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Background: The management of peripheral vascular disease (PVD) can require amputation. Osseointegration surgery
is an emerging rehabilitation strategy for amputees. In this study, we report on 6 patients who had PVD requiring transtibial
amputation (PVD-TTA) and either simultaneous or subsequent osseointegration (PVD-TTOI).
Methods: Six patients (aged 36 to 84 years) with transtibial amputation and preexisting PVD underwent osseointegration between 2014 and 2016 and were followed for 3 to 5 years. Pre- and postoperative clinical and functional
outcomes (pain, prosthesis wear time, mobility, walking ability, and quality of life) and adverse events (infection, fracture,
implant failure, revision surgery, additional amputation, and death) were prospectively recorded.
Results: All patients’ mobility improved following osseointegration. Three patients initially had required the use of a
wheelchair, precluding baseline walking tests; the other 3 were classiﬁed as K level 1 or 2, with mean baseline Timed Up
and Go (TUG) test = 14.0 ± 2.2 s and 6-Minute Walk Test (6MWT) = 262 ± 75 m. At the time of the latest follow-up, all
patients were K level 2 or 3; mean TUG = 12.7 ± 7.2 s and 6MWT = 353 ± 148 m. Four patients wore their prosthesis ‡16
hours daily. Three patients had superﬁcial soft-tissue infections. One other patient experienced recurrent infections 2.8
years after osseointegration requiring debridements and transfemoral amputation; the patient died 2 days following
surgery from myocardial infarction caused by coronary atherosclerosis.
Conclusions: All 6 patients who underwent PVD-TTOI in this case series survived through 2 years. Patients who initially
had used a wheelchair achieved and maintained independent, unaided ambulation until PVD-related impairments in the
contralateral leg occurred in 1 patient. Patients previously using a traditional socket prosthesis reported improvement in
mobility and quality of life. One patient’s death underscores the importance of careful patient selection. However, marked
improvement in the other 5 patients suggests cautious optimism that PVD-TTA is not an absolute osseointegration
contraindication. Conscientious further investigation seems appropriate.
Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.
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eripheral vascular disease (PVD) is the leading cause of
lower-limb amputation in developed countries1-4 and is
associated with high morbidity and mortality, particularly in elderly patients5-8. The rates of mortality after major
amputation have been reported to be 44%, 66%, and 85% after 1,
3, and 5 years, respectively9,10. The high rate of 1-year mortality is
usually from associated stroke or myocardial infarction (MI)11-15.
Studies investigating health-related quality of life (QoL) in patients
with PVD have revealed that QoL is primarily determined by

mobility impairment16,17. Therefore, restoring functional mobility
may provide substantial beneﬁt to these amputees18. Unfortunately, patients with PVD requiring transtibial amputation (PVDTTA) often also have lower-limb skin compromise, neuropathy,
and visual and vestibular pathology, which further impair mobilization with a traditional socket prosthesis.
Osseointegration surgery has revolutionized amputee rehabilitation by eliminating socket-interface problems18-20. Osseointegration is performed predominantly for transfemoral amputees21-25,
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Materials and Methods
Study Design
his was a consecutive case series of 6 patients prospectively
followed for 3 to 5 years. Clinical outcomes, functional
outcomes, and adverse events were monitored and evaluated.
The general study design was recently published32. The senior
author performed all surgical procedures and followed all
patients in entirety.

T

Fig. 1

Radiograph representative of the press-ﬁt osseointegration implant in the
tibial residuum of a patient who became a transtibial amputee due to
vascular disease complications.

consistently improving prosthetic use, proximal joint range of
motion, mobility level, walking ability, and QoL, and reducing
energy consumption26-29 compared with traditional socket prosthesis. Traditionally, PVD-TTA contraindicates osseointegration26,27,30. To investigate this reservation, a previously published pilot
study reported the 1-year outcomes of 4 patients with PVD-TTA
managed with osseointegration (PVD-TTOI)31. In this study, we
further evaluated the experience of those 4 patients and 2 additional
patients (6 patients total), who were followed for 3 to 5 years.

