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Measuring Improvement 
Following Total Hip and Knee 

Arthroplasty Using Patient-Based 
Measures of Outcome

BY ROBERT G. MARX, MD, MSC, FRCSC, EDWARD C. JONES, MD, MA, NAWAL C. ATWAN, AB, 
ROBERT F. CLOSKEY, MD, EDUARDO A. SALVATI, MD, AND THOMAS P. SCULCO, MD

Investigation performed at The Hospital for Special Surgery, New York, New York

Background: Patient-derived outcome scales have become increasingly important to physicians and clinical re-
searchers for measuring improvement in function after surgery. The goal of the present study was to evaluate the abil-
ity of health-status instruments to measure early functional recovery after total hip and total knee arthroplasty.

Methods: Four hundred and six patients undergoing total hip arthroplasty and 266 patients undergoing total knee ar-
throplasty completed health-status questionnaires preoperatively and six months postoperatively to determine the
standardized response mean. In the second phase of the study, a group of patients undergoing knee and hip arthro-
plasty were evaluated with several instruments before and after surgery to test for postoperative ceiling effects.

Results: The standardized response mean at six months was 1.7 for the MODEMS Hip Core, 1.2 for the MODEMS
Knee Core, and 1.5 and 1.1 for the Physical Component Summary of the SF-36 for patients managed with hip and
knee replacement, respectively. A standardized response mean of 1.0 is generally satisfactory for measuring im-
provement in orthopaedic surgery. In Phase 2 of the study, the vast majority of patients who had a score of 95 to 100
(that is, a maximum or near-maximum score) on the joint-specific scales generally believed that the hip or knee was
normal and could not be better.

Conclusions: The MODEMS, Oxford, and WOMAC scales all demonstrated a ceiling effect following total knee and to-
tal hip arthroplasty. These scores likely reflected the patients’ perception of the status of the knee or hip rather than
an inability to measure their improvement beyond the highest possible score. The Physical Component Summary
score of the SF-36 had similar standardized response means when compared with hip and knee-specific instruments,
and, therefore, consideration should be given to using this scale without a joint-specific scale for the measurement of
improvement following total knee and total hip replacement, as a way to decrease responder burden (that is, the time
required to complete the questionnaires).

atient-derived outcome scales have become increas-
ingly important to physicians and clinical researchers
for measuring improvement in function after sur-

gery1,2. Hunsaker et al. collected population-based normative
data on the eleven American Academy of Orthopaedic
Surgeons musculoskeletal outcomes scales, including the
MODEMS (Musculoskeletal Outcomes Data Evaluation and
Management System) Hip/Knee Core scale3. In that study,
the sensitivity of the MODEMS Hip/Knee Core scale to
meaningful clinical change following the treatment of hip
and knee disorders was not determined3. This information is
important for the comparison of different clinical interven-
tions for the hip and knee and the long-term evaluation of
patients.

Among the many hip and knee outcome-rating scales
that have been developed to evaluate patients, the MODEMS
Hip/Knee Core instrument is commonly used for patients
undergoing total hip and total knee replacement3. This scale
was validated by the American Academy of Orthopaedic Sur-
geons4; however, we are aware of no published studies that
have assessed the effectiveness of the MODEMS Hip/Knee
Core scale in detecting clinically meaningful improvement fol-
lowing total hip or knee arthroplasty5.

The purpose of the first phase of the present study was
to evaluate the responsiveness of the Hip/Knee Core scale to
clinical change at six and twelve months after total hip and to-
tal knee arthroplasty. A ceiling effect was noted in this first
phase; that is, many patients received the maximum score (or
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close to the maximum score) on the scale. The purposes of the
second phase of the study were to determine (1) whether this
ceiling effect occurred with other rating scales following total
hip and knee arthroplasty and (2) whether these elevated
scores accurately reflected the way the patients felt about the
status of the involved hip or knee.

Materials and Methods
Phase 1

his study included preoperatively collected data on 406
patients undergoing total hip arthroplasty and 266 pa-

tients undergoing total knee arthroplasty. Osteoarthritis was
the primary diagnosis in all but eight patients, who had a pri-
mary diagnosis of rheumatoid arthritis based on International
Classification of Diseases, Ninth Revision (ICD-9) coding.
The mean age of the patients undergoing knee replacement
was seventy years (range, twenty-eight to ninety years) at the
time of surgery, and 62% (165) of these patients were women.
The mean age of the patients undergoing hip replacement
was sixty-six years (range, twenty-one to ninety years) at the
time of surgery, and 53% (214) of these patients were women.
The MODEMS Hip/Knee Core scale and the SF-36 general
health-status instrument were administered to all patients be-
fore surgery and six months after surgery. Consecutive patients
managed by two surgeons (E.A.S., T.P.S.) were evaluated, cov-
ering the range of symptoms and disability seen in our institu-
tion. Two hundred and sixteen of the patients undergoing hip
replacement and 108 of the patients undergoing knee replace-
ment also completed the questionnaires twelve months after
surgery.

