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Abstract

Information on postural control has gained recognition as an objective outcome measure after spine surgery. Insights on 
the patterns of posture and movement exhibited by patients using nonlinear tools can provide useful information on the 
structure of sway variability, adding value to the traditional quantification of its magnitude. The results should guide efficient 
therapeutic strategies to promote early recovery. To date, no clinical trial used this protocol at the time of hospital discharge. 
This study aims to analyse postural control under the acute effect of spine surgery.
Thirty-seven patients submitted to decompressive or fusion spine surgery to treat degenerative pathologies or correct 
severe deformities were recruited (21 male, 16 female; mean age: 53,4 ± 18,1 y, range 14-80). Thirty-seven matching healthy 
volunteers included the control group. All participants performed a standard stabilometric test on a force platform for 180 
seconds, patients being tested at the hospital on discharge day. Six more trials were randomly performed in different stance 
conditions: 1) eyes closed; 2) feet together; 3) performing a mental task; 4) on a high-density foam; 5) on a low-density foam; 
6) holding a box. Values of sway range, mean velocity, elliptic area, and sample entropy, were extracted from centre-of-pressure 
displacement time-series and analysed using parametric statistical methods. Comparisons were made between control values 
and the effects of surgery, type of surgical procedure, level of back or leg pain, and residual radiculopathy.
During the baseline task (eyes open) patients increased their total area of oscillation (p=0,016), mainly its range in the 
anteroposterior (AP) direction (p=0,010); the structure of that variability has less complexity and more regularity compared 
to control participants, showing lower sample entropy values (p=0,031 / AP direction). Differences were not significant in the 
mediolateral (ML) direction, and the mean velocity did not discriminate participants. Eyes closed condition, being on a high-
density foam, or holding a box, exhibited the most robust cumulative significance. Interactions between all the parameters (the 
type of surgery, level of pain, presence of radiculopathy) may reveal more significant determinants to the postural patterns 
adopted. However, present data should be interpreted cautiously, being necessary broader samples for each sub-group in 
future studies, the replication of these measures in later follow-ups, and consider the effects of rehabilitation programs 
tailored in concordance to the main findings.

https://doi.org/10.23880/jobd-16000197
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At hospital discharge, patients having surgery for spine conditions show a significant increase in the magnitude of body sway 
and a postural pattern markedly regular with low complexity. Stabilometric trials performed with eyes closed, on high-density 
foam, or holding a box, demonstrate superior ability to discriminate patients from controls and should be used preferentially 
in future trials. Further studies using nonlinear measures after spine surgery are needed to clarify the underlying motor 
behaviour. Early intervention is recommended to correct postural impairments and facilitate optimal movement variability.
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Introduction

The pain and disability associated with spinal disorders 
represent a considerable personal and social burden due 
to their persistent and progressive nature. From the latest 
studies available, low back pain is the single leading cause 
of years lived with disability for all ages and both sexes 
combined, across 126 of the 195 countries under scrutiny 
[1]. A worsening global trend is also clear, with an increase of 
about 50% since the first data collection in 1990.

Although recommendations from best practice 
guidelines exist, in line with the evidence for the cost-
effectiveness of strategies proposed to prevent and treat 
spinal disorders, a deep contrast occurs in the real practice, 
whatever the income setting [2].

In particular, surgery for back pain remains a 
controversial issue, regarding the uncertainty on relative 
profits and risk of adverse events [3], representing a lack 
of consistency between the ability to solve back problems 
or being an additional contributing factor to further spinal 
dysfunction. The higher amount of costs and health care 
resources involved adds some arguments to increase the 
debate.

A broader agreement is achieved though, whenever 
surgery is proposed in the presence of a severe or progressive 
neurological impairment [4], or lack of positive outcomes 
from conservative treatment, with a strong association of 
symptoms with structural imaging findings, like herniated 
discs or spinal stenosis [5].

Good practice advocates that indications for spine 
surgery would be supported by unequivocal criteria, as 
decisions about the best approach should be driven by 
updated and high-quality clinical practice guidelines, built on 
substantial evidence and based on a shared process between 
clinicians and patients to achieve the best choice [6,7]. The 
systematic use of a comprehensive and standardised set 
of outcome measures after spine surgery would help to 
minimise the gap between evidence and practice, looking 
to optimise decision-making, especially in the absence of a 

clear indication for surgery [8].

Although a primary core set of outcomes is consensually 
based on patient-reported subjective measures like pain 
intensity, physical functioning, and health-related quality 
of life [9], reliable and objective measures with clinical 
significance should also be assessed [10]. Evaluating the 
impact of surgery on the patterns of posture and movement 
using kinetic and kinematic measuring tools [11] should 
provide a closer insight into the biomechanical and 
neuromuscular functions under the effect of constraints due 
to surgery. 

Analysis of the correlations between subjective outcome 
scores from the primary core set and the measures of motor 
behavior parameters would enhance the reliability and 
usefulness of this information to compare during recovery 
and guide rehabilitation approaches. Balance and postural 
control are essential features for performing a multitude 
of motor tasks while ensuring spinal stability, protecting 
against injury and pain, and reducing metabolic costs [12,13]. 
Low back pain has already proven to have a deleterious effect 
on motor strategies, emphasising higher levels of trunk 
muscle co-activation, resulting in a rigid postural control 
as a protective coping scheme, at the expenses of lesser 
motor behaviour variability, additional overload, and energy 
waste [14,15]. Evidence also points to profound structural 
alterations of the deep trunk muscles with significant 
changes in neuromuscular recruitment patterns, including 
inhibition, delayed onset, atrophy, fatty infiltration and 
muscle fibre type mutation [16-18].

