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Hip resurfacing had initially gained acceptance and 
popularity as it helps preserve femoral bone stock. In 
this study we tried to answer the following questions ; 
1. Whether there is a learning curve for hip resurfac-
ing ? 2. Is it present in surgeons from non-developer 
centres ? 3. Is it present in surgeons from developer 
centres as well ?
The Oswestry outcome centre was setup to serve an 
independent international registry for collecting, 
 analysing and reporting outcomes following hip re-
surfacing. Over a 10 year period, 4535 patients 
(5000 hips) were recruited from different countries 
and within the UK from different centres in this study 
by 139 surgeons from 37 different countries.
Our study has shown that function can be used to 
 assess the level of surgical competence. The results 
from this multilevel analysis have helped to answer 
the questions posed in the introduction.
Hip resurfacing is a surgical procedure with a learn-
ing phase and this learning effect is more pronounced 
in non-developer surgeons as compared to developer 
surgeons. Hip scores can be used to assess proficiency 
and competence of surgeons undertaking hip resur-
facing arthroplasty.
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INTRODUCTION

Hip resurfacing had initially gained acceptance 
and popularity as it helps preserve femoral bone 
stock. It also provides better range of motion which 

translates into active sports participation. So far 
good results have been reported from developer 
s urgeons (1,18) but similar results have not been 
achieved by the non-developer surgeons (2,7,8). One 
of the reasons cited for this difference is that 
 surgeons from non-developer centres are still in a 
learning phase (12,15) and thus have more complica-
tions as compared to surgeons from developer 
centres.Operativetechniquecanhaveamajorinflu-
ence on post-operative hip function and post-opera-
tive pain score can be used to assess the improve-
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ment in surgical technique (11). We used serial 
post-operative hip scores after each procedure as an 
indicator of surgical technique.

In this study we tried to answer the following 
questions.

1. Whether there is a learning curve for hip resur-
facing ?

2. Is it present in surgeons from non-developer 
centres ?

3. Is it present in surgeons from developer centres 
as well ?

PATIENTS AND METHODS

The Oswestry outcome centre was setup to serve an 
independent international registry for collecting, analys-
ing and reporting outcomes following hip resurfacing. 
Over a 10 year period, 4535 patients (5000 hips) were 
recruited from different countries and within the UK 
from different centres in this study by 139 surgeons from 
37 different countries. All patients were entered in this 
study after written informed consent and demographic 
and clinical details of each were provided by the respec-
tive operating surgeon. These details were stored on a 
secure electronic database in the outcome centre and pa-
tients were followed annually in context of function, 
complications, revision and death. This was done via a 
standard questionnaire which included a Harris hip 
score (6)modifiedforpatientself-assessment.Thisques-
tionnaire was divided into separate domains of pain, mo-
bility, range of motion and satisfaction. The patient de-
tails were always kept up to date by postal, telephonic 
and electronic channels. In case the patients did not post 
a reply, they were either contacted via email or telephone 
and any change in address was updated. In case this 
failed the respective surgeons were contacted and they 
helped to restore communication. This helped to make 
sure that minimum patients were lost to follow-up. All 
patients were operated using the Birmingham Hip Resur-
facing implant (Smith & Nephew, Warwick, UK). This 
study was approved by the institutional review board.

The data was checked for errors and normality. Out of 
139 surgeons in this cohort, two surgeons were involved 
in design, development and improving surgical technique 
of the implant. On this basis the cohort was divided into 
two groups with one group containing developer  surgeons 
and other group comprised of non-developer surgeons. 
The non-developer cohort included only those surgeons 
who had done at least 40 procedures, thus the number of 

surgeons in this group was 25. The data was analysed 
comparatively in terms of function, complications and 
implant survival. We used Kaplan Meier method (9) to 
analyze implant survival and log rank test to compare 
survival between the two groups. In this study each 
 patient reported a functional score annually after their 
operation up to the latest follow-up. This data is called a 
nested repeated measure where the scores are nested 
within each patient. The patients in turn may be nested 
within each surgeon who operated upon them. Simple re-
gression techniques are not capable to analyse data to see 
the effect of different levels. Therefore, we used a new 
method which encompasses this technique and is called 
hierarchical regression or multilevel modelling.

Multilevel data has been shown to be clustered and 
correlated within each level e.g. the scores of patients 
following hip arthroplasty will tend to correlate with 
each other for every single patient. Similarly, if the pa-
tients have been operated by different surgeons then pa-
tient means will tend to correlate with each other for each 
individual surgeon. Using normal regression techniques 
for such data is possible by modelling a separate term for 
eachsurgeon.Thiscanbeconsideredinefficientasitin-
volvesestimationofmanymorecoefficientsthanamul-
tilevel analysis and does not provide any information 
about variation among surgeons. The simple regression 
techniques are unable to recognize the multilevel nature 
of this data and thus unable to quantify the variance due 
each level. This might lead to underestimation of stan-
dard errors which might result in an effect when there is 
no real effect. Another advantage of multilevel model-
ling over repeated measures ANOVA is that the latter is 
unable to handle missing values in data and thus tends to 
delete the whole observation (4,5,10,16). Multilevel mod-
elling is capable of handling this and this helps to use all 
the available data for analysis.

