
The Spine Journal 19 (2019) 1210−1220
Clinical Study
FDA device/

Author discl

close. S-FW:

Grants: Nation

directly to ins

wan Dollar], p

[New Taiwan

https://doi.org/

1529-9430/© 2
Changes of balance control in individuals with lumbar

degenerative spine disease after lumbar surgery:

a longitudinal study

Wei-Jin Wong, PTa,#, Dar-Ming Lai, MD, PhDb,#,
Shwu-Fen Wang, PT, PhDa,c, Jaw-Lin Wang, PhDd, Wei-Li Hsu, PT, PhDa,c,*

a School and Graduate Institute of Physical Therapy, College of Medicine, National Taiwan University, Taipei, Taiwan
bDivision of Neurosurgery, Department of Surgery, National Taiwan University Hospital, Taipei, Taiwan

c Physical Therapy Center, National Taiwan University Hospital, Taipei, Taiwan
dDepartment of Biomedical Engineering, National Taiwan University, Taipei, Taiwan

Received 27 November 2018; revised 24 February 2019; accepted 27 February 2019
Abstract B
drug sta

osures:

Nothin

al Heal

titution)

aid dir

Dollar],

10.1016

019 Els
ACKGROUND CONTEXT: Lumbar degenerative spine disease (DSD) with neurological

symptoms is the most common indication requiring lumbar surgery when nonoperative treatment is

not effective. Individuals with lumbar DSD have sensory, proprioception, and musculoskeletal sys-

tem alterations, which may result in balance impairment. However, evidence regarding balance

recovery in individuals with lumbar DSD after lumbar surgery is limited.

PURPOSE: To evaluate balance control, pain, and functional activities in individuals with lumbar

DSD after lumbar surgery.

STUDY DESIGN/SETTING: A prospective study with a cross-sectional control group.

PATIENT SAMPLE: Seventy individuals with lumbar DSD (DSD group) and 30 age-matched

healthy adults (control group) were recruited. Participants in the DSD group were diagnosed by a

neurological surgeon and received lumbar surgery according to relevant imaging findings and neu-

rological symptoms.

OUTCOME MEASURES: Clinical assessments, including a visual analogue scale (VAS), the

Oswestry Disability Index (ODI), and the Roland-Morris Disability Questionnaire (RMDQ), were

performed in the DSD group only. Balance control was assessed in all participants using the root

mean square (RMS) distance of the center of pressure (COP) in anteroposterior and mediolateral

directions.

METHODS: All participants were instructed to stand in natural stance and Romberg stance with

eyes open and eyes closed on a force platform for 35 seconds, respectively. The assessments were

performed in the DSD group at four time points: preoperative phase (baseline), 3 months, 6 months,

and 12 months postoperatively. In the age-matched healthy control group, only one assessment on

the recruitment day was performed.

RESULTS: The VAS, ODI, and RMDQ scores of the DSD group significantly improved after lum-

bar surgery (p<.001). The RMS distance of COP in the DSD group significantly decreased after

lumbar surgery (p<.017) compared with baseline in most of the testing conditions. However, the

RMS distance of the COP in the DSD group after surgery was significantly greater than in the

healthy control group (p<.05), especially 6 months and 12 months postoperatively.

CONCLUSIONS: Balance control, pain, and functional activities of individuals with lumbar DSD

showed improvement after lumbar surgery. However, balance control in individuals with lumbar
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DSD was still less stable than in age-matched healthy adults from 6 to 12 months after surgery.

Therefore, individuals with lumbar DSD require fall prevention programs after lumbar surgery,

including balance assessments and postoperative balance training. © 2019 Elsevier Inc. All rights

reserved.
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disease (DSD); Lumbar surgery
Introduction

Lumbar degenerative spine disease (DSD) has a high

prevalence and common among older adults [1]. Degenera-

tion of the lumbar spine includes conditions such as spinal

stenosis, spondylolisthesis, and disc degeneration, which

may cause compression or inflammation on spinal nerve

root [2]. Individuals with lumbar DSD may be associated

with a variety of clinical symptoms, such as low back pain,

altered sensation in the lower extremities, weakness, and

neurogenic claudication. Symptomatic lumbar DSD may

not only lead to decreased walking capacity and functional

activities, but also impact balance performance [3−5].
Changes of sensation and proprioception inputs in the lum-

bar spine and lower extremities, resulted from lumbar nerve

root compression, have been associated with balance con-

trol impairment in individuals with lumbar DSD [6−8]. In
addition, spinal deformity, trunk muscle weakness, and

delayed neuromuscular recruitment of the deep trunk

muscles may lead to balance instability [9,10]. Previous

studies showed individuals with lumbar DSD demonstrate

increased center of pressure (COP) sway during quiet stand-

ing compared with healthy adults, indicating individuals

with lumbar DSD have unstable balance control [7,11,12].

