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Demographic Biases Found in Scoring 
Instruments of Total Hip Arthroplasty 

M a r k  R. B r i n k e r ,  M D , * ] - $  P e t e r  J. L u n d ,  M D , *  

D e n n i s  D. C o x ,  P h D , §  a n d  R o b e r t  L. B a r r a c k ,  M D *  

Abstract: Four hip scoring systems were used in evaluating 200 adult subjects 
who had no prior history of injury, pathologic condition, or treatment of the hips, 
knees, lower extremities, or spine. All subjects were in the age range typical of a 
total hip arthroplasty candidate (average age, 65 years; range, 50-100 years). In 
addition to a physical examination, complete demographic data were collected on 
each subject. Data were recorded on standardized flow sheets so that hip scores 
could be calculated; scores were normalized by dividing the observed scores by the 
maximum possible score. The average normalized total hip scores were Harris hip 
score, 90.8%; modified Harris hip score, 91.9%; Merle D'Aubigne score, 93.9%; 
and Hospital for Special Surgery hip rating, 87.5%. Demographic variables that had 
a significant negative correlation with hip scores included advanced age (particu- 
larly past age 85), an income below the poverty level, and the presence of two or 
more major medical conditions. Differences in hip scores between different study 
groups that have not been matched for various clinically relevant factors ("case 
mix") are at least as likely to represent differences in the patient populations as dif- 
ferences in surgical technique or implant design. Hip scores may decline over the 
course of a I0- to 20-year follow-up period due to the change in a patient's age 
and/or medical condition rather than any factor relating to the hip arthroplasty. 
Key words: hip scoring system, total hip arthroplasty, demographics biases. 

Currently, approximately 120,000 primary total 
hip arthroplasties (THAs) are performed in North 
America each year [1]. With the increasing con- 
cerns related to the rising cost of health care (and 
the need for cost conta inment  and cost-effective- 
ness), there has been a growing interest in out- 
come studies [2-4], and the need for validated 
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scoring instruments as a means of measuring out- 
comes has been recognized [5-101. 

Over the past four decades, numerous  scoring 
systems have been used to assess the preoperative 
and postoperative status of individuals undergoing 
THA by assigning numerical  scores based on a vari- 
ety of factors, including pain, function, activities, 
and range of motion. These numerically based 
instruments have provided a basis for comparison 
of differing disease processes, patient populations, 
and types of treatment.  Because these scoring sys- 
tems are relatively convenient  to use, they have 
enjoyed widespread approval th roughout  the 
orthopaedic communi ty  and have been the gold 
standard for clinical investigation of hip arthro- 
plasty over the last 30 years. 

A number  of recent studies, however,  have criti- 
cally analyzed various commonly  used hip scoring 
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instruments .  Many  of these studies have con- 
cluded that these instruments do not use standard- 
ized terminology and lack validation [7,8,11-18].  
Gross defined the terms internal validity and exter- 
nal validity [8]. A scoring system is internally valid 
if there  is small observer  variability for a given 
populat ion,  such as the scoring system described 
by Johanson  e t  al. [9]. A scoring system is exter- 
nally valid only if it controls for differences 
be tween  study populations.  

Differences be tween  study populat ions might 
include risk factors (confounding variables) which 
have an unrecognized effect on the scores of sub- 
jects enrolled in a Study. Greenfield defined the 
te rm case mix as "the features that increase the risk 
of a bad outcome or influence the choice of treat- 
ment"  [3]. The au thor  fur ther  no ted  that "the pur- 
pose of case-mix adjustment  is to separate the 
effects of the care given t rom those of the preexist- 
ing heal th status and other  factors (such as age and 
soc ioeconomic  status) that  affect ou tcome m e a -  
sures" [3]. Although this p h e n o m e n o n  has been 
recognized [8,17], the effect of clinically relevant  
factors on numerical ly  based hip scoring systems 
has not  been previously delineated. 

