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David M. Otterburn, MD, FACS, and S. Robert Rozbruch, MD, FAAOS

Investigation performed at the Hospital for Special Surgery, New York, NY

Background: The use of bone-anchored osseointegration implants for amputation reconstruction continues to expand
throughout the world. Benefits are thought to include the elimination of socket-related problems and improved control and
proprioception of the prosthetic limb. Reported outcomes have been positive, but skepticism remains with regard to the
risk of infection and implant failure. Further results from early adopters are therefore needed prior to widespread
acceptance and regulatory approval.

Methods: A retrospective review of the first 31 consecutive patients who underwent implantation of a press-fit os-
seointegration implant of the femur or tibia with follow-up of at least 6 months was performed. The primary outcome was
the patient-reported Questionnaire for persons with a Transfemoral Amputation (Q-TFA) measured preoperatively and 6 to
12months postoperatively. Patient-Reported OutcomesMeasurement Information System (PROMIS) and Limb Deformity-
Scoliosis Research Society (LD-SRS) scores, 2-minute and 6-minute walk tests, and complications were also recorded.

Results: In this study, 18 femoral reconstructions and 13 tibial reconstructions were performed, with a mean follow-up (and
standard deviation) of 21.1 ± 9.2 months. Twenty-eight reconstructions were single-stage implantations. All Q-TFA domains
improved significantly (p < 0.001) from preoperatively to postoperatively, including the global score (25.0 ± 17.4 to 81.2 ±
17.6 points), prosthetic use (50.2± 39.9 to 91.2 ± 18.7 points), prosthetic mobility (49.7 ± 26.9 to 81.4± 21.5 points), and
prosthetic problems (46.4± 17.5 to 9.1± 6.6 points). The overall and functional outcome domains of the PROMIS and LD-SRS
and the 2-minute walk test (243 ± 107 to 369 ± 151 ft [74 ± 33 to 112 ± 46 m]; p = 0.022) and 6-minute walk test (609 ±
323 to 1,054 ± 555 ft [186 ± 98 to 321 ± 169m]; p = 0.016) also improved significantly. Serious adverse events included 2
periprosthetic hip fractures, 1 explantation for septic loosening, and 1 explantation for aseptic loosening, with an overall
implant retention of 93%. The most common complication was low-grade, soft-tissue infection requiring oral antibiotics.

Conclusions: Similar to the early experience of other international centers, osseointegration implants improved the
overall and functional experience of patients compared with socket prosthetics. Complications were present but man-
ageable and were not a deterrent to ongoing support of the technology.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

B
one-anchored osseointegration prostheses made from
porous titanium have been an emerging treatment in the
field of amputation reconstruction for the last 2 decades.

The patient-reported and functional results have been over-
whelmingly positive when compared with those from the tra-
ditional socket prosthesis1-6, which is plagued by numerous
difficulties for the patient, including poor fit, skin irritation and
ulceration, excessive sweating, aggravating and time-consuming
donning and doffing, range-of-motion limitations, and, most

importantly, poor energy transfer from the bone to the
prosthesis7,8. Patients utilizing osseointegration prostheses
tend to wear their prosthesis more and achieve higher
function than is possible with a socket prosthesis, especially
for above-the-knee amputees2,3,5,9-11. Although the concern
for infection with a transcutaneous metal implant remains a
valid concern, data have indicated that most are superficial
and successfully treated without requiring explantation of
the prosthesis1,4,5,10,12,13.

Disclosure: The Disclosure of Potential Conflicts of Interest forms are provided with the online version of the article (http://links.lww.com/JBJSOA/
A315).

Copyright � 2021 The Authors. Published by The Journal of Bone and Joint Surgery, Incorporated. All rights reserved. This is an open-access article
distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to
download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
journal.

