
Background: Spinal cord stimulation (SCS) is an established treatment option for chronic pain. 
Prior to permanent implantation, temporary trials are performed to evaluate the SCS treatment. 
During the trial period, it is common for the patients to experience changes in paresthesias. 
However, it is unclear what the role of lead migration is, if any, in the changes in paresthesia. 

Objective: To evaluate the role of lead migration on the effect of postural stimulation changes 
during SCS trials. 

Study Design: Case series.

Setting: University pain management center.

Methods: X-rays of the patients with successful trials, in sitting and standing position, were 
obtained at the end of a 7 day SCS trial. Data were collected based on the need for adjustment 
of the stimulation settings due to changes in paresthesias with postural change of sitting versus 
standing. 

Results: The average lead migration was 3.05 mm inferiorly from a standing to sitting position 
for all subjects. The average migration was 2.85 mm in subjects requiring adjustment of the 
SCS setting due to change in paresthesia compared to 3.24 mm for those who did not require 
adjustment regardless of position. The results were insignificant based on P = 0.17. 

Limitations: Small sample size, case series.

Conclusions: This case series demonstrates continued support for the role of the width of the 
cerebral spinal fluid space as the significant factor on paresthesia changes in SCS with respect to 
postural changes, even during the trial period.
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Spinal cord stimulation (SCS), by delivering 
electrical pulses to the spinal neural tissue to 
generate a paresthesia and thereby overlapping 

with the region of pain, has become an established 
treatment option for chronic intractable pain (1-
8). Though there are a variety of methods, prior to 
permanent implantation, a trial is most commonly 

performed using percutaneous leads. Due to SCS trial’s 
reversibility, minimal invasiveness, low complication 
rate, and effectiveness, a trial allows the patient 
and physician to assess the individual response 
and potential benefit (9,10). During the trial, the 
patient is able to assess the stimulation as well as be 
evaluated for their willingness and compliance with 
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At the end of the trial period, patients with successful 
trials were asked about changes in the location and/or 
intensity of paresthesia with position changes and the 
need for manual adjustment of the stimulation inten-
sity or program. All of the patients underwent imaging 
in sitting and standing positions. Data were collect on 
12 consecutive patients who described the need for ad-
justment and 12 patients who did not need adjustment 
from sitting to standing. Twenty-four total patients 
who elected to proceed to the permanent implantation 
with thoracic lead placement for pain in lower extrem-
ity were included.  

Data Collection
The x-ray imaging of the patients in sitting and 

standing positions were examined. The lead placement 
and changes with position from standing to sitting were 
measured. The distance from the tip of the electrode 
in relation to the superior endplate was calculated and 
compared. 

Statistical Analysis
Due to relative small number of patients, the aver-

ages were calculated and compared. T-test analysis was 
used for determination of significance. Less than 0.5 
was considered significant. 

Results

The average lead migration was 3.05 mm inferiorly 
from a standing to sitting position for all patients, with 
migration seen in every patient. Table 1 shows the lead 
movement in standing to sitting postural change. Table 
2 shows the psoture related to stimulation change. The 
average migration was 2.85 mm in patients requiring 
adjustment of the SCS setting due to changes in par-
esthesias compared to 3.24 mm for those who did not 
require adjustment regardless of position. The results 
were insignificant based on T-test, P = 0.17. The aver-
age age of the patients was 52.7 years, 55.6 years for 
men and 50.3 years of age for women. The average 
height of women that experienced stimulation changes 
from sitting to standing was 59 inches, compared to 64 
inches in those that did not. In men, the height was 66 
inches and 71 inches, respectively. Table 3 lists patient 
characteristics.

Discussion

This case series demonstrates continued support for 
the role of the width of the cerebral spinal fluid (CSF) 
space as the significant factor on paresthesia changes in 

the SCS treatment. The trial process also provides the 
opportunity to identify the precise location to best 
provide the appropriate stimulation. Unfortunately, 
there are limitations as well as the ultimate possibility 
of an unsuccessful SCS trial.

