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ABSTRACT

Purpose: Total hip arthroplasty (THA) surgery is one of the
most common orthopedic procedures performed on individu-
als with end-stage osteoarthritis of the hip.This study: (1) com-
pared temporal spatial gait parameters and quality of life (QOL)
scores of individuals with unilateral total hip arthroplasty (THA)
to those of healthy older adults ages 65 to 85 years and (2) ex-
plored the relationship between the variables. Methods: Three
dimensional motion analysis was used to calculate walking ve-
locity, cadence, stride length, single support time, and double
support time. All participants completed the Medical Outcome
Survey Short Form 36 Health Survey (SF 36®) to measure health
related QOL subscales. Results: The individuals with THA
walked slower (P =.005) with a longer double support phase (P
=.02) and rated physical functioning (P < .0001) and role physi-
cal scores (P = .001) lower than the healthy older adults. For
all subjects combined, a positive correlation was identified be-
tween walking velocity and physical functioning (P =.001), role-
physical scores (P =.001) and bodily pain (P =.001); a negative
correlation was identified between double support time and
role physical score (P =.002) and bodily pain (P =.002). Conclu-
sion: Individuals who undergo THA surgery have gait deficits
that relate to physical subscales of the SF36%®. These findings
provide guidance for physical therapy interventions focused on
gait performance after THA.
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INTRODUCTION
Total hip arthroplasty (THA) surgery is one of the most
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common orthopedic procedures; 168,000 THA surgeries were
performed in the United States in 1999." Individuals with
end-stage osteoarthritis of the hip have documented walking
problems and seek THA surgery for relief of pain and improved
mobility.”® Improved functional recovery, quality of life (QOL),
and decreased pain following THA surgery are well document-
ed.”"" Recovery of normal walking velocity and limb symme-
try remains controversial as reported in studies of individuals 3
to12 months postsurgery.'”>'” Currently, the average length of
stay in an acute care hospital for elective unilateral THA is 3 to
5 days and may not necessarily be followed by further physical
therapy in an acute rehabilitation facility, subacute rehabilita-
tion facility, out-patient setting, or at home.*'®'¢ The American
Physical Therapy Association has documented the prognosis for
rehabilitation from a joint replacement for 80% of the patients
without surgical complications to be within a 6-month period
with the range of 12 to 60 treatments. When engaging in gait
training interventions, physical therapists should also consider
health-related QOL when evaluating treatment effectiveness.

Health-related QOL as rated on the Medical Outcome Sur-
vey Short Form 36-item Health Survey (SF 36®) has been used
to examine the outcomes of THA through pre- and postsurgery
assessments.”?!" Jones et al'® compared SF 36° scores to gen-
eral population data in the existing literature; however, the au-
thors did not compare their results to an age-matched control
group.

The purposes of this investigation were to: (1) compare tem-
poral spatial gait parameters of individuals following unilateral
THA to healthy controls, ages 65-85, (2) compare scores on the
SF 36® between these 2 groups, and (3) test for relationships
between temporal spatial gait parameters and SF 36® QOL sub-
scales across groups.

METHODS

This study applied a cross-sectional design with a conve-
nience sample of 32 individuals. Half of the participants un-
derwent a THA and were compared to a healthy control group.
Study approval was granted by the Institutional Review Board
of The Kessler Medical Rehabilitation Research and Education
Corporation, and by the Institutional Review Board of New York
University. All participants read and signed the institution ap-
proved consent form prior to data collection.
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Participants

Thirty-two volunteers, ages ranging from 65 to 85 years and
walking without an assistive device, participated in the study.
The participants were recruited from the New Jersey and Penn-
sylvania area via institution approved flyers posted within the
institution’s physical therapy departments and distributed to
potential study participants by individual physical therapists.
Participants with THA fulfilled the following inclusion criteria:
history of osteoarthritis, minimum of 2 months post THA, full
weight bearing status, no other lower limb musculoskeletal
diagnosis, and completion of formal rehabilitation. Individuals
volunteering for the healthy group fulfilled the following inclu-
sion criteria:no history of joint arthroplasty or chronic musculo-
skeletal problemsin the lower limbs. Participants were excluded
if they:had 2 or more falls within the past month, experienced a
new cardiac or neurological condition within the past 6 months,
had severe osteoporosis, or took prescribed medications caus-
ing dizziness (to avoid the confound of other system failure)."”
Age, weight, height, and lower-limb length were recorded for
all participants. Additionally, body mass index was calculated
using weight and height.