Participants
All patients had PVD-TTOI between September 2014 and June
2016, in Sydney, New South Wales, Australia. Inclusion criteria
were an age of ‡18 years and unilateral transtibial amputation
due to PVD complications. Exclusion criteria included psychological instability, limb irradiation, and ongoing chemotherapy.
Human research ethics committee approval was received, and all
participants provided informed consent.
Preoperative Counseling
All patients were informed of the risks and beneﬁts of osseointegration. The patients who had already undergone transtibial
amputation had problems that are common with use of a traditional socket prosthesis following transtibial amputation: painful
prosthesis wear, skin breakdown, and/or the inability to wear a
prosthesis due to short residuum. These patients desired consistently better mobility. Patients presenting prior to amputation
wanted to avoid the aforementioned problems, which they were
counseled about by their initial consulting surgeons. Both groups
were counseled by other surgeons, and by us, that the traditional

TABLE I Patient Demographic Information and Reasons for Osseointegration Surgery

Case

Sex

Age (yr)

Time from
Amputation to
Osseointegration
Surgery (yr)

1

M

76

0

14.85

Osseointegration performed to salvage the knee joint as an alternative to
above-the-knee amputation. Socket ﬁtting on the tibia was difﬁcult due to
soft-tissue conditions

2

F

66

13

14.22

Excessive phantom limb pain and socket-interface problems. Surgical
removal of neuroma and bone spur failed to resolve the problem

3

M

84

0

15.85

Osseointegration performed to salvage the knee joint as an alternative to
above-the-knee amputation. Socket ﬁtting on the tibia was difﬁcult due to
soft-tissue conditions

4

F

56

4

9.47

Excessive phantom limb pain and socket-interface problems. Multiple
stump revisions were attempted without positive results

5

M

36

7

11.1

Osseointegration performed to address overall decline in function and
QoL due to socket-interface problems in the form of changing size of the
stump, a large amount of redundant tissue, unbearable pain associated
with rubbing, chaﬁng, and blistering around the socket on using the
prosthesis for long walks, and an allergy to the liners resulting in poor
socket ﬁt

6

M

67

0

16

Osseointegration performed to address ongoing ischemia in the left lower
limb with nonhealing ulcers on the foot and dry gangrene of the left great
toe, ischemic pain at rest, and claudication on mobilizing >20 ft (6 m)
despite multiple revascularization procedures

Preop. Tibial
Length (cm)

Reason for Osseointegration Surgery
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TABLE II Medical History and Postoperative Clinical Outcomes for Each Case at 12 Months and Latest Follow-up
Case

Preop. Medical History

Outcome at 12 Mo

Outcome at Latest Follow-up

1

Popliteal artery thrombosis treated with
femoral-popliteal bypass. Bypass failed,
leading to compartment syndrome with
necrosis. Multiple vascular ops. afterward

Able to walk unaided with osseointegrated
prosthesis; no pain, no infection events to
date

Able to walk unaided with osseointegrated
prosthesis; no pain, no infection events to
date. The left tibial stump has a small
area of exposed tibia that was not causing
any problems. Radiographs show good
alignment and integration of transtibial
osseointegrated implant

2

Amputation originally caused by motorvehicle accident, after which the patient
used a socket. The patient was later
diagnosed with Wegener vasculitis; controlled with prednisone

Able to walk unaided with osseointegrated
prosthesis; no pain, minor infection
treated with oral antibiotics

Able to walk unaided with osseointegrated
prosthesis; had pain and moderate
discharge. Radiographs showed good
alignment and integration of implant.
Minor infection treated with oral
antibiotics

3

Femoral-popliteal bypass that failed due to
thrombosis, leading to transtibial
amputation

Able to walk unaided with osseointegrated
prosthesis; no pain, no infection events to
date

Living alone at home and able to perform
activities of daily living alone. Able to walk
on the leg with a front-wheeled walker
frame and prosthesis. On examination,
the stump appeared healthy. The patient
did not report infection but had chronic
pain (not related to osseointegration) and
poor mobility due to vascular surgery in
May 2019 (bypass graft, contralateral leg,
for aneurysm). Radiographs showed good
osseointegration to the tibia

4

Femoral-popliteal bypass that failed due to
thrombosis, leading to multiple salvage
operations and ﬁnally transtibial
amputation

Able to walk unaided with osseointegrated
prosthesis; no pain, minor infection
treated with oral antibiotics.

