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Abstract

Introduction: Patients with transfemoral amputation (TFA) often experience problems related to the use of socket-suspended pros-
theses. The clinical development of osseointegrated percutaneous prostheses (OPP) for patients with a TFA started in 1990. The 
main objective was to compare the clinical outcomes of transfemoral amputees before and 5 years after osseointegration. We aim to 
find a clinical difference in favor of osseointegrated prosthesis use compared to traditional prosthesis.

Methods: 21 consecutive patients with 21 TFAs who received an OPP between 2009 and 2015 and followed for at least five years 
were included. All the amputations were secondary to trauma. A two-stage surgical procedure was used to introduce a percutaneous 
implant to which an external amputation prosthesis was attached. Outcome assessment included the use of two self-report question-
naires, the Questionnaire for Persons with a Transfemoral Amputation (Q-TFA), and the Short-Form (SF)-36. 

Results: The cumulative survival at five years’ follow-up was 81%. Q-TFA showed improved prosthetic use, mobility, global situation, 
and fewer problems (p < 0.001). SF-36´s physical function score was also improved (p < 0.001). Superficial infection and abutment 
fracture were the most frequent complications. The implant was removed in four patients. 

Conclusion: Osseointegrated percutaneous implants constitute a novel form of treatment for patients with TFA. The high cumulative 
survival rate at five years combined with enhanced prosthetic use and mobility, fewer problems and improved quality of life, sup-
porting using this type of prostheses. 

Keywords: Transfemoral Amputation; Osseointegration; Knee Prostheses; Osseointegrated Percutaneous Prostheses; Amputation

Abbreviations

TFA: Transfemoral Amputation; OPP: Osseointegrated Percutane-
ous Prostheses; Q-TFA: Questionnaire for Persons with a Trans-
femoral Amputation; SF-36: Short-Form; S1: First Stage; S2: Sec-
ond Stage

Introduction
Limb amputation or partial limb amputations in the young are 

mainly a result of high energy trauma, infections, or neoplasms, 
while in older patients, the leading cause is chronic vascular dis-
ease [1].

The main problems with younger patients are life quality, work 
reintegration, and complications related to conventional prosthesis 
use (e.g. socket type), pain-related life quality decrease, dermatitis 
and skin problems, difficulties in maintaining stump-prosthesis ad-
herence and difficulties with movement related to the prosthesis 
[1-6].

In the 60s, Branemark described good bone anchorage for tita-
nium implants in mandible bone, coining the osseointegration con-
cept [7,8]. In the 90s, Branemark developed osseointegration for 
amputated limbs in a bilateral transfemoral amputee [9].
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Today, the concept of osseointegration has been expanded to 
other areas such as skull injuries and finger, to name a few [10].

Branemark and cols published their experience in transfemoral 
amputees with an osseointegrated prosthesis. After them, several 
countries worldwide started using these implants [11].

Different osseointegration systems exist. Integrum’s OPRA is 
the oldest and was developed by Branemark. Precisely this system 
was used in our patients, consisting of a cannulated threaded tita-
nium alloy implant attached to the medullary canal, which is called 
fixture. The second portion is an anchoring device that attaches to 
the fixture, called abutment [12].

In 2009, Branemark published the results of 100 transfemoral 
amputees with an osseointegrated prosthesis, treated between 
1990 and 2008 with good results and up to 17 years follow up. Use 
ease and fast installation of the prosthesis, the steady position of 
the prosthesis during daily use, hip range of motion preservation 
without limitation compared with traditional socket type prosthe-
sis, no socket related complications like sweating and skin injuries, 
less phantom pain, better gait sensation account, a much more in-
timate and “part of me” experience than socket prostheses 23 for 
some of the advantages of osseointegrated prosthesis [10,13].

On the other hand, osseointegrated prosthesis complications 
include local skin and deep infections, mechanical issues, loosen-
ing and pain. These complications occur in less than 20% of the 
patients; with current rehabilitation protocols, the incidence has 
shrunk. Branemark reported a superficial infection rate of one 
event every two years per patient, managed with oral antibiotics; 
deep infection rates were inferior, reaching 11 out of 51 patients 
[14]. 

