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B TRAUMA

A novel osseointegrated percutaneous
prosthetic system for the treatment of
patients with transfemoral amputation
A PROSPECTIVE STUDY OF 51 PATIENTS

Patients with transfemoral amputation (TFA) often experience problems related to the use
of socket-suspended prostheses. The clinical development of osseointegrated percutaneous
prostheses for patients with a TFA started in 1990, based on the long-term successful results

of osseointegrated dental implants.

Between1999 and 2007, 51 patients with 55 TFAs were consecutively enrolled in a
prospective, single-centre non-randomised study and followed for two years. The indication
for amputation was trauma in 33 patients (65%) and tumour in 12 (24%). A two-stage
surgical procedure was used to introduce a percutaneous implant to which an external
amputation prosthesis was attached. The assessment of outcome included the use of two
self-report questionnaires, the Questionnaire for Persons with a Transfemoral Amputation

(Q-TFA) and the Short-Form (SF)-36.

The cumulative survival at two years’ follow-up was 92%. The Q-TFA showed improved
prosthetic use, mobility, global situation and fewer problems (all p < 0.001). The physical
function SF-36 scores were also improved (p < 0.001). Superficial infection was the most
frequent complication, occurring 41 times in 28 patients (rate of infection 54.9%). Most were
treated effectively with oral antibiotics. The implant was removed in four patients because

of loosening (three aseptic, one infection).

Osseointegrated percutaneous implants constitute a novel form of treatment for patients
with TFA. The high cumulative survival rate at two years (92%) combined with enhanced
prosthetic use and mobility, fewer problems and improved quality of life, supports the
‘revolutionary change’ that patients with TFA have reported following treatment with

osseointegrated percutaneous prostheses.

Cite this article: Bone Joint J 2014;96-B:106-13.

Patients with transfemoral amputation (TFA)
frequently experience problems related to the
use of socket-suspended prostheses,' and
these problems increase with short or
deformed stumps.* Based on long-term results
using osseointegrated titanium implants in
other specialties,’® we have developed an osse-
ointegrated prosthesis for TFA. In this paper
we report the results of a two-year follow-up
of 51 consecutive patients.

Patients and Methods

This was a prospective, single-centre, non-ran-
domised study in accordance with the European
standard for clinical investigations of medical
devices (EN-540) and for which ethical approval
had been obtained. Pre- and post-operative data
regarding the osseointegrated prostheses were
compared for each patient. A total of 51 patients
with TFA were included in the study between
1999 and 2007, and each patient was followed
for two years. All operations were performed at

Sahlgrenska University Hospital, Gothenburg,
Sweden and removal of the implant was the end-
point for failure.

A total of 45 patients had a unilateral and
six a bilateral TFA (Table I). The total number
of limbs evaluated was 55, as four of 51
patients had bilateral TFAs and were treated
bilaterally and two with bilateral TFAs were
treated on one side only. The main reasons for
amputation were trauma and malignant
tumour. On entry to the study, most patients
were using conventional socket-suspended
prostheses (42/51), but nine did not use a pros-
thesis. Of these, eight had been unable to
obtain a comfortable prosthesis and one had
not tried using a prosthesis due to the extreme
shortness of the amputation stump.

The inclusion and exclusion criteria are sum-
marised in Table I and the design of the study
and patient participation in Figure 1.
Treatment protocol. The  implant  (OPRA
Implant System (Osseointegrated Prostheses
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Table I. Demographics

Variable
Patients (n) 51
Male gender (n, %) 28 (55)

At amputation

Mean patient age (yrs) (range) [median; sb] (n = 50 patients)’

Amputation (n, %)"
Unilateral
Bilateral

Reason for amputation (n, %)
Trauma
Tumour
Other

At inclusion
Mean patient age (yrs) (range) [median; sD]

Time from amputation to surgery S1 (yrs) (range) [median; sD]

Concomitant injuries/defects (n)
Contralateral transtibial amputation
Other defect on contralateral leg
Paralytic arm

Mean estimated weight (kg) (range) [median; sD] (n

Smoker (n, %)

Prosthesis-user (> 1 day/week)

Country of residence (n, %)

