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Online-only methods
Protocol deviations 
Our study protocol was initially published in September 2016 on the CAMARADES website (https://drive.google.com/file/d/0B5x-sP1A05kgMkFqM3VjMkF1OWs/view). Our first search was performed in September 2016. However, due to the length of the data extraction process, we updated our database to include more recent studies published up to 04/2018. The protocol file was therefore updated (dated 04/2018) accordingly to create the final version (https://drive.google.com/file/d/1bCHo6bvHOx8GCwLjVvkMNoOedHCq0Wl9/view).
Deviations from the updated 2018 protocol are listed below: 
	Item in 2018 protocol
	Protocol deviation and justification

	Author list
	Ezgi Tanriver-Ayder, Emily Sena, Catriona Cunningham and Malcolm Macleod were added. Ruben Rodrigues Machado removed.

	Risk of bias checklist included “(i) publication in peer-reviewed journal”

	This item was changed to “reporting of animal exclusions“. All publications included in this study were published in peer-review journals.  We added ‘’ reporting of animal exclusion’’ as it has been identified as important to optimize the predictive value of preclinical research
 (Landis, Amara et al. 2012). 

	A checklist for assessing overall quality of study design in Objective 1:
· “(i) testing of mechanical properties (1);
· (ii) investigation of host immune response (1);
· (iii) study of cellular response with cell lines (1) or primary cells (2);
· (iv) assessment of biomaterial’s drug release ability (1).
Quality scores will be matched to outcome measurements results; this will help determine whether assessing all the biomaterial properties characteristics has an effect on the overall success of the combination strategy.”
	We planned to examine outcomes relating to axonal regeneration in vitro and to biocompatibility properties (i.e. immune response, cell viability, cell migration, cell differentiation etc.) as a measure of study design quality. However, there were too few studies reporting these variables, making it impossible to proceed with this method of assessment.

	Objective 3.3. Quantitative analysis of publication bias, study design and study quality.
	We did not perform publication bias, study design or study quality analysis for Objective 3 as studies in Objective 3 were already included in the dataset for Objective 2.



Inclusion criteria 
Following the database search, full text publications were selected based on the following inclusion criteria: 
▪ Types of studies – animal models of SCI where the use of a biomaterial and at least one more regeneration strategy is tested (i.e. growth factor or cell transplantation). 
▪ In vitro models for SCI where primary CNS cells, neuronal cell lines or tissue slices are used. 
▪ In vivo models for SCI (transection model, contusion model, compression model). 
Exclusion criteria 
▪ Studies that do not include the use of a biomaterial with at least one more strategy (i.e. growth factor, cell therapy and/or protein overexpression) 
▪ Any human studies or clinical trials 
▪ Studies that target neurodegenerative diseases (i.e. Alzheimer’s disease, Parkinson’s disease, motor neuron diseases, Spinal muscular atrophy, spinal root avulsion) 
▪ In vivo studies that only reported qualitative behavioural or histological or electrophysiology results 
▪ All publications that do not present results compared to a suitable control. The suitable control for in vivo studies is intended as SCI only condition where no treatment has been added (i.e. no biomaterial or growth factor or cell therapy). The suitable control for in vitro studies is intended as cells only condition where no treatment has been added (i.e. cells are not cultured in the presence of a biomaterial or growth factor/drug). 
▪ All publications/outcome measurements that do not state n-numbers or a measure of variance e.g. SD. SEM. 

List of primary and secondary outcomes and comparisons of Primary outcomes in vivo 
· locomotor recovery (NMD) included SCI-related behavioural outcomes e.g. Basso, Beattie and Bresnahan (BBB), Basso Mouse Scale (BMS), and Olby locomotor score.
· Axonal Regeneration in vivo (SMD-1) included SCI-related histological outcomes.
· Primary outcome in vitro: 
· Axonal regeneration in vitro (SMD-2)
· Secondary outcomes grouped as (SMD-3):
· expression of inflammatory marker (histological)
· expression of inflammatory marker (molecular)
· cell adhesion
· cell viability
· cell migration
· cell proliferation
· cell differentiation

Where different measures of behavioural outcome were reported from the same cohort of animals at the same time point, effect size measures were first combined using fixed-effect meta-analysis (nesting) followed by a random-effects model (Vesterinen, Sena et al. 2014).
If a time range was given, the latest time point was used. For meta-analysis, the control group’s sample size was adjusted according to the number of treatment groups it served (Vesterinen, Sena et al. 2014).
Graphical outcome data were extracted using Acrobat Reader DC ruler tool.
Online-only results – Table and Figures:

eTable 1: Study characteristics of included papers
	Author
	Year
	Biomaterial name
	Biomaterial type
	Animal
	Type of Injury
	Level 
	Drug
	Stem Cells
	References

	Altinova
	2016
	Collagen
	Natural
	Rat
	Transection
	C3-C4
	 
	OECs
	 (Altinova, Mollers et al. 2016)

	Anderson
	2016
	Diblock co-polypeptide hydrogel
	Synthetic
	Mouse
	Compression
	T10
	NT3 and BDNF
	 
	 (Anderson, Burda et al. 2016)

	Ansorena
	2013
	Alginate-PLGA
	Natural and Synthetic
	Rat
	Hemisection
	T9-T10
	GDNF
	 
	 (Ansorena, De Berdt et al. 2013)

	Asmani
	2013
	Fibrin
	Natural
	 
	 
	 
	FGF-2, EGF and PDGF-AA
	OPCs
	 (Asmani, Ai et al. 2013)

	Baumann
	2010
	HAMC-PLGA
	Natural and Synthetic
	Rat
	Compression
	T2
	 
	 
	 (Baumann, Kang et al. 2010)

	Baumann
	2009
	HAMC
	Synthetic
	 
	 
	 