The MODEMS Hip/Knee Core scale was developed to
measure hip and knee pain and the overall impact of a
pathological condition on daily function. The instrument
comprises seven patient-reported multiple-choice questions.
Patients receive a score of 0 to 100 points on the MODEMS
Hip/Knee Core scale, with 100 being the best possible score6.
The SF-36 comprises thirty-six items that measure general
health in eight subscales. This instrument is widely used in
conjunction with region-specific questionnaires in orthopae-
dics7-11. A Physical Component Summary score and a Mental
Component Summary score can be derived from the SF-3612-15.
The standardized response mean (the observed change
divided by the standard deviation of change) was used to cal-
culate responsiveness. The standardized response means for
validated orthopaedic instruments generally have ranged from
0.9 to 1.916.

The data from the questionnaires were entered by man-
ually scanning the forms with use of a digital scanner. The
data were analyzed with use of SPSS software (version 11.0;
SPSS, Chicago, Illinois) for personal computers.

Construct validity analysis was conducted with use of
the baseline MODEMS Hip/Knee Core scale data for both the
patients undergoing hip replacement and those undergoing
knee replacement. The term validity defines whether the in-
strument actually measures what it is intended to measure17.
The eight subscales of the SF-36 scale were used to determine

construct validity. It was hypothesized that the MODEMS
Hip/Knee Core scale would correlate better with the physical
function, role-physical, and bodily pain subscales than with
the general health, vitality, social function, role-emotional,
and mental health subscales according to the Spearman corre-
lation coefficient.

Phase 2
In Phase 1, a ceiling effect was noted. While medical data often
have a skewed distribution, Phase 2 of the study was per-
formed to determine (1) whether such scores are also seen
with other instruments following total hip arthroplasty and
total knee arthroplasty and (2) whether these elevated scores
are valid.

To ensure that we had a sufficient number of patients
who had a score of at least 95 points on the scales, we planned
to recruit at least fifty patients undergoing knee arthroplasty
and at least fifty undergoing hip arthroplasty. A sample-size
calculation was not required because the analysis was purely
descriptive. Two additional cohorts of patients undergoing to-
tal hip arthroplasty or total knee arthroplasty were recruited,
and these patients were evaluated at baseline (sixty-six and
fifty-eight patients, respectively), at the six-month follow-up
(sixty-six and fifty-eight patients, respectively), and at the
twelve-month follow-up (forty-eight and forty-six patients,
respectively). The mean age of the additional patients under-
going hip arthroplasty was sixty-eight years (range, forty-
three to ninety years), and 56% (thirty-seven) of these patients
were women. The mean age of the additional patients undergo-
ing knee arthroplasty was sixty-nine years (range, forty-two to
ninety years), and 62% (thirty-six) of these patients were
women. As in Phase 1, consecutive patients were evaluated. The
patients undergoing total knee arthroplasty completed the
MODEMS outcome tool as well as the Oxford and WOMAC
instruments. The patients undergoing total hip arthroplasty
completed the MODEMS and Oxford scales. All patients com-
pleted the SF-36 at all follow-up points.

In order to determine if the ceiling effect was valid, pa-
tients in Phase 2 of the study were asked, “Is there room for
improvement in your hip/knee function?,” “Could your hip/
knee be better?,” and “Does your hip/knee feel normal?” at the
time of the twelve-month follow-up. As the concept of ceiling
is essentially binary in the context of a continuous measure,
we employed these three binary questions in an attempt to de-
termine if a perfect (or nearly perfect) score accurately re-
flected the way the patient felt about the status of the involved
hip or knee.

Patients who received the maximum score as well as
those who received a score of between 95 and 100 points on a
100-point scale (or the equivalent on the Oxford scale) were
studied to determine how they answered the three additional
questions. The hypothesis was that patients who received the
maximum score (or close to it) would state that the involved
hip or knee was normal, that it could not be any better, and
that there was no room for improvement and function. It was
thought that, if these patients answered in the hypothesized
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fashion, then the ceiling effect noted in our study was valid for
the scale in this patient population.