Gait Analysis

Gaitanalysis was conducted using the Vicon™ Motion Analy-
sis System (Workstation version 3.0), an infrared camera system
designed to record 3D human motion.This system has demon-
strated good reliability both within and between test days.”
A Vicon™ standard 27 marker set was used as was a sampling
frequency of 120 Hz. Participants completed 10 normal walk-
ing speed trials with their typical walking shoes on the 30-foot
walkway. The first 3 trials having the most optimal marker vis-
ibility were processed, averaged, and used for data analysis.
Vicon™ Clinical Manager Software was used to calculate tem-
poral spatial gait parameters including: velocity, stride length,
cadence, single support time, and double support time.

Quality of Life Measure

Each participant completed the SF 36® developed by Ware,
a self-assessment questionnaire of health-related QOL.%*° There
are 8 subscales represented in the SF 36®: physical functioning,
role physical, bodily pain, general health, vitality, social func-
tioning, role-emotional, and mental health. Reliability has been
documented for all 8 subscales (coefficients = .68 to .93).%° Addi-
tionally, content validity and criterion validity have been estab-
lished and published for the SF-36®.2° The procedure for scor-
ing the SF36® was followed according to Ware,? the raw scores
for each subscale are transformed to yield a score between 0 to
100. This transformed score represents the percentage of the
total score possible for each subscale.? The score range repre-
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sents 0 as the lowest and 100 represents the highest QOL.* The
SF-36® is most commonly examined in 2 ways, either through
mental and physical component scores or by the 8 subscales
individually. 2 For the purposes of this study the SF-36® was
evaluated using the 8 subscale approach.

Statistical Methods

All data analysis was conducted using SPSS version 11.0 for
Windows (SPSS Inc, Chicago, lll). Participant demographic char-
acteristics were summarized using conventional descriptive sta-
tistics.Gait parameters were examined through 2 statistical tests.
First,a one-way multivariate analysis of variance (MANOVA) was
conducted to test for differences between sides in lower limb
temporal spatial gait parameters (left versus right lower limb
and operated versus non-operated lower limbs). Second a one-
way MANOVA was conducted to examine if differences existed
in temporal spatial gait parameters between the 2 groups (THA
and healthy). A one-way MANOVA was performed to compare
SF 369 scores between groups. The alpha level for the MANOVA
tests was set at .05. To examine possible relationships between
the walking parameters and the SF 36® scores, Pearson Product-
Moment Correlations were calculated. The critical alpha level
for the correlations was set at .01 to reduce the probability of a
Type | error.

RESULTS
Subjects

The study included a group of 16 individuals with unilat-
eral THA, 9 women and 7 men, and a group of 16 healthy older
adults, 11 women and 5 men.THA participants completed their
outpatient physical therapy in suburban rehabilitation centers
of Northern New Jersey. No difference was found between the
2 groups for age, weight, height, lower limb length, and body
mass index (Table 1).

Of the individuals with THA, 14 had cemented surgery allow-
ing weight bearing as tolerated immediately postsurgery and 2
had noncemented surgery permitting weight bearing as toler-
ated by the third or fourth month postsurgery. Ten individu-
als underwent a left THA and 6 underwent a right THA. Ten of
the subjects were tested at 2 to 3 months postsurgery. The 2
individuals with noncemented surgery were tested at 4 and 5
months postsurgery. The remaining 3 subjects that underwent
cemented THA surgery were tested at 6 and 7 months postsur-
gery and 2 years postsurgery.

Gait Parameters

Temporal spatial characteristics are compiled in Table 2.
No differences were found between left and right lower limbs
or operated and nonoperated lower limbs for any parameter.