	 
	 
	 (Baumann, Kang et al. 2009)

	Berns
	2017
	SAPs
	Synthetic
	 
	 
	 
	Tenascin-C
	 
	 (Berns, Alvarez et al. 2016)

	Bozkurt
	2010
	Chitosan
	Natural
	Rat
	Compression
	T7-T9
	 
	NSCs
	 (Bozkurt, Mothe et al. 2010)

	Breen
	2016
	Collagen
	Natural
	Rat
	Hemisection
	T9-T10
	NT3
	 
	 (Breen, Kraskiewicz et al. 2017)

	Burdick
	2005
	PEG
	Synthetic
	 
	 
	 
	CNTF
	 
	 (Burdick, Ward et al. 2006)

	Buzoianu-Anguiano
	2015
	Fibrin
	Natural
	Rat
	Transection
	T9
	 
	bMSCs
	 (Buzoianu-Anguiano, Orozco-Suarez et al. 2015)

	Caron
	2016
	Composite hydrogel + RGD
	Natural and Synthetic
	Mouse
	Compression
	T12
	ECM
	hMSCs
	(Caron, Rossi et al. 2016) 

	Chan
	2014
	PHB-b-DEG
	Synthetic
	 
	Compression
	T2
	 
	 
	 (Chan, Russell et al. 2014)

	Chen
	2015
	HEMA-MOETACL Hydrogel
	Synthetic
	Rat
	Transection
	T9
	bFGF
	 
	(Chen, He et al. 2015) 

	Chen
	2014
	Acellular spinal cord
	Natural
	Rat
	Hemisection
	T9-T10
	 
	bMSCs
	 (Chen, Zhang et al. 2014)

	Chen
	2011
	Chitosan
	Natural
	Rat
	Transection
	T8-T10
	 
	bMSCs
	 (Chen, Yang et al. 2011)

	Cholas
	2012
	Collagen
	Natural
	Rat
	Hemisection
	T8-T9
	ChABC and antiNgR
	MSCs
	 (Cholas, Hsu et al. 2012)

	Cholas
	2012
	Collagen
	Natural
	Rat
	Hemisection
	T8-T9
	ChABC and antiNgR
	MSCs
	 (Cholas, Hsu et al. 2012)

	Cigognini
	2011
	SAPs
	Synthetic
	Rat
	Contusion
	T9-10
	BMHP1
	 
	 (Cigognini, Satta et al. 2011)

	De Berdt
	2015
	Fibrin
	Natural
	 
	Hemisection
	T9
	 
	APSCs
	 (De Berdt, Vanacker et al. 2015)

	DePaul
	2015
	Fibrin
	Natural
	mouse
	Transection
	T8
	aFGF
	 
	 (DePaul, Lin et al. 2015)

	des Rieux
	2013
	Alginate
	Natural
	Rat
	Hemisection
	T9-T10
	VEGF
	 
	 (des Rieux, De Berdt et al. 2014)

	Deumens
	2012
	Collagen
	Natural
	Rat
	Hemisection
	T13
	 
	OECs
	 (Deumens, Van Gorp et al. 2013)

	Donaghue
	2015
	PLGA
	Synthetic
	Rat
	Compression
	T1-T2
	NT3 and antiNgR
	 
	 (Elliott Donaghue, Tator et al. 2016)

	Downing
	2012
	PLLA
	Synthetic
	Rat
	Hemisection
	C4-C6
	Rolipram
	 
	 (Downing, Wang et al. 2012)

	Elias
	2015
	OEGMA
	Synthetic
	 
	 
	 
	 
	 
	 (Elias, Liu et al. 2015)

	Erdogan
	2010
	Alginate
	Natural
	Rat
	Hemisection
	T8-T9
	 
	rfUCSCs
	(Erdogan, Bavbek et al. 2010)

	Fan
	2010
	Collagen
	Natural
	Rat
	Hemisection
	T8-T10
	NT3
	 
	 (Fan, Xiao et al. 2010)

	Fan
	2011
	PLGA
	Synthetic
	Rat
	Transection
	T8-T10
	NT3
	 
	 (Fan, Zhang et al. 2011)

	Fan
	2017
	Collagen
	Natural
	Rat
	Transection
	T8
	EGFR AB
	 
	 (Fan, Li et al. 2017)

	Ferrero-Gutierrez
	2013
	Albumin
	Natural
	Rat
	Transection
	T7
	 
	ADSCs and OECs
	 (Ferrero-Gutierrez, Menendez-Menendez et al. 2013)

	Fouad
	2005
	Matrigel
	Natural
	Rat
	Transection
	T8
	ChABC
	Schwann cells
	 (Fouad, Schnell et al. 2005)

	Francis
	2017
	Chitosan-Alginate
	Natural
	 
	 
	 
	NT3 and ChABC
	 
	 (Francis, Hunger et al. 2017)

	Fuhrmann
	2015
	HA
	Natural
	Rat
	Compression
	T2
	 
	 
	 (Fuhrmann, Obermeyer et al. 2015)

	Fuhrmann
	2016
	HAMC-RGD
	Synthetic
	Rat
	Compression
	T2
	PDGF-A
	OPCs
	 (Fuhrmann, Tam et al. 2016)

	Ganz
	2017
	PLLA-PLGA
	Synthetic
	Rat
	Transection
	T10
	FGF-2 and EGF
	hOMSCs
	 (Ganz, Shor et al. 2017)

	Gelain
	2012
	SAPs
	Synthetic
	Rat
	Contusion
	T9-T10
	FAQ
	 
	 (Gelain, Cigognini et al. 2012)

	Gomes
	2016
	GG-GRGDS
	Natural and Synthetic
	Rat
	Hemisection
	L1
	 
	ADSCs and OECs
	 (Gomes, Mendes et al. 2016)

