
Acta Orthopaedica 2008; 79 (6): 755–762 755

Less range of motion with resurfacing arthroplasty 
than with total hip arthroplasty
In vitro examination of 8 designs
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Background and purpose   Hip resurfacing arthroplasty 
has had resurgence recently and is now a popular option 
for younger, active patients. We used an in vitro model 
to assess range of motion and impingement profile for 
hip resurfacing and compared them to those for conven-
tional total hip arthroplasty.

Methods   8 different hip replacement designs were 
implanted into adult composite femurs and pelvises. 
These were mounted onto a 3-dimensional compass 
allowing all motions, with the degrees and impinge-
ment recorded. The designs tested were the Conserve 
Plus Hip Resurfacing System, Depuy ASR, Birming-
ham Hip Resurfacing System, Charnley, McKee-Farrar 
metal-on-metal, SROM Hip metal-on-metal, SROM Hip 
metal-on-polyethylene, Prodigy metal-on-metal, and 
also a native intact composite femur and pelvic articula-
tion. Femoral stems were tested at 0 and 20 degrees of 
anteversion.

Results   Conventional hip arthroplasty exhibited sta-
tistically significantly greater range of motion than resur-
facing arthroplasty. Resurfacing showed neck impinge-
ment in 29/30 motions. Conventional arthroplasties 
showed femoral neck impingement in 41/100 motions.

Interpretation   In situ range of motion of resurfac-
ing arthroplasty was less than that of conventional total 
hip arthroplasty. Resurfacing systems impinged almost 
entirely on the femoral neck, while conventional hip 
arthroplasties had a varied impingement profile. Our 
findings raise concern for early neck-on-cup impinge-
ment, which may cause component loosening and femo-
ral neck fracture, both of which are observed after hip 
resurfacing.   

■

Hip resurfacing arthroplasty has been used by 
surgeons for over 50 years to treat arthritic and 
osteonecrotic hips, with varying results (Howie 
et al. 1990, Amstutz 1996, Rieker et al. 1998). 
Resurfacing is considered by some to be particu-
larly attractive for a younger, more active popula-
tion (Amstutz et al. 1998) as it is considered to be 
bone sparing, anatomically restorative, and poten-
tially capable of inducing less stress shielding than 
conventional hip arthroplasty (Harty et al. 2005). 
Proponents suggest that if a conversion to conven-
tional hip arthroplasty is required in the future, the 
conversion is easier and theoretically performs 
similarly to a primary hip arthroplasty rather than 
a revision hip arthroplasty (Ball et al. 2007). Long-
term results after such conversion have, however, 
not been reported.

Resurfacing designs differ from conventional 
total hip arthroplasty in several respects: the reten-
tion of the femoral neck, the deletion of a load-
bearing stem, and the use of large femoral head 
articulations. These properties approximate the 
native femoral head-to-neck ratio and have been 
proposed to be a design improvement over conven-
tional hip arthroplasty (Figure 1). However, this 
conflicts with the traditional tenet of head-to-neck 
ratio, in particular that maximizing head diam-
eter and minimizing neck diameter enhances hip 
performance by allowing greater range of motion 
before component impingement (Chandler et al. 
1982, Barrack 2003, Alberton et al. 2004).

In this study, we hypothesized that the effective 
range of motion and mode of impingement are 
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different for resurfacing and for conventional hip 
replacements. We used a model that has an advan-
tage over clinical models, which include numer-
ous confounding variables (e.g. soft tissue attach-
ments), and still reflects component and anatomic 
restrictions on range of motion. 

Materials and methods

We studied 3 contemporary hip resurfacing 
arthroplasty systems and 5 conventional hip 
arthroplasty systems representing widely implanted, 
historic, and current systems: A Wright Conserve 
Plus, Depuy ASR, Birmingham Hip Resurface, 
Charnley flat back, Mckee-Farrar metal-on-metal, 
SROM metal-on-polyethylene, SROM metal-on-

metal, and Prodigy metal-on-metal. An intact, 
native hip model was also included (Table 1).

Validated adult composite femur and pelvic 
models (Cristofolini et al. 1996) (size Adult/Large) 
were used to create the in vitro hip model; they 
were of uniform size throughout the study. All 
components were implanted with standard opera-
tive technique by a single surgeon using concentric 
acetabular reaming, oscillating saws, cylindrical 
femoral head reamers, and burrs. 