The purpose of this investigation was to define 
the effect, if any, of clinically relevant  factors (such 
as age, sex, race, relative body weight, socioeco- 
nomic status, and number  of major  medical condi- 
tions) on numerical ly  based hip scores. We chose 
to do this by examining a group of subjects who  
had not  undergone  hip arthroplasty, to eliminate 
the effects of care given (hip surgery) on the out- 
come measures to be studied. To the best of our  
knowledge,  such a study has not  previously been 
repor ted in the literature. 

Materials and Methods 

A total of 373 volunteers, age 50 or older, were 
interviewed and screened by one of us (M.R,B,f 
prior to inclusion into the study group. A total of 
173 volunteers were excluded from the study 
because they (1) were unable to walk, (2) had 
sought t reatment  of hip or knee pain at any time in 
the past, (3) had a known  disease of the spine, (4) 
had a musculoskeletal abnormality of the lower 
extremities, (5) had a history of surgery of the 
spine, hips, or knees, (6) had a prior injury or 
pathologic condition of the lower extremities 
(other than  peripheral  vascular disease). Volun- 
teers were  recruited through communi ty  groups, 
churches and synagogues, and bulk mailers dis- 
tributed throughout  Louisiana. All volunteers were 
recruited (by offering free examinations) without  

knowledge of the intent or purpose of the study or 
the type of history or physical examination to be 
performed. Every effort was made not  to introduce 
bias into our recruitment to ensure that our  study 
group of 200 subjects was representative of the pop- 
ulation at large. With respect to age, sex distribution, 
and prevalence of major medical conditions, a thor- 
ough review of the medical literature produced only 
one published series [19] reporting all of these data 
in patients undergoing THA. Our study group was 
comparable to this series in terms of age and sex 
distribution and prevalence of hypertension; the 
prevalence of coronary artery disease and chronic 
obstructive pulmonary  disease was less in our group 
as compared with a group of total hip patients 
reported by Koide et al. [19]. We would use this fact 
as evidence that our recrui tment  strategy was not  
more likely to have less healthy people respond. 
Two hundred  of 373 volunteers met  the eligibility 
criteria and underwent  a detailed medical history 
and examination of their lower extremities. 

A detailed medical history was performed for all 
200 subjects by one of us (M.R.B.) and a physical 
examinat ion was performed by a team of nine 
orthopaedic surgery residents; a pres tudy work- 
shop was a t tended by each of these residents 
where  all terms and techniques and methods  of 
examinat ion were agreed on. Subjects were ques- 
t ioned regarding medical conditions, cigarette and 
alcohol use, prescription medications, and socioe- 
conomic factors including family size and annual  
income. Subjects were  also quest ioned about  func- 
tional activities, walking ability, and hip pain. 

The average age of all subjects was 65.5 years 
(range, 50-100 years); there were 57 m e n  and 143 
women.  The distribution of race was 154 white 
and 43 black; this distribution approximates that of 
Louisiana. Two of our  subjects were of Hispanic 
descent and one was of Asian descent. Because of 
the small numbers  of Hispanic and Asian subjects 
in our  study, no specific conclusion can be made 
on these ethnic groups. Men weighed an average 
of 86 kg (range, 65-124 kg) and w o m e n  averaged 
70 kg (range, 43-109 kg). The average heights of 
m e n  and w o m e n  were 177 cm (range, 152-193 
cm) and 163 cm (range, 140-180 cm), respectively. 
Each subject's relative body weight was classified, 
based on height by the me thod  of Stern and Insall 
[20], as underweight ,  normal  weight, mildly obese, 
moderate ly  obese, or severely obese as determined 
by the 1983 Metropoli tan Life Insurance Company 
table. In this study, none  of our  subjects (0%) were 
underweight ,  120 (60.0%) were of normal  weight, 
56 (28.0%) were mildly obese, 16 (8.0%) were  
modera te ly  obese, and 3 (1.5%) were severely 
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obese. Five of our subjects (4 men  and 1 woman)  
could not  be classified because of short stature to 
the extent  that their height was not  found on the 
1983 Metropoli tan Life Insurance Company table. 
An overview of the medical conditions reported by 
our  subjects is shown in Table 1. A major medical 
condition was defined as any condition that could 
potentially limit daily activities or ambulation; 
these conditions were defined by the consensus of 
a committee of 10 physicians. Overall, 61 subjects 
(30.5%) had one major medical condition, 40 
(20.0%) had two, 10 (5.0%) had three, 9 had four, 
and 3 had five major  medical conditions. Eleven 
subjects had a history of steroid use related to a 
major medical condition. Thirty-five of 143 w o m e n  
(24.5%) had had a hysterectomy. 