	Grulova
	2015
	Alginate
	Natural
	Rat
	Compression
	T8-T9
	bFGF and EGF
	 
	 (Grulova, Slovinska et al. 2015)

	Gunther
	2015
	Alginate
	Natural
	Rat
	Hemisection
	C5
	BDNF
	bMSCs
	 (Gunther, Weidner et al. 2015)

	Gupta
	2006
	HAMC
	Natural
	Rat
	Compression
	T2
	 
	 
	 (Gupta, Tator et al. 2006)

	Hakim
	2015
	OPF
	Synthetic
	Rat
	Transection
	T9-T10
	 
	Schwann cells
	 (Hakim, Esmaeili Rad et al. 2015)

	Han
	2010
	LOCS
	Natural
	Rat
	Transection
	T8-T9
	BDNF
	 
	(Han, Jin et al. 2010)

	Han
	2009
	Collagen
	Natural
	Rat
	Hemisection
	T8-10
	BDNF
	 
	 (Han, Sun et al. 2009)

	Han
	2015
	LOCS
	Natural
	Dog
	Transection
	T12
	BDNF
	 
	 (Han, Wang et al. 2015)

	Han 
	2014
	Collagen
	Natural
	Dog
	Transection
	T12
	BDNF
	
	(Han, Wang et al. 2014)

	He
	2009
	Chitosan
	Natural
	 
	 
	 
	 
	 
	 (He, Zhang et al. 2009)

	Hejcl
	2010
	HPMA-RGD
	Synthetic
	Rat
	Compression
	T7-T10
	RGD
	MSCs
	(Hejcl, Sedy et al. 2010)

	Hou
	2012
	SAPs
	Synthetic
	Rat
	Hemisection
	T12-L1
	 
	Motoneurons
	  (Hou, Wu et al. 2012)

	Hsueh
	2012
	Chitosan
	Natural
	 
	 
	 
	 
	hADSC
	 (Hsueh, Chiang et al. 2012)

	Hwang
	2011
	PCL
	Synthetic
	Rat
	Hemisection
	T7-T8
	NT3 and ChABC
	NSCs
	 (Hwang, Kim et al. 2011)

	Itosaka
	2009
	Fibrin
	Natural
	Rat
	Hemisection
	T8
	 
	bMSCs
	 (Itosaka, Kuroda et al. 2009)

	Kueh
	2012
	PLGA
	Synthetic
	 
	 
	 
	 
	OECs
	 (Kueh, Li et al. 2012)

	Jian
	2015
	Chitosan
	Natural
	Rat
	Hemisection
	T8
	SB216763
	NSCs
	 (Jian, Yixu et al. 2015)

	Jiao
	2017
	Silk-Alginate
	Natural
	Rat
	Contusion
	T9
	GDNF
	hUCMSCs
	 (Jiao, Lou et al. 2017)

	Johnson
	2010
	Fibrin
	Natural
	Rat
	Hemisection
	T9
	NT3
	 
	 (Johnson, Parker et al. 2009)

	Kabiri
	2015
	PLLA-SWCNT
	Synthetic
	Rat
	 
	 
	 
	OECs
	 (Kabiri, Oraee-Yazdani et al. 2015)

	Kang
	2013
	HAMC-PLGA
	Natural and Synthetic
	Rat
	Compression
	T2
	FGF-2
	 
	 (Kang, Baumann et al. 2013)

	Kim
	2011
	PLGA-Chitosan
	Natural and Synthetic
	Rat
	Transection
	T8
	dbcAMP
	NSPCs
	 (Kim, Zahir et al. 2011)

	Lee
	2002
	Fibrin
	Natural
	Rat
	Transection
	T8
	aFGF
	 
	 (Lee, Hsiao et al. 2002)

	Lee
	2007
	Fibrin
	Natural
	Rat
	Transection
	T8
	aFGF
	 
	 (Lee, Lin et al. 2007)

	Li
	2013
	LOCS
	Natural
	Rat
	Hemisection
	T13-L2
	Cetuximab
	 
	 (Li, Xiao et al. 2013)

	Li
	2016
	Gelatin
	Natural
	Rat
	Transection
	T10
	
	MScs
	(Li, Che et al. 2016)

	Li
	2016
	Collagen
	Natural
	Rat
	Transection
	T9
	BDNF and NT-3
	 
	 (Li, Han et al. 2016)

	Li
	2017
	LOCS
	Natural
	Dog
	Transection
	T8
	Cetuximab
	 
	 (Li, Zhao et al. 2017)

	Lindsey
	2015
	MAX8-F-moc gel
	Synthetic
	 
	 
	 
	NGF
	 
	 (Lindsey, Piatt et al. 2015)

	Liu
	2013
	Fibrin
	Natural
	Rat
	Transection
	T10
	 
	MSCs
	 (Liu, Chen et al. 2013)

	Liu
	2015
	PLGA-PEG
	Synthetic
	Rat
	Transection
	T10-T11
	 
	NSCs
	 (Liu, Huang et al. 2015)

	Lu
	2012
	Fibrin
	Natural
	Rat
	Transection
	T3
	 
	NSCs
	 (Lu, Wang et al. 2012)

	Macaya
	2013
	Collagen
	Natural
	 
	 
	 
	FGF-2
	 
	 (Macaya, Hayakawa et al. 2013)

	Milbreta
	2016
	PCLEEP
	Synthetic
	Rat
	Hemisection
	C5
	NT3
	 
	 (Milbreta, Nguyen et al. 2016)

	Nguyen
	2016
	Sodium alginate-gelatine
	Natural
	 
	 
	 
	Fucoidan
	 
	 (Nguyen, Ko et al. 2016)

