Supplementary Table 1. Search criteria applied to each database.
	Database
	Platform
	Date searched
	Updates
	Complete search strategy
	Limits

	PubMed/MEDLINE
	PubMed
	25th November 2025 
	Re-run search
22th July 2026
	(((("subacromial"[All Fields] OR "subacromially"[All Fields]) AND ("bursa, synovial"[MeSH Terms] OR ("bursa"[All Fields] AND "synovial"[All Fields]) OR "synovial bursa"[All Fields] OR "bursa"[All Fields] OR "bursae"[All Fields] OR "bursas"[All Fields])) OR (("subacromial"[All Fields] OR "subacromially"[All Fields]) AND ("bursa, synovial"[MeSH Terms] OR ("bursa"[All Fields] AND "synovial"[All Fields]) OR "synovial bursa"[All Fields] OR "bursa"[All Fields] OR "bursae"[All Fields] OR "bursas"[All Fields])) OR (("subacromial"[All Fields] OR "subacromially"[All Fields]) AND "bursal"[All Fields] AND ("tissue s"[All Fields] OR "tissues"[MeSH Terms] OR "tissues"[All Fields] OR "tissue"[All Fields]))) AND ((("in vitro techniques"[MeSH Terms] OR ("vitro"[All Fields] AND "techniques"[All Fields]) OR "in vitro techniques"[All Fields] OR "vitro"[All Fields] OR "in vitro"[All Fields]) AND ("studies"[All Fields] OR "study"[All Fields] OR "study s"[All Fields] OR "studying"[All Fields] OR "studys"[All Fields])) OR (("in vivo"[Journal] OR "in vivo brooklyn"[Journal] OR ("in"[All Fields] AND "vivo"[All Fields]) OR "in vivo"[All Fields]) AND ("studies"[All Fields] OR "study"[All Fields] OR "study s"[All Fields] OR "studying"[All Fields] OR "studys"[All Fields])) OR ("ex"[All Fields] AND "vivo"[All Fields] AND ("studies"[All Fields] OR "study"[All Fields] OR "study s"[All Fields] OR "studying"[All Fields] OR "studys"[All Fields])))) 
	Publication date: from 2015 to 2026
Article language: English

	Scopus
	Elsevier Scopus
	25th November 2025
	Re-run search
22th July 2026
	(TITLE-ABS-KEY (subacromial bursa subacromial bursae) OR TITLE-ABS-KEY (subacromial bursae) OR TITLE-ABS-KEY (subacromial bursal tissue) AND TITLE-ABS-KEY (in vitro study) OR TITLE-ABS-KEY (in vivo study) OR TITLE-ABS-KEY (ex vivo study)) 
	Year range: 2015–2026
Language: limit to English

	Web of Science Core Collection
	Clarivate
	25th November 2025
	Re-run search
22th July 2026
	TS=((("subacromial" OR "subacromially") AND ("bursa" OR "bursae" OR "bursas" OR "synovial bursa")) OR (("subacromial" OR "subacromially") AND "bursal" AND ("tissue" OR "tissues")))
AND TS=(("in vitro" AND ("study" OR "studies" OR "studying")) OR ("in vivo" AND ("study" OR "studies" OR "studying")) OR ("ex vivo" AND ("study" OR "studies" OR "studying")))
	Publication years: 2015–2026
Language: English








Supplementary Table 2. Modified SYRCLE’s Risk of Bias tool - Risk-of-bias domains and judgment criteria for in vitro studies.
	Type of bias
	Domain/issue
	Signalling question
	Author’s judgment

	Selection bias
	1. Sample size calculation
	Was the sample size calculation method clearly indicated?
	Studies not reporting details of the sample size calculation method (software, formula and parameters) were classified as having “high risk of bias”

	Selection bias
	2. Baseline characteristics
	Were baseline cell lines and culture conditions detailed?
	Studies not using same cell source/line, cell passage number and reagent/media batch were classified as having “high risk of bias”

	Performance bias
	3. Explanation of intervention
	Were intervention procedures, such as concentrations, substance administration and incubation times, clearly indicated?
	Studies not administering interventions to cells in a consistent and standardized manner throughout the experiment were classified as having “high risk of bias”