Overall, 147 subjects (73.5%) took prescription 
medications for medical conditions; 78 subjects 
(39.0%) were taking cardiovascular medications. 
Seventy-one subjects (35.5%) had a past history of 
smoking cigarettes. At the time of our examination,  
only 24 subjects (12.0%) cont inued to smoke. The 
overall pack-year history for all smokers averaged 
35 pack-years (range, 1-130 pack-years). Regarding 
alcohol consumption, 52 subjects (26.0%) drank 
only socially, 14 (7.0%) had fewer than three 
drinks per day, and 1 (0.5%) had three or more 
drinks per day. 

The average yearly family income of all respond- 
ing subjects (193 of 200) was $23,800 (range, $0-  
$111,000). For the purpose of assessing whe the r  a 
subject's family income was below the pover ty  

Table 1. Overview of Medical Conditions 
(n = 200 Subjects) 

No. (%) 
Medical Conditions of Subjects 

Major 
Hypertension 70 (35.0) 
Malignancy 27 (13.5) 
Angina pectoris 24 (12.0) 
Coronary artery disease 22 (11.0) 
Diabetes (requiring daily medication) 20 (10.0) 
Renal disease 13 (6.5) 
Peripheral vascular disease 11 (5.5) 
Asthma (requiring daily medication) 10 (5.0) 
Chronic obstructive pulmonary disease 8 (4.0) 
Cerebrovascular accident (in past) 7 (3.5) 
Myocardialinfarction (in past) 6 (3.0) 
Liver disease 4 (2.0) 
Sickle cell disease 0 
Pulmonary embolism 0 

Other 
Miscellaneous 107 (53.5) 
Hypothyroidism 19 (9.5) 
Deep venous thrombosis (in past) 7 (3.5) 
Tuberculosis (in past, inactive) 3 (i.5) 

level [21], complete data regarding family size and 
income were available for 181 subjects (90.5%). Of 
these 181 subjects, 46 (25.4%) had family incomes 
below the pover ty  level [21]. A total of 143 sub- 
jects (71.5%) had some form of medical insurance. 

Physical examinations were  performed at three 
examinat ion specific stations. Each of the nine resi- 
dents (3 residents at each of the 3 examinat ion-  
specific stations) per formed the same unique spe- 
cific tasks for each of the 200 subjects. For 
example, arc of passive mot ion  measurements  
were per formed on bilateral lower extremities, by a 
team of three residents, using a goniometer  and 
were recorded to the closest 5 ° . One resident 
manipula ted the lower extremity, one made mea- 
surements  using a goiniometer, and one recorded 
the data. Hip flexor and abductor muscle strength 
were graded as normal,  good, fair, poor, trace, or 
none  [22]. 

Data were recorded on standardized flow sheets 
so that  the following four hip scores could be cal- 
culated: Harris hip score [23], modified Harris hip 
score [24], Merle D'Aubigne score [25], and Hospi- 
tal for Special Surgery hip rating [26]. These repre- 
sent the most commonly  used hip rating scales in 
the orthopaedic literature. A comparison of the 
m a x i m u m  total and component  scores possible for 
the four hip scoring systems studied is shown in 
Table 2. A hip score was calculated for the right 
and left hips of each subject. For each subject, we 
used the average of right and left hip scores as a 
single score for statistical analysis. 

