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A B S T R A C T   

Objective: The response of freezing of gait (FOG) to deep brain stimulation of the subthalamic nucleus (STN-DBS) 
is controversial and depends on many poorly controlled factors. On the other hand, a clinical predictor for the 
individual patient is needed to counsel the patient regarding this symptom. 
Methods: A cohort of 124 patients undergoing STN-DBS was evaluated based on the video-documented Levodopa 
test at baseline in the OFF- and ON-drug condition and postoperatively in the best condition (ON-drug/ON-stim) 
and the worst condition (OFF-drug/ON-stim). We compared the freezing item of the Unified Parkinson’s disease 
rating scale (#14), the UPDRS III total score, and FOG severity rated during four provoking situations with regard 
to its predictive value. 
Results: We found ‘FOG during the turning task’ to be the best predictor with an ROC-value of 0.857 compared to 
0.603 for the UPDRS Item 14 and 0.583 for the total UPDRS III. An improvement of 1 or 2 grades of the turning 
item during the preoperative levodopa test predicts an improvement during the worst condition postoperatively 
of 1 grade or more with an 80% probability. 
Conclusion: This FOG prediction test is simple and clinically useful. The test needs to be studied in a prospective 
study.   

1. Introduction 

Deep brain stimulation of the subthalamic nucleus is an evidence- 
based treatment for advanced Parkinson’s disease and patients at an 
earlier stage with fluctuations and dyskinesia for less than three years 
[1,2]. The eligibility criteria for DBS involve additional conditions, 
among which the positive response to levodopa on the UPDRS III motor 
score of 33% improvement for advanced patients [3–5] or 50% for early 
patients [6] is one of the most important ones. 

FOG can be among the most bothering symptoms for the patients, 
and predictability of an individual patient’s response would be helpful 
for patient counseling. Such attempts to predict the response to DBS 
have been approached on a groups level with imaging methods: In a 
large cohort of patients treated with STN-DBS, a lower volume of the 
putamen was found to be associated with FOG on a group level and the 
location of the stimulating electrode within the subthalamic nucleus was 
predicting a good FOG response [7]. In another cohort of young patients 

with PD, the level of Abeta42 was associated with FOG [8]. Clinical 
measures that allow the prognosis of FOG would be welcome. At a group 
level, this topic is addressed in many papers, which have reported the 
response of FOG in different patient groups. While the first reports re
ported only mixed responses of FOG [9,10] or even found FOG as an 
adverse event [11], clinical decision making has addressed the topic by 
separating preoperatively into OFF-FOG (Levodopa responsive FOG) 
and ON-FOG (Levodopa unresponsive FOG). A broad consensus emerged 
that OFF-FOG subjects may have an improvement in their FOG, but 
ON-FOG subjects do not. These studies measured FOG with the FOG item 
(no. 14) of the UPDRS II [12,13], which is addressing FOG as reported by 
the patient during an interview by the physician or with neurophysio
logical measures [14,15]. Some others used a standardized protocol 
with a sit-and-walk paradigm and counted the number of FOG episodes 
before and after surgery [9]. The number of improvers was reported. 
Lately, different scales for rating FOG by the percentage of time spent 
frozen during FOG episodes were proposed [16,17]. The present paper 
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uses the information of the video-recorded Levodopa-test at baseline to 
predict the outcome after DBS. It allows standard tests that are routinely 
used for preoperative patient evaluation to be used to predict the post
operative response to STN-stimulation. The current results may serve as 
a template to prospectively test this predictor. 

2. Methods 

2.1. Patients 

This is a retrospective study using the standardized database for DBS- 
patients of the Department of Neurology, Kiel University. Patients with 
idiopathic Parkinson’s disease were selected who fulfilled the following 
criteria: (1) underwent bilateral STN-DBS surgery for PD, (2) had a 
complete videotaped L-dopa test at baseline (OFF- and ON-drug condi
tion) and post-operative in a period between 6 and 12 months after the 
surgery (in 4 conditions, OFF-drug/ON-stim, OFF-drug/OFF-stim, ON- 
drug/OFF-stim, ON-drug/ON-stim) and (3) UPDRS II FOG item 
(no.14) was rated more than 0 in the baseline OFF-drug condition. 
Exclusion criteria were previous stereotactic surgery, DBS reoperation, 
or other major complications. 