	Performance bias
	4. Explanation of culture condition
	Were any information relating to culture conditions provided?
	Studies not reporting explicitly culture conditions (CO₂, O2, temperature, timing, cell densities) were classified as having “high risk of bias”

	Detection bias
	5. Details of comparison group
	Were clearly specified details of comparison groups?
	Studies not detailing the comparison control groups (positive control, negative control, or standard) were classified as having “high risk of bias”

	Detection bias
	6. Methods of outcome measurement
	Were procedure, methods and rationale sufficiently specified?
	Studies not reporting all statistical analysis methods and rationale (software, statistical test, significance) were classified as having “high risk of bias”

	Detection bias
	7. Blinding
	Were the operator performing the treatment/exposure or outcome assessor blinded to group allocation?
	If studies not reporting who was blind performing procedures or outcome assessment were classified as having “high risk of bias”

	Attrition bias
	8. Incomplete outcome data
	Were data from excluded samples/replicates addressed and explained?
	If studies not reporting samples from analysis with appropriate reasons for exclusion were classified as having “high risk of bias” 

	Reporting bias
	9. Selective outcome reporting
	Were all planned outcomes reported?
	Studies highlighting inconsistencies between methods and results were classified as having “high risk of bias”

	Other bias
	10. Other sources of bias
	Was the study apparently free of other in vitro–specific sources of bias?
	If studies highlighting other possible sources of bias, as cell line authenticated, mycoplasma testing, adequate number of independent biological replicates (not only technical replicates) or conflicts of interest/funding were classified as having “high risk of bias”







Supplementary Table 3. SYRCLE’s Risk of Bias tool - Risk-of-bias domains and judgment criteria for in vivo studies.
	Type of bias
	Domain/issue
	Signalling question
	Author’s judgment

	Selection bias
	1. Sequence generation
	Was the allocation sequence adequately generated and applied?
	Studies not describing an explicit random method for sequence generation (e.g., random number table, software) were classified as having “high risk of bias”

	Selection bias
	2. Baseline characteristics
	Were the groups similar at baseline?
	Studies not reporting baseline characteristics comparable between groups (e.g., weight, age, sex, timing of disease induction) were classified as having “high risk of bias”

	Selection bias
	3. Allocation concealment
	Was allocation adequately concealed from those assigning animals to groups?
	Studies not describing an adequate method of allocation concealment (e.g., sealed envelops, third party) were classified as having “high risk of bias”

	Performance bias
	4. Random housing
	Were animals randomly housed during the experiment?
	Studies not reporting random housing or cage/rack position unrelated to group allocation were classified as having “high risk of bias”

	Performance bias
	5. Blinding
	Were caregivers and/or investigators blinded to group allocation?
	Studies not describing blinding of caregivers and/or investigators to group allocation were classified as having “high risk of bias”

	Detection bias
	6. Random outcome assessment
	Were animals/samples selected at random for outcome assessment?
	Studies not describing a randomized order or selection of animals/samples for outcome assessment (e.g., random table, software) were classified as having “high risk of bias”

	Detection bias
	7. Blinding of outcome assessor
	Was the outcome assessor blinded to group allocation?
	Studies not describing blinding of the outcome assessor to group allocation were classified as having “high risk of bias”

	Attrition bias
	8. Incomplete outcome data
	Were incomplete outcome data adequately addressed?
	Studies not adequately reporting and addressing incomplete outcome data (animal exclusion or lost, attrition balanced across groups, reasons explained) were classified as having “high risk of bias”

	Reporting bias
	9. Selective outcome reporting
	Are all pre-specified outcomes reported?
	Studies not reporting all pre-specified outcomes from the study protocol in the results were classified as having “high risk of bias”

	Other bias
	10. Other sources of bias
	Was the study apparently free of other problems that could introduce bias?
	Studies with identified issues that could introduce bias (e.g., contamination, design flaws, conflicts of interest, funding, evident methodological flaws) were classified as having “high risk of bias”




Supplementary Table 4. List of excluded papers with reasons.
	