Results
Phase 1

he MODEMS Hip/Knee Core instrument detected sub-
stantial improvement in health-related quality of life at

six months postoperatively. The patients managed with hip
arthroplasty demonstrated greater improvement on this scale
compared with those managed with knee arthroplasty. The
standardized response means for the patients managed with
hip arthroplasty were 1.7 for the MODEMS Hip Core, 1.5 for
the SF-36 Physical Component Summary score, and 0.3 for
the SF-36 Mental Component Summary score. The standard-T

Fig. 1

Bar graph showing the baseline and six-month follow-up SF-36 Physical Component Summary (PCS) scores for the 406 pa-

tients managed with total hip arthroplasty.

TABLE I Rating Scale Scores for Hip and Knee Arthroplasty Patients

Instrument Mean Score Standard Deviation Lowest Score Highest Score

Total hip arthroplasty 

MODEMS Hip Core

Baseline (n = 406) 59.2 16.3 8.0 100.0

6 Months (n = 406) 88.9 10.3 43.0 100.0

12 Months (n = 216) 88.9 11.4 38.0 100.0

SF-36 Physical Component Summary

Baseline (n = 406) 30.1 8.3 13.0 54.0

6 Months (n = 406) 45.5 10.3 17.0 65.0

12 Months (n = 216) 45.6 10.0 16.0 64.0

Total knee arthroplasty

MODEMS Knee Core

Baseline (n = 266) 58.3 15.7 6.0 95.0

6 Months (n = 266) 79.9 15.2 25.0 100.0

12 Months (n = 108) 83.1 14.4 39.0 100.0

SF-36 Physical Component Summary

Baseline (n = 266) 28.8 8.2 10.0 54.0

6 Months (n = 266) 41.7 10.8 15.0 62.0

12 Months (n = 108) 43.7 10.6 17.0 59.0
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ized response means for the patients managed with knee ar-
throplasty were 1.2 for the MODEMS Knee Core, 1.1 for the
SF-36 Physical Component Summary score, and 0.2 for the
SF-36 Mental Component Summary score. A standardized re-
sponse mean of 1.0 is generally satisfactory for measuring im-
provement in orthopaedic surgery.

The MODEMS Hip/Knee Core scale exhibited a ceiling
effect in the evaluation of patients managed with hip replace-
ment. Of the patients managed with hip replacement, 17%
(sixty-seven) received a score of 100 points (the maximum
score) and a total of 35% (144) received a score of 95 points at
the time of the six-month follow-up (Fig. 1).

The ceiling effect was less evident for the patients man-
aged with knee replacement, although the distribution of the
six-month scores was also severely skewed to the right (Fig. 2).
Of the patients managed with knee replacement, 9% (twenty-
four) received a score of 100 points and 19% (fifty) received a

score of 95 at the time of the six-month follow-up.
The skew of data was even greater at twelve months post-

operatively both for the patients managed with hip replace-
ment and for those managed with knee replacement. A total of
24% (fifty-one) of the patients managed with hip replacement
and 16% (seventeen) of the those managed with knee replace-
ment who completed the questionnaires at twelve months re-
ceived a score of 100 points on the MODEMS Hip/Knee Core
scale. A total of 38% (eighty-two) of the patients managed with
hip replacement and 27% (twenty-nine) of those managed
with knee replacement who completed the questionnaires at
twelve months postoperatively received a score of 95 points on
the MODEMS Hip/Knee Core scale.

The change in the mean scores on the MODEMS Hip/
Knee Core instrument from six months to twelve months
postoperatively for the subset of patients who completed the
questionnaires at twelve months was very small, which is con-

TABLE II Percentage of Patients Receiving Maximum or Near-Maximum Scores on Condition-Specific Instruments at Six and 
Twelve Months Following Total Hip Arthroplasty or Total Knee Arthroplasty 

Instrument

Percentage of Patients Receiving a 
Score of 100 (or Equivalent)

Percentage of Patients Receiving a 
Score of 95-100 (or Equivalent)

6 months 12 months 6 months 12 months

Total hip arthroplasty 

MODEMS 12% (8 of 66) 19% (9 of 48) 30% (20 of 66) 38% (18 of 48) 

Oxford 9% (6 of 66) 17% (8 of 48) 39% (26 of 66) 52% (25 of 48) 

Total knee arthroplasty

MODEMS 5% (3 of 58) 15% (7 of 46) 14% (8 of 58) 28% (13 of 46)

Oxford 5% (3 of 58) 7% (3 of 46) 14% (8 of 58) 22% (10 of 46)

WOMAC 7% (4 of 58) 4% (2 of 46) 17% (10 of 58) 20% (9 of 46) 