Patient had 2 debridements for deep
infection in January and October 2017
along with antibiotic therapy. After the
second washout in November 2017, she
was unable to walk because of leg pain
and had persistent discharge from the
stoma. She was systemically well, and
pathology report showed that the stoma
was colonized with Pseudomonas, which
was resistant to ciproﬂoxacin. She was
admitted for removal of the transtibial
osseointegrated implant and had aboveknee amputation due to recurrent infection in early 2018, and died 2 days following surgery. Her medical history
included diabetes mellitus, hypertension,
hypothyroidism due to Hashimoto disease, morbid obesity (body mass index of
41.4 kg/m2), and 15-pack-yr smoking
history.
Postmortem identiﬁed the cause of death
as acute MI due to coronary
atherosclerosis

5

Right below-knee amputation 7 yr earlier,
after failed femoral-popliteal bypass for
ischemic episodes due to Berger syndrome (microvascular disease) and poor
compliance (heavy tobacco and marijuana
use)

Able to walk unaided with osseointegrated
prosthesis; no pain, minor infection with
Staphylococcus aureus treated with oral
antibiotics in July 2016

Able to walk unaided with osseointegrated
prosthesis; no pain but had discharge.
Minor infection treated with oral
antibiotics
Minimal oozing from stoma thought to be
due to mechanical issue, as the patient
was very active and was treated with dual
cone exchange in the clinic

continued
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TABLE II (continued)
Case

Preop. Medical History

Outcome at 12 Mo

Outcome at Latest Follow-up

6

Multiple failed revisualization procedures.
Femoral-popliteal bypass in 1994 and
revision in February 2016. Patient
sustained a work-related injury 22 yr ago
resulting in bilateral knee dislocation with
vascular injuries and left foot drop

Able to walk unaided and play golf with
osseointegrated prosthesis; no pain,
minor infection with S. aureus treated with
oral antibiotics in November 2017

Able to walk unaided around the golf
course and play golf with osseointegrated
prosthesis; no pain, no infection, minimal
discharge

management for the inability to tolerate a transtibial traditional socket prosthesis is a transfemoral amputation (TFA),
which hopefully provides better soft-tissue coverage and
extremity length for a new femoral-level traditional socket
prosthesis. However, adults with PVD often have unfavorable
body habitus and physical deconditioning. Additionally, losing the knee joint would demand substantially greater
ambulation effort, which might still result in unsuitable
mobility despite the amputation. A TTOI prosthesis would
preserve their knee joint, facilitating lower-energy ambulation, and eliminate socket-based issues. Patients were
informed that relatively few people had ever had TTOI, and
they would be among the ﬁrst with PVD to have osseointegration. Therefore, outcomes could not be conﬁdently predicted. Although no patient required a proximal-level
amputation or died due to osseointegration-related complications, the risk of potential infection with osseointegration
versus a traditional socket prosthesis is increased due to the
open stoma, and PVD likely confers additional risk versus that
for patients without PVD who have osseointegration. Should
TTOI not provide appropriate mobility or result in complications, transfemoral amputation could always be performed. Presented with these risks and beneﬁts, each patient
elected for TTOI.
Surgery and Rehabilitation
Prior to surgery, imaging according to the Osseointegration
Group of Australia Accelerated Protocol-2 (OGAAP-2) was
obtained to produce custom implants33. Two operative techniques were utilized. For 3 patients who already had transtibial
amputation, a coring device allowed percutaneous access to the
distal part of the tibia with minimal soft-tissue disruption.
Osseous ﬁbrous overgrowth was excised, reaming was performed over a guidewire, and the press-ﬁt implant was inserted. For the 3 patients undergoing primary amputation with
osseointegration, amputation was performed preserving a large
tissue ﬂap. The residual bone canal was reamed and a press-ﬁt
implant was inserted. In 5 patients, cross-lock screws were
inserted into customized holes to ensure rotational stability
(Fig. 1); 1 patient had no supplemental ﬁxation. The external
dual cone and prosthesis adaptor were attached during
surgery.
The previously published postoperative care and rehabilitation protocols were followed34,35, summarized as (1) progressively increasing static axial loading within 3 days after

osseointegration surgery, (2) advancing axial loading with use
of a light rehabilitation prosthesis, and (3) full-weight axial
loading with a personalized prosthesis at 4 to 6 weeks postoperatively. No casts or splints were used.
Study Outcomes
Functional Outcomes