Statistical analysis was performed with Student's 
t-test, chi-square test, and analysis of variance 
using the SAS statistical package (SAS, Cary, NC). 
Results were judged significant if the P value was 
less than  or equal to .05, and we have included P 
values or upper  bounds the reon  wherever  avail- 
able. W h en  making multiple comparisons, we 
looked at the results f rom Tukey's studentized 
range (a variant of Newman-Keuls) ,  Bonferroni,  
and Scheffe. In fact, all three methods gave identi- 
cal conclusions in all cases at the .05 level of signif- 
icance. For the purpose of statistical analysis, hip 
scores and component  scores (pain, function/activ- 
ities, range of motion) were normalized by dividing 
the observed score by the m a x i m u m  possible score. 
For example,  a subject with a total score of 12 and 
a pain score of 3, by the me thod  of Merle 
D'Aubigne, would have a normalized total score of 
67% (12 + 18) and a normalized pain score of 50% 
(3 :- 6). The data were analyzed to determine the 
effect of clinically relevant  factors (ie, age, sex, 
race, relative body weight, socioeconomic status, 
and number  of major  medical  conditions) on nor- 
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Table 2. Comparison of the Maximum Total and Component Scores Possible for Four Hip Scoring Systems [23-26] 

Hip Function Deformity Range of 
Scoring System Total Score Pain Score Activities Score* Score Motion Scorer 

Harris hip score 100 
Modified Harris hip score 100 
Merle D'Aubigne score 18 
Hospital for Special Surgery hip rating 40 

44 47 4 5 
44 46 5 5 

6 6 0 6 
I0 20 0 10 

*Function/activities for the Merle D'Aubigne score was taken to be the equivalent of "ability to walk" [25]. Function/activities for 
The HospitaI for Special Surgery hip rating was taken to be the equivalent of the sum of "walking" plus "function" [26]. J-Range of 
motion for the Merle D'Aubigne score was taken to be the equivalent of "mobility" [25]. Range of motion for The Hospital for Special 
Surgery hip rating was taken to be the equivaIent of "muscle power and motion" [26]. 

realized total scores. A similar analysis was per-  
formed to de te rmine  the effect of clinically re levant  
factors on normal ized  c o m p o n e n t  scores (pain, 
function/activit ies).  We selected these clinically rel- 
evant  factors because they  were  believed to be the 
most  likely to have  an effect on hip scores. We 
acknowledge that  a variety of o ther  variables could 
have  been  studied, and in this regard, our  study 
should be considered preliminary.  

Results 

The average total and component  scores and nor- 
malized total and componen t  scores for all 200 sub- 
jects are shown in Table 3. Normalized total scores 
were significantly higher by the method  of Merle 
D'Aubigne as compared with scores of The Hospital 
for Special Surgery hip rating (P > .05). Normalized 
pain scores were highest for the modified Harris hip 
score, whereas  normalized function/activities and 
range of mot ion scores were highest for the Merle 

D'Aubigne score. The distribution of normalized total 
scores for all four hip scoring systems is shown in 
Table 4. Normalized total scores of 90 to 100 were 
seen in 81.5% of subjects by the method  of Merle 
D'Aubigne, 73.0% using the modified Harris hip 
score, but in only 67.5% of subjects using the Harris 
hip score and Hospital for Special Surgery hip rating. 
Data regarding pain and function/activities are sum- 
marized in Table 5. 

The averages and ranges for passive arcs of hip 
mot ion were  flexion, 104 ° (range, 75°-130°); abduc- 
tion, 42 ° (range, I5°-65°); adduction, 29 ° (range, 
10°-50°); external rotation, 37 ° (range, 15°-60°); 
and internal rotation, 2 6  ° (range, 0°-60°). 