Therefore, balance assessments are important in individuals

with lumbar DSD.

Lumbar surgery has been widely used to alleviate pain

and neurological symptoms of individuals with lumbar

DSD [13]. Although conservative treatments, such as physi-

cal therapy and medications, are considered initially; lum-

bar surgery is an option when conservative treatments are

not effective [14−16]. The concept of lumbar surgery is to

remove the sources of the compression and irritation. Sev-

eral studies have reported the immediate effects of lumbar

surgery for pain improvement and recovery of daily func-

tional activities in individuals with lumbar DSD [17−21].
However, few studies have indicated changes in standing

balance performance after lumbar surgery [7,22−24].
Moreover, joint restriction may limit the ability of joint

coordination, and could cause balance stability [25]. It

remains unclear whether balance control during quiet stand-

ing is recovered after lumbar surgery, especially in the late

postoperative phase. Therefore, this study investigated

changes in balance control during quiet standing, as well as

changes in pain and functional activities, in individuals

with lumbar DSD after lumbar surgery and compared them

with age-matched healthy adults. The research hypothesis
was that balance control, pain, and functional activities of

individuals with lumbar DSD would be improved after lum-

bar surgery but that the individuals with lumbar DSD would

still have unstable balance control compared with age-

matched healthy adults.

Material and methods

Study design

This longitudinal clinical study was designed to deter-

mine the progression of static balance performance and

functional outcomes in individuals with lumbar DSD 3

months, 6 months, and 1 year after lumbar surgery. This

research adhered to the principles of the Declaration of Hel-

sinki for human research. This study was approved by the

Research Ethics Committee of National Taiwan University

Hospital (IRB reference number 201112117RIC) and regis-

tered with ClinicalTrials.gov (identifier NCT01703338).

Study procedure

The flowchart of this study is shown in Fig. 1. Partici-

pants in the lumbar DSD group (DSD group) and age-

matched healthy control group were assessed for eligibility.

Recruited participants were provided an explanation of the

study and the written informed consent at the Department

of Surgery, National Taiwan University Hospital. For the

DSD group, data collection included demographic data,

anthropometric data, functional assessments, and standing

balance assessment. The data collections for the DSD group

were initiated before lumbar surgery and were repeated at 3

months, 6 months, and 12 months postoperatively as fol-

low-up. For the age-matched healthy control group, the

same data collection procedure was applied, except for pain

and functional assessments. Data were collected in the

clinic at the Department of Surgery, National Taiwan Uni-

versity Hospital.

Participants

Seventy individuals with lumbar DSD were recruited.

The study included individuals with lumbar DSD who were

diagnosed by a neurological surgeon and received lumbar

surgery according to relevant imaging findings and neuro-

logical symptoms. The participants of the DSD group had

to meet the following inclusion criteria: (1) aged between

20 and 85 years; (2) a primary diagnosis of lumbar DSD



Fig. 1. Flowchart of participant recruitment.
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with neurological symptoms due to nerve root compression,

(3) radiculopathy exceeding 12 weeks for which conserva-

tive treatment had failed to make improvements; and (4)

selection for lumbar surgery. Exclusion criteria were as fol-

lows: (1) mechanical back pain owing to postural changes

and inability to maintain an upright posture for over 30

minutes; (2) segmental instability including isthmic spon-

dylolisthesis and degenerative spondylolisthesis greater

than 0.4 cm; (3) intervertebral angle reversal on dynamic

radiographs; (4) idiopathic scoliosis greater than 30˚; and

(5) previous lumbar surgery, rheumatoid arthritis, or anky-

losing spondylitis.