JBJS Open Access d 2021:e21.00072. http://dx.doi.org/10.2106/JBJS.OA.21.00072 openaccess.jbjs.org 1

http://links.lww.com/JBJSOA/A315
http://links.lww.com/JBJSOA/A315
http://creativecommons.org/licenses/by-nc-nd/4.0/


Familiarity with this approach and most of the relevant
literature stems from a few high-volume centers around the
world1,2,5,6, and the experience in the United States has been
limited by regulatory restrictions until recently, when the U.S.
Food and Drug Administration (FDA) allowed limited use of
certain implants. This study evaluates our early experience with
lower-extremity osseointegration prosthesis implantation using
a porous-coated titanium stem axially impacted into position
following a reaming and broaching technique at a tertiary aca-
demic center. The purpose of this study was to compare results,
using the samewidely used outcomemetric, theQuestionnaire for
persons with a Transfemoral Amputation (Q-TFA), with other
early international results and to provide advice for what other
early adopters of the technique may expect to encounter.

Materials and Methods

Aretrospective review of prospectively gathered data was
approved by the institutional review board and patients

gave informed consent for the study. All 31 patients who
underwent an osseointegration prosthesis implantation in the
femur or tibia beginning in October 2017 with follow-up of at
least 6 months were included. Inclusion criteria were the presence
of an above-the-knee or below-the-knee amputation with any
difficulty using a traditional socket prosthesis. Also included were
patients with chronic pain or extremity dysfunction electing to
undergo amputation with primary osseointegration reconstruc-
tion. Known or suspected infection based on magnetic resonance
imaging (MRI) examination was treated with surgical debridement
and placement of a cement antibiotic spacer for at least 6weeks prior
to implantation with an osseointegration prosthesis. Exclusion cri-
teria included patients with opioid dependence not responsive to
treatment, psychiatric conditions not amenable to a permanent
implant, prior radiation to the residual bone, severely osteoporotic
bone, and bone segments too short to support an implant.

Surgical procedures were performed by a single surgeon
at an academic tertiary referral hospital. The first 2 implants
were custom implants manufactured by Signature Orthopae-
dics, and the remainder utilized the Osseointegrated Prosthetic
Limb (OPL) system (Permedica Manufacturing). Computed
tomographic (CT) scans were used preoperatively to plan the
appropriate implant size that is customized in shape, length,
and diameter. These implants are press-fit impacted into the
residual bone after appropriate reaming and have a 0.5-mm
macroporous titanium ingrowth surface coating. The stem
ends in a transcutaneous collar that is coated and polished
titanium-niobium oxynitride ceramic to permit skin gliding14.
A dual-cone adaptor screws into the collar along 1 side and
attaches to the prosthesis abutment on the other side (Figs. 1-A
through 1-D). Routine culture specimens were taken of the
residual bone in all cases with a prior amputation or prior
debridement for infection. Patients who had positive cultures
were treated with 6 weeks of bacteria-specific antibiotics but
retention of the implant. For patients with symptoms of phantom
limb pain, painful neuroma, or complex regional pain syndrome,
targeted muscle reinnervation was performed at the time of the
surgical procedure by a plastic surgeon.

Three early patients had a 2-stage implantation consist-
ing of 8 weeks of closed soft tissue over the implant to allow for
bone ingrowth. Based on international surgeon experience, the
remainder were implanted in a single stage with immediate
creation of the skin stoma. Progressive loading of the implant
using a rubber cap over the exposed implant was initiated the
day after the stoma creation unless the bone was a short seg-
ment or osteopenic or fracture occurred during implantation,
in which case 4 to 6 weeks of non-weight-bearing were pre-
scribed to allow ingrowth of bone. Loading started at 20 lb
(9 kg) and progressed 5 lb (2.3 kg) every other day for 6 to
8 weeks. Once full weight-bearing on the cap was achieved, a
prosthetic leg was attached to the implant and protected
weight-bearing under the guidance of a physical therapist
was initiated for 6 weeks.

The primary outcome measure was the Q-TFA, which
was also administered to patients with a transtibial amputation.
The Q-TFA has 4 domains tomeasure patient experience with a
prosthesis: prosthetic use, prosthetic mobility, prosthetic prob-
lems, and a global score. The questionnaire was administered
preoperatively and between 6 months and 1 year postoperatively.
The Q-TFA is not applicable to some patients preoperatively,
including those who do not wear a prosthesis at all and those
undergoing primary amputation. We also collected the Limb
Deformity-Scoliosis Research Society (LD-SRS) score, a validated
outcome score15 that includes patient-reported functional activity,
mental health, pain, and self-image domains, and the Patient-
ReportedOutcomesMeasurement Information System (PROMIS)
Physical Function, Pain Intensity, Pain Interference, EuroQol 5
Dimensions (EQ-5D), Global Mental Health, and Global Physical
Health scores. Patients also performed 2-minute and 6-minute
walk tests preoperatively, if they were ambulatory on the
involved limb with a socket prosthesis, and at 6 months to
1 year postoperatively.

