline]  [CrossRef]

3) Fernando DJ, Masson EA, Veves A, et al.: Relationship of limited joint mobility to abnormal foot pressures and diabetic foot ulceration. Diabetes Care, 1991, 
14: 8–11. [Medline]  [CrossRef]

4) Zimny S, Schatz H, Pfohl M: The role of limited joint mobility in diabetic patients with an at-risk foot. Diabetes Care, 2004, 27: 942–946. [Medline]  [CrossRef]
5) Dijs HM, Roofthooft JM, Driessens MF, et al.: Effect of physical therapy on limited joint mobility in the diabetic foot. A pilot study. J Am Podiatr Med Assoc, 

2000, 90: 126–132. [Medline]  [CrossRef]
6) Abate M, Schiavone C, Pelotti P, et al.: Limited joint mobility (LJM) in elderly subjects with type II diabetes mellitus. Arch Gerontol Geriatr, 2011, 53: 

135–140. [Medline]  [CrossRef]
7) Pham H, Armstrong DG, Harvey C, et al.: Screening techniques to identify people at high risk for diabetic foot ulceration: a prospective multicenter trial. 

Diabetes Care, 2000, 23: 606–611. [Medline]  [CrossRef]
8) O’Hare A, Johansen K: Lower-extremity peripheral arterial disease among patients with end-stage renal disease. J Am Soc Nephrol, 2001, 12: 2838–2847. 

[Medline]
9) Ndip A, Rutter MK, Vileikyte L, et al.: Dialysis treatment is an independent risk factor for foot ulceration in patients with diabetes and stage 4 or 5 chronic 

kidney disease. Diabetes Care, 2010, 33: 1811–1816. [Medline]  [CrossRef]
10) Eggers PW, Gohdes D, Pugh J: Nontraumatic lower extremity amputations in the Medicare end-stage renal disease population. Kidney Int, 1999, 56: 1524–

1533. [Medline]  [CrossRef]
11) Abe T, Otsubo S, Kimata N, et al.: Changes in the ankle-brachial blood pressure index among hemodialysis patients. Ren Replace Ther, 2016, 2: 40.  [CrossRef]
12) Koch M, Trapp R, Kulas W, et al.: Critical limb ischaemia as a main cause of death in patients with end-stage renal disease: a single-centre study. Nephrol Dial 

Transplant, 2004, 19: 2547–2552. [Medline]  [CrossRef]
13) Rillo OL, Babini SM, Basnak A, et al.: Tendinous and ligamentous hyperlaxity in patients receiving longterm hemodialysis. J Rheumatol, 1991, 18: 1227–1231. 

[Medline]
14) Hurst NP, van den Berg R, Disney A, et al.: ‘Dialysis related arthropathy’: a survey of 95 patients receiving chronic haemodialysis with special reference to 

beta 2 microglobulin related amyloidosis. Ann Rheum Dis, 1989, 48: 409–420. [Medline]  [CrossRef]
15) Clarkson H: Ankle and foot. In: Biblis M, ed: Musculoskeletal assessment: joint range of motion and manual muscle strength, 2nd ed. Baltimore: Lippincott 

Williams and Wilkins 2000, pp 341–351.
16) Francia P, Seghieri G, Gulisano M, et al.: The role of joint mobility in evaluating and monitoring the risk of diabetic foot ulcer. Diabetes Res Clin Pract, 2015, 

108: 398–404. [Medline]  [CrossRef]
17) Abate M, Schiavone C, Salini V, et al.: Management of limited joint mobility in diabetic patients. Diabetes Metab Syndr Obes, 2013, 6: 197–207. [Medline]  

[CrossRef]
18) Li Y, Fessel G, Georgiadis M, et al.: Advanced glycation end-products diminish tendon collagen fiber sliding. Matrix Biol, 2013, 32: 169–177. [Medline]  

