	Author / title
	inclusion
	comment
	number of patient / contacts
	timing from surgery (months)
	Motor assessment
	medication during assessment
	STN boundaries
	normalisation
	if Atlas, registration (rigid/elastic)
	electrode localization
	automatized or manual
	comparison
	Best location

	Voges et al. J Neurosurg. 2002
	0
	X rays-based electrode localisation, no correction of MCP based coordinates, different methods of segmentation used, including direct visualisation
	15 / 29
	6 to 12 
	Lateralised UPDRS-III
	OFF medication
	MRI and Atlas
	no clear normalization of AC/PC based coordinates which are transferred to brain atlas, but contact positions are also directly described by authors on each individual MRI
	no co-registration, direct transfer of ACPC coordinates on Schaltenbrand atlas
	X rays, transferred on ventriculography or planning MRI images
	manual, using ventriculography coupled to Atlas and MRI
	comparison of effect/energy ratio among contact location groups
	white matter dorsal to the STN

	Herzog et al. Movement Disorders. 2004
	0
	X rays-based electrode localisation, coordinates were not normalised, but each active contact positon was described in relation to MER defined STN dorsal border using Euclidian distance
	14 / 25
	6
	Lateralised UPDRS-III
	OFF medication
	MER
	no clear normalization of AC/PC based coordinates, but each active contact positon is described in relation to MER defined STN dorsal border using Euclidian distance
	N/A
	X rays
	manual
	comparison between border zone, inside STN, above STN
	the border zone and inside the STN

	McClelland et al. Neurosurg Focus. 2005
	0
	no STN segmentation, probable bilateral UPDRS-III score measured with bilateral stimulation, only nine patients available for outcome comparison
	26 (9 for outcome comparison) / 52
	12
	videotaped UPDRS-III for 21 patients only, no precision about lateralised or total score, 9 patients categorised either as maximal or limited improvement
	OFF medication
	description of the MER-defined target rather than STN segmentation
	in each patient, distance between theoretical target as defined by MER and final electrode placement
	N/A
	MRI
	manually measured on post op MRI
	association between the accuracy of electrode placement and the clinical outcome of STN stimulation
	Although there were no statistically significant differences along the axes between patients with limited improvement and those with maximal improvement, no direct conclusion regarding optimal stimulation area

	Nowinski WL et al.  Neurosurgery. 2005
	0
	X rays-based electrode localisation, no STN segmentation (coordinate only), no motor assessment analysed
	168 / 336
	3
	no motor outcome used in analysis, mean UPDRS-III improvement reported and best contact judged on bradykinesia, rigidity and tremor, laterality not specified
	OFF medication - ON stimulation
	coordinate only
	normalised to a common space (ACPC 24mm, HT 16mm); additional lateral correction with 3rd ventricle width
	N/A
	X rays
	manual
	descriptive study (statistical map of the active contact)
	coordinate only

	Plaha et al. Brain. 2006
	1
	lateralized UPDRS-III, evaluation OFF meds, manual segmentation of STN and transposition on atlas using proportional measurements
	35 / 64
	6 
	Lateralised UPDRS-III
	OFF medication
	MRI and Atlas
	transposition to SWA using proportional measurement
	no co-registration, transposition after proportional measurement within the three axes
	MRI
	manual, using a stylette-based strategy
	comparison of the motor outcomes between three groups of patients with optimal contacts within the STN, supero-medial/medial to the STN, and in the cZI nucleus
	cZI>dorsomedial/medial to STN>STN

	Guehl et al. J Neurosurg. 2007
	0
	no STN segmentation (coordinate only), normalisation using AC-PC length only
	41 / 82
	12
	Lateralised UPDRS-III “RAT” score: sum of the patient’s rigidity, akinesia, and tremor scores
	OFF medication
	N/A
	normalized to ACPC length
	N/A
	CT scan or MRI
	Manual, coordinate only, transposition from Leksell frame-based coordinates to PC based coordinates. Cuny E, Neurosurg 97:591–597, 2002
	description / spatial distribution of contact
	coordinate based result only

	Paek et al. Neurosurgery. 2008
	0
	total UPDRS-III with bilateral stimulation, including with incongruent locations, no details regarding lead localisation or STN segmentation, no contact localisation
	53 / 106
	3 and 6
	Total UPDRS-III
	OFF medication
	MRI and SWA
	individual description of contact position in relation to STN
	no MRI to atlas co-registration detail
	MRI, lead only
	manual determination of leads position, no contact location
	comparison according to pairs of electrodes location
	motor improvement was not statistically determined by contact position

