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Abstract—This study identified which residual-limb quality
factors are related to functional mobility 1 year after transtibial
(TT) amputation. A group of 28 TT amputees were evaluated
with respect to their functional mobility (Prosthesis Evaluation
Questionnaire [PEQ], Locomotor Index, Timed Up and Go
test). The general (Chakrabarty score) and bony (tibial length,
relative fibular length) residual-limb quality factors were
assessed. An increase in general residual-limb quality (Chakra-
barty >60) was correlated with greater functional mobility in
one of the outcome measures (PEQ). For bony residual-limb
quality, a tibial length of 12–15 cm distal from the knee joint
line was correlated with greater functional outcome for all
three outcome measures and the relative fibular length was not
correlated with functional mobility for any of the outcome
measures. This study showed that specific aspects of residual-
limb quality are related to increased functional mobility. The
amputation technique and resulting residual-limb factors may
be important for patients to achieve functional prosthetic use.

Key words: fibula, functional mobility, Locomotor Index, Pros-
thesis Evaluation Questionnaire, prosthetics, rehabilitation, resid-
ual limb, tibia, Timed Up and Go test, transtibial amputation.

INTRODUCTION

Transtibial (TT) amputation is a surgical procedure
that has been performed for centuries. Originally, it was a
lifesaving procedure on the battlefield. Later it became
the end point of surgical treatment for a vascular patient

or, from another perspective, the starting point of a reha-
bilitation treatment aimed at restoring mobility with a
prosthesis [1–2].

Despite this long history, the systematic evaluation of
the amputation technique has only become a point of
interest in the last decade [3–5]. We hypothesized that
residual-limb quality may be important for the effective-
ness of rehabilitation.

No consensus in the literature exists with respect to
tibial length; a range of measures have been given,
including “one hand’s breadth” [6], no advice at all [7],
20 cm [8], 9–11 cm distal from the knee joint line as ideal
for the ischemic patient [9], 8 cm distal to the tibial tuber-
osity [10], and 4–7 in. [11]. We also noted a lack of con-
sensus for other residual-limb factors, such as the length
of the fibula. The question still remains: What are the
characteristics of an adequate residual limb? The Interna-
tional Society for Prosthetics and Orthotics (ISPO) has
devised a clinical standard for measurement and classifi-
cation of the residual limb [12]. Based on this standard,
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Chakrabarty developed a scoring system with a useful
format for the clinical setting. This scoring system covers
several aspects of residual-limb quality, including wound
healing and soft tissue condition.

This study investigated whether residual-limb quality
was related to functional mobility 1 year after amputation.
In addition to the soft tissue conditions, we specifically
focused on evaluating the bony aspects of the residual
limb because these can be adequately assessed 1 year after
amputation. A better insight into these aspects of residual-
limb quality may inform optimal surgical procedures.

MATERIALS AND METHODS

Patients
In this study, we focused on patients with a unilateral

TT amputation caused by vascular insufficiency. Patients
were evaluated 1 year after a TT amputation. Patients
were recruited from five hospitals in the southwest region
of the Netherlands by means of operating room records.
We evaluated a retrospective cohort of 117 patients that
underwent a TT amputation. Inclusion criteria were
(1) ≥18 years, (2) unilateral TT amputation caused by
vascular insufficiency, and (3) ability to visit the outpa-
tient clinic.

In total, 71 patients met the inclusion criteria. A rele-
vant number of patients (n = 28) died, as could be
expected [13–15]. Four patients could not be traced
because of incorrect addresses. Of the 39 patients con-
tacted, 28 were willing to participate in the study, a
72 percent response rate. Of the 28 subjects who partici-
pated in the study, 5 were unable to use their prosthesis at
the time of data collection because of an ulcer, pain, or
other problems. We were unable to collect certain data on
these subjects, and therefore, they were not included in
the statistical analysis.

All participants gave written informed consent. The
research protocol was approved by the Medical Ethics
Committee of Leiden University Medical Center.

Determinants
We assessed general residual-limb quality with the scor-

ing system developed by Chakrabarty [5] (Appendix,
available online only at http://www.rehab.research.va.gov/).
The Chakrabarty score is a graded summed score that
includes soft tissue condition, wound healing, and joint
mobility. The maximum possible score is 100 points.
Chakrabarty indicated a score of ≥60 points as a high-

quality residual limb (grade A) and a score of <60 points as
a low-quality residual limb (grade B). This system is based
on the clinical standard for measurement and classification
of residual limbs devised by the ISPO [12]. Face validity of
one aspect of the scoring system, i.e., wound healing, was
confirmed by a survey of 66 experts involved in surgery and
rehabilitation of amputees and a literature review [5].

We also assessed whether the bony aspects of the
residual limb were adequate: the tibial length and the rela-
tive fibular length were measured by radiographs. We
positioned a calibrated radiopaque grid next to the tibia to
correct for scaling factors introduced by the radiographic
technique. All measurements were carried out by two
independent observers (Drs. van Doorn-Loogman and
Terburg). In the case of different outcomes, radiographs
were reevaluated until consensus was obtained.