Complication data were extracted and compiled from the
medical record. Infectious complications were considered low-
grade soft-tissue infection if they required oral antibiotics, high-
grade soft-tissue infection if they required intravenous antibiotics,
and deep infection or osteomyelitis if bone changes were evident
on radiographs. Simplemechanical complications included screw,
dual cone, or abutment failures requiring replacement parts, and
severe complications involved fracture of the implanted stem.
Overall, adverse events were categorized as severe (deep infection
requiring explantation, implant fracture, periprosthetic fracture
requiring operative fixation, aseptic loosening leading to loss of
the implant), moderate (high-grade soft tissue and deep infection
resolving with surgical debridement and/or intravenous antibi-
otics with a retained implant, soft tissue and/or stoma revision), or
minor (low-grade soft-tissue infection, mechanical complications
treated in an office setting).

Demographic data were analyzed using descriptive sta-
tistics. Statistical analysis comparing preoperative and post-
operative functional scores was performed using the 2-sample t
test with equal variances. When analyzing the 2 interval vari-
ables of Q-TFA score and time to amputation, the Pearson
correlation coefficient (r) was calculated. Coefficient values of 0
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Fig. 1-A Fig. 1-B

Fig. 1-C Fig. 1-D

Fig. 1-AThe components of the OPL include themain implant with the transcutaneous collar and porous-coated stem, the dual cone adaptor, and the screw

that seats the dual cone in the stem. The standard length for the femur and tibia with sufficient residual bone is 160 mm.
Fig. 1-B The dual cone (gold) is attached to the bushing and prosthetic adaptor (labeled OPL), which supports standard prosthetic components. Fig. 1-C

Standing radiograph showing assembly for the tibial prosthesis. Fig. 1-D Standing radiograph showing assembly for the femoral prosthesis.
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to 0.29 indicated a weak correlation, 0.3 to 0.49 indicated a
moderate correlation, and 0.5 to 1.0 indicated a strong corre-
lation. For all tests, significance was set at p £ 0.05. The software
used to perform the analysis was Stata/IC 13.1 for Mac (64-bit
Intel) (StataCorp).

Results

Thirty-one patients who underwent implantation of an
osseointegration prosthesis (18 femoral and 13 tibial)

and had follow-up of at least 6 months (mean follow-up
[and standard deviation], 21.1 ± 9.2 months) were included
in the analysis. There were 19 male patients and 12 female
patients (Table I). The mean age was 49.6 ± 12.0 years in the

femoral reconstruction group and 51.3 ± 14.1 years in the
tibial reconstruction group. The primary reason for amputation
was trauma in 22 cases; other causes included necrotizing fasciitis
(1 patient), chronic periprosthetic knee infection (2 patients),
vascular injury with ischemia (2 patients), neurologic injury or
complex regional pain syndrome (3 patients), and bone deformity
with pain or arthritis (1 patient). Two patients with complex
regional pain syndrome underwent primary amputations with
immediate bone-anchored prosthesis placement. Six patients (3 in
the femoral reconstruction group and 3 in the tibial reconstruc-
tion group) underwent bone debridement and placement of an
antibiotic cement spacer based on a known infection distal to the
amputation (e.g., in a total knee prosthesis) or MRI evidence of

TABLE I Patient Demographic Characteristics

Femoral Reconstruction
Group (N = 18)

Tibial Reconstruction
Group (N = 13)

Patient characteristics

Sex*

Male 11 8

Female 7 5

Age† (yr) 49.6 ± 12.0 51.3 ± 14.1

Time since amputation† (yr) 7.8 ± 8.8 9.4 ± 12.5

Amputation etiology*

Trauma 13 9

Necrotizing fasciitis 1 —

Chronic periprosthetic infection 2 —

Vascular injury 2 —

Neurologic injury or complex regional pain syndrome — 3

Deformity — 1

Residual bone length† (mm) 222 ± 94 119 ± 34

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

TABLE II Surgical Details, Implants, and Rehabilitation

Femoral Reconstruction
Group (N = 18)