Thirty age-matched healthy controls were recruited. The

participants in the control group were eligible for participa-

tion if they had no neck or back pain, severe musculoskeletal

injury of the lower extremities or spine, vestibular dysfunc-

tion, or neurological dysfunction. Exclusion criteria for the

control group were the same as that for the DSD group.
Study measures
Pain intensity

The pain assessment was conducted in the DSD group

only. The severity of pain was self-assessed in the DSD

group using a 0- to 100-mm visual analogue scale (VAS).

Higher scores indicated greater intensity (0 = no pain,

100 = worst pain imaginable). The VAS is considered a tool

with high validity (95% confidence interval, 0.96−0.98) for
evaluating acute pain [26] and is commonly used in ortho-

pedic clinics [27]. The magnitude of effect (small, moder-

ate, or large) on the VAS was determined as described in a

clinical practice guideline issued by the American College

of Physicians [15]. A mean difference of 5 to 10 points was

identified as a small effect on pain, whereas a mean differ-

ence of >10 to no more than 20 points was defined as a

moderate effect. A mean difference of >20 points was

defined as a large effect.
Functional assessment

Functional assessments were conducted in the DSD group

only.

Oswestry Disability Index. The Oswestry Disability Index

(ODI) was used to examine self-reported disability associ-

ated with low back pain. The ODI assesses 10 daily activi-

ties, including pain intensity, personal care, lifting,

walking, sitting, standing, sleeping, sex life (if applicable),

social life, and travelling. Six statements rank the severity

of symptoms from 0 to 5. Participants can assess their cur-

rent status by choosing the most approximate statement.

The result was represented in percentage, which was the

sum of each item’s score divided by the total possible score.

Higher scores indicate greater disability in activities of

daily living. The ODI demonstrates good validity and reli-

ability in illustrating the recovery rate of individuals after

lumbar surgery [28,29]. A minimal clinically important
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difference (MCID) of 12.80 has been suggested in individu-

als after lumbar surgery [30].

Roland-Morris Disability Questionnaire. The Roland-

Morris Disability Questionnaire (RMDQ) is a health status

questionnaire that is self-completed by individuals to

assess their physical disability resulted from low back

pain. The questionnaire is a 24-item scale that consists of

pain with social activities outside the house, sitting, walk-

ing, housework, going upstairs, lying down, resting, sit to

stand, independence, dressing, turning over in bed, and

nutrition. Each item can be checked if it applies to an indi-

vidual for that day. A total score is obtained by counting

the number of checked items. The total scores range from

0 (no disability) to 24 (severe disability). The test-retest

reliability of RMDQ is 0.94 with a 95% confidence inter-

val of 0.90 to 0.96 [29]. The construct validity has been

proven in individuals after lumbar surgery. A change in

score of 3.5 points has been shown to reflect an MCID

[31].
Standing balance assessment

Procedure of standing trial. The standing balance assess-

ment was conducted in the DSD group at four time points

after surgery and in the age-matched healthy control group

on the recruitment day. All participants were asked to

stand barefoot on a force platform (Kistler 9286A; Kistler

Instrument AG, Winterthur, Switzerland) for 35 seconds

in each standing trial (Fig. 2). The participants performed

the standing task with eyes open and eyes closed in two

different foot positions. Overall, each participant per-

formed four trials: natural stance (feet shoulder width

apart) with eyes open and eyes closed, as well as Romberg

stance (feet together) with eyes open and eyes closed. Feet
Fig. 2. Standing balance assessment setting.
position was marked to ensure identical positioning for

each trial. To avoid drifting of the COP signal, the force

platform was calibrated for each trial before the data col-

lection by resetting the unloaded force platform. Partici-

pants were allowed to rest if they felt tired or soreness in

their legs.

COP data processing. Force platform signals were con-

verted from analogue to digital at a sampling rate of

1000 Hz. LabVIEW software (National Instruments Corp.,

Austin, TX, USA) was used to compute the COP based on

ground reaction force and moment in in the anteroposterior

(AP) and mediolateral (ML) directions. Then, the data were

processed and filtered with a second-order Butterworth

low-pass filter of 5 Hz by using MATLAB R2010a software

(MathWorks, Natick, MA, USA). Data for 30 seconds in

each trial were calculated and analyzed.

