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Abstract
Background Aseptic failure of massive endoprostheses
used in the reconstruction of major skeletal defects remains
a major clinical problem. Fixation using compressive
osseointegration was developed as an alternative to
cemented and traditional press-fit fixation in an effort to
decrease aseptic failure rates.
Questions/purposes The purpose of this study was to
answer the following questions: (1) What is the survivorship of this technique at minimum 2-year followup? (2)
Were patient demographic variables (age, sex) or anatomic
location associated with implant failure? (3) Were there
any prosthesis-related variables (eg, spindle size) associated with failure? (4) Was there a discernible learning
curve associated with the use of the new device as defined

by a difference in failure rate early in the series versus later
on?
Methods The first 50 cases using compressive osseointegration fixation from two tertiary referral centers were
retrospectively studied. Rates of component removal for any
reason and for aseptic failure were calculated. Demographic,
surgical, and oncologic factors were analyzed using regression analysis to assess for association with implant failure.
Minimum followup was 2 years with a mean of 66 months.
Median age at the time of surgery was 14.5 years.
Results A total of 15 (30%) implants were removed for
any reason. Of these revisions, seven (14%) were the result
of aseptic failure. Five of the seven aseptic failures
occurred at less than 1 year (average, 8.3 months), and
none occurred beyond 17 months. With the limited
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numbers available, no demographic, surgical, or prosthesisrelated factors correlated with failure.
Conclusions Most aseptic failures of compressive
osseointegration occurred early. Longer followup is needed
to determine if this technique is superior to other forms of
fixation.

Introduction
Endoprosthetic reconstruction is frequently used as a
means of limb salvage for primary malignant bone tumors.
Endoprostheses offer superior functional outcomes when
compared with amputation [22], and they have lower
infection and fracture risks than bulk allograft reconstructions [16, 20]. Allograft-prosthetic composite reconstructions are used at many centers, but infection risk and failure
to incorporate at the host bone junction remain limitations
[5, 7, 8, 27]. Optimal fixation of the endoprosthetic constructs continues to be controversial with advocates of both
cemented [23, 26] and noncemented fixation [9, 10]. Most
noncemented implants use cylindrical, porous-coated stems
for fixation in a manner similar to many of the noncemented stems used for hip arthroplasty. These implants rely
on friction between the porous stem surface and the endosteal surface of the medullary canal for initial fixation.
Compressive osseointegration is an alternative strategy for
noncemented endoprosthetic fixation, which uses axial
compression between the implant and the cut surface of the
diaphyseal bone for initial implant fixation [18].
A potential advantage of compressive osseointegration is
the ability to fix megaprostheses to very short diaphyseal
segments to which traditional stem fixation would be tenuous
if not impossible. Additionally, compressive osseointegration was shown to avoid the stress shielding of bone
commonly seen with stemmed implants in an in vitro model
[4]. The axial loading of compressive osseointegration has
also been shown to induce bone hypertrophy and in-growth
at the fixation interface in human retrieval studies [3, 15].
Finally, the small amount of bone length required to place the
implant preserves diaphyseal bone stock, which may be
useful if future revision is required in this generally young,
active cohort of patients.
The purpose of this study is to review the outcomes of
compressive osseointegration for the fixation of endoprostheses used in oncologic limb salvage at a minimum of
2 years. These implants are a relatively new technology.
FDA clearance for use of the device in femoral reconstructions was obtained in 2003, and compressive
osseointegration for other sites remains FDA off-label use.
Consequently, there are few reports of this implant technique in the literature, and the largest of these comes from
the developers of the device. We specifically sought to
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evaluate the following questions: (1) What is the survivorship of this technique at minimum 2-year followup? (2)
Were patient demographic variables (age, sex) or anatomic
location associated with implant failure? (3) Were there
any prosthesis-related variables (eg, spindle size) associated with failure? (4) Was there a discernible learning
curve associated with the use of the new device as defined
by a difference in failure rate early in the series versus later
on?

