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Do metal implants for total hip arthroplasty 2
affect bioelectrical impedance analysis? A
retrospective study

Taku Ukai"® and Masahiko Watanabe'

Abstract

Background Evaluation of body composition after total hip arthroplasty (THA) is essential because it can be used

to evaluate muscle and functional recovery. Muscle volume and degeneration are evaluated using computed
tomography (CT). However, CT evaluation of muscle volume has several limitations, such as radiation exposure and
high medical cost. Bioelectrical impedance analysis (BIA) has gained attention for resolving these limitations of CT. BIA
takes advantage of the microelectric current; thus, metal implants may affect the results. Therefore, this study aimed
to elucidate the effects of metal implants on BIA after THA.

Methods Two groups of patients were assessed (Group 1: 70 patients who underwent unilateral THA and BIA; Group
2: 35 patients who underwent THA and BIA before and after THA). Electric impedance (resistance and reactance) of
the operated and non-operated lower limbs was compared in Group 1. The pre- and post-operative impedances of
the torso and operated ipsilateral limbs were compared in Group 2.

Results Regarding electric impedance in Group 1, no significant differences were observed in electrical resistance
and reactance between the operated and non-operated lower limbs. Concerning electric impedance in Group 2,
postoperative electric resistance of the torso was significantly lower than that preoperatively. However, no significant
difference was seen in electric resistance and reactance of the operated ipsilateral limbs preoperatively and
postoperatively.

Conclusions Electrical resistance and reactance of the limbs did not change significantly after THA. BIA is useful for
measuring body composition after THA.
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Background

The number of total hip arthroplasties (THAs) has been
increasing. THA is one of the most developed surgeries
in the orthopedic field and can not only relieve hip pain
but also improve gait motion [1]. Muscle strength sub-
stantially affects gait, and postoperative muscle evalua-
tion is important in patients after THA. The effectiveness
of muscle volume evaluation by using computed tomog-
raphy (CT) has been previously reported [2—4]. Houn-
sfield units (HUs) vary depending on the tissue (bone,
400-100 HU; muscle, 30-50 HU; water, 0 HU; fat, -100
HU; air, -1000 HU) [5]. Taking advantage of this feature,
physicians have evaluated muscle volume and adipose
degeneration using CT [4]. However, CT has several
disadvantages such as radiation exposure and increased
medical cost.

Bioelectrical impedance analysis (BIA) has attracted
considerable attention for resolving these problems asso-
ciated with CT. Body composition is strongly affected
by physical function [1, 6-9] and correlated with osteo-
arthritis [10], the Barthel index [11], and quadriceps
strength [10, 12]. With aging of the population, the num-
ber of arthroplasties is also increasing. It is estimated that
people have a 7-12% lifetime risk for THA and 8-11%
for total knee arthroplasty in the United Kingdom [13].
Therefore, assessment of body composition after arthro-
plasty will become more important in the near future.
Electric impedance consists of resistance and reactance,
and BIA devices estimate body composition. Resistance
is defined as the power that counteracts electric flow
through both direct and alternating currents, and reac-
tance is defined as the power that counteracts the electric
flow using only an alternating current. An electric cur-
rent can easily flow through a fat-free mass containing
large amounts of water and electrolytes, but it does not
flow through fatty tissue, which contains less water. BIA
takes advantage of this principle to estimate the imped-
ance of the body.

BIA enables the measurement of various body condi-
tions such as the fat mass index, free fat mass index, and
skeletal muscle volume by applying a harmless electric
current to the body. Although BIA can measure body
composition easily and rapidly and is more affordable
than CT, metal implants such as titanium, steel, and
cobalt-chrome can decrease the electrical impedance and
affect the results of BIA. However, no studies have eluci-
dated the effects of metal implants on BIA. The primary
purpose of this study was to answer the following ques-
tions: (1) Is there any difference in electrical impedance
between the operated and non-operated limbs? (2) Is
there any difference in electrical impedance between the
preoperative and postoperative ipsilateral limbs? (3) Is
there any difference in electrical impedance between the
preoperative and postoperative torso?
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Methods

Study design and patients

To elucidate the effects of metal implants on BIA, this
retrospective study investigated two groups of patients
between 2019 and 2023. Group 1 included 70 patients
who underwent unilateral THA and BIA postoperatively;
Group 2 included 35 patients who underwent unilat-
eral THA and BIA preoperatively and postoperatively.
Patients in Group 1 underwent BIA 6 months after THA.
Patients in Group 2 underwent BIA 1 month before and
6 months after THA. Patients who had pacemakers or
could not remain in the standing position independently
were excluded.