COP was further analyzed for time domain measures

[32]. The root mean square (RMS) distance of COP was

defined as the RMS value of the resultant distance time

series. The resultant distance time series represents the

vector distance from the mean COP to each pair of points

in the AP and ML directions time series. A decrease in

RMS distance represents an increased ability to preserve

upright standing, whereas an increased value of RMS dis-

tance suggests a decreased ability to maintain balance con-

trol [33].
Statistical analysis

Descriptive data and results of the participants of the

DSD group and the age-matched control group are pre-

sented as means§standard deviation. Statistical analysis

was performed using PASW Statistics 18 for Windows

software (SPSS, Chicago, IL, USA). The normality of

data was determined according to their skewness and

kurtosis and by using the Kolmogorov-Smirnov test.

The comparison of demographic data between two

groups was analyzed by independent samples t test or

Mann-Whitney U test, depending on the normality. The

majority of dependent variables was found to be not

normally distributed or measured at the ordinal level (ie,

RMDQ); thus, nonparametric statistics were used. A p

value less than 0.05 (alpha, a) was considered statisti-

cally significant.

The DSD group was assessed at the 0-month preopera-

tive phase (baseline) and at 3 months, 6 months, and 12

months postoperatively. The DSD within-group differences

in COP variables, pain, and functional assessment were

evaluated using the Friedman test. When data were signifi-

cant (p<.05), post hoc analysis with the Wilcoxon signed-

rank test was conducted with a Bonferroni correction (a/3)

applied, resulting in a significance level set at p<0.017. Dif-
ferences in COP variables between the DSD group and the

age-matched healthy control group were analyzed by

Mann-Whitney U test at four time points.
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Results

A total of 100 participants were recruited into the study

(DSD, n=70; control, n=30). Descriptive characteristics of

the participants are summarized in Table 1.

Pain and functional assessments

Table 2 shows changes in pain and functional assess-

ments of the DSD group at all time points. Compared with

baseline, the DSD group showed significant improvements

in VAS, ODI, and RMDQ at 3 months, 6 months, and 12

months postoperatively (p<.001), except for the RMDQ at

3 months (p=.018) postoperatively. Compared with 3

months postoperatively, the DSD group also showed signif-

icant improvements in ODI and RMDQ at 6 months and 12

months postoperatively (p<.001). However, no significant

changes were found between 6 months and 12 months post-

operatively.

The mean VAS score of the DSD group was 64.7 mm

before surgery. After lumbar surgery, the mean VAS score

of the DSD group decreased to less than 33.5 mm, a

decrease of more than 30 mm, showing large effects. The

mean ODI score of the DSD group decreased more than the

MCID value of 12.80 after lumbar surgery compared with

baseline. However, the mean RMDQ score only met the
Table 1

Demographics characteristics of participants

Characteristic

DSD group

(n=70)

Control group

(n=30) p Value

Sex (male/female) 23/47 11/19 .70

Age (years) 62.1 § 10.9 58.5 § 7.7 .06

Height (cm) 157.8§ 7.3 160.9§ 7.0 .06

Weight (kg) 64.7 § 13.2 64.9 § 11.7 .53

BMI (kg/m2)* 25.8 § 4.1 25.0 § 3.9 .59

Surgical methods:

(a) Decompression 15 NAy

(b) Decompression with fusion 55 NAy

Values are mean § SD or number.

DSD, degenerative spine disease.

* Body mass index.
y Not available.

Table 2

Results of pain and functional assessment in DSD group

0 month preoperatively 3 months postoperativ

VAS* (mm) 64.7 § 23.7 33.5 § 24.4x

ODIy (%) 46.2 § 15.1 28.9 § 21.0x

RMDQz (score) 12.3 § 5.3 10.9 § 5.2

Values are mean§SD.

DSD, degenerative spine disease.