Functional outcomes were assessed preoperatively, at
12 months, and at the most recent visit. Patient selfreported QoL was measured using the Short Form (SF)-36
mental and physical component summary scores. Hours of daily
prosthesis wear were assessed using the Questionnaire for Persons with a Transfemoral Amputation (Q-TFA), modiﬁed for
transtibial amputees36. The principal investigator determined
mobility capacity according to K levels (K0 through K4; K0
identiﬁes patients with no ambulatory potential or ability,
whereas K4 identiﬁes patients with ambulatory capacity or
potential exceeding basic ambulatory skills)37. The 6-Minute
Walk Test (6MWT)38 and the Timed Up and Go (TUG) test39
quantiﬁed walking performance.
Adverse Events

Adverse events, such as revision surgery, fracture, infection,
implant failure, further vascular surgery, additional amputation, and death, were reported.
Data Analysis
Because of the small cohort, only descriptive statistics (without
comparative statistics) are presented.
Source of Funding
There were no sources of funding for this study.
Results
Patient Characteristics
ix patients (4 male, 2 female) who were 36 to 84 years of age
were included (Table I). The medical history and outcomes
of each patient are summarized in Table II. All patients had
transtibial amputation due to peripheral vascular pathology.
Three patients (Cases 1, 3, and 6) had primary amputation with osseointegration to manage femoral-popliteal
bypass surgery that failed, causing compartment syndrome
with necrosis in 1 (Case 1) and graft thrombosis in 2 patients
(Cases 3 and 6). All were elderly (76, 84, and 67 years of age,
respectively) with fragile skin providing minimal soft tissue,
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TABLE III Outcome Measures for Each Patient*
Prosthetic Use
Case

Walking Ability
6MWT (m)

TUG (sec)

Quality of Life

Using Prosthesis

Q-TFA PUS

Mobility (K Level)

