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Abstract

Background and Purpose: Since falls after total hip arthroplasty (THA) cause severe

complications such as dislocation and fractures around the femoral stem, it is impor-

tant to investigate what factors predict of falls. Thus, investigating predictors of falls

in patients waiting for THA would be valuable as it lead to more strategic interven-

tions to prevent these problems. The purpose of this study was to evaluate the pre-

dictors of falls in patients during the first year after THA.

Methods: This is a prospective cohort study. A total of 157 patients who underwent

THA for unilateral hip osteoarthritis were analyzed. The incidence of falls during the

first year after THA was monitored, and patients were classified into a “faller” and

“non-faller” group. The following factors were compared between the two groups:

demographic data (age, sex, body mass index, leg length discrepancy, length of hospi-

tal stay, and history of falling), preoperative hip abductor muscle strength, functional

performance (single leg stance and maximum walking speed), pain during walking,

and physical activity.

Results: On multivariate logistic regression analysis, preoperative hip abductor mus-

cle strength on the affected side and a history of falling were predictors of falls dur-

ing the first year after THA. On subsequent receiver operating characteristic curve

analysis, preoperative hip abductor muscle strength on the affected side was retained

as a significant predictor, with a cut-off strength of 0.46 Nm/kg differentiating the

faller and non-faller groups with a specificity of 73.6%, specificity of 50.0%, and area

under the curve of 70.2%.

Conclusions: Finding from the present study suggested that clinicians should focus

on low preoperative hip abductor muscle strength on the affected side and a history

of falling to prevent falls during the first year after THA.
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1 | INTRODUCTION

Total hip arthroplasty (THA) is an effective procedure for patients

with end-stage hip osteoarthritis (OA); it provides pain relief and

improves muscle strength, functional performance and quality of

life.1,2 However, several years after surgery, lower extremity muscle

strength and functional performance of patients after THA remain sig-

nificantly less than that of healthy older adults.3,4 In particular, weak-

ness of hip abductor muscle strength causes instability during walking

and abnormal gait patterns,5 which leads to a risk factor for falls.6,7

Although falls occur in 15% to 24% of healthy older adults every

year,8,9 the incidence rate among patients after THA was specifically

higher, ranging between 30% and 32%.4,10,11

Falls after THA may lead to a serious complications, such as per-

iprosthetic fracture.12,13 Reeves et al14 demonstrated that per-

iprosthetic fracture was a difficult to treat and has high rates of

hospital readmission, increased risk of mortality, and implying a signifi-

cant burden to the healthcare cost. Thus, it is necessary to investigate

factors associated with falls in THA patients to prevent falls.

One study showed that incidence and circumstances of these falls

have been reported among patients before and after THA.10 Addition-

ally, preoperative risk factors of falls in patients after THA were

related to history of falls, depressive symptoms, reduced general

health, and planned physical activity.15,16 To our knowledge, little is

known about the preoperative risk factors of falls, including lower

extremity muscle strength and functional performance, after THA.

Thus, the predictors of falling in patients undergoing THA will be valu-

able as it lead to more strategic physical therapy interventions to pre-

vent falls. We hypothesized that preoperative hip abductor muscle

strength on the affected side would be predictive falls during the first

year after THA. The purpose of this study was to evaluate the predic-

tors of falls in patients during the first year after THA.

2 | METHODS

2.1 | Study design

This is a prospective cohort study. We followed the strengthening the

reporting of observational studies in epidemiology statement for

reporting a cohort study.

2.2 | Patients

Patients were recruited at our institute, between May 1 and

December 24, 2016. The inclusion criteria were as follows:

(a) scheduled primary THA for unilateral hip osteoarthritis;

(b) scheduled for discharge to home within 5 days post-surgery;

(c) 45 to 75 years old; (d) no serious medical or orthopedic disease;

and (e) no presence of dementia/psychological disorder. The exclusion

criteria were as follows: (a) revision surgery; (b) scheduled for osteo-

tomy or hip adductor muscle dehiscence, combined with THA;

(c) complications during or after surgery; and (d) presence of a severe

leg length discrepancy (>3 cm) before surgery.