* Visual analogue scale.
y Oswestry Disability Index.
z Roland-Morris Disability Questionnaire.
x p<.001 significant difference from 0 months preoperatively.
ǁ p<.001 significant difference from 3 months postoperatively.
MCID at 6 months and 12 months postoperatively com-

pared with baseline.
Standing balance assessment

Standing balance was assessed at the preoperative phase

(baseline) and at 3 months, 6 months, and 12 months post-

operatively. No serious falls occurred during data collection

for all the participants. These results in different directions

are described in the following subsections.
AP direction

Fig. 3 displays the results of balance control in the AP

direction during quiet standing. In natural stance, for the

DSD within-group comparisons during eyes open, RMS

distance of COP decreased significantly with mean differ-

ence 0.40§0.09 mm at 3 months (p=.015) and 0.54§
0.36 mm at 12 months (p=.003) postoperatively compared

with baseline, showing moderate effects (Fig. 3A). For the

DSD within-group comparisons during eyes closed, RMS

distance of COP decreased significantly by at least 0.53§
0.29 mm at 3 months (p=.007), 6 months (p=.011), and 12

months (p=.001) postoperatively compared with baseline,

showing moderate to large effects (Fig. 3B). However, for

the between-group comparisons, the results for the DSD

group during eyes open and eyes closed were significantly

greater than for the control group at all time points (all

p<.05; Fig. 3A, B). The mean differences of the results

between two groups during eyes-open and eyes-closed con-

ditions at all time points, ranged from 0.55§0.27 mm to

1.35§0.93 mm with moderate to large effects.

In Romberg stance, for the DSD within-group compari-

sons during eyes open, RMS distance of COP decreased

significantly with mean difference 0.39§0.15 mm at 12

months (p=.016) postoperatively compared with baseline.

In the between-group comparisons during eyes open, RMS

distance of COP in the DSD group was significantly greater

than in the control group with mean difference 0.80§
0.19 mm at baseline (p=.007) only (Fig. 3C). For the DSD

within-group comparisons during eyes closed, RMS dis-

tance of COP decreased significantly with mean difference

0.64§0.46 mm at 3 months (p=.015) postoperatively
ely 6 months postoperatively 12 months postoperatively

30.7 § 25.8x 28.5 § 24.6x

21.1 § 17.2x,ǁ 19.8 § 19.0x,ǁ

7.9§ 5.3x,ǁ 8.4 § 6.0x,ǁ



Fig. 3. Root mean square distance of center of pressure in anteroposterior direction. Values are mean§SD.

*Lumbar degenerative spine disease within-group comparisons (p<.017).
# Between-group comparisons (p<.05).
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compared with baseline. However, in the between-group

comparisons during eyes closed, RMS distance of COP in

the DSD group was significantly greater than in the control

group at baseline (p<.001), as well as at 6 months (p=.012)

and 12 months (p=.006) postoperatively, with mean differ-

ences more than 1.07§0.84 mm (Fig. 3D). All significant

mean differences in Romberg stance showed moderate

effects.
ML direction

Fig. 4 displays the results of balance control in ML

direction during quiet standing. In natural stance, for the

DSD within-group comparisons during eyes open, no sig-

nificant difference was found in RMS distance of COP after

lumbar surgery compared with baseline (Fig. 4A). For the

DSD within-group comparisons during eyes closed, RMS

distance of COP decreased significantly with moderate

effect of mean difference 0.73§1.28 mm at 3 months

(p=.004) and large effect of 0.56§0.78 mm at 6 months

(p<.001) postoperatively compared with baseline (Fig. 4B).

For the between-group comparisons, RMS distance of COP

in the DSD group during eyes open and eyes closed were

significantly greater than in the control group at baseline, as

well as at 6 months and 12 months postoperatively (all

p<.05), but not at 3 months postoperatively (eyes open,

p=.072; eyes closed, p=.111; Fig. 4A, B). The mean differ-

ences of the results between two groups during eyes-open

and eyes-closed conditions ranged from 0.46§0.16 mm to

1.20§1.67 mm, showing moderate to large effects.

In Romberg stance, for the DSD within-group compari-

sons during eyes open, RMS distance of COP decreased sig-

nificantly with more than 0.39§0.05 mm at 3 months

(p=.011), 6 months (p=.005), and 12 months (p=.003) postop-

eratively compared with the baseline. For the between-group

comparisons during eyes open, RMS distance of COP in the

DSD group was significantly greater than in the control group

at baseline (p=.007) only, with a mean difference of 0.76§
0.33 mm (Fig. 4C). For the DSD within-group comparisons

during eyes closed, RMS distance of COP decreased signifi-

cantly with a mean difference of 0.88§0.49 mm at 3 months

(p=.006) and 0.72§0.01 mm at 6 months (p=.006) postopera-

tively compared with baseline. However, for the between-

group comparisons during eyes closed, RMS distance of

COP in the DSD group was significantly greater than in the

control group at baseline (p=.013) and at 12 months (p=.035)

postoperatively (Fig. 4D). The mean differences of the results

between two groups during eyes closed were 1.31§0.90 mm

at baseline and 1.06§0.79 mm at 12 months postoperatively.