	Ni
	2015
	Chitosan
	Natural and Synthetic
	Rat
	Hemisection
	T7-T9
	ChABC
	 
	 (Ni, Xia et al. 2015)

	Nomura
	2006
	PHEMA-MMA
	Natural and Synthetic
	Rat
	Transection
	T6-T10
	aFGF
	 
	 (Nomura, Katayama et al. 2006)

	Nomura
	2008
	Chitosan
	Natural
	Rat
	Hemisection
	T7-T9
	 
	 
	 (Nomura, Zahir et al. 2008)

	Nomura
	2008
	Chitosan
	Natural
	Rat
	Transection
	T8
	 
	NSCs
	 (Nomura, Baladie et al. 2008)

	Nothias
	2005
	Collagen
	Natural
	Rat
	Transection
	T8-T9
	Exercise
	Fibroblasts
	 (Nothias, Mitsui et al. 2005)

	Pakulska
	2017
	Methylcellulose-PLGA
	Natural and Synthetic
	Rat
	Compression
	T1-T2
	ChABC
	 
	 (Pakulska, Tator et al. 2017)

	Pal
	2013
	ION-agarose
	Natural and Synthetic
	Rat
	Transection
	T11
	Magnetic field
	 
	 (Pal, Singh et al. 2013)

	Park
	2010
	HA
	Natural
	Rat
	Compression
	T10
	BDNF
	hMSCs
	 (Park, Lim et al. 2010)

	Park
	2013
	Alginate
	Natural
	Rat
	Contusion
	T7
	Wnt-3
	Fibroblasts
	 (Park, Min et al. 2013)

	Park
	2012
	Matrigel
	Natural
	Dog
	Compression
	L1
	 
	MSCs
	 (Park, Lee et al. 2012)

	Patel
	2010
	Matrigel
	Natural
	Rat
	Contusion
	T8
	 
	Schwann cells
	 (Patel, Joseph et al. 2010)

	Peng
	2017
	Collagen
	Natural
	Rat
	Hemisection
	T9
	 
	MSCs
	 (Peng, Gao et al. 2016)

	Pertici
	2013
	PHPMA
	Synthetic
	Rat
	Hemisection
	T10
	 
	 
	 (Pertici, Amendola et al. 2013)

	Pertici
	2014
	PLA-b-PHEMA
	Synthetic
	Rat
	Hemisection
	C6-T13
	 
	 
	 (Pertici, Trimaille et al. 2014)

	Pritchard
	2010
	PLGA
	Synthetic
	Monkey
	Hemisection
	T9-T10
	 
	hNSCs
	 (Pritchard, Slotkin et al. 2010)

	Rad
	2014
	PEG
	Synthetic
	Rat
	 
	 
	 
	 
	 (Rad, Mobasheri et al. 2014)

	Rauch
	2009
	PLGA-PEG/PLL
	Synthetic
	Rat
	Hemisection
	T9-T10
	 
	NSCs and ECs
	 (Rauch, Hynes et al. 2009)

	Raynald
	2015
	HA
	Natural
	Rat
	Hemisection
	T9
	 
	bMSCs
	 (Raynald, Li et al. 2016)

	Ribeiro-Samy
	2013
	PHB-HV
	Synthetic
	Rat
	Hemisection
	T8-T9
	 
	 
	 (Ribeiro-Samy, Silva et al. 2013)

	Rooney
	2011
	OPF
	Synthetic
	Rat
	Transection
	T8-T9
	dbcAMP
	MSCs and SCs
	 (Rooney, Knight et al. 2011)

	Ropper
	2017
	PLGA
	Synthetic
	Rat
	Hemisection
	T9-T10
	FGF
	hMSCs
	 (Ropper, Thakor et al. 2017)

	Ruzicka
	2013
	PHEMA
	Synthetic
	Rat
	Hemisection
	T8
	Serotonine
	hfNSCs
	 (Ruzicka, Romanyuk et al. 2013)

	Shanbhag
	2010
	Alginate
	Natural
	 
	 
	 
	BDNF and NGF
	Fibroblasts
	 (Shanbhag, Lathia et al. 2010)

	Sharp
	2014
	Fibrin
	Natural
	Rat
	Transection
	T3
	BDNF, NT-3, MDL28170, PDGF-AA and IGF-1
	NSCs
	 (Sharp, Yee et al. 2014)

	Shen
	2010
	Silk
	Natural
	Rat
	 
	 
	 
	OECs
	 (Shen, Qian et al. 2010)

	Shi
	2014
	Collagen
	Natural
	Rat
	Hemisection
	T9
	bFGF
	 
	 (Shi, Gao et al. 2014)

	Silva
	2013
	Gellan gum
	Natural
	 
	 
	 
	GRGDS
	MSCs
	 (Silva, Moreira et al. 2013)

	Stokols
	2004
	Agarose
	Natural
	 
	 
	 
	NGF
	 
	 (Stokols and Tuszynski 2004)

	Sun
	2017
	Chitosan
	Natural
	Mouse
	Hemisection
	T9
	NT3
	hUCMSCs
	 (Sun, Shao et al. 2017)

	Tang
	2010
	Collagen
	Natural
	 
	 
	 
	 
	 
	 (Tang, Liu et al. 2010)

	Tavakol
	2014
	Matrigel
	Natural
	Rat
	Compression
	T10
	 
	hEnSCs
	 (Tavakol, Aligholi et al. 2014)

	Taylor
	2004
	Fibrin
	Natural
	 
	 
	 
	NT3
	 
	 (Taylor, McDonald et al. 2004)

	Taylor
	2006
	Fibrin
	Natural
	Rat
	Transection
	T9
	NT3
	 
	 (Taylor, Rosenzweig et al. 2006)

	Teng
	2002
	PLGA-PDL
	Synthetic
	Rat
	Hemisection
	T9-T10
	 
	NSCs
	 (Teng, Lavik et al. 2002)