Patients submitted to spine surgery for back pain 
may exhibit all these features, expanded by a higher level 
of pain interference [19] and some form of sensorimotor 
impairment that may add further compromise to their motor 
performance [20-23]. Proprioceptive impairment seems 
to be the main feature, due to some level of radiculopathy 
remaining from previous neural tissue compression or 
consecutive to surgical iatrogenicity by afferent denervation 
and dysfunctional central processing related to the incision 
aggression, changes in spinal curvatures, or insertion of rigid 
segments by fusion/arthrodesis of intervertebral segments 
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[24].

Posturography is widely used to quantify body 
swing during upright stance to infer the integration and 
interaction of various sensorimotor control systems, guiding 
researchers and clinicians to understand and manage 
movement and functioning in both healthy and pathological 
populations. Static posturography, or stabilometry, uses 
force platforms to collect information about the centre of 
pressure displacement (CoP – the point of application of the 
vertical ground reaction force vector, exerted as a reply to 
foot contact on the platform), measured while maintaining 
a quiet upright position, during the movement of the body 
like a single inverted pendulum rotating around the ankle 
joints [25]. This procedure creates two time-series data sets, 
each for the CoP trajectory around the anteroposterior (AP) 
or mediolateral (ML) axis, representing the two-dimensional 
variability of body sway under the conditions imposed by the 
experimental setup [26].

Different metrics are proposed to quantify the recorded 
amount of sway. Classical linear tools using time-domain 
parameters (e.g., range, area, travelled distance, and velocity 
of the CoP trajectory) suggest an index of postural stability 
assuming that less sway reveals an enhanced control [27,28]. 
Nevertheless, the magnitude of this variability around 
the average fails to account for the structured temporal 
organisation of motor behaviour [29-31]. Nonlinear 
dynamics proposes to quantify motor output regularity 
over a time-series (e.g., sample entropy) as a measure of 
complexity, being the best representation of its variability 
[32-34]. 

Since the first study in 1991 [35] and despite its proven 
utility to evaluate changes in motor performance due to spinal 
disorders or the outcomes of its management strategies 
[36-39], few stabilometric studies have been carried out to 
date in the scope of spine surgery and only one systematic 
review [40]. The majority of studies point to increased or 
faster postural sway as the most common features, when 
comparing low back patients with healthy subjects. However, 
the inconsistency is considerable and seems to be dependent 
on the stance conditions imposed by each experimental 
protocol.

Guidelines on the conditions under which quiet stance 
trials should be made on the platform or the parameters for 
analysing the data have been the issue of profound debate [41]. 
However, a weak consensus among researchers still precludes 
effective standardisation. Overall recommendations indicate 
the eyes-closed condition as more sensitive for identifying 
alterations in balance behaviour [40], but other possibilities 
of a mechanic, sensory, or cognitive manipulation raise the 
interest in exploring diverse standing conditions.

Additionally, previous studies identified a further 
increase in body sway immediately after fusion surgery 
that gradually diminishes over time [40]; or a reduction 
straightway in the case of decompressive procedures, 
comparing to the pre-operative values [22,40,42]. Although 
an overall improvement in postural control is achieved, a 
significant difference tends to subsist comparing surgery 
patients to healthy subjects after 1 to 3 weeks [43,44]; 1 to 3 
months [20,45,46]; and even in the long-term follow-up of 6 
to 12 months [47-49]. In the cases of adolescent scoliosis, it 
may take 1 to more than 3 years to reach recovery [24,50-52]. 
Bouche and colleagues [53] found ongoing postural deficits 
in patients submitted in the long-term to decompressive 
lumbar surgery, as far as 42 to 83 months.

It appears that the immediate stage after surgery is 
the one in which the issues that may influence the long-
term evolution of patients are emphasised, and particularly 
residual pain and radiculopathy, and maybe the appropriate 
moment to collect these data to highlight their effects.

The eyes closed condition was suggested as the most 
capable of detaching the main features of postural patterns 
emerging in the early postoperative period. At that time, it 
seems relevant to assess how patients evolve after surgery 
and solve their previous impairments, like their dependence 
on visual clues to compensate for any proprioceptive 
deficits. Meanwhile, many other parameters need to be 
considered that may compromise postural control and the 
future outcome of the surgery, to overcome the remaining 
discrepancy between patients and healthy subjects in the 
long-term, as mentioned before. Sipko and colleagues [22] 
suggest that this transient period is critical to implement 
therapeutic strategies targeted at facilitating and reinforcing 
the acquisition of correct motor patterns.

Such a proposition needs to be sustained on a 
comprehensive evaluation of outcomes using the most 
appropriate assessment tools. Only two stabilometric studies 
evaluated the acute effects of spine surgery on postural 
control, measured within the hospital setting at the time 
of discharge, both aiming at decompressive surgery alone 
[22,42]. To our knowledge, none of the reviewed studies 
used nonlinear tools to appraise postural control variability 
immediately after spine surgery. Linking both approaches 
could provide a comprehensive understanding of the 
underlying motor strategies adopted in response to pain and 
other influences from pathology or surgery [33].

Therefore, this exploratory clinical trial aimed to describe 
the postural control features of patients who just underwent 
spine surgery, comparing the results with a control group. 
Linear (range, area, and velocity) and nonlinear (sample 
entropy) measures of the CoP displacement were used to 
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analyse the influence of the type of spine surgery, the level 
of reported pain, the presence of signs or symptoms of 
radiculopathy, and the effect of stance parameters.

It was hypothesised that fusion procedures would 
negatively influence postural sway in the proportion of its 
extension, more than decompressive surgery, associated 
with higher levels of pain and residual radicular impairment. 
It was consequently expected an increased oscillation with 
a less complex and more regular pattern of variability, 
comparing to control values. These changes should be 
progressively highlighted with increased difficulty imposed 
by the stance condition, starting from the baseline task (eyes 
open, feet apart, on a firm surface, performing a single task).