All significant mean differences in Romberg stance showed

moderate effects.
Discussion

The main purpose of this study was to investigate

changes in balance control during quiet standing, pain, and

functional activities in individuals with lumbar DSD after
lumbar surgery and to compare them with age-matched

healthy adults. The findings supported our hypothesis that

balance control of individuals with lumbar DSD during

quiet standing, pain, and functional assessments (ODI and

RMDQ) improves after lumbar surgery. However, com-

pared with the age-matched healthy adults, the balance con-

trol of the individuals with lumbar DSD was less stable

both before and after surgery.
Pain level and daily activity function improved after lumbar

surgery

Lumbar surgery showed positive effects on pain and

functional activities improvement in individuals with lum-

bar DSD. The results obtained in our study are in agreement

with those obtained in other studies in which researchers

have stated that lumbar surgery can immediately alleviate

pain and improve the functional activities of individuals

with lumbar DSD [13,14]. In our study, significant

improvement in pain and functional assessments was not

only shown in statistical analysis but also satisfied MCID,

which is defined as the smallest change in a treatment out-

come that an individual would identify as important.

The subjective functional assessments used for this study

were the ODI and the RMDQ. Both subjective assessments

improved after lumbar surgery and showed a plateau at

6 months postoperatively. These results were consistent

with previous studies in which researchers have stated that

lumbar surgery can improve the daily function of individu-

als with lumbar DSD [34−36]. According to the answers to

the clinical questionnaire, the participants were able to per-

form more daily activities after surgery than before surgery.

However, the RMDQ scores at 3 months postoperatively

did not show significant improvement compared with pre-

operatively, but the ODI scores did show improvement.

This result could be due to the construct measured by the

ODI being broader than that of the RMDQ, such as general

health, mental health, and social functioning, whereas

RMDQ provides a more focused assessment of physical

functioning [37]. Most of the participants in this study

reported on the RMDQ that they still needed help for daily

activities such as dressing, heavy jobs, and household activ-

ities at 3 months postoperatively. Our participants were

asked to wear a lumbosacral orthosis in the first 3 months

after lumbar surgery [38]. Thus, postoperative fear avoid-

ance could be a factor that caused the participants to avoid

trunk movements. An elevated fear-avoidance level was

found in participants in the early postoperative period,

which is associated with disability and decreased physical

health after lumbar surgery [39,40].

Daily activity function and pain level improved after

lumbar surgery in this study. However, balance control of

individuals with lumbar DSD was still less stable than in

the healthy control group, even after lumbar surgery. Anal-

gesic and muscle relaxant were prescribed to the DSD

group before and after lumbar surgery, but no medication



Fig. 4. Root mean square distance of center of pressure in mediolateral direction. Values are mean§SD.

*Lumbar degenerative spine disease within-group comparisons (p<.017).
#Between-group comparisons (p<.05).
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was prescribed to the healthy control group. Therefore, the

side effects of the medication that may cause the differen-

ces in balance control between two groups should be con-

sidered. Nevertheless, most daily function activities are

performed in an upright position, such as walking, running,

and jumping. Balance control is a critical demand to exe-

cute movement in an upright position. Although the pain

level of our individuals with lumbar DSD decreased after

lumbar surgery, the balance control of the participants did

not fully recover to the level of healthy adults. Thus, other

factors such as muscle performance and movement stability

should be further examined.
Balance control of individuals with lumbar DSD showed

improvement after surgery but was still less stable than in

healthy adults

Our results showed that balance control in individuals

with lumbar DSD improved starting 3 months postopera-

tively in most of the testing conditions, because their pain

and neurological symptoms were relieved by the surgery

[41]. In this study, pain levels on the day of testing before

surgery were high (mean VAS, 64.7 mm), but they were

low at 3 months (mean VAS, 33.5 mm), 6 months (mean

VAS, 30.7 mm), and 12 months (mean VAS, 28.5 mm)

postoperatively. Thus, when the pain level is decreased,

better balance performance in individuals with lumbar

DSD would be expected.

