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ABSTRACT

Obijective: To correlate vertical (VFO) and horizontal (HFO) femoral
offset with hip range of motion (ROM), peak muscle torque (PT),
functional, capacity, and lower limb length in patients with total hip
arthroplasty (THA). Methods: A cross-sectional case control study,
in which 22 individuals (10 men and 12 women) — aged 61 (41-72),
and within 23 (10-40) postoperative days — were evaluated for active
hip ROM (fleximetry); Isometric PT (portable dynamometer); func-
tional capacity (Timed up and Go test (TUG) and Harris Hip Score
questionnaire); lower limb length (measuring tape); and VFO and
HFO (radiographs). Results: The operated limb showed a reductionin
length (p = 0.006), ROM for abduction (p = 0.001), flexion (p = 0.003),
and external rotation (p = 0.003), as well as in all PT (p < 0.05) when
compared with the contralateral limb. Moderate correlations were
observed between VFO and external rotators (r = 0.487; p = 0.021);
HFO and external rotators PT (r = —0.508; p = 0.016); and the
difference between the VFO (operated and non-operated limb)
and the TUG (r = —0.570; p = 0.006). Conclusion: Changes to
the femoral offset seem to influence functional capacity, as well
as the movement and external rotators PT of the hips in patients
with THA, considering the postoperative period evaluated. Level of
Evidence Ill, Case Control Study.

Keywords: Arthroplasty, Replacement, Hip. Muscle Strength.
Hip Injuries.

RESUMO

Objetivo: Correlacionar achados do offset femoral vertical (OFV)
e horizontal (OFH) aos da amplitude de movimento do quadril
(ADM), pico de torque muscular (PT), capacidade funcional (CF)
e comprimento dos membros inferiores (CM) em pacientes com
artroplastia total de quadril (ATQ). Métodos: Estudo transversal,
caso controle (nivel de evidéncia Ill), foram avaliados 22 individuos
(10 homens e 12 mulheres) com idade de 61 (41-72) anos e
23 (10-40) dias de pos-operatdrio, quanto a: ADM ativa do quadril
(fleximetria); PT isométrico (dinamdmetro portatil); CF — teste
Timed up and Go (TUG) e questionario Harris Hip Score (HHS);
CM (fita métrica); e OFV e OFH a partir de radiografias. Resultados:
O membro operado apresentou redu¢ao no CM (p = 0,006), ADM
de abdugéo (p = 0,001), flexéo (p = 0,003) e RE (p = 0,003),
e em todos os PT (p < 0,05) em comparagéo ao membro con-
tralateral. Correlagées moderadas encontradas entre: OFV e RE
(r=0,487;p = 0,021); OFH e PT dos RE (r = —0,508; p = 0,016);
e a diferenga do OFV (membro operado e néo operado) e o TUG
(r=—0,570; p = 0,006). Concluséao: Alteragdes no OF parecem
influenciar a CF, bem como o movimento e o PT dos RE do quadril
em pacientes com ATQ para o periodo pos-operatdrio avaliado.
Nivel de Evidéncia lll, Estudo de Caso-Controle.

Descritores: Artroplastia de Quadril. Forgca Muscular. Lesbes
do Quadril.
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INTRODUCTION

Total hip arthroplasty (THA) consists in the surgical replacement
of the femur (femoral head) and pelvic (acetabulum) components
of the hip joint.! The number of THA performed in the world has
been growing annually. It is estimated that, by the year 2046, the
number of THA performed worldwide will have increased 219%,

representing a higher cost to the health system.? Preoperative
planning is essential for the proper choice of prosthetic components
to restore the biomechanics of the hip to normal conditions.®

The measurements of the vertical (VFO) and horizontal (HFO) fem-
oral offset can be considered both in surgical planning and in the
verification of postoperative results. Previous studies have shown
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positive associations between femoral offset (FO) and hip abductors
muscle strength.*'® A more lateral position of the femur followed by a
greater offset could provide a biomechanical advantage, associated
with greater stability of prosthetic components. Itis believed that this
positioning would allow a better range of motion (ROM) and strength
production by the hip abductors, as well as an improvement in the
tension of soft tissues.!" However, more studies are needed to verify
the possible relationships between the radiographic variables and
the clinical outcomes.

Thus, this study aims to correlate the findings of FO with those of
hip ROM, hip muscle peak torque, lower limb length, and functional
capacity in patients subjected to primary THA surgery.