	Terraf
	2017
	PCL
	Synthetic
	Rat
	Hemisection
	T9
	Crocin
	hEnSCs
	 (Terraf, Kouhsari et al. 2017)

	Tsai
	2005
	Fibrin
	Natural
	Rat
	Transection
	T8
	FGF-1
	 
	 (Tsai, Krassioukov et al. 2005)

	Tsai
	2006
	PHEMA-MMA-Fibrin
	Natural and Synthetic
	Rat
	Transection
	T8
	FGF-1
	 
	 (Tsai, Dalton et al. 2006)

	Tukmachev
	2016
	ECM
	Natural
	Rat
	Hemisection
	T8
	 
	MSCs
	 (Tukmachev, Forostyak et al. 2016)

	Wang
	2011
	Collagen-HSPG
	Natural
	 
	 
	 
	 
	NSCs
	 (Wang, Zhou et al. 2011)

	Wang
	2007
	Collagen
	Natural
	 
	 
	 
	 
	ADSCs and OECs
	 (Wang, Han et al. 2007)

	Wang
	2013
	Chitosan
	Natural
	Rat
	Transection
	T8
	NT3
	 
	 (Wang, Li et al. 2013)

	Wang
	2012
	Alginate
	Natural
	Rat
	Transection
	T8-T9
	 
	Schwann cells
	 (Wang, Liu et al. 2012)

	Wang
	2017
	Collagen
	Natural
	Rat
	Transection
	T8-T9
	 
	hUCMSCs
	 (Wang, Xiao et al. 2017)

	Wang
	2014
	Sodium hyaluronate
	Natural
	Rat
	Transection
	T8-T9
	CNTF
	 
	 (Wang, Zhang et al. 2014)

	Wei
	2010
	HA-PLL
	Natural and Synthetic
	Rat
	Hemisection
	T8-T9
	antiNgR
	 
	 (Wei, He et al. 2010)

	Wen
	2016
	HA-PLGA
	Natural and Synthetic
	Rat
	Hemisection
	T9-T10
	BDNF and VEGF
	 
	 (Wen, Yu et al. 2016)

	Wen
	2016
	HA-PLGA
	Natural and Synthetic
	Rat
	Hemisection
	T9-T10
	antiNgR
	
	 (Wen, Yu et al. 2016)

	Wilems
	2015
	Fibrin-PLGA
	Natural and Synthetic
	Rat
	Hemisection
	T8
	ChABC and NEP1-40
	 
	 (Wilems, Pardieck et al. 2015)

	Wu
	2013
	PF-127
	Synthetic
	Rat
	Transection
	T10
	Lingo-1
	 
	 (Wu, Cen et al. 2013)

	Wu
	2014
	Chitosan
	Natural
	Rat
	Contusion
	T10
	Ferulic acid
	 
	 (Wu, Lee et al. 2014)

	Xiong
	2009
	PLGA
	Synthetic
	 
	 
	 
	NT3
	NSCs
	 (Xiong, Zeng et al. 2009)

	Xue
	2015
	Chitin
	Natural
	Rat
	Hemisection
	T8
	 
	MSCs
	 (Xue, Wu et al. 2015)

	Yang 
	2005
	PLG
	Synthetic
	
	
	
	NGF
	
	(Yang, De Laporte et al. 2005)

	Yang
	2015
	Chitosan
	Natural
	Rat
	Transection
	T7-T8
	NT3
	 
	 (Yang, Zhang et al. 2015)

	Yang
	2017
	PLGA
	Synthetic
	Rat
	Transection
	T9
	 
	Activated Schwann cells and MSCs
	 (Yang, Zhang et al. 2017)

	Yang
	2015
	PEGDM
	Synthetic
	 
	 
	 
	IKVAV
	 
	 (Yang, Khan et al. 2015)

	Zaminy
	2013
	Collagen
	Natural
	Rat
	Hemisection
	T9-T10
	 
	ADSCs
	 (Zaminy, Shokrgozar et al. 2013)

	Zaminy
	2013
	Collagen
	Natural
	Rat
	Hemisection
	T9
	 
	MSCs
	 (Zaminy, Shokrgozar et al. 2013)

	Zhang
	2009
	Fibrin
	Natural
	Rat
	Transection
	T9
	BDNF
	hMSCs
	 (Zhang, Zhang et al. 2009)

	Zhang
	2016
	Chitosan
	Natural
	Rat
	Contusion
	T9
	 
	DPSCs
	 (Zhang, Lu et al. 2016)

	Zhao
	2016
	Heparin-poloxamer
	Natural and Synthetic
	Rat
	Contusion
	T9
	NGF
	 
	 (Zhao, Jiang et al. 2016)

	Zhao
	2017
	Heparin-poloxamer
	Natural and Synthetic
	Rat
	Compression
	T9
	GDNF
	 
	 (Zhao, Jiang et al. 2017)



eTable 2: Meta-regression analysis on effect of biomaterial specific outcomes in SCI regeneration conducted on grouped outcomes for biocompatibility related secondary outcomes in vitro and in vivo.
	[bookmark: _Hlk535336651]Improvement in biocompatibility-related outcomes for in vitro and in vivo

	[bookmark: _Hlk1670263]Biomaterial name
	Effect size (SD)
	P>|t|
	95% CI
	Frequency (%)