Methodology

Participants

Users of the Portuguese Red Cross Hospital (PRCH) were 
recruited for convenience, sequentially selected from the list 
of hospital admissions to undergo spine surgery.

Inclusion criteria for the surgery group were subjects of 
both genders and any age proposed for 1) decompression 
surgery, involving one or more lumbar intervertebral 
levels with a combination of discectomy, laminectomy and 
foraminotomy procedures; 2) fixation surgery – instrumented 
posterolateral fusion alone or combined with interbody 
fusion (arthrodesis) after decompression surgery, between 
one or more lumbar or thoracolumbar intervertebral levels. 
Surgery was proposed to treat degenerative pathologies or 
correct severe deformities, such as adolescent idiopathic or 
adult degenerative scoliosis.

As exclusion criteria, cases of cervical surgery, minimally 
invasive techniques, or procedures with devices such as 
interspinous spacers or disc arthroplasty were rejected. 
Subjects were not included if they had sequelae from a 
previous history of severe traumatic injury, surgery of 
the lower limbs, central neurological injury, or systemic 
pathology associated with balance impairment.

Subjects recruited for convenience among PRCH’s 
employees and users set up the control group, so to match 
the subjects of the surgery group in terms of gender and age. 
The exclusion criteria were a traumatic or surgical history 
involving the spine or lower limbs, systemic pathology with 
central neurological or balance impairment, and reference to 
back or neck pain within the last three months.

The PRCH Ethics Committee approved our study, and the 
participants gave their free and informed written consent to 
participate in the clinical trial. 

Material and Methods

Participants in both groups performed a standard 
stabilometric test. Those in the surgery group were tested 
on the day of hospital discharge. At that time, they have 
demonstrated criteria that justify the cessation of hospital 
care: a stabilised clinical condition and functional autonomy 
to perform basic activities of daily living, such as transfers, 
sitting, walking, and climbing stairs. Levels of reported back 
or leg pain through the last hour were recorded. The 0-10 
point Numerical Pain Rating Scale (NRS) [54,55] was used 
to assess pain intensity. Participants were rated according 
to the presence of any complaint of referred leg pain, motor 
impairment, or disrupted sensation affecting the lower limbs 
due to lumbosacral nerve root compromise [56]. 

During an initial 180-second trial (baseline task), 
participants were required to maintain a relaxed and natural 
upright stance on a force platform while they were barefoot 
with their feet hip-width apart, their arms comfortably 
extended to the side, and their eyes open. They kept looking 
at a 5 cm circular mark on a wall 3 meters ahead at eye level, in 
a quiet, bright room in the Physiotherapy Department of the 
hospital. Participants were then asked to randomly perform 
six more trials, in different conditions while standing on the 
platform: 1) eyes closed; 2) feet close together; 3) performing 
a mental task; 4) on a high-density foam; 5) on a low-density 
foam; 6) holding a small box. A minimum rest period of 
sixty seconds was applied between trials to avoid fatigue 
or additional discomfort, during which participants were 
allowed to lay down, sit, stand, or walk around, as preferable.

The AP and ML directions of the CoP oscillations 
were acquired using a Bertec® mod. 4060-NC (Bertec Co., 
Columbus, USA) six-component strain-gauge force platform 
with a sampling rate of 1K Hz. Data recording started after 
the initial 5-seconds period to stabilise the position. Each of 
the 180-seconds raw signals was then down sampled to 20 
Hz, without filtering or any additional processing. 

Linear measures of variability used to analyze the CoP 
displacement time-series included temporal (range [AP/
ML]-the amplitude between the maximum and minimum 
values of displacement, in each direction; velocity [AP/
ML] – the displacement by the test time, in each direction) 
and spatiotemporal (area – the surface of an ellipse that 
covers 95% of the total displacement) parameters [28]; 
sample entropy (AP/ML) was the nonlinear measure used 
as the extent of complexity and regularity of the body sway, 
reflecting the dynamic structure of its variability [57].

Therefore, seven quantitative measures were selected 
as dependent variables. As mentioned, the values of these 
variables were recorded under seven task conditions. 
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Moreover, the clusters/groups specified for CoP displacement 
comparison incorporated group (control group and surgery 
group), type of surgery (decompression surgery and fusion 
surgery), level of pain (pain lower than 5 and pain 5 or 
higher in the 0-10 point Numerical Pain Rating Scale) and 
presence of radiculopathy (without radiculopathy and with 
radiculopathy).

Statistical analysis was used to describe participant 
groups and to compare the effects of different task conditions 
or surgical and clinical parameters on CoP displacement 
variability.

 Statistical Procedures 

The first step consisted of computing descriptive 
statistics (e.g., frequencies, means, and standard deviations) 
for the several types of variables and groups included in the 
study. Next, Shapiro-Wilk’s, Levene’s, and Mauchly’s tests 
were conducted to examine the normality, the homogeneity 
of variances, and the sphericity conditions, respectively, of 
the dependent variables across groups and conditions.

Subsequently, and selecting the baseline task (eyes 
open), Independent-Samples t-tests, and One-Way ANOVAs 
(without or with Welch’s correction) with Tukey’s post-hoc 

comparisons were performed to evaluate the difference 
between the dependent variables mean values across groups.

Ultimately, Two-Way ANOVAs for repeated measures 
and several groups (without or with Greenhouse-Geisser’s 
correction) with Bonferroni’s post-hoc comparisons were 
used to evaluate the difference between the dependent 
variables mean values for the different conditions and 
groups. The probability p < 0,05 was set as the criterion for 
statistical significance. This part of the study was undertaken 
using the IBM SPSS software (version 25, IBM Inc., USA).