	Article
	Reason for exclusion

	1
	Marshall BP, Ferrer XE, Kunes JA, Innis AC, Luzzi AJ, Forrester LA, Burt KG, Lee AJ, Song L, Hung CT, Levine WN, Kovacevic D, Thomopoulos S. The subacromial bursa is a key regulator of the rotator cuff and a new therapeutic target for improving repair. bioRxiv: the preprint server for biology - Volume, Issue, pp. - published 2023-07-02. Doi 10.1101/2023.07.01.547347
	Duplicate

	2 
	Wang, Y., Li, Q., Wei, X., Xu, J., Chen, Q., Song, S. ... Wang, Z. (2015). Targeted knockout of TNF‑α by injection of lentivirus‑mediated siRNA into the subacromial bursa for the treatment of subacromial bursitis in rats. Molecular Medicine Reports, 12, 4389-4395. https://doi.org/10.3892/mmr.2015.3985
	Wrong population

	3
	Pitsilos C, Karachrysafi S, Fragou A, Gigis I, Papadopoulos P, Chalidis B. The Biological Effect of Platelet-Rich Plasma on Rotator Cuff Tears: A Prospective Randomized In Vivo Study. Int J Mol Sci. 2024 Jul 21;25(14):7957. doi: 10.3390/ijms25147957
	Wrong population

	4
	Borbas P, Hartmann R, Ehrmann C, Ernstbrunner L, Wieser K, Bouaicha S. Acromial Morphology and Its Relation to the Glenoid Is Associated with Different Partial Rotator Cuff Tear Patterns. Journal of Clinical Medicine. 2023; 12(1):233. https://doi.org/10.3390/jcm12010233
	Wrong population

	5
	Díaz Heredia, J., Ruiz Iban, M.A., Martínez-Botas, J. et al. Growth factor expression after supraspinatus tear: a quantitative polymerase chain reaction (PCR) study in rats. Arch Orthop Trauma Surg 136, 1563–1570 (2016). https://doi.org/10.1007/s00402-016-2518-5
	Wrong population

	6
	Berkoff, D.J., Kallianos, S.A., Eskildsen, S.M. and Weinhold, P.S. (2016), Use of an IL1-receptor antagonist to prevent the progression of tendinopathy in a rat model. J. Orthop. Res., 34: 616-622. https://doi.org/10.1002/jor.23057
	Wrong population

	7
	Jiemy WF, Zhang A, Abdulahad WH, Reitsema RD, Sleen Y, Sandovici M, Alegria GC, Cornec D, Devauchelle-Pensec V, Hemon P, Quéré B, Boukhlal S, Roozendaal C, Kwee TC, Dasgupta B, Diepstra A, Heeringa P, Brouwer E, van der Geest KSM, GM-CSF drives IL-6 production by macrophages in polymyalgia rheumatica, https://doi.org/10.1016/j.ard.2025.01.004
	Wrong population

	8
	Rynecki ND, Pereira DS. The Role of Mesenchymal Stem Cells in Augmenting Rotator Cuff Repairs. Bull Hosp Jt Dis (2013). 2018 Dec;76(4):232-237
	Wrong publication type: Review

	9
	Muench, L.N., Berthold, D.P., Mazzocca, A.D. (2021). The Failed Rotator Cuff: Diagnosis and Management—New Concepts in Biology of Repair. In: Savoie III, F.H., Calvo, E., Mazzocca, A.D. (eds) The Failed Rotator Cuff. Springer, Cham. https://doi.org/10.1007/978-3-030-79481-1_4
	Wrong publication type: Book chapter

	10
	Gumina, S. (2017). Subcoracoid Impingement. In: Gumina, S. (eds) Rotator Cuff Tear. Springer, Cham. https://doi.org/10.1007/978-3-319-33355-7_17
	Wrong publication type: Book chapter

	11
	Andre F. Steinert, Frank Gohlke, Editorial Commentary: Subacromial Bursa—Friend or Foe Within the Shoulder? An Old Debate with New Insights, Arthroscopy: The Journal of Arthroscopic & Related Surgery, https://doi.org/10.1016/j.arthro.2019.08.019
	Wrong publication type: Editorial Commentary

	12
	Münch, L.N., Mazzocca, A.D. Die subakromiale Bursa – Fluch oder Segen? Obere Extremität 19, 244–251 (2024). https://doi.org/10.1007/s11678-024-00827-2
	Wrong publication type: Foreign language

	13
	Pitsilos C, Fragou A, Karachrysafi S, Gigis I, Ditsios K, Chalidis B. The Biological Effect of Platelet-Rich Plasma on Subacromial Bursa and Torn Supraspinatus Tendon: A Randomized Controlled Trial. Int J Mol Sci.  27(7):3002 (2026). doi: 10.3390/ijms27073002.
	Wrong population