Table 1. Subject Characteristics

Group Gender Age (years) Height (cm) Weight (kg) Body Mass
Index (kg/m?)
Mean + SD Mean +SD Mean = SD Mean + SD
Healthy Older Adults 5 Male 740+5.7 161.4+11.8 70.1+15.7 26.8+4.8
(N=16) 11 Female
Individuals with THA 7 Male 70942 1656+ 8.7 746+ 16.3 27.0+4.3
(N=16) 9 Female
Table 2. Walking Characteristics for Lower Limb of Each Group
Walking Characteristic Healthy Group THA Group
Mean +SD Mean +SD
Left Right Operated Nonoperated
Velocity 1.3+ 0.2 1.3+ 0.2 1.1+ 0.2 1.1+ 0.2
(m/s)
Cadence 1127 £ 125 1133 +13.0 1049 +£10.5 1043 + 11.1
(steps/min)
Stride Length 1.3+ 0.2 1.3+ 0.2 1.2+0.1 1.2+ 0.2
(m)
Single Support 04+ 0.1 04 + 0.04 0.4+ 0.04 04 + 0.04
Time (s)
Double Support 04+ 0.1 03+ 0.1 04+ 0.1 04 = 0.1
Time (s)

Therefore, the average of the 2 lower limbs was used for the
subsequent MANOVA used for the comparison between the
groups. The results of the MANOVA for the effect of group on
the temporal spatial gait parameters are listed in Table 3. The
mean velocity was significantly slower (P = .005) for the THA
group (1.1 £ .2 m/s) than for the healthy group (1.3 £ .2 m/s).
The cadence of the THA group (104.6 + 10.8 steps/min) was sig-
nificantly less (P < .05) than that (113.1 £ 12.7 steps/min) of the
healthy group. The step length was also less (1.2 + .2 m versus
1.3+.2m, P<.05).Double support time was significantly longer
(P =.02) for the THA group (.4 + .2 s) than for the healthy group
(4 £.1 s). No difference found for single support time between
the groups (P = .4, healthy .4 + .15, THA 4+.15).

Quality of Life

The results of the scores for the SF 36® (Table 4) and MANO-
VA (Table 5) demonstrated significant differences between
the groups for physical functioning and role-physical subscale
scores (P=.001). The physical functioning score was 23.8 points
lower for the THA group compared to the healthy group and
the role-physical score, indicating role limitations due to physi-
cal health problems, was 35.9 points lower for the THA group.
No differences were found between the 2 groups on any other

subscale score. The change in health score reflects the health
rating compared to a year ago.?’ The score ranges from 1, much
better than a year ago, to 5, much worse than 1 year ago. The
scores for the THA group ranged from‘somewhat’ to ‘much bet-
ter’ compared to the previous year; this would be an expected
outcome from THA surgery.

Gait Parameters and SF 36® Relationships

Relationships between gait characteristics and QOL were
not significant for either the THA group (Table 6) or the healthy
group (Table 7). However, when the groups were combined,
some of the relationships between gait characteristics and the
8 subscales were significant (Table 8). The significant correla-
tions indicate that as walking velocity increased scores on the
physical functioning, role physical and bodily pain subscales
improved. Additionally, role physical and bodily pain subscales
declined as double support time increased. The inverse relation-
ship is expected as double support time increases with slower
velocities as demonstrated in the findings from this study.

DISCUSSION
Except for a history of unilateral THA, the physical charac-
teristics of the 2 groups studied were relatively homogeneous
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Table 3. Results of One-way Multivariate Analysis of Variance Examining the Effect of Group

on Temporal Spatial Gait Parameters

Source df Ms F P-value
Between Subjects
Group
Average Velocity 1 267 9.246 .005
Average Stride Length 1 .093 4.270 .048
Average Cadence 1 590.820 4325 .046
Average Single Support Time 1 .001 .787 .382
Average Double Support Time 1 .026 6.471 016
Error
Average Velocity 30 .029
Average Stride Length 30 .022
Average Cadence 30 136.591
Average Single Support Time 30 .002
Average Double Support Time 30 .004
Table 4. Comparison of SF-36 Subscale Scores between Groups
Subscale Healthy Group THA Group
Mean +SD Mean + SD
Physical Functioning* 91.9 + 14.5 68.1 = 17.5
Role- Physical* 938 + 194 57.8 = 36.2
Bodily Pain 875 + 128 764 + 19.4
General Health 81.8 + 123 820+ 11.6
Vitality 794 + 153 69.7 = 14.1
Social Functioning 854 + 78 799 + 15.8
Role Emotional 93.8 + 25.0 75.0 = 375
Mental Health 854 + 11.2 79.0 £ 18.1
Change in Health 1.7 £+ 08 27+ 06
*P<.001

because no significant differences were identified for age, gen-
der, weight, body mass index, height, and lower limb length.
Therefore, the results were not significantly influenced by the
physical characteristics.