All patients were treated with a primary THA using an antero-

lateral approach under general anesthesia combined with epidural

anesthesia. A standardized multimodal protocol was used for postop-

erative analgesia. Intravenous acetaminophen (1000 mg) was first

administered at the time of wound closure and then every 6 hours

during the first 24 hours after surgery. Oral acetaminophen (1000 mg,

three times a day) was then started. Celecoxib (400 mg) was given

during the morning on post-operative day 1; then, 200 mg was admin-

istered twice a day.

Postoperative rehabilitation was performed using a clinical path

and booklet. Full weight-bearing was allowed from the day of the sur-

gery, with use of a walker initially, transitioning to the use of a cane on

postoperative day 1 or 2. All patients were able to walk independently

with a cane, and were discharged home within 5 days of the surgery.

After discharge, they underwent regular follow-up examination at

2, 6 months, and 1 year after surgery. At the time of the examinations,

they were performed exercise instruction by a physical therapist for

about 20 to 40 minutes. These exercises were performed open kinetic

chain exercises (hip extension, external rotations, and abduction) aimed

at improving the range of hip motion, increasing around these hip mus-

cle strength. At the end of each intervention, the physical therapists

instructed them to continue appropriate exercise at home. A specific

rehabilitation program to prevent falls was not provided.

2.3 | Ethical considerations

This study was approved by the institutional review board of the

authors' affiliated institutions (TGE 00996-115). We obtained verbal

and written informed consent from all participants before enrollment.

This study was conducted in accordance with the Helsinki

Declaration.

2.4 | Outcome measures

Demographic data of patients (age, sex, body mass index [BMI], leg

length discrepancy, length of hospital stay, and history of falling) were

recorded using a preliminary form. Three physiotherapists were sepa-

rately responsible for each patient. Hip abductor muscle strength,

functional performance (one leg stance time and maximum walking

speed), hip pain during walking, and physical activity were evaluated

at 1 month before surgery. Additionally, we assessed the incidence,

circumstances, injury duration, and frequency of falls, prospectively,

during the first year after surgery.

2.4.1 | Fall assessment

All patients completed a questionnaire recording the incidence of falls.

Falls were defined as “a person falling onto the same level or a lower
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level on their own, without external force from other person, loss of