	Matrigel
	1.8
	0.167
	[-0.6 to 4.1]
	6.9

	Fibrin
	1.4
	0.262
	[-0.9 to 3.8]
	8.62

	Chitosan
	1.0
	0.419
	[-1.2 to 3.2]
	10.34

	HA-PLGA
	0.8
	0.582
	[-1.7 to 3.3]
	5.17

	Heparin-poloxamer
	0.6
	0.688
	[-2 to 3.2]
	5.17

	Collagen
	0.1
	0.886
	[-1.4 to 1.6]
	12.07

	Other
	0.0
	0.862
	[-1.7 to 1.6]
	37.93

	Alginate
	-0.4
	0.656
	[-2.4 to 1.7]
	8.62

	Silk
	-0.4
	0.694
	[-3.1 to -2.3]
	5.17

	
	comparisons=58, p=0.5457, Tau2= 1.558, I2=65%, adj R2= -11.6%





eTable 3: Multivariable meta-regression analysis of the effect of biomaterial-specific outcomes in SCI conducted in grouped outcomes for NMD locomotor recovery data and SMD in vivo axonal regeneration
	Multivariate analysis of the effect of biomaterial-specific outcomes on locomotor recovery

	Biomaterial type/format/name
	Effect size (%)
	P>|t|
	95% CI

	Collagen Natural Biomaterial in scaffold format 
	10.2
	0.03
	[1.1 to 19.3]

	Natural and Synthetic
	5.7
	0.565
	[-8.8 to 20.7]

	Synthetic
	8.0
	0.710
	[-3.8 to 19.8]

	Fiber
	16.5
	0.714
	[-17.5 to 50.4]

	Hydrogel
	7.0
	0.541
	[-3.7 to 17.6]

	Linear oriented scaffold
	4.6
	0.247
	[-5 to 14.2]

	Microsphere loaded hydrogel
	8.5
	0.823
	[-7.7 to 24.6]

	Injectable hydrogel
	0.2
	0.16
	[-13.8 to 14.3]

	Chitosan
	6.8
	0.556
	[-5 to 18.5]

	HA
	12.0
	0.838
	[-5.2 to 29.2]

	HA-PLGA
	7.6
	0.807
	[-13.5 to 28.7]

	Other
	15.1
	0.466
	[1.8 to 28.5]

	PHEMA-MMA
	20.2
	0.345
	[-0.8 to 41.3]

	PLGA
	13.4
	0.701
	[-4.2 to 31.5]

	
	comparisons=68, p=0.814, Tau2= 89.4, I2=85.4%, adj R2= 0%

	Multivariate analysis of the effect of biomaterial-specific outcomes on  in vivo axonal regeneration

	Biomaterial type/name
	Effect size (SD)
	P>|t|
	95% CI

	Natural Collagen
	0.78
	0.075
	[-0.1 to 1.6]

	Natural and Synthetic
	2.03
	0.132
	[0.4 to 3.7]

	Synthetic
	0.84
	0.921
	[-0.4 to 2.1]

	Other
	1.23
	0.434
	[0.1 to 2.4]

	HA-PLGA
	-1.13
	0.099
	[-3.4 to 1.1]

	PLGA
	0.81
	0.6075
	[-0.8 to 2.4] 

	
	comparisons=63, p=0.256, Tau2= 1.37, I2=76.5%, adj R2=0%



eTable 4: Meta-regression analysis on effect of biomaterial specific outcomes in SCI regeneration conducted on grouped outcomes for SMD Biocompatibility related secondary outcomes in vitro and in vivo.
	Improvement in biocompatibility related outcomes for in vitro and in vivo

	Biomaterial name
	Effect size (SD)
	P>|t|
	95% CI
	Frequency (%)

	Heparin-poloxamer + combinations
	7.3
	0.022
	[1.4 to 13.3]
	4.7

	Collagen + combinations
	2.5
	0.155
	[-0.5 to 5.5]
	11.1

	Chitosan + combinations
	1.8
	0.331
	[-1.1 to 4.9]
	11.1

	Fibrin + combinations
	1.8
	0.350
	[-1.3 to 5.0]
	7.9

	Alginate+ combinations
	1.6
	0.405
	[-1.3 to 4.6]
	6.3

	Other + combinations
	1.5
	0.295
	[-0.6 to 3.7]
	41.2

	SAPs + combinations
	1.1
	0.651
	[-2.2 to 4.4]
	4.7

	Fibrin-PLGA + combinations
	0.4
	0.678
	[-1.5 to 2.2]
	12.7

	
	comparisons= 63, p=0.4589, Tau2= , I2= 70.4%, adj R2= -6.54%
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[bookmark: _Hlk39493857]eFigure 1: Flowchart of study selection and analysis process.
A systematic search in PubMed, EMBASE and Scopus yielded 2068 unique publications. After application of inclusion and exclusion criteria, data from 134 publications were included in the meta-analysis and study quality/design assessment. Following the data extraction, the analysis was conducted based on the set objectives. Objective 1 includes only comparisons that assessed the effect of biomaterials alone. Objective 2 includes studies that assessed combination strategies in vitro, in vivo, and/or studied the biomaterial properties. Objective 3 includes studies that carried out investigations only in vivo.


[image: ]
eFigure 2: Different effects of biomaterials alone on locomotor and in vivo axonal regeneration outcomes. 
Effect of the (A) type of biomaterial (natural, synthetic and mixed), (B) biomaterial format or shape, and (C) specific biomaterial on the effect size as a percentage improvement in motor score, and (D) specific biomaterial on the improvement in axonal regeneration in standard deviations (SD). Biomaterials in (C) and (D) are colour coded according to biomaterial types as shown in (A); the bars are white for mixed natural and synthetic biomaterials, grey for natural, and black for synthetic materials. Vertical error bars represent the 95% CI for the individual estimates, and the horizontal shaded grey bar represents the 95% CI of the global estimate. The width of each vertical bar is normalised to the square root of number of animals contributing to that comparison. Number of comparisons for locomotor recovery (C): 68. Number of comparisons for axonal regeneration (D): 63.