United Kingdom
Norway
Spain
Sweden
Extremities treated (n)

Mean length of femur at inclusion (cm) (range) [median; sp] (n = 55 limbs)®

32 (13 to 64) [32; 14]

45 (88)
6(12)

33 (65)
12 (24)
6(12)

44 (20 to 65) [46; 12]
12 (1 to 42) [8; 11]

1

4

2

84 (50 to 129) [83; 19]
11 (22)

42 (82)

=50 patients)*

1(2)

14 (27)

11 (22)

25 (49)

55 (4 bilateral patients)
22.4 (13.1 to 35.0) [21.6; 5.5]

* two of the patients with bilateral TFA were only tre
with the same method on the other side before the s
side owing to an extremely short residual femur

ated on one leg each within the study. One was treated
tudy started, and one could not be treated on the other

T data missing for one patient who did not specify the amputation date
¥ data missing for one patient who did not specify weight
§ measured by CT scan from the distal tip of the femur to the apex of the major trochanter

Table Il. Overview of inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Transfemoral amputee

Current problems or expected to have problems with a conventional
prosthesis, or inability to use a prosthesis

Full skeletal maturity

Normal skeletal anatomy

Suitable for surgery based on medical history and physical examina-
tion

Likely to comply with treatment and follow-up requirements

Age < 20 years or > 70 years

Severe peripheral vascular disease, diabetes mellitus, skin disease involv-
ing the amputated limb, or other diseases that could adversely affect the

treatment

Current treatment with systemic corticosteroids, chemotherapeutic agents
or other drugs that could adversely affect the treatment

Pregnancy

for the Rehabilitation of Amputees); Integrum AB, MolIndal,
Sweden) consists of three main components: the fixture, the
abutment and the abutment screw (Fig. 2). Treatment
involves two operations separated by six months, followed
by rehabilitation. The first stage consists of the fixture being
inserted into the residual femoral bone, using a three-dimen-
sional (3D) centring guide and fluoroscopy to ensure correct
positioning. The intramedullary canal is reamed to the
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appropriate size and the fixture is introduced. It is left
unloaded in the bone during the healing period in order to
allow it to incorporate.” In the second stage, all distal mus-
cles are divided and sutured to the periosteum, leaving the
bare bone protruding by approximately 5 mm, covered only
by part of the skin flap, which is trimmed of subcutaneous
fat to full skin thickness and attached to the end of the
bone.!? The abutment is then inserted, penetrating through
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Baseline
CE, X-ray, CT and EE
(n=51)

Surgery 1
X-ray, RSA and AE
(n=51)

(6 months between S1 and S2)

Surgery 2
X-ray, RSA and AE
(n=51)

3-month visit
X-ray, RSA and AE

(n=51)
Withdrawn
1 Dead
6-month visit
CE, X-ray, RSA and AE
(n =50)
Withdrawn

1 Fixture failure
1 Lost to follow-up

12-month visit
CE, X-ray, RSA, EE and AE
(n=48)

Withdrawn
2 Fixture failure
1 Injury of contralateral leg

24-month visit
CE, X-ray, RSA, EE and AE
(n =45)

Fig. 1

Flowchart of the study design and patient participation over time (CE,
clinical examination; X-ray, plain radiographs; CT, computed tomogra-
phy; EE, Q-TFA Questionnaire for Persons with a Transfemoral Amputa-

tion; SF-36, Short Form 36 Health Survey; RSA, roentgen
stereophotogrammetric analysis; AE, adverse event).

the skin into the implant, and secured with the abutment
screw. Rehabilitation entails gradually increasing the load on
the implant, mobilisation and activity.!!

The patients were reviewed at three, six, 12 and 24
months after the second-stage procedure. Any complica-
tions were recorded. If there was clinical evidence of infec-
tion, additional information on the history of the infection
and its treatment was recorded.

Two validated, self-reported questionnaires, the Question-
naire for Persons with Transfemoral Amputation (Q-TFA)!?
and the Short-Form 36 Health Survey (SF-36)'3, were used
to assess the functional outcome and health-related quality
of life. Both were completed before the first-stage procedure
and 12 and 24 months after the second (Fig. 1).

