
More than 71,000 primary total hip arthroplasty (THA) 
procedures were performed in England and Wales in 2009, 
a figure that has risen annually since the National Joint 
Registry’s inception.1 Cemented procedures are now less 
popular, dropping from 54% of the total performed in 2005 
to 36% in 2009, while cementless surgeries rose from 22% 
in 2005 to 39% in 2009. This total figure includes hip resur-
facing arthroplasty (HRA), which became popular following 
its reintroduction in the 1990s although a reported rise in 
complications has led to surgeons using it more selectively.

One appeal of HRA is the reduced wear profile produced 
over hard-on-soft bearings,2 which are the most commonly 
used articulation in ‘conventional THA’ (and will herein be 
referred to as THA in order to differentiate it from HRA). 
Bone resection of the femur is also reduced,3 which means 
revision to THA is only as difficult as performing primary 
THA.4 Finally, the large head required in HRA lowers the risk 
of dislocation and is associated with higher levels of activity, 
especially in the young,5 for whom it is mostly indicated.

Irrespective of whether THA or HRA is performed, res-
toration of normal biomechanical parameters is sought for 
a number of reasons. Reconstructing offset correlates with 
improved abductor function6,7 and reduced wear.8 Limb 

length inequality after hip arthroplasty, however, is a cause 
of patient dissatisfaction, gait abnormalities, back pain and 
sciatic nerve palsy, all of which are factors for litigation 
against the surgeon.9–11

At present, variability exists in the literature as to 
whether biomechanical restoration between HRA and THA 
is comparable.12–16 Cementless THA is an important group 
against which to evaluate HRA since, as mentioned, its usage 
is increasing proportionately while the absence of cement 
affords less flexibility in final component orientation and 
position. Using our cohort of patients who have undergone 
hip reconstruction, we compared the changes in leg length 
and offset between HRA and THA groups of patients treated 
for primary osteoarthritis. Our null hypothesis was that the 
post-operative femoral offset and the leg length would be 
equal in both hips.

Methods
A retrospective analysis was performed of patients undergo-
ing HRA or THA between 2006 and 2008. The study inclusion 
criterium was primary arthroplasty for hip osteoarthritis. 
Patients were excluded from the study if they had contral-
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ABSTRACT
INTRODUCTION The purpose of this study was to determine if hip resurfacing arthroplasty (HRA) and cementless total hip 
arthroplasty (THA) were comparable in correcting leg length and hip offset in patients with primary osteoarthritis.
METHODS A retrospective analysis was performed of 80 patients who underwent either HRA or cementless THA for primary 
osteoarthritis (40 in each group) between 2006 and 2008. Standardised anteroposterior radiographs taken pre-operatively and 
at one year following surgery were used to calculate the total offset and leg length in both hips.
RESULTS At one year following surgery, no leg length discrepancy was identified in either group. A difference of 0.39cm 
(p=0.046) remained between the mean total offset of the operated hip and the contralateral non-operated hip in the HRA 
group. No difference in offset was observed between the two hips after surgery in the THA group (p=0.875).
CONCLUSIONS Leg length is restored by HRA and THA. A difference remains in offset after HRA although we attribute this to 
intentional medialisation of the acetabular cup.



Table 1 Kellgren and Lawrence grading scale for 
osteoarthritis17

Grade Radiological findings

0 Normal

1 Doubtful narrowing of joint space and possible  
osteophytic lipping

2 Definite osteophytes, definite narrowing of joint space

3 Moderate multiple osteophytes, definite narrowing of 
joints space, some sclerosis and possible deformity of 
bone contour

4 Large osteophytes, marked narrowing of joint space, 
severe sclerosis and definite deformity of bone contour

Figure 1 Anteroposterior radiographs of a right hip undergoing 
total hip arthroplasty (upper half) and hip resurfacing 
arthroplasty (lower half) demonstrating how the (A) femoral 
length, (B) cup offset and (C) femoral offset were measured 
using four reference points and lines: trans-teardrop line, centre 
of rotation of the femoral head, central axis of the femur and 
medial point of the lesser trochanter

ateral hip arthroplasty, radiographic evidence of grade 2 or 
more changes in the contralateral hip using the Kellgren 
and Lawrence scale17 (Table 1) or inadequate radiographs.