Although balance control in the AP direction showed

improvement after lumbar surgery, it was still less stable

than in healthy adults, particularly in natural stance. Previ-

ous studies showed that after lumbar surgery, individuals

with lumbar DSD have weaker back muscle strength [9,42]

and experience changes in muscle activity, such as a

delayed firing time and abnormal recruitment patterns [43].

Trunk muscle strength decreased may result in poor trunk

control ability and postural instability [9,44]. In addition,

limited lumbar spinal motion and damage of paraspinal

muscles may cause abnormal compensatory movements of

the body after lumbar surgery. A recent study demonstrated

that individuals with lumbar DSD mainly activated their

lower limb muscles to compensate their insufficient para-

spinal muscle function after receiving lumbar spinal fusion

[45]. Therefore, early rehabilitation with back muscle train-

ing should be introduced after lumbar surgery.

The balance control in ML direction during quiet stand-

ing is governed by the hip abductor and adductor muscles

[46,47]. However, muscle weakness and tenderness in hip

abductors such as the gluteus medius are common symp-

toms in individuals with lumbar DSD [48]. Thus, hip

abductor weakness may be a factor that affected the balance

control of the individuals with lumbar DSD in ML direction

before surgery in the present study. Moreover, the balance

control of the individuals with lumbar DSD in ML direction

at 3 months postoperatively was comparable to that of

healthy adults in all standing balance tasks. As mentioned
above, our participants wore a lumbosacral orthosis to pro-

tect their spine for the first 3 months postoperatively. A

recent study indicated that lumbosacral orthosis decreased

postural sway while standing on unstable surfaces [49] and

joints coordination are required for balance stability

[50,51]. Reduced trunk muscle activation and enhanced

proprioception exerted by a lumbosacral orthosis may

account for the mechanism underlying the effect of lumbo-

sacral orthosis on balance control. Thus, the decreased pos-

tural sway at 3 months postoperatively may result from

wearing a lumbosacral orthosis.

However, the balance control of the individuals with

lumbar DSD in ML direction became less stable than in

healthy adults at 12 months postoperatively, especially dur-

ing eyes-closed tasks. This finding may be related to poor

posture and unhealthy lifestyle remaining unchanged in

individuals after lumbar surgery [52], because participants

in this study did not receive postoperative rehabilitation.

Unhealthy lifestyle habits such as a sedentary lifestyle/

insufficient physical activity may lead to lower limb muscle

weakness. Recent studies demonstrated that balance control

impairment and functional limitations in older adults could

be associated with the impaired muscle strength [53] and

dynamic stability [54]. Nevertheless, unstable balance con-

trol after surgery may increase fall risk of individuals with

lumbar DSD during activities of daily living. Therefore,

balance assessments and postoperative rehabilitation train-

ing for individuals with lumbar DSD after lumbar surgery

is necessary.

Study limitations

The present study has a few limitations. First, the gener-

alizability of our study findings may be limited because of

the lack of follow-up data in the healthy control group.

Thus, the effect of aging of the healthy control subjects

within 1 year could not be excluded in this study [32]. Sec-

ond, the present study did not recruit a patient control group

since we wanted to know whether the patients could fully

recover to the level of healthy adults. Future studies can

subgroup participants into surgical and nonsurgical groups

for detailed analysis of surgical effects. Third, the lifestyles

and physical activities of participants were not monitored

in this study. This may cause high variability between par-

ticipants in postoperative recovery. Thus, future studies

should monitor the lifestyles and physical activities of par-

ticipants during follow-up assessments.

Conclusions

Balance control, pain, and functional activities of indi-

viduals with lumbar DSD showed improvement after lum-

bar surgery. However, balance control in individuals with

lumbar DSD was still less stable than in age-matched

healthy adults from 6 to 12 months after surgery. Therefore,

individuals with lumbar DSD may benefit from a fall pre-

vention program after lumbar surgery, such as balance
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assessments and postoperative balance training. Future

studies should investigate the effect of balance training in

individuals with lumbar DSD after lumbar surgery. The

findings of this study highlight the importance of balance

control assessment and postoperative balance training for

individuals with lumbar DSD after lumbar surgery.
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