Inthisanalysisweusedfirstyearscoresfollowinghip
resurfacing as an indicator of surgical technique. The 
data was sorted for each surgeon in ascending fashion 
based on the procedure date. This gave us serial scores 
for each surgeon. These scores were considered as level 
one and the surgeon was considered as level two. The 
number of procedures done by developer surgeons was 
greater as compared to the non-developer surgeons. This 
could have resulted in some shift towards the developer 
surgeons, thereforewechoseonlyfirst 500procedures
fromeachofthedevelopersurgeon.Inthefirstmodelwe
lookedattheeffectofeachindividualprocedureonfirst
year scores. This model can be considered as level one 
model. In the next step we added second level with sur-
geons but the score for each surgeon was allowed to vary 
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randomly between the surgeons. This is also called as the 
random intercept model where scores for each surgeon 
have a different intercept but similar slope. In the next 
model we allowed the scores to vary within each surgeon 
and thus added a random slope for each surgeon. This 
modelisalsocalledrandomcoefficientsmodel.

All statistical analysis was done using Stata SE 9.0 
(Stata Corp, Texas, US) and MLWIN 2.02 software 
package (Centre for Multilevel Modelling, Bristol, UK). 
A p value of less than equal to 0.05 was considered 
significantinallanalysis.

RESULTS

2391 were operated by developer surgeons and 
2144 by trainee surgeons. The mean age in devel-
oper group was 53.2 years (16.7-84.4) and 52.7 
years (15.8-87.8) in trainee group. The mean fol-
low-up was 8.5 years (5.7-10.8) and 8.1 years (5.5-
10.8) in developer and trainee groups. The pre op 
HHS improved from 58 to 95 at 1 year in developer 
group and from 59 to 91 in trainee group. There was 
a significant difference between scores in both

groups with developer group scoring 3.8 points 
higher than other group (p < 0.001). There were 50 
failures in developer group with 13 neck fractures 
and 3 aseptic loosening. The trainee group had 104 
failures with 38 fractures. The implant survival was 
significantlydifferentinbothgroupswith96.0%vs.
95%(p<0.001)(Fig.1).

In the level one model we observed that the mean 
score at year one post-operative was 90.8 which had 
asignificantpositiveincrementof0.011aftereach
procedure (p < 0.001).
Thenextmodelshowedabetterfitas-2Loglike-

lihood changed from 16118.51 to 16035.38 and this 
change was significant (p<0.001). In this model
the variance was separated into patient or procedure 
level and surgeon level and surgeon accounted for 
8.5% variance in the score whichwas significant
(p < 0.001). The change in score after each proce-
durewas still 0.010and significant.Using the re-
sults from this analysis we plotted the predicted 
scores against the number of procedures (Fig. 2). 
The resulting plot showed an increase after each 

Fig. 1. —Implantsurvivalwas96.8%indevelopersurgeonsascomparedto94%innondevelopersurgeons.
Thisdifferencewassignificant(p=0.0025).
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Interestingly, the developer surgeons did have a 
high intercept but a low slope, which meant that 
even developer surgeons had a learning effect, 
 although the slope was very low as compared to 
non-developer surgeons.

DISCUSSION

Themodified harris hip score is considered re-
lated to the success of the surgical technique, how-
ever it is still related to the initial pathology as it is 
a functional outcome score based around pain, mo-
bility, range of movement, and satisfaction. There-
fore, it is actually the improvement in the score that 
is of greatest importance as opposed to the solitary 
values of the score.

Our study has shown that function can be used to 
assess the level of surgical competence. The results 
from this multilevel analysis have helped to answer 
the questions posed in the introduction. We have 
seen that there is learning effect in surgeons under-
taking hip resurfacing. This seems to be justified
given that hip resurfacing is a new procedure. There 

procedure which meant that after each procedure 
the patient had a higher score. This relates to a 
learning effect in surgical technique. In the next 
model(randomcoefficients)theslopeforeachsur-
geonvaried.Thismodelhadabetterfitascompared
to random intercept model as log likelihood 
decreased to 16026.82, which was significant
(p < 0.025). In this model the variance matrix calcu-
lates a new value, the covariance between intercept 
variance and slope variance. This covariance was 
negative (-0.023) which means that a higher inter-
cept will result in a low slope and vice versa. This 
means that the scores will tend to converge after 
number of procedures. The results from this model 
were used to plot predicted scores with a random 
slope for each surgeon (Fig. 3).