Forty consecutive cases of HRA and forty consecutive 
cases of THA meeting the eligibility criteria were identified. 
There were 28 men and 12 women in the HRA group with a 
mean age of 54 years (range: 42–71 years). There were 13 
men and 27 women in the THA group with a mean age of 68 
years (range: 55–78 years). All operations were performed 
through the posterior approach by a single surgeon with 
extensive experience of both HRA and THA, with the aim 
of correcting leg length discrepancy, restoring offset and 
ensuring joint stability.

The Birmingham Hip Resurfacing™ (Smith & Nephew, 
Memphis, TN, US) system was used for all operations in 
the HRA group. It comprises a cemented femoral head and 
cementless acetabular shell producing a cobalt-chromium 
metal-on-metal articulation. All operations in the THA group 
were performed using the Synergy™ (Smith & Nephew, 
Memphis, TN, US) femoral system, which is a cementless, 
hydroxyapatite-coated, proximally porous stem available in 
standard and high offset versions, and Reflection™ (Smith 
& Nephew, Memphis, TN, US) acetabular system, which is 
a cementless, porous coated shell. All surgeries coupled a 
32mm cobalt-chromium head with a 20° posterior lipped, 
highly cross-linked polyethylene liner; no lateralised liners 
were used.

Radiographic assessment
Anteroposterior radiographs of the pelvis were used for 
assessment. They were obtained using a standardised 
protocol: the patient was supine with feet parallel using a 
100cm focal radiograph distance and the beam aimed at 
the centre of the image plate, which was positioned to in-
clude the iliac crest at its superior edge. The images were 
obtained pre-operatively and at the first annual follow-up 
appointment (mean: 13.1 months, range: 11–14 months). 
All pre-operative radiographs included in this study were 
additionally templated using the IMPAX™ orthopaedic suite 
(Agfa HealthCare, Mortsel, Belgium) to identify levels of 
resection and offer a guide to the expected size of implant 
needed.

The biomechanical parameters were determined with 
widely used methods described by Woolson et al18 and Jolles 
et al19 (Fig 1). Femoral length (used as a surrogate for leg 
length) was defined as the perpendicular distance from the 
trans-teardrop line to the most prominent medial point of 
the lesser trochanter. Cup offset (also known as acetabu-
lar offset) was defined as the distance from the centre of 
rotation of the femoral head to the teardrop along the trans-
teardrop line. Femoral offset was defined as the distance 
from the centre of rotation of the femoral head to the central 
axis of the femur. The total offset was the summation of the 
cup offset and femoral offset.

Measurements were taken of both hips on pre- and post-
operative radiographs by two observers (SP and FH) on two 
occasions at an interval of six weeks.
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Table 2 Difference in biomechanical parameters between the pre-operated and contralateral hip with the data  
split by implant group

Femoral length (cm) Cup offset (cm) Femoral offset (cm) Total offset (cm)

HRA Mean (SD) -0.09 (0.59) 0.35 (0.55) -0.33 (0.77) 0.02 (0.82)

Range -1.40 to 1.12 -1.13 to 1.94 -1.86 to 1.21 -1.58 to 2.24

THA Mean (SD) -0.29 (0.78) 0.04 (0.42) -0.29 (0.58) -0.25 (0.66)

Range -3.72 to 1.13 -0.84 to 1.05 -1.57 to 0.81 -1.43 to 0.77

p-value 0.196 0.003 0.923 0.192

HRA = hip resurfacing arthroplasty; THA = total hip arthroplasty

Table 3 Differences between the mean biomechanical parameters of the post-operative and contralateral hip for hip resurfacing 
arthroplasty

Femoral length (cm) Cup offset (cm) Femoral offset (cm) Total offset (cm)

Operated hip Mean (SD) 4.40 (0.60) 3.93 (0.51) 4.76 (0.92) 8.69 (1.17)

Range 3.40–4.71 2.80–4.98 2.59–6.82 5.88–10.90

Contralateral hip Mean (SD) 4.62 (0.63) 4.29 (0.62) 4.79 (0.84) 9.08 (1.00)

Range 3.23–4.92 2.89–5.30 3.52–7.07 7.03–1.20

p-value 0.268 <0.0001 0.430 0.046

SD = standard deviation

Statistical analysis
Statistical analysis was carried out using MedCalc® ver-
sion 11.3.0 (MedCalc Software, Mariakerke, Belgium). The 
Wilcoxon rank-sum test was used to assess the difference 
in paired measurements. The Mann–Whitney U test was 
used to assess the difference in unpaired measurements. A 
statistical value of p<0.05 was considered to be significant. 
An intra-class correlation coefficient was used to assess the 
agreement among raters (inter-rater reliability) and test–
retest reliability (intra-rater reliability).