One common limitation is the change in the loca-
tion and intensity of paresthesia due to postural posi-
tion changes (11,12). The change in paresthesia inten-
sity is proposed to be due to changes in the distance 
between the lead in the epidural space and the dorsal 
column fibers (13,14). For example, the paresthesia per-
ception is commonly affected when the patient changes 
position such as from the standing to supine position. 
The pain coverage and comfort for standing might be 
too intense in the supine position, or inadequate when 
standing from a supine position (15). Another possibil-
ity is the change or loss of paresthesia. The coverage 
may be satisfactory when standing but lost when sit-
ting, or vice versa. During the trial period, this may be 
due to migration of the lead within the epidural space, 
independently, and in addition to the distance changes 
from the doral column fibers. 

The effect on location and intensity of paresthesia 
due to distance changes in respect to the doral column 
fibers has been well documented. However, during an 
SCS trial, the possible role of lead migration due to pos-
tural changes is unclear. 

MethoDs

Patients
The patients were referred to the University Pain 

Management Center for evaluation and treatment of 
chronic pain. The patients were treated with successful 
SCS trials during a 6 month interval from 2009 to 2010. 
Twelve consecutive patients that experienced paresthe-
sia changes and 12 consecutive patients that did not 
were included.  

Procedure
The patients were all evaluated and the treatment 

option of SCS was offered. All 3 manufacturers’ infor-
mation, Boston Scientific (BS), Medtronic (MT), and St. 
Jude (SJ) was provided to all patients for review. All 
patients were screened and cleared by Pain Psychology 
and Psychiatry Services in the Department of Behavioral 
Health prior proceeding to the SCS trial. All patients 
underwent a 7-day SCS trial with one percutaneous 8 
electrode lead performed by one staff member. The 
trial leads were sutured and steri-stripped in place. 
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Table 1. Lead movement in standing to sitting postural change.

SCS company Number of  subjects Movement in millimeters Standard Deviation Confidence Interval (.95)

BS 8 3.66 0.76 0.02

MT 8 2.74 1.01 0.02

SJ 8 2.74 0.93 0.02

Total Average 24 3.05 0.97 0.01

Table 2. Posture related stimulation change.

Paresthesia change Number of  subjects Movement in millimeters Standard Deviation Confidence Interval (.95)

Yes 12 2.85 1.23 0.02

No 12 3.24 0.61 0.01

Table 3. Patient characteristics.

Patient # Age Sex Diagnosis SCS Company Movement Paresthesia Change

1 72 M PVD MT 3.0 N

2 57 F PLLS MT 2.0 N

3 45 M PLLS BS 3.0 N

4 49 M PLLS BS 3.0 Y

5 55 F PLLS BS 3.1 N

6 42 F PLLS BS 4.5 Y

7 37 F PLLS MT 2.7 Y

8 62 M PLLS MT 4.5 N

9 68 M PLLS SJ 2.0 Y

10 41 M PLLS SJ 4.0 Y

11 52 F CRPS BS 5.0 Y

12 67 F Neuropathy BS 3.5 N

13 32 F PLLS BS 3.2 Y

14 52 M PLLS BS 4.0 N

15 52 F PLLS SJ 3.5 N

16 34 F PLLS SJ 2.8 Y

17 38 F PLLS SJ 1.0 Y

18 44 M Neuropathy SJ 5.1 N

19 48 F PLLS MT 1.0 Y

20 54 M PLLS SJ 3.5 N

21 82 F PLLs MT 3.0 N

22 62 M PLLS SJ 2.5 Y

23 58 F PLLS MT 2.5 Y

24 62 M PLLS MT 3.2 N

PVD - Peripheral vascular disease, PLLS - Post lumbar laminectomy syndrome, CRPS - Complex regional pain syndrome
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SCS use with respect to postural changes, even during 
the trial period (16,17). Numerous studies have demon-
strated that distances between the electrodes and the 
targeted spinal tissues change dramatically with body 
position (18-22). The spinal cord moves in an anterior-
posterior position within the subarachnoid space during 
position changes. This space separating the 2 includes 
epidural vasculature, adipose tissue, dura matter, 
arachnoid membrane, CSF, and pia matter. It has also 
been shown that the CSF thickness is the most variable 
(18). The CSF also has the highest electrical conductiv-
ity while the epidural space surrounding the electrode 
has the lowest. Therefore, a lead that is positioned 
more posterior in the epidural space will have higher 
impedance and higher thresholds for paresthesias (22). 
Unfortunately we did not record the impedance with 
the postural changes. Additionally, the thickness of the 
CSF among individuals varies (23). Therefore, with an 
electrode in a fixed position within the epidural space, 
the anatomic and physiologic basis for variation in par-
esthesia is the distance between the SCS electrodes and 
the spinal cord as well as the thickness of the CFS (Fig. 
1). 

