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Abstract

Background Cementing the metaphyseal stem during hip

resurfacing surgery improves the initial fixation of the

femoral component. However, there may be long-term

detrimental effects such as stress shielding or an increased

risk of thermal necrosis associated with this technique.

Questions/purposes We compared (1) long-term sur-

vivorship free from radiographic femoral failure, (2)

validated pain scores, and (3) radiographic evidence of

component fixation between hips resurfaced with a

cemented metaphyseal stem and hips resurfaced with the

metaphyseal stem left uncemented.

Methods We retrospectively selected all the patients who

had undergone bilateral hip resurfacing with an unce-

mented metaphyseal stem on one side, a cemented

metaphyseal stem on the other side, and had both surgeries

performed between July 1998 and February 2005. Forty-

three patients matched these inclusion criteria. During that

period, the indications for cementing the stem evolved in

the practice of the senior author (HCA), passing through

four phases; initially, only hips with large femoral defects

had a cemented stem, then all stems were cemented, then

all stems were left uncemented. Finally, stems were

cemented for patients receiving small femoral components

(\48 mm) or having large femoral defects (or both). Of the

43 cemented stems, two, 13, 0, and 28 came from each of

those four periods. All 43 patients had complete followup

at a minimum of 9 years (mean, 143 ± 21 months for the

uncemented stems; and 135 ± 22 months for the cemented

stems; p = 0.088). Survivorship analyses were performed

with Kaplan-Meier and Cox proportional hazards ratios

using radiographic failure of the femoral component as the

endpoint. Pain was assessed with University of California

Los Angeles (UCLA) pain scores, and radiographic

femoral failure was defined as complete radiolucency

around the metaphyseal stem or gross migration of the

femoral component.

Results There were four failures of the femoral component

in the press-fit stem group while the cemented stem group

had no femoral failures (p = 0.0471). With the numbers

available, we found no differences between the two groups

regarding pain relief or radiographic appearance other than

in patients whose components developed loosening.

Conclusions Cementing the metaphyseal stem improves

long-term implant survival and does not alter long-term

pain relief or the radiographic appearance of the proximal

femur as had been a concern based on the results of finite

element studies. We believe that patients with small com-

ponent sizes and large femoral head defects have more to

gain from the use of this technique which adds surface area

for fixation, and there is no clinical downside to cementing

the stem in patients with large component sizes.
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Level of Evidence Level III, therapeutic study

Introduction

Metal-on-metal hip resurfacing has been considered an

effective way to treat young and active patients with end-

stage osteoarthritis since the 1990s [9, 13, 14, 30, 31].

However, aseptic failure of the femoral component (com-

ponent loosening or femoral neck fracture) has been

reported as one of the main modes of failure, particularly in

the early reports [3, 12, 19, 21, 23, 25]. The association

between smaller sizes of the femoral component and higher

failure rate of hip resurfacing [22, 26] suggests that

increasing the fixation area between the bone and the

component could provide more initial and enduring com-

ponent stability. All currently available hip resurfacing

prostheses feature a metaphyseal stem, typically left

uncemented, which helps to facilitate proper alignment for

insertion of the femoral component. Cementing this

metaphyseal stem increases the area for fixation between

the bone and the prosthesis, but this increases the total

amount of bone cement needed for fixation, and several

studies suggest that the heat generated from the cementing

process could lead to thermal necrosis of the surrounding

cancellous bone [15, 18, 20], which could in turn cause

femoral neck fracture or femoral loosening. Additionally,

cementing the stem may alter the load transfer between the

femoral component and the femoral neck, leading to

adverse modifications of the proximal femur [24, 29].

A previous study showed the short-term value of this

technique [6], but to this date, there have been no long-term

clinical studies assessing the safety and effectiveness of

stem cementation or its potential adverse effects such as

femoral neck narrowing or femoral neck fracture.

We therefore sought to determine whether (1) sur-

vivorship free from radiographic loosening of the femoral

component would decrease, (2) hip scores would vary, or

(3) frequency of radiolucencies or narrowing of the femoral

neck would differ between femoral components implanted

with cemented and uncemented metaphyseal stems.