The Q-TFA records scores in four areas: prosthetic use (0
to 100), prosthetic mobility (0 to 100), problems (100 to 0)
and global (0 to 100). A prosthetic use score of 0 means
that the prosthesis is not used at all, whereas 100 means
that the prosthesis is used seven days a week for > 15 hours
a day. The Q-TFA also includes a question on the patient’s
overall perception as an amputee, which can be evaluated
regardless of the use of the prosthesis.!?

The SF-36 is a general health-related quality of life ques-
tionnaire with eight subscales and two summary measures,

and each gives a score between 0 and 100, with a higher fig-
ure representing better quality of life.!>!* The summary
measures and the physical and mental component scores,
are standardised to the general population.'*

The primary outcome of interest was the Q-TFA pros-

thetic use score; secondary outcomes included the remain-
ing scores and the single overall question from the Q-TFA,
and all scores on the SF-36.
Statistical analysis. All data, including any adverse events,
were collected from the medical records and all statistical
analyses were performed with the SAS (Statistical Analysis
North Carolina) version 9.2, in accordance with a pre-
specified statistical plan. Descriptive statistics, including
quantitative and qualitative parameters, were used for
number of patients, mean, standard deviation (SD),
median, minimum and maximum values and frequencies
and percentages. Survival of the implant was calculated
using a cumulative success rate (CSR) and presented as a
Kaplan-Meier graph with 95% confidence intervals.
Within-group tests were used for the time effect, i.e. evo-
lution between pre- and post-treatment, using Wilcoxon’s
signed ranks non-parametric test. The significance tests
were performed at subject level, two-sided, and conducted
at the 5% significance level.

THE BONE & JOINT JOURNAL
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Fixture

Abutment

A/
/

Abutment screw

Skin

Bone

Fig. 2a

Fig. 2b

Fig. 2¢

Figure 2a — schematic of the implant system. The fixture is inserted in the bone. The abut-
ment is connected to the fixture and secured with an abutment screw. The external part
of the abutment is connected to external prosthetic components. The fixture was manu-
factured from commercially pure titanium, had an outer thread, length 80 mm, and a
diameter from 16 mm to 20 mm in increments of 0.5 mm, and in this study all implants
had six tantalum markers for roentgen stereophotogrammetric analysis and radiological
assessment reported separately.®’ Figures 2b and 2c - clinical photograph (b) showing
a patient with the osseointegrated percutaneous implant, and radiograph (c) showing an
osseointegrated implant with an attached external prosthesis.

Results

A total of 48 of 51 patients (52 TFAs) were followed up for
two years; three patients were withdrawn from the study
for reasons unrelated to the implant (one death from an
unrelated cause, one severe dysfunction of the contralateral
knee, and one lost to follow-up). Three patients had their
implants removed during the study period and one shortly
after the study ended, and this failure is included in the
results. The cumulative survival was therefore 92% after
two years (95% CI 80% to 97%)(Fig. 3).

No patient suffered from any systemic events such as
myocardial infarction or pulmonary embolism. A total of
46 patients (47 TFAs) had one or more (1 to 11) complica-
tions. A total of 101 complications were reported, and of
these, 49 in 39 patients (39 TFAs) were classified as serious.
Superficial infections were the most common complication

VOL. 96-B, No. 1, JANUARY 2014

occurring 41 times in 28 patients (29 TFAs), which were
mainly treated effectively with oral antibiotics for ten days,
although four patients required prolonged treatment. Four
patients (four TFAs) with a superficial infection were
admitted for treatment. All superficial infections resolved.
Four patients (four TFAs) had a deep infection, present-
ing at a time that varied from immediately after the first
stage procedure to 42 days after the second stage. The deep
infection in one patient led to loosening of the implant
which was removed six months after the second-stage pro-
cedure. Another patient with a deep infection was success-
fully treated with antibiotics without removal of the
implant. Two patients (two TFAs) had positive cultures
from soft tissues taken at surgery (E. coli in one patient and
Pseudomonas aeruginosa in the other), despite the absence
of signs of infection. E.coli was treated with septacidin for
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Fig. 3

Kaplan-Meier graph showing survival of implant with 95% confidence
intervals.