Patients and Methods
Patient Selection and Data Collection
All cases from the two participating centers in which
compressive osseointegration was used for long bone
endoprosthesis fixation were reviewed. Patients with less
than 2-year followup were excluded. Selection of compressive osseointegration for fixation was determined at the
discretion of the four participating surgeons (RLR, LDW,
KBJ, JEC). An absolute indication for use of the device at
both study sites during the period in question was short
residual bone length for which standard stem fixation
would not be possible. Age younger than 50 years was a
relative indication for compressive osseintegration fixation.
Metastatic bone disease requiring endoprosthetic replacement was an absolute contraindication. Routine followup
was performed at 6 weeks, 3 months, and 6 months. Further followup was every 3 to 6 months depending on the
surveillance requirements of each individual patient’s
cancer diagnosis. All clinic charts, operative reports,
implant records, and radiographs for each patient were
reviewed for the study. Average followup for the entire
group was 68 months (range, 31–113 months), and two
patients were lost to followup. Demographic data, diagnoses at presentation, operative details, oncologic
outcomes, and subsequent need for reoperation were
recorded. Institutional review board approval for the study
was obtained.

Patient Demographics and Diagnoses
The cohort included 25 males and 25 females. The mean
age was 20.5 years and median age was 16 years. Average
height, weight, and body mass index were 159 cm, 55 kg,
and 21 kg/m2, respectively. Osteosarcoma was the diagnosis in 39 patients (78%). The remaining diagnoses
included three chondrosarcomas, three Ewing’s sarcomas,
two giant cell tumors, one malignant fibrous histiocytoma
of bone, one malignant pleomorphic mesenchymal tumor,
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and one desmoplastic fibroma of bone. Distal femoral
replacement was performed in 37 patients (74%). The
remaining procedures included six proximal femoral
replacements, three proximal humerus replacements, two
proximal tibia replacements, and two intercalary femoral
replacements.

Surgical Techniques
Surgical approach and resection length were determined
individually by the characteristics of the specific tumors
and the preferred techniques of the operating surgeons.
Implantation of the Compress1 (Biomet, Warsaw, IN,
USA) devices was performed using the manufacturer’s
recommended techniques (Fig. 1). Use of this technology
for reconstruction at sites other than the femur was FDA
off-label, and appropriate informed consent of off-label use
was obtained in all such cases. A spindle-sizing guide
provided by the manufacturer was used to select the
appropriate diameter spindle in the femur, whereas custom
spindles were used in the tibia and humerus. Compression
force application was determined the thickness of the
cortical bone per the manufacturer’s guidelines. Antirotation pins placed through the spindle to aid in the prevention
of early torsional failure are an optional adjunct to the
device. Use of these pins was at the discretion of the
operating surgeons, and their use was recorded and analyzed. The authors routinely used two pins when using the
antirotation pins. The same rotating hinge knee articulation
was used for all distal femur and proximal tibia cases.
Hemiarthroplasty components were used for the proximal
femur and proximal humerus cases. Two cases were
intercalary femur reconstructions in which two separate
Compress1 devices (one proximal and one distal) were
used in the same bone. These patients were treated as
single cases for all analyses except those in which individual characteristics of the Compress1 junctions such as
compression force and antirotation pin use might have
influenced aseptic failure independently. The postoperative
weightbearing protocol was 6 weeks of strict nonweightbearing followed by progression to weightbearing as
tolerated.

Statistical Analysis
Descriptive statistics including means, medians, and percentages were calculated. Removal of components for any
reason and aseptic failure for any reason were recorded and
analyzed separately. The term aseptic failure is used rather
than aseptic loosening because failures of this device typically result from initial failure of osseointegration rather
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than subsequent loosening as is more common with
cemented designs. Planned reoperations for lengthenings in
skeletally immature patients were not included in the
analysis. Univariate analyses were performed to identify
patient, surgical, and oncologic factors correlated with
removal of components for any reason and aseptic failure.
Time to removal for any reason and aseptic failure were
measured from age at surgery. For each failure subgroup,
survival was estimated using the Kaplan-Meier method
starting on the date of the operation and ending on the date
of removal, failure, or latest followup. Cox regression
analyses were performed to determine whether demographic, oncologic, or operative factors were associated
with survival until removal or failure. There were two
intercalary reconstructions and therefore 52 Compress1
junctions were placed in the 50 patients. When factors such
as compression force and spindle size could be attributed to
a specific junction, the data were analyzed as 52 individual
junctions rather than as 50 patients.
To evaluate the learning curve for the procedure, survival of the first 10 cases at each institution (20 total cases)
was compared with the remaining 30 cases using Cox
regression analysis.