Although the individuals with THA walked slower than the
healthy group, in this study their velocity was faster than that
reported in the literature (0.67 m/s to 1.02 m/s).”>' This dif-
ference may be related to our participants being community
dwelling adults that drove independently and had active life-
styles. Secondly no one was discharged to a subacute or nurs-
ing home facility following THA surgery. Lastly,instrumentation
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for collecting and calculating gait characteristics vary among
laboratories, therefore utilization of a control group is critical
for comparing findings.

Walking velocity decreases and the incidence of falls increas-
es with advancing age as mechanisms of postural control dete-
riorate and medial-lateral balance control strategies decline.?2?
Cadence and stride length are parameters that can, either to-
gether or separately, alter walking velocity.?* Younger adults
tend to decrease walking velocity by decreasing cadence and
increasing double support time.?** In contrast, healthy older
adults slow their walking velocity by employing a shorter stride



Table 5. Results of One-way Multivariate Analysis of Variance Examining the Effect of Group on Quality of Life

Source df MS F P-value
Between Subjects
Group
Physical Health 1 4512.500 17.496 .000
Role Physical 1 10332.031 12.264 .001
Bodily Pain 1 987.679 3.664 .065
General Health 1 .500 .003 953
Vitality 1 750.781 3.483 .072
Social Functioning 1 246.920 .584 .289
Role Emotional 1 2812.500 2.768 072
Mental Health 1 264.500 1.166 .289
Error
Physical Health 30 257.917
Role Physical 30 842.448
Bodily Pain 30 269.536
General Health 30 143.567
Vitality 30 215.573
Social Functioning 30 155.864
Role Emotional 30 1016.219
Mental Health 30 226.900

Table 6. Correlations* Between SF-36 Subscale Scores and 5 Gait Parameters among 16 Healthy Individuals

SF 36® Subscale Velocity Double Support Cadence Stride Length Single Support
Physical Functioning 32 .02 23 15 - .26

Role Physical 40 -.09 .20 .25 -.18
Bodily Pain 45 -.25 .08 40 .09
General Health .30 -.09 16 .16 -.13
Vitality .09 -.09 -.10 .23 .18

Social Functioning .25 -.16 27 .04 -.16

Role Emotional 43 -.08 .28 21 -.28
Mental Health -.22 .04 .02 -.25 .00

*No correlation is significant at P < .01

length with a longer time in double support to promote a safe
walking pattern. The results of this study demonstrate that in-
dividuals with THA decreased their velocity by both a decrease
in cadence and stride length with a longer time in double sup-
port.

Thus, the differences in the temporal spatial walking pa-

rameters between the healthy group and the individuals with
THA may have occurred to provide for an increased pattern of
stability during self-selected walking velocities for the individu-
als with THA. Swing phase does not change in duration with
alterations in walking velocity in the healthy elderly.® Perron
et al reported single support time for persons with THA at an
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Table 7. Correlations* Between SF-36 Subscale Scores and 5 Gait Parameters among 16 Patients

with Total Hip Arthroplasties

SF 36® Subscale Velocity Double Support Cadence Stride Length Single Support
Physical Functioning 45 -.40 44 31 -.36
Role Physical 46 -.50 42 .30 -.20
Bodily Pain .50 .55 41 37 -.10
General Health .59 -.50 61 .52 -.25
Vitality 57 .61 30 31 -.50
Social Functioning 31 42 .30 16 -.21
Role Emotional .09 -.09 -.33 44 46
Mental Health .50 -43 27 A7 -.05
*No correlation is significant at P<.01

Table 8. Correlations* Between SF-36 Subscale Scores and 5 Gait Parameters

among 32 Individuals (16 healthy & 16 with total hip arthroplasty)
SF 36° Subscale Velocity Double Support Cadence Stride Length Single Support
Physical Functioning S57%* -43 46 39 -.35
Role Physical .58** -.52*% 44 .39 -.23
Bodily Pain S57%* -.53* 34 44 -.07
General Health 39 -.28 27 .29 -.18
Vitality 44 40 30 35 -15
Social Functioning 35 40 32 a7 -.20
Role Emotional 32 -.09 .52 .39 .07
Mental Health .30 -.34 .28 .20 -.06