10 days and then loracarbef for five months. Pseudomonas
was treated with ciprofloxacin for six months, and neither
developed clinical signs of infection.

Two patients with pain on weight-bearing had loose
implants, which were removed 1.3 and 1.7 years after the
S2, respectively. Another had almost constant pain on
weight-bearing two years post-operatively, but loosening
became apparent four months after the study was con-
cluded. Five patients (five TFAs) described episodic pain
during rehabilitation, but without evidence of loosening of
the implant.

A total of four patients (four TFAs) suffered five frac-
tures, three of which were ipsilateral fractures of the hip,
one below-elbow fracture and one vertebral compression.
No peri-prosthetic fractures occurred.

In all, nine mechanical complications with the abutment
and/or the abutment screw were reported in four patients,
resulting in fracture or bending of the abutment and/or the
abutment screw. Six of these occurred in the same patient.
All patients returned to normal function after the damaged
components were replaced. There were no mechanical
complications relating to the fixtures.

The Q-TFA and SF-36 scores are presented in Table III
and are based on a patient level regardless of whether the
patient had a unilateral or bilateral TFA. At 24 months 40
of 45 patients (89%) reported daily prosthesis use, com-
pared with 57% (29 of 51) before the implant was inserted.
One patient had severe pain and did not use the prosthesis
at all, and four patients (two with bilateral TFA) reported
less than daily prosthesis use, for different reasons. The
mean prosthetic use score improved from 47 (0 to100)
prior to the first stage to 79 (0 to 100) two years after the
second stage procedure (p < 0.0001). As shown in Table III
all Q-TFA scores improved (p < 0.0001) (Table III)
from before the first stage, showing improved prosthetic

mobility, fewer problems and an improved global situation.
The overall situation as an amputee was stated to be
improved in 31 (69%) of patients in the single question.
The SF-36 physical function scores showed that general
quality of life improved (p < 0.0001) (Table III).

In order to control for those who were lost to follow-up
(n = 6), a sensitivity analysis, including all patients, was
made using the primary functional outcome variable, the
prosthetic use score, with a conservative estimate of their
current prosthetic use at two years. The conservative ana-
lyse was based on baseline prosthetic use and personal con-
tact. The results showed that the score was still statistically
significantly improved (n = 51; mean change in prosthetic
use score 26.1 (SD 43.5); p < 0.0001).

Discussion

This is the first prospective study analysing quality of life,
function and complications following the use of an osseoin-
tegrated percutaneous prosthetic implant for the treatment
of patients with TFA. We found a cumulative survival of
92 % two years post-operatively, which is in contrast to pre-
vious reports of direct skeletal attachment for prostheses,
which in dogs and goats have shown limited prosthetic
function owing to implant loosening or infection or only
been used for almost unloaded implants in humans.'>"!”

Branemark’ introduced the concept of osseointegration,
which has revolutionised dental treatment!®! and has also
been used successfully for hearing aids,® craniofacial
prostheses” and thumb prostheses.® Using this concept for
patients with TFA is a continuation of this development. A
report from a German concept for percutaneous prostheses
fixed to bone of transfemoral amputees have shown prom-
ising results, although still lacking prospective short and
medium follow-up regarding implant survival, infection
rates and rate of revision.?? In 37 patients who have under-
gone arm amputations at various levels and been treated
with implants during 1990-2010, 30 patients continued to
successfully use the implant and a case report using the
British osseocutaneous ITAP system in a patient with trans-
humeral amputation has survived two years without any
reported signs of serious complications.>»??