Materials and Methods

Prospective data case series. Twenty patients with post-trau-
matic transfemoral amputation, treated with an osseointegrated 
prosthesis in our institution between 2009 and 2015, under work-
ers’ compensation law and at least five years follow-up were en-
rolled. Since case series was retrospective in design, with a prospec-
tive review and recollection of data, data analysis and application 
of the surveys were approved by our institution´s ethics commit-
tee. No experimental interventions were done, as osseointegration 
acted like a revision procedure for amputation. Signed consent was 
applied to every subject before enrollment.

Demographic data were obtained (age, sex, BMI, tobacco use), 
comorbidities including type 2 diabetes and hypertension, ampu-
tation characteristics (amputation level, time from amputation to 
osseointegration), previous use of a conventional prosthesis, and 
QTF-A and SF-36 questionnaires were applied before and five years 
after osseointegration.

Complications, secondary procedures and prosthetic compo-
nent replacements were registered. 

Every patient was evaluated before osseointegration and dur-
ing follow-up by a multidisciplinary team, including a psychologist, 
orthopedic surgeon, and a rehabilitation physician.

Surgical procedure 

All surgical procedures were made by one surgeon. Osseointe-
gration procedure protocol developed in two stages:

1. The first stage (S1) consisted of irregular bone end resection 
and femoral stump medullary cavity progressive reaming be-
fore insertion of the prosthetic fixture (titanium stem), and 
end-cap was inserted. Resection of neuromas and redundant 
soft tissue also were performed in this stage.

2. The second stage was performed at least six months follow-
ing S1, once stump wound healing and integration of fixture 
to the bone medullary canal is evident (clinically and in x-
rays).

This stage consists of end-cap removal, abutment insertion, flap 
plasty (if required), and the stoma creation.

During the early postoperative period, patients stayed in the 
hospital for three days for adequate pain management, stoma care 
with dressing change. Care of the soma continued at discharge by 
instructing the patients to wash the area with soap and water twice 
daily until wound healing and the rehabilitation protocol. 

Rehabilitation protocol

Rehabilitation protocol begins during hospitalization after the 
first surgical stage. This protocol consisted of three steps. In the 
first step, the early hip range of motion was encouraged to avoid 
stiffness and promote muscle activation. The second step is initi-
ated after stoma closure and healing, where initially short followed 
by long prosthesis are used, along with progressive weight bearing 
until full weight-bearing is achieved at 20 weeks after S2. Gait re-
education is started at the third step with the definitive prosthesis, 
full weight-bearing and return to work at 30 weeks. 
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Follow up

Patients were followed monthly until a year after S2 by the mul-
tidisciplinary team after which, follow-up was performed yearly. 
Complication incidence was registered in number and origin, such 
as deep infection. Superficial infections were not recorded as only 
those infectious episodes or suspicious presentations that required 
surgical lavage or fixture failure were reported, as well as loosen-
ing/failure of the fixture, abutment failure, symptomatic neuro-
mas, and prosthesis removal. Implant survival was calculated. The 
number and causes of revision surgeries were also registered. Five 
years after S2, Q-TFA and SF-36 surveys were performed.

Functional scores 

Two functional outcome patient-reported surveys were col-
lected previous to osseointegration and at five years follow-up: the 
questionnaire for persons with transfemoral amputation (Q-TFA) 
and short-form 36 (SF-36). Q-TFA is a self-reported survey de-
veloped for nonelderly transfemoral amputees using a socket- or 
osseointegrated prosthesis to reflect use, mobility, problems, and 
global health, each in a separate score (0-100). SF-36 is a 36 item 
survey that explores both positive and negative health aspects. It 
was developed from several different questionnaires used in MOS, 
which included forty health-related concepts. It evaluates physical 
function, physical role, pain, general health, vitality, social function, 
emotional role, and mental health. Each item is scored from 0 to 
100 and the higher the score, the better the situation.

