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Abstract

Background Failure of endoprosthetic reconstruction

with conventional stems due to aseptic loosening remains a

challenge for maintenance of limb integrity and function.

The Compress1 implant (Biomet Inc, Warsaw, IN, USA)

attempts to avoid aseptic failure by means of a unique

technologic innovation. Though the existing literature

suggests survivorship of Compress1 and stemmed

implants is similar in the short term, studies are limited by

population size and followup duration.

Questions/purposes We therefore compared (1) the rate

of aseptic failure between Compress1 and cemented

intramedullary stems and (2) evaluated the overall inter-

mediate-term implant survivorship.

Methods We reviewed 26 patients with Compress1

implants and 26 matched patients with cemented intra-

medullary stems. The patients were operated on over a

3-year period. Analysis focused on factors related to

implant survival, including age, sex, diagnosis, infection,

aseptic loosening, local recurrence, and fracture. Minimum

followup was 0.32 years (average, 6.2 years; range,

0.32–9.2 years).

Results Aseptic failure occurred in one (3.8%) patient

with a Compress1 implant and three (11.5%) patients with

cemented intramedullary stems. The 5-year implant sur-

vival rate was 83.5% in the Compress1 group and 66.6%

in the cemented intramedullary stem group.

Conclusions The Compress1 implant continues to be a

reliable option for distal femoral limb salvage surgery.

Data regarding aseptic failure is encouraging, with

equivalent survivorship against cemented endoprosthetic

replacement at intermediate-term followup.

Level of Evidence Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.
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Introduction

For primary tumors of the distal femur, endoprosthetic

replacement (EPR) as a limb salvage option achieves

functional and cosmetic results that make it a reasonable

choice as compared to amputation [9, 16, 18, 23]. With

advances in the medical management of musculoskeletal

malignancies, patient survival has improved substantially

[11]. Thus, specific means to address aseptic failure, the

primary cause of EPR failure at intermediate to long term,

are needed.

Compress1 Compliant Pre-Stress (CPS) technology

(Biomet Inc, Warsaw, IN, USA) utilizes fundamental

principles of osseointegration to provide an innovative

alternative to traditional cemented (CIS) or uncemented

(UIS) intramedullary stems in EPR. Theoretical consider-

ations of compressive osseointegration and practical

applications of CPS technology have been previously

described [2, 3, 5–7, 17, 21]. Briefly, the implant is secured

to host cortical bone via a short intramedullary segment

with transverse pins. This point of fixation provides

anchorage for securing a spindle at the bone-prosthetic

interface using high compressive force. Stress shielding is

theoretically avoided, bone hypertrophy is induced, and the

medullary canal is sealed from wear debris, with a resultant

potential for more durable device survivorship.

Early reports of outcomes with CPS technology have been

encouraging but are limited [2, 3, 5, 17, 21]. These studies

suggest CPS implants induce viable local bone hypertrophy

[17], have utility in various upper- and lower-extremity

locations [6, 21], and minimize bone loss in revision settings

[26]. The review with the longest followup of the CPS device

is a single institution study demonstrating equivalent survi-

vorship when compared to UIS EPR at an average of

45 months of followup (range, 3–85 months) [7]. The authors

also found there were no failures of CPS implants after 1 year

while the UIS devices continued to fail after a longer post-

operative duration [7]. As a part of a study approved by the

FDA, we previously compared a group of 26 patients who

underwent distal femoral reconstruction with the CPS

implant to a matched group of 26 patients who underwent

CIS EPR at a separate institution [3]. Results from these two

patient groups at 2-year average followup demonstrated

equivalent implant survivorship when comparing implant

revision or amputation for infection, local recurrence, frac-

ture, or mechanical failure. To confirm the earlier findings,

we now report data from the same patient groups at inter-

mediate-term followup.

Based on this background, we presumed we would find

(1) no difference in the number of patients requiring revi-

sion or amputation for aseptic failure and (2) no difference

in overall implant survival between the CPS and CIS

cohorts.