Materials and Methods

From the senior author’s (HCA) database, we retrospec-

tively selected all the patients who had undergone bilateral

hip resurfacing with an uncemented metaphyseal stem on

one side, a cemented metaphyseal stem on the other side,

and had both surgeries performed between July 1998 and

February 2005. Forty-three patients matched these inclu-

sion criteria and none was lost to followup. Fourteen

patients underwent one-stage bilateral procedures (and in

these cases the hip with the largest defects received the

cemented stem), while the remaining 29 had both hips

resurfaced in two stages with a mean time between pro-

cedures of 23.9 ± 17.8 months. During that period, the

indications for cementing the stem evolved in the senior

author’s practice, passing through four phases to determine

efficacy and safety of the technique. Initially, only a few

hips with large femoral defects had a cemented stem, then,

all stems were cemented, and then all stems were left

uncemented, and finally (our current indication), stems

were cemented for patients with small femoral components

(\ 48 mm) or large defects (or both). The last phase was

initiated after preliminary data indicated that those hips

were most at risk for loosening. Of the 43 cemented stems,

two, 13, 0, and 28 came from each of those four periods.

Concurrently, the surgical technique used for preparation

of the femoral head also evolved in three generations de-

scribed in a previous report [5] (Table 1). This variable was

taken into consideration in our subsequent analysis. All 43

patients had complete followup at a minimum of 9 years

(mean, 143 ± 21 months for patients with uncemented

stems and 135 ± 22 months for patients with cemented

stems; p = 0.088).

The patient’s demographic characteristics were typical

of those for patients having hip resurfacing. Their mean

age at surgery was 51.1 ± 9.6 years. There were 11 female

patients (26%) and 32 male patients (74%). The diagnoses

were primary osteoarthritis in 33 patients (77%), devel-

opmental dysplasia of the hip in six (14%), osteonecrosis in

three (7%), and inflammatory osteoarthritis in one (2%).

The mean weight of the patients was 79.0 ± 16.4 kg and

Table 1. Evolution of the femoral fixation technique throughout the series

Femoral fixation technique Fixation area Cystic material

removal

Drying

1st generation (10 hips with uncemented

stems and 1 hip with a cemented stem)

No drill holes or in dome

area only

Use of curette

only

No suction for the first 100

hips then dome suction only

2nd generation (25 hips with uncemented stems

and 32 hips with cemented stems)

Increased number of drill holes in

dome and some in chamfered area

Use of curette +

high speed burr

Dome suction only

3rd generation current technique (8 hips with

uncemented stems and 10 hips with cemented

stems)

Additional drill holes in chamfer Use of curette +

high speed burr

Use of dome and lesser

trochanteric suction

Use of Co2 blow dry device
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mean height was 174.3 ± 9.4 cm. Both groups were

comparable regarding femoral defects, component sizes,

and component orientation (Table 2). All surgeries were

performed using the Conserve1Plus Hip Resurfacing

System (MicroPort Orthopedics Inc, Arlington, TN, USA),

a metal-on-metal hybrid resurfacing device that uses

cobalt-chromium-molybdenum bearings and a smooth

metaphyseal stem designed to facilitate alignment of the

component. No modification of the stem portion of the

component (which has a slight taper) was made, whether

the stem was cemented or uncemented. The stem hole was

drilled 2 mm beyond the actual stem length when it was

cemented and 2 mm short of the full length when left

uncemented to insure intimate contact [4]. The Con-

serve1Plus device is approved by the FDA. The overall

surgical technique for implantation of the Conserve1Plus

device has been described [2, 4]. A wide posterior surgical

exposure and capsulectomy were performed, which in our

view facilitate careful preparation of the femoral head to

avoid fracture. All hips had moderate to severe

osteoarthritis and were judged to be sufficiently vascular to

maintain bone quality as there is a degree of hyperemia

associated with osteoarthritis.

When cementing the stem, a thin coating of doughy

acrylic (Simplex PTM, Stryker1 Corporation, Kalamazoo,

MI, USA) is first applied on its entire length. Then, the

dome suction device is removed and acrylic is finger

pressurized into the dome hole for 30 to 45 seconds and

also pressurized into femoral defects and the cylindrically

reamed portion of the head. The femoral component then is

inserted and seated with light mallet taps.

Patients were seen postoperatively at 6 weeks, 4 months,

1 year, and yearly thereafter, at which time clinical data

were collected. AP radiographs were obtained with the

patients supine, and the University of California Los

Angeles (UCLA) hip scoring system [9] was used to

evaluate patients’ progress. Researchers used UCLA pain

scores to assess clinical outcomes of cementing the stem

versus not cementing. All three authors reviewed the

patients’ most recent AP radiographs to identify hips with

radiolucencies around the metaphyseal stem. We also

compared the patients’ most recent radiographs with their

first postoperative films to identify any narrowing of 10%

or greater of the mediolateral femoral neck [16, 17, 27].

Component positioning (femoral stem-to-shaft angle, cup

abduction angle, and cup anteversion angle) were measured

as previously described [8]. A Johnson lateral radiograph

(obtained with the patient supine) also was reviewed but

the quality of the technique often varied so that AP mea-

surement of the neck thickness was not reliable.

