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Background: Osseointegrated implants are an alternative for prosthetic attachment for individuals unable to wear a
socket following an amputation. The concept of an integrated metal implant communicating with the external environment
raises substantial concern about the risk of ascending infection. We report on the safety of press-ﬁt osseointegrated
implants currently used in Australia and the Netherlands.
Methods: We prospectively recorded all adverse events in all patients with transfemoral amputation who were managed
with an osseointegration implant system between 2009 and 2013 at two centers. The procedure was performed in two
stages. A customized porous-coated implant was placed in the ﬁrst stage, and a stoma was created in the second.
Adverse events were categorized according to type (infection or “other”) and severity. Infections were classiﬁed according
to four grades of severity based on clinical and radiographic ﬁndings: (1) low-grade soft-tissue infection, (2) high-grade softtissue infection, (3) bone infection, and (4) septic implant failure.
Results: Eighty-six patients (ninety-one implants), twenty-ﬁve to eighty-one years of age, were included in the study and
followed for a median of thirty-four months (range, twenty-four to seventy-one months). Thirty-one patients had an uneventful course with no complications; twenty-nine developed infection (all grade 1 or 2); and twenty-six did not develop
infection but had one or more other complications requiring intervention, including stoma hypergranulation (seventeen
patients), soft-tissue redundancy (fourteen), proximal femoral fracture (three), inadequate osseointegration leading to
implant replacement (one), implant breakage (two), and breakage of the pin used as a fail-safe mechanism (twenty-ﬁve).
Conclusions: Mild infection and irritation of the soft tissue in the skin-penetration area are common in transfemoral
amputees who have an osseointegrated implant. These complications were successfully managed with simple measures.
Severe infections resulting in septic implant loosening are rare.
Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

Peer review: This article was reviewed by the Editor-in-Chief and one Deputy Editor, and it underwent blinded review by two or more outside experts. The Deputy Editor
reviewed each revision of the article, and it underwent a ﬁnal review by the Editor-in-Chief prior to publication. Final corrections and clariﬁcations occurred during one or
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ne-third of lower-limb amputees encounter problems
with the socket-residuum interface, which often reduces prosthetic use and quality of life1-3. Over the last

two decades, a novel technique has been developed to eliminate
this interface by directly connecting the prosthetic limb to
the residual bone. This is accomplished by adhering to the
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TABLE I Eligibility Criteria
Inclusion criteria
Experiencing socket-related problems
Difﬁculties using a prosthesis (ambulatory with assistive devices
or non-ambulatory)
Exclusion criteria
Limb exposure to radiation
Ongoing chemotherapy
Growing/immature skeleton
Diabetes
Peripheral vascular disease
Mental illness
Inability to comply with rehabilitation protocol and follow-up
program

principles of osseointegration, which results in a structural and
functional connection between the macroporous surface of a
biocompatible metal implant and living bone4. The implanted
intramedullary device protrudes through the skin, and an
abutment then allows the prosthetic limb to be rigidly attached
to the residuum itself.
To date, two different techniques have been used clinically
for achieving osseointegration of implants in amputees. Screw
ﬁxation implants, originally developed in Sweden, achieve skeletal integration as osseous cancellization5. Alternatively, press-ﬁt
macroporous-surface-structure implants have been developed
with the aim of promoting osseous penetration and ingrowth.
Few prospective case series describing these two techniques have
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been published5,6. Reported advantages include improvement
in quality of life7, prosthetic use8,9, body image10, hip range of
motion11, comfort while sitting12, ability to put on and take off
the prosthesis9, osseoperception13, and walking ability14,15.
This concept of an integrated metal implant protruding
through the skin has generated substantial concern regarding
the risk of ascending infection and related local and systemic
complications. However, little safety data have been published.
The causes, prevalence, and types of infections associated
with bone-anchored prostheses have been well described in the
dentistry literature16. The authors of the two published studies
on the Osseointegrated Prosthesis for Rehabilitation of Amputees (OPRA) System (cannulated-screw-type implants) reported
different estimates of infection, but both observed a low risk
of deep infection leading to implant removal (<3%)7,17. In one of
these reports, a ﬁve-year prospective study of thirty-nine patients, one patient had an infection leading to implant removal,
despite colonization of the stoma by potentially virulent bacteria
in all patients17. In the other, larger study of ﬁfty-one patients,
there was a 50% cumulative incidence of superﬁcial infections at
twenty-four months and one implant removal due to infection7.
A novel surgical and rehabilitation protocol for the press-ﬁttype osseointegrated implants currently used in Australia and the
Netherlands has been developed recently. Data on adverse events of
this procedure are lacking. Thus, we developed a classiﬁcation system for infection based on clinical and radiographic signs to allow
prospective incidence reporting, severity assessment, and development and implementation of an appropriate management plan. We
also attempted to identify risk factors for infection in transfemoral
amputees treated with this method to help reﬁne eligibility criteria
for the procedure and/or prevention strategies for high-risk groups.