Fig. 2

Bar graph showing the baseline and six-month follow-up SF-36 Physical Component Summary (PCS) scores for the 266 pa-

tients managed with total knee arthroplasty.
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sistent with the findings reported in other studies following
hip surgery18. The mean score for the patients managed with
hip replacement remained the same, whereas the mean score
for the patients managed with knee replacement improved by
3.2 points (Table I). The Physical Component Summary score
of the SF-36 increased by 0.1 point for the patients managed
with hip replacement and by 2.0 points for those managed
with knee replacement (Table I). As expected, the magnitude
of the change in the mean outcome scores between baseline
and six months postoperatively was much greater than the
magnitude of the change in the mean outcome scores between
six and twelve months postoperatively (Table I).

All eight subscales of the SF-36 were positively corre-
lated with the MODEMS Hip/Knee Core scale for both the pa-
tients managed with hip replacement and those managed with
knee replacement. The physical function and bodily pain sub-
scales correlated better with the MODEMS Hip/Knee Core
scale than any of the other subscales did (physical function,
r = 0.64 for patients managed with hip replacement and r =
0.48 for those managed with knee replacement; bodily pain,
r = 0.67 for patients managed with hip replacement and r =
0.63 for those managed with knee replacement). The role-
physical subscale correlated well with the MODEMS Hip/
Knee Core scale (r = 0.38 for patients managed with hip re-
placement and r = 0.35 for those managed with knee replace-
ment), but the social function and vitality subscale scores
correlated as well, or nearly as well, for both groups (social
function, r = 0.51 for patients managed with hip replacement
and r = 0.43 for those managed with knee replacement; vital-
ity, r = 0.42 for patients managed with hip replacement and
r = 0.34 for those managed with knee replacement).

Phase 2
For all scales, at both six and twelve months after surgery,
the percentage of patients who received maximal scores and
the percentage of patients who received scores of between
95 and 100 points (normalized for all scales to a 100-point
scale) were similar on the basis of the small numbers avail-
able (Table II).

Patients also were asked, at twelve months postopera-
tively, if the involved hip or knee “feels normal.” The vast ma-
jority of patients who received either a score of 100 points or
of between 95 and 100 points on all scales following both total
hip arthroplasty and total knee arthroplasty responded “yes”
(Table III). Similarly, a small minority responded “yes” to ei-
ther “Is there room for improvement in function of your hip/
knee?” or “Could your hip/knee be better?” (Table III).

Discussion
esponsive outcome instruments for total hip and knee re-
placement are important for clinical research and quality-

of-care studies. They are also required because prospective
orthopaedic clinical research often involves differentiating
small improvements in patient outcomes. For example, the
difference in outcome between patients who undergo poste-
rior cruciate ligament-sacrificing compared with posterior
cruciate ligament-retaining total knee replacement may be rel-
atively difficult to detect.

While condition or joint-specific instruments generally
have been found to be more responsive than generic health-
status tools19-21, the MODEMS Hip/Knee Core Scales did not
demonstrate significantly greater improvement for patients
managed with total hip or knee arthroplasty, with the numbers

R

TABLE III Patient Scoring on Questions 2, 3, 4 at Twelve-Month Follow-up

Procedure, Instrument, 
and Score

Question*

Does Your Hip/Knee 
Feel Normal?

Is There Room for 
Improvement in Function?

Could Your Hip/Knee 
be Better?

Total hip arthroplasty

Maximum score

MODEMS (100 points) 9/9 1/9  0/9

Oxford (100 points) 7/8 2/8  1/8

Maximum or near-maximum score

MODEMS (95-100 points) 17/18 2/17  0/18

Oxford (95-100 points) 22/25 4/25  2/25

Total knee arthroplasty

Maximum score

MODEMS (100 points) 5/7 1/7  1/7

Oxford (100 points) 3/3 0/3  0/3

WOMAC (100 points) 2/2 0/2  0/2

Maximum or near-maximum score

MODEMS (95-100 points) 10/13 1/13  1/13

Oxford (95-100 points) 8/10 1/10  1/10

WOMAC (95-100 points) 8/9 0/9  0/9

*The data are given as the number of patients who answered yes, followed by the total number of patients who answered the question.
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available, at six months of follow-up, compared with the Physi-
cal Component Summary score of the SF-36. At six months
postoperatively, the standardized response mean for the MO-
DEMS Knee Core was 1.2 and the Physical Component Sum-
mary Score of the SF-36 was 1.1 for the patients managed with
knee replacement, whereas it was 1.7 for the Hip Core and 1.5
for the Physical Component Summary score of the SF-36 for
the patients managed with hip replacement, findings that are
similar to those in other published reports22. The MODEMS
Hip/Knee Core Scale fulfilled our hypotheses for construct va-
lidity as it correlated well with overall health as measured by
the SF-36. The role-physical subscale of the SF-36 correlated
less well with hip and knee-specific disability (r = 0.38 and
0.35, respectively) than did the physical function subscale (r =
0.64 and 0.48, respectively) and the bodily pain subscale (r =
0.67 and 0.63, respectively) as the latter two subscales are more
relevant to patients with hip and knee disorders.