Surgical procedures

Total hip arthroplasty

Metal implants (acetabular shell and stem) were placed
during THA. The acetabular shells were fixed using two
or three screws. Polyethylene liners and ceramic heads
were used in all THAs (Fig. 1). The metal compositions of
the implants are listed in Table 1.

Bioelectrical impedance analysis

BIA was performed using mBCA515 (Seca, Hamburg,
Germany). This device was selected as it was constructed
for medical application and has been used for evaluation
in various research fields such as that for metabolic dis-
eases, cancer, and heart and lung transplantation [14—17].
Moreover, mBCA515 was validated by magnetic reso-
nance imaging [18] and could measure the impedance of
each limb and trunk separately at 19 frequencies ranging
from 5 to 75 kHz. This device also has eight electrodes,
and each handle and footplate has detector and current
electrode pairs (Fig. 2). These electrodes were connected
to a laptop that could calculate impedance. By construct-
ing a circuit with these electrodes, we could calculate
bioelectrical impedance for each body part, including
the right arm, right limb, left arm, left limb, both lower
limbs, and torso (Fig. 3). The within-day and between-
day impedance were measured. Eight participants (four
men and four women) underwent BIA three times within
the same day to evaluate the within-day impedance varia-
tion. They also underwent BIA for three consecutive days
to evaluate between-day impedance variation. Partici-
pants were instructed to maintain a standing position by
attaching all electrodes for 17 s. The bioelectrical resis-
tances of the torso and lower limbs were recorded. BIA
was performed under stable temperature and humidity.

Statistical analyses

G*Power software (version 3.1.9.2, Germany) was used
to calculate the required sample sizes. The parameters of
the Mann—Whitney U-test were as follows: two groups;
moderate effect size, d=0.5; alpha error, 0.5; and power,
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Acetabular shell:
Co-Cr-Mo alloys

Liner: polyethylene

Head: ceramic

o/

Fig. 1 Implant details
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Stem: Ti-6Ai-4V alloys

The implants were divided into four components. The acetabular shell was placed after reaming the acetabulum, comprising a cobalt-chrome alloy. A
liner comprising polyethylene without metal was fixed to the cup. The femoral head, composed of ceramic without any metal, was set between the liner
and stem. A stem composed primarily of titanium was set after broaching the femur. The components of the metal implants are presented in Table 1

Table 1 Implant composition

Acetabular shell Stem

Component Mini- Maxi- Component Mini-  Maxi-
mum  mum mum  mum
(%) (%) (%) (%)

Chromium 27 30 Nitrogen 0.05

Molybdenum 5 7 Carbon 0.1

Nickel 0.5 Aluminum 55 6.75

Iron 0.75 Iron 0.3

Silicon 1 Vanadium 35 4.5

Manganese 1 Titanium 90

Phosphorous 0.02

Sulfur 0.01

Nitrogen 0.25

Aluminum 0.1

Titanium 0.1

Boron 0.01

Cobalt 58 63

80%. The required sample size was 106 limbs. The param-
eters of the Wilcoxon signed-rank test were as follows:
one-sample case; moderate effect size, d=0.5; alpha error,
0.5; and power, 80%. The required sample size was 35.
The Mann—Whitney test was used to compare bioelec-
trical resistance and reactance between the operated and

non-operated lower limbs of patients with THA. The
Wilcoxon signed-rank test was used to compare pre- and
post-operative bioelectrical resistance and reactance of
the torso and ipsilateral lower limbs. All tests were per-
formed at a significance level of P<0.05. Analyses were
performed using SPSS statistical software, version 26
(IBM Corp., Armonk, NY, USA).