	14
	Antunes M, Quental C, Folgado J, Ângelo AC, de Campos Azevedo CI. Biomechanical influence of surgical and graft-related factors in superior capsule reconstruction: A systematic review. J Exp Orthop.13(2):e70804 (2026). doi: 10.1002/jeo2.70804.
	Wrong publication type:
review





Supplementary Table 5. Additional methodological details extracted from in vitro studies. 
	Author [Ref]
	Donor age
	Donor sex
	Cell passage
	Tear / disease  (dimension/severity)
	Cell source (sampling site)
	Intervention dosage/concentration

	Morikawa et al. [25] 2020
	59 ± 7 y
	3 male and 4 female
	3
	Five pts had full-thickness ST tears and 2 pts had massive tears (NR)
	Human SAB
	None

	Baldino et al. [26] 2020 
	57 ± 10 y 
	27 male and 21 female

	NR
	RC tears, impingement,
biceps/superior labral pathology, or adhesive capsulitis (NR)
	Human SAB (over muscle and tendon)
	None

	Muench et al. [27] 2020


	57.4 ± 5.4 y
	10 male and 6 female
	NR
	RC tears (NR)
	Human SAB
	None

	Klatte-Schulz et al. [28] 2021 
	69.2 ± 9.1 y
	2 female and 4 male
	2-3

	Humeral head
necrosis or omarthrosis
	Human SAB

	mechanical stretching (1, 5, and 10% strain at 1 Hz for 1 or
4 h per day) onto collagen coated silicon dish

	Steinert et al. [29] 2015
	SAB: 42 to 58 y
BMSC: 45 to 65 y
	10 male
	2-3
	SAB: RC tears (NR)
BMSC: hip arthroplasty (NR)
	Human SAB and BMSCs
	

	Morikawa et al. [30] 2019 
	57.4 ± 5.2 y
	NR
	2-3

	Full-thickness RC tears (17.6 ± 9.8 mm)
	Human SAB (over RC tendon and muscle) and bone marrow from proximal humerus
	None

	Landry et al. [31] 2020 
	SAB male: 57.8 ± 9.2 y
SAB female: 55.6 ± 8.5 y 
cBMA male: 56.2 ± 7.0 y 
cBMA female: 58.9 ± 5.6 y

	SAB: 38 male and 16 female cBMA: 64 male and 28 female

	NR
	 RC tears (NR)
	Human SAB and cBMA from proximal humerus
	None

	Tamburini et al. [32] 2021 
	Part 1: 60 ± 5.22 y
Part 2: 62 ± 12.11 y
	Part 1: 4 male and 2 female
Part 2: 6 male and 1 female
	Minced tissues used in co-culture
	RC tears (NR)
	Human SAB and RC tendon 
	Part 2: IL-1b

	Muench et al. [33] 2020
	57.2 ± 8.5 y
	34 female and 39 male
	NR
	Primary and revision RC surgery (20 partial thickness, 12 full-thickness and 39 massive tears)
	Human SAB
	None

	Morikawa et al. [34] 2021 
	Primary ARCR: 57.1 ± 4.6 y
revision ARCR: 57.3 ± 6.7 y

	Primary ARCR: 9 female and 9 male
revision ARCR:
4 female and 8 male
	2-3
	Full-thickness tears (primary ARCR: 17.9 ± 9.1 mm; revision ARCR:
32.0 ± 13.9 mm)
	Human SAB (over RC tendon and muscle)
	None

	Morikawa et al. [35] 2021
	57.2 ± 4.5 y
	10 female and 9 male
	1
	Full-thickness tears (18.6 ± 9.3 mm)
	Human SAB (over RC tendon and muscle)
	None

	Ko et al. [36] 2019 
	RC+ stiffness: 62.1 ± 2 y
RC: 64.8 ± 1.2 y
	RC+ stiffness: 19 female and 3 male;
RC: 24 female and 11 male
	NA (no cell culture)
	RC tears with or without stiffness (NR)
	Human SAB
	None

