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Gait symmetry in patients with unilateral partial hip arthroplasty

Tek tarafli kismi kalga artroplastili hastalarda yurtime simetrisi
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Objectives: In this study gait deviations symmetry and asym-
metry in patients with unilateral partial hip arthroplasty was
determined.

Patients and methods: Gait characteristics and time since
operation (11.9+6.1; range 7 to 29 months) of 16 patients (9
females, 7 males; mean age 61.5+16.5 years; range 27 to 86
years) with unilateral partial hip arthroplasty were evaluated.
Ten healthy volunteers (3 females, 7 males; mean age 54.1+11.9
years; range 35 to 65 years) were included in the study as con-
trol group. Quantitative gait data was collected with the Vicon
370 System (Oxford Metrics, Oxford, UK). Spatio-temporal
(walking velocity, cadence, step time, step length, double sup-
port time) and kinematic (joint rotation angles of pelvis and hip
in sagittal plane) data were processed by using Vicon Clinical
Manager software package. Spatio-temporal and kinematic gait
symmetry indices of both groups were calculated.

Results: Spatio-temporal and kinematic gait characteristics,
but not the symmetry indices, of patients with unilateral par-
tial hip arthroplasty were different from the control group
(p>0.05).

Conclusion: Findings of this study reveal that patients with
unilateral partial hip arthroplasty had various gait deviations
compared to healthy subjects, but that symmetry was pre-
served.
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artroplasty; symmetry index.

Replacement of the femoral head in displaced
femoral neck fractures and unstable intertrochan-
teric fractures has best been accomplished with
partial hip arthroplasty (PHA) in elderly patients.

Amacg: Bu calismada, tek tarafli kismi kalga artroplastili
hastalarda ytirtime bozukluklari, simetri ve asimetri sap-
tandi.

Hastalar ve yéntemler: Tek tarafli kismi kalga artroplastisi
yapilan 16 hastanin (9 kadin, 7 erkek; ort. yag 61.5+16.5 yil;
dagilim 27-86 yil) yiiriiylis karakteristikleri ve ameliyattan
sonra gegen siire (11.9+6.1 ay; dagilim 7-29 ay) degerlendiril-
di. On saglikli goniillii (3 kadin, 7 erkek; ort. yas 54.1+11.9;
dagilim 35-65 y1l) kontrol grubu olarak caligmaya dahil edildi.
Kantitatif ytiriiytis verileri, Vicon 370 System (Oxford Metrics,
Oxford, UK) kullanilarak toplandi. Spatio-temporal (yiirlime
hizi, kadans, adim zamani, adim uzunlugu, cift destek zamani)
ve kinematik (sagittal planda pelvis ve kalcanin eklem rotasyon
acilar1) veriler, Vicon Clinical Manager yazilimi kullanilarak
degerlendirildi. Her iki gruptaki hastalarda, spatio-temporal ve
kinematik ytiriime simetri indeksleri hesaplandi.

Bulgular: Tek tarafli kismi kalca artroplastili hastalarin
spatio-temporal ve kinematik yiirime karakteristikleri kontrol
grubundakinlerden farkliydi ancak simetri indeksleri acisindan
fark yoktu (p>0.05).

Sonu¢: Bu calismanin sonuglari, tek tarafli kismi kalga
artroplastili hastalarin saglikli bireylerle karsilastirildiginda
cesitli yliriime bozukluklarina sahip olduklarini, ancak ytirtime
simetrilerinin korundugunu gostermistir.

Anahtar sozciikler: Femur boyun kirigi; yiirtime ozellikleri; kismi
kalca artroplastisi; simetri indeksi.

To allow immediate postoperative weight-bear-
ing, we have advocated the use of prosthetic
arthroplasty.? Development of a technique for
minimally invasive surgery in hip arthroplasty
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has evolution over the past decades.P In addition
to a smaller skin incision, the advantages of this
approach include a minimized need for soft-tis-
sue dissection and decreased surgical exposure
necessary to obtain accurate and reproducible
femoral preparation.*® The minimally invasive
procedure involves not only a smaller cosmetic
skin incision, but also preservation of the abduc-
tor muscle. The aim of care after surgery for hip
fracture is to get people safely back on their feet
and walking again.

Normal gait is an important indicator of
functional recovery. After hip arthroplasty,
many patients continue to exhibit abnormal
gait patterns including decreased hip move-
ments in sagittal and frontal planes as well as
shorter stance time and step length than that
of the non-operated limb."' It has been reported
that patients with total hip arthroplasty (THA)
showed great asymmetry in ground reaction
forces.’l! Previous studies reported gait asym-
metry following hip arthroplasty due to habitual
antalgic movement patterns, leg length discrep-
ancy or weakness of the hip muscles.™ The
ability to maintain single-limb support is an
important determinant of gait stability. Antalgic
gait is assumed to be related to a decreased
ability to bear weight on the operated side.