The acetabular components were press-fitted into 
the pelvis with molding clay if necessary. For rea-
sons of reproducibility, the component was placed 
with an orientation parallel to a plane created by 3 
points along the acetabular rim. The result was an 
abduction angle of 45 degrees (± 2 degrees) deter-
mined by goniometry.

The femoral components were placed according 
to each manufacturer’s recommended technique, 
again using molding clay. For stemmed implants, 
the femoral neck was cut with an oscillating saw, 
the canal broached and prepared for 0 or 20 degrees 
of anteversion with restoration of offset, and the 
center of the head maintained at the level of the 
tip of the greater trochanter (Figure 2). Care was 
taken to ensure coaxial alignment of stem and fem-
oral shaft. For resurfacing components, cylindrical 
reamers and burr were used to resect only the bone 
that would be replaced by the resurfacing compo-
nent with particular attention paid to center of neck 
stem position, avoidance of femoral neck notching, 

Figure 1. A synthetic composite model femur with a femo-
ral resurfacing component implanted to optimize fixation 
and minimize bone loss.

Table 1. Component specifications

Component Head Cup
 Diameter Length Outer Bearing a
   diameter

Charnley flatback 22 Nonmodular 44 PE
McKee-Farrar 46 Nonmodular N/A M
SROM 16-11-150 stem length b 28 0 54 M
SROM 16-11-150 stem length b 32 0 52 PE
Prodigy 12 mm LRG b 36 8.5 54 M
Birmingham Hip Resurface c 50 N/A 56 M
Conserve Plus d  50 N/A 56 M
Depuy ASR b  46 N/A 52 M
Native hip e N/A N/A N/A N/A

a Bearing. PE – polyethylene; M – metal
b Depuy, Warsaw, IN
c Smith and Nephew, Memphis TN
d Wright Medical Technology, Arlington, TN
e Pacific Research Laboratories Inc.
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and recreation of concentric and flush transition 
from the metal surface to the femoral neck.

Implanted hip models were then mounted inside 
a 3-dimensional compass that has been used in pre-
vious publications, with a measurement accuracy 
of one degree (Amstutz et al. 1975, Chandler et al. 
1982) (Figure 3). This compass allowed controlled, 
selective motions of the hip, specifically rotations 
in the sagittal, coronal, and axial planes. The com-
pass also allowed femoral and pelvic adjustments 
to establish a single, concentric point of rotation. 
The implanted hips were then moved in 10 different 
motions, with the range and point of impingement 
recorded. Stemmed femoral systems were tested at 
both 0 degrees and 20 degrees of anteversion. 

In order to minimize variation due to anatomical 
differences, composite model femurs and pelvises 
were used rather than cadaver specimens. These 
models provide almost identical geometry from 
one specimen to the next, representing typical/aver-
age cadaveric anatomy and mechanical properties. 
One pelvis was used for all acetabular components, 
whereas a fresh femur was used for each type of 
femoral component implantation. 

The range of motion of the intact femur within 
the acetabulum was first measured without any 
implant. Then, ranges of motion in each plane (10 
separate motions) for each of the combinations 
of femoral and acetabular components were con-
ducted. With each of the 10 motions, each measure-
ment was repeated twice by the same observer. 

Statistics

For each of the 10 motions (hyperextension, abduc-
tion, adduction, internal rotation, etc.), mean and 
standard error of the 2 measurements (in degrees of 
rotation) were plotted and compared using a sepa-
rate Student’s t-test for each comparison. For illus-
trative purposes, motions that corresponded to the 
same plane were added to equal the arc of motion in 
that plane (e.g. the degree of internal rotation was 
added to the degree of external rotation to equal 
the arc of motion in the axial plane). Impingement 
profiles of components were recorded as 2 groups: 
neck impingement (component or native) and non-
neck impingement (typically greater trochanter on 
pelvis and lesser trochanter on pubic ring).