Results

Demographic data are presented in Table 2. The lower
limb and torso within-day impedance variation was 0.3—
1.5% and 0.7-2.6% respectively. The lower limb and torso
between-day impedance variation was 0.9-2.7% and 0.8—
2.8%, respectively. Regarding the comparison of electrical
resistance and reactance between the operated and non-
operated lower limbs, slight differences were observed;
however, they were not significant. (Table 3). Addition-
ally, in comparing ipsilateral lower limbs preoperatively
and postoperatively, slight differences were observed;
however, they were not significant (Table 4). In compar-
ing preoperative and postoperative torso, the resistance
of the postoperative torso was significantly lower; how-
ever, no significant difference was observed between the
reactance of the torso preoperatively and postoperatively
(Table 5).
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Right handle Left handle

Fig. 2 Bioelectrical impedance analysis device

The participants stood on two pairs of foot electrodes and gripped the hand electrodes, which emitted a harmless minute of electric current. Electric
current flow from a current electrode (CE1, CE2, CE3, and CE4) to a detector electrode (DE1, DE2, DE3, and DE4). Each handle and foot plate has a pair of
current and detector electrodes. This device measures the fat mass index, fat-free mass index, and segmental muscle volume (right arm, left arm, trunk,
right leg, and left leg). Electricity can readily flow through muscle tissue as its electrical resistance is relatively low due to the presence of water. However,
electricity does not flow through adipose tissue due to its high electrical resistance. These properties are helpful for estimating muscle volume

(a) impedance of (b) impedance of (c) impedance of
the left limb the bilateral limb the torso

Fig. 3 Measurement of body impedance

Impedance of each body part was calculated in an overlapping area between the current and voltage. White dotted lines represent the current, whereas
yellow dotted lines represent the voltage. For example, when we calculated the impedance of the left leg, current electrodes CE2, CE3, and CE4 and de-
tector electrodes DE2, DE3, and DE4 were used. The overlap area between the current and voltage (green circle) was calculated (a). When we calculated
the impedance of both limbs, current electrodes CE3 and CE4 and detector electrodes DE3 and DE4 were used, and the overlap area between the current
and voltage (green circle) was calculated (b). When we calculated the impedance of the torso, all electrodes were used, and the overlap area between the
current and voltage (green circle) was calculated (c)

Discussion Wagner compared the operated tibial nail side with the
This study revealed that neither electrical resistance nor  non-operated side in a case report [19]. According to
reactance of the lower limbs significantly impacted THA. the report, the reactance of the operated side decreased
Few reports have evaluated the electrical impedance of by 9.2% and its resistance decreased by 5.2% compared
metal implants and its effect on BIA measurements [19].  with the non-operated side [19]. Although the electrical
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Table 2 Demographic data
Demographic

Group 1 (n=70) Group 2 (n=35)

Age (years) 659+123 66.1+15.1
Sex (male:female) 23:47 11:24
Body mass index (kg/m?) 238+39 232443
Diagnosis OA:ION:others 45:19:6 18:14:3

OA, osteoarthritis; ION, idiopathic osteonecrosis of the femoral head
Group 1: Patients who underwent BIA both preoperatively and postoperatively
Group 2: Patients who underwent BIA only postoperatively

All values are expressed as mean standard deviation

Table 3 Comparison of electrical impedance between the
operated and non-operative lower limbs

Resistance (Q) Operated Non-operated P-value
5kHz 259.7+463 258.1+46 0.838
7.5 kHz 2579+459 256.2+456 0.841
50 kHz 239.8+425 2375+41.7 0.764
75 kHz 2348+416 232.3+408 0.729
Reactance (Q) Operated Non-operated P-value
5kHz 76+24 78+26 0.728
7.5 kHz 9.2+30 95+32 0.683
50 kHz 164+48 169+5.1 0.629
75 kHz 16.3+4.6 16.7+4.8 0.623

All values are expressed as meantstandard deviation

Table 4 Comparison of electrical impedance between the
preoperative and postoperative ipsilateral limbs