Patients and Methods

We retrospectively reviewed prospectively collected data of

26 patients who underwent distal femoral reconstruction

with the CPS implant at one institution and 26 matched

patients treated at another institution with a CIS implant. The

CPS cohort consisted of 26 patients operated on by a single

surgeon at University of California San Francisco as part of

the original FDA approval process for the CPS implant.

These patients were matched, according to age and reason for

operation, over the operative time period of January 1, 2000,

to December 31, 2002, to 26 CIS patients operated on by

three surgeons at the Royal Orthopaedic Hospital. Data were

reviewed from the orthopaedic databases at these institu-

tions. Incomplete information was supplemented from the

original patient records. The indication for surgery in both

cohorts consisted of reconstruction of distal femoral defects

after resection of a primary bone malignancy or failure of an

oncologic distal femoral replacement. A relative contrain-

dication for surgery was prior radiation therapy, and in the

case of the CPS device, the presence of osteonecrotic bone.

Osteosarcoma constituted the primary diagnosis in both

groups (CPS: 65%; CIS: 69%) (Table 1). The average age

for the 52 patients at time of surgery was 24.6 years (CPS:

24.9 years; range, 7–59; CIS: 24.3 years; range, 8–60). There

were 31 males and 21 females in our study population.

The minimum clinical followup was 0.32 years (average,

6.2 years; range, 0.32–9.8 years). Minimum clinical followup

was 1.1 years (average, 6.3 years; range, 1.1–9.2 years) and

0.32 years (average, 6.1 years; range, 0.32–9.8 years) for the

CPS and CIS cohorts, respectively. Followup specific to the

CPS or CIS implant placed at the initial surgery was also

calculated to account for those patients who may have had an

amputation or implant revision but were still being seen at

most recent review. The minimum implant followup was 0

years (average, 5.1 years; range, 0–9.2 years). For the indi-

vidual CPS and CIS cohorts, minimum implant followup was

1.1 years (average, 5.6 years; range, 1.1–9.2 years) and 0.1

years (average, 4.5 years; range, 0.1–9.2 years), respectively.

A total of nine (17.3%) patients in the study population were

dead at most recent review, including two (7.7%) patients in

the CPS group and seven (26.9%) patients in the CIS group

(Table 2). One patient who received a CIS implant with

metastatic synovial sarcoma died secondary to a periopera-

tive myocardial infarction. The reason for death in all

remaining patients in both cohorts was distant progression of

osteosarcoma. Five patients (9.6 %), failing to comply with

surveillance recommendations, were lost to followup,

including four (15.4%) from the CPS cohort, at a postoper-

ative average of 4.4 years (range, 2.2–6.2 years), and one

(3.8%) from the CIS cohort, at 0.3 years. No patients were

recalled specifically for this study; all data were obtained

from medical records and radiographs. Approval to review
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the databases was obtained from ethical review boards of the

institutions.

Surgical details and implant specifics of the study

groups were described in the earlier report comparing these

two cohorts [3]. Briefly, the CPS anchor plug was secured

proximally to the femoral diaphysis using transverse pins.

The Compress1 spindle was then attached to this proximal

fixation through use of a helical spring compression device

that applied up to 362.9 kg of force at the bone-prosthetic

interface. The distal portion of the implant consisted of the

standard Biomet Orthopaedic Salvage SystemTM rotating-

hinge knee components. For the CIS group, the Stanmore

long-stem rotating-hinge knee implant (Stanmore Implants

Worldwide Ltd, Middlesex, UK) was used; in all patients,

polymethylmethacrylate bone cement was used for stem

fixation. The Stanmore prosthesis includes a hydroxyapa-

tite collar that also promotes osseointegration at the bone-

prosthesis interface.

The postoperative course for patients with CPS implants

entailed 6 weeks of strict nonweightbearing, after which

weightbearing was increased by 25% of body weight per

week. Moreover, patients with CPS implants were

instructed to avoid activities that may increase torque at the

bone-implant interface for 3 months (such as kneeling or

squatting). The postoperative course for patients with CIS

implants entailed partial weightbearing for 48 hours, after

which time activity and weightbearing were gradually

increased as tolerated.