Results
The pre-operative hips were on average shorter than 
the normal contralateral side in both HRA (0.09cm) and 
THA (0.29cm) groups but neither group was significantly 
shorter than the other (p=0.196). The mean cup offset was 
larger and femoral offset lower in the diseased hips for both 
groups. While the cup offset was greater in the HRA group 
(0.35cm vs 0.04cm, p=0.003), which contributed to a larger 
total offset (0.02 vs -0.25cm), the final difference once femo-
ral offset was taken in account was not statistically signifi-
cant (p=0.192). In summary, the pre-operative hips in both 
groups had comparable discrepancies in leg length and total 
offset (Table 2).

After surgery, the hips in the HRA group were similar in 
femoral length (p=0.268) but not total offset, which was lower 
on the operated side (8.69 vs 9.08cm, p=0.046). Splitting the 
total offset into its two components shows its failure to recre-

ate cup offset, from which this reduction originates, with the 
mean cup offset 0.36cm lower on the operated hip (Table 3).

Although hips in the THA group remained shorter 
by a mean of 0.22cm, this difference was not significant 
(p=0.059). Like the HRA group, the cup offset was lower on 
the operated hip (3.73cm vs 3.99cm, p=0.017) although, in 
contrast, the total offset was also comparable (8.19cm vs 
8.39cm, p=0.875) (Table 4).

Inter-rater and intra-rater agreement was classed20 as 
good to excellent for all categories (Table 5). It was greatest 
when measuring leg length, which relied on bony land-
marks, rather than offset, which relied on the observers’ 
identification of the femoral head centre and the central 
femoral axis.

Discussion
This study evaluated the differences produced in leg length 
and hip offset after two methods of hip arthroplasty. Our null 
hypothesis was that HRA and THA would be comparable in 
biomechanical correction. However, HRA was found to cor-
rect leg length but not total offset while THA was able to 
correct both these parameters.

There are strengths with this work. We excluded those 
with evidence of joint space narrowing on the contralateral 
limb, which allowed us to determine whether the arthro-
plasty performed restored the hip back to its ‘normal’ state 
in the entire cohort. To further minimise bias against one 
particular group, all operations were performed by a single 
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Table 4 Differences between the mean biomechanical parameters of the post-operative and contralateral hip for  
total hip arthroplasty

Femoral length 
(cm)

Cup offset (cm) Femoral offset (cm) Total offset (cm)

Operated hip Mean (SD) 4.42 (0.88) 3.73 (0.48) 4.46 (0.79) 8.19 (0.91)

Range 2.90–7.26 3.09–4.86 3.34–6.26 6.72–10.73

Contralateral hip Mean (SD) 4.58 (0.53) 3.99 (0.62) 4.38 (0.74) 8.37 (0.99)

Range 3.50–6.08 3.12–5.65 2.90–5.65 6.39–10.42

p-value 0.059 0.017 0.875 0.875

SD = standard deviation

Table 5 Reliability of each biomechanical measure

                         Intra-class correlation coefficient

Inter-rater reliability (95% CI) Intra-rater reliability (95% CI)

Femoral length 0.93 (0.87–0.99) 0.91 (0.86–0.96)

Cup offset 0.83 (0.77–0.89) 0.86 (0.78–0.93)

Femoral offset 0.78 (0.72–0.84) 0.74 (0.69–0.79)

CI = confidence interval

surgeon, thereby minimising surgical variability in deter-
mining bone resection and component positioning. Fur-
thermore, the method of analysis was reproducible between 
observers and on re-testing.

The main limitation of this work is that it is not a ran-
domised study. However, since the indications for HRA are 
more limited following the publication of adverse reports 
in specific patient groups, this was not possible. The refine-
ment in indications is illustrated by the differing patient 
demographics between the two groups: the HRA group 
contained younger patients with a male dominance. To 
minimise variability further in the patient groups, we there-
fore included those only operated on for a single indication: 
osteoarthritis.

An early report of HRA from de Smet et al concluded 
that it met expectations in restoring leg length and offset.21 
These conclusions were based on a single cohort of 310 HRA 
patients and only leg length was measured. Furthermore, 
measurements were pre- and post-surgery of the operated 
hip only. They noted only no clear change in this value and 
did not compare values to those of the contralateral hip.

