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Abstract

Background  Aseptic complications such as stress shielding
leading to bone loss are major problems associated with revi-
sion of cemented and uncemented long-stem tumor
endoprostheses. Endoprosthetic reconstruction using com-
pressive osseointegration fixation is a relatively new limb
salvage technology designed to enhance osseointegration,
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prevent stress shielding, and provide fixation for short end-
segments.

Questions/purposes (1) What is the survivorship of this
technique at minimum 5-year followup? (2) Were patient
factors (age, sex, body mass index), oncological factors,
or anatomic locations associated with implant failure?
(3) Were there any prosthesis-related variables associated
with failure?

Methods A single-center, retrospective review of patients
with a minimum 5-year followup (mean, 8 years; range,
5-12 years) treated with an osseointegration compressive
device for endoprosthetic fixation of proximal and distal
femoral limb salvage reconstructions was performed. We
have previously published the implant survivorship of this
patient cohort with a minimum 2-year followup and are
now reporting on the 5-year survivorship data. From 2002
to 2008, we performed 22 such procedures in 22 patients.
Four patients died of their disease within 5 years of surgery
and all surviving patients (n = 18) had complete followup
data at a minimum of 5 years. General indications for this
device during that time were pediatric and adult patients
requiring primary endoprosthetic reconstructions of the
proximal or distal femur for benign and malignant bone
lesions. The primary outcome was reoperations for
mechanical (aseptic) failures. Secondary outcomes
included implant removal for nonmechanical failures and
any patient-, oncological-, or implant-related variables
associated with implant removal.

Results At a minimum of 5 years followup, overall
mechanical (aseptic) implant survivorship was 16 of 18.
Survivorship for all modes of failure (oncological failure,
infection, arthrofibrosis, and mechanical failure) was 12 of
18. All mechanical failures occurred early, within the first
30 months. We identified no patient-, oncological-, or
implant-related features predictive of failure.
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Conclusions Our intermediate-term experience with
compressive osseointegration fixation for endoprosthetic
limb reconstructions demonstrates with longer clinical
followup, no additional mechanical failures were observed
as compared with our early analysis. Our experience with
this fixation at a minimum of 5-years followup adds to a
very limited but increasing body of literature demonstrat-
ing that after a transient period of increased risk for implant
failures, survivorship stabilizes. Assessment of this fixation
strategy beyond 10 years of clinical followup is needed.
Level of Evidence Level 1V, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Over the past 20 years the combination of improved sys-
temic therapies, high-resolution cross-sectional imaging
modalities, and evolving technological advances in ortho-
paedic implant design has afforded greater opportunity for
limb salvage after the oncological resection of malignant
bone neoplasms. Most limb salvage procedures performed
today are reconstructed using modular tumor endoprosthe-
ses. However, the ideal fixation method for endoprosthetic
limb salvage reconstructions of the lower extremity remains
controversial. Presently, long-stem cemented and unce-
mented stems are the standard fixation methods for most
endoprosthetic reconstructions [17, 22, 25]. However, the
vast majority of patients undergoing limb salvage are chil-
dren and young adults and therefore in those who survive
their disease, revision operations are likely [1, 12, 16].
Revision procedures for stemmed tumor endoprostheses
are complicated by numerous variables intrinsic to modern
implant designs such as bone resorption secondary to stress
shielding, periprosthetic fractures, cement extrication, and
fixation of short end-segments [14, 20, 22, 26]. As a con-
sequence of these issues, novel endoprosthetic fixation
strategies are needed. The application of compressive
osseointegration for the fixation of tumor endoprostheses is
a relatively new strategy, which theoretically has the
potential to mitigate some of the revision issues associated
with contemporary long-stemmed components. Using
compressive osseointegration technology, a compressive
force is continuously loaded across the bone-implant
interface and, in accordance with Wolff’s law [11], bone at
the bone-implant interface hypertrophies over time.
Potential advantages of this technology, at least in the short
term, include bony ingrowth into the porous surface of the
component, reduced stress shielding, the ability to fix the
implant when a short working length of bone is present,
protection of the medullary canal from particulate debris,
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and preservation of bone stock (Fig. 1) [5, 7, 8, 19]. Many
of these attributes may positively influence later revision
surgeries as a result of bone stock preservation and short
segment fixation.