Resistance (Q) Preoperative Postoperative P-value
5kHz 25374522 253.8+399 0.829
7.5 kHz 2524518 2524395 0.784
50 kHz 2352+479 2343+36.2 0.695
75 kHz 230.5+46.8 2294+353 0.681
Reactance (Q) Preoperative Postoperative P-value
5kHz 70+25 74126 0.065
7.5 kHz 85+32 90+32 0.064
50 kHz 155+52 16.1+5.0 0117
75 kHz 154450 159+4.6 0.150

All values are expressed as mean standard deviation

Table 5 Comparison of resistance and reactance between the
preoperative and postoperative torso

Resistance (Q) Preoperative Postoperative P-value
5kHz 27.2+37 263+40 0.003
7.5 kHz 274+3.7 26+4.0 0.002
50 kHz 246+34 232435 0.002
75 kHz 239+33 226+35 0.002
Reactance (Q) Preoperative Postoperative P-value
5kHz 13+04 13+05 0.854
7.5 kHz 1304 1.3+04 0.829
50 kHz 20+07 19+0.7 0.147
75 kHz 19+0.7 1.7+£0.7 0.165

All values are expressed as meantstandard deviation

Page 5 of 7

resistance of fatty tissue is very high, those of muscle tis-
sue and metal are low. Thus, the postoperative muscle
mass may be overestimated after THA. However, only
slight difference was observed in electrical resistance and
reactance, and no significant difference was observed
in this study between the operated and non-operated
limbs as well as between the lower limbs preoperatively
and postoperatively. Thus, the length of the implant may
affect impedance because the resistance of implants
varies based on its length. The tibia nail is longer than
the stem, and the proportion of the nail implant on the
lower limbs is higher than that of arthroplasty. Thus,
the implant length and proportion of the implant in the
lower limbs may affect impedance. We used a short stem
compared with other stems in this study that may have
also affected the result; hence, the impedance of a long
stem should be elucidated in future research.

Implants are set between the torso and the upper end
of the thigh. Although the resistance of the postoperative
torso was significantly decreased compared with the pre-
operative torso, the mean difference value was only 1 ohm;
this slight change may be due to alterations in hydration or
body composition. One viewpoint is that the torso contains
only a part of the screws and does not contain most of the
acetabular shell. Another viewpoint is that the postopera-
tive reactance of the torso was not significant. We believe
that implants have little effect on bioelectrical impedance.
We consider that the resistance and reactance value of the
torso was a tenth of that of the lower limbs; thus, only slight
change was significant in the torso.

Other studies also performed BIA in patients with frac-
ture [20-22]. Gonzalez-Montalvo et al. performed BIA
in patients with hip fractures in the first 72 h after admis-
sion and at discharge [21]. However, body composition
after a fracture may be quite different from that of degen-
erative diseases because bleeding directly affects the water
balance in the body and the results of BIA. Steihaug et al.
evaluated the effect of surgical implants in patients with
hip fractures [22]. They compared the electrical imped-
ance between the hospital stay and 3 months after surgery.
Their results revealed that although the resistance of the
fractured side was significantly decreased in the hospital,
there was no significant difference in resistance and reac-
tance between the operated and non-operated limbs at the
final follow-up [22]. In addition, resistance and reactance
did not vary depending on the surgical implant, such as can-
nulated screw, hemiarthroplasty, hip compression screw, or
THA [22]. This result indicates that BIA is more affected by
water balance factors, such as edema, bleeding, and dehy-
dration, than metal implants. However, these studies only
performed BIA in patients with hip fractures and only after
surgery. We believe that body composition may be affected
by fractures and that electrical impedance should be evalu-
ated in non-fractured individuals. Therefore, we included
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non-fractured individuals and performed postoperative BIA
after 6 months to minimize the effect of the operation.