Tibial Reconstruction
Group (N = 13)

Surgical details*

Antibiotic cement spacer before osseointegration 3 3

Two-stage implantation 3 0

Single-stage implantation 15 13

Targeted muscle reinnervation 8 7

Implant characteristics†

Diameter (mm) 17 (14 to 25) 21 (14 to 31)

Length (mm) 148 (80 to 160) 109 (65 to 160)

Time until prosthetic leg was attached‡ (wk) 8.6 ± 3.4 10.0 ± 3.0

*The values are given as the number of patients.†The values are given as the mean, with the range in parentheses. ‡The values are given as the
mean and the standard deviation.
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Fig. 2

Box plots of the preoperative (blue) and postoperative (red) Q-TFA domains. The top and bottom of the box indicate the interquartile range (IQR), the line

within the box indicates the median, the whiskers indicate the minimum and maximum values, and the circles indicate outliers (values less than the first

quartile – 1.5 · IQR or greater than the third quartile 1 1.5 · IQR).

TABLE III Results of the Q-TFA, Patient-Reported Outcome Measures, and Functional Tests

Preoperative Score* Postoperative Score* P Value

Q-TFA score

Global 25.0 ± 17.4 81.2 ± 17.6 <0.001†

Prosthetic use 50.2 ± 39.9 91.2 ± 18.7 <0.001†

Prosthetic mobility 49.7 ± 26.9 81.4 ± 21.5 <0.001†

Prosthetic problem 46.4 ±17.5 9.1 ± 6.6 <0.001†

LD-SRS

Total 2.87 ± 0.68 3.66 ± 0.55 0.01†

Functional activity 2.33 ± 0.90 3.36 ± 0.76 0.01†

Mental health 3.45 ± 0.98 3.91 ± 0.65 0.25

Pain 3.13 ± 0.97 3.36 ± 0.76 0.58

Self-image or appearance 2.60 ± 0.77 3.76 ± 0.64 0.001†

PROMIS

Function 33.0 ± 7.7 42.9 ± 6.9 0.005†

Pain intensity 49.1 ± 9.9 42.3 ± 6.9 0.098

Pain interference 59.8 ± 10.8 47.8 ± 8.5 0.01†

EQ-5D 0.59 ± 0.11 0.76 ± 0.09 0.001†

Global mental 42.3 ± 10.3 53.5 ± 9.4 0.015†

Global physical 39.1 ± 9.4 53.2 ± 9.1 0.002†

Functional tests

2-minute walk test (ft) 243 ± 107 (74 ± 33 m) 369 ± 151 (112 ± 46 m) 0.022†

6-minute walk test (ft) 609 ± 323 (186 ± 98 m) 1,054 ± 555 (321 ± 169 m) 0.016†

*The values are given as the mean and the standard deviation. †Significant.

Early Experience with Femoral and Tibial Bone-Anchored Osseointegration Prostheses

JBJS Open Access d 2021:e21.00072. openaccess.jbjs.org 5



osteomyelitis of the residual bone (Table II). Eight patients in the
femoral reconstruction group and 7 patients in the tibial recon-
struction group had concurrent targeted muscle reinnervation.

The shape and length of the residual femora were fairly
consistent. The implant length was 160 mm (full length in the
implant system) in 13 of the 18 patients in the femoral recon-
struction group, and, in the shorter residual bones, it was 140mm
in 2 patients and 120 mm, 100 mm, and 80 mm in the 3 other
patients. The diameter was 14 to 18 mm in 14 of 18 patients and
19 mm, 20 mm, 21 mm, and 25 mm in the other 4 patients. The
residual tibiae were more variable, and the implants ranged from
65 to 160 mm in length and 14 mm to 31 mm in diameter
(Table II). The mean time to attachment of a prosthetic leg was
shorter in the femoral reconstruction group at 8.6 ± 3.4 weeks
comparedwith the tibial reconstruction group at 10.0± 3.0weeks.