Office visits for clinical examination of lower-extremity

function and plain radiographic review (AP and lateral

views of the entire distal femoral endoprosthesis and knee)

were undertaken at 6 and 12 weeks after surgery, with

subsequent followup at 3- to 6-month intervals, depending

on individualized surgical (infection), musculoskeletal

(function), and oncologic (local recurrence) concerns.

From the database or medical records, we extracted the

following information: sex, age, primary diagnosis, reasons

Table 1. Patient demographics and characteristics

Patient Sex Age

(years)

Reason for surgery Followup

(years)

CPS

1 Female 11 Osteosarcoma 8.17

2 Female 13 Osteosarcoma 7.39

3 Female 26 Osteosarcoma 8.78

4 Female 48 Revision TKA 6.6

5 Male 8 Osteosarcoma 1.5

6 Male 18 Osteosarcoma 5.81

7 Male 18 Giant cell tumor 5.37

8 Male 58 Osteosarcoma 7.89

9 Male 59 Osteosarcoma 1.87

10 Female 12 Osteosarcoma 6.57

11 Female 15 Osteosarcoma 7.72

12 Female 15 Osteosarcoma 7.75

13 Female 15 Osteosarcoma 7.48

14 Female 15 Osteosarcoma 8.64

15 Female 18 Osteosarcoma 9.24

16 Female 18 Osteosarcoma 8.87

17 Female 33 Osteosarcoma 7.39

18 Male 10 Osteosarcoma 1.12

19 Male 10 Osteosarcoma 7.63

20 Male 12 Osteosarcoma 4.9

21 Male 16 Osteosarcoma 7.49

22 Male 20 Osteosarcoma 2.19

23 Male 20 Burkitt’s

lymphoma

3.56

24 Male 22 Osteosarcoma 6.17

25 Male 51 Leiomyosarcoma 7.2

26 Male 52 Chondrosarcoma 6.91

CIS

1 Female 10 Osteosarcoma 7.48

2 Female 13 Osteosarcoma 8.41

3 Female 15 Osteosarcoma 8.03

4 Female 15 Osteosarcoma 6.79

5 Female 17 Osteosarcoma 1.3

6 Female 18 Osteosarcoma 9.24

7 Female 19 Osteosarcoma 3.57

8 Female 48 Synovial cell

sarcoma

0

9 Female 60 Revision TKA 7.83

10 Male 8 Osteosarcoma 8.16

11 Male 11 Osteosarcoma 8.38

12 Male 12 Osteosarcoma 5.13

13 Male 15 Osteosarcoma 2.13

14 Male 15 Osteosarcoma 5.45

15 Male 15 Osteosarcoma 2.39

16 Male 16 Osteosarcoma 6.9

17 Male 17 Osteosarcoma 8.59

18 Male 18 Osteosarcoma 8.21

Table 1. continued

Patient Sex Age

(years)

Reason for surgery Followup

(years)

19 Male 19 Chondrosarcoma 9.77

20 Male 21 Osteosarcoma 2.26

21 Male 22 Osteosarcoma 7.18

22 Male 27 Malignant fibrous

histiocytoma

7.71

23 Male 51 Spindle cell sarcoma 7.88

24 Male 53 Multiple myeloma 0.32

25 Male 55 Chondrosarcoma 7.64

26 Male 58 Leiomyosarcoma 6.68

CPS = Compress1 Compliant Pre-Stress Implant; CIS = cemented

intramedullary stem.
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and time for implant failure, additional surgeries, evidence

of local recurrence or metastatic disease, and patient death.

The only missing data were from those patients lost to

followup.