Statistical analysis 

Descriptive statistics for individual outcome measures were re-
ported at each time point before the osseointegrated surgery and 
at the end of follow-up. Kaplan-Meier survival analysis was used to 
determine the 5-year survivorship of the prosthesis, and outcome 
scores were compared using unpaired t-tests. A p-value < 0.05 was 
considered statistically significant. Data were analysed using Sta-
ta® version 12.0 (StataCorp LP).

Results and Discussion
Data of 21 patients with post-traumatic transfemoral amputa-

tion and the osseointegrated prosthesis was collected (Table 1). 
Eighteen of these were male. The mean age was 43 years. 35% had 
comorbidities being hypertension the most frequent, followed by 
tobacco use. The mean follow-up was eight years. The mean stump 
length was 59,7% compared with the uninjured femur (24% - 
74%). A total of 38 reinterventions were registered, with an ex-

change of the abutment as the most frequent (n = 18), followed by 
stump plasty (n = 3), symptomatic neuroma resection (n = 5) and 
debridement for deep infection (n = 9). Osseointegrated prosthesis 
removal was necessary in four patients, two cases due to deep in-
fection, one secondary to pain (other causes being ruled out), and 
one due to aseptic implant loosening.

Variable
Patients (n) 21
Age mean (range) 43 (26 - 61)
Male gender (n, %) 18(85)
Amputated limb (R:L) 10:11
Time from S1 to S2 (months) 9
Comorbidities
High blood pressure 3
Type 2 Diabetes 1
Smoker (n) 2
Mean follow-up (years) 8
Relative stump length %(range) 59,7 (24 - 74%)

Table 1: Demographic description of the patients included in this 

study.

Regarding functional outcome, a statistically significant im-
provement was observed in Q-TFA and SF-36 at 5-year follow up in 
almost every dimension (p < 0,01). 

In the Q-TFA subsection specific analysis, all of them had a sta-
tistically significant improvement, being a global score and mobil-
ity score the most improved scores (Table 2). 

Comparing the status before osseointegration with current sta-
tus, use score presented an improvement from 54,56 to 89,35 (p < 
0,001). As for the mobility score, the improvement was from 46,89 
to 79,08 (p < 0,001). Problem score showed an improvement from 
50,38 to 22,54 (p < 0,001). In the global score section, the results 
improved from 35,77 to 74,45 (p < 0,001). Evaluating SF-36 and 
its results, a statistically significant improvement was observed in 
all items except for the social function subsection. Even though it 
had an improvement from 55,88 to 72,5, it did not reach statisti-
cal significance (p = 0,06). In physical function and pain scores, an 
improvement from 42,94 to 73,82 the first (p = 0,0016) and from 
40,14 to 66,02 for the second (p = 0,0026), both reaching the high-
est improvement. Physical role had an improvement from 20,88 
to 56,17 (p = 0,0056) and general health improved from 51,76 to 
72,05 at 5-year follow-up (p 0,01). 
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Subscore n Range SD 5 year follow-up Range SD p value
SF-36
Physical function 42.94 0 to 100 34,6 73.82 20 to 100 20 0,0016

Role to physical 20.88 0 to 100 35,7 56.17 0 to 100 40,6 0,0056
Bodily pain 40.14 0 to 90 25,1 66.02 0 to 100 25,1 0,0026
Social function 55.88 12,5 to 100 29,4 72.5 0 to 100 31,6 0,06
Mental health 61.35 20 to 100 26,7 82.82 40 to 100 20,6 0,0065
Role to emotional 38.82 0 to 100 48,7 73.66 0 to 100 39,3 0,014
Vitality 55.88 20 to 100 25,6 76.47 35 to 100 20,7 0,0073
General health 51.76 10 to 90 25,8 72.05 10 to 100 26,7 0,015
Q-TFA
Prosthetic use score 54.56 0 to 90,3 30,7 89.35 52,2 to 100 13,4 0,0001
Prosthetic mobility score 46.89 19,4 to 86,7 20 79.08 48,9 to 100 13,6 <0,0001
Problem score 50.38 6,7 to 91,3 21,7 22.54 2,1 to 91,3 22,9 0,0001
Global score 35.77 0 to 58,3 21,2 74.45 50 to 100 15,3 <0,0001

Table 2: Shows the results of both questionnaires applied before S1 and five years after S2. Seventeen patients were included in both 

questionnaires (n = Baseline, SD = Standard Deviation).