The primary outcome measure (Q-TFA) was completed
by 23 patients preoperatively, 5 patients never wore a prosthesis
or were undergoing primary amputation, and 3 patients were
treated before the beginning of Q-TFA questionnaire use. Sixteen
patients completed the questionnaire between 6months and 1 year
postoperatively. There were clinically important and significant
improvements in all domains of the Q-TFA (Fig. 2, Table III).
There was also an association between the time since amputa-
tion and higher postoperative Q-TFA global scores (r = 0.577;
p= 0.039). The LD-SRS demonstrated significant improvement in
the total score, functional activity domain, and self-image or

appearance, as well as improvements in the mental health and
pain scores that were not significant (Fig. 3). The PROMIS
scores demonstrated significant improvements in the overall
health (EQ-5D), global mental health, global physical health,
pain interference, and functional domains and improvement
in pain intensity that was not significant (Fig. 4).

The 2-minute and 6-minute walk tests were completed
by 17 patients preoperatively; in the rest of the patients, 6 were
not able to wear a prosthesis and walk on the affected extremity,
2 were undergoing elective amputation, and 6 patients were
treated before the beginning of Q-TFA questionnaire use. Nine
patients completed the functional tests postoperatively, and the
remainder did not follow up in person because of travel restric-
tions at the time of study. There were significant improvements in
ambulatory distance at 2 and 6 minutes (Table III). Of the 6
patients unable to use a prosthesis prior to the surgical procedure,
all were walking with a prosthesis postoperatively. In the femoral
reconstruction group, 4 patients were using 2 crutches, 4 patients
were using a cane or 1 crutch, 6 patients used no assistive device,
and walking aid use by 4 patients was unknown. In the tibial
reconstruction group, of the 11 patients with a retained implant,
all 11 used no assistive device.

There were 6 positive cultures obtained from the routine
specimens taken at the time of implantation (Table IV). None
appeared grossly infected and none were from the 6 patients
treated with an antibiotic spacer. Two patients were treated

Fig. 3

Boxplots of the preoperative (blue) and postoperative (red) LD-SRSdomains. The top andbottomof the box indicate the IQR, the linewithin the box indicates

the median, the whiskers indicate the minimum and maximum values, and the circles indicate outliers (values less than the first quartile – 1.5 · IQR or

greater than the third quartile 1 1.5 · IQR).
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with oral antibiotics and 4 patients were treated with intrave-
nous antibiotics for 6 weeks. Only 1 patient developed 3 recurrent
(rather than persistent) infections following treatment and was
treated with a surgical debridement of the distal bone and pro-
longed intravenous antibiotics. The patient had no signs of
infection when the antibiotics were discontinued and retained
the original implant. Over the course of follow-up, 23 other
soft-tissue infections occurred in 15 patients; 20 of these in-
fections were treated with oral antibiotics and 3 were treated
with intravenous antibiotics. Two of the 3 intravenous antibi-
otics were used in 1 patient who later underwent surgical
debridement, but the implant was retained. One patient re-
quired explantation due to septic loosening of the implant.
After a 6-week course of antibiotics, the patient underwent
reimplantation 5 months later and had experienced no further
complications at the most recent follow-up.

At the most recent follow-up, none of the base or intra-
medullary portions of the implants had fractured. Eight attach-
ment pieces broke and required replacement. Two of these were
managed in the operating room, but these occurred early in the
study and would have been managed in the clinic setting if they
had happened later in the study. There were 2 displaced proximal
femoral fractures that required open reduction and internal fix-
ation. Both implants were well fixed in the femoral diaphysis and
were retained, and both fractures healed uneventfully in satis-
factory alignment. Three dual cones were upsized tomanage soft-
tissue impingement on the prosthetic leg. One patient underwent

subsequent revision of the distal soft tissue and stoma due to
impingement. One patient with osteoporotic bone had sponta-
neous aseptic loosening of the implant that dislodged from the
bone. Ninemonths later, the patient underwent reimplantation
with a larger implant and had experienced no further com-
plications at the most recent follow-up.

Discussion

The results of this study demonstrate significant improve-
ments in overall and functional patient-reported outcomes

and ambulatory distance using a bone-anchored osseointe-
gration prosthesis compared with a traditional socket pros-
thesis. Although overall pain improved on average, pain
interference improved significantly, suggesting that activity
is less hampered by painful stimuli. A bone-anchored os-
teointegration prosthesis also allowed all patients who could
not use any prosthesis preoperatively to begin ambulation
postoperatively. Early complications were present but manage-
able without explantation in 93% of cases. The most common
adverse events were low-grade, soft-tissue infections and simple
mechanical failures. These results are consistent with the early
experience of other international centers with osseointegration
prostheses.