Sample Size Calculation
A post hoc power analysis was performed to assess the
likelihood of detecting significant differences with the limited numbers available in this study. Using a standard power
estimate of 0.80, we calculated hazard ratios that could be
detected. With our sample size of 50 patients, the Cox proportional hazards regression models used to estimate the
associations between demographic variables and component
removal were only powered to detect hazard ratios between 3
and 4. The analyses of aseptic failure were similarly powered. To have detected hazard ratios of 2 or 1.75, we would
have needed approximately 150 to 250 patients.

Results
Survivorship of these reconstructions, using component
removal for any reason as the end point, was 32% at
minimum 24-month followup (Fig. 2). Sixteen patients
(32%) had removal of components for reasons including
aseptic failure (seven), infection (six), dislocation (two),
and fracture distant to the fixation site (one). Average time
to component removal was 12.4 months. Aseptic failure
occurred in seven (14%) patients with six failures of
osseointegration and one malrotation of components.
Average time to revision for aseptic failure was 8.3 months
with a median of 5 months.
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Fig. 1A–C (A)
Intraoperative
photograph of Compress1 implantation is shown. (B) This is an
intraoperative photograph of distal
femoral replacement attachment to
the Compress1 device. (C) Twoyear postoperative radiographs
show the osseointegrated device.

Fig. 2A–B (A) Kaplan-Meier survival curves for all-cause failure is shown. (B) This is Kaplan-Meier survival curves for aseptic failure.

With the numbers available, no patient demographic
variables were associated with failure. A total of 44% of
males had component removal for any reason compared
with 20% for females (p = 0.13), and aseptic failure percentages were 20% and 8%, for men and women,
respectively (p = 0.42). The rates of component removal
and aseptic failure for non-osteosarcoma patients were
45%, whereas patients with osteosarcoma underwent
component removal after 28% of the procedures
(p = 0.47); aseptic failure rates, likewise, were no different

(Table 1). Distal femoral replacement and other types of
reconstruction had roughly equivalent rates of all-cause
failure. Neoadjuvant and adjuvant chemotherapy was given
in 84% and 90% of patients, respectively (Table 2). Chemotherapy did not appear to negatively impact aseptic
failure rates because two of seven aseptic failures occurred
in patients not receiving neoadjuvant chemotherapy. One
of these two failure cases received no chemotherapy. Only
six patients (12%) received radiation therapy. There were
no aseptic failures among these six patients. At latest
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Table 1. Demographic and diagnosis-related factors
Patient factor

All

Any
revision

Mechanical
failure

Total number of patients

50

16 (32)

7 (14)

Mean age (years)

20.5

24.8

23.1

p = 0.18

p = 0.53

Median age (years)

16

17.5

18

Body mass index (kg/m2)

20.8

21.8

17.2

p = 0.60

p = 0.38

Right side

25

10 (40)
p = 0.11

4 (16)
p = 0.58

Male sex

25

11 (44)

5 (20)

p = 0.14

p = 0.29

3 (23)

1 (8)

p = 0.96

p = 0.53

Site other than distal
femur

13

Diagnosis other than
osteosarcoma

11

5 (45)

2 (18)

p = 0.33

p = 0.65

Percentages are listed in parentheses.