Gait asymmetry leads to increased energy expen-
diture and risk of falls. Consequently, improvement
in symmetry provides an important clinical marker
of functionality. In spite of reports on gait asym-
metry after THA, PHA is often neglected regard-
ing gait asymmetry. The aim of this study was to
determine gait symmetry in patients with partial
hip arthroplasty who were operated on by using a
minimally invasive anterolateral technique.

PATIENTS AND METHODS
Subjects

Sixteen patients (9 females, 7 males; mean age
61.5+15.6 years; range 27 to 86 years) with PHA
using a minimally invasive antero-lateral tech-
nique were enrolled in the study. Mean + standart
deviation (SD) of time since operation was 11.9+6.1
(range 7-29) months. They had an unstable com-
minuted intertrochanteric fracture (AO/OTA type
31-A2), unstable and displaced femoral neck frac-
tures, and non-union of femoral neck fracture (AO/
OTA type 31-B3; Table I). Inclusion criteria for the
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study were: (i) more than six months since opera-
tion; (i) ability to walk at least 10 m barefoot with-
out a walking aid; (iii) no leg length discrepancy;
(iv) no pain.

Minimally invasive antero-lateral (A-L) technique,
in which abductor muscles and posterior capsule
functions are preserved, was used for all patients.
Gait characteristics of 16 patients (9 females, 7 males)
with PHA were evaluated by quantitative gait anal-
ysis. The clinical characteristics of the patients were
recorded from the medical charts.

Age and sex-matched 10 healthy volunteers
(3 females, 7 males; mean age 54.1+11.9 range 35
to 65 years) were included as control group. The
protocol was approved by the Hospital Ethics
Committee.

Quantitative gait analysis

Quantitative gait data was collected with the Vicon
370 System (Oxford Metrics, Oxford, UK). Spatio-
temporal (walking velocity, cadence, step time, step
length, double support time) and kinematic (joint
rotation angles of pelvis and hip in sagittal plane)
data were processed using Vicon Clinical Manager
software package. A typical gait trial was selected
for each limb on the basis of consistency of spatio-
temporal characteristics for assessments. Spatio-
temporal and kinematic gait symmetry indices of
both groups were calculated.

To quantify the extent of the spatio-temporal
and kinematic asymmetry of gait pattern, the
single-support time and the step length asymme-
try ratio were calculated, as well as the maximum
pelvic tilt degree associated with maximum flex-
ion and extension values of the hip at stance and
swing, as follows (6, 13, 15): asymmetry ratio =
[1-(affected /unaffected)]. The greater these ratios,
the greater the asymmetry.

Statistical analysis

Wilcoxon signed-rank test was used for comparison
of operated and non-operated leg whereas non-op-
erated leg and control group compared with Mann-
Whitney U-test. Also, because our asymmetry ratio
values were not homogenously distributed, groups
were compared using the Mann-Whitney U-test
for age, time-distance and kinematic parameters of
the groups. Asymmetry ratio values are presented
as mean * SD. The significance level was set at
0.05. We analyzed the data using SPSS (Statistical
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TABLE |

Demographic and etiologic data of the patients with partial hip arthroplasty

Case Age/gender Side Pathology Fracture classification Time to gait analysis
(AOC/OTA) (months)
1 38/F L Non-union of femoral neck fracture B3.2 12
2 54/F R Non-union of femoral neck fracture B3.3 12
3 27/F R Non-union of femoral neck fracture B3.2 11
4 57/M R Non-union of femoral neck fracture B3.1 15
5 74/M L Femoral neck fracture B2.2 29
6 42/F R Non-union of femoral neck fracture B3.2 12
7 63/F R Femoral neck fracture B2.2 29
8 74/M R Femoral neck fracture B2.1 15
9 67/M R Femoral neck fracture B2.2 18
10 63/F R Unstable intertrochanteric fracture A2.2 19
1 86/F L Unstable intertrochanteric fracture A2.1 7
12 67/F L Unstable intertrochanteric fracture A21 18
13 73/IM R Unstable intertrochanteric fracture A21 28
14 75/M R Unstable intertrochanteric fracture A21 27
15 74/M R Unstable intertrochanteric fracture A2.1 26
16 67/F R Unstable intertrochanteric fracture A2.2 27

AO/OTA: Arbeitsgemeinschaft flir Osteosynthesefragen (Association for the Study of Internal Fixation)/Orthopaedic Trauma Association.

Package for Social Sciences) for Windows version
11.5 (SPSS Inc., Chicago, Illinois, USA).

RESULTS

There were no difference between operated and
non-operated legs in terms of time-distance and
kinematic parameters (p<0.05; Table II). However,
patients with PHA had significantly slower walk-
ing speed, less cadence, shorter step length, a
greater pelvic tilt and a smaller hip extension at
stance phase than the healthy subjects.