1
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eFigure 3: Different effects of biomaterial-based combination strategies on locomotor outcomes. 
(A) Effect of the type of biomaterial-based combination on the effect size as a percentage of improvement in motor score on studies performing in vitro and/or in vivo experiments. Part A shows the biomaterial combined with drugs, B biomaterials combined with cells and C biomaterials combined with cells and drugs. Results are plotted in alphabetical order and variables are colour coded according to the biomaterial type: white for natural and synthetic, grey for natural and black for synthetic. Vertical error bars represent the 95% CI for the individual estimates and the horizontal shaded grey bar represents the 95% CI of the global estimate. The width of each vertical bar is normalised to the square root of the number of animals contributing to that comparison. Number of total comparisons: 102.
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eFigure 4: Different effects of biomaterials-based combination strategies on axonal regeneration outcomes. 
Effect of the type of biomaterial-based combination on improvement in axonal regeneration (SD) in studies performing in vitro and/or in vivo experiments. Part A shows the biomaterial combined with drugs, B biomaterials combined with cells and C biomaterials combined with cells and drugs. Results are plotted in alphabetical order and variables are colour coded according to the biomaterial type: white for natural and synthetic, grey for natural and black for synthetic. Vertical error bars represent the 95% CI for the individual estimates and the horizontal shaded grey bar represents the 95% confidence limits of the global estimate. The width of each vertical bar is normalised to the square root of the number of animals contributing to that comparison. Number of total comparisons: 117.
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eFigure 5: Differential effects of study quality on locomotor outcomes.
We investigated the influence of reporting study quality variables on locomotor recovery. Effect of reporting, animal exclusions (A), blinding (B), randomisation (C) and conflicts of interest (D) on the percentage of improvement in motor score. Vertical error bars represent the 95% CI, and the horizontal shaded grey bar represents the 95% CI of all analysed studies. The width of each vertical bar is normalised to the square root of number of studies contributing to that comparison.  Number of total comparisons: 102.
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eFigure 6: Differential effects of study design on locomotor outcomes. 
Meta-regression analysis of the effect of study design characteristics on the improvement in locomotor outcome. Effect of analgesic given (A), animal sex (B), injury type (C) and injury level (D) on the effect size as a percentage of improvement in motor score. Vertical error bars represent the 95% CI, and the horizontal shaded grey bar represents the 95% CI of all analysed studies. The width of each vertical bar is normalised to the square root of number of studies contributing to that comparison. Number of total comparisons: 102.
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[bookmark: _Hlk39497033]eFigure 7: Different effect sizes of biomaterials-based combinations on locomotor and axonal regeneration outcomes. 
[bookmark: _Hlk535418532][bookmark: _Hlk535672661](A) Effect of the type of biomaterial-based combinations on the effect size as a percentage of improvement in motor score on studies performing only in vivo experiments. (B) Effect of the type of biomaterial-based combination on the effect size as improvement in axonal regeneration (SD) in studies performing only in vivo experiments. Variables are presented in alphabetical order and colour coded according to the biomaterial type: white for natural and synthetic, grey for natural and black for synthetic. Vertical error bars represent the 95% CI for the individual estimates, and the horizontal shaded grey bar represents the 95% CI of the global estimate. The width of each vertical bar is normalised to the square root of number of animals contributing to that comparison. Number of comparisons for locomotor recovery (A): 47. Number of comparisons for axonal regeneration (B): 103. 
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eFigure 8: Influence of the treatment strategy on locomotor recovery outcomes. Effect of the combination type (drugs, cells, or both) on the effect size as a percentage of improvement in motor score (n = 198). Vertical error bars represent the 95% CI for the individual estimates, and the horizontal shaded grey bar represents the 95% CI of the global estimate. The width of each vertical bar is normalised to the square root of number of animals contributing to that comparison. 

Online-only results for Objective3:
Meta-regression analysis with grouped comparisons (Table 3; eFigure 7) did not find significant effects of combination strategies on LR (p=0.342, Tau2=438.4 and I2=92.8%, n=47) or in vivo AR (p=0.398, Tau2=2.7, I2 =77.3%, n=46). PLGA-based combinations were found to be associated with a large improvement of 38.0% (95% CI 16-60%) for LR and 1.7SD (95% CI 0.2-5.9SD) for in vivo AR.

Online-only discussion
Neurotrophins
Neurotrophic factors are a heterogeneous group of molecules involved in the development of the CNS and they promote robust neuronal survival and neurite outgrowth in the developing and adult CNS (Lacroix and Tuszynski 2000). Early phase clinical trials have tested the efficacy of neurotrophins using gene therapy in patients with neurodegenerative diseases and SCI (Tuszynski 2002, Silva, Sousa et al. 2014). One limitation of neurotrophins is that they selectively stimulate the outgrowth of subpopulation of neurons; for example BDNF promotes axonal regrowth of sensory but not corticospinal neurons (Lacroix and Tuszynski 2000). Therefore, multiple trophic factors should be combined for a spinal cord repair therapy and their types and doses should be chosen and optimised carefully (Lacroix and Tuszynski 2000).
Angiogenic factors
Recently angiogenesis has been appreciated as a key component to any CNS regenerative strategy because without new blood vessel formation waste products cannot be removed from the injury site and nutrients cannot be provided (Sakiyama-Elbert, Johnson et al. 2012). The findings of this meta-analysis described all the angiogenic factors proposed to promote vascularisation after SCI. Their use in combination with biomaterials can help limit undesirable side effects, such as tumour growth and arthritis, potentially caused by their systemic and/or repeated delivery (Haggerty, Maldonado-Lasuncion et al. 2018). Some studies have shown the beneficial effects of acute treatment of HA-PLGA + VEGF + BDNF in locomotor recovery and angiogenesis after SCI (Wen, Yu et al. 2016) but the challenge now is to perform this chronically, perhaps in combination with endothelial cells (Haggerty, Maldonado-Lasuncion et al. 2018).
Cell therapy 
Cell therapy is an attractive therapeutic approach for SCI as it can provide significant neuroprotection, recovery through cell replacement, trophic support, and immune modulation (Badner, Siddiqui et al. 2017). Despite these advantages there are still several challenges such as choice of cell type, cell harvesting and cell differentiation that impede translation of this therapy to the clinic (Iyer, Wilems et al. 2017). Studies have suggested that NSCs and MSCs exert a clear therapeutic benefit. NSCs can differentiate into neurons or glial cells but autologous transplantation of them is not readily feasible (Raspa, Pugliese et al. 2016). MSCs are a more appealing choice because of their ease for autologous transplantation and efficient expansion, yet their utility is confined to immunomodulatory and trophic effects and their neuronal differentiation is questioned (Iyer, Wilems et al. 2017). Hence, fundamental questions regarding cell treatments still need to be clarified for integration into a combinatorial system to promote spinal cord repair.