	York et al. J Neurol Sci. 2010
	0
	total UPDRS-III with bilateral stimulation, both ON and OFF medication status were observed but the one used in analysis is not specified, primary goal was to study non motor symptoms, software generated approximation of the STN, no mention of manual verification
	17 / 34
	6
	Total UPDRS-III
	ON and OFF medication scores mentioned, score used in analysis not specified
	based on MRI, software-generated approximation of the location
of the STN using Framelink 5.1™ software
	distances from MCP or from brain surface or from theoretical STN location, no clear normalisation
	N/A
	MRI
	manual
	correlation between active contact and motor improvement
	no significant effect of anatomical location

	Johnsen et al. European Journal of Neurology. 2010
	1
	lateralized UPDRS-III, evaluation OFF meds, manual segmentation of STN
	22 / 44
	12
	total and lateralized UPDRS-III
	OFF medication
	MRI
	description of each active contact relative to the corresponding STN centre
	N/A
	MRI
	manual
	description and comparison between various locations, inside and outside the STN
	inside STN>/= medial to STN / dorsal STN>ventral STN / anterior STN>posterior STN

	Nakano N et al. ISRN Neurol. 2012
	0
	ON medication assessment, atlas adapted to sagittal and lateral dimension of patient's brain
	11 / 21
	6
	total UPDRS-III and lateralised sub-parts including tremor
	ON medication - ON stimulation
	3D atlas based on SWA
	3D atlas adapted to patient's lateral and sagittal dimension (ACPC length and lateral distance from midline to RN)
	no co-registration but adapted to patient's dimensions
	MRI
	manual
	description and comparison between contact location
	no significant differences in the control of motor symptoms between ZI (9/21), FF (6/21) and STN (6/21)

	Wodarg et al. Movement Disorders. 2012
	1
	includes lateralised assessment, OFF meds assessment, STN determined only on one horizontal plane 3mm below AC/PC line, but individual segmentation and electrode location (STN based coordinate and quadrant-based location)
	35 (5 further excluded) / 60
	6 and 36
	total and lateralised UPDRS-III
	OFF medication
	MRI on the horizontal target plan 3mm below ACPC plan
	Stereotactic contact coordinates converted to ‘‘STN-based’’ coordinates using the orthogonal and diagonal octagon intersections as x and y-axis, normalised to individual length and width of the nucleus
	N/A
	MRI
	manual
	description / average contact location and correlation between contact placement and motor outcome
	anterolateral STN > posterolateral STN > medial STN

	Kasasbeh et al. Journal of Clinical Neuroscience. 2013
	0
	medication status not specified, atlas scaled on individual patient's brain using AC-PC length, total UPDRS-III with bilateral stimulation but comparison of pairs of contact with same location i.e both contacts in the STN = 16 vs both contacts within the surrounding fibres = 13, or both in medial vs lateral STN
	49 / 49 pairs of contacts
	2, 8, 16, 24 and 48 weeks. 48 weeks for UPDRS-III assessment
	total UPDRS III and LEDD (levodopa equivalent daily dose
	not specified
	Atlas
	
scaled for each individual patient using the length of the ACPC line
	no co-registration, each contact was plotted onto the corresponding
sagittal atlas section based on its distance from midline and its distance from the posterior commissure
	MRI or CT using COMPASS software
	manual
	description and comparison between various locations, inside and outside the STN
	no difference between medial and lateral STN stimulation or between STN stimulation and stimulation of surrounding tracts

	Lalys et al. Journal of Neuroscience Methods. 2013
	0
	Total UPDRS-III with bilateral stimulation, STN segmentation using global affine MR-to-template registration, a local affine MR-to-template registration with a mask on deep structures, and a final non-linear registration. Validation: landmark-based validation approach using 10 deep brain anatomical structures manually identified in the images by an expert, uncertainty about number of data (23 patients in text and 28 in table), excluded
	30 (23 for motor assessment)
	3
	Total UPDRS-III
	OFF medication
	MRI template
	MRI template was used to plot all contact together
	non-linear co-registration Advanced Normalization Tools (ANTS)
	CT scan
	automatized
	description / average contact location and comparison of contact location between efficacy clusters
	improvement associated with the stimulation of the postero-superior STN