followup, six of 50 (12%) patients had died of their
oncologic disease. One of the patients who died was
revised for infection and another was revised for aseptic
failure. The others had well-functioning implants at the
time of death. Cox regression analysis showed no association between implant survival rates and demographic or
oncological factors.
With the numbers available, no prosthesis-related or
surgical variables were associated with failure. The average
bone resection length for the entire cohort was 17.8 cm,
and the average resection length of patients requiring
revision for aseptic failure was 15.9 cm (p = 0.43). Spindle size was small in 42%, large in 26%, and custom in
32% of the cohort. Aseptic failure occurred in 24% of the
small spindles, 13% of the custom spindles, and none of the
large spindles (p = 0.17). Antirotation pins were used in
30% of the cases. Patients in whom antirotation pins were
used had an aseptic failure rate of 6.7% compared with
17.1% in reconstructions in which antirotation pins were
not used; with the numbers available, this difference was
not significant (p = 0.33). Six hundred pounds of compression force was used in 70% of cases, whereas 400
pounds and 800 pounds were used in 18% and 12%,
respectively. The amount of compression force used was
not significantly associated with failure (Table 3). Cox
regression analysis showed no association between survival
rates and surgical factors.
No learning curve effect was detected with the numbers
available. Failure rates were roughly equivalent with a 15%
aseptic failure rate among the early cases and a 13%
aseptic failure rate among the later cases. Survival analysis
of the first 10 patients at each institution and the final 30
patients showed no statistical difference in component
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removal rates (p = 0.61) or in aseptic failure rates
(p = 0.96).

Discussion
Aseptic failure of massive endoprostheses used for oncologic reconstruction remains a significant and difficult
problem. Compressive osseointegration was developed to
potentially improve on the aseptic failure rates of traditional fixation methods. It also permits fixation to short
diaphyseal segments not amenable to standard stem fixation. We studied this technique and found a 14% aseptic
failure rate at a minimum followup of 2 years. No demographic, surgical, or oncologic predictors of failure were
identified, and no learning curve effects were detected,
although our small study sample was powered to detect
only large differences (hazard ratios between 3 and 4).
Limitations of the present study include sample size,
retrospective review, lack of functional outcomes data, and
lack of a comparison cohort. Although limited to 50
patients, this study is the second largest oncologic series of
compressive osseointegration cases of which we are aware
(Table 4). Retrospective review introduces the potential for
selection bias. Indications for use of compressive osseointegration were not uniform among the four participating
surgeons or longitudinally throughout the series. We
believe this lack of uniformity in indications is common in
the adoption of new surgical technologies. Ideal candidates
were sought for the earlier cases, and the indications were
subsequently broadened as familiarity and experience with
the device increased. This may be the reason that no
learning curve was identified by our review. Despite its
retrospective design, the series is consecutive and had
minimal loss to followup. Functional outcome data were
not uniformly collected between centers and therefore
accurate analysis of these variables was not possible.
Although such information will be important in future
studies, our intent here was to analyze osseointegration
rather than function. Another potential weakness is the
inclusion of cases using the implant in different body sites.
The four sites studied (proximal humerus, proximal
femur, distal femur, and proximal tibia) have different
biomechanics, which may potentiate different failure
mechanisms. An advantage of presenting all sites in a
consecutive series is that it reflects the spectrum of disease
and modes of endoprosthesis use typically encountered in
orthopaedic oncology practice. Additionally, the different
long bones probably have similar biology at the osseointegration site.
A recent multicenter review of 2174 endoprostheses
implanted between 1974 and 2008 identified a 25% rate of
implant removal for any reason with a mean time to failure
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Table 2. Oncologic factors
Factor

Total

All removed

Mechanical
failure

Number of patients

50

16 (32)

7 (14)

No evidence of disease

44

14 (32)

6 (14)

6

2 (33)

1 (17)

Died of disease
Preoperative chemotherapy

42

11 (26)

5 (12)

Postoperative chemotherapy

45

14 (31)

6 (13)

p = 0.39

p = 0.72

4 (67)
p = 0.39

0 (0)
p = 0.30

Radiation therapy

6

Percentages are listed in parentheses.

Table 3. Surgical factors
Factor

Total

All
removed

Mechanical
failure

Number of patients
Resection length

50
17.8

16 (32)
16.6

7 (14)
15.9

p = 0.17

p = 0.30

Derotation pins

15

5 (33)

1 (7)

No derotation pins

35

11 (31)

6 (17)

p = 0.79

p = 0.40

Early cases (first 10
at each center)

20

6 (30)

3 (15)

Later cases

30

10 (33)

4 (13)

Small spindle

21

p = 0.71

p = 0.99

7 (33)

5 (24)

Custom spindle

18

6 (33)

2 (11)

Large spindle

13

3 (23)
p = 0.42

0 (0)
p = 0.99

400 PSI

11

3 (27)

1 (9)

600 PSI

35

12 (34)

5 (14)

800 PSI

6

1 (17)