	Minkwitz et al. [37] 2021 
	Healthy: 28.8 ± 7.6 y;
osteochondral: 64.7 ± 15.5 y;
partial tear: 55.0 ± 9.4 y
full-thickness tear: 59.0 ± 9.0 y
	Healthy: 1 female, 4 male;
osteochondral: 4 female, 3 male;
partial tear: 1 female, 5 male;
full-thickness tear: 5 female, 11 male
	NA (no cell culture)
	Healthy: acromioclavicular joint instability;
osteochondral: humeral head necrosis 
or omarthrosis;
partial tear: partial lesion of the ST (NR)
full-thickness tear: full-thickness lesion of the ST (NR)
	Human SAB
	None

	Muench et al. [38] 2021 
	50.3 ± 19.0 y
	3 male and 1 female
	NR
	RC tears (NR)
	Human SAB
	10-10 mM insulin
10 nM IGF-1

	Karsmarski et al. [39] 2022 
	NR
	NR
	NR
	Primary RC repairs or reverse shoulder arthroplasty (NR)
	Human ST and SAB
	Activated serum

	Hawthorne et al. [40] 2025
	57.3 ± 3.6 y
	5 male and 1 female
	Minced tissues used in co-culture
	RC tears (NR)
	Human RC tendon and SAB 
	10% AAS, 10% PRP or both

	Feng et al. [41] 2019 
	Symptomatic male:53-69 y
symptomatic female: 53-71 y
asymptomatic male: 25-34 y
asymptomatic female: 25 y
	Symptomatic pts: 4 male and 8 female asymptomatic pts: 2 male and 1 female
	2-4
	Symptomatic pts: RC repair (NR)
Asymptomatic pts: shoulder stabilization (NA)
	Human RC tendon and SAB
	10 ng/ml rhIL-1β,
25 µM EGCG or both


	Hawthorne et al. [42] 2024 
	Part 1: 61.2 ± 7.5 y
Part 2: 67.5 ± 16.6 y
	Part 1: 20 male and 15 female
Part 2: 4 male and 2 female
	NR
	Part 1: 83% primary RC repair and 17% revision surgery (NR)
Part 2: 100% primary RC repair (NR)
	Human SAB and ST
	Part 2:1 μM dasatinib + 20 μM quercetin

	Muench et al. [43] 2021 
	47.0 ± 4.5 y
	3 male
	NR
	RC repair (NR)
	Human SAB
	5 mM magnesium chloride onto collagen-coated nonabsorbable suture tape

	Muench et al. [44] 2023 
	49.3 ± 5.6 y
	NR
	NR
	RC repair (NR)
	Human SAB
	1mL magnesium chloride (5mM), 0.2mL PRP or both

	Muench et al. [45] 2020 
	cBMA, SAB and tendon: 47 y
Osteoblast: 57 y

	1 male

1 male
	3
	Healthy (NA)

Healthy (NA)
	Human cBMA from proximal humerus, SAB, tenocytes and osteoblasts from knee
	DBM

	Lebaschi et al. [46] 2022 (both in vitro and in vivo) 
	12-w-old C57Bl/6 mice
	male
	2
	Healthy (NA)
	Murine SAB
	25.000, 50.000, and 100.000 fibrin sealant beads

	Marshall et al. [47] 2024 (both in vitro and in vivo)
	Sprague Dawley rats: 250 to 300 g 
	male and female
	2-4 (tendon fibroblasts) and 3-5 (SAB cells)
	Rat tendinopathy 
	Rat SAB, ST and infraspinatus tendons
	IL-1β (20 ng/ml)
dexamethasone (100 nM to 100 μM)

	Dyrna et al. [48] 2018 (both in vitro and in vivo) 
	57 ± 5.5 y
	NR
	1-2
	RC repair (NR)
	Human SAB and bone marrow from proximal humeral head
	None


[image: ]

[image: ]
AAS = activated autologous serum; ARCR = arthroscopic rotator cuff repair; BMSC = bone marrow stromal cells; cBMA = concentrated bone marrow aspirate; d = day/days; DBM = demineralized bone matrix; EGCG = epigallocatechin-3-gallate; IGF-1 = insulin-like growth factor; IL = interleukin; NA = not applicable; NR = not reported; PRP = platelet rich plasma; pts = patients; RC = rotator cuff; SAB = subacromial bursa; ST = supraspinatus tendon; y = year/years; w = week/weeks.