The treating surgeons (RJO for CPS, RJG for CIS) eval-

uated all radiographs for evidence of aseptic failure;

interobserver variability was not assessed. CPS aseptic

failure was defined as the presence of (1) periprosthetic

femoral fracture with implant failure; (2) implant fracture;

(3) transverse pin migration; (4) progressive, gross decrease

in the distance between the anchor plug base and the top of

the spindle sleeve; and/or (5) progressive radiolucency at the

bone-prosthetic interface, when compared to initial postop-

erative radiographs. CIS aseptic failure was defined as the

presence of (1) periprosthetic femoral fracture with implant

failure; (2) implant fracture; and/or (3) progressive circum-

ferential lucency around the cement mantle when compared

to initial postoperative radiographs. Aseptic clinical failure

was defined as the need for revision due to complaints of pain

or instability combined with the above-noted plain radio-

graphic criteria and confirmed by clinical findings and the

absence of infection at the time of revision. Criteria of pre-

sumed septic failure included: (1) leukocytosis and/or

evidence of infectious organisms on microbiologic staining

of a knee aspirate; (2) gross purulence confirmed histologi-

cally at the time of surgical exploration; and/or (3) positive

microbiology cultures taken at the time of joint aspiration or

revision surgery.

Our primary outcome was implant survival time with

Kaplan-Meier analysis [14] using our definitions of failure

as end points. Patients who died or underwent limb

amputation during the course of the study period were

censored at the time this event occurred if they had no

evidence of implant failure. Patients who were lost to

followup were censored as of the date of last recorded

patient visit. We used the log-rank test to compare implant

survival experienced between the two implants. All anal-

yses were conducted using Stata1 Version 10 (StataCorp

LP, College Station, TX, USA).

Results

We found clinical or radiographic evidence of aseptic

failure in four (7.7%) of the 52 patients, including one

(3.8%) patient with a CPS implant versus three (11.5%)

patients with CIS implants (Table 2). The single patient

with a CPS implant underwent revision at 1.9 years post-

operatively, and this revision to a new CPS implant

remained stable at 5.6 years of followup (Fig. 1). Two of

the three patients with CIS implants required revision at 1.0

and 1.2 years postoperatively while the third patient has not

required revision. There was no difference (p = 0.22) in the

5-year survival rates using aseptic failure as the end point

for the CPS implants (95.7%; 95% CI, 0.73–0.99) and the

CIS implants (91.3%; 95% CI, 0.69–0.98) (Fig. 2).

The overall 5-year implant survival rate using implant

revision or amputation as the end point was longer (p \
0.0001) for patients with CPS implants (83.5%; 95% CI,

0.62–0.94) than for patients with CIS implants (66.6%;

95% CI, 0.42–0.83) (Fig. 3). With respect to revision

alone, there were six (11.5%) revisions for any reason

among the 52 patients (Table 2). Two (7.7%) CPS implants

versus four (15.3%) CIS implants were revised (Table 2).

For the patients with CPS implants requiring revision, one

was for aseptic failure and one was for a proximal femoral

Table 2. Outcomes of patients with CPS and CIS implants

Complication Total (n = 52) CPS (n = 26) CIS (n = 26) p value

Number % Number % Number %

Alive and no revision/amputation 31 59.6 19 73.1 12 46.1 0.61

Aseptic failure

All cases 4 7.7 1 3.8 3 11.5 1.00

Requiring revision 3 5.8 1 3.8 2 7.7 1.00

Revision

All cases 6 11.5 2 7.7 4 15.4 0.67

Fracture 1 1.9 1 3.8 0 0 1.00

Infection 2 3.8 0 0 2 7.7 0.49

Amputation

All cases 6 11.5 3 11.5 3 11.5 1.00

Infection 4 7.7 3 11.5 1 3.8 0.61

Local recurrence 2 3.8 0 0 2 7.7 0.49

Patient death 9 17.3 2 7.7 7 26.9 0.14

CPS = Compress1 Compliant Pre-Stress Implant; CIS = cemented intramedullary stem.
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periprosthetic fracture not associated with implant failure.

For the patients with CIS implants requiring revision, two

were for aseptic failure and two were for infection. The

revisions for infection were at 3.6 and 4.9 years

postoperatively. Six (11.5%) patients underwent an

amputation, including three (11.5%) patients from each

cohort (Table 2). Infection was the reason for amputation

in all three (11.5%) patients with CPS implants. In the

patients with CIS implants, infection accounted for one

(3.8%) amputation and local recurrence accounted for two

(7.7%) amputations.

