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The WorkSafeBC PDES Working Committee is evaluating the percentage of disability
awarded to injured workers with below knee amputation. The WorkSafeBC Permanent
Disability Evaluation Schedule (PDES) (page 26 of PDES) section 6 “Lower Extremity”
Subsection A "Amputation” (Figure 1) stated that there are two different percentages of
disability awarded to the amputee. One is for 45% total disability for an amputee with a
short below knee stump suitable for conventional below knee prosthesis and the other
one is for a 35% total disability for an amputee with below knee amputation that is
suitable for a below knee prosthesis (patellar bearing) (we assumed that patellar bearing
was referring to the type of socket available for below knee amputee. Please note there
is no mention on the stump length).

Given these circumstances, the Evidence-Based Practice Group (EBPG) was asked
whether the concept of stump length affecting the level of disability/function among
amputees, as well as whether the available prosthesis for below knee amputation
mentioned in PDES (PDES mentioned about conventional and patellar bearing
prostheses) are still current.

We began our review by attempting to learn about below knee amputation and
prosthesis. We did this by exploring available, relevant resources on prosthetics and
amputation that are available in the WorkSafeBC library!. We applied the information
we received from this search to conduct a non-systematic search on PubMed regarding
issues with below knee amputation, prosthesis, stump length, and functional capacity>-2°.
Based on the data we obtained from this non-systematic search!2® we then decided to
conduct a systematic review on the role of below knee amputation, stump length,
prothesis and functional capacity.

A comprehensive and systematic literature search was conducted on May 14, 2026.

The search was done on commercial medical literature databases, including BIOSIS
Previews (1969 to 2008), Embase (1974 to 2026 Week 19), Medline and Epub Ahead of
Print, Medline In-Process, In-Data-Review & Other Non-Indexed Citations and Medline
Daily (1946 to May 13, 2026), Joanna Briggs Institute Best Practice (Current to May 06,
2026), Cochrane Clinical Answers (April 2026), that are available through Ovid platform.
Combination of keywords were employed in this literature search. These keywords
included:

1. (trans tibial amputation*) OR (below knee amputation*)

disability OR (functional capacity) OR (quality of life)

(transtibial stump) OR (tibial stump) OR (stump length) OR stump
prosthetic* OR prosthesis

#1 AND #2 AND #3

#1 AND #2 AND #4

ouhwnN

No limitation, such as on the language or date of publication was implemented in this
literature search.

Further manual searches, on the references on studies that were retrieved in full, was
planned.

On below knee prosthesis!-3:6:16,17,18,22,26.
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With regard to below knee amputation, section 6 of the WorkSafeBC Permanent
Disability Evaluation Schedule on lower extremity (Rehabilitation Services &
Claims Manual, Volume II (under current legislative provisions) | WorkSafeBC)
included two statements on the assignment of the percentage of whole body
disability level:

Short below knee stump suitable for conventional below knee prosthesis, and
Below knee, suitable for below knee prosthesis (patellar bearing)

These two statements need further elucidation on what is a prosthesis, what type of
prosthesis are available for below knee amputation and noting that it may well be
misleading to designate “patellar bearing” as a type of below knee prosthesis. Further
expanding on this information is perhaps crucial in assigning the level of disability to
injured workers with below knee amputation.

In general, permanent or definitive transtibial prosthesis consists of four major
components, i.e. a foot-ankle assembly, shank, socket and suspension (Figure 2.
Diagrammatic (A) and real life (B) below knee prosthesis). The prosthetic socket is the
load-bearing part of the prosthesis; all the forces from the ground during gait are
transferred to the limb through the socket. The forces from the limb needed to control
the motion of the prosthesis are also transferred to the prosthesis through the

socket. Given this role, the prosthetic socket is perhaps the most important part of the
prosthesis not only because the socket is the part of the prosthesis that contacts the
amputee’s skin connecting the amputee with the rest of prosthesis components but also
the role as the load-bearing part of the whole prosthesis. As such, prescribing the best
socket design and fitting is very important because a less than ideal socket fit can
quickly lead to pain, injury, and lack of function. It should be noted that usually there is
an interface i.e. the material between the socket and the residual limb. The suspension
system of a prosthesis is the mechanism by which the prosthesis is secured to the
amputee. The prosthetic knee and foot are components designed to simulate some of
the function of the anatomic knee or foot and ankle, respectively. The shank is the
component located between the proximal aspect of the foot-ankle assembly and the
distal portion of the socket. In this way, shanks transmit the amputee's weight from the
socket to the foot.