TABLE II Classiﬁcation of Infection
Level of Severity

Symptoms and Signs

Low-grade soft-tissue infection

Cellulitis with signs of inﬂammation (redness, swelling,
warmth, stinging pain, pain that increases on loading, tense)

High-grade soft-tissue infection

Bone infection

Implant failure

Treatment

1
Oral antibiotics

1A

Parenteral antibiotics

1B

Surgical intervention

1C

Pus collection, purulent discharge, raised level of
C-reactive protein

2
Oral antibiotics

2A

Parenteral antibiotics

2B

Surgical intervention

2C

Radiographic evidence of osteitis (periosteal bone reaction),
radiographic evidence of osteomyelitis (sequestrum
and involucrum)

Radiographic evidence of loosening

Grade

3

Oral antibiotics

3A

Parenteral antibiotics

3B

Surgical intervention

3C

Parenteral antibiotics,
explantation

4
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TABLE III Patient Demographics, Amputation Characteristics, and Surgical Information
Total (N = 86)

Group 1 (Sydney) (N = 44)

Group 2 (Nijmegen) (N = 42)

65 (76%)
21 (24%)

35 (80%)
9 (20%)

30 (71%)
12 (29%)

At amputation

32 ± 14

33 ± 15

32 ± 13

At implantation

48 ± 14

47 ± 13

49 ± 14

16 ± 14

15 ± 13

18 ± 16

Patient demographics
Sex*
Male
Female
Age† (yr)

Interval between amputation and implantation† (yr)
Smoking status*
Yes
No
BMI

6 (7%)

0

6 (14%)

80 (93%)

44 (100%)

36 (86%)

Mean and stand. dev. (kg/m2)

26 ± 4

27 ± 4.5

26 ± 3.2

No. (%) with <25 kg/m2

33 (38%)

15 (34%)

18 (43%)

No. (%) with ‡25 kg/m2

53 (62%)

29 (66%)

24 (57%)

Left

47 (55%)

21 (48%)

26 (61%)

Right

29 (33%)

17 (39%)

12 (29%)

Bilateral
Cause*

5 (6%)

3 (7%)

2 (5%)

Trauma

65 (76%)

31 (70%)

34 (81%)

Tumor

11 (13%)

6 (14%)

5 (12%)

Infection

8 (9%)

5 (11%)

3 (7%)

Congenital

1 (1%)

1 (2%)

Amputation characteristics
Side*

Other
Length of residuum† (cm)

1 (1%)

1 (2%)

26 ± 7

26 ± 9

27 ± 4

1.6 ± 0.2

1.7 ± 0.21

1.6 ± 0.2

16 ± 2

16 ± 2.3

17 ± 1.5

Surgical details
Implant† (cm)
Width
Length
Additional proximal cross screw*

3 (3.2%)

3 (6.3%)

Size of dual cone†

4±2

2±1

5±1

*The values are given as the number of patients with the percentage in parentheses. †The values are given as the mean and standard
deviation.