consciousness, paralysis from a sudden stroke, or an epileptic sei-

zure.”17 Additionally, the circumstances of the falls was also recorded,

including the location (indoors, outdoors, or on stairs), time of day

(morning, daytime, or nighttime), cause (tripping, slipping, or loss of

balance), injury sustained (none, wound or bruise, or fracture), post-

operative duration (less than 6 months, or ≧6 months), and frequency

of falls (1 time or ≧2 times) during the first year after surgery.10

2.4.2 | Hip abductor muscle strength

Hip abductor muscle strength was evaluated using a hand-held dyna-

mometer (MicroFET2, Hoggan Health Industries, Salt Lake City), with

the patient in a supine position. The dynamometer was placed lateral

to the fibula (2.5 cm proximal to the malleolus). Three trials of maxi-

mum effort were performed, and the highest value was used for the

analysis. The torque-to-body weight ratio of abductor muscle strength

(Nm/kg) was calculated from the body weight and spina-malleolar dis-

tance.18 Good interrater and test-retest reliability of handheld dyna-

mometer measurements have been verified in previous studies in

healthy adults19 and patients after THA.20

2.4.3 | One leg stance time

One leg stance time was measured in upright standing, with both

hands held on the hips, starting at the time when one foot was lifted

from the floor until one of the following criteria was met: (a) shifting

in the position of the supporting foot on the floor; (b) the lifted foot

touched the floor; (c) the lifted foot contacted the supporting leg; or

(d) the maximum 30 seconds was reached. Measurements were con-

ducted twice on both side, with the longer time used in the analysis.21

2.4.4 | Maximal walking speed

Maximal walking speed was measured along a straight distance of

10 m, with a 2-m runway at both ends. Patients were instructed to

“Walk as fast as you can.” Measurements were conducted twice, and

the faster time was used in the analysis.22,23

2.4.5 | Hip pain during walking

Hip pain during walking was evaluated using a 100-mm visual analog

scale score.24

2.4.6 | Physical activity

Patients were asked the mean number of days and hours of physical

activity they performed in 1 week, using the International Physical

Activity Questionnaire.25 The intensity of physical activity was classi-

fied as follows: high-intensity exercise, 8 metabolic equivalents

(Mets); moderate intensity, 4 Mets; and walking, quantified as 3.3

Mets. The activity intensity was converted to a respiratory quotient,

and the number of calories consumed in activity per week was calcu-

lated from the respiratory quotient and body weight. In addition,

based on the report by Brach et al,26 patients were classified into a

high or low physical activity group (high, burning ≥1000 kcal, or low,

burning <1000 kcal per week).

2.5 | Sample size calculation

Based on a priori power analysis, the minimal sample size for the mul-

tivariate logistic regression analysis to examine significant factors

(α = .05, power = .95, effect size = 0.3, potential predictor variables = 3)

was calculated, assuming a 25% to 30% fall rate after THA. Hence, a

sample of approximately 150 participants was required. To account

for potential drop out (10%-15%) over the 12-month follow-up

period, a sample of 170 participants was needed.

2.6 | Statistical analyses

The incidence rate of falling and fall-related injuries was calculated.

Initially, the following variables assessed before surgery were analyzed

and compared between fallers and non-fallers using Student's t tests

or chi-squared (χ2) tests, as appropriate. Then, we performed a multi-

variate logistic regression analysis to assess the preoperative factors

predicting falls during the first year after THA. For significant preoper-

ative factors identified, a receiver operating characteristic (ROC) curve

was constructed to determine their accuracy in distinguishing

between fallers and non-fallers, where accuracy was evaluated by the

area under the curve, and the cut-off value determined by the highest

sum of sensitivity and specificity was used.

All statistical analyses were performed using SPSS Version

24 (SPSS, IBM, Inc, Chicago), and a P value < .05 was considered

significant.

3 | RESULTS

Patient selection and the flow of the study are shown in Figure 1.

After excluding four patients who did not return for regular follow-up

examination, 157 patients (15 men and 142 women, mean age 63.9

± 9.9 years) were included in analyses (follow-up rate, 97.5%). None

of these patients developed a postoperative infection or dislocation,

and none required revision arthroplasty.

Comparison of demographic characteristics, hip abductor muscle

strength, functional outcomes, and physical activity among fallers and

non-fallers are reported in Tables 1 and 2. The incidence of at least

one fall occurred in 32 patients (20.4%). There was no significant dif-

ference in age, sex, BMI, leg length discrepancy, or length of hospital
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stay, between the two groups. Compared to non-fallers, however,

fallers had lower hip abductor muscle strength on the affected side

(0.45 ± 0.17 vs 0.60 ± 0.22 Nm/kg, respectively; P < .001) and on the

unaffected side (0.64 ± 0.22 vs 0.77 ± 0.26 Nm/kg, respectively;

P = .008), and a more prevalent prior history of falling, with 37.5% of

patients in the fallers group reporting a prior fall, compared to 17.6%

in the non-fallers group (P = .017).

The results of the multivariate logistic regression analysis are

summarized in Table 3. Preoperative hip abductor muscle strength on

the affected side and a prior history of falling were independent pre-

dictors of a fall during the first year after THA. Figure 2 shows the

ROC curves constructed to determine the optimal cut-off value for

preoperative hip abductor muscle strength on the affected side thatF IGURE 1 Flowchart of patients throughout the study

TABLE 1 Patients demographic for post-operative fallers and non-fallers

Fallers (n = 32) Mean ± SD Non-fallers (n = 125) Mean ± SD P value

Age, years 64.0 ± 9.7 64.3 ± 10.0 .906

Female, % 96.9 92.8 .145

BMI, kg/m2 22.8 ± 3.3 23.4 ± 3.6 .349

Leg length discrepancy, cm 1.1 ± 0.9 1.1 ± 0.8 .692

Length of stay, days 4.9 ± 0.7 4.8 ± 0.7 .480

Falls history 37.5 17.6 .017

One or more falls in the 12 months prior to surgery,

%

Abbreviations: BMI, body mass index; SD, standard deviation.