Silva et al12 compared two similar groups to those in our 
study (HRA versus cementless THA) although the values 
measured differed. They measured horizontal and vertical 
femoral offset to show an 8mm decrease in horizontal offset 
in their HRA group and a 5mm increase in their THA group 
compared to the normal contralateral side. Vertical offset 
increased by 2.4–2.9mm in both groups compared to the 
normal contralateral side. This global increase in offset in 
the THA group may be attributable to the use of a high offset 

femoral implant. In contrast, we used both normal and high 
offset stems, which allowed a further option for anatomic 
reconstruction and may explain why no significant differ-
ence was seen in offset values in our THA group compared 
with the contralateral hip. Concerning leg length, that of  
Silva et al’s HRA group was still shorter by 2mm although it 
was equal in the THA group.

A subsequent randomised study by Girard et al also 
contained a cementless THA group.14 They noted horizontal 
femoral offset significantly larger by 5mm than the contral-
ateral side in the THA group and lower by 3mm in the HRA 
group, with the difference between these values also reach-
ing statistical significance. Final leg length was 3mm longer 
in the THA group and 2mm shorter in the SRA group com-
pared to the contralateral side, with more patients in this 
group falling within the standard deviation. While Silva et al 
thus concluded that there are biomechanical limitations to 
HRA that will not change offset and can only increase length 
by 1cm,12 Girard et al suggested that HRA is more accurate 
for anatomical restoration.14

Other studies evaluating leg length and offset in HRA 
and THA have used cemented implants, either as a hybrid 
system (cemented stem and cementless shell) or dually 
cemented (both stem and cup). Two studies investigating 
hybrid systems13,16 have compared post-operative values 
against pre-operative values of the operated hip to deter-
mine the changes produced by surgery though they agreed 
in only three areas: firstly, that leg length increased after 
both HRA and THA; secondly, that cup offset reduced after 
THA; and thirdly, that femoral offset decreased after HRA.
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Of these two studies, Loughead et al has described using 
the contralateral hip additionally as a control in the method-
ology although they note only that the absolute differences 
between these measures was small in the results.13 It may be 
inferred from this statement that both HRA and hybrid THA 
restored offset and leg length even though no supplemental 
data were presented in the paper to support this. Fully ce-
mented THA was assessed by Robb et al15 in a similar man-
ner to our study although their results do contrast with ours. 
They observed no difference between HRA and cemented 
THA groups for leg length and cup offset when comparing 
the operated and contralateral side. However, femoral and 
total offset were found to be more accurately restored with 
HRA.

It is likely that differences in operative technique to oth-
er study groups contributed towards our differing results. 
In particular, in the HRA group we noted a lower total offset 
than for the normal hip. This came from a lower cup offset, 
which would indicate we have medialised the acetabular 
component. Assuming that medialisation would lead to 
greater acetabular bone resection, it is unclear whether 
this is normal practice. Our results would corroborate early 
published data22 even though other authors argue that an 
equal amount of bone is removed between the two proce-
dures,23 especially in men, and perhaps even less is resected 
in women.24

While loss of bone stock is never desired in any joint 
arthroplasty, the question arises whether medialisation is in 
fact a necessary step in HRA. Risk factors for early failure and 
increased metal ion release include small component size 
and high abduction angle of the acetabular component.25,26 
This can be combated by using a large cup, which in turn 
is facilitated by medialisation to ensure superior coverage 
and thus host bone contact with the screwless, cementless 
implant. Furthermore, medialisation allows the acetabular 
component to be placed in a more shallow inclination for 
the same reasons and also facilitates anterior coverage, 
which should lessen the likelihood of psoas impingement. It 
may therefore be that our practice leads to improved survi-
vorship although this was not evaluated in this study.

Both implants were able to eliminate the pre-existing 
leg length discrepancy. The THA group benefited from the 
availability of different head lengths to achieve this although 
correct assessment of the required height of the neck cut 
was invariably contributory. HRA is not modular and so leg 
length is more difficult to correct. We nevertheless achieved 
length by placing the resection guide proximal to the head–
neck junction at the level templated for on radiographs.

Conclusions
Leg length is restored by HRA and THA. A difference re-
mains in offset in the HRA group although we attribute this 
to intentional medialisation of the acetabular cup.
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