Results

Mean and standard error of each range of motion 
are depicted graphically for zero degrees of femo-
ral anteversion, separately for those in full exten-
sion (Figure 4) and for those in 90 degrees of 
pelvic flexion (Figure 5). The results are similarly 
depicted for 20 degrees of femoral anteversion, 
separately for those in full extension (Figure 6) and 
for those in 90 degrees of pelvic flexion (Figure 7). 
In general, compared to conventional hip replace-
ments, resurfacing arthroplasties showed less range 
of motion. Specifically, of the 20 movements evalu-
ated (10 with zero femoral anteversion, and 10 with 
20 degrees of femoral anteversion), conventional 

Figure 3. The 3-dimensional compass used to simulate 
and measure rotations in the sagittal, coronal, and trans-
verse planes, within one degree of accuracy.

Figure 2. Composite model femur with a Prodigy stem and 
a 32 mm head. The center of the femoral head is in align-
ment with the tip of the greater trochanter.



758 Acta Orthopaedica 2008; 79 (6): 755–762

hip replacements had greater range of motion in 12 
movements, while resurfacing implants exhibited 
greater range of motion in 2 movements (Table 2).

Average ranges of motion corresponding to each 
of the sagittal, coronal, and axial planes were then 
calculated by combining averages of hyperexten-
sion and full flexion, abduction and adduction, and 
internal and external rotation (Table 3). Resur-
facing arthroplasty showed arcs of motion in the 
sagittal, coronal, and axial planes of 135, 78, and 

115 degrees. Conventional hip arthroplasty with 
0 degrees of femoral anteversion showed average 
arcs of motion of 174, 87, and 150 degrees. Con-
ventional hip arthroplasty with 20 degrees of femo-
ral anteversion showed average arcs of motion of 
158, 90, and 147 degrees (Figures 8 and 9).

The impingement profile of resurfacing 
arthroplasty showed cup-on-neck impingement in 
29/30 motions. Conventional hip arthroplasty had 
a more varied profile with 20/50 motions causing 

Figure 4. Mean and Standard Errors of motion with full extension of pelvis.

Figure 5. Mean and Standard Errors of motion with 90 degrees of pelvic flexion.
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neck-on-cup impingement for the 0-degrees ante-
verted group and 21/50 motions for the 20-degrees 
anteverted group. The native hip showed neck 
impingement in 12/20 of movements. 

Discussion

We found that overall, in situ hip resurfacing 
arthroplasty exhibits less range of motion than 

Figure 6. Mean and Standard Errors of motion with full extension of pelvis.

Figure 7. Mean and Standard Errors of motion with 90 degrees of pelvic flexion

conventional hip arthroplasty. While not every 
individual motion showed this difference, the 
model showed that conventional hips had statis-
tically significantly more range of motion in 12 
of the 20 movements evaluated, while resurfacing 
exhibited increased range in only 2 movements. 
These data coincide with the computer model of 
Dr Doherty et al. from Dr. Phil Noble’s group 
(Houston, Texas; personal communication), 
which suggests resurfacing range of motion is 
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Table 2. Mean (SE) for each range of motion (in degrees), comparing conventional 
hip replacements to resurfacing implants

 N Coventional Resurfacing Difference a p-value

0° femoral anteversion
 Full extension
  Hyperextension 2   69 (3)   33 (6) 36 <0.01
  Abduction 2   50 (3)   30 (4) 20 <0.01
  Adduction 2   36 (3)   48 (2) -11 0.02
  Internal rotation 2   86 (3)   93 (4) -7 0.2
  Externl rotation 2   60 (3)   22 (6) 38 <0.01
  Full flexion 2 105 (3) 102 (2) 4 0.4
 90° pelvic flexion
  10° abd., full flexion 2   63 (17)   15 (1) 48 0.03
  Adduction 2   14 (3)   21 (5) -7 0.2
  Internal rotation 2   15 (3)     7 (2) 8 0.05
  Externl rotation 2   89 (5)   81 (4) 8 0.3
20° femoral anteversion
 Full extension
  Hyperextension 2   44 (6)   33 (6) 36 0.2
  Abduction 2   50 (6)   30 (4) 20 0.02
  Adduction 2   39 (3)   48 (2) -11 0.04
  Internal rotation 2 103 (4)   93 (4) -7 0.06
  Externl rotation 2   44 (6)   22 (6) 38 0.01
  Full flexion 2   24 (2)   12 (2) 4 <0.001
 90° pelvic flexion
  10° abd., full flexion 2   32 (3)   15 (1) 48 <0.01
  Adduction 2   25 (1)   21 (5) -7 0.4
  Internal rotation 2   21 (4)     7 (2) 8 0.01
  Externl rotation 2   68 (10)   81 (4) 8 0.3