[CrossRef]
19) Francia P, Anichini R, De Bellis A, et al.: Diabetic foot prevention: the role of exercise therapy in the treatment of limited joint mobility, muscle weakness and 

reduced gait speed. Ital J Anat Embryol, 2015, 120: 21–32. [Medline]
20) Youdas JW, Krause DA, Hollman JH, et al.: The influence of gender and age on hamstring muscle length in healthy adults. J Orthop Sports Phys Ther, 2005, 

35: 246–252. [Medline]  [CrossRef]
21) Vandervoort AA, Chesworth BM, Cunningham DA, et al.: Age and sex effects on mobility of the human ankle. J Gerontol, 1992, 47: M17–M21. [Medline]  

[CrossRef]
22) Zamojska S, Szklarek M, Niewodniczy M, et al.: Correlates of habitual physical activity in chronic haemodialysis patients. Nephrol Dial Transplant, 2006, 21: 

1323–1327. [Medline]  [CrossRef]
23) Johansen KL, Shubert T, Doyle J, et al.: Muscle atrophy in patients receiving hemodialysis: effects on muscle strength, muscle quality, and physical function. 

Kidney Int, 2003, 63: 291–297. [Medline]  [CrossRef]
24) Park W, Ramachandran J, Weisman P, et al.: Obesity effect on male active joint range of motion. Ergonomics, 2010, 53: 102–108. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/11420345?dopt=Abstract
http://dx.doi.org/10.7547/87507315-91-6-280
http://www.ncbi.nlm.nih.gov/pubmed/17956451?dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2007.02233.x
http://www.ncbi.nlm.nih.gov/pubmed/1991444?dopt=Abstract
http://dx.doi.org/10.2337/diacare.14.1.8
http://www.ncbi.nlm.nih.gov/pubmed/15047653?dopt=Abstract
http://dx.doi.org/10.2337/diacare.27.4.942
http://www.ncbi.nlm.nih.gov/pubmed/10740995?dopt=Abstract
http://dx.doi.org/10.7547/87507315-90-3-126
http://www.ncbi.nlm.nih.gov/pubmed/20940076?dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2010.09.011
http://www.ncbi.nlm.nih.gov/pubmed/10834417?dopt=Abstract
http://dx.doi.org/10.2337/diacare.23.5.606
http://www.ncbi.nlm.nih.gov/pubmed/11729255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20484126?dopt=Abstract
http://dx.doi.org/10.2337/dc10-0255
http://www.ncbi.nlm.nih.gov/pubmed/10504504?dopt=Abstract
http://dx.doi.org/10.1046/j.1523-1755.1999.00668.x
http://dx.doi.org/10.1186/s41100-016-0053-z
http://www.ncbi.nlm.nih.gov/pubmed/15266035?dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfh404
http://www.ncbi.nlm.nih.gov/pubmed/1941829?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2658876?dopt=Abstract
http://dx.doi.org/10.1136/ard.48.5.409
http://www.ncbi.nlm.nih.gov/pubmed/25906705?dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/23690694?dopt=Abstract
http://dx.doi.org/10.2147/DMSO.S33943
http://www.ncbi.nlm.nih.gov/pubmed/23348249?dopt=Abstract
http://dx.doi.org/10.1016/j.matbio.2013.01.003
http://www.ncbi.nlm.nih.gov/pubmed/26738255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15901126?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2005.35.4.246
http://www.ncbi.nlm.nih.gov/pubmed/1730848?dopt=Abstract
http://dx.doi.org/10.1093/geronj/47.1.M17
http://www.ncbi.nlm.nih.gov/pubmed/16421165?dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfi323
http://www.ncbi.nlm.nih.gov/pubmed/12472795?dopt=Abstract
http://dx.doi.org/10.1046/j.1523-1755.2003.00704.x
http://www.ncbi.nlm.nih.gov/pubmed/20069486?dopt=Abstract
http://dx.doi.org/10.1080/00140130903311617