1 (17)

p = 0.51

p = 0.83

Percentages are listed in parentheses.

of 47 months. A 12% rate of aseptic failure was reported.
The mean time to aseptic failure varied by mechanism: soft
tissue (64 months), aseptic loosening (102 months), and
structural failure (93 months) [13]. Cemented fixation was
most commonly used, and the time to failure resulting from
aseptic loosening averaged 88 months, which was the
longest duration of any of the five failure modes studied. In
contrast, the present study identified early aseptic failure
resulting from lack of osseointegration as the major mode
of implant-related failure. These failures occurred at an
average of 8.3 months with only two failures occurring
after 1 year. The largest series of 81 compressive osseointegration cases by Healey et al. [12] reported a similar
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trend with only one aseptic failure occurring at greater than
5 years. The comparatively small fixation surface of the
device we used may predispose patients to early aseptic
failure before osseointegration. This is likely to be especially significant in patients with poor bone quality or high
early activity levels. Although bone quality can be assessed
radiographically and intraoperatively, patient compliance
with postoperative weightbearing restrictions is more difficult to evaluate and quantify. Despite this risk of early
failure, avoidance of stress shielding and biologic osseointegration may mitigate the risks of longer-term aseptic
loosening seen with cemented and traditional noncemented
implants. Our 14% rate of revision for aseptic failure at a
minimum of 2 years was similar to other published reports
(Table 4). The previously mentioned study of 81 distal
femoral compressive osseointegration cases found a 9.9%
aseptic failure rate at mean of 48 months [12] Another
reported a 10% aseptic failure rate among 30 oncologic
cases and no failures among 24 nononcologic cases at an
average 16.6-month followup [1]. The overall early aseptic
failure rate from that study of 54 consecutive cases was
5.6%. A series of 16 consecutive proximal tibia compressive osseointegration cases reported a 6.3% aseptic failure
rate at 54-month average followup [19]. Because this is a
relatively new technique, there are no long-term series
using these implants.
Others have demonstrated that chemotherapy has an
adverse effect on compression-induced bone remodeling
and a trend toward decreased prosthetic survival with use
of the compressive osseointegration technique [1]. The
current study could not confirm or refute this finding
because 90% of the patients in the series received neoadjuvant chemotherapy, adjuvant chemotherapy, or both.
Notably, two aseptic failures occurred in patients who did
not receive neoadjuvant chemotherapy. Radiation therapy
may also adversely influence bone remodeling and ingrowth. Only six patients in this series received radiation,
and none of these had aseptic failure.
Resection length has been shown to be a risk factor for
aseptic failure in prior studies of stemmed implants. Kawai
et al. found resection of greater than 40% of the femur to be
an independent risk factor for failure of distal femoral
replacements [14]. A study by Unwin et al. also found a
higher aseptic failure rate among patients with greater than
40% of the femur resected during distal femoral replacement [25]. A more recent study by Guo et al. found
resection length of greater than 14 cm independently predicted failure of cemented endoprostheses about the knee
[11]. With the numbers available, we did not observe a
difference in failure risk associated with resection length.
In theory, the compressive osseointegration technique is
insensitive to resection length because fixation occurs at
the cut bone surface and not in the residual canal. The
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Table 4. Prior published series reporting compressive osseointegration
First author

Date

Institution Number Mean
Followup Mean Mean
of
followup Range
Age
body
patients (months) (months) (years) mass
index
(kg/
m2)

Percent Resect Compression Percent Percent
distal
length 400/600/800 removed aseptic
femur
failure

Avedian [1],
chemotherapy

2007

UCSF

30

16.6

3–24

19.5

14.8

100

18.8

N/R

N/R

10

Avedian [1],
2007
nonchemotherapy

UCSF

24

16.6

3–24

30.2

18.8

100

20

N/R

N/R

0
6.3

O’Donnell [19]

2009

UCSF

16

54

24–124

18

N/R

0

17

5/10/1

12.5

Farfalli [6]

2009

MSKCC

41

45

3–97

27

N/R

100

N/R

9/21/11

N/R

12.2

Bhangu [2],
Pedtke [21]

2006,
2012

UCSF

26

73

13–110

24.9

N/R

100

N/R

N/R

19.2

3.8

Healey [12]