Compressive osseointegration fixation for limb salvage
reconstructions of the femur has been FDA-approved since
2003. Numerous groups have published their short-term
results using this fixation device in patients with primary
and revision limb salvage reconstructions for primary bone
malignancies of the lower extremity. Implant survival in
these studies has been promising, ranging from 80% to
90% at 5 years [7, 15, 23]. These numbers are comparable
with results of long-stem cemented and uncemented fixa-
tion techniques [1, 12, 16, 22]. Given compressive
osseointegration fixation of endoprosthetic reconstructions
is a relatively new technology, continued longer-term fol-
lowup of these devices is required.

We have previously published our minimum 2-year
followup of this device [7]; the purpose of the present study
was to evaluate the following questions: (1) What is the
survivorship of this technique at minimum 5-year fol-
lowup? (2) Were patient factors (age, sex, body mass index
[BMI]), oncological factors, or anatomic locations associ-
ated with implant failure? (3) Were there any prosthesis-
related variables associated with failure?

Patients and Methods
Patient Selection and Data Collection

A single-center, retrospective cohort of patients was iden-
tified from our institutional database and included in the
analysis. Institutional review board approval for the study
was obtained. We previously reported on this group of
patients at a minimum of 2 years followup [7]; here we
extend the followup to a minimum of 5 years. At our
institute, all patients presenting with a neoplasm of the
lower extremity long bones requiring an oncologic resec-
tion and an endoprosthetic limb salvage reconstruction are
considered for compressive osseointegration fixation.
Because osseointegration fixation of long bone endopros-
theses requires an intact bone healing response and a
transient period of weightbearing restriction, patients with
metastatic lesions, prior radiation to the bone, and patients
with a limited life expectancy are absolute contraindica-
tions to compressive osseointegration. Treatment with
postoperative consolidative chemotherapy was not con-
sidered a contraindication. Patients older than 50 years of
age, patients with systemic medical conditions thought to
impair bone healing (diabetes, peripheral vascular disease,
smoking, etc), or patients with poor bone density were
relative contraindications to compressive osseointegration.



Volume 473, Number 3, March 2015

Osseointegration 5-year Followup 885

Fig. 1A-D Radiographs demonstrating some of the advantageous
applications associated with compressive osseointegration fixation.
Compared with radiographs obtained the day of surgery (A),
progressive bone hypertrophy (white arrow) at the bone-implant
interface is noted radiographically at the 5-year followup visit of one

During the patient accrual period, all proximal or distal
femoral resections in adult or pediatric patients, recon-
structed with an articulating endoprosthesis using
compressive osseointegration fixation with a minimum
5 years of clinical followup, were included for evaluation.
Patients with upper extremity, pelvic, or tibial fixation were
excluded as were patients reconstructed using intercalary
endoprosthetic devices.

Postoperative followup was performed at 6 weeks,
3 months, and 6 months. Beyond this, followup was every
3 to 6 months depending on individual oncologic surveil-
lance protocols. Operative reports, implant records, clinic
notes, and radiographs for each patient were reviewed.
Demographic data, diagnoses at presentation, adjuvant
oncological therapies, operative details, oncologic out-
comes, and subsequent need for reoperation for any reason
were recorded.

Patient Demographics and Diagnoses

Twenty-seven patients treated with a compressive osseo-
integration device before December 2008 were identified.
Nine patients were excluded from the final analysis: four
patients with fixation of the upper extremity, tibia, or

Station:
05/15/

the patients from this study cohort (B). In a different patient, proximal
extension of an osteogenic sarcoma was not compatible with
conventional long-stem fixation (C). However, the short working
length of compressive osseointegration fixation enabled stable
fixation of this short end segment at 5-year clinical followup (D).

pelvis; four patients died of their disease before 5 years
followup; and one patient was treated with an intercalary
device. No patients were lost to followup. A total of 18
implants in 18 patients were evaluated in the study cohort
(Table 1). Average followup for the entire group was
8 years (range, 5-12 years). The average age of the cohort
at the time of surgery was 21 years (range, 7-47 years).
The male-to-female ratio was 10:8; osteosarcoma was the
oncologic diagnosis in the majority of patients (n = 13)
followed by Ewing’s sarcoma (n = 2), undifferentiated
pleomorphic sarcoma of bone (n = 2), and chondrosar-
coma (n = 1). Anatomic resection levels included the
distal femur in 15 patients and the proximal femur in three
patients.