SF-36 PCS

SF-36 MCS Q-TFA GS

1

No

WB

0

WB

WB

22.2

32.8

WB

2

Yes

90

1

175

16.47

20.1

60.7

41.7

3

No

WB

0

WB

WB

16.6

68.3

WB

4

No

WB

0

WB

WB

32.6

51.1

WB

5

Yes

90.32

2

300

12.86

41.8

64.0

50

6

Yes

NA

2

312

12.47

34.7

35.9

NA

Baseline

12-mo postop.
1

Yes

32

2

300

9.61

40.1

41.2

58.3

2

Yes

90

3

406

8.59

38.9

62.2

58.3

3

Yes

100

2

144

26.08

38.9

70.3

83.3

4

Yes

90

2

275

12.69

44.4

53.3

58.3

5

Yes

100

3

375

7.23

38.8

47.6

58.3

6

Yes

100

3

550

10.3

53.0

46.6

58.3

Difference between baseline
and 12-mo follow-up
1
2

—

2

—

—

17.9

8.4

—

0

2

231

27.88

18.8

1.5

16.6

3

—

2

—

—

22.3

2.0

—

4

—

2

—

—

11.8

2.2

—

5

9.68

1

75

25.63

23.0

216.4

8.3

6

NA

1

238

22.17

18.3

10.7

NA

Latest follow-up†
1

Yes

100

2

306.2

12.38

45.89

60.53

66.67

2
3

Yes
Yes

90.32
100

3
2

412.5
87.5

9.09
27

46.11
50.21

59.72
55.73

75
66.67

4

Yes

70.97

—

375

10.6

41.38

38.70

58.33

5

Yes

100

3

412

8.73

42.0

40.3

50

6

Yes

100

3

525

8.38

58.7

54.6

75

Difference between baseline
and latest follow-up
1

—

2

—

—

23.69

27.73

—

2
3

0.32
—

2
2

237.5
—

27.38
—

26.01
33.61

20.98
212.57

33.3
—

4

—

—

—

—

8.78

212.4

—

5

9.68

1

112

24.13

0.2

223.7

0

6

NA

1

213

24.09

24

18.7

NA

*WB = wheelchair-bound at the time of examination so the test could not be performed, Q-TFA = Questionnaire for Persons with a Transfemoral
Amputation, PUS = Prosthetic Use Score (deﬁned as the amount of normal prosthetic wear per week, with a score of 100 indicating that the
prosthesis was worn every day for ‡16 hours a day), GS = global score (deﬁning the overall amputation situation, including function and problems,
with a score of 100 indicating the best possible overall situation), 6MWT = 6-Minute Walk Test (distance in meters that an individual was able to walk
in 6 minutes), TUG = Timed Up and Go (time in seconds that an individual required to rise from a chair, walk 3 m, return, and sit down), SF-36 = Short
Form-36 Health Survey, PCS = physical component summary score, MCS = mental component summary score, and NA = not available. †One patient
(Case 4) died 2.8 years following the osseointegration surgery.

making the ﬁtting of a tibial traditional socket prosthesis
problematic. A transtibial amputation with simultaneous
osseointegration was performed in order to preserve the
knee joint.

The 3 remaining patients (Cases 2, 4, and 5) had amputation several years preceding osseointegration. All of these
patients struggled with traditional socket prosthesis use, reporting intolerable socket-interface problems.
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Fig. 2-A

Fig. 2-B

Figs. 2-A through 2-F Most recent radiographs of the limbs of Cases 1 to 6.

Clinical Outcomes
All patients progressed in weight-bearing and mobilization
as per the protocol34,35. At the latest postoperative follow-up
evaluation, all 5 of the patients who were still alive could walk
using the osseointegrated prosthesis (4 unaided and 1 using a
front-wheeled walker because of contralateral vascular impairment). Four patients reported no pain at 5 years following

osseointegration, and 1 of these patients was planning vascular
surgery for the contralateral leg.
Functional Outcomes
Before osseointegration, 3 patients (Cases 1, 3, and 4) needed to
use a wheelchair. At 12 months postoperatively, all 6 patients
walked unaided using their osseointegrated prosthesis. At the
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Fig. 2-C

Fig. 2-D

time of the most recent follow-up, all 5 patients who were alive
were independently mobile. Each patient’s functional and QoL
scores are presented in Table III. At 1 year, better TUG and
6MWT results were noted for the 3 originally ambulatory
patients. The 3 patients who initially had used a wheelchair all
performed walking tests after surgery, achieving TUG results of
9.61 to 26.08 seconds and 6MWT results of 144 to 300 m. The
SF-36 physical component summary score was a mean of 42.35
at 12 months and had improved from baseline by a mean of

14.35 points for all patients, while the average SF-36 mental
component summary score remained stable.
Functional outcome measures at the latest follow-up are
shown in Table III. All patients’ K levels37 progressed 1 or 2 levels
from baseline. The 3 patients who were ambulatory at baseline
had improved at latest follow-up, by 7.38, 4.13, and 4.09 seconds
for the TUG and 237, 112, and 213 m for the 6MWT. Three
previously nonambulatory patients achieved results of 12.38, 27,
and 10.6 seconds for the TUG and 306, 87.5, and 375 m for the
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Fig. 2-E

Fig. 2-F

6MWT. The SF-36 physical component summary score was a
mean of 47.38 at latest follow-up and had improved from
baseline by a mean of 19.38 points, while the average mental
score component summary score again stayed stable.
All radiographs demonstrated that implants remained
well aligned and stable. Immediate and ﬁnal postoperative
radiographs indicated bone-implant osseointegration without loosening, osteitis, or resorption (Figs. 2-A through 2-F).
At ﬁnal evaluation, stoma healing was complete with mini-

mal discharge; there was no notable granulation or stoma
irritation.
Adverse Events
One patient (Case 1) developed a small area of exposed tibia
near the stump (Fig. 3), which had yet to cause any problems 5
years after osseointegration (Video 1). One patient (Case 3)
had persistent bilateral claudication requiring use of a frontwheeled walker for ambulatory assistance; he eventually had
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Fig. 3

A clinical photograph of the stump with exposed tibia (Case 1) and artiﬁcial
limb attached.