Materials and Methods
Participants

W

e prospectively followed all individuals with a transfemoral amputation who were treated with the osseointegration system (Integral
Leg Prosthesis; Orthodynamics) at two centers, in Sydney and Nijmegen,
between May 2009 and May 2013 and were followed for a minimum of
twenty-four months. All participants underwent a screening interview and
examination to determine eligibility (Table I) at a specialized orthopaedic
osseointegration clinic (run by authors of this article) at each center. The
baseline characteristics of the patients (age, sex, body mass index [BMI], and
smoking status), amputations (laterality, length of the residuum, and etiology), and implants (type and size) were recorded. The Human Research
Ethics Committees at each institution approved the study. All subjects
signed an informed consent form.

Osseointegration System
The osseointegration system comprises two components made of a
chromium-cobalt-molybdenum alloy (Fig. 1). The intramedullary component has a macroporous surface structure resembling cancellous bone
that is designed to facilitate osseous penetration and ingrowth. Amputees with a residuum of <20 cm are treated with an additional proximal
cross screw. The second component is a dual cone with Morse-taper ends
connecting the intramedullary component to the external prosthesis.
Its surface is highly polished and is coated with titanium-niobium oxide
to reduce soft-tissue adhesions. The side of the dual-cone component
that connects to the intramedullary component is provided with a
safety weak point composed of one pin. By design, this pin fails under
large rotational forces to prevent periprosthetic fractures or implant
breakage.
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TABLE IV Number and Classiﬁcation of Infections and Other Adverse Events
Group 1* (Sydney)
(N = 44)

Total* (N = 86)
Type of Adverse Event

Group 2* (Nijmegen)
(N = 42)

Patients

Events

Patients

Events

Patients

Events

29 (34%)

47

15 (34%)

18

14 (33%)

29

A

23 (27%)

41

11 (25%)

14

12 (29%)

27

B

1 (1%)

1

1 (2%)

—

—

C

1 (1%)

1

—

—

1 (2%)

1

A

—

—

—

—

—

—

B
C

—
4 (5%)

—
4

—
3 (7%)

—
3

—
1 (2%)

—
1

A

—

—

—

—

—

—

B

—

—

—

—

—

—

C

—

—

—

—

—

—

—

—

—

—

—

—

Stoma hypergranulation

17 (20%)

22

12 (27%)

16

5 (12%)

6

Redundant soft tissue

14 (16%)

23

8 (18%)

10

6 (14%)

13

3 (3%)
1 (1%)

3
1

3 (7%)
1 (2%)

3
1

—
—

—
—

1

1 (2%)

1

8 (19%)

9

Infection
Total
Grade 1

1

Grade 2

Grade 3

Grade 4
Other adverse event

Proximal femoral fracture
Inadequate osseointegration with
replacement of implant
Breakage of intramedullary component
Breakage of pin used for safety in dual-cone
(extramedullary) component

2 (2%)

2

1 (2%)

25 (29%)

30

17 (39%)

21

*The values are given as the number with the percentage in parentheses.

Surgical Protocol

Surgical Procedure

The implant size was determined using computed tomography (CT) scans
and radiographs. A two-stage surgical procedure was performed, with six to
eight weeks between the stages, by the principal surgeon at each center (Video
1 [online]). Similar perioperative measures were used at both centers. The
surgical protocol was evaluated during exchange visits between the surgical
teams. In Australia, the antibiotic protocol consisted of prophylactic intravenous vancomycin (1 g) and cephazolin (2 g) at induction of anesthesia and
for forty-eight hours postoperatively. In the Netherlands, cephazolin (2 g)
was administered at induction and continued intravenously for ninety-six
hours postoperatively.

Stage 1: The patient is positioned supine with a sandbag under the ipsilateral hip
18
and draped in a fashion similar to that used for a standard total hip replacement .
The surgery includes (1) re-amputation at the calculated level and soft-tissue
preparation; (2) identiﬁcation of the sciatic nerve stump, release of any tethering tissue, and excision of the neuroma if present; (3) reaming of the medullary canal; (4) press-ﬁt implantation of the intramedullary component under
image-intensiﬁer guidance and mounting of a temporary cannulated end-cap;
and (5) closure of the fascial layers over the implant followed by skin closure.
Stage 2: A guidewire is used to localize the center of the cannulated endcap. A coring device is then passed over the guidewire, perforating the skin and