Through the first half of the twentieth century, transtibial prostheses were built by
hollowing out a block of wood and attaching metal single-axis knee joints and a leather
thigh corset. This type of socket was referred to as “plug-fit” sockets because they were
open-ended and the limb fit into the socket like a plug fit in a drain. The attached thigh
corsets took advantage of the conical shape of the thigh to transfer weight proximally
and transmit mediolateral forces to and from the limb. Although many patients with an
amputation were able to function with this system, the lack of contact on the distal end
of the residual limb often led to painful edema in the area and may lead to verrucous
hyperplasia, a painful skin condition with a warty appearance. Also, these types of joints
and corsets are heavy, adding considerable weight to the prosthesis.

By the end of World War II, the large number of veterans who suffered limb loss during
combat inspired prosthetists to experiment with new materials and techniques to
improve the comfort and function of prostheses. In 1959, a symposium was held at the
University of California Biomechanics Laboratory to promote the development of the
transtibial socket fitting. This was when the patellar tendon- bearing (PTB) socket design
was developed. PTB desigh managed to strategically load the limb in areas that are more
tolerant of pressure. The patellar tendon, calf musculature, and medial tibial flare are
used for weight loading, while reliefs are made over bony prominences like the tibial
crest and head of the fibula. The term “patellar tendon-bearing” actually originated from
the use of a patellar “bar” built into the socket at the level of the center of the patellar
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ligament, midway between the patella and the tibial tubercle, not due to the role of the
patellar ligament as the major weight bearer. The PTB design allowed many amputees to
bear their full weight through the prosthesis, reducing the need for the use of a thigh
corset. The PTB technique is still used today, and some modern fitting techniques
incorporate some of the attributes of the original PTB design.

The total surface-bearing (TSB) socket came into widespread use in the 1990s. The TSB
socket was designed to distribute pressures more equally across the entire surface of the
transtibial residual limb and has a smoother contour than a PTB socket. This is usually
accomplished by involving a special liner material to help disperse the forces applied to
the residual limb.

The most recent socket, the hydrostatic socket (can be called as a TSB variation)
permits pressure equally to every point within a socket to minimize localized weight
bearing areas. Hydrostatic sockets are fabricated using a pressure chamber around the
residual limb to apply uniform pressure during casting and have a relatively large portion
intended to enhance cushioning of the residual limb.

The ability to hold a prosthesis on the residual limb is a critical function of the prosthesis.
This ability to prevent the prosthesis from slipping off the residual limb during the swing
phase of walking and when the wearer climbs stairs and ladders and engages in similar
pursuits during which the prosthesis is not on the ground is accomplished by the
suspension component. The oldest mode of suspension is the thigh corset with side
joints (picture pirate with amputated lower limb in the movies); the most basic is the
use of straps or belts and the simplest one is a supracondylar cuff. Suspension
techniques may also employ the bony structure of the knee for suspension. The PTB
supracondylar and supra-condylar-suprapatellar are in this category. This type of
suspension can be accomplished by incorporating the femoral condyles completely within
the rigid transtibial socket for the supracondylar PTB and adding the proximal surface of
the patella in the case of supra-condylar-suprapatellar PTB. Supracondylar PTB has been
shown to provide good suspension and increases knee stability and the overall weight-
bearing surface of the residual limb. The supra-condylar-suprapatellar PTB is indicated
for short residual limb lengths by adding benefits of providing suspension, medial-lateral
stability and an increased area of loading over the patella. However, a relatively recent
good systematic review!® concluded that there was no conclusive evidence which the
suspension system was the best for transtibial amputees and pointing out the important
role of residual limb length, shape (i.e. cylindrical or conical), muscle strength, soft
tissue, bony prominence, pain, aspiration of amputee, level of activity, upper limb
strength, as well as the amputees' budget in the provision of transtibial prosthesis.

In summary, our review of prosthesis shows that the conventional below knee prosthesis
is quite out of date while the statement of patellar bearing as the below knee prosthesis
most likely is incorrect since patellar bearing is a type of socket which is a component of
the whole prosthesis system. The review also provided evidence on the role of several
factors, such as residual limb length, shape, muscle strength, soft tissue, bony
prominence, pain, aspiration of amputee, level of activity, upper limb strength in
determining the success of prosthesis provision in returning amputee to “normal” life.