The distribution of the MODEMS Hip/Knee Core
scores was skewed to the right at six months postoperatively
for patients managed with total hip and total knee replace-
ment. This postoperatively skewed distribution has not been
described previously, to our knowledge. This “ceiling effect,”
coupled with the standardized response mean, which was
equivalent to that of the Physical Component Summary score
of the SF-36, was considered to possibly indicate that the
MODEMS instruments were not more responsive to detect
improvement following lower extremity joint replacement
surgery. These two observations (the lack of responsiveness
compared with the Physical Component Summary of the SF-
36 and the ceiling effect) are probably related because more
than one-third of the patients managed with total hip arthro-
plasty had perfect, or nearly perfect, scores at six months
postoperatively.

After Phase 1 of this study, it was not clear whether a
perfect (or nearly perfect) score on the MODEMS Hip/Knee
Core Instrument following joint replacement was truly indic-
ative of full functional recovery. Many patients are generally
believed to have continued improvement beyond six months,
which may not be detected by this scale if the patients have
already achieved the highest possible rating. Although the
mean scores for patients managed with hip and knee replace-
ment increased very little from six to twelve months postop-
eratively, the ceiling effect was even greater at twelve months
for both groups. Therefore, we wanted to investigate whether
this skewed distribution was indeed valid, that is, whether pa-
tients with high scores indeed believed that their outcome
was excellent.

To determine whether this ceiling effect was present with
other scales, and to assess whether the high scores noted at one
year postoperatively were valid, Phase 2 of this study was car-
ried out prospectively in two additional cohorts of patients un-
dergoing total hip arthroplasty and total knee arthroplasty.

In Phase 2 of the study, the Oxford and WOMAC scales
demonstrated ceiling effects similar to the MODEMS. At six
and twelve months, the ceiling effect for patients managed
with knee replacement was less than that for patients managed

with hip replacement. This is consistent with findings that
early functional recovery is slower for patients managed with
knee replacement than for those managed with hip replace-
ment23. The increase in the magnitude of the ceiling effect
from six to twelve months following surgery was greater for
the patients managed with knee replacement than it was for
those managed with hip replacement. This is also consistent
with findings that greater improvement is generally realized
for patients managed with knee arthroplasty during the six to
twelve-month postoperative interval24,25.

While the hip and knee-specific scales were all found to
have substantial ceiling effects, this finding probably was a re-
flection of the patients’ outcome and not a reflection of the
tools themselves. Although the sample size was small, the pa-
tients’ responses to the three additional questions in Phase 2
of the study suggest that there is a subset of patients who at-
tain what they believe to be a perfect or nearly perfect hip or
knee-related health status at twelve months following surgery.
For these individuals, further improvement with regard to
their hip or knee symptoms and disability is not thought to be
possible, either because of their low demands and expecta-
tions or the relief from their severe preoperative symptoms.
Therefore, the skewed distribution of the MODEMS scores
postoperatively and the finding that the standardized response
mean of the MODEMS was similar to that of the Physical
Component Summary of the SF-36 in Phase 1 may be a reflec-
tion of the way that the patients truly feel rather than of an in-
ability to measure improvement beyond a certain level of
function and pain.

The Physical Component Summary score of the SF-36
had a similar measure of responsiveness (standardized re-
sponse mean) as the disease-specific measures that were
studied and also was correlated with all joint-specific scales
for patients managed with both hip and knee arthroplasty.
Additionally, the distribution of the postoperative Physical
Component Summary scores was less skewed. Therefore, the
Physical Component Summary of the SF-36 may be suffi-
cient to evaluate patients following total hip arthroplasty and
total knee arthroplasty without a disease-specific instrument.
This is due to the fact that the SF-36 has many items that are
relevant to low-demand physical activities that involve the
lower extremities, such as walking and other daily activities.
However, there is no downside to using a knee or hip-specific
instrument in addition to the SF-36, aside from increased re-
sponder burden (that is, the time required to complete the
questionnaires). �
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