Fig. 1

Press-ﬁt osseointegration device (Integral Leg Prosthesis; Orthodynamics) including the intramedullary part and dual-cone component.
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TABLE V Association of Baseline Patient Characteristics with Rates of Surgical Complications and Mild, Severe, and Recurrent Infections

ä

Any Complication
Patient Characteristic

No.*

No. (%)*

OR (95% CI)†

1.45 (0.53-3.96)

Sex
Female

24

17 (71%)

Male

67

42 (63%)

54
37

31 (57%)
28 (76%)

0.43 (0.17-1.09)

1.09 (0.19-6.3)

BMI
‡25 kg/m2
<25 kg/m2
Smoking status
Smoker

6

4 (67%)

85

55 (65%)

<20 cm

19

10 (53%)

‡20 cm

72

49 (68%)

Non-smoker
Length of residuum

0.52 (0.19-1.46)

*The values are given as the number of limbs with the percentages of the number in the category (e.g., female) given in parentheses. †Odds ratios
were calculated to compare event rates by patient sex, smoking status, and length of residuum.

subcutaneous tissue to create a stoma. A dual-cone component of appropriate
length is then inserted into the intramedullary implant and secured with an
internal locking screw.

Postoperative Care and Rehabilitation
Stoma care involved twice-daily changes of a dry-gauze dressing. Patients were
instructed to wash the stoma with soap and warm tap water.
The presence of pain requiring active management was recorded at
follow-up visits and was classiﬁed as pain at rest, muscular pain, or phantom
pain. Pain at rest was considered a sign of infection and investigated further.
Muscular pain felt after a period of mobilization and phantom pain were
treated with graduated physiotherapy and oral pain modulators.
In Australia, patients followed the Osseointegration Group of Australia
6
Accelerated Protocol (OGAAP) for rehabilitation . In the Netherlands, they
15
used a previously published protocol . At both centers, the patients followed
a gradual incremental axial loading program.

Outcomes
Clinical follow-up was performed and radiographs were made at three and six
months, at one year, and then yearly. Additional consultations were scheduled
on request when unforeseen events occurred. All adverse events were recorded
in the electronic medical charts and categorized as either infection or “other”
(reactions at the stoma, fractures, and mechanical complications). The patients
residing outside of Australia or the Netherlands were followed via teleconferencing according to the same follow-up schedule.
Walking ability was assessed at baseline and during postoperative follow6,15
up visits at both centers (for separate publications ). The results from the
15
Nijmegen center have been previously published .

to identify bacterial growth before treatment was commenced. Infection was
categorized as severe if it required surgical intervention, and mild if it did not.
Antibiotic treatment was based on culture and sensitivity results. Commonly, ﬁrst-generation cephalosporins or narrow-spectrum ﬂucloxacillin
targeting gram-positive beta-lactamase-producing organisms were used with
enhanced stoma care with alcoholic chlorhexidine. If there was an inadequate
response, deep infection was suspected and additional investigations, including
an ultrasound scan to look for pus collection, CTscanning, and nuclear imaging,
were performed according to the standard protocols used for infection following
19
arthroplasty . Surgical intervention involved debridement or explantation with
prolonged oral antibiotic treatment.

Other Adverse Events
Patients reporting reactions at the stoma other than infection were monitored.
Hypergranulation at the stoma was deﬁned as an overgrowth of connective
tissue. Chemical cauterization often was carried out using silver nitrate. At
times the redundant soft tissue caused repeated stomal irritation and friction at
the stoma with the absence of infection. This was addressed by an incision over
the redundancy, excision of the excess subcutaneous fat and skin, and primary
closure. When the stoma was involved in the incision, the stoma was recreated
at primary closure. Radiographs were used to assess implant stability, osseous
ingrowth, and adverse events including stress shielding, loosening, and fracture.
The single pin used as a fail-safe mechanism in the dual-cone adaptor was
monitored for breakage at every clinical follow-up evaluation.

Statistical Analysis
Odds ratios were calculated to assess the association of patient sex and smoking
status with the presence of complications. A p value of <0.05 was considered
signiﬁcant. Analyses were conducted using SPSS statistical software (IBM).