TABLE 2 Comparison of muscle strength, functional performance, and physical activity before surgery between post-operative fallers and
non-fallers

Fallers (n = 32) Mean ± SD Non-fallers (n = 125) Mean ± SD P value

Hip abductor muscle strength (Nm/kg)

Affected side 0.45 ± 0.17 0.60 ± 0.22 <.001

Unaffected side 0.64 ± 0.22 0.77 ± 0.26 .008

One leg stance time (s)

Affected side 14.48 ± 12.24 13.06 ± 12.40 .562

Unaffected side 20.18 ± 11.42 21.67 ± 11.20 .502

Maximal walking speed (m/s) 1.19 ± 0.37 1.21 ± 0.34 .803

Pain during walking (VAS) (mm) 22.38 ± 25.57 25.76 ± 26.19 .513

IPAQ

High PA groupa: Low PA groupb (n) 7:25 28:97 .579

Abbreviations: IPAQ, International Physical Activity Questionnaire; SD, standard deviation; VAS, visual analogue scale.
aHigh PA group: ≥1000 kcal/week.
bLow PA group: <1000 kcal/week.

TABLE 3 Result of the multivariate logistic analysis (preoperative factors predicting falls during first year after THA)

Odds ratio 95% confidence interval P value

Hip abductor muscle strength on the affected side 1.04 1.003-1.068 .031

Hip abductor muscle strength on the unaffected side 1.00 0.977-1.027 .895

Falls history .395 0.163-0.958 .040
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best predicted a fall during the first year after THA. The cut-off point

of 0.46 Nm/kg for preoperative hip abductor muscle strength on the

affected side yielded a moderate sensitivity and moderate specificity

of 73.6% and 50.0%, respectively.

The circumstances of the falls after THA are reported in Table 4.

Most first falls occurred indoors (46.9%), during the day (62.5%), and

were due to tripping (65.6%). In 15 patients (46.9%), falls resulted in

injuries, including a fracture in 2 patients (6.3%), namely a Colles' frac-

ture in one and a periprosthetic femoral fracture in the other. Overall,

20 patients (62.5%) sustained an injury within 6 months of their THA,

with two or more falls during the first year after THA reported by six

patients (18.7%).

4 | DISCUSSION

The present study found that the incidence of falls was 20.4%, and

the preoperative hip abductor muscle strength on the affected side

<0.46 Nm/kg was significantly associated with falls during the first

year after THA. To our knowledge, this is the first report of a specific

factor of preoperative lower limb function predicting the risk of falling

among post-THA patients.

Several investigators have identified hip abductor muscle strength

as a contributing factor to stability during standing and walking.27,28

Ikeda et al18 reported that preoperative hip abductor muscle strength

is strongly associated with hip abductor muscle strength after THA.

Therefore, preoperative weakness of hip abductor muscles may also

contribute to abnormal gait patterns, reduced stability during walking,

and falls after THA. Moreover, in our present study, we identified that

a preoperative abductor muscle strength <0.46 Nm/kg was associated

with 70.2% probability of falling, which is a clinically important finding.

Based on our result, we propose that a predictive cut-off value of

0.46 Nm/kg has key implications for clinical outcomes of THA. Fur-

ther research should be needed to clarify training methods that would

be effective to improve preoperative hip abductor muscle strength in

this clinical population.

Previous studies reported the prevalence of falls during the first

year after THA was 25% to 32%10,11,29, which was similar to the

results of the present study. Additionally, our findings that falls com-

monly occurred indoors, during the daytime, and resulted from trip-

ping are consistent with the findings of Ikutomo et al10 who examined

the incidence of falls in patients after THA (50.0% indoors, 66.2% dur-

ing the daytime, 47.1% because of tripping, and 5.9% had fractures).

Thus, our results were similar to those from previous studies among

patients after THA.