contralateral popliteal bypass grafting. Three patients had
superﬁcial soft-tissue infections, which were treated with 2
courses of oral antibiotics in 2 cases (Cases 2 and 5) and
1 course of oral antibiotics in the remaining case (Case 6).
One patient (Case 4) with notable medical comorbidities
developed deep infection 2.8 years following osseointegration
surgery, which was unable to be controlled despite 2 debridements. To control the infection, transfemoral amputation was
performed. Unfortunately, the patient died 2 days later. A
postmortem evaluation identiﬁed the cause of death as acute
MI due to severe coronary atherosclerosis.
Discussion
he most important insight from our study is that vascular
disease, in itself, is not an absolute contraindication to TTOI.
Through 2 years, all 6 patients were alive; 5 were independently
mobile without additional surgery, and 1 required a front-wheeled
walker because of PVD problems in the contralateral leg. All 3
patients who initially required the use of a wheelchair achieved
and maintained painless, independent ambulation, and all 3
patients with dissatisfaction with a traditional socket prosthesis
improved their QoL and objective mobility measures. One
patient with substantial systemic comorbidities developed
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unrelenting infection nearly 3 years after osseointegration
surgery and died of MI shortly after transfemoral amputation.
Her preoperative consultations emphasized her elevated risk
due to multiple comorbidities; she acknowledged these
risks and requested osseointegration, achieving 2.8 years of
pain- and complication-free ambulation.
No implants became loose or painful—including in the
patients who developed infection—suggesting that successful
bone-implant integration occurred and was maintained. The
small patient sample precludes formally comparing the patients
with prior amputation with those having simultaneous amputation with osseointegration. All ﬁnal K levels were 2 or 3;
those with prior amputation had a mean (and standard deviation) 6MWT result of 400 ± 21.5 m, compared with 306 ±
219 m for those who underwent amputation with simultaneous
osseointegration.
Mortality rates for patients with vascular disease remain
high following major lower-extremity amputation: 14%, 48%,
and 71% at 30 days, 1 year, and 3 years, respectively9,12-14. This is
often because of major associated systemic complications, such
as cerebral or cardiac injury, sometimes present at amputation,
sometimes developing afterward. Physical activity appears to
reduce vascular risk factors, proportional to the metabolic
equivalent task (MET)40. Even low-MET physical tasks, such as
walking or leisure-time activity, are correlated with a decreased
rate of coronary events and ischemic stroke41-44, which are the
major determinants of acute deterioration leading to death
for patients who undergo PVD-TTA. A review of osseointegration outcomes identiﬁed that, compared with use of a traditional socket prosthesis, osseointegrated reconstruction is
consistently associated with more hours of daily prosthesis
wear and a lower energy requirement for ambulation26, and
easier short mobility tasks (TUG) and longer-distance mobility
(6MWT)45. Therefore, it is possible that, for appropriately
selected patients, TTOI may indirectly optimize survival-improving
mobility. With only 6 patients in the current study, we cannot
provide insight regarding that potential.
Osseointegration is most commonly performed for
transfemoral amputees with nonvascular amputation etiology
(mostly for the inability to reconstruct an extremity following
trauma), and thus, most studies evaluate those patients’ outcomes21,24-30,44. However, to our knowledge, there are only 5 published TTOI studies, reporting on 3 cohorts of 22 total patients,
including 4 patients in the current study who were also in our pilot
study of early outcomes31. In 2015, Khemka et al.44 reported on 4
patients with TTOI connected to a total knee replacement who
were followed for 12 to 32 months; all patients reported no pain
and further procedures were not needed. Writing about the same
9 patients who were followed for an unspeciﬁed time, Juhnke and
Aschoff46, Aschoff and Juhnke47, and Hoffmeister et al.48 reported
that 3 implants were removed: 2 for infection and 1 for aseptic
loosening. In 2019, Leijendekkers et al.49 reported that, at 1 year, 9
patients with TTOI reported improved pain, and at least 1 patient
had explantation for infection. Apart from our patient with
numerous comorbidities, our 5 other patients’ outcomes compare
well with the previously reported patients’ experiences.
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There are several reasons that TTOI is performed far less
often than transfemoral osseointegration (TFOI). One reason
is the geometric challenges of TTOI versus TFOI. Brieﬂy
summarized, since the tibia is nearly perfectly straight in coronal and sagittal planes, and has a proximal metaphyseal ﬂare,