2.2. Score 

The current approach used a video recorded standard task with the 
patient sitting on a chair walking towards the camera for 8 m turning 
180 deg, walking back to the chair turning 90◦ and walking another 3 m 
to the left, turning 180 deg and stopping at the level of the chair. During 
this sequence the freezing was separated according to the following 
conditions: when occurring at start (start hesitation, 1 time), during 
walking (open space hesitation, 4 times), before reaching the destination 
(reaching hesitation, 4 times) and while turning (turning hesitation, 3 
times). Six video sequences of each patient were recorded: 2 conditions 
at baseline (OFF-drug and ON-drug) and 4 conditions at follow-up (OFF- 
drug/ON-stim, OFF-drug/OFF-stim, ON-drug/OFF-stim, and ON-drug/ 
ON-stim). 

The scoring has been presented in detail in an accompanying paper 
[18]. Briefly, the clinical FOG’s severity was rated (1): shuffling forward 
with small steps, (2): trembling in place with alternating rapid knee 
movements (knee-trembling), and (3): complete (or total) akinesia 
without limbs or trunk movement was measured for each provoking 
situation (see above). If the patient presented two or more FOG patterns 
the worst finding was recorded [19]. An overall score was defined as the 
arithmetic sum of the severity score for all 4 situations. The videos were 
blinded for the raters who were unaware of the patient condition and 
randomly presented. Two experienced evaluators (OG and AA) have 
rated all the 744 walking sequences in a blinded fashion in a 3-month 
period. 

2.3. Outcome parameters 

The current study used the following outcome parameters. The 
freezing-item of the UPDRS (no 14) and the UPDRS III were documented 
during the original assessment by the investigator in the preoperative 
OFF- and ON-drug condition and postoperatively in the best condition 
(ON-drug/ON-stim) and the worst condition (OFF-drug/ON-stim). For 
the video-assessment, the total FOG score and the turning score were 
measured for the two preoperative and the four postoperative 
conditions. 

2.4. Statistical analysis 

To investigate the predictability of the effect of DBS on FOG, (1) 
regression analysis and (2) receiver-operating-characteristics (ROC) 
curve analysis were conducted:  

(1) For the regression analysis, the effect of DBS on FOG (Follow-up 
Stim-On minus pre-operative baseline) was included as the 
dependent variable. In order to compare the predictability of 
different outcome measures used to measure the effect of DBS on 
FOG, separate regression analysis was conducted with the DBS 
effect measured with (a) Turning Task, (b) FOG total score and (c) 
UPDRS Item 14 as dependent variables. An ordinal regression 
analysis was used to account for the ordinal scaling of the 
dependent variables. 

A stepwise backward regression approach was used to identify 
relevant predictors of the effect of DBS on FOG. After having checked for 
multicollinearity, the following independent, predictor variables were 
included: Turning Task Baseline Levodopa-Responsiveness, UPDRS Item 
14 baseline Levodopa-Responsiveness and UPDRS III baseline Levodopa- 
Responsiveness. 

McFadden Pseudo R2 was calculated to assess the model fit. A Pseudo 
R2 of >0.2 was considered a good model fit. After having identified 
which outcome measure is best predictable, an ROC analysis with 
calculation of the area under the curve (AUC) was performed to inves
tigate the predictive capacity of the predictor variables to identify 
“improvers” (those patients with a beneficial effect of DBS on FOG) from 
“non-improvers”. 

Statistical analyses were performed with R (version 1.1.463) [20]. 
Ethical approval of the study was obtained by the Ethical committee 

of the Medical faculty of Kiel University. 

3. Results 

3.1. Clinical data 

A total of 324 Patient data were screened, out of which 124 patients 
fulfilled the inclusion criteria for this study and were included. The 
patient group consisted of 82 male (66%) and 42 female (34%) patients. 
The mean (±SD) age was 61.3 (±7.6); the mean duration of PD was 14.1 
(±5.5) years. The UPDRS item 14, FOG total score, the turning task 
score, and the UPDRS III in all baseline and follow-up conditions are 
shown in Table 1. 