Spearman correlation was used when analyzing short and long 
stumps and found no statistically significant differences between 
different stump lengths regarding SF-36 and Q-TFA subscores. 

Prosthetic survival was analyzed in a Kaplan-Meier graph (Fig-
ure 1), showing an 81% survival rate at 5-year.

Figure 1: Survival rate at 5-year. Kaplan-Meier.

Our objective was to review functional outcome, implant sur-
vival, and complications in patients with transfemoral amputations 
and osseointegration. This novel technique has proven favorable 
functional outcomes, evaluated with specific surveys for transfem-
oral amputees (Q-TFA) and general quality of life surveys (SF-36); 
both scores are validated for amputees’ outcome evaluation [15].

The first case series reported by Branemark highlighted 
complications and survival of this procedure [16]. Later, the same 
author published a prospective study, with the surveys mentioned 
above. In this previous study, the mean survival at two years follow-
up was 92%, showing an improvement in all items evaluated with 
Q-TFA, especially in the general situation, improving in 69% cases. 
In the specific item analysis, all four items showed a significant im-
provement [17]. 

In our analysis, all four items of the Q-TFA survey showed a sig-
nificant improvement. 

The use score subsection considers the daily amount of time of 
prosthesis use, using 15 hours as maximum, so the closer to 100, 
the longer the prosthesis is used. As Thomson., et al. report in their 
series, prosthesis use is high, with 82% to 90% of patients report-
ing daily use [3].
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The mobility score evaluates the ability to change and main-
tain different postures with three questions. These refer to the 
conditions on which the patient can wander around: the need for 
walking aids, walking habits (frequency and length of the walk), 
and capability (the ability to perform locomotor activities without 
considering the difficulties). A higher score means more use of the 
prosthesis in different situations and less need for walking aids. 
The overwhelming majority of amputees who change from a tradi-
tional socket prosthesis to an osseointegrated prosthesis improve 
dramatically, both subjectively and objectively. One study showed 
that when amputees changed from a socket prosthesis to an os-
seointegrated prosthesis, improvements on the Q-TFA (from 45.27 
to 84.86 points), Short Form-36 Physical Component Summary 
(from 36.97 to 49.00 points), 6 Minute Walk Test (from 286.25 to 
512.72 meters) and the Timed Up and Go test (from 13.86 to 9.12 
seconds), improvements were consistent noted [18].

Problems score to evaluate the presence or absence of prob-
lems, difficulties, or complications related to the amputation, 
prosthesis, and its use. The same questions are answered again, 
referring to the impact on each of the previously evaluated items’ 
quality of life. A higher score means more problems related to the 
questioned items.

The global score sums up the patient’s perception regarding the 
prosthesis in three questions evaluating the level of function, prob-
lems related to prosthesis use, and general situation as an amputee. 
The higher the score, the better the global perception of the patient 
regarding his condition. Improved patient experience with the use 
of an osseointegrated prosthesis was related to osseoperception. 
This phenomenon is defined as the mechanical stimulation of a 
bone-anchored prosthesis transduced by mechanoreceptors likely 
located in the muscles, joints, skin, and other bone-adjacent tis-
sues. The transduced signals travel to the central nervous system 
to cause passive awareness of the patient’s sensorimotor position 
and function [19].

The SF-36 survey was designed to evaluate the quality of life in 
patients and the general population. Its main advantage is that it 
allows a correlating quality of life with health, evaluating different 
treatments. In the same fashion as Q-TFA, a statistically significant 
improvement was seen in all SF-36’s items.