There are a large number of lower limb amputees world-
wide; many are young, and TFA prostheses traditionally
have used suspended sockets.>*>* However, problems with
the socket are common because of poor suspension and fit,
local pain, skin ulceration and general discomfort.!”2¢27
Patients with a short stump or inadequate soft tissues may
choose not to use their prosthesis at all.* In a survey of Vietnam
war veterans with amputations in the USA, Hoaglund et al®
reported a high incidence of persistent discomfort. In Swe-
den, a survey of 97 patients with TFA reported that 72%
experienced heat and sweating of the stump; 62% had
sores/chafing/skin irritation; 61% had interference with
mobility; 51% had pain in the stump when standing or
walking; and 44% were uncomfortable sitting with the
prosthesis. In addition, the patients had significantly
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Table lll. Questionnaire for Persons with a Transfemoral Amputation (Q-TFA) and Short-Form (SF)-36 scores at baseline and change from
baseline to 12- and to 24-month follow-up, respectively. Three patients failed to complete the whole questionnaire at each visit

Variable

Mean score (range ) [median; sp] (no. patients)

Baseline

Change from baseline to 12 mths

Change from baseline to 24 mths

Q-TFA"

Prosthetic use score
Prosthetic mobility score
Problem score’

Global score

Overall situation (n, %)

47 (0 to 100) [52; 37] (n = 51)
52 (0 to 82) [56; 20] (n = 42)
44 (5 to 77) [48; 19] (n = 42)
38 (0 to 92) [33; 19] (n =42)

34 (-23 to 100) [29; 29] (n = 44)*
14 (-29 to 46) [15; 17] (n = 36)®
-28 (-57 to 2) [-33; 16] (n = 36)°
37 (-17 to 84) [34; 26] (n = 36)°

32 (-100 to 100) [29; 41] (n = 45)®
18 (-29 to 48) [17; 16] (n = 37)°
-27 (-569 to 7) [-30; 16] (n = 37)°
39 (0 to 92) [34; 24] (n = 37)®

n=45

Declined: 3 (7)

No change: 11 (24)
Improved: 31 (69)°

23 (-23 to 75) [25; 21] (n = 45)*
22 (-50 to 100) [13; 36] (n = 44)°

Extremely poor 5 (10) n=42

Poor 15 (29) Declined: 2 (5)

Average 17 (33) No change: 11 (26)

Good 9 (18 Improved: 29 (69)°

Extremely good 5 (10)
SF-36
Physical function 35 (0 to 85) [30; 22] (n =51) 22 (-40 to 70) [20; 24] (n = 47)°
Role-physical 41 (0 to 100) [25; 42] (n = 50) 24 (-50 to 100) [25; 44] (n = 45)®
Bodily pain 55 (10 to 100) [51; 26] (n = 51) 7 (-52 to 74) [0; 26] (n = 47)
General health 78 (37 to 100) [82; 18] (n =51) 3 (-32to 40) [0; 17] (n = 47)
Vitality 60 (15 to 90) [60; 20] (n =51) 5 (-50 to 45) [5; 19] (n = 47)

78 (13 to 100) [88; 25] (n =51)
75 (0 to 100) [100; 39] (n = 50)
74 (4 to 100) [80; 21] (n = 51)
74 (4 to 100) [80; 21] (n = 50)

Social function
Role-emotional

Mental health

SF-36 Physical Component
Summary*

SF-36 Mental Component
Summary*

53 (19 to 69) [67; 13] (n = 50)

2 (-50 to 50) [0; 24] (n = 47)
5 (0 to 100) [0; 43] (n = 46)

2 (-44 to 40) [0; 18] (n = 47)
2 (-44 to 40) [0; 18] (n = 45)%

-2 (-33 t0 23) [-2; 11] (n = 45)

6 (-61 to 59) [9; 30] (n = 45)
-1 (-42 to 40) [0; 18] (n = 45)
3 (-70 to 45) [5; 23] (n = 45)
1(-100 to 63) [0; 30] (n = 45)
0 (0 to 100) [0; 45] (n = 44)
2 (-76 to 40) [4; 24] (n = 45)
2 (-76 to 40) [4; 24] (n = 44)}

-3 (-44 to 22) [0; 15] (n = 44)

* a Prosthetic Use Score of 0 means the patient is not using a prosthesis and consequently the Prosthetic Mobility Score, Problem Score and
Global Score could not be answered, hence results for lower numbers of patients in those scores'

T the Problem Score is reversed, which means a lower figure indicates fewer problems related to amputation and prosthesis

+ SF-36 Physical and Mental Component Summaries are normalised to the general population (mean 50 (sb 10))'®