A total of 46 subjects (23.0%) repor ted  that  their  
ambula t ion  was limited by one or more  factors. 
Ambula t ion  was limited in 19 subjects (9.5%) 
because of a medical  condit ion that  manifests  as 
shortness of breath,  chest pain, or generalized 
weakness .  Ambula t ion  was limited in 23 subjects 
(11.5%) because of a musculoskeletal  complaint  
such as hip or knee  pain  or stiffness, muscle  weak-  

100% 
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Table  4. Dis t r ibut ion  of Normal ized Total Scores Four  Hip 
Scoring Systems (n = 200 Subjects) 

Modified Merle Hospital for 
Normalized Total Harris Hip Harris Hip D'Aubigne Special Surgery 
Hip Score Score (%) Score (%) Score (%) . Hip Rating (%) 

90-100 135 (67.5) 146 (73.0) 163 (81.5) 135 (67.5) 
80-89 33 (16.5) 26 (13.0) 22 (11.0) 24 (12.0) 
70-79 15 (7.5) 15 (7.5) 7 (3.5) 24(12.0) 
<70 17 (8.5) 13 (6.5) 8 (4.0) 17 (8.5) 

ness ,  or  fa t igue;  a m b u l a t i o n  was  l im i t ed  in  fou r  
a d d i t i o n a l  subjec ts  (2 .0%)  b e c a u s e  of b o t h  a m e d i -  
cal c o n d i t i o n  a n d  a m u s c u l o s k e l e t a l  comp la in t .  

Table 5. Data Regarding Pain and Function~Activities 
in a Normal  Popula t ion  of Older  Adul t s  

Category Proportion (No.) 

Pain* 
None 65.0% 
Slight 12.8% 
Mild 11.0% 
Moderate 8.2 % 
Marked 1.0% 
Totally disabling 2.0% 

FunctiontActivitiest 
Limp 

None 82.5% 
Slight 14.0% 
Moderate 2.0 % 
Severe 1.5% 

Support 
None 92.5 % 
Cane for long walks 1.5% 
Cane most of the time 3.0% 
One crutch 0.5 % 
Two canes 4.5% 
Two crutches 0.0% 
Unable to walk 0.0% 

Ambulation 
Unlimited 77.0 % 
Six blocks 6.0% 
Three blocks 11.5% 
Indoors 0.5 % 
Bed and chair 5.0% 

Stairs 
Normally 65.5 % 
With railing 30.5 % 
Any manner 2.5 % 
Unable 1.5 % 

Putting on shoes and socks 
With ease 91.5% 
With difficulty 8.0% 
Unable 0.5 % 

Sitting 
Any chair, 1 hour 87.0% 
High chair 10.0% 
Unable to sit comfortably 3.0 % 

Public transportation 
Able to use 95.5% 
Unable to use 4.5% 

(260) 
(51) 
(44) 
(33) 

(4) 
(8) 

165) 
(28) 

(4) 
(3) 

(185) 
(3) 
(6) 
(1) 
(5) 
(0) 
(0) 

(154) 
(12) 
(23) 

(1) 
(10) 

(131) 
(61) 

(5) 
(3) 

(183) 
(16) 

(1) 

(174) 
(20) 

(6) 

(191) 
(9) 

*n = 400 hips. tn  = 200 subjects. 