2013

MSKCC

82

48

6–131

20.4

N/R

100

N/R

N/R

N/R

9.9

Current study

2012

Current

50

68

24–113

20.5

21

76

17.8

9/35/6

32

14

UCSF = University of California at San Francisco; MSKCC = Memorial Sloan Kettering Cancer Center; N/R = not reported.

present series supports this theoretical advantage. The
present series similarly failed to identify a correlation
between compression force and failure. The influence of
compression force on aseptic failure has been reported in
only one prior study. Farfalli et al. [6] found no correlation
between aseptic loosening and applied compression force
in their series of 41 patients. The authors of this study
concur with the Farfalli et al. study that the force applied
should be tailored to the quality of each individual patient’s
bone and in keeping with the manufacturer’s described
technique. In this series, none of the 11 implants with large
spindles failed. Prior studies have not analyzed this factor
with respect to implant survival. Whether this relates to the
spindle size itself or to the size and quality of the bones to
which these larger spindles were compressed cannot be
determined with the available data. Finally, antirotation
pins were used in 15 of 50 cases in this series. Only one of
15 (6.7%) implants with antirotation pins failed aseptically.
Use of these pins has not been analyzed in prior reports of
implant survivorship. However, fracture through a pin site
was reported in one case in a series using this implant [24];
thus, antirotation pin use entails risks as well as benefits.
Learning curve may influence the success of any new
implant or technique. Henderson et al. proposed that
institutional volume and experience with endoprostheses
may have contributed to the relatively low aseptic failure
rate of their series of 2174 cases [13]. O’Donnell analyzed
FDA investigational device data and reported that early
failure of the Compress1 device was more common among
surgeons who had performed fewer than five cases [18].
The current dual-center study failed to identify a learning
curve for this implant. The failure rate among the first 10
cases at each participating institution did not differ significantly from the succeeding cases. This discrepancy may
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result from the fact that the centers in the present study
are high volume and had extensive prior experience with
endoprosthetic replacement.
Compressive osseointegration has been compared with
both cemented [2, 21] and noncemented fixation [6] in
prior studies. Bhangu et al. [2] reported early equivalence
of a matched cohort study of 26 Compress1 cases compared with 26 cemented Stanmore1 (Stanmore Implants,
Middlesex, UK) cases. Pedtke et al. [21] recently reported
intermediate-term followup of these cohorts. Five-year
implant survival with aseptic loosening as the end point
was 83.5% in the Compress1 group compared with 66.6%
in the Stanmore1 groups. Although a distinct trend was
noted with three failures in the cementation group and one
failure in the compressive osseointegration group, the difference was not statistically significant. Notably, the
cemented implants in the comparison group are a modern
design with some of the best cemented results reported in
the literature [17]; therefore, this may be a best case
comparison for the cemented group. The previously mentioned study by Farfalli et al. [6] retrospectively compared
cohorts of Compress1 and traditional noncemented stems
using the same hinge knee component. They found no
difference in survival at 5 years between the two groups
(Table 4). However, the authors did find the compressive
osseointegration failures occurred earlier (usually less than
1 year), whereas the traditional noncemented stem failures
continued to occur throughout the followup period.
In conclusion, we identified a 14% aseptic failure rate in
a consecutive series of compressive osseointegration cases
followed for a minimum of 2 years. Consistent with prior
reports, the aseptic failures in this series occurred early.
Although the early reliance on compression rather than
friction combined with the comparatively small contact
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area between implant and bone likely potentiates these
early failures, the subsequent bone hypertrophy and
avoidance of stress shielding inherent to compressive
osseointegration may prevent late failures resulting from
aseptic loosening. This technology is especially advantageous for endoprosthetic reconstruction when minimal
residual bone is available for osseous purchase. The short
deployment length of this device permits fixation in some
cases where standard stem fixation is not possible.
Improved patient selection, meticulous surgical technique,
and careful progression of weightbearing postoperatively
offer the possibility of decreasing early failures. Based on
these data, we advocate the continued study of compressive
osseointegration for the fixation of endoprostheses. Determining any long-term advantages and disadvantages of this
technique over other contemporary fixation methods
requires further followup.
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