MATERIALS AND METHODS

A cross-sectional study was conducted with patients subjected to
primary THA surgery in hospitals in Porto Alegre, south of Brazil. Prior
to data collection, a written informed consent was obtained from all
participants. This study was approved by the Federal University of
Health Science Research Ethics Committee (protocol 3.049.371) and
aregistered in Clinical Trials (NCT3208829) as part of a larger studly.
Individuals with postoperative complications (infections, deep
vein thrombosis, prosthesis dislocation, periprosthetic fractures,
and neural injuries), THA surgery on the contralateral limb less
than a year prior to this study, and other orthopedic surgeries on
the lower limbs were excluded from the study. All surgeries were
performed using the posterior hip approach.

Participants attended a single evaluation session with the same
experienced and trained assessor, between 10 to 40 days after
surgery. In this evaluation, data regarding age, body mass index
(BMI), lower limb length (LLL), hip ROM, hip muscle peak torque
(PT), and functional capacity were obtained. The LLL was measured
using a tape measure, considering the anterior superior iliac spine
and the medial malleolus as anatomical points, with the patients in
the supine position with the lower limbs extended.

Active ROM was assessed bilaterally using a fleximeter (model
FL6010, Sanny, Brazil). Participants were instructed to perform each
movement twice and were interrupted if compensatory movements
(pelvis or trunk) were observed. Figure 1 shows the positions used.'

Figure 1. Range of motion assessment positions.

A: assessment of left hip extension; B: assessment of left hip abduction; C: assessment of left
hip internal rotation; D: assessment of left hip external rotation; E: assessment of left hip flexion.
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Hip muscle PT was measured bilaterally, using a portable dynamometer
(Micro-Fet Il model, Hoggan Health Industries). Three measurements
of maximum voluntary isometric contraction were performed for each
movement and the average of the values was used for analysis.
Each measurement lasted 5 seconds with an interval of 30 seconds
for resting. Figure 2 shows the positioning protocol of the evaluation,
and the placing of the dynamometer according to the evaluated
muscle group: abductors, dynamometer positioned approximately
10 cm above the knee joint; extensors, approximately 10 cm above the
popliteal foramen; flexors, 10 cm above the patella; internal and external
rotators, 5 cm above the lateral and medial malleolus (Figure 2)."®
All PT measurements were normalized by body mass according to the
equation PT = peak of torque (Nm)/body mass (Kg) x 100.
Functional capacity was assessed using Timed Up and Go Test (TUG)
and Harris Hip Score (HHS) questionnaire, both of which have excellent
validity and reliability."*'® To perform the TUG test, participants had to
rise from a chair, without the support of their arms, walk 3 meters at
their usual speed, using their auxiliary devices if necessary, until they
reach a mark on the floor; then they had to turn around, walk back to
the chair, and sit down.'8!'” The HHS has a score ranging from 0to 100,
distributed across the domains: pain, function-gait, function-activity,
deformity, and ROM. According to the obtained scores, the results
were classified: poor, below 70 points; normal, 70-79 points; good,
80-89 points; and excellent, 90-100 points.®

Figure 2. Muscle torque assessment positions.

A: hip internal rotator isometric muscle torque assessment; B: hip external rotator isometric
muscle torque assessment; C: hip flexors isometric muscle torque assessment; D: hip abductor
isometric muscle torque assessment; E: hip extensors isometric muscle torque assessment.
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VFO and HFO measurements were performed from radio-
graphs of the pelvis (anteroposterior view), with the patient
in the supine position and lower limbs neutrally positioned,
obtained in the hospitals computerized systems. The VFO was
determined by the distante from the center of the femoral head
to the starting point for lesser trochanter (Figure 3). HFO was
defined as the distance comprised by a line passing perpen-
dicularly from the center of rotation of the femoral head to the
meeting point with another line that passes through the long
axis of the femur (Figure 3). According to the literature, from
the difference between the HFO of the operated limb and the
non-operated limb, the HFO can be classified as: increased,
difference of 5 mm or more with the operated limb being bigger;
reconstructed, difference of up to 5 mm between the limbs;
and reduced, difference of less than 5 mm, with the operated
limb being smaller.®81®

horizontal offset

vertical offset

%
%

Figure 3. Femoral offset.

The Shapiro-Wilk test was used to verify data distribution. In the
descriptive analysis, measures of central tendency (median, minimum,
and maximum) were applied. In order to analyze the reliability of the
ROM and PT measurements, the Intraclass Correlation Coefficient
(ICC) was used, which can be classified as excellent (ICC > 0.75),
satisfactory (ICC = 0.40-0.75), and weak (ICC < 0.40), of which only
those classified as at least satisfactory (o < 0.05) are considered
relevant.?’ For the intra-group comparative analysis (operated lower
limb and non-operated lower limb) the Wilcoxon test was applied
for nonparametric data. For correlational analyses, Spearman’s
Linear Correlation was used. A significance level () of 5% and a
confidence interval of 95% were adopted. All statistical analyses
were performed using the Statistical Package for Social Sciences
(SPSS) for Windows (version 22.0).