On below knee amputation, outcomes and stump length:

Literature search results:
Fifty-one?’-77 published studies were identified from search #5. Upon examination
on the titles and abstracts of these fifty-one2’-77 studies, none of these published
studies provided relevant data on the potential association between below knee
amputation, functional capacity or quality of life and the residual stump length.
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Stump length is one important determinant of functional outcomes since stump length
influences torque generation, ambulation speed, energy expenditure, end-bearing
comfort, and prosthetic fit. A stump length that is too short can lead to increased
metabolic demand and reduced efficiency. On the other hand, an excessively long stump
may diminish the posterior flap for end-bearing and make foot clearance difficult.
Despite the well-recognized importance of these factors, a precise, individualized method
for determining optimal stump length for each amputee has not yet been established?®.
When performing a below knee amputee, current clinical guidelines generally
recommend residual stump length between 12 and 17 cm below the knee joint or 10-15
cm below the tibial tubercle.

In their review on predicting functional outcomes for lower limb amputation, Norvell et
a® emphasized the importance of age, BMI, race, marital status, education

level?®® and numerous comorbidities including diabetes mellitus, COPD,
anxiety/depression, dialysis, smoking status, alcohol consumption/abuse and pain. The
time since amputation was also identified as an important contributing factor to mobility
in below knee amputees!®!,

Some studies® 1421341 from the non-systematic searches provided information that may
be relevant in investigating and evaluating treatment and rehabilitation outcomes by
measuring the amputee’s health status, level of function and participation. In the case of
lower limb amputations, including below knee amputations, objective assessments of
ambulation and mobility is of importance in the treatment and progress monitoring as
well as evaluating the rehabilitation outcomes. To this end there are several, validated,
measuring instruments that can be employed. These measurement tools include the
Prosthesis Evaluation Questionnaire (PEQ), the Trinity Amputation and Prosthesis
Experience Scales (TAPES), 6 Minutes Walk Test, the L-test, SIGAM/WAP mobility scale,
Timed Up and Go, SF-36, SF-12 etc. Good systematic reviews of these instruments was
published by the US Agency for Healthcare Research and Quality34! as well for the Dutch
Guideline for the amputation and prosthetics of the lower limb?2t,

In summary, our systematic review attempting to investigate the role of stump length in
the functional outcomes among below knee amputees could not identify any empirical
data. Instead, we identified numerous factors, including demographic and co-
morbidities, that may affect functional outcome among below knee amputees. Some
good quality systematic review articles provide evidence on the validity of the
instruments to measure functions and quality of life among below knee amputees fitted
with prostheses.

On below knee amputation, outcomes and type of prosthesis:

Literature search results:
Search #6, investigating the role of prosthesis in the functional outcome or
quality of life in below knee amputees, yielded 26378-340 published studies. After
examining the titles and abstracts of these 26378340 studies,
six20,146,154,191,200,216 gt dies were thought to be relevant and were retrieved in full
for further appraisal.
Of these six?0:146,154,191,200,216 gt djes that were retrieved in full,
four®2:191,200,216 gtydies were not relevant and will not be discussed further.

A high quality (clear objective, clear search strategy, clear selection of primary studies,
clear presentation of the results) systematic review (level of evidence 1. Appendix 1)
investigating the effectiveness of total surface bearing (TSB) socket compared with
specific surface bearing (SSB) a.k.a. patellar tendon bearing (PTB) prosthesis designs on
health outcomes, especially on mobility and function which the authors identified as the
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primary indicators to successful rehabilitation of a person with lower limb amputation,
was reported by Cavenett et al'>*. Among the eleven primary studies included in this
systematic review, the authors identified and analyzed 28 different outcome measures
used to assess particular health domains. Four health domains, function, pain/comfort,
quality of life and energy usage, were categorized in this systematic review. In health
domains “function”, outcome measures included walk speed, stride length, temporal
asymmetry, spatial asymmetry, cadence, balance, weight bearing, activities of daily
living, step count, wear time and ambulation. Among health domain, pain/comfort,
outcome measured included socket comfort score, residual limb health, Brief Pain
Inventory, wear comfort, pain and phantom pain. On quality of life, outcomes measured
included socket preference, frustration, utility, well-being, sounds, social burden,
perceived response, appearance and satisfaction, while for energy usage the included
studies measured oxygen uptake. Of the 28 measures investigated in this systematic
review, when comparing the TSB to the SSB socket design, the authors found that there
was no difference between the socket designs in 21 measures. Four measures found
significant differences in favor of the TSB design and three measures found significant
differences in favor of the SSB design. The measures that showed a significant
preference for the TSB prosthesis were step width, balance, weight bearing and activities
of daily living. Those that showed a significant difference in favor of the SSB socket
design type were step count, wear time and perceived response. The authors concluded
that the SSB design was as effective as the TSB design in improving health outcomes
relating to function, comfort and quality of life while emphasizing the importance of
interface and suspension utilized in the SSB and TSB socket.