3.2. Selecting the best predictors 

Clinically a predictor is needed, predicting if the patient improves 
during the worst condition after stimulation. This is when stimulation 
still works, but medication does not work optimally e.g., during OFF- 
phases or at night. As outcome parameters for prediction, we have 
chosen the turning task, the total FOG score, and the FOG item (14) of 
the UPDRS. 

Table 2 shows the stepwise backward ordinal regression results for 

Table 1 
Patients clinical scores at baseline in OFF-, ON-drug and follow-up both OFF-, 
ON-stim and OFF-, ON-drug conditions.   

Baseline Follow-up    

ON-stim OFF-stim  

OFF- 
drug 

ON- 
drug 

OFF- 
drug 

ON- 
drug 

OFF- 
drug 

ON- 
drug 

UPDRS item 
14a 

1.63 ±
0.8 

0.68 ±
0.9 

0.66 ±
0.9 

0.4 ±
0.7 

– – 

Turning task 
score 

1.33 ±
1.1 

0.35 ±
0.8 

0.48 ±
0.8 

0.28 ±
0.7 

0.86 ±
1.1 

0.36 ±
0.8 

Total FOG 
score 

4.35 ±
4.3 

1.1 ±
2.8 

1.42 ±
2.8 

0.79 ±
2.2 

1.32 ±
2.8 

3.01 ±
3.95 

UPDRS III 41.9 ±
12.7 

19.6 ±
9.9 

23.7 ±
11.5 

15.6 ±
9.3 

41.1 ±
12.4 

25.3 ±
11.9 

The data is presented as mean ± SD. 
a UPDRS item 14 at follow-up is rated only during ON-stim conditions. 
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the three outcome parameters with the effect of DBS on FOG measured 
as the difference between baseline OFF-drug to follow-up OFF-drug/ON- 
stim for each outcome as the dependent variable. Baseline levodopa- 
responsiveness of FOG for the three outcome parameters were the pre
dictors. The model with the turning task as a dependent variable showed 
the best model fit (R2 = 0.239, Chi-Square = 75.028, p < 0001) 
(Table 2A) while the FOG total score (R2 = 0.105) (Table 2B) the UPDRS 
Item 14 (R2 = 0.035) (Table 2 C) were performing worse. 

Given these results, an ROC analysis was conducted to calculate the 
statistical power to separate improvers (patients who at least improved 
by 1 point) from baseline OFF-drug to follow-up OFF-drug/ON-stim) 
from non-improvers (Fig. 1). The AUCs were 0.857 for the turning task, 
0.603 for UPDRS Item 14, and 0.583 for the total UPDRS III. Thus, the 

turning task is the best predictor, and a baseline Levodopa- 
responsiveness with a cut-off of − 0.5 shows the best specificity (0.80) 
and sensitivity (0.873) to separate improvers from non-improvers. 

Table 3 shows the probabilities for improvement of FOG for a patient 
depending on the turning task’s response at baseline. 

4. Discussion 

The ability to predict the effect of DBS on FOG has important im
plications for clinicians, patients, and caregivers. It may assist clinical 
decision making and help to individualize the therapeutic approach for 
each patient. This study aimed to identify the best clinical test that can 
quantify the effect of STN-DBS on FOG. We conclude that the 
improvement of FOG while turning 180◦ with dopaminergic medication 
before surgery is the best predictor. 

The most important and routinely used predictor for the effect of DBS 
on the symptoms of PD is the UPDRS III total score during the preop
erative L-Dopa-Test [21]. In this routine procedure, the UPDRS III score 
for all the 14 items (not including topographic separation) is rated 
without and with a suprathreshold dose of L-dopa as a sum value [22]. 
This is meant to be an individual prediction for this sum score, but this 
does not necessarily include that all symptoms are improved and 
particularly not to which percentage. FOG is not measured during the 
motor examination but included as an interview question in the activ
ities of daily living (UPDRS, item 14). Certainly, this can equally be 
asked for during the best and worst motor conditions, and this is com
mon practice. Our study shows that this item’s predictive value is not 
very strong, with an AUC of only 0.603 of the ROC curve. 