During a SCS trial with temporary leads, another 
variable is added. Since the electrode lead is anchored 

externally, the change in posture can result in migration 
and movement of the electrode within the epidural 
space. However, the results suggest that despite the 
inferior migration from a sitting position to a standing 
position, there is no correlation on the paresthesia ex-
perienced by the patients. Additionally, contrary to the 
expected, albeit statistically insignificant (P = 0.17), the 
average inferior migration was larger in those patients 
who did not require adjustment related to postural 
position change and therefore was not a predictor for 
paresthesia change (3.05 mm vs 2.85mm). More women 
noted paresthesia changes. The average height of these 
women was 59 inches compared to 64 inches in those 
that did not. However, the migration was less, 2.84 
mm vs 3.02. Furthermore, the percentage of change, in 
regards to migration compared to the height, was the 
same (0.05%). Finally, variations existed among various 
manufacturers in migration without any correlation or 
significance to paresthesia change. Lead migration in-
feriorly was the largest in BS (3.66 mm) leads compared 
to MT and SJ (2.74 mm). 

The role of the trial period has long been studied 
and supported for optimization of SCS as a successful 
treatment for chronic pain. Various factors are associ-
ated with a successful trial (24). Conversely, minimizing 

Fig. 1. Diagram representing the movement of  the spinal cord ventrally in a sitting position. 
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negative factors such as posture-related stimulation 
changes would likely improve the outcome. Currently, 
patients are provided tailored programming to improve 
the experience, such as specific configurations for walk-
ing or sleeping to optimize patient experience while 
minimizing parethesia changes. Paresthesia thresholds 
have been found to be higher in the sitting and stand-
ing positions when compared to the supine position. 
However, it was not significantly different in sitting and 
standing (12). In this report however, a significant num-
ber of patients noted the need for adjustment from a 
standing to sitting postural change. During the 6 month 
period, a total of 31 patients underwent an SCS trial, 
with 29 proceeding to a permanent implantation. Of 
the 29 patients, 17 (58%) noted the need for stimula-
tion adjustment due to significant paresthesia changes 
from a standing to sitting postural change. Surprisingly, 
this is less than the reported 71% in permanently im-
planted patients, although this study included changes 
from a supine position (25).   

Recently, position-adaptive SCS has been intro-
duced for permanent implantation to address stimula-
tion changes related to patient position (26,27). Even 
if the technology was available for the trial period, 
one concern is the lack of fixation of the electrode 
leads within the epidural space. Since 3 to 8 weeks are 
believed to be needed for the encapsulation of the 

epidural electrodes, even in permanently implanted 
patients, there is a delay post-operatively until the 
technology is utilized due to the need for encapsula-
tion and stabilization of the electrode leads within the 
epidural space (27,28). Based on the results, although 
the electrode leads are only fixed externally during the 
SCS trial, position-adaptive SCS may offer patients an 
improved trial experience or may be considered sooner 
following permanent implantation. 

Limitations
Based on the sample size, case series design, and 

subjective nature of perceived stimulation, this study 
has limitations. Additionally, only patients that pro-
ceeded to permanent implantation were studied, limit-
ing the data collection.

conclusions

This study demonstrates inferior axial migration 
of percutaneously placed SCS leads with sitting from 
a standing position. Although the lead migrates infe-
riorly with sitting, there is no correlation of the inferior 
lead migration to changes in percieved paresthesias. 
Even during the trial SCS period, this case series pro-
vides support for the role of the width of the CFS space 
as the significant factor on paresthesia changes in SCS 
with respect to postural change.
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