Researchers compared UCLA pain scores between

groups using two-tailed paired Student’s t-tests. The time

to radiographic femoral failure was used as an endpoint to

calculate Kaplan-Meier survival estimates for both groups.

Radiographic femoral failure was defined as complete

radiolucency around the metaphyseal stem or gross

migration of the femoral component. The log-rank test was

used to compare the survival curves. The Cox proportional

hazard ratio was used to determine the influence of the

femoral preparation technique on femoral survivorship.

Alpha was set at 0.05. All data were analyzed using

Intercooled Stata1 6.0 (Stata1 Corp, College Station, TX,

USA).

Results

The hips with cemented stems showed better femoral sur-

vivorship (free of radiographic femoral failure) compared

with the hips with uncemented stems (Fig. 1) (p = 0.0471).

The Kaplan-Meier survivorship at 5 years was 95.4% (95%

CI, 82.7%–98.8%) for the hips with uncemented stems, and

100% for the hips with cemented stems. At 10 years, the

survivorship was 90.5% (95% CI, 76.6%–96.3%) for the

hips with uncemented stems, and 100% for the hips with

cemented stems. Because there were no failures in the

Table 2. Comparative reconstruction characteristics for hips with press-fit stems versus hips with cemented stems

Variable Uncemented stems Cemented stems p value

Mean ± SD Mean ± SD

Femoral head size 46.7 ± 4.1 47.0 ± 4.1 0.6746

Cup abduction 45.0 ± 6.8 45.3 ± 5.7 0.7823

Cup anteversion 16.2 ± 5.9 16.5 ± 8.6 0.8581

Metaphyseal stem to femoral shaft angle 136.3 ± 7.2 138.7 ± 7.2 0.1233

Frequency Frequency

Femoral head defects 0.3655

\ 1 cm 30 26

C 1 cm 13 17
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cemented group, we were unable to provide a hazard ratio

for failure when we compared these hips with those in the

uncemented group. There was no association between

femoral head preparation technique and femoral failure rate

in this group of 86 hips (p = 0.915). One patient had pain on

the side of the hip with a cementless stem, which showed a

complete radiolucency around the metaphyseal stem. This

patient was pending revision surgery at the time of writing

and therefore the patient’s results were counted as a failure

in our analysis (Fig. 2). In addition to this hip, three others

with uncemented stems had failed (Table 3) and all had

revision surgery to total hip replacements (two secondary to

loosening of the femoral component at 65 and 112 months,

and one secondary to a fracture of the femoral neck at

2 months). In the cemented stem group, two hips were

revised, one had a deep infection develop at 13 months and

the other had a loose acetabular component at 108 months.

There were no aseptic femoral failures in that group.

We found no differences in preoperative and last fol-

lowup UCLA pain scores between the two groups. The

mean UCLA preoperative pain scores were 3.7 ± 1.3 for

the group with uncemented stems and 3.7 ± 1.3 for the

group with cemented stems (p = 0.7816). The mean UCLA

postoperative pain scores were 9.6 ± 0.8 for the group with

uncemented stems and 9.4 ± 0.9 for the group with

cemented stems (p = 0.5683).

There were no other differences in radiographic find-

ings between the groups. Three hips with uncemented

stems and one with a cemented stem showed evidence of

femoral neck narrowing greater than 10% on the last

postoperative radiograph (p = 0.3173). All four hips were

asymptomatic.

Discussion

Cementing the stem during hip resurfacing surgery expands

the area of fixation and helps to improve the initial fixation

of the femoral component. However, there is a concern that

this technique might have long-term detrimental effects

related to stress shielding [24, 29] or thermal necrosis

associated with the increase in overall cement needed for

component fixation [15, 18, 20]. Our study compared sur-

vivorship, hip scores, and other radiographic findings

between hips resurfaced with a cemented metaphyseal stem

and hips resurfaced with a press-fit metaphyseal stem.

Our study has several limitations. First, there is a risk of

selection bias with at least three filters: candidates for hip

resurfacing, candidates for bilateral resurfacing within a

certain time, and candidates for use versus nonuse of

cement. However, we believe that the selection of patients

undergoing bilateral procedures adds strength to the study

of the research question by eliminating all patient-related

extraneous variables. Second, the data presented in this

study were collected after implantation of the Conserve1

Plus Hip Resurfacing System with regular Simplex P bone

cement applied in its doughy stage and the thickness of the

cement mantle is 1 mm. Our results cannot be inferred to

other hip resurfacing devices such as the Birmingham Hip

Resurfacing System for which the cement is applied in its

liquid state to accommodate a tight fit (with a negligible

cement mantle). Third, the surgical technique used to

implant the femoral component has evolved with time in

our series, improving the survivorship results as previously

reported [7], and more hips were implanted with the early

technique in the group with uncemented stems than in the

Fig. 1 A comparative survivor-

ship analysis of hips resurfaced

with uncemented stems versus

hips with cemented stems is

shown. The time to radiographic

femoral failure was used as an

endpoint.
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group with cemented stems. However, we found no asso-

ciation between femoral head preparation technique and

femoral failure rate in this particular cohort of patients,

suggesting that the difference in survivorship between the

two groups was associated with cementation of the stems.