Our report is the first to evaluate the electric imped-
ance preoperatively and postoperatively, and between the
operated side and non-operated sides simultaneously. Our
results revealed that the resistance and reactance of the
limbs did not significantly change after THA. The imped-
ance of the internal body, such as skeletal muscle, cardiac
muscle, kidneys, liver, lungs, and spleen, was 171 ohm, 175
ohm, 211 ohm, 342 ohm, 157 ohm, and 405 ohm, respec-
tively [23]. The device used in this study can detect body
impedance ranging from 10 to 1000 ohm. However, the
impedance of the metal implant was extremely low com-
pared to the detection range of BIA. For example, the
impedance of titanium, cobalt, and chrome in THA were
42.7x1078, 6.24x1078, and 12.9x107% ohm, respectively.
Therefore, we consider that BIA cannot detect metal
implants and that metal implants do not affect BIA. Addi-
tionally, most implants that we used in this study were
poor electrical conductors (titanium) and non-conductors
(ceramic and polyethylene). Impedance highly varies on the
metal type, and the metal length as well as the metal vol-
ume may affect the impedance too. Thus, the impedance
of the metal type and patients with a metal liner and metal
head should be evaluated. The results of this study indicate
that BIA is useful for evaluating body composition, even in
patients who have undergone THA.

This study had several limitations. First, this study was
retrospective, and the sample size was small. To our best
knowledge, this is the first study to assess electrical resis-
tance and reactance in patients with THA. Thus, we believe
that this study provides new insights into the usefulness
of BIA in patients undergoing THA. Second, the metal
implants were not unified. However, the composition of
the acetabular shell and stem was the same (mainly cobalt,
chrome, and titanium), and the electrical resistance and
reactance did not vary among implant types [22]. Third, BIA
is affected by several factors, such as temperature, exercise,
and meals. Therefore, we performed BIA under the same
conditions (temperature and humidity) to minimize envi-
ronmental effects.

Conclusions

Electrical resistance and reactance did not significantly
change between the operated and non-operated sides or
between the lower limbs preoperatively and postoperatively.
Thus, BIA may be useful for evaluating body composition
even after THA.

List of Abbreviations

BIA Bioelectrical impedance analysis
THA  Total hip arthroplasty

cT Computed tomography

HU Hounsfield unit

Page 6 of 7

Acknowledgements
Not applicable.

Authors’ contributions

TU conceptualized and designed this study, acquired and analyzed the data,
and drafted the article; MW critically revised the important intellectual content
of the manuscript; and all authors read and approved the final manuscript.

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

Data Availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All procedures were performed in accordance with the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of
Tokai University Hospital (approval number: 22R177). The ethics committee of
the University of Tokai waived the need for informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 June 2023 / Accepted: 18 September 2023
Published online: 28 September 2023

References

1. Majewski M, Bischoff-Ferrari HA, Griineberg C, Dick W, Allum JHJ. Improve-
ments in balance after total hip replacement. J Bone Joint Surg Br.
2005;87:1337-43.

2. Rasch A, Bystrom AH, Dalén N, Martinez-Carranza N, Berg HE. Persisting
muscle atrophy two years after replacement of the hip. J Bone Joint Surg Br.
2009;91:583-8.

3. Uemura K, Takao M, Sakai T, Nishii T, Sugano N.Volume increases of the
gluteus maximus, gluteus medius, and thigh muscles after hip arthroplasty. J
Arthroplasty. 2016;31:906-912e1.

4. UkaiT, Ebihara G, Omura H, Watanabe M. Evaluation of muscle volume and
degeneration after total hip arthroplasty: a comparison of the posterolat-
eral approach and the anterolateral supine approach. J Orthop Surg Res.
2021;16:145.

5. Goodpaster BH, Kelley DE, Thaete FL, He J, Ross R. Skeletal muscle attenuation
determined by computed tomography is associated with skeletal muscle
lipid content. J Appl Physiol. (1985). 2000;89:104-10.

6. Norman K, Stobdus N, Pirlich M, Bosy-Westphal A. Bioelectrical phase angle
and impedance vector analysis-clinical relevance and applicability of imped-
ance parameters. Clin Nutr. 2012;6:854-61.

7. Merchant RA, Seetharaman S, Au L, Wong MWK, Wong BLL, Tan LF, et al. Rela-
tionship of fat mass index and fat free mass index with body mass index and
association with function, cognition and sarcopenia in pre-frail older adults.
Front Endocrinol. 2021;12:765415.

8. Gunn SM, Halbert JA, Giles LC, Stepien JM, Miller MD, Crotty M. Bioelectrical
phase angle values in a clinical sample of ambulatory rehabilitation patients.
Dyn Med. 2008;7:14.

