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This study compared short-term walking outcomes in diabetic amputees after prosthesis fitting compared to that in non-diabetic 
amputees. We retrospectively investigated walking outcomes at 3 months after starting gait training with a prosthesis. Forty-four 
unilateral transtibial amputees with (n=18) and without diabetes (n=26) were included. At 3 months after gait training with a 
prosthesis, only 2/18 (11.1%) and 3/18 (16.7%) diabetic amputees were capable of independent outdoor and indoor walking with-
out cane, respectively. However, 21/26 (80.8%) and 24/26 (92.3%) non-diabetic amputees were capable of independent outdoor 
and indoor walking without cane, respectively. With assistance of cane, most of non-diabetic amputees (n=24, 92.3%) were capa-
ble of walking in both outdoor and indoor but only seven (38.9%) and nine (50.0%) diabetic amputees were capable, respectively. 
Thus, short-term walking outcome were poor in transtibial amputee with diabetes compare to those without diabetes, and these 
results suggest intensive rehabilitation would be needed to them.
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INTRODUCTION

Transtibial amputation (TTA) is the most frequently per-
formed lower limb amputation, and patients after TTA experi-
ence drastic changes in function and lifestyle. The recovery of 
walking ability is most important because quality of life after 
TTA is closely associated with mobility, and reduced walking 
ability with a prosthesis adversely affects daily living and social 
activities [1]. Previous studies have been reported that age, 
muscle strength, pain, contracture, amputation level, social 
support, motivation, and cognition have been associated with 
walking outcomes [2].

Diabetes (or diabetic foot) is one of the most frequent causes 
of TTA, and the number of diabetic amputees has also rapidly 
increased [3]. People with diabetes may have muscle atrophy, 

slowing of muscle contraction, loss of muscle power and en-
durance, and sensory deficits [4,5], so these can contribute to 
impaired mobility. However, little is known about the influence 
of diabetes on walking ability after TTA. 

The current study compared short-term walking outcomes 
in diabetic amputees after prosthesis fitting compared to that 
in non-diabetic amputees.

METHODS

Subjects
This retrospective study enrolled 44 amputees who were trans-
ferred to the Department of Rehabilitation Medicine of Yeung-
nam University Hospital between January 2006 and January 
2018, following unilateral TTA in the Department of Orthope-
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dic Surgery, according to the following criteria: (1) unilateral 
TTA; (2) age 20 to 79 years; (3) received walking training with 
a prosthesis; (4) independent outdoor walking without assist 
prior to TTA; (5) absence of hip, knee, or ankle pain; (6) ab-
sence of severe cognitive impairment, as evidenced by a score 
of >24 points on the Mini-Mental Status Exam; and (7) ab-
sence of serious medical complications which require hospital-
ization during the study. A permanent prosthesis was fitted af-
ter use of a temporary prosthesis for 3 to 4 weeks. All amputees 
used a silicone sleeve, a silicone liner, a silicone suction suspen-
sion with vacuum valve, and a solid ankle cushion heel foot. 
Participants were diagnosed as having type 2 diabetes mellitus 
(T2DM) based on a previously documented diagnosis of T2DM 
or reported use of hypoglycemic agents. We collected current 
smoking, weight, height, Blood test data via medical record re-
view and individualized questionnaires. The venous blood 
sampling was done after at least 8 hours of overnight fasting 
and analyzed at a certified laboratory at Yeungnam University 
Hospital. Written informed consent by the patients was waived 
due to a retrospective nature of our study. This study was ap-
proved by the Yeungnam University Hospital Institutional Re-
view Board (2018-04-041). 

Walking ability
All participants were assessed walking outcomes at 3 months 
after the start of walking training with a prosthesis. (1) Out-
door and indoor independent walking ability without cane was 
evaluated, (2) walking ability with a cane. The ability to walk 
100 m without rest was considered acceptable. The time limit 
in walking 100 m was 10 minutes [6].

Statistical analysis
Data were analyzed using SPSS version 22.0 (IBM Corp., Ar-
monk, NY, USA). The demographic data and walking out-
comes of diabetic and non-diabetic amputees were compared 
using the Mann-Whitney U test and Fisher’s exact test. 

RESULTS

The study subjects were subdivided into diabetes (n=18) and 
non-diabetes (n=26) amputee groups. Whereas all amputees 
with diabetes had diabetic foot ulcer, non-diabetic amputation 
was performed for the following reasons: peripheral vascular 
disease (n=5), trauma (n=17), and cancer (n=2).

Demographic data, including age, the postoperative time at 
which walking training was initiated, sex, and body mass index 
were not significantly different between the diabetic and non-
diabetic amputees (P>0.05) (Table 1). The mean disease dura-
tion of the diabetic amputees was 25.3±12.1 years, and 55.6% 
of diabetes group was receiving renal replacement therapy. 

At 3 months after training with a prosthesis, only two of 18 

Table 1. Demographic characteristics of diabetic and non-dia-
betic amputees

Characteristic DM 
(n=18)

Non-DM 
(n=26) P value

Age, yr 59.3±7.8 56.6±16.5 0.659

Sex, male:female 16:2 23:3 0.965

Time for starting walking 
training, wk

4.8±0.5 4.6±0.5 0.121

Body mass index, kg/m2 23.0±2.8 23.1±5.4 0.676

Duration of diabetes, yr 25.3±12.1 NA

BUN, mg/dL 32.3±21.2 15.6±8.9 0.001

Creatinine, mg/dL 4.9±4.3 1.3±1.8 0.004

Albumin, g/dL 3.2±0.5 NA

Fasting glucose, mg/dL 161.5±34.5 88.2±9.1 <0.001

HbA1c, % 10.0±0.1 NA

Smokinga 9 (50.0) 7 (69.2) 0.018

Renal replacement therapya 10 (55.6) 0 <0.001

Values are presented as mean±standard deviation or number (%). 
DM, diabetes mellitus; NA, not applicable; BUN, blood urea nitrogen; 
HbA1c, glycosylated hemoglobin.
aAnalyzed by chi-square test.