Discussion

The issue of EPR longevity remains a priority for ortho-

paedic oncologists as the overall survival and activity level

of patients with musculoskeletal tumors continue to

improve. The specific problem of aseptic failure deserves

high attention, as it is the primary cause of late failure in

traditional EPR. We believe the CPS implant presents an

encouraging means to counter the problems of stress

shielding and particulate-induced osteolytic loosening. We

therefore compared patients with CPS implants to patients

with CIS implants to determine whether there was a differ-

ence in (1) the number of patients requiring revision or

amputation for aseptic failure and (2) overall implant

survival.

We acknowledge limitations of our study. First, we had

a small population. The sample size was a factor in being

unable to find a difference between the CPS and CIS

implant survivorship data. However, in the orthopaedic

oncologic community, large sample sizes are nearly

impossible to obtain due to the rarity of disease. Moreover,

the 26 patients from the CPS cohort were the initial patients

for the CPS FDA approval study and these data demon-

strate results from these earliest cases. Second, we had a

relatively short followup, although our study reports the

longest followup duration for the CPS implant in the

Fig. 1 An AP proximal femoral radiograph of the only patient

with CPS aseptic loosening demonstrates stable osseointegration at

5.6 years after revision to another CPS implant. Bone hypertrophy at

the prosthetic interface has developed in response to compressive

loading.

Fig. 2 A Kaplan-Meier survival curve shows no difference (p = 0.22)

in the 5-year implant survival rates using aseptic loosening as the end

point between the CPS and CIS implants: 95.7% and 91.3%,

respectively. Hash marks = censored data. Gray lines = 95% CIs.

Fig. 3 A Kaplan-Meier survival curve shows a longer (p \ 0.0001)

overall 5-year implant survival rate using revision or amputation as

the end point for the CPS implants than for the CIS implants: 83.5%

and 66.6%, respectively. Hash marks = censored data. Gray lines =

95% CIs.
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current literature. Third, conducting the study at separate

institutions presents a challenge in terms of comparing

surgical decision making and radiographic interpretation

that may differ at respective locations. Nevertheless, sim-

ilar indications and contraindications were used for

surgical planning in both institutions, and criteria for fail-

ure assessed with similar intent, despite the differences

inherent in implant design.

In a large study by Jeys et al. [13], including 228 distal

femoral EPRs, aseptic loosening accounted for 13.6% of all

failures with a median time to revision due to mechanical

failure of 9.3 years. Moreover, Mittermayer et al. [20] and

Unwin et al. [27] found, at 10 years postoperatively, 24% and

32.6%, respectively, of patients who had distal femoral EPR

underwent revision for aseptic loosening. In our current

study, the overall rate of aseptic failure was 7.7% at 6.2 years.

For the CPS cohort, the rate of aseptic failure was 3.8% at

6.3 years (Table 2). The single patient with aseptic failure

among the CPS group occurred within 2 years postopera-

tively and remains successfully revised at 5.6 years (Fig. 1).

Furthermore, there have been no additional radiographic or

clinical failures due to aseptic failure since the initial pub-

lication of the CPS cohort. This lack of aseptic failure beyond

2 years in CPS implants is in accordance with prior literature

of compressive osseointegration technology, which postu-

lates mechanical failure will be seen earlier rather than later

since biomechanical integrity improves as osseointegration

and bone hypertrophy develop over time [2, 3, 5, 7].