§ p < 0.001

reduced quality of life compared with matched controls
(normal subjects), with the greatest differences in the SF-36
physical function scores.! The prosthetic socket has also
been shown to hinder the movements of the hip.?® Osseoin-
tegrated implants are a novel addition to the growing num-
ber of mucosa- and skin-penetrating implants. These
devices not only allow for fixation of the components to
bone, they also create new opportunities for the exchange
of information between the prosthesis and the rest of the
body, using vibration, epimysial electrodes (surgically
placed on the muscle to record the electrical signal from the
muscle contraction) and nerve cuff electrodes.?-! The lat-
ter can improve the use of the advanced upper limb pros-
theses recently developed by the Defence Advanced
Research Projects Agency and could be used in conjunction
with other advanced rehabilitation techniques, such as tar-
geted muscle reinnervation.>?

An early major concern with the use of skin- or mucosa-
penetrating devices, which are anchored to bone, is the risk
of infection. However, long-term studies have shown that
osseointegrated dental implants can last for > 20 years,
with few complications.'®!” In a recent study of 39 ampu-
tees treated with osseointegrated percutaneous implants,
the patients have lived with the implants for a mean of 56

VOL. 96-B, No. 1, JANUARY 2014

months (132 to 133). There were 33 femoral, one tibial,
four ulnar, four radial and three humeral implants. Patients
were selected during a six month period in 2005 and iden-
tically re-evaluated after three years. The frequency of
implant infection was 5% at inclusion and 18% at follow-
up. One patient with infection recovered owing to antibi-
otic treatment and another patient had the implant
removed. Most implant infections had low infectious activ-
ity and in five of the seven patients with infections, pros-
thetic use was not affected. Tillander et al*? reported that,
despite frequent colonisation around the skin-implant
interface by potentially virulent bacteria, e.g. Staphylococ-
cus aureus or coagulase-negative staphylococci, few infec-
tions lead to disability or removal of the implant.
Furthermore, in animal studies it has been suggested that
osseointegrated implants can remain stable despite inflam-
matory conditions; inflammation is a part of the response
to infection and we hypothesise that the resistance to
inflammation is a key factor in the resistance to infection.>*

We have previously reported improved prosthetic use,
improved mobility, less problems and improved health-
related quality of life of osseointegrated implants in a sub-
analysis of the first 18 patients included in this study.’
Moreover, the results are supported by Lundberg et al*® in
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a qualitative study that included 13 patients with osseoin-
tegrated prostheses who described the ‘revolutionary
change’ this treatment made to their lives.

In this further study we found no superficial infection
that developed into a deep infection, and no patient had a
persistent deep infection. The incidence of revision requir-
ing removal of the implant was relatively low (8%). The
limitations of this study are that the number of patients
(n = 51) (55 TFAs) was small, and that the two-year follow-
up data for six patients (six TFAs) were not available. The
study was not randomised, nor was it multicentre, and the
follow up was short. However, based on our 20 years’ expe-
rience of using this implant, early loosening is the most
common complication requiring removal of the implant.
The five-year data are currently being assessed and will be
reported shortly. Also, the first patients have passed the ten-
year follow-up, and to date there are no late implant fail-
ures due to loosening or infection. However, one implant
was removed after ten years because of a crack in the fix-
ture, probably caused by mechanical overload. The radio-
logical assessment of this cohort has been published,
indicating that these implants behave in a similar way to
femoral stems in total hip replacement.’” In future, it is
hoped that these novel percutaneous devices will not only
allow improved fixation of prostheses, but may also help
deliver information between the artificial components and
other systems within the body.

Supplementary material

XXH A table detailing all adverse events encountered dur-
. ing the study is available with the electronic version
of this article on our website www.bjj.boneandjoint.org.uk.
A further opinion by R. Grimer is available with the elec-
tronic version of this article on our website at www.bone-
andjoint.org.uk/site/education/further_op

Supplementary video
Two videos demonstrating this system are available
with the electronic version of this article.

RB is part time employed by the Integrum company.
No benefits in any form have been received or will be received from a com-
mercial party related directly or indirectly to the subject of this article.

This article was primary edited by S. P H. Hughes and first-proof edited by
J. Scott.