Infections
Infections related to the osseointegrated implant were identiﬁed on the basis of
clinical and radiographic ﬁndings, and their severity was graded by the operating
surgeon as (1) low-grade soft-tissue infection, (2) high-grade soft-tissue infection,
(3) bone infection, or (4) septic implant failure. Management of infections was
recorded as (A) oral antibiotics, (B) parenteral antibiotics, or (C) surgical debridement and/or explantation (Table II). Culture swabs were obtained in all cases

Results
Patient Characteristics
ighty-six patients (ninety-one implants), twenty-ﬁve to
eighty-one years of age, who underwent the procedure
during the study period were included and followed for a

E
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TABLE V (continued)
Infection
All

Mild

Severe

Recurrent

No. (%)*

OR (95% CI)†

No. (%)*

OR (95% CI)†

No. (%)*

OR (95% CI)†

No. (%)*

OR (95% CI)

10 (42%)
19 (28%)

1.8 (0.68-4.76)

7 (29%)
17 (25%)

1.2 (0.42-3.42)

3 (13%)
2 (3%)

6.5 (1.1-38.15)

6 (25%)
7 (10%)

2.86 (0.85-9.59)

21 (39%)

1.83 (0.72-4.65)

19 (35%)

3.47 (1.16-10.39)

2 (4%)

0.31 (0.06-1.83)

8 (15%)

1.11 (0.33-3.71)

8 (22%)

5 (14%)
2.27 (0.43-12)

26 (29%)

3.05 (0.57-16.26)
21 (25%)

0.5 (0.15-1.67)
25 (33%)

3 (8%)

5 (14%)
Not estimable

5 (6%)
0.69 (0.21-2.34)

20 (28%)

median of thirty-four months (range, twenty-four to seventyone months). No patients were lost to follow-up. All patients
underwent the ﬁrst stage of the procedure between May 2009

7.5 (1.32-42.35)
10 (12%)

Not estimable
5 (7%)

Not estimable
13 (18%)

and May 2013. The patient baseline characteristics and amputation and surgical details are summarized in Table III.
Trauma (76%) and tumor (13%) were the most common causes

Fig. 2

A normal stoma (Figs. A1 and A2), a stoma with a grade-1 infection (Figs. B1 and B2), and a stoma with grade-2 infection (Figs. C1 and C2).
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of amputation. The patients had been using a prosthesis for
between zero and sixty-three years before implantation of the
osseointegration implant, and sixty-ﬁve patients (76%) had been
having problems with the socket-skin interface while walking
whereas twenty-one patients (24%) were wheelchair-bound.

antibiotics (grade 1B) in one of them and parental antibiotics
followed by local debridement (grade 1C) in the other. Four
patients (5%) had high-grade soft-tissue infection (grade 2C),
with abscess formation that needed surgical debridement. No
patient in this study had a grade-3 or 4 infection (Fig. 2).

Adverse Events
At the time of ﬁnal follow-up, thirty-one patients (36%; thirtytwo implants) had had an uneventful course without any
complication, twenty-nine (34%; thirty-one implants) had had
one or more infections (a total of forty-seven infections), and
twenty-six (30%; twenty-eight implants) had had other complications but no infections. One patient had inadequate osseointegration and underwent implant replacement (Table IV).

Other Adverse Events
Seventeen patients (20%) had hypergranulation at the stoma,
on a total of twenty-two occasions, treated with chemical
cauterization (Table IV, Fig. 3). Excision of the redundant soft
tissue was required in fourteen patients (16%), on a total of
twenty-three occasions. All of these surgical procedures were
performed in the second year after the surgery.
Radiographs of all but one patient showed no migration
of the implants and demonstrated stable osseous ingrowth20.
Figure 4 illustrates the standard radiographic work-up of a
patient. Rounding and resorption of the distal femoral cortex
was seen in 20% of the patients at the one-year follow-up visit.
In 10% of the patients, hypertrophic bone formation was observed in the distal part of the femur.
Three patients fell and sustained a traumatic intertrochanteric fracture proximal to the osseointegrated implant. All
three underwent surgical stabilization of the fracture without
the need of implant removal.