Surgical Technique

All operations were performed by our sarcoma team; sur-
gical approach, soft tissue resections, and bone resection
length were individualized based on the imaging and
clinical characteristics of the specific tumors. The Com-
press® (Biomet, Warsaw, IN, USA) osseointegration
fixation device was used in all cases in accordance with the
manufacturer’s recommended techniques. All bone cuts
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were carefully made perpendicular to the long axis of the
bone under continuous irrigating to minimize thermal
necrosis. Care was taken to avoid excessive periosteal
stripping at the level of bone resection. A spindle-sizing
guide was used to select the appropriate spindle diameter
(small or large) based on the diameter of the femur at the
resection level. Custom spindles were used in cases in
which the postresection bone end available for fixation was
anticipated to be a shape or size not complimentary to the
standard manufacturer spindle sizes (small, 38 cm diame-
ter; large, 44 cm diameter). In one patient, in whom
fixation was required at the metadiaphysis of the proximal
femur, a custom spindle was used. In two other cases, a
custom spindle was used for fixation to a small-diameter
pediatric femoral diaphysis. Compressive force at the
implant-bone interface was determined based on the cor-
tical thickness of the bone per the manufacturer’s
guidelines. Antirotation pins were used at the discretion of
the surgeon and were not used in all cases. For all distal
femoral reconstructions, the Biomet™ Orthopaedic Salvage
System (OSS™) rotating hinge knee articulation was used.
Bipolar hemiarthroplasty components were used for
resections of the proximal femur. For all patients, irre-
spective of chemotherapy status, the postoperative
weightbearing protocol was 6 weeks of strict nonweight-
bearing followed by progression to weightbearing as
tolerated. Oral and intravenous antiinflammatories were not
administered in the hospital and strongly discouraged after
discharge from the hospital.

Statistical Analysis

The primary endpoints evaluated in this analysis were
implant removal for either mechanical (aseptic) failures,
defined as implant bending/breakage, implant rotational
instability, catastrophic implant failure, and periprosthetic
fractures, or nonmechanical failures such as infection,
unacceptable leg length discrepancy, joint dislocations,
chronic pain, arthrofibrosis, or local disease recurrence. For
each failure subgroup (mechanical and nonmechanical
failures), survival was estimated using a Kaplan-Meier
survival analysis [18] starting on the date of the operation
and ending on the date of implant removal or latest fol-
lowup. Cox proportional hazards models were used to
assess whether any patient, implant, or oncological vari-
ables were associated with mechanical failure or any mode
of failure. Fisher’s exact tests (for categorical variables)
and logistic regression models (for continuous variables)
were used to assess whether those same variables were
associated with failure independent of time to failure. All
statistical analyses were performed using the computing

environment R (Version 2.8.0; R Statistical Computing
Software, Vienna, Austria).

Results

Implant survivorship, using component removal for any
reason, was 12 of 18 at minimum 5-year followup (Fig. 2A).
Using mechanical (aseptic) failure as an endpoint, implant
survivorship was 16 of 18 at minimum 5-year followup
(Fig. 2B). A total of six implants were removed for reasons
including infection (n = 2) arthrofibrosis (n = 1), local
recurrence of disease (n = 1), and mechanical (aseptic)
failure (n = 2). The mean time to component removal for
all causes of failure was 21 months (range, 4-44 months).
All mechanical failures (n = 2) occurred at the osseointe-
gration site; one case was associated with bending of the
traction bar and loosening of the spindle and the other case
was the result of loosening and malrotation at the bone-
implant interface. Both mechanical failures occurred in
pediatric patients, ages 9 and 13 years, and were associated
with an activity-related ground-level fall. No periprosthetic
fractures were observed. Both mechanical failures occurred
within the first 30 months postoperatively: one at 17 months
and the other at 29 months.

With the numbers available, no measured patient, onco-
logical, or implant factors were associated with implant
removal or mechanical failure (Tables 2, 3). The average BMI
of this study cohort was low, which is not surprising given the
young age and cancer diagnosis in this population. Sixteen of
18 patients received neoadjuvant and adjuvant chemotherapy
as part of their systemic cancer therapy; of the two mechanical
failures, one received chemotherapy, whereas the other
patient did not. Antirotation pins were used in 11 of 18
patients; of the two mechanical failures, one implant had an-
tirotation pins, whereas the other did not. The average bone
resection length was 19 cm (range, 10-31 cm). Both
mechanical failures were in patients with a resection length
close to the mean (16 and 18 cm, respectively). In 10 of 18
cases, a large spindle size was used and in three of 18 cases, a
custom spindle was used. One of the three custom spindles
experienced a mechanical failure with the other mechanical
failure occurring in a patient with a large spindle size.