Results

Thirty-seven patients were selected for the surgery 
group, 21 (56,8%) of whom were male, 16 (43,2%) were 
female. The ages were between 14 and 80 years old; the 
average age was 53,4 ± 18,1 years. Half of the patients were 
older than 58 years.

A match was obtained in terms of gender and age range 
between the participants in both groups: 37 participants (21 
male, 16 female) were included in the control group (average 
age 53,4 ± 17,8 years). A considerable similarity in the mean 
values of age, height, weight, and Body Mass Index was also 
attained (Table 1). 

Age range
 CG/SG (same values) Age (y) * Height (m) * Weight (kg) * BMI (kg/m2) *

 n (%) ♀ ♂ CG SG CG SG CG SG CG SG
< 35  5 (13,51%) 1 4 20,6 19,4 1,72 1,79 62,2 69,4 21,0 21,3

35 – 44  6 (16,22%) 3 3 38,5 38,7 1,74 1,71 74,7 76,2 24,5 25,7
45 – 54  4 (10,81%) 2 2 49,0 49,3 1,72 1,72 72,5 72,9 24,8 24,6
55 – 64  12 (32,43%) 5 7 60,4 60,6 1,67 1,68 72,2 82,1 25,8 29,1

> 65 10 (27,03%) 5 5 72,2 72,4 1,65 1,62 77,2 73,5 27,9 28,0
 Total  37 (100%) 16 21 53,4 53,4 1,69 1,69 72,6 76,1 25,4 26,7

±17,8 ±18,1 ±0,11 ±0,11 ±15,5 ±15,3 ±4,1 ±4,7
* mean ±std values

Table 1: Distribution by age range and gender within the control (CG) and surgery (SG) groups (same values for both groups). 
Mean values of age, height, weight, and Body Mass Index (BMI).

Type of spine 
surgery n (%) ♀ ♂ Age (y)* Height (m)* Weight 

(kg)* BMI (kg/m2)*

 Decompression 17 (45,95%) 6 11 53,1 ±18,4 1,73 ±0,13 77,9 ±14,1 26,0 ±3,8
 Fusion (arthrodesis) 20 (54,05%) 10 10 53,7 ±18,3 1,65 ±0,09 74,6±16,5 27,3 ±5,5

Total 37 (100%) 16 21 53,4 ±18,1 1,69 ±0,11 76,1 ±15,3 26,7 ±4,7
 * mean ±std values

Table 2: Demographic and anthropometric description of the surgery group.
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There were no major differences in the demographic 
and anthropometric characteristics between decompression 
and fusion participants in the surgical group, although fewer 
women required a decompressive procedure alone. This sub-
group had, therefore, a slight tendency to higher and heavier 
participants (Table 2). 

In this sample, surgeries in participants under 50 
years old were mainly decompressive at the L5-S1 level, or 
corrective, as a treatment of scoliosis. Intervention at the L4-
L5 segment was the most frequent, alone, or in combination 
with other levels (Table 3).

The participants who underwent fusion (arthrodesis) 

stayed in the hospital twice as long and complained more 
about back or leg pain, on average.
 

Half of the participants had signs and symptoms of a 
lumbosacral radicular syndrome after spine surgery, but 
not related to any other parameter in this group. Only seven 
(19%) of the 37 participants in the surgery group referred 
residual leg pain at the time of hospital discharge after 
spine surgery; four of those had no other radicular signs or 
symptoms. Twelve participants had some degree of motor 
impairment in the critical muscles of a specific radicular 
myotome. Nineteen participants were free of any complaint 
of lumbosacral radicular involvement.

Type and levels of spine 
surgery n (%) ♀ ♂ age 

(years)*

length of 
hospital 

stay (days)*

back/
leg pain 

intensity (0-
10 NRS)*

lumbosacral 
radic. syndr. 

(n/%)

Decompression

L3-L4 1 ( 2,70%) 0 1 72,0 2,0 4,0 1

L4-L5 7 (18,92%) 3 4 63,3 2,0 5,1 3

L5-S1 9 (24,32%) 3 6 43,1 1,3 3,3 5

17 (45,95%) 6 11 53,1 ±18,4 1,7 ±0,9 4,1 ±2,5 9 (53%/17)

Fusion (arthrodesis)

lumbar / L4-L5 (x1) 7 (18,92%) 2 5 64,4 3,1 4,6 4

lumbosacral / L5-S1 (x1) 3 ( 8,11%) 1 2 47,7 2,0 5,7 1

lumbosacral / L4-S1 (x2) 3 ( 8,11%) 3 0 63,3 3,0 8,3 3

lumbosacral / L3-S1 (x3) 3 ( 8,11%) 2 1 64,3 4,0 4,3 1

thoracolumbar / T11-L3 (x4) 1 ( 2,70%) 1 0 50,0 4,0 7,0 0

thoracolumbar / T4-L3 (x11) 3 ( 8,11%) 1 2 15,7 5,0 8,0 0

 20 (54,05%) 10 10 53,7 ±18,3 3,4 ±1,1 5,9 ±2,1 9 (45%/20)

Total 37 (100%) 16 21 53,4 ±18,1 2,6 ±1,4 5,1 ±2,4 18 (49%/37)

* mean ± std values

Table 3: Distribution and gender by type and levels of procedure within the surgery group. For each item: - mean values of 
age, hospital stay, and referred back or leg pain; - participants with signs and symptoms of a lumbosacral radicular syndrome 
(number/percentage per sub-group).