Infection
Grade-1A infection developed in twenty-three patients (27%)
on forty-one occasions and accounted for 87% of all infections.
Culture of material taken with swabs at the time of the infection identiﬁed Staphylococcus aureus or coagulase-negative
staphylococci in twenty-one (91%) of the patients with infection and Streptococcus group B in two.
The infection was characterized by severe cellulitis and
intense pain in two patients, and was treated with parental

Fig. 3

A stoma with hypergranulation (Figs. A1 [circled
area] and A2) and a stoma with redundancy
of soft tissue (Figs. B1 and B2).
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Fig. 4

Radiographic changes in a patient who had no complications. Fig. A1 Preoperative measurements. Fig. A2 Implant templating. Fig. B Immediately
after surgery. Fig. C Two years post-implantation.

One patient was unable to load the residual limb because
of severe pain, which led to implant removal (Table IV). Radiographs showed divergent radiopaque lines as described by
Engh et al.20. Cultures of specimens of bone and surrounding
tissue did not grow any bacteria after prolonged incubation.
The intramedullary implant broke in two patients, at
forty-two and forty-seven months after the surgery, leading to
implant replacement. Twenty-ﬁve patients (29%) had breakage,
on a total of thirty occasions, of the pin used as a safety weak
point in the extramedullary dual-cone component.
Factors Associated with Complications
Factors associated with complications are shown in Table V.
There was a nonsigniﬁcant association between sex and the risk
of any complication (odds ratio [OR] = 1.45, 95% CI [conﬁdence interval] = 0.53 to 3.96 for women versus men) but a
signiﬁcant association between sex and the risk of a severe
infection, with women having more than a sixfold increase in
risk (OR = 6.5, 95% CI = 1.1 to 38.15). A BMI of >25 kg/m2
was associated with a signiﬁcant, threefold higher risk of mild
infection (OR = 3.47, 95% CI = 1.16 to 10.39). Smokers had a
sevenfold higher risk of a recurrent infection (OR = 7.5, 95%
CI = 1.32 to 42.35). No signiﬁcant association was observed
between other characteristics and the risk of complications.
Similar infection rates were observed at the two centers.
Discussion
o our knowledge, this study represents the largest prospective cohort of transfemoral amputees treated with
press-ﬁt osseointegrated implants reported to date. A comprehensive classiﬁcation of infection related to osseointegration systems was introduced and used to assess the safety of the
press-ﬁt-type osseointegrated implants.
No patient developed a grade-3 or 4 infection. The most
common complication was mild and consisted of soft-tissue