Discussion

Compressive osseointegration fixation is an appealing
novel technology for the fixation of tumor endoprostheses
of the lower extremity. The principal potential advantages
of this technique include preservation of bone stock, pre-
vention of stress shielding, and a short working length of
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All Implant Failures
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Fig. 2A-B Kaplan-Meier plots demonstrating survivorship of com-
pressive osseointegration fixation at a minimum 5 years clinical
followup. When considering all modes of implant failure (infection,
oncological failure, arthrofibrosis, and aseptic failures), survivorship

Table 2. Patient and oncological demographics associated with all
failures and mechanical (aseptic) failures

Mechanical (aseptic) Failures
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was 67% (A). Looking only at aseptic (mechanical) failures,
survivorship was 89% at a minimum 5 years clinical followup (B).
All mechanical failures occurred within 30 months and survivorship
was stable afterward.

Table 3. Implant and surgical factors associated with all failures and
mechanical (aseptic) failures

Patient and oncologic factors All All Mechanical Surgical and implant All All Mechanical
patients revisions revisions factors implants revisions revisions
Total number 18 6 (33) 2 (11) Total number 18 6 (33) 2 (11)
Mean age (years) 21 22 10 Mean Resection length 19 cm 17.6 cm 17 cm
p=0.84 p=0.14 p = 0.53 p = 0.60
Mean body mass index 21 21 16 Site other than distal 3 1 (33) 0 (0)
(kg/m?) p=092  p=o0.ll femur p=08 p=09
Male sex 10 (56) 5 males (50) 1 (10) Antirotation pins 11 (61) 4 (37) 109
p = 0.08 p =048 p=0.79 p = 0.70
Diagnosis other than 5 (28) 1 (20) 0 (0) Short spindle 5 1 0
osteosarcoma p =051 p =099 Long spindle 10 3 1
Neoadjuvant chemotherapy 16 (89) 5 (31) 2 (13) Custom spindle 3 2 1
p =055 p = 0.99 p=0.12 p = 0.20
Adjuvant chemotherapy 16 (89) 5 (31) 2 (13) 400 PSI 2 1 0
p = 0.55 p=0.99 600 PSI 13 5 2
Postoperative radiation 2 (11) 1 (50) 0 (0) 800 PSI 3 0 0
p=0.79 p=0.99 p = 0.88 p=0.18

Percentages are in parentheses.

bone necessary for fixation of the implant. These potential
benefits have been observed in human and animal studies
[5, 8, 19]; however, given that this is relatively new tech-
nology for lower extremity limb salvage procedures, there
is a paucity of studies documenting the intermediate- and
long-term survivorship of these devices. We previously
evaluated this group of patients at a minimum of 2 years
[7]; here we sought to evaluate the survivorship of these
implants at a minimum 5-year clinical followup. In this
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Percentages are in parentheses.

series, we observed aseptic (mechanical) failures in two of
18 patients with no additional mechanical failures beyond
30 months of clinical followup.

This was a retrospective evaluation of a single-center
patient cohort with inherent limitations given this study
design. First, the small sample size of the study population
potentially introduces a source of Type II error in the
assessment of patient-, oncologic-, and implant-related
factors associated with failure and revision. It is likely that
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our inability to demonstrate any patient-, oncological-,
surgical-, or implant-related factors predictive of implant
failure was simply the result of an insufficiently large
sample size; larger studies are called for to evaluate those
parameters, some of which might well be -clinically
important. Second, patient outcomes were not evaluated in
this study; therefore, correlating survivorship data to out-
come metrics such as patient satisfaction and functional
performance was not possible. This is relevant given that a
potential drawback of compressive osseointegration fixa-
tion for tumor endoprostheses is the required period of
postoperative nonweightbearing. Finally, a clinical and
economic comparison to conventional long-stem endo-
prosthetic devices was not incorporated into this study
design. However, outcome data and a direct comparison of
this technology to conventional stem designs were not the
intent of this investigation. Given the promising short- and
intermediate-term followup with this device, well-designed
prospective studies evaluating the latter two shortcomings
of this study would be justified and valuable.