References
1. Hagberg K, Branemark R. Consequences of non-vascular trans-femoral amputa-

tion: a survey of quality of life, prosthetic use and problems. Prosthet Orthot Int
2001;25:186—194.

2. Hoaglund FT, Jergesen HE, Wilson L, Lamoreux LW, Roberts R. Evaluation of
problems and needs of veteran lower-limb amputees in the San Francisco Bay Area
during the period 1977-1980. J Rehabil R D 1983;20:57-71.

3. Meulenbelt HE, Geertzen JH, Jonkman MF, Dijkstra PU. Skin problems of the

stump in lower-limb amputees: 2: Influence on functioning in daily life. Acta Derm
Venereo/ 2011;91:178-182.

4. Gailey R, McFarland LV, Cooper RA, et al. Unilateral lower-limb loss: prosthetic
device use and functional outcomes in service members from Vietnam War and OIF/
OEF conflicts. J Rehabil Res Dev 2010;47:317-331.

5. Esposito M, Hirsch JM, Lekholm U, Thomsen P. Biological factors contributing to
failures of osseointegrated oral implants: (1): Success criteria and epidemiology. Eur J
Oral Sci1998;106:527-551.

6. Tjellstrom A, Lindstrom J, Hallén O, Albrektsson T, Branemark PI. Osseointe-
grated titanium implants in the temporal bone: a clinical study on bone-anchored
hearing aids. Am J Otol 1981;2:304-310.

1. Tjellstrom A. Osseointegrated systems and their applications in the head and neck.
Adv Otolaryngol Head Neck Surg 1989;3:39-70.

Lundborg G, Branemark Pl, Rosén B. Osseointegrated thumb prostheses: a con-
cept for fixation of digit prosthetic devices. J Hand Surg 1996;21:216-221.

Branemark Pl, Hansson BO, Adell R, et al. Osseointegrated implants in the treat-
ment of the edentulous jaw: experience from a 10-year period. Scand J Plast Reconstr
Surg Suppl 1977;16:1-132.

10. Robinson KP, Branemark R, Ward D. Future developments: osseointegration in
transfemoral amputees. In: Smith DG, Michael JW, Bowker JH, eds. Atlas of ampu-
tations and limb deficiencies: surgical, prosthetic and rehabilitation principles. Third
ed. Rosemont: American Academy of Orthopaedic Surgeons, 2004:673-681.

©

11. Hagberg K, Branemark R. One hundred patients treated with osseointegrated
transfemoral amputation prostheses: rehabilitation perspective. J Rehabil Res Dev
2009;46:331-344.

12. Hagberg K, Branemark R, Hagg 0. Questionnaire for Persons with a Transfemoral
Amputation (Q-TFA): initial validity and reliability of a new outcome measure. J Reha-
bil Res Dev2004;41:695-706.

13. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care 1992;30:473—-483.

14. Ware JE Jr, Kosinski M, Bayliss MS, et al. Comparison of methods for the scoring
and statistical analysis of SF-36 health profile and summary measures: summary of
results from the Medical Outcomes Study. Med Care 1995;33:264—279.

15. Esslinger JO. A basic study in semi-buried implants and osseous attachments for
application to amputation prosthetic fitting. Bull Prosthet Res 1970;10:219-225.

16. Hall CW. A future prosthetic limb device. J Rehabil Res Dev 1985;22:99-102.

17. Mooney V, Schwartz SA, Roth AM, Gorniowsky MJ. Percutaneous implant
device. Ann Biomed Eng 1977;5:34—46.

18. Astrand P, Ahlqvist J, Gunne J, Nilson H. Implant treatment of patients with
edentulous jaws: a 20-year follow-up. Clin Implant Dent Relat Res 2008;10:207-217.

19. Lekholm U, Grondahl K, Jemt T. Outcome of oral implant treatment in partially
edentulous jaws followed 20 years in clinical function. Clin Implant Dent Relat Res
2006;8:178-186.

20. Aschoff HH, Kennon RE, Keggi JM, Rubin LE. Transcutaneous, distal femoral,
intramedullary attachment for above-the-knee prostheses: an endo-exo device. J
Bone Joint Surg [Am]2010;92-A(Suppl):180-186.