Figure 1 identifies successive clusters of reported 
back or leg pain in ascending order of intensity from all 
the surgery participants, each one representing the type 
and extension of the surgical procedure (single or multiple 
segments involved). Generally, the distribution followed the 
progressive impact of the surgery extension and the use of 
instrumentation for the fusion procedure. Nevertheless, the 

higher pain reports came from a one-level decompressive 
case (the oldest participant) and from the group of three 
women who underwent two-segment fusion (L4-S1 levels), 
with the highest mean value (8,3/10 NRS). On average, 
women complained slightly more (5,8/10 NRS) than men 
(4,5/10 NRS).
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Figure 1: Back or leg pain reports from the 37 patients of the surgery group, ranked in clusters by ascending order of intensity. 
Pain intensity was assessed with the 0-10 points Numeric Rating Scale. Each colour relates to the type and number of segments 
involved in the surgical procedure (decompressive: single level; arthrodesis [ATD]: single or multiple levels).

In the baseline context (eyes open), the analysis of the 
CoP displacement with different measures of variability for 
the control and surgery groups (Figure 2) revealed that: a) 
patients undergoing spine surgery significantly increase 
their total area of oscillation, and particularly its amplitude 
in the AP direction; b) the structure of that variability has 

less complexity and more regularity compared to control 
participants (significantly lower entropy values). Differences 
between groups are not significant in the ML direction, and 
the mean velocity of displacement does not show the ability 
to discriminate participants (in both directions). 

Figure 2: Differences between control (CG) and surgery (SG) groups in terms of the variability metrics used to quantify 
CoP displacement during the 180 seconds baseline condition (eyes open) trial. SpEn: sample entropy; Range: amplitude of 
oscillation (cm); Veloc: mean velocity of displacement (cm/s); Area: the 95% confidence ellipse area of total displacement 
(cm2); AP: anteroposterior direction; ML: mediolateral direction. The red asterisk indicates statistically significant differences 
between means (p-value < 0.05). 
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Furthermore, comparing averages from decompression 
and fusion surgery groups (Figure 3), it turns out that 
patients submitted to fusion significantly increase their CoP 
displacement, and have lower values of entropy. However, 

those features are only significant for the range in the AP 
direction and the sample entropy in ML direction, against 
control values, but not the case if compared to decompressive 
surgery.

Figure 3: Differences between control, decompression, and fusion surgery groups concerning CoP displacement during 
baseline condition (eyes open) trial. SpEn: sample entropy; Range: amplitude of oscillation (cm); Veloc: mean velocity of 
displacement (cm/s); Area: the 95% confidence ellipse area of total displacement (cm2); AP: anteroposterior direction; ML: 
mediolateral direction. The red asterisk indicates statistically significant differences between means (p-value < 0.05). 

Moreover, the investigation of the level of pain (Figure 
4) showed that the report of back or leg pain of level 5 or 

higher is only significant in provoking a larger area of CoP 
oscillation, comparing to the control value.

Figure 4: Effects of pain levels on CoP displacement during baseline condition (eyes open) trial. Participants submitted to 
surgery were ranked in two sub-groups according to their back or leg pain reports: lower than 5; 5 or higher. The 0-10 point 
Numerical Pain Rating Scale (NRS) was used. SpEn: sample entropy; Range: amplitude of oscillation (cm); Veloc: mean velocity 
of displacement (cm/s); Area: the 95% confidence ellipse area of total displacement (cm2); AP: anteroposterior direction; ML: 
mediolateral direction. The red asterisk indicates statistically significant differences between means (p-value < 0.05). 
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Finally, the manifestation of radiculopathy is noted in the 
significant increase in the amplitude of CoP oscillation in the 

AP direction, against control values (Figure 5).

Figure 5: Effects of radiculopathy on CoP displacement during baseline condition (eyes open) trial. Participants submitted to 
surgery were ranked in two sub-groups according to the presence or not of signs and symptoms of radiculopathy at discharge 
day (referred leg pain, motor impairment, or disrupted sensation affecting the lower limbs due to lumbosacral nerve root 
compromise). SpEn: sample entropy; Range: amplitude of oscillation (cm); Veloc: mean velocity of displacement (cm/s); Area: 
the 95% confidence ellipse area of total displacement (cm2); AP: anteroposterior direction; ML: mediolateral direction. The 
red asterisk indicates statistically significant differences between means (p-value < 0.05). 

Analyzing the main effects of the different experimental 
conditions on the CoP displacement while standing on the 
platform for the control and surgery groups (Figure 6), it was 
notable that: 

1. Patients exhibited the most significant differences 
comparing to control participants when they were with 
eyes closed (EC), on a high-density foam (HD), or holding 
a small box (BX), displaying a larger area of oscillation, 
a larger amplitude in both directions (AP/ML); and a 
faster velocity in the ML direction;

2. The conditions mentioned above also produced 
significant differences for the sample entropy, but in the 
opposite way (i.e., patients values lower than controls 
values);

3. Keeping both feet close together on the platform (FT) 
induced wider oscillations, but only the range in the ML 
direction had a significant variance;

4. Performing a dual-task did not have a significant impact, 

except for the range in the AP direction and the total 
area;

5. Standing on low-density foam (LD) was the condition 
with the greatest difference compared to the baseline 
condition (EO) in both groups, but the disparity was only 
significant for the entropy and range in the AP direction 
and the velocity in the ML direction.

Taking into account that the lower the p-value, the 
stronger the evidence to reject the no-difference hypothesis, 
a closer look at the p-values resulting from the statistical tests 
comparing control participants with patients (Table 4 / red 
asterisks) suggests the relative potential of each condition on 
the platform to expose significant differences.

 The probability values accumulated through all the 
variability metrics show that the baseline condition had 
less statistically significant results than the conditions with 
eyes closed, being on high-density foam, or holding a box, 
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which exhibited the stronger significance (Table 4 / yellow 
rows). Another interesting remark is the absence, in all 

seven conditions, of significant differences between groups 
detectable by the mean velocity variable in the AP direction. 