History of falling was a predictor for postoperative falling in

patients after THA,15,16 which is consistent with previous knowledge.

Additionally, Nagai et al30 demonstrated that a preoperative history of

falling and fear of falling were related to walking ability after THA.

This underlines the potential for a preoperative history of falling to

induce a debilitating downward spiral, marked by loss of confidence,

prolonged functional recovery, and an increased risk of falling after

THA. It is important to further note that a preoperative history of fall-

ing is not only a risk factor for falling per se after THA, but also a fac-

tor of functional recovery after THA.

Finding from the present study suggested that surgeons and

physical therapists should focus on low preoperative hip abductor

F IGURE 2 The area under the curve of 70.2%, with the optimal
cut-off value of the preoperative hip abductor muscle strength on
affected side of 0.46 Nm/kg (sensitivity = 73.6%, specificity = 50.0%)

TABLE 4 Circumstances of the falls (only first fall reported if
multiple falls)

Location n (%)

Indoors 15 (46.9)

Outdoors 12 (37.5)

Stairs 5 (15.6)

Time

Morning 4 (12.5)

Daytime 20 (62.5)

Nighttime 8 (25.0)

Cause

Tripping 21 (65.6)

Slipping 6 (18.8)

Loss of balance 5 (15.6)

Injury

None 17 (53.1)

Wound or bruise 13 (40.6)

Fracture (Colles' (n = 1) or periprosthetic femoral (n = 1)) 2 (6.3)

Post-operative duration

less than 6 months 20 (62.5)

≧6 months 12 (37.5)

Frequency of falls

1 26 (81.3)

≧2 6 (18.7)
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muscle strength on the affected side and a history of falling to identify

the most likely and important factors associated with increased fall

risk during the first year after THA.

The limitations of our study need to be acknowledged. First, this

was a single-center study. Second, although preoperative hip abductor

muscle strength is a fall-risk predictor after THA, the relationship

between other muscles and falls was not been examined. Third, the

main cause of the fall was tripping, but we could not investigate the

foot (affected or unaffected side) that was tripped. Fourth, we used

an observational design which does not offer an intervention method

for patients before surgery to improve hip abductor muscle strength.

However, our findings do suggest that preoperative hip abductor

muscle strength on the affected side and a preoperative history of fall

might be useful indicators for preoperative screening of the risk for

falls among patients after THA. Moreover, our findings to indicate the

potential importance of implementing interventions to improve preop-

erative hip abductor muscle strength on the affected side as being

necessary for preventing falls during the first year after THA. Further

research is needed to increase other facilities and outcomes for

preventing falls in patients after THA.

5 | CONCLUSIONS

Our findings suggest that preoperative hip abductor muscle strength

on the affected side was a fall-risk predictor during the first year after

THA. Therefore, surgeons and physiotherapists should be aware that

patients waiting for THA with low hip abductor strength on the

affected side and a history of falls were higher risk of falling and

should provide interventions and advice for them to prevent falls.

ACKNOWLEDGMENTS

The authors thank all the patients who participated in this study.

CONFLICT OF INTEREST

The authors declare no potential conflict of interest.

AUTHOR CONTRIBUTIONS

Conceptualization: Kazunari Ninomiya, Takashi Ikeda

Data Curation: Kazunari Ninomiya, Takashi Ikeda

Formal Analysis: Kazunari Ninomiya, Takashi Ikeda

Investigation: Kazunari Ninomiya, Koji Suzuki, Ryoji Sato

Methodology: Kazunari Ninomiya, Takashi Ikeda, Koji Suzuki,

Ryoji Sato

Writing-Original Draft Preparation: Kazunari Ninomiya

Writing-Review and Editing: Naonobu Takahira, Takashi Ikeda, Kazuo

Hirakawa

Funding acquisition: Takashi Ikeda

All authors have read and approved the final version of the

manuscript

Kazunari Ninomiya had full access to all of the data in this study

and takes complete responsibility for the integrity of the data and the

accuracy of the data analysis

TRANSPARENCY STATEMENT

Kazunari Ninomiya affirms that this manuscript is an honest, accurate,

and transparent account of the study being reported; that no impor-

tant aspects of the study have been omitted; and that any discrepan-

cies from the study as planned (and, if relevant, registered) have been

explained.