Prior to initiation of the study, we determined the fol-
lowing criteria, based on expert opinion, for distinguish-
ing a high- from a low-quality residual limb: the tibial
length should be 12–15 cm distal from the knee joint line
and the fibular length should be 2–3 cm shorter than the
tibial length. We were interested in using the quality of
the residual limb to determine functional outcome. We
expected increased functional mobility after 1 year in the
subgroups with a tibial length of 12–15 cm and a fibular
length 2–3 cm shorter than the tibia.

Outcome Measures
The functional use of a prosthesis was evaluated with

the ambulation subscale of the Prosthesis Evaluation Ques-
tionnaire (PEQ) [16], the Locomotor Index [17] and the
Timed Up and Go test (TUGT) [18–19].

The ambulation subscale of the PEQ consists of eight
items on the level of prosthetic use and comfort during
walking, stair climbing, and walking on uneven ground that
are assessed by means of a visual analogue scale. Mean
scores for all questions were included in the analysis.

The Locomotor Index is part of the Prosthetic Profile of
the Amputee. It assesses 14 activities, including rising from
a chair, walking, picking up an object from the floor, and
stair-climbing and whether a person performs these activi-
ties independently or needs help from another person.
Answers are graded on a 4-point scale, from 0 (not able) to
3 (performing independently). The maximum possible score
is 42 points. The Locomotor Index has been validated in a
mixed group of prosthesis users.

The TUGT is a validated walking test. The subject is
asked to stand up from a seated position, walk 3 m, turn



719

ARWERT et al. Residual-limb quality and functional mobility
around, walk back, and sit again. The time in seconds is
recorded. Thus, a shorter time reflects a better score.

Risk Factors
We accounted for the following variables: age, sex, dia-

betes mellitus, comorbidity (categorized into four comor-
bidity groups: cardiopulmonary, neurological, orthopedic,
and optical), and ambulation level 1-month preoperatively
(assessed retrospectively by means of an interview, walking
distance of <100 m was considered poor).

Data Analyses
Patients were categorized into subgroups by means of

the summed Chakrabarty scores [5]; those having a score
≥60 points (grade A) and those having a score <60 points
(grade B). We performed chi-square analysis to determine
whether significant differences in risk factors existed
between subgroups with higher and lower residual-limb
quality.

The bivariate correlations between residual-limb
quality and adequate bony lengths and functional out-
come were assessed with the Kendall τ rank correlation
coefficient (ordinal level). Because of the relatively small
sample size, we estimated partial correlations (Pearson r)
to investigate whether relationships between residual-
limb quality factors and functional mobility outcomes
would diminish when risk factors (age, sex, diabetes mel-
litus, comorbidity, or preoperative ambulation level)
were controlled for individually [20].

Differences in functional mobility outcomes between
subgroups with higher and lower residual-limb quality
and with adequate and inadequate tibial length and rela-
tive fibular length were tested with a t-test for indepen-
dent samples (α ≤ 0.05).

RESULTS

Descriptive statistics of the patients are given in
Table 1. Of the 23 patients with a prosthesis, 12 had a
grade A residual limb according to Chakrabarty’s score,
11 had a tibial length of 12–15 cm, and 12 had a fibular
length 2–3 cm shorter than the tibia. No subjects had a
tibial length longer than 15 cm. In our study, the distribu-
tion of participants by age, sex, and prevalence of diabe-
tes mellitus was similar to that in other studies [13–15].

Of the 23 patients with a prosthesis, 2 did not com-
plete the PEQ adequately and 5 did not complete the
Locomotor Index; 4 patients were unable to perform the
TUGT. The radiographs of one patient were missing.

The distribution of risk factors in the dichotomized
subgroups is given in Table 2. The risk factors were
evenly distributed over the subgroups with three excep-
tions: one subgroup (Chakrabarty ≥60) included more
subjects with diabetes mellitus, another subgroup (tibial

Table 1.
Descriptive statistics for patients who did (n = 23) or did not (n = 5)
use a prosthesis 1 year postamputation. Data presented as number of
subjects unless otherwise noted.

Variable Prosthesis No Prosthesis
Age (mean ± SD) 69.8 ± 11.1 63.6 ± 10.3
Sex (male/female) 15/8 2/3
Diabetes Mellitus 14 3
≥2 Comorbidities 12 5
Preop Walk <100 m 15 3
Chakrabarty ≥60 12 1
Tibial Length 12–15 cm 11 3
Fibular Length 2–3 cm Shorter 12 2
Preop = preoperatively, SD = standard deviation.

Table 2.
Distribution of risk factors in patients with prosthesis (n = 23) specified for subgroups of patients with high or low general (Chakrabarty score) or
bony (tibial length and relative fibular length) residual-limb quality. Cells with a gray background indicate significant difference between
subgroups (p < 0.05, chi-square test). Data presented as number of subjects unless otherwise noted.