A n  ana lys i s  of n o r m a l i z e d  to ta l  scores by  subjec t  
age  .is s h o w n  in F igure  1. Signif icant  di f ferences  in  
n o r m a l i z e d  to ta l  scores w e r e  seen  b e t w e e n  age 
groups  for each  of the  four  h ip  scor ing systems,  w i t h  
o lde r  subjects  h a v i n g  l o w e r  scores (P < .0002).  Fur -  
t he r  analysis  r e v e a l e d  tha t  the  over-85  age g roup  
h a d  s ignif icant ly  l o w e r  scores t h a n  all o t h e r  age 
groups;  h o w e v e r ,  n o  s ignif icant  di f ferences  w e r e  
obse rved  a m o n g  the  u n d e r - 8 5  age groups  (P > .05). 
These  f indings  w e r e  seen  for all four  h ip  scor ing sys- 
t e m s .  No signif icant  di f ferences  in n o r m a l i z e d  com-  
p o n e n t  pa in  scores  we re  seen  b e t w e e n  age groups  
for each  of the  fou r  h ip  scor ing sys tems (P > .10); 
howeve r ,  s ignif icant  di f ferences  in  n o r m a l i z e d  com-  
p o n e n t  func t ion /ac t iv i t i e s  scores w e r e  seen  b e t w e e n  
age groups ,  w i t h  the  over-85  age g roup  h a v i n g  
l o w e r  scores for each  of the  four  h ip  scor ing sys tems 
(P < .05) (Fig. 2). 

A n  ana lys i s  of n o r m a l i z e d  to ta l  scores  by  sub jec t  
sex  is s h o w n  in F igu re  3. Overa l l ,  n o  s ign i f ican t  
d i f fe rences  in  n o r m a l i z e d  to ta l  scores  w e r e  s een  
b e t w e e  n m e n  a n d  w o m e n  for e a c h  of t h e  fou r  h ip  
scor ing  sy s t e ms  (P > .10). A s imi la r  s i t u a t i o n  
e x i s t e d - r e g a r d i n g  n o r m a l i z e d  c o m p o n e n t  scores  
a n d  sex  (P > .10). Similar ly ,  n o  s ign i f i can t  differ-  
ences  in  n o r m a l i z e d  to ta l  or  c o m p o n e n t  scores  
w e r e  s een  b e t w e e n  t h e  five classes of r e l a t ive  b o d y  
w e i g h t  [20] (P > .37). 

W h e n  s o c i o e c o n o m i c  fac tors  w e r e  a n a l y z e d ,  an  
i n t e r a c t i o n  was  p r e s e n t  b e t w e e n  race  a n d  i n c o m e .  
A n  ana lys i s  of n o r m a l i z e d  to t a l  scores  b y  race  a n d  
i n c o m e  leve l  r e v e a l e d  n o  s ign i f i can t  d i f f e r ences  in  
h ip  scores  b a s e d  o n  race  a l o n e  for  all  f ou r  h ip  
sco r ing  sy s t e ms  (P > .49), b u t  s ign i f i can t ly  l o w e r  
scores  in  sub jec t s  b e l o w  t h e  p o v e r t y  l eve l  for  al l  
f ou r  sco r ing  sy s t e ms  (P < .05) (Fig. 4). A n  ana lys i s  
of n o r m a l i z e d  c o m p o n e n t  scores  b a s e d  o n  i n c o m e  
l eve l  is s h o w n  in  F igu re s  5 a n d  6. Subjec t s  w i t h  
f a m i l y  i n c o m e s  b e l o w  t h e  p o v e r t y  l eve l  t e n d e d  to 
h a v e  s ign i f i can t ly  l o w e r  n o r m a l i z e d  c o m p o n e n t  
p a i n  scores  for  all  f ou r  sco r ing  sy s t e ms  (P < .03) 
(Fig. 5) a n d  s ign i f i can t ly  l o w e r  n o r m a l i z e d  c o m -  
p o n e n t  f u n c t i o n / a c t i v i t i e s  scores  for  t h e  Har r i s  h ip  
score  a n d  the  m o d i f i e d  Harr i s  h ip  score  (P < .02) 
(Fig. 6). 
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An analysis of normalized total scores by medical 
conditions is shown in Figure 7. Significant differ- 
ences in normalized total scores were observed 
between subjects based on the number  of major 
medical conditions they had. Subjects with two or 
more major medical conditions had significantly 
lower normalized total scores for all four hip scor- 
ing systems (P < .0002). This relationship persisted 
w h e n  we accounted for income level (P < .0003) 
and age (P < .003), suggesting that the number  of 
major medical conditions is an important  predictor 
of hip scores. An analysis of normalized compo- 
nent  scores based on medical conditions is shown 
in Figures 8 and 9. Subjects with two or more 
major medical conditions tended to have signifi- 
cantly lower normalized componen t  pain scores 
for all four scoring systems (P < .02) (Fig. 8) and, 
likewise, significantly lower normalized compo- 
nent  function/activities scores (P < .03) (Fig. 9). 
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Fig. 3. No significant differences in normalized total 
scores were seen between men and women for each of 
the four hip scoring systems (P = .57). 