DATA AVAILABILITY STATEMENT

No original data are shared because of no informed consent for data

sharing.

ORCID

Kazunari Ninomiya https://orcid.org/0000-0002-0629-4738

REFERENCES

1. Judd DL, Dennis DA, Thomas AC, Wolfe P, Dayton MR, Stevens-

Lapsley JE. Muscle strength and functional recovery during the first

year after THA. Clin Orthop Relat Res. 2014;472:654-664.

2. Vissers MM, Bussmann JB, Verhaar JA, et al. Recovery of physical

functioning after total hip arthroplasty: systematic review and meta-

analysis of the literature. Phys Ther. 2011;9:615-629.

3. Rasch A, Dalén N, Berg HE. Muscle strength, gait, and balance in

20 patients with hip osteoarthritis followed for 2 years after THA.

Acta Orthop. 2010;81:183-188.

4. Ninomiya K, Hirakawa K, Ikeda T, et al. Patients 10 years after total

hip arthroplasty have the deficits in functional performance, physical

activity, and high fall rate compared to healthy adults. Phys Ther Res.

2018;20:53-58.

5. Zeni JJ, Pozzi F, Abujaber S, et al. Relationship between physical

impairments and movement patterns during gait in patients with end-

stage hip osteoarthritis. J Orthop Res. 2015;33:382-389.

6. Sturnieks DL, Tiedemann A, Chapman K, Munro B, Murray SM,

Lord SR. Physiological risk factors for falls in older people with lower

limb arthritis. J Rheumatol. 2004;31:2272-2279.

7. Doré AL, Golightly YM, Mercer VS, et al. Lower-extremity osteoarthri-

tis and the risk of falls in a community-based longitudinal study of

adults with and without osteoarthritis. Arthritis Care Res (Hoboken).

2015;67:633-639.

8. Eto M, Miyauchi S. Relationship between occlusal force and falls

among community-dwelling elderly in Japan: a cross-sectional correla-

tive study. BMC Geriatric. 2018;18:111.

9. Laessoe U, Hoeck HC, Simonsen O, Sinkjaer T, Voigt M. Fall risk in an

active elderly population—can it be assessed? J Negat Results Biomed.

2007;26:2-6.

10. Ikutomo H, Nagai K, Tagomori K, Miura N, Nakagawa N, Masuhara K.

Incidence and circumstances of falls in women before and after total

hip arthroplasty: a prospective cohort study. J Arthroplasty. 2018;33:

2268-2272.

11. Ikutomo H, Nagai K, Tagomori K, Miura N, Nakagawa N, Masuhara K.

Gait abnormality predicts falls in women after total hip arthroplasty.

J Arthroplasty. 2018;33:3215-3219.

12. Franklin J, Malchau H. Risk factors for periprosthetic femoral fracture.

Injury. 2007;38:655-660.

13. Abdel MP, Cottino U, Mabry TM. Management of periprosthetic fem-

oral fractures following total hip arthroplasty: a review. Int Orthop.

2015;39:2005-2010.

14. Reeves RA, Schairer WW, Jevsevar DS. The national burden of per-

iprosthetic hip fractures in the US: costs and risk factors for hospital

readmission. Hip Int. 2019;29:550-557.

15. Riddle DL, Golladay GJ. Preoperative risk factors for postoperative

falls in persons undergoing hip or knee Arthroplasty: a longitudinal

6 of 7 NINOMIYA ET AL.

https://orcid.org/0000-0002-0629-4738
https://orcid.org/0000-0002-0629-4738


study of data from the osteoarthritis initiative. Arch Phys Med Rehabil.

2018;99:967-972.

16. Levinger P, Wee E, Margelis S, et al. Pre-operative predictors of post-

operative falls in people undergoing total hip and knee replacement

surgery: a prospective study. Arch Orthop Trauma Surg. 2017;137:

1025-1033.