21. Jonsson S, Caine-Winterberger K, Branemark R. Osseointegration amputation
prostheses on the upper limbs: methods, prosthetics and rehabilitation. Prosthet
Orthot Int 2011;35:190-200.

22. Kang NV, Pendegrass C, Marks L, Blunn G. Osseocutaneous integration of an
intraosseous transcutaneous amputation prosthesis implant used for reconstruction
of a transhumeral amputee: case report. J Hand Surg Am 2010;35:1130-1134.

23. Dillingham TR, Pezzin LE, MacKenzie EJ. Limb amputation and limb deficiency:
epidemiology and recent trends in the United States. South Med J 2002;95:875-883.

24. Ziegler-Graham K, MacKenzie EJ, Ephraim PL, Travison TG, Brookmeyer R.
Estimating the prevalence of limb loss in the United States: 2005 to 2050. Arch Phys
Med Rehabil 2008;89:422-429.

25. Kapp SL. Transfemoral socket design and suspension options. Phys Med Rehabil Clin
N Am 2000;11:569-583.

26. Sherman RA. Utilization of prostheses among US veterans with traumatic amputa-
tion: a pilot survey. J Rehabil Res Dev 1999;36:100—108.

21. Dillingham TR, Pezzin LE, MacKenzie EJ, Burgess AR. Use and satisfaction with
prosthetic devices among persons with trauma-related amputations: a long-term out-
come study. Am J Phys Med Rehabil 2001;80:563-571.

28. Hagberg K, Haggstrom E, Uden M, Branemark R. Socket versus bone-anchored
trans-femoral prostheses: hip range of motion and sitting comfort. Prosthet Orthot Int
2005;29:153-163.

29. Pitkin M, Cassidy C, Muppavarapu R, Edell D. Recording of electric signal pass-
ing through a pylon in direct skeletal attachment of leg prostheses with neuromuscu-
lar control. /EEE Trans Biomed Eng 2012;59:1349-1353.

THE BONE & JOINT JOURNAL



30.

31.

32.

33.

A NOVEL OSSEOINTEGRATED PERCUTANEOUS PROSTHETIC SYSTEM FOR THE TREATMENT OF PATIENTS WITH TRANSFEMORAL AMPUTATION 113

Ortiz-Catalan M, Branemark R, Hakansson B, Delbeke J. On the viability of
implantable electrodes for the natural control of artificial limbs: review and discus-
sion. Biomed Eng Online 2012;11:33.

Hakansson B, Tjellstrom A, Rosenhall U. Hearing thresholds with direct bone
conduction versus conventional bone conduction. Scand Audiol 1984;13:3-13.

Kuiken TA, Dumanian GA, Lipschutz RD, Miller LA, Stubblefield KA. The use of

targeted muscle reinnervation for improved myoelectric prosthesis control in a bilat-
eral shoulder disarticulation amputee. Prosthet Orthot Int 2004;28:245-253.

Tillander J, Hagberg K, Hagberg L, Branemark R. Osseointegrated Titanium
Implants for Limb Prostheses Attachments: Infectious Complications. Clin Orthop
FRelat Res 2010;468:2781-2788.

VOL. 96-B, No. 1, JANUARY 2014

34.

35.

36.

37.

Branemark R, Thomsen P. Biomechanical and morphological studies on osseointe-
gration in immunological arthritis in rabbits. Scand J Plast Reconstr Surg Hand Surg
1997;31:185-195.

Hagberg K, Branemark R, Gunterberg B, Rydevik B. Osseointegrated trans-fem-
oral amputation prostheses: prospective results of general and condition-specific
quality of life in 18 patients at 2-year follow-up. Prosthet Orthot Int 2008;32:29-41.

Lundberg M, Hagberg K, Bullington J. My prosthesis is a part of me: a qualitative
analysis of living with an osseointegrated prosthetic limb. Prosthet Orthot Int
2011;35:207-214.

Nebergall A, Bragdon C, Antonellis A, et al. Stable fixation of an osseointegrated
implant system for above-the-knee amputees: titel RSA and radiographic evaluation
of migration and bone remodelling in 55 cases. Acta Orthop 2012;83:121-128.