In addition, asymmetry ratio of time-distance and
kinematic parameters in patients with PHA were no
different from the control group (p>0.05; Table II).

DISCUSSION

Most of the previous studies on gait after THA
reported that gait symmetry was impaired. In
contrast, findings of the current study reveal that
although the patients with PHA had a slower walk-
ing velocity and less cadence than healthy sub-
jects and walked with a bilaterally shortened step
length, an increased pelvic tilt and an insufficient
hip extension at stance phase, gait asymmetry was
not observed.

These results were inconsistent with the limited
number of previous studies. McCrory et al.”! found
greater asymmetry index of ground reaction forces
than normal individuals.

TABLE Il

Comparison of spatio-temporal and kinematic variables of pelvis and hip in both groups

Operated leg (n=16)

Non-operated leg (n=16) p*

Control (n=10) p**

Walking velocity (m/s) 0.5+0.2
Step length (°) 0.3+0.1
Single support time (°) 0.4+0.1
Pelvic tilt (°) 20.3+10.8
Hip initial contact (°) 33.2+14.8
Hip extension (°) 9.9+12.5
Hip flexion at swing (°) 34.0+11.9

0.5+0.2 0.228 1+£0.3 0.001
0.3+0.1 0.797 0.6+0.1 0.001
0.4+0.1 0.964 0.4+0.1 0.212
20.0+10.7 0.875 5.2+4.7 0.001
36.1£15.8 0.379 26.5+7.3 0.246
71+12.7 0.179 1.3+0.7 0.001
36.8+14.5 0.408 26.6+7.3 0.126

*: Wilcoxon test between operated and non-operated side; **: Mann Whitney U-test between operated leg and control group.
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Notwithstanding, the type of the surgical proce-
dure might have affected the outcome. Among the
THA procedures, the A-L approach could affect the
function of the gluteus minimus, gluteus medius,
tensor fasciae latae, and vastus lateralis muscles,
where the gluteus medius and gluteus minimus are
responsible for control of pelvic obliquity during
gait.®! The posterolateral (P-L) approach affects the
posterior joint capsule and external rotator muscle
group, which is predominantly responsible for pos-
terior and lateral stability of the hip joint.®!

Madsen et al.! reported that at six months post-
operatively, almost all of the patients with THA
using an A-L approach showed an increased trunk
inclination, reduced sagittal plane range of motion,
and greater loading asymmetry. In contrast, several
of the P-L patients exhibited a better gait pattern
than the A-L approach.

Although we used the A-L approach, presum-
ably due to the minimally invasive surgery proce-
dure we didn’t observe gait asymmetry.

In patients with unilateral hip OA, both pre- and
post-THA surgery, gait dysfunctions and asym-
metries have been seen!" Patients with hip OA
preoperatively walk as antalgic pattern because of
pain during the weight acceptance phase of walk-
ing and this habitual antalgic gait can be continued
postoperatively. It has been reported that asymme-
try of the range of hip motion persists 12 months
after THA in patients with unilateral coxoarthropa-
thy during free level walking.™! One of the reasons
why we didn’t observe asymmetric gait pattern in
the our study population could be that because our
patients had undergone PHA following femoral
fracture, they didn’t acquire antalgic gait patterns.

Several studies!'*™ compared THA outcome
between minimally invasive and standard incision
techniques and reported no differences regarding
the improvement in the gait kinematics with a step
length asymmetry and abnormal gait pattern. They
suggested that residual muscle weakness and atro-
phy due to arthritic pain prior to surgery could be as
a possible reason of this. We didn't find gait asym-
metry in our patients, and muscle weakness was
minimal because of the minimally invasive PHA
procedure which had a very small incision and very
good exposure for the acetabulum and femur." Also,
minimally invasive surgical procedures involve less
tissue disruption and therefore, less intraoperative
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bleeding as well as less postoperative pain.'® In
addition, by using the anterior minimally invasive
technique, preserving the posterior capsule which
is important for proprioception could have contrib-
uted to a more symmetrical gait.

None of the patients in the current study had
leg length discrepancy which is the other factor
contributing to asymmetric gait patterns following
surgery.

This study is associated with several limitations.
The study population was small and preoperative
gait assessments of the patients were absent. Also,
the patients included in the study already had no
pain and leg length discrepancy, and so, symmetry
could not be impaired in our patients.

In conclusion, findings of this study reveal that
although patients with PHA had various deviations
compared to healthy subjects, gait symmetry has
been preserved. The absence of habitual antalgic
gait patterns prior to surgery and leg length dis-
crepancy as well as type of surgical procedure may
have contributed to preserving gait symmetry fol-
lowing hip arthroplasty. Partial hip arthroplasty
using minimally invasive procedures can be pre-
ferred in order to provide a symmetric gait pattern,
but studies with more patients are needed.
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