9. Tanaka S, Ando K, Kobayashi K, Hida T, Seki T, Suzuki K; et al. Relationship
between locomotive syndrome and body composition among community-
dwelling middle-age and elderly individuals in Japan: the Yakumo study. Mod
Rheumatol. 2019;29:491-5.

10.  Wada O, Kurita N, Yamada M, Mizuno K. Structural severity, phase angle, and
quadriceps strength among patients with knee osteoarthritis: the SPSS-OK
study. Clin Rheumatol. 2020;39:3049-56.



Ukai and Watanabe BMC Musculoskeletal Disorders

(2023) 24:763

Norman K, Stobdus N, Zocher D, Bosy-Westphal A, Szramek A, Scheufele R, et
al. Cutoff percentiles of bioelectrical phase angle predict functionality, quality
of life, and mortality in patients with cancer. Am J Clin Nutr. 2010;92:612-9.
Yamada M, Kimura'Y, Ishiyama D, Nishio N, Otobe Y, Tanaka T, et al. Phase
angle is a useful indicator for muscle function in older adults. J Nutr Health
Aging. 2019;23:251-5.

Culliford DJ, Maskell J, Kiran A, Judge A, Javaid MK, Cooper C, et al. The
lifetime risk of total hip and knee arthroplasty: results from the UK general
practice research database. Osteoarthritis Cartilage. 2012;20:519-24.
Domaszewski P, Konieczny M, Dybek T, tukaniszyn-Domaszewska K, Anton S,
Sadowska-Krepa E, et al. Comparison of the effects of six-week time-restricted
eating on weight loss, body composition, and visceral fat in overweight older
men and women. Exp Gerontol. 2023;174:112116.

Durkin K, Heetun A, Ewings S, Munday R, Wootton SA, Turner L, et al. Body
composition and chemotherapy toxicity in women with early breast

cancer (CANDO-3): protocol for an observational cohort study. BMJ Open.
2022;12:2054412.

Jastrzebska W, Radtke-tysek A, Bohdan M, Frankiewicz A, Siondalski P, Zeglen
S et al. Body composition before and after heart or lung transplantation.
Preliminary results. Transplant Proc. 2022;54:1070-3.

Gierach M, Junik R. Assessment of metabolic parameters in female triathletes
with Hashimoto's thyroiditis in Poland. Biomedicines. 2023;11:769.
Bosy-Westphal A, Jensen B, Braun W, Pourhassan M, Gallagher D, Mller MJ.
Quantification of whole-body and segmental skeletal muscle mass using

20.

21.

22.

23.

Page 7 of 7

phase-sensitive 8-electrode medical bioelectrical impedance devices. Eur J
Clin Nutr. 2017;71:1061-7.

Wagner DR. Case study: effect of surgical metal implant on single frequency
bioelectrical impedance measures of an athlete. Physiol Rep. 2020,8:e14464.
Villani AM, Miller M, Cameron ID, Kurrle S, Whitehead C, Crotty M. Body
composition in older community-dwelling adults with hip fracture: portable
field methods validated by dual-energy X-ray absorptiometry. Br J Nutr.
2013;109:1219-29.

Gonzélez-Montalvo JI, Alarcon T, Gotor P, Queipo R, Velasco R, Hoyos R, et al.
Prevalence of sarcopenia in acute hip fracture patients and its influence on
short-term clinical outcome. Geriatr Gerontol Int. 2016;16:1021-7.

Steihaug OM, Bogen B, Kristoffersen MH, Ranhoff AH. Bones, blood and steel:
how bioelectrical impedance analysis is affected by hip fracture and surgical
implants. Electr Bioimpedance. 2019,8:54-9.

FaesTJ, van der Meij HA, de Munck JC, Heethaar RM. The electric resistivity of
human tissues (100 Hz-10 MHz): a meta-analysis of review studies. Physiol
Meas. 1999;20:R1-10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Do metal implants for total hip arthroplasty affect bioelectrical impedance analysis? A retrospective study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and patients
	﻿Surgical procedures
	﻿Total hip arthroplasty
	﻿Bioelectrical impedance analysis
	﻿Statistical analyses


	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