17. Lamb SE, Jorstad-Stein EC, Hauer K, et al. Development of a common

outcome data set for fall injury prevention trials: the prevention of

falls network Europe consensus. J Am Geriatr Soc. 2005;53:1618-

1622.

18. Ikeda T, Jinno T, Aizawa J, et al. Effects of perioperative factors and

hip geometry on hip abductor muscle strength during the first

6 months after anterolateral total hip arthroplasty. J Phys Ther Sci.

2017;29:295-300.

19. Ieiri A, Tushima E, Ishida K, Inoue M, Kanno T, Masuda T. Reliability

of measurements of hip abduction strength obtained with a hand-

held dynamometer. Physiother Theory Pract. 2015;31:146-152.

20. Kwoh CK, Petrick MA, Munin MC. Inter-rater reliability for func-

tion and strength measurements in the acute care hospital after

elective hip and knee arthroplasty. Arthritis Care Res. 1997;10:

128-134.

21. Lundin H, Sääf M, Strender LE, Nyren S, Johansson SE, Salminen H.

One-leg standing time and hip-fracture prediction. Osteoporos Int.

2014;25:1305-1311.

22. Adell E, Wehmhörner S, Rydwik E. The test-retest reliability of

10 meters maximal walking speed in older people living in a residen-

tial care unit. J Geriatr Phys Ther. 2013;36:74-77.

23. Graham JE, Ostir GV, Kuo YF, Fisher SR, Ottenbacher KJ. Relation-

ship between test methodology and mean velocity in timed walk

tests: a review. Arch Phys Med Rehabil. 2008;89:865-872.

24. Huskisson EC. Measurement of pain. Lancet. 1974;304:1127-1131.

25. Craig CL, Marshall AL, Sjöström M, et al. International physical activity

questionnaire: 12-country reliability and validity. Med Sci Sports Exerc.

2003;35:1381-1395.

26. Brach JS, Simonsick EM, Kritchevsky S, Yaffe K, Newman AB, for the

Health, Aging and Body Composition Study Research Group. The

association between physical function and lifestyle activity and exer-

cise in the health, aging and body composition study. J Am Geriatr

Soc. 2004;52:502-509.

27. Rogers MW, Mille ML. Lateral stability and falls in older people. Exerc

Sport Sci Rev. 2003;31:182-187.

28. Lee SP, Souza RB, Powers CM. The influence of hip abductor muscle

performance on dynamic postural stability in females with

patellofemoral pain. Gait Posture. 2012;36:425-429.

29. Smith TO, Pearson M, Latham SK. Are people following hip and knee

arthroplasty at greater risk of experiencing a fall and fracture? Data

from the osteoarthritis initiative. Arch Orthop Trauma Surg. 2018;136:

865-872.

30. Nagai K, Ikutomo H, Yamada M, Tsuboyama T, Masuhara K. Fear of

falling during activities of daily living after total hip arthroplasty in

Japanese women: a cross-sectional study. Physiotherapy. 2014;100:

325-330.

How to cite this article: Ninomiya K, Takahira N, Ikeda T,

Suzuki K, Sato R, Hirakawa K. Predictors of falls in patients

during the first year after total hip arthroplasty: A prospective

cohort study. Health Sci Rep. 2020;3:e184. https://doi.org/10.

1002/hsr2.184

NINOMIYA ET AL. 7 of 7

https://doi.org/10.1002/hsr2.184
https://doi.org/10.1002/hsr2.184

	Predictors of falls in patients during the first year after total hip arthroplasty: A prospective cohort study
	1  INTRODUCTION
	2  METHODS
	2.1  Study design
	2.2  Patients
	2.3  Ethical considerations
	2.4  Outcome measures
	2.4.1  Fall assessment
	2.4.2  Hip abductor muscle strength
	2.4.3  One leg stance time
	2.4.4  Maximal walking speed
	2.4.5  Hip pain during walking
	2.4.6  Physical activity

	2.5  Sample size calculation
	2.6  Statistical analyses

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  TRANSPARENCY STATEMENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