Abbreviation list
	Biomaterials 
Collagen-HSPG
	Collagen-Heparan sulfate proteoglycan 

	ECM
	Extracellular matrix

	GG-GRGDS
	Gellum gum-RGD

	HA
	Hyaluronic acid

	HAMC
	hyaluronic acid methylcellulose

	HA-PLL
	hyaluronan- poly(L-lysine)

	HEMA-MOETACL
	Hydroxyl ethyl methacrylate [2-(methacryloyloxy)ethyl] 
trimethylammonium chloride

	HPMA-RGD
	N-(2-hydroxypropyl)methacrylamide-RGD

	ION-Agarose
	Iron Oxide Agarose Nanoparticles

	LOCS
	Linear ordered collagen scaffold

	MAX8-Fmoc
	MAX8-Fluorenylmethoxycarbonyl

	OEGMA
	Poly(ethylene glycol) methyl ether methacrylate

	OPF
	Oligo[(polyethylene glycol) fumarate] 

	PCL
	Polyethylene glycol dimethacrylate

	PCLEEP
	Copolymer of Caprolactone and Ethyl Ethylene Phosphate

	PEG
	Polyethylene glycol

	PEGDM
	Poly (ethylene glycol) dimethacrylate 

	PF-127
	Pluronic F-12

	PHB-b-DEG
	Polyhydroxybutyrate-b-polyethylene glycol 106

	PHB-HV
	Poly (3-hydroxybutyrateco-3-hydroxyvalerate) 

	PHEMA-MMA
	Poly(2-hydroxyethyl methacrylate-comethylmethacrylate)

	PHPMA
	2-hydroxypropyl methacrylamide

	PLGA
	Poly(lactic-co-glycolic-acid)

	PLGA-PDL
	Poly(lactic-co-glycolic-acid) - Poly-D-lysine

	PLLA
	 poly L-lactic acid 

	SAPs
	self-assembling peptides

	SWCNT
	single-walled carbon nanotubes

	
Drugs 
	

	antiNgR
	Nogo-66 Receptor Antibody

	BDNF
	Brain-Derived Neurotrophic Factor

	aFGF
	Acidic Fibroblast Growth Factor 

	bFGF
	Basic Fibroblast Growth Factor 

	BMHP1
	Bone Marrow Homing Peptide 1

	ChABC
	chondroitinase ABC 

	CNTF
	Ciliary Neurotrophic Factor

	dbcAMP
	N(6),2'-O-dibutyryladenosine 3':5' cyclic monophosphate

	ECM
	Extra Cellular Matrix

	EGF
	Epidermal Growth Factor

	EGFR
	Epidermal Growth Factor Receptor

	FAQ
	FAQRVPP

	FGF
	Fibroblast Growth Factor 

	GDNF
	Glial Cell-Derived Neurotrophic Factor 

	IGF-1
	Insulin-like growth factor 1 

	IKVAV
	Ile-Lys-Val-Ala-Val 

	Lingo-1
	Leucine-rich Repeat and Immunoglobulin Domain-containing 
Nogo Receptor-Interacting Protein-1

	MDL28170
	Calpain Inhibitor III

	NEP1-40
	Nogo-66 receptor antagonist peptide

	NGF
	Nerve Growth Factor

	NT3
	Neurotrophin-3

	PDGF-A
	Platelet-Derived Growth Factor subunit A

	RGD
	Arginylglycylaspartic acid

	SB216763
	Glycogen Synthase Kinase-3 Inhibitor

	SDF
	Stromal Cell-Derived Factor 

	VEGF
	Vascular Endothelial Growth Factor

	Wnt-3
	Wnt family member 3

	
Cells
	

	ADSCs
	Adipose-Derived Stem Cells 

	APSCs
	Adipose progenitor Stem Cells 

	bMSCs
	Bone marrow stromal cells 

	DPSCs
	Dental Pulp Stem Cells 

	ECs
	Endothelial  Cells

	hADSCs
	human Adipose-Derived Stem Cells 

	hEnSCs
	human Endometrial Stem Cells

	hfNSCs
	human fetal Neuro Stem Cells 

	hMSCs
	human Mesenchymal Stem Cells

	hNSCs
	human Neuro Stem Cells

	hOMSCs
	human Oral Mucosa Stem Cells

	hUCMSCs
	human Umbilical Cord Blood Derived-Mesenchymal Stem Cells

	MSCs
	Mesenchymal Stem Cells

	NSCs
	Neuro Stem Cells

	NSPCs
	Neuro Stem/Progenitor Cells

	OECs
	Olfactory Ensheathing cells

	OPCs
	Oligodendrocyte Progenitor Cells

	rfUCSCs
	rat fetal Umbilical Cord Stem cells

	SCs
	Schwann cells
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