In our series of patients with a post-traumatic transfemoral am-
putation, subject to a worker’s compensation insurance, the study 
subjects show high physical demands on their limbs, shown on the 

high percentage of secondary procedures abutment exchange due 
to its breakage. This complication has previously been reported, 
with a prevalence of 27 - 45% for intramedullary screw implants 
and 0 - 31% for press-fit implants [20]. Abutment breakage must 
be considered at the moment of the procedure indication, with 
particular attention to implant type and modification of activities 
or physical demands sustained by the extremity to extend the im-
plant survival. Branemark correlated abutment mechanical com-
plications with Q-TFA’s mobility score and the better results were 
seen in patients with a higher prevalence of these complications 
[21]. Likewise, Hagberg., et al. recently published their results on 
osseointegrated femoral prosthesis with long-term follow-up (111 
patients and 15-year follow up). The mean age was 45 years, and 
70% were male, similar to our case series. They showed a fixture 
survival rate of 89% and 72% at 7 and 15 years and Q-TFA signifi-
cantly better than preoperatively. They also showed high mechani-
cal complications (55%), with a positive correlation between abut-
ment mechanical failure and higher activity levels, thus supporting 
our results [22].

Improvement in subscores, mainly prosthetic use and mobility, 
are similar to what Leijendekkers showed in his one-year follow-
up transfemoral and transtibial osseointegrated case series. They 
stated that almost 98% of the enrolled patients would likely go 
through the osseointegration procedure again [10].

In our case series, patients with a secondary procedure due to 
abutment mechanical failure had significantly higher use and mo-
bility Q-TFA scores than those without mechanical failure (p 0,01). 
This could be explained by the higher use given by the first group 
of patients to their osseointegrated prosthesis.

Reetz and cols presented 39 patients with a five-year follow-up, 
reporting all the infectious events and classifying them into four 
types (types 1 and 2 were superficial as 3 and 4 were deep infec-
tions). Their results showed that 77% of the patients had at least 
one infectious episode with a total of 156 episodes. 148 of those 
(95%) were type 1 or 2 (95%). Eight episodes (5%) were grade 
3, and those occurred in four patients. No septic loosening was re-
ported. They also showed a prosthesis use subscore improvement 
from 71 to 100 (p < 0,001), as well as global score improved from 
33 to 75 (p < 0.001) [23].

Nine surgical debridements secondary to infectious episodes 
were performed in our patients, and two implant removals second-
ary to deep infection. This is a higher rate than the average pre-
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sented in the literature, where infection requiring an additional 
surgical procedure occurs in only 5% to 8% of patients [24,25].

In 2019, Branemark 2019 presented a 5-year follow-up pro-
spective cohort. 55 limbs in 51 patients treated with transfemoral 
osseointegrated prosthesis were included. Their results highlight-
ed a 5-year survival rate of 95%, with 45% of revision free survival 
rate at 5-years (other causes included, such as abutment failure). 
They also evaluated infectious and mechanical complications, as 
well as patient-reported outcomes (PRO). They conclude that os-
seointegrated patients improve in PRO, but at 5-years, deep infec-
tion and loosening risk increase [14].

We also found no differences between long and short stumps re-
garding subjective scores and abutment failures. We interpret this 
as length should not matter when it comes to favorable functional 
outcomes in osseointegrated patients. It can be explained that the 
limb length is somehow recovered with these prostheses (given 
its modularity), and limb mechanics and proprioception have im-
proved.

Symptomatic neuroma requiring an intervention had a 22% 
prevalence. This number has not been addressed in previous re-
ports; however, it is crucial to consider for the surgical technique, 
as it corresponds to a cause of persistent pain.

Our first experience results follow the tendency of what Brane-
mark., et al. have shown previously, laying a benchmark for Latin 
America, as this is the first report in this region.

Conclusion

Traditional prostheses for post-traumatic transfemoral ampu-
tees have proven not free of complications. It was until 1990 with 
Dr Branemark’s work that osseointegration for transfemoral am-
putation was approved. Patient reported outcomes show signifi-
cant improvements especially regarding to limb function. A high 
survival rate has previously been reported and the most frequent 
reintervention in this case series is abutment revision surgery, 
mainly due to fatigue of the component. This phenomenon, in the 
light of our patients’ results imply a higher use of the extremity 
and therefore it’s shorter durability. The outcomes reported in this 
article highlight the good results of this novel technique, making it 
acceptable as well as a safe alternative for transfemoral amputees.
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