In addition, the changes in indications for cementation of

the metaphyseal stem could have introduced a selection

bias but the comparison of the reconstruction characteris-

tics (Table 1) shows otherwise. Fourth, only AP

radiographs were used to determine narrowing of the

femoral neck after surgery. Because a large number of

patients live out of state and had their radiographs taken

outside our center, the consistency of the Johnson lateral

views provided did not allow us to make precise compar-

ative measurements of this variable with time and therefore

we limited our analysis to the frontal plane. In addition,

other means of investigation of bone quality (such as bone

mineral density scans) would have been of value to further

determine if any stress shielding was occurring in the

femoral neck but unfortunately these data were not avail-

able. We also do not have data addressing soft tissue

structures about the hip, but the use or avoidance of cement

is unlikely to influence the development of metallosis or

adverse local tissue reactions.

Short-term efficacy of cementing the metaphyseal stem

to reduce the risk of aseptic failure of the femoral com-

ponent has been reported [6, 11], but the effect of stem

cementation on the long-term integrity of the femoral head

and neck cannot be predicted without a clinical study with

sufficient followup. Although this technique has been used

in other centers, to our knowledge, no reports have been

published for comparison with our results. A strength of

our study was that the possible effects of variations in

patient activity during such a long time were controlled by

the study design. Our current data suggest that cementing

the stem does improve long-term implant survival and does

not alter long-term pain relief or the radiographic appear-

ance of the proximal femur.

We found no differences between cemented and

cementless stems in terms of UCLA hip pain scores. This

result correlates with our previous findings in a study with

shorter followup and a different cohort of patients [6]. In

addition, the postoperative UCLA pain scores recorded in

this study were high and comparable to those of the pre-

vious publication. This is consistent with the stability of

pain scores with time after hip resurfacing [13, 28, 30].

This is in contrast with studies of pain scores after

cemented vs cementless fixations in conventional THAs

where the presence of cement can contribute to better pain

relief [1].

We found no radiographic evidence suggestive of adverse

events related to stem cementation. There were no neck

fractures among the hips with a cemented stem, no failures

secondary to osteonecrosis, and no radiographic evidence

that cementing the stem increases the chances of adverse

neck remodeling as had been a concern in prior studies [24,

Fig. 2A–C The AP radiographs of the hips of a 31-year-old female

with bilateral osteonecrosis secondary to systemic lupus erythematosus

are shown. Surgery was performed on both hips in one stage. (A) A
preoperative radiograph has insets of intraoperative photographs of the

femoral heads after bone preparation. The patient’s surgery was

performed before increased irrigation and suction techniques were

implemented. The bone quality was visibly poor in both heads with

slightly larger defects on the right. (B) No evidence of femoral

radiolucencywas seen on the immediate postoperative radiograph, with

the stem cemented on the right (arrow). (C) Four years after surgery, a
large radiolucency around the uncemented stem on the left can be seen,

with a sclerotic halo of bone surrounding the stem tip. The component

also has tipped into a more varus distal position. Fourteen years after

surgery, the patient has begun to experience pain associated with

weightbearing activities and is pending revision surgery. Her current

UCLA scores for pain are six for the left hip, 10 for the right hip, and her

walking, function, and activity scores are 8, 8, and 4, respectively.

(Reprinted fromAmstutzHC,LeDuffMJ, Campbell PA,DoreyFJ. The

effects of technique changes on aseptic loosening of the femoral

component in hip resurfacing: results of 600Conserve1 Pluswith a 3–9

year follow-up. J Arthroplasty. 2007;22:481–489.)
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29]. However, our sample size was small, and the indications

for cementing the stems did evolve with time, therefore, to

some degree, this remains an open question.

We believe that cementing the stem is more important

for patients with small component sizes and large femoral

head defects as these patients historically have been at

greater risk of experiencing failure after hip resurfacing

[10]. However, it does not appear to be detrimental to

cement the stem in patients with large component sizes.

Cementing the metaphyseal stem is an effective method to

improve initial fixation of the femoral component and to

prevent its loosening at long-term.
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