In a 2-year prospective Swedish study, 48 patients under-
went above-the-knee amputation reconstructions with 6-month
latency prior to stoma creation and abutment attachment using
the Osseointegrated Prosthesis for the Rehabilitation for

Fig. 4

Box plots of the preoperative (blue) and postoperative (red) PROMIS domains. The top and bottom of the box indicate the IQR, the line within the box

indicates the median, the whiskers indicate the minimum and maximum values, and the circles indicate outliers (values less than the first quartile – 1.5 ·
IQR or greater than the third quartile 1 1.5 · IQR).
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Amputees (OPRA), which utilizes a screw-thread-bone interface
instead of macroporous coating14. Four patients had implants
removed during the study period (1 for infection and 3 for
loosening, with an overall survival rate of 92%), and there were 3
ipsilateral hip fractures, but 89% of patients used the prosthesis
andQ-TFA scores improved significantly across domains9,16. Some
of the patients who underwent failed treatment requested reim-
plantation, similar to the 2 patients who underwent explantation
in the current study, who still believed in the technique despite
complications. A German study evaluated 37 patients using
the Integral-Leg-Prosthesis (ILP); all patients had above-the
knee amputations but with 6-week latency to stoma creation
and abutment attachment. There were 1 explantation for deep
infection, 1 explantation for implant failure, and 2 explanta-
tions for chronic soft-tissue irritation (later solved with a smooth
coupler), and there were 2 later reimplantations. Overall, 35 of 37

patients stated that they would undergo the procedure again10.
After modifications to the initial ILP design, no implants were
explanted after a mean follow-up of 32 months, although there
were 2 periprosthetic hip fractures1. The results from 22 patients
in the Netherlands using the ILP at 1 year after osseointegration
demonstrated significant improvements in the Q-TFA prosthetic
use (56 to 101 hr/wk) and global score (39 to 63), along with
significant improvement in the 6-minute walk test (321 to 423 ft
[98m to 129m]) and the TimedUp andGo (TUG) score (15.1 to
8.1 sec)2. They also demonstrated a decrease in oxygen con-
sumption from 1,330 to 1,093 mL/min. In an Australian study of
50 above-the-knee amputations with a mean follow-up of
21.5 months using the ILP or OPL with 4 to 8-week latency, 21
patients had infection (none requiring an explantation), 4 had
periprosthetic fracture, 1 had implant fracture requiring revision,
and 1 underwent explantation for pain due to an undersized

TABLE IV Summary of Complications and Treatment

Complications
Femoral Reconstruction

Group (N = 18)
Tibial Reconstruction

Group (N = 13)

Follow-up* (mo) 23.1 ± 10.4 18.3 ± 6.8

Infection†

Positive cultures at implantation 3 3

6-week antibiotic treatment

Oral 2 0

Intravenous 1 3

Recurrent infections 0 3 (1 patient)

Surgical debridements 0 1 (same patient)

Infections during follow-up†

No. of infections 15 8

No. of patients 9 6

Antibiotics

Oral 15 6

Intravenous 0 2

Surgical debridements 0 1

Explantation 0 1

Taking suppressive antibiotics 0 0

Mechanical†

Broken attachments 6 2

Broken implants 0 0

Periprosthetic fracture requiring open
reduction and internal fixation†

2 0

Soft tissue†

Longer dual cone needed 3 0

Stoma revision 1 0

Aseptic loosening† 0 1

Overall adverse events†

Severe 2 2

Moderate 2 8

Minor 26 8

*The values are given as the mean and the standard deviation. †The values are given as the number of infections or patients.
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implant; however, all of the outcome scores, including theQ-TFA,
Short Form-36 (SF-36), 6-minute walk test, and TUG, improved
significantly17. More recently, the early results for 22 tibial os-
seointegration prostheses were published and showed a similar
increase in Q-TFA use and global scores but a higher low-grade
infection rate compared with femoral prostheses at 1 year; how-
ever, this led to explantation in only 1 patient with a femoral artery
occlusion18.