Supplementary Table 6. Raw data of Modified SYRCLE’s RoB tool for in vitro studies.
	
	
	
	
	
	
	
	
	

	
	ITEMS

	
	Sample size calculation
	Baseline characteristics 
	Detailed explanation of intervention
	Detailed explanation of culture conditions
	Details of comparison group
	Method of measurement of outcome
	Blinding
	Incomplete outcome data
	Selective outcome reporting
	Other sources of bias

	Feng 2019
	N
	N
	N
	Y
	Y
	Y
	U
	U
	Y
	Y

	Hawthorne 2024
	N
	N
	N
	Y
	U
	Y
	U
	U
	Y
	Y

	Tamburini 2021
	N
	N
	N
	Y
	Y
	Y
	U
	U
	Y
	Y

	Morikawa 2021
	N
	N
	N
	Y
	U
	Y
	U
	U
	Y
	Y

	Karsmarski 2022
	N
	N
	N
	Y
	U
	Y
	U
	U
	Y
	Y

	Hawthorne 2025
	N
	Y
	N
	N
	N
	U
	Y
	Y
	N
	N

	Muench 2023
	N
	Y
	N
	N
	N
	U
	Y
	Y
	Y
	N

	Lebaschi 2022
	Y
	Y
	N
	U
	N
	U
	Y
	Y
	Y
	Y

	Muench 2021
	N
	Y
	N
	N
	N
	U
	Y
	Y
	Y
	N

	Klatte-Schulz 2021
	N
	Y
	N
	N
	N
	U
	Y
	Y
	Y
	Y

	Muench 2020
	N
	Y
	N
	N
	N
	U
	Y
	Y
	Y
	N

	Landry 2020
	N
	N
	N
	N
	N
	U
	Y
	Y
	Y
	Y

	Baldino 2020
	N
	N
	N
	N
	N
	U
	Y
	Y
	Y
	Y

	Ko 2019
	N
	U
	N
	Y
	N
	N
	Y
	U
	N
	N

	Morikawa 2019
	N
	U
	N
	N
	N
	N
	Y
	Y
	U
	N

	Dyrna 2018
	N
	Y
	N
	N
	N
	U
	Y
	Y
	U
	N

	Steinert 2015
	N
	Y
	N
	U
	N
	U
	Y
	Y
	N
	N

	Minkwitz 2021
	N
	N
	N
	U
	Y
	Y
	Y
	Y
	N
	N

	Muench 01/2020
	N
	Y
	N
	U
	N
	U
	Y
	Y
	N
	N

	Morikawa 2020
	U
	Y
	N
	U
	N
	N
	Y
	Y
	N
	N

	Marshall 2024
	Y
	U
	Y
	Y
	Y
	Y
	N
	N
	U
	Y

	Morikawa 2021
	U
	Y
	N
	U
	N
	N
	Y
	Y
	N
	N

	Muench 01/2021
	U
	Y
	N
	U
	N
	N
	Y
	Y
	N
	N

	Muench 11/2020
	U
	Y
	N
	U
	N
	N
	Y
	Y
	N
	N


Y: Yes (Low risk of bias). -U: (Unclear). -N: High risk of bias)


	Supplementary Table 7. Raw data of SYRCLE’s risk of bias for in vivo studies.
	

	
	
	
	
	
	
	
	
	

	
	ITEMS

	
	Sequence generation
	Baseline characteristics 
	Allocation concealment
	Random housing
	Blinding 
(Performance)
	Random outcome assessment
	Blinding
(Detection)
	Incomplete outcome data
	Selective outcome reporting
	Other sources of bias

	Tanimura 2025
	N
	N
	N
	U
	N
	U
	Y
	Y
	Y
	Y

	Sun 2021
	N
	Y
	N
	N
	N
	U
	N
	Y
	Y
	Y

	Lebaschi 2022*
	U
	Y
	U
	N
	N
	U
	N
	Y
	Y
	Y

	Marshall 2024*
	N
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y

	Dyrna 2018 *
	N
	U
	N
	N
	N
	N
	N
	Y
	Y
	U

	Miura 2024 
	N
	Y
	N
	N
	N
	N
	N
	Y
	Y
	Y

	Y: Yes (Low risk of bias). -U: (Unclear). -N: (High risk of bias).   * Both in vitro and in vivo
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