RESULTS

The data found in this study had a non-normal distribution. In total,
22 individuals (10 men and 12 women) were included; they had a
median age of 61 (41-72) years, a BMI of 29.48 (21.59-37.01) kg/m2,
and were evaluated 23 (10-40) days after surgery. Table 1 has further
information on the characterization of the sample.

All participants received routine care during the hospitalization
period, with daily physiotherapy sessions and guidelines related to
postoperative care. Regarding functional capacity, the individuals
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presented a time of 26.41 (12.30-60.38) seconds in performing the
TUG test and a score of 57.45 (37.20-73.50) on the HHS (Table 1).
The internal reliability of the measurements obtained in this study
was considered excellent for both hip PT (ICC = 0.95-0.98; p > 0.05)
and ROM (ICC = 0.93-0.99; p < 0.05).

Table 2 shows the data regarding FO, LLL, ROM, and PT. No sta-
tistically significant differences were found between the lower limbs
(operated and non-operated) according to the VFO (p = 0.152)
and HFO (p = 0.162). However, from the values of the difference
between members for the HFO, 2 individuals were classified as
increased HFO, 2 as reduced, and 8 as reconstructed. Statistically
significant differences, with lower values in the operated limb,
were found in the comparisons between the lower limbs, in relation
tothe LLL (p = 0.006); hip abduction (p = 0.001), flexion (p = 0.003)
and external rotation (p = 0.003) ROM and peak torque for hip flexion
(p = 0.002), abduction (p = 0.001), extension (p = 0.001), external
rotation (p = 0.002) and internal rotation (p = 0.001)(Table 2).
Regarding the correlation between the FO (VFO and HFO) and other
variables, some relationships were found, but only the following were
statistically significant: VFO and external rotation ROM (r = 0.487;
p = 0.021); HFO and external rotators PT (r = —0.508; p = 0.016);
and moderate correlations with the TUG test (r = —0.570; p = 0.006)
was found when using the difference between the operated and
non-operated VFO.

Table 1. Total hip arthroplasty patients’ characterization.
THA patients (n = 22)

Age (years) 61.00 (41.00 - 72.00)
Sex (M/F) 10/12
Height (m) 1.67 (1.39 - 1.78)
Weight (kg) 77.00 (57.00 - 100.50)
BMI (kg/m2) 29.58 (21.59 - 37.010)
P.O. Period (days) 23.00 (10.00 - 40.00)
Fixation Type (H/C) 14/8
Contralateral hip prosthesis (Y/N) 517
Auxiliary Device (1C/2C/W) 2/8/12

TUG(s) 26.41 (12.30 - 60.38)
HHS 57.45 (37.20 - 73.50)

1C: one crutch; 2C: two crutches; BMI: body mass index; C: cemented; F: female; H: hybrid;
M: male; N: no; P.O.: postoperative; THA: total hip arthroplasty; TUG: Timed Up and Go Test;
Y: yes; W: walker. Values expressed as median (minimum-maximum).

Table 2. Comparison between operated and non-operated lower limbs
for joint range of motion (degrees), normalized muscle torque peaks
(Nm/kg), femoral offset (mm), and lower limb length (cm).

OLL NOLL
LLL 86.25 (72.00 - 99.00)* 87.00 (73.00 - 97.00)
offset VOF 30.00 (21.00 - 44.00) 28.00 (20.00 - 45.00)
HOF 17.50 (10.00 - 22.00) 17.50 (13.00 - 33.00)
Flexion | 4150 (11.00 - 56.00)* 60.00 (15.00 - 90.00)
Extension |  19.50 (10.00 - 26.00) 19.00 (7.00 - 40.00)
ROM | Abduction |  15.00 (8.00 - 32.00)" 21.50 (14.00 - 40.00)
IR 15.00 (6.00 - 30.00) 17.50 (4.00 - 35.00)
ER 10.00 (3.00 - 26.00)* 18.00 (1.00 - 37.00)
Flexion | 114.00 (54.00 - 247.00)* | 186.00 (52.00 - 257.00)
Extension | 67.00 (30.00- 173.00)° | 117.00 (37.00 - 323.00)
PT Abduction | 68.00 (36.00 - 184.00)* | 114.00 (16.00 - 314.00)
IR 43.00 (29.00 - 137.00)" | 92.00 (36.00 - 202.00)
ER 73.00 (30.00 - 137.00)° | 109.00 (38.00 - 167.00)

HFO: horizontal femoral offset; IR: internal rotation; ER: external rotation; LLL: lower limb length;
OLL: operated lower limb; NOLL: non-operated lower limb; PT: peak muscle torque; ROM: range of
motion; VFO: vertical femoral offset. Values expressed as median (minimum-maximum). *p > 0.05.
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DISCUSSION

Our study correlated the findings of FO with those of hip ROM, hip PT,
LLL, and functional capacity, as well as compared the operated and
non-operated lower limbs in patients undergoing primary THA sur-
gery. The main findings of this study refer to the scores of functional
capacity, the differences between the operated and non-operated
limbs, and the correlations between the measurements of the FO
and the individuals’ ROM, PT, and functional capacity.