Discussion 

Results of this investigation suggest that several 
clinically relevant factors do indeed have a signifi- 
cant effect on the total and component  scores of 
numerically based hip scoring systems. Factors that 
have a significant effect on hip scores include sub- 
ject age, family income, and medical conditions. 
Factors that do not appear to have a significant 
effect on hip scores include subject sex, race, and 
relative body weight. 

In this investigation, subject age had a significant 
effect on all four total hip scores and also compo- 
nent  function/activities scores. Insler et al. [27] 
and Ilstrup et al. [28] have reported their similar 
findings of lower hip scores in older patients, and 
Constant has reported poorer  shoulder function in 
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Fig. 4. Significant differences in normalized total scores 
were seen between impoverished and nonimpoverished 
subjects. Subjects with family incomes below the poverty 
level had significantly lower normalized total scores for 
the Harris hip score (*P = .012), modified Harris hip score 
(*P = .004), Merle D'Aubigne score (*P = .041), and Hos- 
pital for Special Surgery hip rating (*P = .009). 
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Fig. 5. Significant differences in normalized component 
pain scores were seen between impoverished and non- 
impoverished subjects. Subjects with family incomes 
below the poverty level had significantly lower 
normalized component pain scores for the Harris hip 
score (*P = .025), modified Harris hip score (*P = .003), 
Merle D'Aubigne Score (*P = .001), and Hospital for 
Special Surgery hip rating (*P = .003). 

his older patients  recovering f rom injuries of the 
shoulder  [6]. Al though it is clear that  none  of the 
subjects in our  s tudy have  been  followed longitudi- 
nally to observe individual changes in total and 
function/activit ies scores over  time, the significant 
t rend of lower  scores observed in our  older subjects 
suggests a d iminut ion  in funct ion and  total hip 
scores wi th  aging. In this investigation, normal ized  
total Harris hip scores averaged 94.8% for subjects 
66 to 70 years of age as compared  wi th  only 86.6% 
for subjects 81 to 85 years; normal ized c o m p o n e n t  
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Fig. 6. Significant differences in normalized compo- 
nent function/activities scores were seen between 
impoverished and nonimpoverished subjects for the 
Harris hip score (*P = .014) and the modified Harris hip 
score (*P = .01). No significant differences in normal- 
ized function/activities scores were seen between 
impoverished and nonimpoverished subjects for the 
Merle D'Aubigne score (P = .66) or Hospital for Special 
Surgery hip rating (P = .068). 

function/activit ies scores averaged 96.9% and 
81.8% for these age groups, respectively. Conclu- 
sions d rawn f rom 10- or 20-year  fol low-up out-  
come studies of patients  wi th  THAs mus t  be t em-  
pered  by the fact that  an observed decline in hip 
scores m a y  represent  the natura l  morbidi ty  of 
aging in a pat ient  wi th  an otherwise  wel l - funct ion-  
ing arthroplasty. 

No significant relationship was observed be tween  
sex and total or componen t  hip scores or relative 
body weight  and hip scores. Likewise, no significant 
relationship existed be tween  race and hip scores; 
however,  we did observe a significant relationship 
be tween  race and socioeconomic status to the effect 
that  a greater  relative propor t ion of black subjects 
were  impover ished as compared  with whites. This 
observat ion has been  repor ted by other  authors  
[29,30]. W h e n  assessing the effect of clinical factors 
on hip scores, care mus t  be taken so as not  to draw 
false conclusions based on confounding variables 
such as race and socioeconomic status. 