Fig. 1. Walking outcomes with and without a cane in diabetic 
and non-diabetic amputees. Indoor/outdoor included walking 
outcome with and without cane. DM, diabetes mellitus. aSig-
nificantly different between the diabetic and non-diabetic am-
putees, P<0.001.
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diabetic amputees (11.1%) were capable of independent out-
door walking without cane. However, 21 of 26 non-diabetic 
patients (80.8%) were capable of independent outdoor walking 
without cane (Fig. 1). While three diabetic amputees (16.7%) 
were capable of independent indoor walking without cane, 24 
non-diabetic amputees (92.3%) were capable of indoor walk-
ing without cane. All patients capable of walking outdoor inde-
pendently were capable of walking indoor independently. 
Therefore, with regards to independent outdoor and indoor 
walking without cane, amputees with diabetes showed signifi-
cantly lower successful rates compared to those without diabe-
tes (P<0.001). 

In regard to walking using a cane, five diabetic amputees 
(27.8%) should use a cane when walking outdoor, but only 
three patients (11.5%) required it in non-diabetics. Six ampu-
tees (33.3%) with diabetes could walk indoor under the assis-
tance of a cane but none of non-diabetic amputees used a cane 
for indoor gait. Thus, at 3 months after rehabilitation training, 
24 non-diabetic amputees (92.3%) were capable of walking re-
gardless of the cane use, whereas only seven (38.9%) and nine 
(50.0%) diabetic amputees could walk at outdoor and indoor 
regardless of the cane use. Amputees who were capable of in-
door and outdoor walking with a cane was significantly higher 
in patients with diabetes (P<0.001).

DISCUSSION

In this study, we found that short term walking performance 
was significantly impaired in amputee with diabetes and most 
of them need the cane even they were capable of walking after 
prosthesis training. 

Previous studies reported walking rates with prostheses after 
lower limb amputation in the range of 50% to 90% [7-9]. Our 
study showed only 10% to 20% were able to walk at outdoor 
and indoor in patients with diabetes and it is quite low propor-
tion compared with prior results. There are several reasons for 
this difference between the two groups. First, diabetes could 
reduce maximum muscle strength by approximately 30% to 
50% in both the upper and lower leg [10]. In patients with dia-
betes, insulin resistance redounded consistent hyperglycemia 
and the severity of hyperglycemia was associated with decreased 
muscle strength, mass, and quality [11]. Perry and Schoneberg-
er [12] reported that hip abductors, hip extensors, and knee 
extensors are key muscle groups used in walking. Weakness in 
hip abductors, hip extensors, and knee extensors in patients 

with diabetes is thought to cause difficulty in walking after 
TTA [13]. Second, distal symmetric polyneuropathy (DSPN) 
occurs in approximately 20% to 40% of all diabetic patients. 
DSPN occurs mainly in the distal lower extremities, and pre-
dominantly involves sensory nerve fibers [14]. Damage to large 
sensory fibers results in diminished proprioception, which can 
affect balance and postural control [15]. Poor walking out-
comes in diabetic amputees may partly be attributed to deficits 
in proprioception. Lastly, several studies reported that patients 
with diabetes showed worse cognitive function compared with 
controls without diabetes [4,5]. Depression was more common 
in patients with diabetes [16]. Cognitive deficits and depressed 
mood are predictors of poor walking outcome in amputees af-
ter rehabilitation [17]. Although we did not assess cognitive 
dysfunction or depressed mood, those might have resulted in 
poor walking outcomes in diabetic amputees.

To the best of our knowledge, this is the first study to investi-
gate the walking outcome of the people with diabetes after the 
TTA. Only four previous studies evaluated walking outcomes 
after TTA [7,18-21]. However, amputation level, definition of 
walking outcome and time point of post-amputation evalua-
tion were heterogenous among studies. Evans et al. [20] evalu-
ated walking outcomes in 25 diabetic transtibial amputees with 
an average follow-up of 1,000 days after amputation. Sixteen 
patients (64%) were able to ambulate and it is relatively higher 
than that of our study. This difference could be due to different 
definitions of walking ability and follow-up evaluation. Evans 
et al. [20] and Nehler et al. [7] did not compare diabetic ampu-
tees with non-diabetic amputees. Therefore, the present study 
is the first to compare diabetic and non-diabetic amputees. 

Some limitations should be considered. First, this was a ret-
rospective study. Thus, we could not evaluate extremity muscle 
strength, proprioception, cognitive function, or depression to 
assess the reasons for the different walking outcomes between 
groups. Second, our sample size was relatively small. Third, we 
did not evaluate long-term walking outcomes. Fourth, we 
could not exclude the effect of renal dysfunction on the results 
of this study. Renal dysfunction is reported the risk factor of 
muscle mass loss [21], and most of diabetes group in this study 
needed renal replacement therapy. However, most diabetic 
foot patients requiring major amputation are more likely to 
have chronic kidney disease, and both factors might have com-
plicated effects on the outcome. Further studies to address 
these limitations are warranted.

In conclusion, at 3 months after walking training with pros-
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theses, significantly more non-diabetic amputees were capable 
of indoor/outdoor walking, compared with diabetic amputees. 
Our results may be useful for development of specific rehabili-
tation strategies after lower limb amputation.
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