Based on the score of the HHS questionnaire, classified as bad,
and the time of 26.41 (12.30-60.38) seconds taken to perform
the TUG test, we observed that the individuals in this study
showed a reduction in their functional capacity considering the
post-operative period evaluated. According to Bohannon,?'
the time taken to perform the TUG test increases with age. In a
population aged 60-69 years an 8.1 (7.1-9.0) seconds time should
be considered a reference value, and in a population aged 70-79
year, a 9.2 (8.2-10.2) seconds time should be considered normal.
Values higher than those of reference suggest disturbances.?
These alterations may be related to balance, muscle strength,
and/or mobility disorders, and are frequently found in individuals
in the post-operative period of THA, as is the case of the patients
in this study (about 23 days post-operatively).22-25

Our findings are in line with those of other studies, which also
found positive correlations between the FO and THA patients’
functional capacity.?5?7 In this study, statistically significant cor-
relations were found between FO and the TUG test, but not with
HHS questionnaire. These findings suggest that the greater the
difference between the operated and the non-operated lower
limb, that is, when there is an increase in VFO in the operated in
relation to the non-operated limb, there is a decrease in the time
to perform the TUG test and an increase in the score obtained.
The association found with the TUG test, but not with HHS, may be
related to the fact that the TUG is a dynamic test that comprises
movements used in daily life, being more directly involved and
dependent on biomechanical issues, since it allows assessing
sitting balance, transferring from sitting to standing position,
stability in ambulation, and change of direction.2®

Contrary to our findings, Buecking et al.?” found correlations
between the FO and the HHS questionnaire, but not with the TUG
test; whereas Hartel et al.?8 found no correlations between FO and
functional capacity. It is worth mentioning, however, that those
studies differ from ours regarding patients profile; their patients
had a higher age average,?”?® underwent THA due to femoral
neck fracture,?”?8 and, in some cases, had associated pathologies
(dementia, sarcopenia and/or neurological disorders),?® which
makes comparing studies difficult.

The reductions found in the operated limb, compared to the non-
operated limb, in relation to hip ROM and PT, can be expected
due to the trauma of the surgical procedure, especially in the
postoperative period, such as that of our study. According to our
knowledge, this study was one of the few to search for correlations
between FO and hip ROM in patients with THA. Positive correlations

were found, suggesting that an increased VFO could be related
to the greater hip external rotation range of motion. In a study by
McGrory et al.,” positive correlations between FO and ROM were
also found, but in relation to hip abduction.

Several studies point to a positive correlation between the FO and the
muscular strength of the hip abductors, suggesting that a restored
or slightly increased FO would bring mechanical advantage to the
hip abductor muscles, greater stability and functionality, and smaller
reaction force in the hip joint.>8923 Qur study did not find such
correlations, but it was the first to find a correlation between FO and
hip external rotators PT. The results suggest that the higher the HFO,
the lower the external rotators PT, that is, an increased HFO in the
operated limb would result in a lower muscle force generation of
external rotors, represented by a lower PT.

It is difficult to compare the results from our study with those found
in other studies, as they differ methodologically from ours in some
points: exclusively assessing hip abductors muscle strength;>891°
longer postoperative period (6 months to 29 years);>*'® measuring
muscle strength in an isokinetic dynamometer;>%'® measuring FO
through computed tomography; and using either HFO alone or
global FO (sum of HFO and VFQ).5891°

The main limitations of this study refer to the impossibility of
grouping individuals for comparison according to the increase
and decrease in FO, due to the sample size; and the use of
simple radiographs instead of computed tomography to measure
the FO, which may have underestimated the real differences.
According to Sariali et al.,>® measurement on radiographs leads
to an underestimation of the FO between 3.5-13 mm. We believe,
however, that this underestimation does not seem to be relevant in
this case, as we used the comparison between the operated and
non-operated sides. Furthermore, simple radiography is a low-cost
and accessible test that does not expose the patient to greater
risks, being widely used to measure FO in the clinical setting.

CONCLUSIONS

Our findings allow us to conclude that changes in the femoral offset
measurements (horizontal and vertical), resulting from the surgical
procedure of total hip arthroplasty, can influence the patient’s
functional capacity, as well as their range of motion and muscle
strength of the external rotators of the hip. These results reinforce that
biomechanical factors resulting from surgery must be considered
in future works.
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