it is more difﬁcult to achieve press-ﬁt stability compared with
the curved femur. Indeed, rotational stability concerns were
what prompted cross-screw customization in 5 of our patients.
The effect of this supplemental ﬁxation can only be appropriately assessed with larger cohorts. No TTOI reports could be
found for the screw-style Osseointegrated Prostheses for the
Rehabilitation of Amputees (OPRA, Integrum) or the Compress (Zimmer Biomet), which features rotational stability
pins. These implants’ inherent designs might be beneﬁcial
regarding the tibia’s geometry. Another reason for less TTOI
interest is because those with transtibial amputation generally
have better objective mobility than those with transfemoral
amputation50,51, leading some clinicians to believe that there is no
room for improvement by providing TTOI. We disagree with
that position. Although transtibial amputations generally have
better objective mobility than transfemoral amputations, QoL
outcomes are similar. Amputee QoL is not substantially inﬂuenced by amputation level, but instead, is likely more inﬂuenced
by depression, functional mobility, and other social and overall
health factors52. Since much of any amputee’s frustration
includes socket issues, osseointegration may offer a unique
advantage. In this study, the average SF-36 physical component
summary score improved by 19.38 from baseline to the latest
follow-up, while the mean SF-36 mental component summary
score remained stable. The objective mobility improved for all
patients. When considered in full, this can serve as a reminder
that major systemic health problems such as PVD can overwhelm the beneﬁts of physical improvement. It is also interesting
that the average SF-36 physical component score improvement
at 1 year in our study (14.35 points) was greater than that
reported for 50 patients who underwent TFOI who were followed for the same time (10.2 points)34. This may indicate that
the “ceiling for improvement” for transtibial amputation is not
as low as some may think. In fact, 5 of our patients subjectively
reported that the osseointegrated leg became their better leg.
The primary limitation of this study was the small
cohort: 6 patients. Furthermore, there were multiple differences among the patients. Three patients were long-term
amputees, while 3 had primary amputation with simultaneous
osseointegration. There was also variation in speciﬁc dysvascular etiologies, age, comorbidities, and potentially other likely
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relevant factors, such as employment and depression status,
that were not evaluated. A relative strength of this study is that
all patients were prospectively followed 3 to 5 years or until
death. In vascular amputee literature, the follow-up time is
often 1 year following primary amputation12-14, and for
orthopaedic surgery, the consensus usually is 2 years. Followup for our patients exceeded those standards.
Conclusions
Vascular pathology requiring transtibial amputation is not an
absolute contraindication to osseointegration. Our series was
small, and our study was not designed to evaluate potential
survival beneﬁts. While some patients experienced infection
requiring antibiotics or operative debridement, they as well as
the patients with uneventful courses improved with respect to
mobility. Conscientious patient selection is important as osseointegration for this amputee cohort is explored. n
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18. Brånemark R, Brånemark PI, Rydevik B, Myers RR. Osseointegration in skeletal
reconstruction and rehabilitation: a review. J Rehabil Res Dev. 2001 Mar-Apr;38(2):
175-81.
19. 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 Dec;92(Suppl 2):180-6.
20. Webster JB, Bachus KN, Beck JP, Jeyapalina S, Drew AJ, Bloebaum RD. Osseointegration research. In: Tepe V, Peterson CM, editors. Full stride. Advancing the
state of the art in lower extremity gait systems. Springer Science and Business
Media; 2017. p 167-93. [Ebook].
21. Gerzina C, Potter E, Haleem AM, Dabash S. The future of the amputees with
osseointegration: a systematic review of literature. J Clin Orthop Trauma. 2020 Feb;
11(Suppl 1):S142-8. Epub 2019 May 31.
22. Kunutsor SK, Gillatt D, Blom AW. Systematic review of the safety and efﬁcacy of
osseointegration prosthesis after limb amputation. Br J Surg. 2018 Dec;105(13):
1731-41. Epub 2018 Oct 11.
23. Hebert JS, Rehani M, Stiegelmar R. Osseointegration for lower-limb amputation: a systematic review of clinical outcomes. JBJS Rev. 2017 Oct;5(10):e10.
24. Leijendekkers RA, van Hinte G, Frölke JP, van de Meent H, Nijhuis-van der
Sanden MWG, Staal JB. Comparison of bone-anchored prostheses and socket
prostheses for patients with a lower extremity amputation: a systematic review.
Disabil Rehabil. 2017 Jun;39(11):1045-58. Epub 2016 Aug 5.
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