Whether the early results of osseointegration are durable
is an ongoing question because most centers do not have long-
term follow-up to date. The 5-year results of the prospective
OPRA study demonstrated 92% implant survival, consistently
improved outcome scores, and mechanical complications with
the abutment that were more common in those with the
highest mobility scores, which could be viewed as success of the
prosthesis as much as an indictment of it11. In a follow-up study
specifically addressing osteomyelitis, the 10-year cumulative
risk of explantation for infection was 9% and resolution of
infection with antibiotics was obtained without explantation in
25% of osteomyelitis diagnoses19. At 15 years, >64% of patients
continued to state that their overall situation as an amputee was
better as a result of osseointegration5.

Although the data certainly capture some level of the
patient experience, it is worth emphasizing the overall satis-
faction, deemed revolutionary by many, that patients subjec-
tively report while using a bone-anchored prosthesis instead
of a socket20. The osseoperception attained via the prosthesis
is a powerful sensation that enhances the function of the
prosthesis21. Although the experience of a socket prosthesis could
be characterized as an endless war with constant battling, a bone-
anchored prosthesis with a simple mechanical attachment im-
proves prosthesis handling, limb control, and range of motion.
This may explain why the self-image or appearance domain of the
LD-SRS improved significantly. Although the stoma needs daily
maintenance for optimum health, this is no different from hun-
dreds of our other daily routines.

Early reports such as this are important to provide fur-
ther evidence to lift the regulatory barriers currently in place
for the more widespread adoption of bone-anchored osseoin-
tegrated implants. Only with more data will the implants,
techniques, and protocols undergo the scrutiny and challenge
needed to refine this procedure further. Mechanical compli-
cations and infection will never be eliminated entirely, but this
is broadly true of orthopaedic surgery and the functional
improvements of many overshadow the occasional failures.
There is a large community of amputees in the United States22,
and it will be important to answer how broadly this procedure
may be applied to them. Patients undergoing amputation for
complications of diabetes or vasculopathy may seem to be poor
candidates for a bone-anchored osseointegration prosthesis,
but it is possible that the more proximal tissue retains enough
health to sustain a prosthesis and prevent other complications
that would result from perpetual recumbency.

Financially, amputees routinely undergo socket changes
every few years, and those with difficulties can expect even
more costly socket revisions. Future study comparing the cost

of the socket and osseointegrated prosthetics will be important.
Other comparative outcomes to consider studying include
psychology, productivity, and return to work.

The limitations of this study included its small number of
patients and short-term follow-up. The procedures were per-
formed by a single surgeonwith predominantly 1 implant system
and technique, which limited direct comparison with those dis-
cussed in other publications. The study was underpowered to
analyze many interesting variables with regard to osseointegration
that will be the focus of future studies, including the comparison
of femoral and tibial reconstructions, the impact of implant length
and diameter, the latency between amputation and osseointe-
gration, the impact of bacterial colonization in routine cultures on
the ultimate infectious outcome, and the effect of targeted muscle
reinnervation on patient-reported outcomes. Not all comparisons
of the primary outcome could be paired because of the lack of
applicability of the outcome measure to those without a prior
prosthesis. The loss of in-person follow-up during a period of
societal quarantine and travel restrictions also impacted the func-
tional outcomes available for analysis. Given the ongoing rise in
telemedicine as a tool for patient follow-up, especially for patients
distant from their surgical center, new ways will need to be devised
to obtain these data.However, a strength of this study is theminimal
bias resulting from loss to follow-up due to the lack of availability of
other treatment centers familiar with the implant or capable of
supplying requisite parts when complications arise. Our practice
setting offers numerous ways for patients to communicate with the
physician directly, which helps to capture adverse events.

In conclusion, this study of early patient-reported and
functional outcomes of patients with lower-extremity amputations
who underwent reconstruction with a bone-anchored osseointe-
gration prosthesis is consistent with other published literature
demonstrating improvement across all Q-TFA domains compared
with patients who undergo traditional socket prostheses. Compli-
cations leading to the failure of the prosthesis do occur, but at an
acceptable rate for a new implant that improves the patient expe-
rience of living with a prosthesis. More widespread adoption
of these implants will aid multi-institutional collaboration
and refinement of the procedure.
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