	Sarnthein et al. Acta Neurochir. 2013*
	0
	ON medication assessment, atlas was only shifted laterally to align with the individual brains
	20 / 40
	>3
	Total UPDRS-III
	ON medication
	Atlas
	no normalisation with ACPC length but the atlas was shifted laterally to align with the individual brain at the thalamo-ventricular border
	no co-registration, coordinates of active contact plotted on the 3D version of Morel Atlas
	CT scan
	manual
	description / spatial distribution of contact, comparison of outcome between stimulation in or outside the atlas defined STN
	Supero-lateral STN. Motor improvement was not related to the optimal stimulation site being situated within or outside the atlas’ STN.

	Weise et al. Stereotact Funct Neurosurg. 2013
	1
	assessment OFF meds, manual MRI based segmentation of the STN, and location of contact described in each patient
	21 / 42
	>3
	Total UPDRS-III
	OFF medication
	MRI
	no normalisation for electrodes coordinates, but location of active contact in each individual based on imaging
	N/A
	CT scan
	manual, following CT/MRI co-registration
	description / spatial distribution of contact and comparison between patients with < or >50% improvement
	majority of contacts in the dorsal STN, but no difference in clinical response

	Nestor et al. PLOS ONE. 2014
	0
	no description of contact position other than coordinates, total UPDRS-III but with unilateral STN stimulation
	55 / 55
	4
	Total UPDRS-III
	OFF medication
	MRI with atlas
	no normalisation for electrodes coordinates
	deformable 3D digital brain atlas co-registered to each patient's MR
	CT scan
	manual, based on electrode geometry
	correlation between measures of contact location (x, y, z coordinates and trajectory angles) and motor outcomes in PD patients receiving STN DBS
	active contact position was not significantly predictive of motor outcome

	Schlaier et al. Neurosurg Rev. 2014
	0
	assessment ON medication, localisation of the active contact in one of the 27 defined subparts of the STN in each participant
	22 / 44
	12
	Total UPDRS-III and sub-scores
	ON medication
	MRI
	localisation of the active contact in one of the 27 defined subparts of the STN in each participant
	N/A
	CT scan
	manual
	description / spatial distribution of contact and correlation between localisation of active contacts and motor improvement
	lateral STN > medial STN for akinesia / trend for better effect from stimulation superior to STN or in the superior third of STN on akinesia and tremor compared to STN centre

	Welter et al. Neurology. 2014
	1
	total UPDRS-III with bilateral stimulation, segmentation using non rigid co-registration with an histological atlas, process described and validated in Bardinet et al.
	262 but 104 for analysis (patients with similar bilateral contact placement) / 208
	12
	Total UPDRS-III and sub-scores
	OFF medication
	deformable 3-dimensional histologic atlas of the basal ganglia with the STN divided into 3 functional territories
	Patient data normalisation in the atlas space (contacts plotted into common atlas space). see Bardinet E, et al.
	Non rigid registration: intensity-based robust multiscale block-matching algorithm (for details, see Appendix in the article by Yelnik et al.)
	CT scan or MRI
	manual
	description and comparison between stimulation of the ZI and inside STN
	stimulation within the STN better than ZI

	Chazeron et al. J Neurol Neurosurg Psychiatry. 2016
	1
	total UPDRS-III with bilateral stimulation, but using congruent pairs of contacts, OFF medication present, location of contacts only as inside or outside the visualised STN in each patient
	34 / 68
	3 and 6
	Total UPDRS-III
	ON and OFF medication
	MRI on slice perpendicular to STN
	position of contact i.e IN or OUT described in each patient using patient's imaging
	N/A
	MRI
	manually defined as IN or OUT the STN
	description and comparison between outside and inside STN
	inside STN>outside STN

	Garcia-Garcia et al. Neurosurg. 2016
	1
	coordinates of the centroid of each contact
were spatially normalized to the atlas space utilizing the same space normalization and using the ACPCd, V3, and HT of the corresponding patient
	40 / 61 monopolar analysed
	6
	Total UPDRS-III and lateralised sub-scores
	OFF medication
	3D Morel atlas
	normalization to Atlas space using ACPCd, V3, and HT
	No co-registration, centroid of each contact was spatially normalized to the atlas space utilizing the same space normalization and using the ACPCd, V3, and HT of the corresponding patient
	MRI
	semi-automatized, regression method
	description / average contact location -correlation between outcome and coordinates on each axis
	rostral, dorsal and lateral part of the STN