We have previously reported on the survivorship of
compressive osseointegration fixation of tumor endopros-
theses with minimum 2 years followup [7]. This previous
study included 51 patients from two centers and four sur-
geons and reported an aseptic (mechanical) survivorship of
86%. In the present cohort limited to 18 patients with now
longer clinical followup of at least 5 years, no additional
(late) failures were noted. Our overall survivorship for all
modes of failure was 12 of 18, which, in addition to the two
mechanical failures, included two implants removed for
late periprosthetic infection, one implant removed for local
recurrence, and another implant removed in favor of a turn-
up-plasty procedure in a pediatric patient who developed a
severe knee contracture after multiple lengthening proce-
dures. These types of nonmechanical complications are
unfortunate but expected observations after large endo-
prosthetic reconstructions for bone malignancies in
pediatric and adult patients [9, 16].

Similar to previous studies with this implant, all failures
occurred within the first 30 months [7, 10, 15]. In the
largest published series using the Compress™ osseointe-
gration implant, Healey et al. [15] reported their followup
of a cohort of 82 patients and of the 26 patients with greater
than 5-year followup, only one failure was noted. Their
overall 5- to 10-year implant survivorship was 83% at a
minimum 5-year followup. We feel these observations
highlight an important characteristic of compressive
osseointegration for fixation of limb salvage endoprosthe-
ses: after a transient period of risk for early mechanical
failures, survival of these implants stabilizes beyond
5 years. Most comprehensive survivorship studies evalu-
ating conventional long-stem devices show progressive
aseptic failures over time with aseptic implant survival

ranging from 60% to 75% at 10- to 15-year followup
[12, 14, 16, 20]. However, it should be noted that 10- to
15-year survivorship of > 90% has been reported for both
cemented [24] and uncemented [21] distal femoral endo-
prostheses in select centers. These studies demonstrate that
durable survival with these implants is possible, although
these results may not be generalizable to all centers per-
forming this type of joint reconstruction.

The results of this study and others suggest compressive
osseointegration is an acceptable alternative for the fixation
of tumor endoprostheses with intermediate-term mechani-
cal survivorship ranging from 84% to 89% [7, 15].
However, at present, there is little evidence to suggest this
technology is superior to conventional long-stemmed
components. In two retrospective comparative studies [10,
23], early to intermediate survivorship of compressive
osseointegration fixation for distal femoral limb salvage
arthroplasties was equivalent to both cemented and unce-
mented long-stemmed distal femoral arthroplasties. Similar
to our data and others, the osseointegration failures in these
comparative studies occurred early, whereas the traditional
stems progressively failed over time. A prospective com-
parison of these fixation technologies is needed as are
studies documenting the efficacy of compressive osseoin-
tegration in revision situations. In a recent report [3],
compressive osseointegration fixation was used for revision
of failed endoprostheses with massive segmental bone
defects. In their series, 93% of implants achieved stable
osteointegration at a mean followup of 17 months, high-
lighting the potential use of these implants for complex
revision procedures.

With the relatively small numbers of patients in this
report, we found no predictive patient- or implant-related
factors that were associated with failure. However, the
small sample size precludes any relevant conclusions.
Other evaluations of this technology have also failed to
demonstrate patient- or implant-related factors predictive
of implant failure [4, 7, 10, 15]. This could be an ongoing
manifestation of underpowered study designs or related to
a predictive variable difficult to measure in such a heter-
ogeneous patient population. A proposed advantage of
compressive osseointegration technology is fixation into
short end-segments. In oncological bone resections, short
end-segments are often the result of large resection lengths.
Increased femoral resection length beyond 14 cm or >
40% of total length has been associated with early failures
in cemented and uncemented long-stem prostheses [6, 13].
Although underpowered to properly evaluate this with the
present cohort, other assessments of this technology have
demonstrated that resection length is not associated with
implant failure [2, 7].

In conclusion, compressive osseointegration fixation
remains a new technology for the fixation of lower
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extremity endoprosthetic limb salvage reconstructions. To
date, the literature on intermediate to late outcomes is
extremely limited. Increasing experience with these devi-
ces demonstrates that intermediate-term outcomes may be
comparable to conventional long-stemmed fixation, but this
has not been demonstrated in controlled trials. Although
our numbers are small, our experience with this fixation at
a minimum of 5 years followup adds to a very limited but
increasing body of literature demonstrating that after a
transient period of increased risk for implant failures,
survivorship stabilizes. Evaluation of these devices beyond
10 years is needed to further understand the role of this
fixation strategy in limb salvage surgery as compared with
alternative conventional methods, the latter of which are
demonstrating an increasing propensity for late failure and
associated loss of bone stock.
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