In the second plot the scores for each surgeon are 
seen to increase with increasing number of proce-
dures and converge. This means that as the number 
of procedures increase the surgical technique is im-
proving.

In this model we included all the surgeons 
 irrespective of being a developer or non-developer. 

Fig. 2. — Random intercept model showing predicted scores for each surgeon following consecutive resurfacing procedures. The red 
line represents the overall mean for the whole cohort and blue lines correspond to individual surgeons. The slope of lines is positive 
which means that as the number of procedures increase, the hip score improves.

aulakh-.indd   400 29/09/14   11:16



Acta Orthopædica Belgica, Vol. 80 - 3 - 2014

 hiP resurfAcing ArthroPlAsty 401

completed hip scores are designed to measure these 
subjective changes. Complications and subsequent 
revision rates have been used to assess learning 
 effect in hip resurfacing arthroplasty. One common-
ly used method is Cumulative Summation analysis 
of failures following a surgical procedure (3,13,19). 
In our cohort that would involve separate analysis 
for each surgeon,which canbe considered ineffi-
cient as compared to a multilevel analysis of hip 
scoreswhicharereflectiveofthesurgicaltechnique.
It is vital to differentiate between a complication 
and revision as all complications do not proceed to 
revision. In such a case, although the joint has not 
been revised, the complication will have a negative 
effect on the function. A functional score is resul-
tant of the clinical and biomechanical state of a hip 
joint and can be used to assess surgical procedures 
and quantify trainee competence.

In summary, hip resurfacing is a surgical proce-
dure with a learning phase and this learning effect is 
more pronounced in non-developer surgeons as 

is a learning effect, not only in non-developer sur-
geons but also in the developer surgeons. Although, 
the gain in score after each procedure is very low in 
developer surgeons as compared to non-developer 
surgeons.

A recent study reported learning curve for hip re-
surfacing using pre and post op radiographs (14). 
The authors measured femoral and acetabular 
 component position using the neck shaft angle and 
acetabular inclination respectively. They showed an 
improvement in component positioning with subse-
quent resurfacings. Similar results were also report-
ed by Witjes et al (19) who compared cup angles 
betweenfirst10resurfacingsandsubsequentproce-
dures. Using radiographs for assessment of surgical 
technique is strongly confounded by the presence of 
intra and inter-observer variability. If the compo-
nents are not aligned biomechanically, the dynam-
ics of the joint will be affected to a similar degree 
and will be apparent as symptomatic pain, limp or 
decreasedabilitytoundertakeaspecifictask.Patient

Fig. 3. — Random slope model showing predicted scores for each surgeon. The red line is the overall mean for whole cohort and blue 
lines represent individual surgeons. As the number of procedures increase, the lines tend to converge. This may point towards the 
number of procedures required to overcome the learning phase.
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be used to assess proficiency and competence of
 surgeons undertaking hip resurfacing arthroplasty.

REFERENCES

1. Amstutz HC, Beaule PE, Dorey FJ, Le Duff MJ, 
 Campbell PA, Gruen TA. Metalon-metal hybrid surface 
arthroplasty : Two to six year follow-up study. J Bone Joint 
Surg (Am) 2004 ; 86 : 28-39.

2. Back DL, Dalziel R, Young D, Shimmin A. Early results 
of primary Birmingham hip resurfacing ; an independent 
prospectivestudyof thefirst230hips.J Bone Joint Surg 
(Br) 2005 ; 87 : 324-9

3. Colquhoun PHD. CUSUM analysis of J-pouch surgery 
reflects no learning curve after board certification.J Can 
Chir 2008 ; 15 (4) : 296-99.

4. Gilthorpe MS, Cunningham SJ. The application of multi-
level, multivariate modeling to orthodontic research data. 
Community Dent Health 2000 ; 17 (4) : 236-42.

5. Goldstein H, Browne W, Rasbash J. Multilevel modeling 
of medical data. Stat Med 2002 ; 21 (21) : 3291-315.

6. Harris WH. Traumatic arthritis of the hip after dislocation 
and acetabular fractures : Treatment by mold arthroplasty. 
J Bone Joint Surg (Am) 1969 ; 51 (4) : 737-55.

7. Heilpern GNA, Shah NN, Fordyce MJF. Birmingham 
hip resurfacing arthroplasty ; A series of 110 consecutive 
hips with a minimum five-year clinical and radiological
follow-up. J Bone Joint Surg (Br) 2008 ; 90 : 1137-42.

8. Hing CB, Back DL, Bailey M, Young DA, Dalziel RE, 
Shimmin AJ. The results of primary Birmingham hip re-
surfacingsatameanoffiveyears.J Bone Joint Surg (Br) 
2007 ; 89 : 1431-8.

9. Kaplan E, Meier P. Nonparametric estimation from in-
complete observations. J Am Stat Assoc 1958 ; 53 : 457-81.

aulakh-.indd   402 29/09/14   11:16