Table 3. Summed motion arcs. Values are mean degree

 Arc Summed motion arc
 Conventional Resurfacing

0° femoral anteversion
 Sagittal 174 135
 Coronal 87 78
 Axial 150 115
20° femoral anteversion
 Sagittal 158 135
 Coronal 90 78
 Axial 147 115

reduced in all 3 planes of motion.
Perhaps just as important, the impingement pro-

files of hip resurfacing were essentially all neck-
on-cup impingement, whereas conventional hip 
arthroplasty had a more heterogenous profile.

We feel that the excellent range of motion of the 
native, intact hip used in our study is somewhat of 
an artifact and should only be used for contextual 
purposes when evaluating implanted hips. This 
artifact arose from the fact that the native diam-

eters of the femoral head and acetabulum are less 
congruent than that of the instrumented hip, yield-
ing less constraint and allowing slight subluxation, 
which enhanced range of motion.

The in vitro model we used has been used previ-
ously (Amstutz et al. 1975, Chandler et al. 1982). 
Recently, an in vitro model using only component 
geometry constraints was used to investigate hip 
stability (Bader et al. 2004). The model we used 
has the same advantage of simplicity, devoid of the 
numerous confounding variables found in clini-
cal, in vivo, or cadaveric models. It does, however, 
retain anatomic skeletal constraints as well as com-
ponent geometry constraints. 

Our study has several shortcomings that are 
readily apparent. Most importantly, this was an in 
vitro study, and therefore could not incorporate the 
complex nature of an in vivo implanted hip. Fur-
thermore, human hips move in concert with the 
lumbar spine and pelvic mobility (Perron et al. 
2000, Watelain et al. 2001, Vogt et al. 2003), thus 
potentially compensating for impingement profiles 
of hip arthroplasty.
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Figure 8. Arcs of motion with 0° femoral anteversion. Figure 9. Arcs of motion with 20° femoral anteversion.
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Another shortcoming is that the variations in 
anatomy or other characteristics among patients 
were not included. Rather, the model was con-
structed using standardized composite femurs and 
pelvises. A new composite model femur was used 
for each implant design, and each setup was mea-
sured twice. Consequently, the statistical analy-
sis is based on variance in outcome due to mea-
surement error rather than differences between 
patients. Such a model offers the ability to more 
easily detect differences in range of motion due to 
differences in implant design; however, this comes 
at the cost of making it difficult to generalize the 
results to patients without reference to additional 
clinical evidence. On the other hand, patient stud-
ies of hip range of motion typically suffer from 
large variations due to many confounding variables 
such as differences not only in anatomy but also 
in soft tissue characteristics, age, underlying dis-
ease, and many others, and therefore require large 
numbers of subjects before statistically significant 
differences can be detected. 

Finally, our study was subject to technical con-
founding variables such as implantation technique. 
While this is unavoidable to some extent with 
this type of model, we sought to minimize inter-
nal variables by using several simple parameters: 
implanting the acetabular component in the plane 
of the pelvic rim, minimizing potentially biased 
techniques, implanting the femoral component to 
restore offset, maintaining the center of femoral 
head at the level of the tip of the greater trochanter, 

and ensuring a smooth transition from resurfacing 
head to femoral neck. We note that at the time of 
surgery, acetabular components may be “ideally” 
oriented to minimize impingement. For the pur-
poses of this study, one reproducible position was 
based on the acetabular brim to avoid confounding 
variables.

Historically, hip resurfacing has underperformed 
relative to conventional total hip arthroplasty, 
largely due to aseptic loosening. Our findings 
suggest that component loosening may be caused 
by—or be at least partially attributable to—a rela-
tively smaller arc of motion and a predominance 
of neck-on-cup impingement. This is particularly 
concerning given that a large proportion of the 
patient populsation undergoing hip resurfacing are 
younger and more active, thus potentially exacer-
bating the impingement profile of these devices.
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