The values based on our video-rating of FOG have shown the highest 
predictive value. Interestingly the best predictor was not the total FOG 
score but the FOG while turning alone. A similar video-score was also 
used in another study on the effect of STN-DBS on gait [23], and they 
have shown that both occurrence and severity regarding FOG can be 

Table 2 
Regression results for the three outcome parameters (A, B, C) with the effect of DBS on FOG measured as the difference between baseline OFF-drug to follow-up OFF- 
drug/ON-stim for each outcome as the dependent variable.  

Dependent Variable (Effect of DBS from Baseline Med-Off to Follow-Up 
Med-Off/Stim-On) 

Remaining predictors (independent 
variables) 

Model Coefficients 

Pseudo 
R2 

p-value Chi- 
Square 

z-value p-value 

A. DBS Effect Turning Task Turning Task Baseline Levodopa- 
Responsiveness 

0.239 <0.0001 75.028 6.717 <0.0001  

UPDRS III Baseline Levodopa- 
Responsiveness    

1.906 0.057  

B. DBS Effect FOG total score Turning Task Baseline Levodopa- 
Responsiveness 

0.105 <0.0001 54.477 6.021 <0.0001  

UPDRS III Baseline Levodopa- 
Responsiveness    

2.178 0.029  

C. DBS Effect UPDRS Item 14 Turning Task Baseline Levodopa- 
Responsiveness 

0.035 0.00339 11.373 2.766 0.006  

UPDRS Item 14 Baseline Levodopa- 
Responsiveness    

− 2.541 0.011  

Fig. 1. Prediction of DBS effect baseline OFF-drug to follow-up OFF-drug/ 
ON-stim. 

Table 3 
Probabilities to improve by DBS in the worst condition postoperatively (OFF- 
drug/ON-stim) after having improved by medication at baseline. Data of the 
turning task only are shown.  

Improvement by medication at 
baseline (Turning Task) (points) 

Improvement by DBS from baseline to Follow- 
Up (Turning Task) (points)  

− 1 0 1 2 3 ≥1 

1 0.07 0.12 0.74 0.05 0 0.79 
2 0 0.2 0 0.5 0.3 0.8 
3 0 0 0.18 0.29 0.53 1 

Note. Values represent probabilities. 
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reduced at one and even two years postoperatively. Another controlled 
prospective study on FOG has used several measures, including a gait 
test [15]. Finally, a secondary analysis of an uncontrolled prospective 
study [24] has used a similar video-rating, demonstrating that the 
different FOG types were improved [25]. All these studies have not 
looked at the predictive value of the test for the individual patient. It 
should also be mentioned that turning has been found a useful clinical 
test to adapt stimulation strength during programming when the patient 
is asked to do the ‘Pirouette’ task [26]. During circling, the outer leg 
indicates the side with a higher risk of inducing FOG and therefore needs 
higher stimulation strength. Again, FOG while turning is a sensitive 
instrument. 

The limitations of this study are, firstly, the subjective nature of the 
assessment. However, the test has been highly reliable when two raters 
were compared [18]. Secondly, the patient population was advanced, 
and the results may differ for a less affected population. The strength of 
the study is the large patient group compared to all previous studies and 
the rigorous statistical analysis. 

In conclusion, we found that item 14 of the UPDRS and the total 
UPDRS III scores are weak predictors for the response of FOG to DBS in 
the worst condition of the patient after surgery. The FOG status can be 
best predicted from the result of the turning task during the preoperative 
levodopa-test. When grading the FOG’s severity during turning (0: no 
FOG, 1: shuffling forward with small steps, 2: trembling in place with 
alternating rapid knee movements, 3: complete akinesia without limbs 
or trunk movement), the following postoperative FOG improvement can 
be expected: If the patient improves during levodopa-test by 1, 2 or 3 
points, respectively, the likelihood for an improvement ≥ 1 point by 
STN-DBS in the worst condition after surgery is 0.79, 0.80 or 1.0. These 
predictors need now be tested in prospective studies. Then, they may 
assist patient counseling regarding the FOG. 
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