Variable All Subjects
(n = 23)

Chakrabarty Score Tibial Length* (cm) Relative Fibular
Length* (cm)

≥60
(n = 12)

<60
(n = 11)

12–15
(n = 11)

<12
(n = 11)

2–3
(n = 12)

<2 or >3
(n = 10)

Age (mean ± SD) 69.8 ± 11.1 69.3 ± 12.0 70.4 ± 10.6 66.0 ± 11.3 73.8 ± 10.4 70.6 ± 7.7 69.1 ± 15.1
Sex (male/female) 15/8 9/3 6/5 10/1 5/6 8/4 7/3
Diabetes Mellitus 14 10 4 8 6 9 5
≥2 Comorbidities 12 7 5 4 7 7 4
Preop Walk <100 m 15 9 6 7 7 10 4
*Data missing for one subject.
Preop = preoperatively, SD = standard deviation.
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length 12–15 cm) included more males, and one sub-
group (fibular length 2–3 cm shorter) included more sub-
jects with decreased preoperative walking ability (p <
0.05).

The relationships between the determinants and the
outcome measures are summarized in the Figure. The
patients with a higher residual-limb quality, i.e., Chakra-
barty ≥60, scored significantly higher on the PEQ (n =
21, p = 0.001, Kendall τ = 0.51) and trended toward bet-
ter performance on the TUGT (n = 19, p = 0.085, Kendall
τ = –0.46).

Results for the bony aspects of the residual limb
showed that the tibial length was of significant influence
in all three outcome measures, with a tibial length of 12–
15 cm leading to better scores than a tibial length
<12 cm. This result was true for the PEQ (n = 21, p =
0.001, Kendall τ = 0.58), the Locomotor Index (n =18,
p = 0.005, Kendall τ = 0.68), and the TUGT (n = 19, p =
0.029, Kendall τ = –0.57). The relative fibular length was
not associated with functional mobility on any of the
three outcome measures. For all determinants, similar
correlations with outcome measures were found after
controlling for every risk factor.

DISCUSSION

Because the demographic data of our patient group
was similar to that in other studies and considering the
acceptable response rate of 72 percent, our sample of dys-
vascular TT amputees may be considered representative.

We analyzed the distribution of the risk factors (i.e.,
age, sex, diabetes mellitus, preoperative ambulation
level, and comorbidity) because of the retrospective
nature of this study. We found no significant differences
between the subgroups of patients with high or low resid-
ual-limb quality for 12 of the 15 dichotomized sub-
groups. In addition, correction for risk factors and other
residual-limb characteristics did not change the main
results. Therefore, bivariate correlations between deter-
minants of residual-limb quality and functional outcome
were analyzed; the number of subjects in each subgroup
was sufficient.

We considered the subjects without a prosthesis (n =
5) to have decreased functional mobility. Their level of
comorbidity was higher compared with subjects who had
a prosthesis. The bony residual-limb characteristics of the
subjects without a prosthesis were comparable to the
other subjects, but their Chakrabarty scores were lower;

only one had a score ≥60 points. The outcome measures
used in this study focused primarily on the ability to walk
with a prosthesis. Patients without a prosthesis were not
included in the analyses.

Of the 23 patients with a prosthesis, 12 had an ade-
quate residual limb, according to Chakrabarty’s score. We
found that patients with higher quality residual limbs
(Chakrabarty ≥60) had better outcomes [5] and, therefore,
achieved the predicted mobility grade in less time. The
relationship between residual-limb quality and mobility
level was confirmed in our study. All three outcome mea-
sures trended in the same direction, and the relationship
with the PEQ was statistically significant. The results

Figure.
Relationship between determinants (Chakrabarty score, tibial length,
relative fibular length) and (a) Locomotor Index; (b) Prosthesis
Evaluation Questionnaire (PEQ), ambulation subscale; and (c) Timed
Up and Go test (TUGT). * indicates p < 0.05 and error bars indicate
+1 standard deviation. pts = points.
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demonstrate that residual-limb quality in general (skin
quality, scars, shape, joint contracture, etc.) is related to
achieved mobility 1 year postamputation. These findings
underline the need for a meticulous surgical technique.

We expected that bony aspects of the residual limb
would be important for functional mobility and this
expectation was confirmed for tibial length. The PEQ,
TUGT, and Locomotor Index were significantly related to
tibial length. A tibial length of 12–15 cm distal from the
knee joint line was related to a better outcome than a tib-
ial length shorter than 12 cm. Because we had no subjects
with tibial lengths longer than 15 cm, we cannot draw a
conclusion about this specific subgroup.

The relative fibular length was not a conclusive fac-
tor, and no significant effect may exist as long as the fib-
ula is shorter than the tibia.

CONCLUSIONS

Functional use of a prosthesis 1 year after TT amputa-
tion is related to residual-limb quality. This result is true
for residual-limb quality in general as well as for specific
bony aspects of the residual limb. In this study, a tibial
length of 12–15 cm from the knee joint line correlated
with a better functional outcome than shorter tibial
lengths. The results regarding the relative fibular length
are inconclusive. These findings underline the need for a
meticulous surgical technique and attention to the residual-
limb length that ensures good functional outcome after TT
amputation.
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