 Sp. Entropy Range Velocity Area
 AP ML AP ML AP ML  

EO *  *    *
EC **  ** **  ** **
FT    *    

DT   *    *
HD ** * * **  ** **
LD **  *   *  

BX  ** * **  * **
      * p < 0.05 ** p < 0.005 
Table 4: P-values from statistical testing comparing mean CoP displacements between control and surgery groups in different 
stance conditions (EO – eyes open; EC – eyes closed; FT – feet close together; DT – performing a dual-task; HD – on a high-density 
foam; LD – on a low-density foam; BX – holding a small box), using nonlinear (sample entropy) and linear (range, velocity, and 
area) measures of variability. AP/ML: anteroposterior and mediolateral directions.

Figure 6: Effects of different conditions on CoP displacement while standing on the platform: EO – eyes open; EC – eyes closed; 
FT – feet close together; DT – performing a dual-task; HD – on a high-density foam; LD – on a low-density foam; BX – holding 
a small box. Range: cm, Velocity: cm/s, AP/ML: anteroposterior and mediolateral directions of CoP displacement. Area: cm2. 
The red asterisks indicate statistically significant differences between means (single asterisk: p-value < 0.05; double asterisk: 
p-value < 0.005).

Discussion

This clinical trial aimed to describe the postural control 
features of patients who just underwent spine surgery. For 
that, body sway while standing on a force platform was 
recorded on the day of hospital discharge after spinal surgery 

and compared with control values. The same trial was 
repeated under different stance conditions to clarify which 
one revealed the best potential to discriminate patients from 
control participants. This analysis confirmed the interaction 
of different strategies to overcome the impact of surgery on 
postural control due to pain or residual radiculopathy and 



Journal of Orthopedics & Bone Disorders
11

Relvas H, et al. Postural Control at Hospital Discharge after Spine Surgery–The Influence of the Type of 
Surgery, Pain Level, Radiculopathy and Stance Parameters. J Ortho Bone Disord 2020, 4(1): 000197.

Copyright©  Relvas H, et al.

the mechanical constraints imposed by the type of surgical 
technique.

Combining linear and nonlinear tools to provide a 
comprehensive interpretation of the functionality of postural 
sway retrieved from stabilometric trials was an innovative 
approach to explore objective spine surgery outcomes in an 
early phase. To our knowledge, only Li and colleagues used 
nonlinear measures but in a two-year follow-up after spine 
surgery for correction of adolescent idiopathic scoliosis 
[51]. Other studies had already analysed the variability and 
complexity of postural patterns in spinal deformities and low 
back pain [58-61].

Nonlinear dynamics is an alternative or complementary 
view to the traditional quantitative use of data based on 
the average values of CoP displacement by appraising the 
structured temporal organisation of motor behaviour, in 
the form of how a body sways to keep balanced along the 
time-series. The focus is changed from the stated level of 
motor control to the type of motor strategy adopted to solve 
postural and dynamic task demands depending on the actual 
constraints of the system [62].

Evidence about the interaction between back pain or 
spinal deformities and postural sway is not consensual, 
although the majority of systematic reviews suggest an 
overall tendency to an increased oscillation [63,64], and a 
loss of complexity and higher regularity of postural patterns 
[59]. In this study, during the baseline task (eyes open, 
feet apart, on a firm surface, performing a single task), 
patients are distinguished from controls in that they sway 
significantly more in terms of total area and especially in the 
AP direction. The classical biomechanical assumption is that 
they have worse control of their posture and balance [65], 
which is expected considering the acute iatrogenic effect 
of surgery. It may be argued that the alterations were due 
to orthostatic hypotension. However, all the patients had a 
controlled clinical status with an adjusted hemodynamic 
response without vagal reaction that could interfere with 
balance, being part of the criteria to justify the cessation of 
hospital care and discharge.

Sample entropy values from our patients were the 
opposite of the other (linear) variables, being lower than 
control values, again more significantly in the AP direction. 
This data is interpreted as a postural pattern markedly 
regular and less complex, typically found in systems with 
poor flexibility and limited reply to perturbations. The highest 
values of entropy are associated with excessive and random 
irregularity, indicating a notably unstable system likely to 
relate with a strongly impaired postural control. Finally, a 
system without restrictions and moderately irregular though 

structured postural behaviour, denoting more variability and 
better adaptation to perturbations, would display entropy 
values in between [66].

Going deeper into the isolated effect of different 
parameters (the type of surgery, level of pain and presence 
of radiculopathy), splitting the surgery group into the 
corresponding pairs under scrutiny, did not reveal a 
substantial difference, apart from a slight increase in the 
sway magnitude of fusion patients; those with pain level 
5 or more; or in the presence of radicular impairment. 
Nevertheless, no statistical significance distinguished groups 
of patients, except in an isolated confront with control values.

Effect of the Type of Surgery

Intervertebral fusion is expected to increase trunk 
stiffness, apart of correcting or at least altering spinal 
alignment, having in mind the reduction of range of 
movements in the degrees of freedom available, proportional 
to the number of fused levels. However, sample entropy 
values from the whole sub-group of fusion patients differ only 
from decompressive surgery in the ML direction and only 
significantly compared to control participants. Apparently, 
the restrictions due to arthrodesis are more critical in the 
frontal plane, reducing the options to solve balance issues 
in the ML direction. Accordingly, the linear quantification of 
CoP displacement revealed higher values of amplitude and 
total area than the control reference, but the most substantial 
difference between decompression and fusion was noticed 
only in the ML direction.