	Dafsari et al. Brain Stimulation. 2017
	0
	total SCOPA-A with bilateral stimulation, normalisation to Mai atlas using method assessed by Videen et al. 2008 who reported the agreement in localization of the centre of the red nucleus between the fiducial-based atlas registration and raters’ judgment
	50 / 100
	6 
	SCOPA-A total
	ON medication
	Atlas
	normalised to the Mai-atlas
	fiducial-based linear approach described by Videen et al.
	CT scan
	not specified
	description / average contact location and correlation between contact position along each axis and outcome
	no significant effect of anatomical location

	Bot M, et al. J Neurol Neurosurg Psychiatry. 2018
	1
	lateralised UPDRS-III, OFF meds assessment, visually determined medial STN border, contact position expressed as MCP based coordinates but also in relation to medial STN border limiting inter-individual variability
	33 / 65 electrodes
	12 
	Lateralised UPDRS-III
	OFF medication
	MRI for medial border and MER for dorsal border
	no clear normalization for MCP based coordinates, but results also expressed in distance from each patient's STN medial border
	N/A
	CT scan
	not specified
	comparison of contact position between poor, good and optimal responders
	no significant effect of anatomical location compared to MER-defined STN superior border (most active contact are in close proximity to the dorsal STN). Contact associated with optimal response located higher in the supero-inferior plan, compared to those associated with poorer outcome.

	Conrad et al. Stereotact Funct Neurosurg. 2018
	0
	total UPDRS-III with bilateral stimulation, coordinate based on individuals STN midpoint, as determined using MRI, assessment OFF meds
	20 / 38
	6 
	Total UPDR-III for 4 patients and total MDS-UPDRS-III for 16 patients
	OFF medication
	MRI
	active contacts positions are described in relation to individual STN midpoints (from the lead trajectory using its entry and exit point from the MRI visualized STN)
	N/A
	CT scan
	manual
	description and comparison of contact locations between groups with high improvement to voltage and low improvement to voltage group respectively
	dorsolateral to STN

	Koivu et al. Brain and Behavior. 2018
	0
	total UPDRS-III with bilateral stimulation, direct visual analysis of the MRI scans which was correlated by the researcher to the Mai atlas, no further precision, location in relation to the NR borders (anterior, lateral and superior)
	87 / 174
	6 
	Total UPDRS-III
	OFF medication
	Atlas and MRI
	no normalisation of MCP based coordinates, but authors also used NR based coordinates, less variable
	location of the active electrode determined in three coordinate systems: direct visual analysis of the MRI scans with the use of Mai atlas, location in relation to the RN borders and location in relation to MCP
	CT scan
	manual
	description / average contact location and comparison between outcome groups
	no significant effect of anatomical location

	Mostofi et al. npj Parkinson’s Disease. 2019
	1
	lateralised UPDRS-III, OFF meds assessment, visually determined RN, location was transposed onto the representative Schaltenbrand and Wahren atlas section for illustrative purposes using the axes of STN as a guide for the transposition as described by Plaha et al. 2006
	38 / 76
	median 16.5 months
	Lateralised UPDRS-III
	OFF medication
	MRI to visualise the NR and Atlas
	transposition to SWA using proportional measurement
	no co-registration, transposition after proportional measurement within the three axes
	CT scan or MRI, based on stylette position
	manual
	description and comparison between groups with stimulation of the STN, dorsal to STN and caudal ZI (posteromedial to STN)
	no significant effect of anatomical location

	Verhagen R et al. Brain Sci. 2019
	1
	lateralised UPDRS-III, assessment OFF medication
	23 / 43
	12 
	Lateralised UPDRS-III
	OFF medication - ON stimulation
	MER combined with Atlas-derived 3D STN shape
	normalisation to common space: generic STN shape in an anterior commissure—posterior commissure (AC–PC) -aligned orientation in reference to which all the locations were expressed
	Co-registration of patients' specific STN and contact location to the initial STN shape
	CT scan
	automatized with verification (Sure Tune)
	correlation between active contact and motor improvement
	posterolateral STN


Supplementary Table 4: motor outcome/contact location association studies before selection.