Another good quality (clear objective, clear search strategy, clear selection of primary
studies, clear presentation of the results) systematic review (level of evidence 1)
investigating the impact of trans-tibial amputation on the quality of life, health

status and prosthesis satisfaction among below knee amputee older than 60 years was
reported by Brunelli et al*#6. While the finding of this systematic review, cq. only among
those aged = 60 year, may not be applicable to WorkSafeBC patient population, Brunelli
et al'*® appraised the measurement tools employed in the primary studies included in
their systematic review. These tools included PEQ (Prosthesis Evaluation Questionnaire),
SWLS (Satisfaction with Life Scale), WHO QOL-BREF (World Health Organization Quality
of Life Scale), TAPES-R (Trinity Amputation and Prosthesis Experience Scale-Revised),
SF-36 (Short-Form General Health Survey 36) and RAND-36 (Research and
Development Corporation measure of Quality of Life 36-Item Health Survey 1.0).

In summary, this systematic review attempts to investigate comparative
efficacy/effectiveness of modern below knee prosthesis, or more relevantly the sockets
(PTB/SSB, TSB and/or hydrostatic) on below knee prosthesis, in functional outcome
among below knee amputees found that SSB and TSB sockets are comparable in most of
the outcome in health status and/or quality of life reported.

In this review, we found that conventional below knee prosthesis perhaps is outdated.
With regard to prosthesis, socket fit perhaps is the most important component of a
prosthesis affecting functional outcome as well as the quality of life of the amputees
prescribed a prosthesis. With regard to below knee prosthesis, a good quality systematic
review concluded that among the currently prescribed below knee prosthesis, i.e. PTB or
TSB, there may not be any difference with regard to most measurements on health
status and quality of life in amputees prescribed a prosthesis.

This systematic review found the lack of empirical data on the role of residual stump
length to the functional outcome and/or quality of life in below knee amputee.
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This systematic review also identifies numerous outcome measurement tools that can be
employed to measure functional capacity and quality of life among below knee amputees
prescribed with either PTB or TSB prosthesis.

Given the current available empirical data and the state of disability awarding among
injured workers with below knee amputee fitted with relevant prosthesis, we propose to
award the disability level based on functional capacity and/or quality of life
measurements (as opposed to stump length or certain type of socket as currently
prescribed in section 6 of the WorkSafeBC Permanent Disability Evaluation Schedule on
lower extremity (Rehabilitation Services & Claims Manual, Volume II (under current
legislative provisions) | WorkSafeBC).
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Figure 1. Assigned whole person disability level on lower extremity amputation.
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Figure 2. A. Diagrammatic below knee prosthesis (cq. with a patellar tendon bearing socket
and supracondylar suspension). B. Real life below knee prosthesis with blue neoprene
suspension system (and unclear socket type)
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WorkSafeBC — Evidence-Based Practice Group levels of evidence (adapted
from 1-6)

Experimental, randomized controlled trial (RCT), systematic review RTCs with or
without meta-analysis.

Evidence from controlled trials without randomization (quasi-experimental studies) or

2 . . . .
systematic reviews of observational studies.

3 Evidence from cohort or case-control analytic studies, preferably from more than 1
centre or research group.

4 Evidence from comparisons between times or places with or without the intervention.
Dramatic results in uncontrolled experiments.

5 Opinions of respected authorities, based on clinical experience, descriptive studies or
reports of expert committees based on scientific evidence.
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