Thoracolumbar fusion (T4-L3 / 11 intervertebral 
levels) to correct adolescent idiopathic scoliosis (AIS) 
represents the highest impact of surgery on spine mobility. 
The exclusive data from the three younger patients who 
submit this technique should corroborate the previous 
assumptions. Likewise, values of entropy, amplitude, and the 
total area of CoP displacement detaches significantly from 
decompressive surgery; yet, that disparity is observed only in 
the AP direction. This contradiction may be explained by the 
discrepancy between the extensions of lumbar/lumbosacral 
and thoracolumbar fusions, with different impacts on 
trunk and pelvis mobility. Nevertheless, the small sample 
represented by the late sub-group in this study precludes 
any further generalisation.

Li and colleagues observed comparable CoP sway 
complexity in AIS patients versus healthy controls in a two-
year follow-up after surgery [51], suggesting that mechanical 
restrictions due to arthrodesis may not explain the results 
entirely in an early stage after surgery. In contrast, Piatek 
and colleagues [67] found lower sample entropy values by 
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AIS patients wearing trunk braces. On the other way, the 
correction of spinal curvatures may solve the reduction 
of complexity due to previous focus on the control of the 
trunk shift, as pointed by Gruber and colleagues [59]. The 
repositioning of the sagittal balance seems to have a crucial 
role in the outcomes [48,68]. Similarly, a positive impact on 
the vestibular system after spinal fusion was described by 
Delpierre and colleagues [69], resulting from the reduction 
of trunk displacement and, therefore, of the head, with 
improved balance as a consequence. Nonetheless, the 
iatrogenic muscle damage caused by spinal fusion [45] may 
impair their activation, strength, and flexibility, besides being 
painful in the early stage, imposing an additional impact on 
the mentioned biomechanical constraints. In any case, these 
consequences are also present in decompression surgery, 
so that may explain the absence of a significant difference 
between the types of surgery. 

Effect of the Level of Pain

Entropy values from patients were lower than control 
participants, regardless of the referred pain level. Although 
not significantly, most complaining patients emerged with 
the largest difference having the lowest values in the ML 
direction. When confronted side by side, entropy graphics 
reporting differences between types of surgery and levels of 
pain are quite similar, which seems to be associated with the 
predominance of fusion surgery (14 [70%] in 20 subjects) 
among the most complaining.

Both clinical practise and research provide indications 
that subjects with lumbopelvic dysfunction associated with 
pain present less variability concerning postural control 
strategies [70,71]. Alternative forms of trunk mobility 
control in the presence of pain or injury are described, 
relying on an over activation of the strong superficial muscles 
of trunk, pelvis, and hip, as a solution to increase protective 
stiffness [72]. This pattern of co-contraction between 
antagonists (trunk flexors/extensors) and bilateral muscles 
(hip abductors) provides a static, though rigid stability, that 
profound muscles can no longer ensure due to inhibition, 
reducing, or delaying their activation [18]. It is plausible 
that this configuration is present on the most complaining 
patients within the fusion group, evoking a more regular 
pattern of motor behaviour in the frontal plane.

Somehow, the magnitude of pain reports does not follow 
a proportional distribution according to the complexity 
of surgery procedures. Cognitive and psychosocial factors 
are known to interfere with the perception of discomfort, 
depending on previous experience with back pain and injury, 
beliefs about the potential threatening from exposition to 
functional demands, or the availability of sensorial feedback 
to improve control [15]. 

Effect of The Radiculopathy

The presence of residual radiculopathy after surgery 
with proprioceptive and motor impairment may interfere 
with the available sensorial input [20,73], reducing the 
effectiveness of reactive postural adjustments, and give rise 
to insecurity and defence, even in the absence of pain [22,74]. 
The anticipation of pain is known to evoke protective postural 
strategies that stiff the spine [75]. Furthermore, chronic back 
pain, a common feature of spine surgery patients, is closely 
related to fear-avoidance beliefs and maladaptive cognitive 
processes associated to catastrophisation and kinesiophobia, 
which are predictive of marked changes in motor behaviour 
[76].

Overall, the neuromuscular system is expected to lose its 
ability to provide the coordinated dynamic stability needed 
to optimise postural control [12] and lacks the natural 
variability for an adjusted reply to postural demands [66]. 
Nonetheless, Mazaheri and colleagues have not found any 
competing effect of fear of pain in postural control, and the 
increased regularity of sway patterns described in the low 
back pain patients studied was attributable to current pain 
only [77].

In this study, patients with radiculopathy follow the 
same tendency to increase their postural sway in terms of 
amplitude and total area, significantly in the AP direction 
only when matched to control participants. No significant 
difference was observed compared to radiculopathy-free 
patients, though more discrepant in the ML direction, close 
to what fusion patients had demonstrated. These late results 
agree with those of Rosker and colleagues [44], pointing 
significant changes in the mediolateral sway in patients after 
spinal surgery treating lumbar disk herniation, suggesting 
that postural balance deficits are side-specific, due to the 
nature of the pathology. Entropy measures in this sub-group 
maintained the trend of more regular and less complex 
oscillations (lower values than control references), again, 
without significance comparing patients or between them 
and control participants.