T

infection or stoma irritation because of redundant soft tissue.
In twenty-three of the twenty-nine patients who developed
infection, it resolved with only minimal outpatient intervention. Five patients developed an infection that required surgical
debridement involving removal of the necrotic tissue, excision
of the subcutaneous fat, and saline solution irrigation followed
by primary closure with recreation of the stoma.
The two previous reports describing adverse events in
transfemoral amputees treated with osseointegration systems
have suggested that the risk of septic loosening is low7,17. In a
prospective evaluation of thirty-three transfemoral amputees,
the investigators reported that, after more than two years of
follow-up, a deep peri-implant infection had developed in six
(18%) of the patients, with only one implant removal (<3%)17.
In a larger study, of ﬁfty-one patients, a total of forty-one superﬁcial infections had developed in twenty-eight patients at
twenty-four months7. There were three cases of implant removal, with only one due to infection, in that study.
Our results indicate a similar risk of soft-tissue infections (34%) and absence of deep peri-implant infection. The
fact that no patient developed a serious (grade-3 or 4) infection suggests an acceptable risk-beneﬁt trade-off. The single
patient who underwent explantation presented for treatment
immediately after the second stage of the surgery because of
an inability to load the prosthesis and follow the rehabilitation
protocol. This patient had inadequate osseointegration resulting from undersizing of the implant. This was treated by
replacing the prosthesis with a larger-diameter implant.
Cultures of specimens of bone and the surrounding tissue
taken at the time of replacement were negative after prolonged incubation.
The fact that smoking and female sex were associated
with recurrent infection and severe infection requiring surgery, respectively, suggests that they are useful criteria for
patient counseling and selection. The majority of the patients
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requiring excision of redundant soft tissue because of repetitive irritation of the stoma had been wheelchair-bound prior
to the surgery. In our opinion, this could be attributed to the
higher BMI and stump muscle atrophy of these relatively physically inactive patients. We have since adopted a strategy to
minimize mechanical friction, and thus reduce bacterial colonization at the stoma, by excising the subcutaneous fat and
sealing the skin close to the bone.
Two patients had implant breakage. Both had distal
cortical bone resorption, and the breakage was at the point
where the implant was not covered by femoral bone. In both
patients, the implant diameter was relatively small for their
body weight and activity level (K4 [active adult] according to
the Medicare Functional Classiﬁcation Level [MFCL]). This
suggests a defect in implant design that warrants reevaluation.
In the three patients who sustained an intertrochanteric
fracture, the fracture occurred proximal to the tip of the implant and was treated with open reduction and internal ﬁxation. All of these patients had disuse osteoporosis of the hip
resulting from years of reduced loading of the hip in the socket
prosthesis. Use of the osseointegration system allowed more
intensive use of the prosthesis and enabled them to pursue a
more physically active lifestyle, factors that increase the risk
of hip fractures associated with trauma. The potential role of
screening and monitoring bone mineral density and active
treatment of osteoporosis is currently being investigated.
More of the pins used as a fail-safe mechanism broke in
the patients treated at the Sydney center than in those treated at
the Nijmegen center. Potential reasons include the higher patient activity levels in the former and the use of a new external
adaptor design with an extra safety mechanism in the latter.
This study focused on the complications of the procedure.
These risks should be interpreted alongside the potential clinical
beneﬁts. The procedure not only eliminates socket-related problems but also enables amputees to attain function close to an ablebodied individual8,15. Twenty-ﬁve percent of the study population
was wheelchair-bound before osseointegration, and all of these
patents became community ambulators after surgery.
A limitation of this study is the relatively short follow-up
time, which precludes assessment of the long-term risk of infection. Because deep infection can occur without radiographic
evidence of changes, the risk of deep infection may be underestimated. Second, implementation of a new intervention is
often associated with an initially higher rate of complications:
i.e., there is a learning curve. During the course of this study, we
realized that redundant peri-implant soft tissue appeared to
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cause repeated irritation and soft-tissue infections, which led
to the adaptation of our surgical technique. Additional studies
are planned to investigate the effect of the surgical soft-tissue
management on outcome. Third, patient selection excluded
vascular amputees, so our cohort does not represent the general
transfemoral amputee population. Finally, complications were
identiﬁed by the patients reporting them to the operating surgeon, which may have resulted in underestimation. A smartphone electronic diary application has been developed to enable
patients to log changes regularly. The criteria with which to grade
infection were prespeciﬁed to increase reliability, but larger
prospective studies with long-term follow-up are needed to estimate the long-term risks.
In conclusion, this multicenter prospective cohort study
indicates that severe infections resulting in septic implant
loosening are rare. Mild infection and irritation of the soft
tissue in the skin penetration area are common; these complications can be managed with simple measures. Protocols for
adequate surgical management of the peri-implant soft tissue
are essential. n
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Stable ﬁxation of an osseointegated implant system for above-the-knee
amputees: titel RSA and radiographic evaluation of migration and bone
remodeling in 55 cases. Acta Orthop. 2012 Apr;83(2):121-8. Epub 2012
Apr 11.
6. Khemka A, Frossard L, Lord SJ, Bosley B, Al Muderis M. Osseointegrated prosthetic limb for amputees: over one hundred cases. Read at the 6th International

909
TH E JO U R NA L O F B O N E & JO I N T SU RG E RY J B J S . O RG
V O LU M E 98-A N U M B E R 11 J U N E 1, 2 016
d

d

d

Conference – Advances in Orthopaedic Osseointegration; 2015 Mar 26-27;
Henderson, Nevada.
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8. Hagberg K, Hansson E, Brånemark R. Outcome of percutaneous osseointegrated prostheses for patients with unilateral transfemoral amputation at
two-year follow-up. Arch Phys Med Rehabil. 2014 Nov;95(11):2120-7. Epub
2014 Jul 24.
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