A significant relationship was observed in our  
group regarding socioeconomic status and hip 
scores. Impover ished subjects had significantly 
lower total and componen t  pain scores for all four 
scoring systems and lower componen t  function/ 
activities scores for the Harris hip score and modi-  
fied Harris hip score. A n u m b e r  of authors have 
addressed the complex relationship be tween  socioe- 
conomic status and wellness [29,31-37]. Adler et al. 
have noted that  "socioeconomic status is a strong 
consistent predictor of morbidi ty and p remature  
mortali ty" {29]. Syme and Berkman  [38] have fu r -  
ther noted  that individuals in lower socioeconomic 
groups tend to have  higher disability, morbidity, and 
mortali ty rates [36]. The three most  recognizable 
components  of socioeconomic status include income 
level, education, and occupational status [29]. In 
this investigation, we chose to use income level as 
our  determinant  of socioeconomic status because 
this information is quantifiable and was readily 
available for most  of our  subjects. Adler et al. have 
suggested that  the poorer  overall heal th seen in 
lower socioeconomic groups is related to health risk 
behaviors (smoking, alcohol, etc.), differential expo- 
sure to physical and social situations, stress, and 
control over  work  circumstances [29]. It is likely 
that m a n y  of these mechanisms had a role in affect- 
ing hip scores in our  study group; in this investiga- 
tion, subjects of lower socioeconomic status (impov- 
erished subjects) tended to report  more  pain and 
less function. Although the complex relationship 
be tween socioeconomic factors and hip scores 
remains somewhat  obscure, it is clear that income 
level has an effect on total scores and componen t  
pain and function/activities scores that  mus t  be 
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Fig. 7. Significant differ- 
ences in normalized total 
scores were seen between 
subjects based on the num-  
ber of major medical condi- 
tions they had. Subjects with 
two or more major medical 
conditions had significantly 
lower normalized total scores 
for all four hip scoring sys- 
tems (P < .0002). 
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Fig. 9. Significant differ- 
ences in normalized compo- 
nent  function/activities scores 
were seen between subjects 
based on the number  of 
major medical conditions 
they had. Subjects with two 
or more major medical 
conditions had significantly 
lower normalized compo- 
nent  function/activities scores 
for the Harris hip score (P < 
.0001), modified Harris hip 
score (P < .0002), Merle 
D'Aubigne score (P = .01i), 
and Hospital for Special 
Surgery hip rating (P = .026). 
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accounted for when  reporting outcomes of patients 
with THAs. 

We observed a significant relationship between 
hip scores and the number  of major medical condi- 
tions subjects had. Subjects with two or more 
major medical conditions tended to have lower 
total scores as well as lower componen t  pain and 
function/activities scores. Charnley recognized the 
importance of factoring medical conditions into hip 
evaluations w h e n  he described category C patients 
as those having "conditions directly impairing the 
act of walking," and noted that patients of different 
categories should not  be compared [38]. Liang et 
al. have noted the importance of medical condi- 
tions as a comorbidity and have stated "concurrent  
active medical or operative problems may be asso- 
ciated with pain or with loss of function, poten- 
tially confounding the outcome of total hip arthro- 
plasty" [17]. Results of this investigation support 
this thought  insofar as our subjects with two or 
more  major  medical conditions reported more pain 
and poorer  function and had lower hip scores. 

Conclusion 

The practice of blindly comparing series of THAs 
to draw conclusions about  disease processes, surgi- 
cal techniques, or implant designs based on hip 
scores should be reconsidered. Results of this 
investigation suggest that problems related to dif- 
ferences in patient populations represent con- 
founding variables and that the case-mix must  be 
accounted for (using a case-mix adjustment) [3] if 
comparisons be tween study groups are to be 
meaningful.  
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