Effect of the Stance Condition

Mechanic, sensory, and cognitive manipulation were 
performed, modifying the original stance condition on 
the platform. The aim was to analyse the effect on CoP 
displacement and find which conditions are more sensitive 
to the differences between participants, providing a better 
insight into the motor strategies used by spine surgery 
patients, and help to clarify the underlying mechanisms that 
drive balance control impairment and guide rehabilitation 
approaches.
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Therefore, the participants were engaged to perform 
other tasks, standing on the platform:
•	 Eyes closed - Previous studies suggest that removing 

visual input would enhance the influence of 
proprioceptive and vestibular impairment on postural 
control, revealing a greater magnitude of postural sway 
[40];

•	 Dual-task - An additional cognitive task demands shared 
attention that subtracts resources needed to optimise 
postural performance and balancing maintenance. Body 
sway regularity increases as the amount of attention are 
devoted to posture, depending on the balance demands, 
or reduces by performing a dual-task [78,79]. Patients 
executed a backward counting task;

•	 Feet together - A narrower base of support is a more 
challenging balance task that may be used to evoke the 
late effects [80];

•	 Foam - In the same way, the stability of the surface can 
be manipulated using foam with different densities to 
explore the dependency on the proprioceptive system 
[81]. Participants were invited to stand on high (55 kg/
m3) and low-density foam (35 kg/m3) in two different 
moments;

•	 Holding a box - Considering the significant influence 
that psycho-emotional aspects have on motor behaviour 
[82,83], the postural response to a task that could invoke 
emotional states of fear and insecurity, associated with 
behaviours of avoidance or immobility were explored. 
In our case, holding a box should represent a potentially 
dangerous task after spine surgery, although its safe 
weight of only 6% of the participant’s body weight 
[84,85].

Analysis of the results confirmed that the baseline 
condition is not the best option to have the most defined 
picture about the impact of a surgery over the sensorimotor 
system and the strategies to integrate available sensory 
inputs. As expected, the eyes-closed condition provided 
statistically significant information in almost all the variables.

A noteworthy result was the fact that the use of the 
highest density foam was comparable in statistical strength 
to the eyes closed, with the same potential to expose 
differences between patients by uncovering proprioceptive 
deficits not compensated by the visual system. Interestingly, 
although the low-density foam was the most challenging 
balance condition, the results demonstrated a lower 
sensitivity to discriminate participants, and the AP values 
of sample entropy revealed the most significant difference. 
Probably, due to the large amount of attention needed to its 
performance, both patients and controls were forced to use 
the same safety strategies in the frontal plane, but patients 
used a much higher regularity in the sagittal sway, even at 
the expense of significative larger amplitude and loss of 

automatism [78].

Although Mazaheri and colleagues’ [77] study showed 
that there was no competing effect of fear of pain, the 
concurrent task of holding a box while standing for 3 minutes 
may have demanded an attentional investment particularly 
high, according to the perceived level of potential risk [86]. 
This task provoked as well an augmented sway and a postural 
strategy of more regularity, but this time in the ML direction, 
a pattern found in higher demanding conditions [87] or the 
presence of pain [88]. Particularly in the case of chronic 
pain, the association with maladjusted catastrophising 
and kinesiophobia behaviours is quite strong [89], with a 
significant influence on posture and movement patterns 
[15]. The manipulation of these parameters may give clues 
about the degree of influence of the affective component on 
the postural control.

Narrowing the base of support did not bring any 
particular information except the close relationship with 
a significant increase in the ML sway, which is tuned with 
the direction of narrowing. Likewise, the cognitive task of 
backward counting was only significant to reveal an increase 
in the area and AP body swing, perhaps not sufficiently 
demanding to produce further effects.

The absence of a pre-operative assessment and a control 
group of patients are the main limitations of the present 
study. Equally interesting would be a follow-up of at least 
3 months and 1 year. In addition to pain intensity, other 
subjective data should have been taken, like measures of 
functionality, health-related quality of life, and psychological 
distress.

Despite the high heterogeneity of pre-operative spine 
conditions and types of surgery procedures being an 
advantage due to the broader scope of the study, and an 
innovative aspect in a clinical trial on postural control after 
spine surgery, the small size of each subgroup prevented the 
possibility of studying the interaction effect of the proposed 
parameters (the type of surgery, level of pain, radiculopathy). 
Participants were included in a wide age range that enriched 
the study again; the almost complete match between control 
and surgery groups solved any age-related bias.

Another limitation is the possibility of induced bias by 
fatigue and discomfort due to the prolonged time needed to 
fulfil all the seven tasks on the platform for three minutes 
each. Future studies should keep the duration of each trial to 
use nonlinear measures that benefit from longer time-series, 
but restrict the stance conditions to the most relevant, at 
least eyes open, eyes closed, and the high-density foam.

To our knowledge, this study was the first to apply a 
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combined approach using linear and nonlinear measures of 
variability to assess postural control at hospital discharge 
after spine surgery. Future studies should dedicate to 
explore both the magnitude and the structure of posture and 
movement variability, emphasising the use of a broader set 
of nonlinear tools. 

A comprehensive understanding of the underlying 
motor strategies adopted by patients with spine conditions 
in response to surgery at an early stage allows us to better 
targeting therapeutic interventions to improve recovery and 
overcome the remaining habitual discrepancy in the long-
term. Implementing early treatment after spine surgery 
should be recommended, based on strategies to facilitate 
the acquisition of correct motor patterns, aiming to regain 
postural control and reinforce optimal movement variability 
to achieve functional autonomy and prevent recurrence and 
chronicity.

Conclusion

At hospital discharge, patients having surgery for spine 
conditions show a significant increase in the magnitude of 
body sway and a postural pattern markedly regular with low 
complexity.

These features are evidenced by higher values of total 
area and AP range of CoP displacement, and by lower values 
of AP sample entropy, measured during a 180s standard 
stabilometric trial and compared with an age and gender 
match of healthy volunteers.

Stabilometric trials performed with eyes closed, on high-
density foam, or holding a box, demonstrate superior ability 
to discriminate patients from controls.

In this study, fusion surgery, referred back or leg pain 
equal or higher than 5/10 NRS, and signs or symptoms of 
residual radiculopathy were only marginally responsible 
for the postural patterns adopted. Further studies using 
nonlinear measures after spine surgery are needed to 
clarify the underlying motor behaviour. Early intervention is 
recommended to correct postural impairments and facilitate 
optimal movement variability.
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