*P=.002 (2-tailed) **P=.001 (2- tailed)

early postsurgical time period that were similar to those in this
study.”® Therefore, single support time does not appear to play
arole in the adaptation of gait over time in this population. Our
findings are consistent with the literature that individuals chose
to decrease velocity and make adaptations during the double
support phase of walking versus those made in swing.*%

The lower physical functioning score for individuals with THA
compared to the healthy group indicated that the individuals
with THA perceived themselves as more limited in performing
everyday activities in comparison to the healthy group. Jones
et al'® administered the SF 36® 1 month preoperatively and 6
months postoperatively to 208 individuals with THA and found
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large improvements in physical functioning, role physical, and
bodily pain scores but these scores were still below those of the
general population, similar to the findings in this study. There-
fore, the conclusions from this study comparing ratings on the
SF 36® using a control group versus general population scores
are statistically more powerful.

The lack of significant differences in bodily pain scores be-
tween groups demonstrates a positive outcome of THA surgery.
In addition, the individuals with THA noted a marked decrease
in pain and improvement in walking as a positive outcome of
the surgery. This study outcome provides valuable information
for physical therapists.




The role physical scores of the female individuals with THA
were lower than those of the men (female = 33.3, male = 83.3).
The variability in the overall role physical subscale was due to
the women scoring this scale lower. Women with THA may be
more affected in their role functioning as a result of THA than
men, however, a larger sample would be needed to validate this
finding.

Many of the individuals with THA commented while com-
pleting the SF 369 that the surgical precautions post THA (limit-
ing the movement of hip flexion to 90°, hip adduction to 0°,and
hip internal rotation to 0°) restricted or modified some of their
activities. For example, many participants noted difficulty with
donning shoes, using a raised toilet seat, and getting in and out
of a car while maintaining total hip precautions. Further longi-
tudinal research after the surgeon has lifted THA precautions to
determine if a change in physical functioning and role physical
is an artifact of surgical restrictions.

The positive correlation identified between walking veloc-
ity, physical functioning, role physical, and bodily pain score
have important implications for rehabilitation. It is logical that
increased walking velocity would improve individuals’ percep-
tion of their role and actual physical functioning in everyday
life. A slower walking speed is the most common compensa-
tion employed by the elderly, especially those with mobility
limitations.>>?® A decrease in walking velocity may be indicative
of compensatory strategies secondary to a decline in the mus-
culoskeletal or neuromuscular system as well as self-perceived
physical ability. Physical therapists should interpret improve-
ments in walking velocity as positively related to how their pa-
tients are likely to perceive their role in everyday life. The posi-
tive correlation between bodily pain scores and walking velocity
is logical. Although no group differences were found between
bodily pain scores, the relationship that velocity would decrease
as pain increases and increase as pain decreases is expected.

Our study had several limitations. The sample represented
individuals from the New Jersey and Pennsylvania area and
therefore the results cannot necessarily be generalized to other
geographic areas. The individuals with THA were only tested
postsurgery; presurgical data would enhance outcome infor-
mation regarding changes in gait and health-related QOL for
physical therapists. Additionally, all of the individuals with THA
had further rehabilitation following their in-patient acute care
stays both acute rehabilitation and outpatient therapy. There-
fore, further research is indicated regarding the number of
physical therapy sessions and the setting of physical therapy
services. Further, all of the individuals with THA in this study
drove and lived in suburban areas, additional research is need-
ed regarding rural and urban environments as gait parameters
and health-related QOL maybe affected differently. A larger
sample size would be needed to identify within group differ-
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ences that this study could not address. A larger sample would
be indicated to examine the effect that gender may contribute
to health-related QOL.

CONCLUSIONS

The findings of this study demonstrate temporal-spatial gait
symmetry and bodily pain subscale scores similar to a control
group as positive outcomes following THA surgery. Physical
therapists should include quality of life questionnaires as part of
their documentation to examine the impact of physical therapy
interventions on such measures. Identifying physical therapy
interventions that improve symmetrical gait velocity may also
be effective in enhancing self perceived QOL measures.
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