Although the rate of aseptic failure was 11.5% in patients

with CIS implants at 6.1 years of followup, there was no

statistical difference when the CPS and CIS implants were

compared. The aseptic failures with the CIS can be explained

by the presence of an expandable implant, a revised implant,

and a modular implant. Two of these patients required

revision, and one of these two implants was subsequently

diagnosed as septic. Because an attempt was made to match

patients who received CIS implants with the first 26 patients

who received distal femoral CPS implants, the resultant

patient selection prompted the inclusion of expandable and

revision CIS cases. Were the study to be started today, it

would be possible to more carefully match CIS primary

oncologic nonexpandable implants with the same CPS

indications, for which a more robust patient population now

exists. It is also important to note the reliability of Stanmore

CIS implants has been well-documented, and furthermore,

technical design advancement in these cemented limb sal-

vage prostheses have been associated with improved implant

longevity [19]. Data from the Royal Orthopaedic Hospital

published over a longer period of time with a greater number

of patients demonstrate this point. The authors found an 83%

implant survival at 5 years, and the risk of revision fell by

52% when rotating-hinge knee implants with hydroxyapatite

collars were used in exchange for fixed-hinge knee implants

with a smooth collar [19]. In that series, there were no

patients with aseptic loosening in adult patients with

cemented stems and hydroxyapatite collars at a mean fol-

lowup of 12 years.

Although we observed no differences between the

Compress1 and Stanmore cohorts, literature on other CIS

implants without hydroxyapatite collars indicates the

aseptic loosening rate generally increases with time [10,

13, 18, 20, 23, 27]. Overall EPR survivability for distal

femoral reconstruction varies greatly in the literature

(Table 3). Published results show a survivorship of 75–

90% at 5 years [10, 13, 15, 16, 20]. The 5-year survival of

83.5% in CPS implants is encouraging in light of these

Table 3. Representative literature review of distal femoral oncologic endoprosthetic survivorship

Study Number of patients

available for review

Stated

implant

type

Survival (%) Aseptic

failure (%)

Septic

failure (%)

Failure due to

local recurrence

(%)5-year 10-year 20-year

Unwin et al. [27] 493 CIS 90.1 67.4 9.1 1.8 6.5

Meyers et al. [19] 335 CIS 61.0 23.6 9.6 6.0

Jeys et al. [13] 228 CIS 52.7 30.5 13.6 12.7 5.3

Schwartz et al. [24] 186 CIS 77.0 58.0 11.8 3.7

Roberts et al. [22] 135 CIS 75.0

Bickels et al. [4] 110 CIS 93.0 88.0 5.4 4.5

Gosherger et al. [8] 103 CIS/UIS 65.9 14.6 11.7

Ahlmann et al. [1] 78 CIS 75.0 58.0 5.1 6.4 2.6

Torbert et al. [25] 57 CIS 84.0 66.0

Farfalli et al. [7] 50 UIS 85.0 71.0 24.0

Farfalli et al. [7] 41 CPS 88.0

Current study 26 CIS 66.6 7.7 11.5 7.7

Current study 26 CPS 83.5 3.8 11.5

CPS = Compress1 Compliant Pre-Stress Implant; CIS = cemented intramedullary stem; UIS = uncemented intramedullary stem.
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numbers. When compared to the 5-year survival of 66.6%

in the CIS implants, the CPS implant demonstrated a

longer survival rate. The two patients who did have revi-

sion of their CPS implant (for fracture and rotational

failure) were successfully revised on a long-term basis with

another CPS implant.

In our study, 11.5% of the total 52 patients developed an

infection that resulted in implant failure. Not only was the

rate of infection the same in the CPS and CIS groups, but

this rate is also similar to those of two studies in the lit-

erature reporting rates of 11.7% [8] and 10.3% [12]; septic

failure remains a major unsolved problem for all types of

massive EPR in young immunocompromised patients.

The CPS implant continues to be a reliable choice for

limb salvage surgery. Equivalent survivorship when com-

pared to CIS implants is demonstrated at intermediate-term

followup. In the future, we expect it will be useful and

appropriate to distinguish between mechanical, rotational

CPS failure (which is early, uncommon, and included here

under the rubric of aseptic failure) and mechanical/

biomechanical/biologic CIS/UIS failure (which is late and

historically more common in many implant types, being

comprised of device fracture/stress shielding/particle-

induced osteolysis) as a means of highlighting divergence

in implant survivorship between CPS and conventional

means of endoprosthetic fixation. We also believe CPS

technology offers advantages in terms of ease of revision

and the ability to be placed in short segments of bone.

Further studies with more patients, longer followup, and

anatomic locations or situations with greater mechanical

stress are certainly warranted to correctly identify the best

candidates for CPS EPR.
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